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“This updated edition of the Routledge Handbook of Sustainable Design will invigorate and amplify the capacity for design to situate itself in non-traditional scenarios and respond in unexpected ways. The breadth of the chapters encourages the crossing of disciplinary and cultural boundaries and expands the concepts of interconnectedness and relationships. It is a valuable and timely addition to the ongoing debates and discussions, but also, and, as importantly, a call for ongoing resilience and further action.”

Nan O'Sullivan, Tumuaki – Head of School, Te Kura Hoahoa – School of Design Innovation, Te Herenga Waka – Victoria University of Wellington, Aotearoa – New Zealand 
 


“This second edition of the Routledge Handbook of Sustainable Design continues to build upon Egenhoefer’s inspiring first edition. What makes this and the first handbook unique is its more holistic view of sustainable design that integrates systems thinking, behavioral psychology, economics, and more. This is an important book not only for the design practitioner but also for the educator hoping to help educate the next generation of climate designers.”

Eric Benson, Associate Professor and Chair of Design for Responsible Innovation at The University of Illinois at Urbana-Champaign, co-author of Design to Re-Nourish: Sustainable Graphic Design in Practice, host of Climify podcast 
 


“Sustainable design is critical for our future; it should be required curriculum in all design schools. This book collects and synthesizes the thoughts of many leading sustainable design academics and practitioners, to explain a wide variety of concepts and their applications to several industries at different scales, from products to systems to communities.”

Jeremy Faludi, Assistant Professor, TU Delft Sustainable Design Engineering, and Principal, Faludi Design 
 


“This second edition provides us all – researchers, students, educators and innovators – with a full and rich landscape of ideas to consider. Most exciting is the confident and coherent inclusion of a broader vista which now enables us to understand more about how individual human emotions, group behaviors and community needs are key to systemic change. Empathy, mindfulness, mourning, releasing, satisfying, respecting, recognising; design is finally maturing into practice options that can connect and intersect with the potential to become much greater than the sum of their parts.”

Rebecca Earley, Professor of Circular Design Futures at University of the Arts London, co-founder of World Circular Textiles Day, co-editor of Design Materials and Making for Social Change: From Materials We Explore to Materials We Wear
 


“The second edition of this handbook is a timely addition to the sustainable design discourse. With new and updated chapters, this comprehensive resource provides a critical guide to design’s roles in addressing today’s sustainability challenges, particularly the climate crisis. It’s highly recommended for design practitioners, educators, and students who aspire to shape a just and safe future.”

Raz Godelnik, Associate Professor of Strategic Design and Management at Parsons School of Design, and author of Rethinking Corporate Sustainability in the Era of Climate Crisis: A Strategic Design Approach
 


Praise for the first edition

“This is essential reading for those beginning to explore sustainable design. Rachel Beth Egenhoefer has taken a unique approach to illustrating both the breadth and depth of the field. The structure around five themes provides very different perspectives and enables the reader to understand how the approach of design and sustainability together can begin to make real change in the world.”

Tracy Bhamra, Pro Vice-Chancellor and Professor of Sustainable Design, Loughborough University, UK 
 


“We are only beginning to explore how design can create the conditions for net positive change throughout society. This handbook shows how design thinking is breaking out of its past boundaries to have a positive influence on all aspects of theory, practice and being.”

Janis Birkeland, Professor, University of Melbourne, author of Design for Sustainability and Positive Development 
 


“Sustainability does not have meaning independent from what needs to be sustained, and this need is an object of environmental, economic, political, and philosophical contestation. It follows that the concept, and its associated practices begs vigorous debate. This book makes a contribution to the substance of such a debate.”

Tony Fry, The Studio at the Edge of the World and University of Tasmania 
 


“The comprehensive and anticipatory nature of this book is profoundly informative and operationally useful in ways that previous books have not been. It is by being so comprehensive on the front end that we designers can mitigate the Law of Unintended Consequences that has so often plagued the practice of design. While this book is aimed at designers, it would also be useful for political leaders, policy makers and theoretical thinkers in any field. As a society, we are woefully silo-ed by profession, nationality and paradigm. This condition does not accrue to our collective benefit. Any approach that seeks to dismantle this myopic state of affairs will persevere. This book seeks to do just that.”

Peter Dean, Co-Founder and Former Concentration Coordinator, Nature Culture Sustainability Studies Concentration, Rhode Island School of Design (RISD) 
 


“The Routledge Handbook of Sustainable Design pushes design beyond artifacts, common definitions and methodologies. Instead, it advances the discourse to a more impactful, holistic and systemic level, incorporating a much-needed variety of voices, perspectives, and ideas that challenge the designer’s ever-changing role and responsibility in a complex, interconnected and uncertain world.”

Mike Weikert, Director, Center for Social Design + Master of Arts in Social Design, Maryland Institute College of Art 
 


“This compelling collection is an outstanding resource for people who see design as a tool that can be used to create a better civilization, whether they be practitioners, students, researchers, or enthusiasts. Egenhoefer reminds us of our responsibility to use our professional skills and opportunities to not just do good design, but to do good!”

David Berman, RGD, FGDC, Sustainability Chair, Icograda/ico-D, and author of Do Good Design
 





Routledge Handbook of Sustainable Design

The Routledge Handbook of Sustainable Design considers the design, not only of artifacts, but of structures, systems, and interactions in the context of sustaining our shared planet.

This revised edition introduces new and updated chapters, as well as a new section on pedagogy for sustainable design. With authors from around the world, design is positioned in context with recent crises such as global pandemics, racial reckoning, political unrest, and natural disasters. Just as design is an interdisciplinary field, the climate crisis is deeply tangled in racial justice, gender justice, global health, economics, trade, and more. Divided into six sections, it presents a holistic approach to understanding the many facets of sustainable design:


	Part 1: Systems and Design

	Part 2: Complexities of Sustainable Design

	Part 3: Community Engaged Design, Local and Global

	Part 4: Design for Sustainable Behaviors

	Part 5: Design Futures

	Part 6: Pedagogy in Design for Sustainability



Arguing that design needs to restore, regenerate, and rejuvenate our planet and people, this handbook will be invaluable to researchers, students, and practitioners across all subdisciplines of design, architecture, business, energy management, visual arts, and environmental studies, among others.

Rachel Beth Egenhoefer is a design educator, sustainability and systems researcher, strategy consultant, and critical maker who uses design as a tool for social change. Her work focuses on shifting the narrative from sustainable design to regenerative, intersectional, systems change for the masses. She encourages regenerative actions to restore, rejuvenate, and reenergize ourselves, our communities, and our planet. Egenhoefer is a full professor in design at the University of San Francisco. She works to bridge academic speak, the design industry, and climate science to create lasting change for the everyday.
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Part 1 Systems and Design

The climate crisis is a wicked problem requiring mass systems change across the globe. As designers, it is crucial to understand our work within a greater context. Systems thinking allows us to see the parts of a whole and better understand our interconnected and intersectional world. Approaching sustainability and design from a holistic perspective, beyond medium specificity, allows us to see design as a creative problem-solving tool.

Considering the components, interactions, inflowing, and outflowing systems of design provides a complete picture of the interconnected relationships that make up a whole. This shift in perception leads us away from individual contributions and presents design within a broader context concerning strategy and impact. As a starting point for a holistic systems-oriented design perspective, part one of the Handbook of Sustainable Design introduces a range of ideas on how designers can consider systems thinking and situating design within a larger whole.

David Orr begins the section with The Political Economy of Design in a Hotter Time, initially appearing as the introduction in the book’s first edition. Orr asks us frankly, “What are the social, ecological, and spiritual implications of various design choices? How might these affect the prospects of other species and future generations?” Tracing designs’ complexities and influences on the greater world, Orr weaves design examples from World War II to shopping malls and a single pencil to an entire city. The chapter presents an accessible introduction to the importance of how and why ecological design must be applied to the larger systems of politics, law, and economics. While designers often get caught up in trends, hype, and buzz, we must consider the “flesh and blood people and the long-term effects of the design choices being made.”

Design for Sustainability: Reflections on a Dynamically Evolving Field by Fabrizio Ceschin and İdil Gaziulusoy is an updated version of the chapter How many ways to design for sustainability? which appeared in the final section (Moving Forward) of the first edition of the Handbook of Sustainable Design. Just seven years prior, in the first edition, Ceschin and Gaziulusoy’s work was framed as a tool for us to consider the future of Design for Sustainability (DfS). Moving the updated chapter to the first section of the handbook situates their essential work as a key text in understanding the evolutionary history of the field, understanding necessary frameworks, and reflecting on future challenges in the field. In considering design as systems, the authors identify key innovation levels: material/component, product, product-service system, spatio-social, and socio-technical(-ecological) systems. While change is needed most at the socio-technical systems level, the authors explain how approaches at all levels should be used together as complementary systems. This chapter provides a thorough overview of the field’s evolution and the impending challenges to overcome as we design for the future.

Diana Wright and Marta Ceroni summarize Donella Meadows’s work within the context of sustainable design in their chapter Systems Thinking for Design. Meadows’ work in systems thinking is among the most influential in environmental sustainability. Wright and Ceroni present a systems-based view of unsustainability and lay out the fundamentals of working with systems. By understanding the larger systems that engage with sustainability and identifying points to intervene, design becomes a catalyst for impact and positive change. The chapter introduces systems basics to understand stock-and-flow structures, systems goals, boundaries, loops, and key characteristics of systems. Additionally, the chapter poses questions for designers to facilitate a deeper understanding of systems in their work.

Scale is a crucial concept when considering systems thinking and sustainable design. Scale is not limited to growth and “scaling up” but includes physical, temporal, geographical, knowledge, and paradigm scales. Andrea Steves and Rebecca Silver explore these ideas in Sustainable Design for Scale. Understanding the limits and challenges of working with scale helps designers understand the impact of decisions on a larger perspective. Steves and Silver provide tools, processes, and frameworks for understanding systems thinking for scale and optimizing design for impact. This chapter was written for the first edition of the Handbook of Sustainable Design and was not updated in this second edition. While some statistics and numbers may be outdated today, this chapter’s main ideas, tools, and frameworks remain important in understanding how to design sustainable solutions at scale.

As designers working with sustainability, it is also essential to understand the context of ecological theory. Ecological thought emphasizes the interconnectivity and interdependency between humans and the non-human natural world. Joanna Boehnert’s chapter Ecological Theory in Design: Participant Designers in an Age of Entanglement presents the historical attitudes towards nature and the origins and characteristics of ecological thought in the context of participant designers. Boehnert argues, “the participant designer must understand why the political economy matters for regenerative design to enable change on a scale necessary to address society’s most severe problems.”

As we look at systems, designers can also engage with the design of services instead of individual products. Systems and Service Design for the Circular Economy by Rhoda Trimingham, Ksenija Kuzmina, Yaone Rapitsenyane, and Nikki Clark is an updated chapter for the second edition presenting this collaborative approach to sustainable design and economy. The authors argue that a general economic shift has occurred in the Western world, moving from products to services. As such, designers must consider how sustainability interacts with behaviors in services. The Ellen Macarthur Foundation defines The Circular Economy as “restorative and regenerative by design, and which aims to keep products, components, and materials at their highest utility and value at all times, distinguishing between technical and biological cycles.” The authors of this chapter provide an overview of systems and service design in the circular economy as well as case studies from the field.

Part 1 on systems and design closes with a personal reflection by Yoko Akama in her chapter Surrendering to the Ocean: Practices of Mindfulness and Presence in Designing. This newly updated chapter for the second edition also moved to the introductory section for designers to ground themselves in how they are rooted in a larger world. Akama considers “ways to practice mindfulness that foregrounds being and becoming with, instead of accounting and obligating, where sustainability means a surrendering to impermanence and inter-relatedness.” The chapter is not an instructional guide to mindfulness and design practices, but rather a philosophical memoir of Akama’s practice.

The concepts presented in Part 1 represent a breadth of ideas on systems and design, actions and products, from the individual to the collective. There is a reaction for every action, and for every reaction, there is another place for designers to intervene in the system. Understanding how our designs and actions function in a larger world is crucial to our success and sustainability. To make the world a more sustainable and just place, designers cannot work alone, and these chapters allow us to consider how we intertwine and design with systems.






1 Sustainable Design is Not Sustainable

Rachel Beth Egenhoefer
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Sustainable Design is Not Sustainable

Sustainable design is not sustainable. By definition, the word ‘sustainable’ means to maintain at a consistent level or rate. Yet society is depleting the earth’s resources at a rate far greater than is being replenished. Report after report, climate summit after summit, all warn of the same future – consistently more natural resources are used than are restored. At the same time, more pollutants, toxins, and trash are produced, further depleting our environment and raising temperatures. The depletion and pollution rates are so great that even if society suddenly sustained its current level – it wouldn’t be enough to slow the warming planet. The world is not sustainable, and sustainable designers are not sustaining the planet.

All too often, the designer’s role is idolized as creating a hot new product, a beautiful typeface, or a viral ad campaign. This way of thinking has led to the belief that “sustainable designers” make “sustainable goods” – clothing from recycled plastic, reusable cups and bottles, compostable packaging, zero waste cleaners, and a plethora of other “eco goods.” Yet even the most “sustainable” of “sustainable goods,” when not used as intended or disposed of properly, becomes more trash. Furthermore, far too often habits, behaviors, mindsets, and beliefs have prioritized profits, speed, and convenience over people, community, and environment. This is the danger of decoupling design from the larger world we live and interact with. An expanded view of design goes far beyond these individualistic examples to include design as interaction, behavior, mindset, systems, and structures. Designers must take up the call to work systematically across disciplines, creating more equitable futures that repair, restore, and regenerate.

The 2023 IPCC (Intergovernmental Panel on Climate Change) Climate Change Report warns that some “climate impacts are already so severe they cannot be adapted to, leading to losses and damages” (Boehm, Schumer, 2023). “Global greenhouse gas emissions have continued to increase, with unequal historical and ongoing contributions arising from unsustainable energy use, land use and land-use change, lifestyles and patterns of consumption and production across regions, between and within countries, and among individuals” (IPCC, 2023). The 2022 UN Climate Change Annual Report begins by stating “once again that the climate crisis is not a future possibility but a present reality” (UNFCCC, 2022). The 2022 WMO (World Meteorological Organization) State of the Global Climate Report highlights the continuous advance of climate change. “Droughts, floods, and heat waves affected communities on every continent and cost many billions of dollars. Antarctic sea ice fell to its lowest extent on record and the melting of some European glaciers was, literally, off the charts” (WMO, 2022).

The evidence is clear: the point of “sustaining” has been surpassed. Instead, a shift must be made to move away from thinking about “sustainability” and towards a regenerative mindset. To regenerate is to restore, repair, and renourish. Consider regenerative brakes in an electric or hybrid car; when the brake is pressed, the battery is charged. In composting food waste, what would be trash is transformed into nutrients for the soil. In regenerative farming, the right combination of crops will grow food, fix the soil, and provide ecosystems for bees, butterflies, and insects crucial to our survival. In all of these examples of regeneration, positive energy is generated from small acts. Given the state of the planet and its inhabitants, regenerative design is needed now more than ever to help restore individuals, communities, and the planet. The same reports, climate summits, and proclamations that have sounded the alarm bells of catastrophic climate collapse all call for widespread, systematic changes – collaboration across disciplines, sectors, and communities to create just transitions for more equitable futures in order to adapt to the warming planet. This too, must be the urgent call for all designers to take on. As we shift from sustainable to regenerative, design must shift from individual products to thinking in systems, from individual solutions to intersectional actions, and from singular to pluralistic. In regenerative design, actions restore, renourish, replenish, and renew resources, people, and the planet.

Even though sustainable design is not sustainable, this chapter is the introduction to the second edition of the Routledge Handbook of Sustainable Design. The term ‘sustainable’ continues to be the most well-known and widely used in both academic and cultural contexts and the reason Routledge chose to use it in the title. Although most people might recognize the term as “environmentally friendly,” true sustainability is a far more complex issue, often not examined deeply enough to create a meaningful impact. Sustainability is not a goal to be achieved or an end result. Transitioning sustainability to regeneration is an ever-changing process that constantly responds to and incorporates multiple leverage points to restore and renourish. The chapters in this handbook unpack these complexities and strive to advance design towards a regenerative future. Collectively, these texts present a holistic approach to understanding the many facets behind the problems and potential solutions sustainable and regenerative design offers. Just as design is an interdisciplinary field, the climate crisis is a wicked problem deeply tangled in racial and gender justice, economics, global health, policy, trade, and more. There is no one solution to fix the climate crisis. No single chapter in this book has the answer. Limiting the rise in global temperatures is possible “if and only if we take a quantum leap in climate action, now. That requires the world to work together” (UNFCCC, 6–7). Designers hold the power and responsibility to lead this quantum leap as everything is designed.



Regenerative Design is Systems, Not Stuff

The expanded view of design that this handbook takes on reveals the complexity of larger systems. Many traditional design frameworks analyze the effectiveness and impact of individual products or choices. Designing Backwards is a framework that begins with where products end up – usually the landfill, and “designs backward” or uses backcasting, attempting to make the “least bad” choices. Life Cycle Assessment frameworks study the impact of a product’s components or ingredients and the ratio of their value in use to the harms, from extraction to disposal. These types of frameworks, while helpful, often remain only with the individual product. They do not touch the ways people consume products, and more specifically, the how and why. These frameworks do not address access, behavior, value, or meaning in terms of price point or culture. Systems thinking allows a broader view that includes all the inflows and outflows that make a product or service – from resources, production, distribution, usage, and disposal; as well as the “whys” that include regulation, power, social structures, culture, and mindset. Systems thinking is a way of making sense of the world by looking holistically at all these broader relationships between parts. Design must situate itself within these larger contexts to tackle the climate crisis’s wicked problems. Part 1 of this handbook, “Design and Systems”, introduces a range of ideas on how designers can consider systems thinking and situating both the practice of design and the self as designer with a larger whole.

Environmental scientist Donella Meadows is among the most influential thinkers in establishing systems thinking for ecological sustainability. In “Systems Thinking for Design” (Chapter 4), Diana Wright and Marta Ceroni provide an in-depth overview of Meadows’ work, including “Leverage Points: 12 Places to Intervene in a System,” which Meadows first introduced in 1997. Leverage points are places in a system where intervention can create meaningful change. Meadows’ list moves in increasing order of effectiveness, with twelve being the least effective yet easiest to implement, to one being the most effective but hardest to implement. The idea of how these leverage points work together is illustrated here in Figure 1.1.

[image: Diagram of Donella Meadows 12 leverage  points on a scale. A lever is depicted with circle representing  systems change on the far left. It is seperated by a folucrum and  then the 12 leverage points in decending order.]
Figure 1.1 Donella Meadows 12 places to intervene in a system (Meadows, 1999) interpreted and illustrated by the author.
⏎


The first leverage points (numbers 12–10) Meadows describes as constants, parameters, buffers, stocks, and flows. These first leverage points represent the physical elements in systems. In design, this is often the materials and how products are made. This could include fibers, dyes, metals, minerals, plastics, and the manufacturing process of individual elements and final products. This is where many “sustainable goods” tend to be situated – products made from recycled plastic, solar power manufacturing, zero-waste this-or-that, etc. These are the “easier” actions for individuals, so they are often sold as solutions. They are sold literally as goods and metaphorically as solutions, yet most often, they remain rooted in capitalism. Because of this, people tend to either pat themselves on the back for “buying good” or ignore it altogether, feeling like they are individuals up against corporations and politics with more powerful leverage. Both of these responses have merit. Making changes at these leverage points in the scale will have an impact, but less than creating change higher up on Meadows’ scale. Understanding the intricacies and entanglements in design choices is further explored in Part 2 of this handbook, “Complexities of Sustainable Design”. Specific topics of fashion, plastic, data storage, consumer electronics, culture, and nature are further explored, unpacking how design interacts with various leverage points on this end of Meadows’ scale.

The next set of leverage points (numbers 9–6) are delays, feedback loops, and information flows, which can be described as behavioral or how we use products. Often, these can map onto Design for Behavior Change methods and frameworks, including Design for Durability or Emotional Design, that encourage consumers to use products longer. Suppose consumers change their behaviors and habits to consume less. In that case, there is a more significant impact on the overall system – as far fewer resources are used in extraction, manufacturing, distribution, and disposal. Repair services, reusing, and repurposing goods could also be applied to this section of behaviors. In short, these levers focus on changing behaviors in how we use products and services, whereas the first set focuses on how they were made. Behaviors are often much harder to change because of ingrained habits, cultural norms, and the pressures that capitalism engrains in consumers to buy more, buy new, buy now! Part 4 of this handbook, “Design for Sustainable Behaviors”, focuses on this set of leverage points. Overviews of behavior and habit are presented, as well as in-depth looks at how emotion, rhetoric, data visualization, culture, and urban planning can help to shift actions.

Moving up Meadows’ scale, the next set of leverage points (numbers 5–3) address rules, structures, and goals, which are often dictated or decided on social, political, and governmental levels. Thinking about sustainability, this is where the power of policy and regulation can be seen. Changing what a large corporation, state, or country can or can’t do will have a far more significant impact if the change is made at the source and does not need to rely on the individual consumer. In the design context, this often comes down to regional laws and regulations as well as trade policies that relate to what materials or ingredients are allowed to be used, manufacturing methods, labor laws, and disposal regulations.

It’s no secret that many of the Western world’s consumables are manufactured in poorer countries where environmental and labor laws do not have the same standards as those who most frequently buy and consume those products. While affluent consumers often live far from the sources of where their goods were made, where the dyes polluted local ecosystems, where the laborers were paid a fraction of the profit, where metals were mined, and where smoke polluted the air, these realities affect the entire planet. Making changes among these leverage points is needed to create mass structural change. These leverage points are also significantly more complicated to change as geopolitical forces, trade laws, local and regional laws, and loopholes are far more challenging to change than being told to buy a new eco product or to ride your bike instead of driving. These leverage points move far beyond individuals and require large-scale change – which is why they are both harder to change and can potentially create a more significant impact.

On the far end of the scale, the greater power to change the system lies in self-organizing structures, goals, mindsets, and eventually, paradigm shifts. Working in such a space, with the ability to change underlying mindsets, would make all the other leverage points easier to implement. If, for instance, a greater value was intrinsically placed on justice for all people and the planet over profits, then decisions on regulations, usages, and supply chains would be far different than it is today. This is no easy feat – to unroot capitalism and transition the structural causes behind the climate crisis to be regenerative is the greatest challenge for both designers and humanity. In this space, designers need to consider not only the material, behavioral, and environmental impact, but the how, who, and why that is behind products, systems, and services. This space asks far more extensive questions about personal and communal values and how those values show up in choices on work, consumption, and community. Part 5 of this handbook, “Design Futures”, presents strategies, concepts, and visions for how this work might be possible. Creating structural change individually and systemically, transitioning to new futures, grieving what we must let go of to move forward, imagining new economies, speculative futures, designing with nature and inter-species collaborations, and for pluriversal futures are among the many ideas presented.



Regenerative Design is Intersectional, Not Individual

Regenerative design requires a holistic and systemic view of design that includes all of the leverage points mentioned above. Meadows’ leverage points scale helps to explain and visualize the lift needed to transition our planet. The diagram shown in Figure 1.1 and similar illustrations of Meadows’ leverage points are useful in understanding her scale; however, it falls short in depicting systems as being linear and one-dimensional. Systems are not flat, straight lines; they are non-linear, multi-dimensional, and intersectional.

In its most simple definition, intersectionality looks at how individual, social, and political identities overlap and are used for both privilege and discrimination. Gender, sex, race, economic class, disability, ability, religion, location, and others all overlap and intersect. These intersections occur in personal identities, collective groups, social contexts, geographic regions, and underlying systemic structures. The term was coined by Kimberle Crenshaw in her paper ‘Demarginalizing the Intersection of Race and Sex’ (Crenshaw 1989), where she explains that black women can face both sexism and racism. Each is not a single separate issue yet one that multiplies in its overlap. These intersections can be used for both power and oppression. When examining underlying problems causing the climate crisis, it’s often the case that those in power exploit those oppressed. This can be seen in the effects of environmental racism – when poorer neighborhoods or regions of the world and people of color are disproportionately exposed to harmful chemicals, pollution, and gasses. It can be seen in individual cities and collectively across the globe. All too often, the white, male, upper-class, Western decision-makers profit from strategically manufacturing their goods in third-world regions, by people of color, women, and those whom they have “othered”.

[image: Overlaping concentric circles illustrate  the intersection of race, gender, age, class and ability. Those  circles are then surrounded by other cirlces labled individual, socail  and structural.]
Figure 1.2 Understanding intersectionality, illustrated by the author.


Adding intersectionality into the definition of regenerative design brings in humanity. It acknowledges the complexities of humans as individuals from different races, cultures, genders, backgrounds, and regions and celebrates this rather than homogenizing it. As designers, it is crucial to be aware of the intersectional structures that have supported and brought humanity to this moment. Who has benefited from the climate crisis? Who has been harmed? With an intersectional lens, one can examine who has likely produced and who will likely consume many of the “sustainable goods” sold. Looking at designer brands that market the solution to sustainability as buying their “eco products” – either as goods from recycled materials or high-cost, ethically produced wares, the question of who can afford them and who is consuming them must be asked. More often than not, it is white, affluent, upper-middle-class consumers in the Western world. In a way, these “solutions” become another kind of greenwashing – telling us that “sustainability” is only for those who can afford it and have access to it.

The Environmental Justice movement is rooted in intersectional solutions that give power to those most harmed by climate destruction. To approach this with an intersectional lens, climate justice is also racial justice, gender justice, economic justice, health justice, education justice, and more. This is why simplistic, individual solutions such as “if everyone buys organic food, then we will solve the climate crisis” will never be successful. There are layers upon layers of intersectional systems that have been put in place and dictate who can afford organic food, who has access to it, where it is grown, where it is sold, where it is not sold, what kinds of education did those who can afford it have, how much it costs, can it be afforded on minimum wage, what should minimum wage be, how the production and distribution of cheap food is subsidized, who, where, and how food is marketed, and managed, who profits, who is harmed, and on and on… To truly solve for “let’s all buy organic food,” systems far beyond just produce need to be addressed, including political regulation, education, urban design, racial and economic disparities, how time is valued, how meals are valued, why meals matter, and so many more complex issues.

Design for Just Transitions is a framework for creating dynamic design solutions where wealth and power are shifted from the few to many and from extraction to regeneration, both economically and socially. Designing for Just Transitions moves from an extractive economy of extracting resources from the earth, exploiting labor, and centralized power and control by a few with the privilege, and moves towards a regenerative economy that focuses on renewable energy and resources, safe and stable communities, where power is shared, and those formerly oppressed become uplifted. For many in the Environmental Justice community, Just Transitions extend beyond a framework and are an underlying “principle, process, and practice” (Climate Justice Alliance). A simple way to begin to think about this would be by asking what a designer brand might look like if it were designed by those working in sweatshops, picking cotton, or living in towns filled with factory pollutants.

The effects of the climate crisis are widespread, and as IPCC2023 points out, globally, “vulnerable communities who have historically contributed the least to current climate change are disproportionately affected.” Yet part of viewing regenerative design through an intersectional lens also acknowledges that solutions will look different for different communities, cultures, and geographic regions. While globalization strives to homogenize, regeneration must localize. Part 3 of this handbook, “Community Engaged Design, Local and Global”, explores some of these complex issues between balancing the global and regional. Chapters in this section provide overviews and case studies on how designers can think regeneratively and intersectionality to design collaboratively on solutions that will empower and lift up those in most need.



Regenerative Design is Plural, Not Singular

Regenerative design solutions must be intersectional in who they design for but also pluralistic in solving for multiples. No one solution will fix the climate crisis. It is not up to one sector or one geographic region. The answer is found in more than just policy and regulation. The answer is found in more than just behavior change. The answer is not only from the top down, or the bottom up. The answers must come from everyone in all directions. Solutions will start to tip the scales when multiple leverage points are working together.

Transition Design, a framework developed by Terry Irwin and Gideon Kossoff, looks at how designers can understand and identify interconnected solutions across social, economic, political, and natural systems to design for a transitioning culture. By spanning these lenses and systems, Transition Design seeks to find multiple intervention points that, when implemented collectively, create impactful change, thus hopefully transitioning a culture forward. Irwin and Kossoff provide an in-depth overview of the work in “Transition Design: Wicked Problem Resolution as a Strategy For Catalyzing Positive, System-Level Change” (Chapter 32). To compare to Meadows’ leverage points – their framework identifies multiple levers across intersectional communities, and when implemented together, will create a transition. Irwin has compared Transition Design to thinking about acupuncture – when needles are placed in the right place in the body, they act as leverage points, allowing energy and healing to flow through the body (Irwin, 2019). In acupuncture, you do not have just one needle placed in the body but rather a series of interconnected points. In this way, Transition Design and regenerative design become plural – there is not just one point but a series of interconnected solutions.

To return to the simplistic example of “eating organic food to solve the climate crisis,” a solution can not fall to the individual deciding on what produce to buy. Instead, from an intersectional, pluralistic lens, multiple solutions might include community gardens in food deserts, nutrition and cooking education, creating higher paying jobs in low-income communities tied to food production, creating subsidies for local or organic food, changing school lunch programs in schools, and more. When implemented collectively, all of these design decisions can empower how and why food might be produced and consumed in a more sustainable, regenerative way.

At the center of these practices, the designer’s role also shifts from being singular and individual to being a collaborator – co-designing with others in the community, carefully considering culture, place, nature, and tradition. While arguably more complicated than simply making a new product from a better material, these approaches to design become far more inclusive. They have the potential to be inclusive in labor and production – creating a better quality of life for those producing goods. They also have the potential to be more inclusive in who is designing and for whom – celebrating culture instead of dictating via brands.

The idea of design as collaborative, place-based, and connected to nature can be attributed to Arturo Escobars’ book Designs for the Pluriverse. Escobar calls for decoupling design from capitalism and argues that design “become a medium in the service of society rather than solution-making expertise in the service of industry” (Escobar 10). As designers identify the multiple leverage points across systems, caution must be used to keep this in mind. Are solutions serving society or the capitalist industry? The designer’s role as a collaborator with the community, with nature, and with the future, is explored through this handbook.



Regenerative Design Starts With Self

While regenerative design must be collaborative, it also starts with the self. Meadows’ leverage points become increasingly difficult as they have the potential to create more change. In order to have the human and cultural energy to work towards the more impactful levers, designers and consumers will each need their own individual energy and collective energy to work together.

Often, when working and designing in the climate space, it can be far too easy to be bogged down and overwhelmed by the dire outlook, the immense scale of the problems, and the monstrous obstacles in the way. Not only has the fast-paced “take-make-waste” culture depleted natural resources, but it’s also depleted individuals’ sense of self in many cases. To return to the idea that sustainable design is not sustainable, neither is the work lifestyle that keeps capitalism and most of the design industry going. Many middle-class workers are facing higher levels of burnout, while those in the lowest-paid jobs are more often than not subject to harsh work conditions with physical and mental tolls impacting their health. For many, the rat race of capitalism is not sustainable – financially, physically, and emotionally. Just as design must shift from sustainable to regenerative practices, designers also must look at ways to regenerate themselves individually and collectively. Individual designers can not work to create more energy, to restore and renourish, when they themselves are depleted. For this reason, working in regenerative design must start with one’s self, finding ways to renourish and re-energize oneself so that one can design regenerative communities that can impact broader regenerative solutions.

While designers often want to make the next trend, and consumers want to have it, sustainable designers must transition to regenerative designers to create the quantum leap required to sustain life on our planet. Regenerative design seeks to restore, repair, and renourish, making the world better than it was before. To create this meaningful change, designers must examine the larger systems, create intersectional solutions that will empower those who have previously been most harmed, and design pluralistic solutions that will transition us forward. To do this will require regenerative practices and mindsets individually, collectively, and globally.
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Design is all the rage. We wear designer jeans; some of us live in designer houses; a few drive cars with designer interiors. Buyers of luxury houses and buildings pay “starchitects” sizeable fees to design buildings that defy gravity, conventional geometry, and human scale. Some propose to redesign our genes by means liberated from sexual selection unhindered by philosophy or the piddling constraints of convention. The goal is super-human perfection but the more likely result would be the geneticists’ version of an arms race. Others are designing the means to further expedite consumption by tailoring our electronically tracked proclivities to the expanding bazaar of commercial opportunities. The goal is higher profits. Whatever you want someone will design it for you but at a price high enough to exclude the great majority of humanity and without any thought for those who will follow us and will find their grasp on life, liberty, and happiness made more tenuous by previous design decisions.
 
Missing in the buzz about design are flesh and blood people and the long-term effects of the design choices being made. The poor and disadvantaged are conspicuously absent from the articles and advertisements in air-brushed architectural and design magazines. Missing, too, is a thoughtful analysis of the fine print of the deal where, it is said, the Devil resides. What are the social, ecological, and spiritual implications of various design choices? How might these affect the prospects of other species and future generations? And nowhere in the high-tech fluff and puffery do human fallibility, ignorance, and our propensity for goof-ups raise their not-so-perfect heads.
 
The ironies stack up like cordwood. For one, we pay lots of money to visit the historic cities of Europe precisely because their cramped old towns with crooked, narrow streets, and ancient buildings retained much of their charm and attraction because they grew, imperfections and all, much as Jane Jacobs once explained, by trial and error. They grew incrementally to meet particular needs in specific places, not as the result of the grand design schemes of logical and linear minds of men like Robert Moses and le Corbusier with their straight lines, motorized transport, and efficiencies tailored to the needs of the hurried class.
 
No reasonable person can deny the need for intelligent design, particularly as it reduces material, water, and energy use, and therefore pollution. But since World War II we discarded much of that kind of older design intelligence and infrastructure. I recall, for example, the light-rail system of Pittsburgh that was once an efficient, dependable, and cheap way to move around the City. My present home, Oberlin, Ohio, was once a part of an inter-urban system that connected many of the cities and towns between Toledo and Cleveland. Light-rail systems like these were dismantled all over the United States not because they were inefficient or unpopular, but because companies like General Motors acquired them in order to put them out of business. We now drive their cars, with umbilical cords that stretch to depleting oil fields in distant places where we are not much appreciated, spend much of our lives caught in traffic jams, burn up our emotional energy in road rages, drive through award-winning ugliness, breathe air contaminated with byproducts of combustion, attend the funerals of the thousands annually killed in highway crashes, and continue to pay exorbitant taxes to protect our access to other peoples’ oil, and patch over the problems caused by a monumental design and planning mistakes attributable to flaws in our political economy by which private mobility and its corporate vendors was deemed better than public mobility. No reasons were given; no vote was ever taken. The market, it was said, had spoken, but in truth the public good was hijacked by corporate pirates in three-piece suits. Advertisers, long-before mobilized to sell cars and automotive accessories joined in the hijacking and geared up for the post-World War II boom that drove our economy for the next half century by selling chrome trimmed fantasy, social status, roadside wonders, fast foods, and the promise of excitement just over the next horizon.
 
In this case the political economy of design was neither political in the sense of being the result of public decisions reached through democratic deliberation, nor economic in any honest way. A great deal of the debt for that half-century binge of individualized, oil dependent, land-eating, polluting, and democracy corrupting system of transportation will be passed on to our descendants. Any true accounting of the full costs of our automobile culture also would have to include the role of EXXON-Mobil and other oil companies’ in delaying action on climate change that they knew to be a reality as far back as 1977. How many people have died because they lavishly funded four decades of climate denial? How many more will perish in the climate mayhem ahead? How many trillions of dollars of damage might have been avoided had they chosen to lead the transition away from the fossil fuel powered system they created? Of necessity there will be an accounting of sorts, but not likely a reckoning with truth and reconciliation because we have neither laws nor institutions to adjudicate lethal malfeasance at this scale.
 
My point is that all design exists in a larger framework of political economy by which costs and benefits are distributed within society and across generations. Whether we acknowledge them or not, the failure to design with physical and ecological realities incurs irrevocable costs as well. Commercial and industrial designers, however, mostly regard their work as politically and ethically neutral or merely a matter of esthetics and novelty. Stephen Jobs, for one, learned how to make computers that were considerably more than tools of computation and communication but rather something designed to light up the pleasure centers of the brain. Jobs, in Sue Halpern’s words, used “enchanting theatrics, exquisite marketing, and seductive packaging to convince millions … that the provenance of Apple devices was magical, too.” 1  Lost in the hype and cultish aspects were the lives of underpaid, exploited, workers and the mountains of electronic trash thrown out to buy next year’s I-whatever which Halpern muses “may be the longest-lasting legacy of Steve Jobs’ art.” As Jobs knew, design has powerful affects.
 
It is a fact well understood by all designers. “Once people come in,” as a software engineer at Instagram reports, “the network effect kicks in … then it takes on a life of its own.” 2  The goal is to make it “enthralling” and “difficult to put down,” in a word, addictive. Every person so addicted faces “1,000 people on the other side of the screen whose job is to break down the self-regulation that you have.” 3  
 
Frank Lloyd Wright once bragged that he could design a house for a newly married couple madly in love that would cause them to divorce in a matter of weeks. But Wright, the architect, would have been able to manipulate only materials, geometry, space, and landscapes. Contemporary designers work with much more powerful tools and sometimes with very bad effects.
 
In Addiction by Design, Natasha Schüll describes the use of design to turn gamblers into gambling addicts. One gaming machine designer, for example, “really knows how to get into the head of a fifty-year-old woman and figure out what she wants.” The casino owners who buy his machines only want her money but he knows that her purse is connected to specific parts of her brain that can be manipulated. “Gambling machines,” like those he designs, 


are complex calculative devices that operate to redistribute gamblers’ stakes in a very precise, calibrated, and ‘scientific’ way … [they] operate as vehicles of enchantment, galvanizing what political theorist Zygmunt Bauman has described as ‘human spontaneity, drives, impulses, and inclinations resistant to prediction and rational justification,’ or in Weber’s words, ‘irrational and emotional elements that escape calculation.’4

 
Such machines work in the “fashion of psychostimulants, like cocaine or amphetamines. They energize and de-energize the brain in more rapid cycles.” In the words of one gambler, “You’re in a trance, you’re on autopilot … the zone is like a magnet, it just pulls you in and holds you there.” As long as you have money that is. “It’s our duty,” as the CEO of Las Vegas Stratosphere puts it, “to extract as much money as we can from customers.” The entire design of the modern casino aims to create a womb to keep gamblers oblivious to everything else, until the wallet is drained. “It is not uncommon,” Schüll writes, “to hear of machine gamblers so absorbed in play that they were oblivious to rising flood waters at their feet or smoke and fire alarms that blared at deafening levels … or even a dying man at their feet.” (35) Severely addicted, gamblers will stay at it for twelve hours or longer ignoring all bodily needs to satisfy the craving.
 
The gambling industry described by Schüll resembles in many ways the larger world of modern advertising that drives consumption. At least since Edward Bernays created the prototype for the modern advertising firm, capitalists have intended to make us dependable and dependent consumers, that is to say consumption addicts by design. The sellers often know more about us than we know of ourselves. They track our behavior: bodily responses to various stimuli, eye motions, and our every flinch and fantasy trolling for any information that might be useful in order sell us more of what we don’t need or don’t want but can be made to crave. They have designed a system that orchestrates our fears, phobias, and desires and shapes us into more dependable consumers.
 
Worse, designers can do work that is purely evil. The designers of Auschwitz and its machinery of extermination, for example, participated in “the greatest crime committed by architects.” 5  One can make an even more compelling case against weapons designers who created a world still suspended over the nuclear precipice. 6  
 
The point is that the art and sciences of design, in other words, should not be exempted from the standards of morality and decency. Designers now are equipped with powerful tools drawn from the disciplines of psychology, neuroscience, sociology, anthropology, computer science, architecture, and interior design. These can be used to manipulate, deceive, and render dependent or they could be used to help us undo our addictions and mindless consumption and build a convivial, democratic, fair, decent, healthy, pollution-free, and nonviolent world powered by renewable energy and populated with competent people. There is an important distinction between conventional design which is simply the making of things to appeal to status needs and transient fashion and ecological design which is the skill to make things of value that last and fit harmoniously in their ecological, cultural, moral, and historical context.
 
The art and science of ecological design has come a long way in the decades since Victor Papenek, Sim van der Ryn, John Todd, John Lyle, Bill McDonough, and others launched the green building revolution. Rapid technological development has made solar and wind technologies competitive with baseload coal almost everywhere and without the many costs of mining, refining, transporting, and burning fossil fuels. The same is true of energy efficiency that could, with more accurate accounting and better policy incentives, eliminate perhaps half or more of our present energy use while providing superior quality in a growing economy. Investment in renewable energy worldwide is growing rapidly and consistently providing higher and safer rates of return than those in coal, oil, and gas. As a result it is possible to create buildings and cities powered entirely by improved efficiency and renewable energy.
 
Ecological design aims to calibrate human actions with the way natural systems work as particular places, larger landscapes, and ecologies. It aims to work with, not against, the flows of energy and natural cycles. It aims to conserve, preserve, and regenerate the basis for life and human flourishing. Architect Stuart Walker writes, “if design is to more effectively address sustainability it has to transcend utility and conventional function-led, and especially technology-led approaches.” 7  He calls on designers to rise above “the calculated creation of dissatisfaction” and to “think more comprehensively about the products we already produce and their implications.” Design, in other words, must be an act of integration, not just specialization, with the goal of creating wholeness and spiritual wellbeing. 8  In Robert Grudin’s words, design, “unlike any other concept … calls for us to create a unity of part with whole, a concord of form and function, a finished product that is harmonious with society and with nature.” 9  
 
By that standard, there are some things that should not be designed. But the distinction between what designers can do and what they should do requires a design ethic to inform professional conduct rather like the Hippocratic Oath in medicine. 10  Engineer, M.W. Thring, for example, proposes a standard that includes all of the consequences of engineering and design including those affecting “the subjective qualities of human life such as self-fulfillment, happiness, inner freedom and love.” 11  Specifically, designers should see all of their work, as engineer Seaton Baxter puts it, as a manifestation of “co-evolution with the natural systems of the world” increasing the quality of life while reducing the consumption of resources. 12  
 
In summary, the basic rules for ecological design are these: 

 
	maximum use of solar energy 
 
	protect diversity of all kinds 
 
	eliminate waste 
 
	use nature as the model 
 
	make it affordable 
 
	design for repair and disassembly 
 
	build in redundancy and resilience 
 
	maximum public participation, and 
 
	beauty. 13  
 

Design, in other words, is a healing art in the broadest sense of the word. It is no accident that the word health is related to the words Holy, whole, holism, and healing. Neither, I think, is it an accident that the root words for religion and ecology imply wholeness and connection. It should embrace the health of people, ecologies, and social institutions as interacting parts of a larger whole.
 
Further, good design should increase the reservoir of practical ecological competence at the local level, allowing us to do more for ourselves and for each other—the things that we once did better for ourselves as competent people, good neighbors, and active citizens. Excessive dependency has made us less intelligent in many respects. Our smartness has migrated upward into our technologies and systems of technology that are the product of collective intelligence leaving us as individuals clueless. Few, if any, know how these remarkable technologies are made or how they work, let alone how to live without them. Leonard Read’s 1958 essay “I, Pencil” illustrates the point by showing that not a single person on earth knew how to make such a simple thing as a lead pencil, or almost anything else. 14  It is possible, in other words, that our individual competence and perhaps intelligence, too, is inversely proportional to the brainpower that goes into our technologies and systems of all kinds designed by teams of designers, each knowing a small part of the final ensemble and perhaps nothing of the larger system of which it is a part or the effects it may have on the wider culture. As Oceanographer, Carl Safina puts it “As a species, we are pretty impressive. But as individuals, most of us, given bolts of cloth wrapped in a bow, couldn’t sew a decent shirt.” 15  
 
Good design, second, should help ground us in place. It should inform us of where we are and the terms of ecology and energy flows by which we are sustained in a particular place. In a world where any one place looks much like any other, we are losing sight of the fine print of our lives and how we are provisioned with food, energy, and materials. We are mostly ignorant of the costs and consequences of the systems that provision us and oblivious to their fragility. It should help us know where we are and how to be ecologically competent in that place. Those places should be ecologically designed landscapes with multiple functions to retain water for drought periods, manage flood waters, grow food and fiber, to sustain wildlife, and absorb carbon. They should be working landscapes that blend agro-forestry, mixed-use permacultures, intensive agricultural and gardening zones, viticulture, aquaculture, water purification, and recreation. And they should be managed by local citizens and used to train young people for lives of growing essentials in managed integrated ecologies. 16  
 
Third, ecological design should enhance the opportunities for conviviality, celebration, and direct democracy. 17  Communities with front porches, public squares, community gardens and solar systems, neighborhood stores, corner pubs, open places of worship are more likely to thrive in the long emergency because they create the conditions favorable to neighborliness, community cohesion, and buffer zones from hardships. And good design will engage people in the making of their homes, neighborhoods, towns, and regions. It should increase our civic intelligence and our joy in life. Designers in this way are facilitators in a larger public conversation and architects of better possibilities, not just makers of buildings, landscapes, and gadgets.
 
The years of climate chaos ahead will magnify the challenges designers must reckon with. The new normal is now a world of progressively higher temperatures, stronger winds, more frequent and larger storms, rising ocean levels, longer droughts, much larger rainfall events, and new diseases. 18  These, in turn, will cause interruptions in supplies of food, energy, and water and trigger social and political turmoil. We must design in the awareness of the fragility of the present world, as Jared Diamond and others warn. Designers must aim for resilience that both safeguards vital systems under emergency conditions and aids in eventual recovery.
 
The prospect of future warming to which we are now committed will put a great deal of conventional design into question. Taller buildings are vulnerable to higher wind shear, electricity outages, and terrorists. Sealed buildings work only as long as HVAC systems and complicated electronic controls work which further depends on uninterrupted electricity, availability of expert managers, and long supply chains. Instead of more of engineering virtuosity, designers should “start re-engineering our aspirations, infrastructures and lifestyles for a softer landing in a post-fossil [fuel] world.” 19  
 
Beginning in neighborhoods, towns, and cities the Great Work of our generation is to make possible that softer landing in a post fossil fuel and post-consumer economy in ways that are prosperous, fair, durable, resilient, convivial, and democratic. It must be powered by renewable energy. It must be a circular economy that recycles and reuses its wastes. Of necessity it will be more focused on essentials of food, energy, shelter, clean water, education, the arts, and rooted in its place and bioregion. It will be built by local people who cherish and understand their places and the place of nature in a sustainable economy. But it must be a political economy, a product of revitalized grass-roots as well. If it is to flourish, it must grow out of the union of ecological competence and the practice of authentic democracy.
 
For those engaged in the design professions several conclusions follow. First, architects, engineers, landscape architects, product designers, industrial designers, and ecological designers have been engaged in designing the small components of larger national and global systems. But those larger systems, nonetheless, are trending toward catastrophic failure. However ecologically improved any one building, neighborhood, city or enterprise, the entire system is still trending toward disaster. The problem is not in the particular techniques of design which have become very sophisticated, but in the haphazard structures—economic, political, social—in which design occurs which slows the effort to take ecological design to the necessary scale. The rules of the larger system permit only changes at the margins, which is to say only slight adjustments in the coefficients of change but none at the level of social structure and system design. Ecological design then still exists as a patchwork in a larger society not as a coherent solution to systemic problems of a Capitalist society. In Karl-Henrik Robèrt’s words 


The problem of unsustainability [is rooted in] underlying systemic errors of societal design that will make things worse and worse until, in the end, it will be impossible for society to sustain itself … Until the systemic errors are addressed, the very conditions for survival and prosperity will continue to systematically decline ….20

 
This leads to a second conclusion: the practice of ecological design must be applied to the larger systems of politics, law, and economics. This might occur by processes of extrapolation and emulation that migrate upward where design infiltrates the normal daily experience. Perhaps we can be instructed by architecture that is a kind of crystallized pedagogy that instructs in many ways. Perhaps we will learn through the cumulative effects of green buildings, solar collectors, electric cars and the technological paraphernalia of sustainability on our psychology and values. But perhaps not. The relationship between technology, architecture, design, and human behavior is indirect and indeterminate. If it were otherwise, brilliant and lovely architecture long ago would have mellowed our more reptilian behaviors.
 
To really improve the human prospect the precepts of ecological design must inform our politics, governance, law, and economics, not just buildings, technologies, manufacturing, and landscapes. In that more ecologically shaped world economists, for example, would be regarded as designers of the flows of energy, materials, and wastes constituting the economy. Similarly, legislators, lawyers, government officials, and political theorists would also be thought of as designers of the structures of power, law, and regulation that constitute the scaffolding of society. As designers their mission would be to design social systems that work with, not against, natural processes. Imagine a civilization so artfully and carefully designed that it would protect posterity, ecological processes, and the larger fabric of life on Earth, for as long as one can imagine.
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Introduction
 
The discourse on sustainability has reached a point where the present common view is that there is a need for radical transformational change in how human society operates (Ryan, 2013a). This view emerged as a result of studies pointing out to fast declining of terrestrial and aquatic ecosystems with implications on biodiversity, as well as the urgent action needed to mitigate and adapt to climate change (Butchart et al., 2010; Hughes and Steffen, 2013; Rockström et al., 2009). The estimates of economic and social cost of inaction for addressing global, persistent and pressing environmental issues are alarming (MEA, 2005; Stern, 2006). In parallel with the changes taking place in socio-ecological contexts and increased theoretical understanding of implications of these changes, the response from the broader society in general and from business specifically has also evolved in the past decades with an increasing pace (WBCSD, 2000; 2004; 2010). Currently, studies challenging the traditionally accepted role and responsibilities of business in society and proposing new models for value creation are on the increase (e.g. Loorbach & Wijsman, 2013; Metcalf and Benn, 2012; Parrish, 2007).
 
Design as a primary function for innovation in business, and increasingly in government and in other social organizational units including local communities (Design Council, 2007; Gruber et al., 2015) has been engaged with different aspects of sustainability discourse and practice since the mid-twentieth century (Madge, 1993). With the beginning of active interest from industry in environmental and social issues, more systematic engagement in design started in the early 1980s.
 
In this chapter, we present a short “evolutionary history” of the Design for Sustainability (DfS) field starting from these early days of systematic engagement and provide insights on the emerging directions in the field. The chapter is structured as follows. Firstly, we present the DfS approaches that emerged in the past decades, then we propose and discuss a framework that synthesizes the evolution of the DfS field, and finally we reflect on the future research challenges of DfS.
  

A Multiplicity of Approaches to Design for Sustainability (DfS)
 
The history of Design for Sustainability (DfS) has seen, in the last decades, the development of a variegated set of design approaches. In this section we briefly present these DfS approaches following a quasi-chronological pattern.
 

 Green Design and Ecodesign
 
 Fuller’s (1969) and Papanek’s (1985) teachings and work mark the earliest concerns in the design field about resource limits and impact of our material production on the environment. Nevertheless, systematic contributions started in the early 1990s as “green design” (Burall, 1991; Mackenzie, 1997). Green design focused on lowering environmental impact through redesigning individual qualities of individual products by following the waste hierarchy of reduce-reuse-recycle or using emerging technologies such as solar street lamps (Fuad-Luke, 2002). There was also a focus on efficiency improvements in product and process engineering (e.g. Fiksel, 1996). Green design developed and improved the still valid “rules of thumb” for improving environmental performance of products. However, it lacked depth and promoted green consumerism (Madge, 1997). Ecodesign, instead of focusing on single components or individual qualities of products, adopted a life-cycle approach and has become the most frequently practiced approach until present. The goal of ecodesign is to minimise the consumption of natural resources, energy and impact in different product life-cycle stages, while maintaining traditional industrial values such as profit, functionality, aesthetics, ergonomics, image and overall quality benefits for customers (Brezet and van Hemel, 1997; Tischner and Charter, 2001; Vezzoli and Manzini, 2008). However, ecodesign lacks complexity with its sole focus on environmental performance and disregard of social impacts (Bhamra et al. 2011; Gaziulusoy, 2015).
  

Emotionally Durable Design
 
Ecodesign provides a set of design strategies to extend product lifespan from a technical point of view. However, for some product categories, a large percentage of products still function properly when discarded (Van Nes, 2003). In these cases the end of lifespan is not caused by technical issues but by psychological obsolescence (when a product is discarded for reasons such as changes in users’ perceived needs, desire for social status emulation) (Cooper, 2004). For this reason, in the late 1990s researchers have started to explore the user-product relationship and how design can strengthen that relationship to increase product lifetime (e.g. Van Hinte, 1997; Chapman, 2005; Mugge, 2007; Chapman, 2009). Common labels used to define this area of research are emotionally durable design, coined by Chapman (2005), and design for product attachment. An important contribution came from Mugge (2007) who identified four main product meanings that can affect user-product attachment: self-expression, group affiliation, memories and pleasure (or enjoyment). Various researchers have also proposed design strategies seeking at stimulating product attachment (e.g. Mugge et al. 2005; Chapman, 2005; Mugge, 2007). Examples are designing products that ‘age with dignity’ (Van Hinte, 1997), and designing products that allow users to capture memories (Chapman, 2005).
  

Design for Sustainable Behaviour
 
Even if ecodesign can help designers to reduce the environmental impact of a product throughout its whole life cycle, it must be highlighted that this approach does not devote much attention to the influence that user’s behaviour can have on the overall impact. Several researches have shown that the way in which users interact with products can determine substantial environmental impacts (Environmental Change Unit, 1997). For this reason design researchers, building upon various behaviour change theories, have started to develop approaches, tools and guidelines that explicitly focus on changing user behaviour towards more sustainable outcomes. For example, the Design for Sustainable Behaviour model developed at Loughborough University (Lilley, 2009; Bhamra et al., 2011), Design with Intent (Lockton, Harrison and Stanton, 2010; Lockton, 2013) and Mindful design (Niedderer, 2007; 2013). Applications span from product to product-service system, mobile interaction and built environment design. However, there are concerns about the extent to which designers are entitled to change user behaviour (Pettersen and Boks, 2008; Bhamra et al., 2011). Considering more at the operational aspects, it is not fully clear how individual behavioural change strategies are effective in achieving a certain behavioural change, and measuring these changes is problematic (Niedderer et al., 2014).
  

Nature-inspired Design: Cradle-to-Cradle Design and Biomimicry Design
 
Two most prominent frameworks of nature-inspired design are cradle-to-cradle design and biomimicry design cradle-to-cradle is based on two concepts: waste equals food and eco-effectiveness (Braungart, McDonough and Bollinger, 2007; McDonough and Braungart, 2002). Cradle-to-cradle design assumes that if biological and technological ‘nutrients’ are used in open (for biological nutrients) or closed (for technological nutrients) loops, the human society can continue production, consumption and economic growth indefinitely. By putting emphasis on regenerative processes, non-human species and future generations, cradle-to-cradle potentially enables radical innovation and mind-set change in businesses, which has been acknowledged as its main value (Bakker et al., 2010). Nevertheless, cradle-to-cradle design is technically not well justified (Bjørn and Hauschild, 2013; Gaziulusoy, 2015; Reijnders, 2008). In addition, cradle-to-cradle design might shift focus from the entire life-cycle of products to minimizing or eliminating toxic materials and overlooks the impacts of energy consumption (Bakker et al., 2010; Llorach-Massana et al., 2015).
 
The premise of biomimicry design is using nature as model, measure and mentor (Benyus, 2002). Using nature as a model involves studying the models and processes of nature and adapting these to solve human problems. There are three levels of biomimicry (Benyus, 2002): mimicking forms of nature, mimicking processes of nature and mimicking ecosystems. Biomimicry design also advocates using waste as a resource and closing loops. Although mimicking nature is a well-established approach in design, it is misleading to claim that nature-mimicking leads to sustainability (Volstad and Boks, 2012) because isolating a principle, structure or process from nature and imitating it does not necessarily yield to sustainability. This is particularly true for ‘reductive’ biomimicry, which mimics only forms and processes (Reap, Baumeister and Bras 2005). Biomimicry design is technologically-optimistic and, although this creates opportunities for radical technological innovation, the complexity of transforming our production-consumption systems and psycho-cultural patterns are overlooked (Gaziulusoy, 2015; Mathews, 2011).
  

Design for the Base of the Pyramid
 
In addition to environmental concerns, the last decade saw some design researchers to focus their interest on social issues, with a particular emphasis on the poorest portion of the global population, the so-called base of the pyramid (BoP). In the past decade design researchers and designers have started exploring the implications of designing for the BoP (e.g. see Gomez Castillo et al., 2012) also known as design for the other 90% (Smith, 2007). BoP people are generally characterized by a lack of income to satisfy basic needs, a lack of access to basic services and by social, cultural and political exclusion (London, 2007). Thus, designing solutions at the BoP requires addressing specific issues that are different from those in high-income markets (Jagtap, Larsson and Kandachar, 2013). In this respect a number of manuals and tools have been proposed in the past years, providing a set of complementary approaches, such as: Design for Sustainability, D4S (UNEP, 2006) with a focus on sustainability and business development; Human Centred Design toolkit (IDEO, 2009), which provide guidance and tools on user-centred design; the BoP Protocol (Simanis and Hart, 2008), and the Market Creation toolbox (Larsen and Flensborg, 2011), which focus on business model co-creation. Recently the attention of design researchers on the BoP has moved to product-service system design and design for social innovation (see later sections).
  

Product-Service System Design for Sustainability
 
Realising that sustainability requires a drastic reduction in resource consumption (Schmidt-Bleek, 1996), and that innovations at a product level are not sufficient to obtain such a radical improvement, several researchers have started to look at product-service system (PSS) innovations as a promising approach for sustainability (e.g. Stahel, 1997; Mont, 2002). PSSs can be defined as “a mix of tangible products and intangible services designed and combined so that they are jointly capable of fulfilling final customer needs” (Tukker and Tischner, 2006): value propositions that satisfy users through the delivery of functions/performances instead of products and shift the focus from a consumption based on ownership to a consumption based on access and sharing. Being complex artefacts composed of products, services, and a network of actors, designing a PSS requires a systemic approach considering all these elements simultaneously. Design researchers have initially focused on PSS design for eco-efficiency, looking at the economic and environmental dimensions of sustainability (e.g. Brezet et al. 2001; Manzini, Vezzoli and Clark, 2001), while more recently attention has moved towards integrating also the socio-ethical dimension, referring to PSS design for sustainability (e.g. Vezzoli, 2007; Vezzoli et al. 2014).
  

Design for Social-Innovation
 
Social innovations, either refer to those innovations aiming to solve social problems (Schaltegger and Wagner, 2008) or those targeting behavioural change and social well-being (Manzini, 2007). A more broad and systemic understanding of social innovation understands it as a creative re-combination of existing assets (Manzini, 2014). Social innovations usually emerge from the inventiveness and creativity of ordinary people and communities (sometimes in collaboration with grassroots technicians and entrepreneurs, local institutions and civic society organizations) (Jégou and Manzini, 2008; Meroni, 2007).
 
 Manzini (2014) defines design for social innovation as “a constellation of design initiatives geared toward making social innovation more probable, effective, long-lasting, and apt to spread (p. 65)”. Although social innovations are often driven by citizen actors, professional designers can play a significant role in promoting and supporting them by making them more visible and tangible (e.g. to increase people awareness), more effective and attractive (e.g. to improve the experience of people involved), as well as by supporting replication (scaling-out) and connection (scaling-up) (Manzini, 2015). Currently, the focus in design for social innovation is mainly on investigating how designers can support and facilitate the process of replication and scaling-up (e.g. Manzini and Rizzo, 2011; Hillgren et al., 2011).
  

Nature-Inspired Design: Systemic Design
 
Systemic Design is another nature-inspired approach that, differently from cradle-to-cradle and biomimicry, focuses on mimicking natural ecosystems. It combines elements of biomimicry, cradle-to-cradle and industrial ecology. As described by Barbero and Toso (2010),


the Systemic Design approach seeks to create not just industrial products, but complex industrial systems. It aims to implement sustainable productive systems in which material and energy flows are designed so that waste from one productive process becomes input to other processes, preventing waste from being released into the environment.

 
Systemic design adopts a territorial approach, looking at local socio-economic actors, assets and resources, with the aim of creating synergistic linkages among productive processes (agricultural and industrial), natural processes and the surrounding territory (Bistagnino, 2009; 2011; Barbero and Fassio, 2011).
  

Design for Sustainability Transitions
 
1990s saw an emerging focus in science and technology studies area on transformation of socio-technical systems for sustainability (Green and Vergragt, 2002; Quist and Vergragt, 2004; 2006; Weaver et al., 2000). Around similar times, as a means to understanding how innovation in socio-technical systems occurs, a group of scholars developed the multi-level perspective of system innovation building on evolutionary innovation theory (Geels, 2005a; 2005b; Kemp, 1994; Kemp, Rip and Schot, 2001). System innovation is defined as “a transition from one socio-technical system to another” (Geels, 2005a, p. 2). Building upon these insights Strategic Niche Management (Schot 1992; Kemp, Schot and Hoogma, 1998) and Transition Management (Rotmans et al., 2001; Loorbach, 2007; 2010) theories have been developed in the past decade.
 
These developments in science and technology studies created a ground in the design field for cross-fertilization. Currently the emerging field of design for sustainability transitions is being developed by a handful of design scholars (Ceschin 2012; 2014a; 2014b; Gaziulusoy, 2010; Gaziulusoy and Brezet 2015; Joore, 2010; Joore and Brezet, 2015; Hyysalo et al., 2019). Design for sustainability transitions have been focusing predominantly on transformation of socio-technical systems through technological, social, organizational and institutional innovations. In this regard, it embodies design for product-service systems which aims to transform production-consumption systems through business model innovation and design for social innovation which aims to assist with social change. In the recent years, in alignment with the expanding scope of discourse in sustainability science, sustainability transitions and design research, there is emerging work for integrating multispecies sustainability perspective (Rupprecht et al., 2020) into more-than-human design (Veselova and Gaziulusoy, 2021). This signifies the expansion of the scope of design for sustainability transitions from socio-technical to socio-technical-ecological systems.
   

A Framework to Understand Design for Sustainability
 
Looking at the DfS approaches described in the previous sections we can identify three main characterizing elements that differentiate them.
 
 The first one is related to the different innovation levels addressed by the DfS approaches. It is clear that different DfS approaches can tackle sustainability at different levels. In a crescent order, these are (Ceschin and Gaziulusoy, 2016; 2019): 

 
	Material/component innovation level, which includes design interventions aimed at incrementally improving the individual qualities of a product (e.g. facilitating recyclability, facilitating disassembly). 
 
	Product innovation level, which includes design approaches focusing on improving existing products or developing completely new products considering the whole product life cycle. 
 
	Product-service system innovation level, in which the focus shifts from individual products to integrated combinations of products, services, business models and stakeholder value chains. 
 
	Spatio-social innovation level, in which the innovation scope is on human settlements and the spatio-social conditions of their communities, with a focus that can range from neighbourhoods to cities. 
 
	Socio-technical(-ecological) system innovation level, characterized by design approaches that promote and support transitions to new socio-technical(-ecological) systems (i.e. radical changes on how societal needs, such as nutrition and transport/mobility, are fulfilled). 
 

It is worth noting that some DfS approaches are relevant to multiple innovation levels (e.g. design for sustainable behaviour can be applied to the product, product-service system and spatio-social innovation levels).
 
The second characterizing dimension focuses on the scope of the design intervention. Similarly to the five innovation levels, this ranges from insular to systemic interventions. The former are characterized by being narrow and by focusing on sustainability problems in isolation (e.g. improving recyclability of a product). The latter are characterized by focusing on making changes on the wider socio-economic systems.
 
The third characterizing dimension is related to the framing of the design problem, which refers to how a certain DfS problem is addressed. To simplify, this can range from technocentric to human-centric framing. Within a technocentric framing design interventions predominantly see sustainability problems as a technical challenge (e.g. improving energy efficiency and developing new materials), while within a human-centric framing sustainability challenges are predominantly addressed focusing on human-related aspects.
 
If we combine these three dimensions together the result is the following framework (Ceschin and Gaziulusoy, 2019).

[image: An illustration of the extent of design  intervention along the horizontal axis and the framing of the design  problem along the vertical axis. A diagonally rising arrow is labeled  increasingly potentially more sustainable.] 
Figure 3.1 The DfS framework. Source: Ceschin and Gaziulusoy (2019).
We can now map the DfS approaches onto the framework. The process of positioning the approaches onto the framework is based on (1) Positioning the approaches using the horizontal axis; (2) Positioning the approaches using the vertical axis; (3) Combining the results of the two positioning exercises onto the bi-dimensional framework by drawing, for each approach, an area corresponding to the intersection between the insular/systemic and technocentric/human-centric intervals. Each DfS approach is mapped as an area because it can potentially span over different innovation levels. Figure 3.2 shows the resulting framework (Ceschin and Gaziulusoy, 2019), which is meant to provide an overview of the overall evolution of DfS, as well as an understanding of how the various DfS approaches contribute to particular sustainability aspects.
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Figure 3.2 The DfS framework with DfS approaches mapped onto it. The colour coding is used to visualise evolution of the DfS field by showing when the different DfS approaches were developed.  Source: Ceschin and Gaziulusoy (2019).⏎
Looking at the framework and reflecting on the evolution of the DfS field, there are three themes that can be highlighted.
 

 A Widening of the Design Scope, from Insular to Systemic Design
 
DfS has broadened its scope over the years, from both a theoretical and operational points of view (Ceschin and Gaziulusoy, 2016; 2019). In the first half of the 1990s DfS was mainly focused on the product level, with the development and subsequent consolidation of green design and ecodesign. Other approaches at the product level were developed in the late 1990s (see biomimicry), and in the first half of the past decade (see cradle-to-cradle design, emotionally durable design, design for the base of the pyramid, design for sustainable behaviour). Regarding the product-service system design approaches, the initial developments took place in the late 1990s but the main acceleration came in the 2000s. In relation to the spatio-social level, design for social innovation was initially delineated in the first half the 2000s. The attention on the role of design at the socio-technical system level is even more recent, with the first PhD projects on the topic completed in the last decade or so (Ceschin, 2012, Gaziulusoy, 2010, and Joore, 2010, respectively at Politecnico di Milano, University of Auckland and Delft University of Technology).
 
Overall, the focus of DfS has progressively expanded from single products to complex systems (Ceschin and Gaziulusoy, 2016; 2019). In fact, earlier DfS approaches focus on insular innovations: innovations that address sustainability problems in isolation and whose solutions can be developed and implemented by individual actors. On the other hand, DfS approaches tackling sustainability at a product-service system, spatio-social and socio-technical system levels, are increasingly much more complex. This means that their implementation might require an interwoven set of innovations and a variety of socio-economic actors (ranging from users to policy-makers, local administrations, NGOs, consumer groups, industry associations, research centres, etc.). In these cases the activities of an actor (e.g. firm) need to be linked and integrated with other actors’ activities.
  

From Technocentric Design to Human-Centric Design
 
The widening of the design scope has been accompanied by a shift from a technocentric design approach to a human-centric design approach (Ceschin and Gaziulusoy, 2019). If earlier approaches have been focusing mainly on the technical aspects of sustainability (e.g. see green design, ecodesign, biomimicry), the following ones have begun to recognize the crucial importance of human-related aspects. These aspects include the relationship/interaction between the product and the user (e.g. see emotionally durable design), user behaviour and habits (e.g. see design for sustainable behaviour), individual and collective consumption habits (e.g. see product-service system design), communities’ practices (e.g. see design for social innovation), and more in general of the complex dynamics in socio-technical systems and the wide range of related socio-economic actors (e.g. see design for sustainability transitions).
  

From a Narrow Sustainability Focus to a Broader Sustainability Focus
 
Finally, DfS evolution is also characterized by the broadening of the sustainability focus. In fact, if the earlier approaches only deal with the environmental aspects of sustainability (e.g. see approached in the material/component and product innovation levels), it is possible to notice that the enlargement of the design scope has been coupled by the inclusion of a range of economic and socio-ethical sustainability aspects. Examples include meeting basic needs, poverty alleviation and improving labour conditions (e.g. see design for the base of the pyramid), integrating weak and marginalized people and promoting social cohesion (e.g. see product-service system design), democratic empowerment of citizens, valorization of local resources and, more generally, community resilience (e.g. see design for social innovation).
   

The Way Forward: Emerging Synergies and New Research Directions
 
The framework we presented in the previous section is quasi-chronological. What we mean by this is that, although there is an observable evolutionary pattern of shifting focus from individual artefacts to systems, this does not mean that the earlier approaches emerged and matured in the short history of DfS are overtaken by what had come after them. Instead, these approaches find new meaning and purpose in the context of a systemic and human-centric focus. Designing at the systemic level is a strategic activity enabling us to gain insights on the required directions of design interventions that will take place in sub-systemic level and develop tactics for creating those changes. In that sense, the DfS approaches reviewed here are still valid and should be used taking into account their synergistic potential to achieve systemic level changes. Therefore in this section we highlight emerging synergies between DfS approaches and new research directions.
 
First and foremost, although as a specific DfS domain the emphasis on green design has waned, the rules-of-thumb introduced in this early phase of DfS are still strictly valid and establish a base for practices particularly aiming for product and process development. Similarly, the life-cycle approach introduced by ecodesign forms the basis of systemic thinking in DfS and, despite its shortcomings, it is still the most sophisticated way of ‘measuring’ and reducing environmental impact of products, particularly when coupled with quantitative assessment methods. Therefore, with the backing legislative structure in the EU (The Framework Directive on Ecodesign of Energy Using Products) the importance and presence of ecodesign in DfS is very likely to continue (EC, 2005).
 
In terms of synergies between more recent DfS approaches, some observations can also be made. To begin with, design for social innovation and sustainable product-service system (PSS) design have shared elements: PSS design can in fact be combined with, and applied to, community-based innovations. Also, in addition to the recent integration of the socio-ethical dimension of sustainability into PSS design, another area where design researchers have been focusing is the application of PSS design in low-income contexts, namely PSS design for the base of the pyramid. Similarly, systemic design shares some elements and principles with cradle-to-cradle design and biomimicry. The limitations highlighted for cradle-to-cradle and biomimicry design are also valid for systemic design. In addition, even if systemic design is helpful to design and create local material and energy networks that are more efficient and effective, it does not change consumption behaviours and habits. For this reason, systemic design should be combined with other design approaches (e.g. product-service system design or design for social innovation).
 
Although product-service systems with such synergies carry sustainability potential, they can be difficult to design, test, implement and bring to the mainstream (Ceschin, 2013; Tukker and Tischner, 2006; Vezzoli, Ceschin, Diehl and Kohtala, 2015). Vezzoli et al. (2015) explored the design challenges to widely implement and diffuse sustainable PSSs, highlighting the key issues for design research including the need for more in-depth studies in user behaviour to better understand what factors influence user satisfaction and adoption (e.g. see the study conducted by Long et al. (2022) in relation to reusable packaging systems), and the need for a deeper understanding of the process of introduction and diffusion of sustainable PSSs (e.g. see Ceschin, 2013; 2014a). With the advent of new manufacturing paradigms (e.g. Industry 4.0, distributed and additive manufacturing), it has become crucial to better understand how these paradigms can foster and enhance sustainable PSSs (e.g. see the work of Petrulaityte et al. (2020) on how distributed manufacturing can improve PSSs). Finally, there is also a need for more research on assessing the sustainability benefits, trade-offs and rebound effects of PSSs (Tukker, 2015) in order to better inform design processes.
 
Regarding design for social innovation, criticisms have been raised about the naiveté of designers proposing superficial solutions and high cost of design services (Hillgren, Seravalli and Emilson, 2011). Also, a sole focus on social innovation is not likely to achieve the levels of change required in large socio-technical systems meeting society’s energy, mobility or housing/infrastructure needs. For this reason, design for social innovation can be seen as an essential sub-component of design for sustainability transitions. We can already observe emerging synergies between these two. Very recently Baek, Meroni and Manzini (2015) proposed and tested a framework for a socio-technical approach of designing community resilience. These synergies could assist with creating insights for designers on what needs to change at the systemic level and therefore reducing the previously mentioned risk of proposing superficial solutions.
 
More recently, design research efforts have started to be focused on cities (e.g. Ryan, 2013a; Ryan et al., 2016), which are essentially systems of socio-technical systems. This focus on cities, as distinct from conventional sustainable urban design and planning which focuses on urban form, urban growth, liveability, walkability, energy reduction and place-making separately and sustainable architecture which focuses on individual buildings, finds its ground in theoretical framings of cities as complex adaptive systems (e.g. see Bettencourt and West, 2010; Portugali, 2012). Framing cities as complex adaptive systems requires understanding and taking into account the interrelationships between technologies, ecosystems, social and cultural practice and city governance in design decisions (Marshall, 2012). In order to achieve this, design for sustainability transitions integrates different theoretical domains that might be relevant to cities as well as utilizes a multiplicity of supportive design approaches such as speculative design, design futures and participatory design. Other researchers who are also integrating socio-technical change with different applications of design wrote about “synergising” or “acupunctural planning” (Meroni, 2008; Jégou, 2011) and “urban eco-acupuncture” (Ryan, 2013b) to emphasize the importance of designing a multiplicity of interconnected and diverse experiments to generate changes in large and complex systems (Manzini and Rizzo, 2011). In addition to the emerging field of design for sustainability transitions, a group of scholars have developed a framework for curriculum development in undergraduate, graduate and doctoral levels on what they call as transition design for the first time (Irwin, 2015). Based on this framework, they also have designed a PhD course and piloted it in 2015 (Irwin, Tonkinwise and Kossoff, 2015). It is understood that this curriculum is not specifically referenced to system innovations and transition theories but to a wider body of literature studying change in systems.
 
It is also worthwhile discussing the relationship between the DfS approaches and the concept of circular economy (Lieder and Rashid, 2016; Stahel, 2016), which has acquired a dominant role in discussions regarding transitions to sustainability, particularly in the European Union. The circular economy can be defined as “an industrial economy that is restorative or regenerative by intention and design” (Ellen McArthur Foundation, 2013). At the core of the concept there are the so called 3R principles (reduction of resources, reuse and recycling), and the realization of a closed loop system of material flows (Geng and Doberstein, 2008) with the aim of reducing the material and energy resources that enter a production system and minimizing waste (Lieder and Rashid, 2016). In this sense, although branded as a new idea, the principles have been around for a long time. Strengths and weaknesses of industrial ecology, biomimicry, cradle-to-cradle are also valid for circular economy. We do see circular economy as a basic requirement of sustainable systems and not a solution on its own. There are many synergies between DfS approaches and circular economy, for example: 

 
	Cradle-to-cradle design and biomimicry design can provide support in material and process selection. 
 
	Ecodesign can offer a broader approach on the whole product life cycle and can enable the integration of the 3R principles in product design, with an emphasis on both material and energy flows. 
 
	Systemic design can be used to design products and industrial systems based on industrial ecology principles. 
 
	Product-service system design can be instrumental to design business models that enable and foster circular economy (e.g. see Tukker, 2015; Stahel, 2016). 
 
	Finally, design for sustainability transitions can propose alternative forms of circular economy – which currently can be framed as an eco-modernist idea claiming possibility of endless growth by closing loops – for new socio-technical system scenarios underlied by a variety of political-economic assumptions, thus, problematizing the neoliberal foundations of circular economy and assisting in its theoretical reframing with implications on practice. 
 

The criticisms raised for specific DfS approaches and the emerging synergies between these, as well as expansion of the DfS field to adopt a socio-technical systemic approach and embody principles of circular economy, should be discussed within the context of a broader debate about the changes needed in professional design culture and design education. As an applied discipline with highly contextual implementations, to maintain its social-relevance in a post-industrial era characterized by amplified social and environmental crises, there is a need for reform and renewal of design education to embody socio-political and ecological awareness as well as skills for transdisciplinary working modes. Currently, there is increased attention on ‘systems thinking’ in design education, primarily as a result of the influence of human-centred design becoming a norm and service design’s maturation. There is also a need to expand design theory by integrating theoretical areas that deal with systems and how change happens in systems. These areas include but are not limited to evolutionary theory, theories of complex adaptive systems and chaos, and theories on how cultures emerge and transform. Similarly, there is also a need of updating and renewing professional codes of practice as well as shifting from a ‘star-designer’ culture to ‘society-serving designer’ culture. In that sense, although practice-based research in design should continue to expand its horizons, there is a need for ‘basic research’ into other theoretical domains to learn from them and integrate these learnings into design theory. One of these domains is complex adaptive systems; in our understanding, for future development of the DfS field, there is a need for understanding how, why and when complex systems change using a design theoretical lens. This will enable transforming design education and practice aligned with the requirements of sustainability transitions: i.e. adopting a strong sustainability position, systems thinking, radicalism, long-term orientation and mind-set change (Gaziulusoy, 2015).
  

Conclusions
 
In this chapter we provided an overview of the historical evolution of how sustainability has been addressed by design, and we put forward a framework that synthesises this evolution. This framework shows the multiplicity of DfS approaches developed in the last decades, and how DfS has progressively expanded from a technical and product-centric focus towards a focus on large scale system level changes, in which sustainability is understood as a socio-technical challenge. Reflecting on the framework, we discussed the complementarities and synergies between DfS approaches. We argued that although achieving sustainability requires changes at a socio-technical system level, DfS approaches that are less systemic are equally important. In fact, each DfS approach should be acknowledged for its associated strengths and weaknesses, and should be utilized in conjunction with complementary approaches for any given project depending on the specific challenges to be addressed.
 
Regarding the usefulness of the framework, we believe that it might be a valuable support for practitioners and designers to understand and navigate the complex DfS landscape and identify, in relation to specific sustainability challenges, the appropriate DfS approaches to be used. The framework might also be used as a supporting tool to help organisations in the process of integrating DfS in their culture, strategy and processes.
 
Some considerations can also be made about the educational value of the framework. We believe that it might be used to effectively communicate to students the complexity of the DfS field and the multiplicity of DfS approaches. Moreover, we see the framework as a potential supporting tool for educators to design courses and programmes on DfS.
 
In conclusion, to our knowledge this is the first time that a framework, comprehensive of all DfS approaches, has been developed. And in this respect our view is that its main value is in the ability to stimulate design academics, researchers and practitioners in the discussion on the past, present and in particular the future of DfS.
 
Note
	An earlier version of this chapter was titled in the First Edition of this book as How many ways to design for sustainability? 
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We can’t impose our will on a system. We can listen to what the system tells us, and discover how its properties and our values can work together to bring forth something much better than could ever be produced by our will alone.
 
(Donella Meadows, 2008)  1  
 
 

Sustainability as a Systems Question
 
Every day we hear news of record high temperatures, imperiled species and ecosystems, rampant inequality and poverty, and other signs of dysfunctional systems. We also hear news of communities launching renewable energy projects and governments enacting livable city policies or committing to carbon neutrality. Both of these threads—the increasingly obvious impact of industrial humans on the planet and the creative responses of individuals and communities to new challenges—are woven into the life and work of those who design. And design—the act of planning and making—is central to addressing our legacy of environmental impact and moving toward more sustainable ways of living.
 
Herman Daly, 2  founder of ecological economics, described a sustainable society as one that fills three conditions (Daly, 1990): 

 
	Uses renewable resources such as fish and trees at or below the rate at which they regenerate 
 
	Uses nonrenewable resources such as minerals, fossil fuels, and fossil water at or below the rate at which renewable substitutes can be put into place 
 
	Emits pollution and wastes at or below the rate at which ecosystems can absorb them, recycle them, or render them harmless 
 


The idea of fair access to resources is also key to the social dimension of sustainability. The United Nations Bruntland Commission extended fair access to future generations in defining sustainable development as development that: 

 
	Meets the needs of the present without compromising the ability of future generations to meet their own needs (United Nations, 1987) 
 


While we recognize that the word “sustainability” has often been misappropriated and associated with “green washing”, we invite you to recognize the transformational power of these four conditions of sustainability. What if we designed our products and processes so that they satisfied all four of these requirements? Achieving these conditions is truly revolutionary work, and designers play a key role.
 
Living and operating beyond the capacities of ecosystems and societies to thrive is, essentially, a systems problem. In the words of the late Donella Meadows (1998),


Unsustainability does not arise out of ignorance, irrationality or greed. It is largely the collective consequence of rational, well-intended decisions made by people caught up in systems—ranging from families and communities to corporations, governments and economies—that make it difficult or impossible to act in ways that are fully responsible to all those affected in the present and to future generations.

 

A Systems View of Unsustainability
 
Too many of our human-built systems behave unsustainably over time. This was made clear in a pivotal project that traced the root causes and behaviors of unsustainability at the global scale.
 
In the late 1960s, Italian industrialist Aurelio Peccei and Scottish scientist Alexander King convened a small international group, the Club of Rome, to discuss the dilemma of short-term thinking that leads to what they called the long-term global “problematique”—that cluster of intertwined problems of human poverty and environmental degradation that characterize “the predicament of mankind”. They invited Jay Forrester, founder of the new field of “system dynamics”, to form a team of researchers and computer modelers to dig into the question of why, despite good intentions, diplomacy, and many international development projects, poverty was on the rise, hunger was increasing globally, and ecosystems were being degraded at alarming rates.
 
System dynamics uses formal mathematical modeling to explore the behavior over time of complex systems. The main lessons from the computer model produced for the Club of Rome are summarized for non-modelers in the book Limits to Growth (Meadows, et al., 1972), which was translated to more than 30 languages and sold over 16 million copies (Club of Rome, 2016). The book is one of the best known and accessible systems analyses ever published, and focuses on humanity’s choices and the outcomes of those choices on population, economy, and resources on our finite planet. 3  The study was accused of catastrophism because it discussed the possibility of economic and social collapse sometime after 2020–2030 if humanity did not slow down the pace of economic growth and human population. However, the book also explored the policy choices that could lead to a stable world. System dynamics modeling allows exploration of multiple scenarios.
 
The formal modeling techniques of system dynamics illustrate the long-term unsustainable behavior of key global systems. Systems thinking—the skills to explore, understand, and talk with others about complex systems—is a crucial tool in altering the pieces and the interconnections of those complex systems so we can change their behavior away from unsustainability. This poses unprecedented design, and re-design opportunities.
  

 Design and Systems
 
What can design do to help shift us away from unsustainability? A design task often starts with a problem to solve or a need (or desire) to fulfill. We might be asked to design an object or a process, a part of a system or a whole system. How we define the problem and what questions we ask can make the difference between a short-term answer and a long-term sustainable solution.
 
How we think about problems has a lot to do with the quality of solutions. All too often, we rush through problem solving, overlook the relationships between contributing factors, and fail to elicit and test assumptions before implementing a fix. Systems thinking can help develop questions and illuminate connections that make a difference to both the immediate work and the long-term mission. It provides a holistic design framework for the idea that what to make (or not make) and how to make are at the core of creating change toward more sustainable and more equitable ways of living on this planet.
 
Donella Meadows, lead author of Limits to Growth, later wrote “The systems-thinking lens allows us to reclaim our intuition about whole systems and 

 
	hone our abilities to understand parts 
 
	see interconnections 
 
	ask “what-if” questions about possible future behaviors, and 
 
	be creative and courageous about system redesign” (Meadows, 2008). 
 

  

System Basics
 

Stock-and-Flow Structures, Goals, and Boundaries
 
Systems are made up of stocks and flows. The parts of a system that accumulate over time (objects, people, or resources) are referred to in the abstract as stocks. Stocks can be as varied as the number of papers in a folder to amount of experience in a company’s staff to a couple’s love for one another. Stocks replenish and deplete through flows of material stuff, energy, or information (see Figure 4.1).

[image: an arrow labled as Inflow going  through a box labled “stock” that exits as the “outflow”] 
Figure 4.1 Stocks are filled by and drained by flows.⏎

A very simple system can illustrate several important points about stocks and flows. Imagine designing a bus stop with a shelter (see Figure 4.2). We want the structure to protect people from rain as they wait for the next bus; it is the container for a stock of people (those waiting). The flows of people coming to the bus stop and those leaving on busses determine the size of the stock waiting at any one moment; a stock changes through its in-flows and out-flows. A small shelter may be fine if buses arrive frequently and predictably (the outflow is high) or if very few people come to the bus stop (inflow is low), but it provides very little buffer if buses break down or are infrequent. A large bus shelter is a better buffer in a system where the flows of people are large or unpredictable.

[image: rectangers and boxes describing the  process of stocks and flow through the example of people in  buildings walking to the bus shelter and getting on the  buss] 
Figure 4.2 People going to and leaving the bus shelter.⏎

Some parts of systems are not tangible material items, yet they are crucial to how the system behaves. Think about the stock of trust a community has in its leaders. This is a reservoir that can be filled and drained just like a water reservoir. Acknowledging such non-material parts of a system and recognizing the interconnections between them and other system elements leads to a fuller picture and a better understanding of possible system behaviors.
 
In addition to the stocks and flows, the third feature of a system is its purpose, goal, or function. The purpose of a toaster is to produce warm, crisp toast on demand. The goal of a community center is to provide a gathering place with facilities for people to exercise, enjoy performances, or do other kinds of activities. When we look more closely, most things we design sit within a larger system that may pursue a different goal. The higher level purpose of the toaster may be to make a profit for the manufacturer, or to establish a new fashion in home appliances, or to change the way we think about energy consumption. The greater goal of a community center may be to improve community health, or boost area businesses, or glorify a local politician. The purpose can evolve. As the community center is being built, its purpose is to provide short-term construction jobs or job training for the community; once complete its purpose shifts to encompass its programs on community health and wellbeing.
 
You can see that there is a fourth aspect of how we talk about systems: boundaries. Very few systems have clear boundaries. The community center donors may require a state-of-the-art energy efficient design that reduces energy use and greenhouse gas emissions, but if the building is constructed on the community’s only agricultural land, how have you, the designer, contributed to the long-term health and wellbeing of the community? Have you attained one goal at the expense of another? Is the trade off necessary? Land use planning and policy design are filled with examples of “unintended consequences”, unforeseen results that too often are undesirable. The boundaries of the designed system are drawn too narrowly, focusing exclusively on one aspect and excluding other important dimensions. Here’s how ecologist Garrett Hardin describes the challenge.


When we think in terms of systems, we see that a fundamental misconception is embedded in the popular term “side-effects”. … This phrase means roughly “effects which I hadn’t foreseen or don’t want to think about”. … Side-effects no more deserve the adjective “side” than does the “principal” effect. It is hard to think in terms of systems, and we eagerly warp our language to protect ourselves from the necessity of doing so.

(Hardin, 1963)

 

 Skill: Identify the stock-and-flow structures, goals, and boundaries of the system in which your design project is situated.
 
Systems Questions
 
 
	What are the stock-and-flow structures (including non-material stocks) and purpose(s) of the project? 
 
	Is it likely that the purpose, goal, or function of the project will change over time? 
 
	Does the project sit within a larger system or multiple systems? 
 
	What are the system boundaries of the project? 
 
	What are potential unintended consequences (both positive and negative) of the project? 
 
    

Structure Creates Behavior Possibilities
 
A toaster can heat or cool back to room temperature. It can even catch on fire (an unintended behavior), but it cannot drive down the road. The structure of the toaster system determines the range of possible behaviors, although which behavior manifests at any one time may depend on outside events or forces, such as a person turning on the toaster. The fact that structure drives behavior is a key insight of system analysis.
 
System structures can produce stable and consistent behaviors, for example when stocks are big relative to the size of their flows. Stocks that don’t deplete quickly over time, such as a well-managed bank account or a shop’s inventory, act as buffers. In times of uncertainty, we may appreciate such stability. But stability can be undesirable; we may see it as inertia and delay, as when a company has a large number of employees with outdated skills who cannot retrain quickly. Designers may have the opportunity to intervene in their system, adjusting the size of stocks to find the sweet spot between desirable stability and undesirable inertia.
 
As we have seen, structure is created by linking several stocks through flows. The stock of people waiting at the bus stop is linked to the stock of people on the buses through the flow of people getting on the busses. That bus stop stock is also related to the stock of people in the nearby buildings and streets through the flows of people leaving work or school to catch the bus. We can imagine a fairly simple diagram that shows people leaving one stock (an office building, for example) and entering the bus stop stock by way of the flow of people walking to the bus stop. Most systems have some of these simple interconnections that create linear causality: office building empties and causes bus stop to fill (or A causes B). In some cases, the relationships may not be easy to see, but once identified, the resulting behavior is generally easy to predict.
 
Also common are the interconnections of circular causality, where A changes B which then feeds back to affect A, a pattern called a “feedback loop” (see Figure 4.3). In everyday language “feedback” is something you request from a friend or trusted colleague, a reaction to your work. You’ll use that reaction to improve or change your work. In systems terms, you are creating a feedback loop, in this case a learning cycle.

[image:  image showcasing a an arrow pointing  towards A and an arrow from A to B and B to A] 
Figure 4.3 Feedback loop where A affects B, which then affects A.⏎

Two basic behaviors are related to these patterns of circular interconnection:
 
 Reinforcing loops—When a change in one part leads to a change in another part that then increases the change in the first, we see the circular and amplifying nature of the reinforcing feedback loop. A reinforcing loop is also known as a “positive feedback loop”, not because it is necessarily good, but because the changes, once started, move each other in the same mathematical direction (see Figure 4.4).

[image: pattern example of plant cover to  protection soil then to soil fertility to nourishment for plant  growth and all over again] 
Figure 4.4 Reinforcing loop of reduced plant cover and soil erosion.⏎ 
Think of what happens when all the trees on a piece of land are cut. The tree leaves no longer shelter the soil from the force of the rain and the roots no longer hold the soil. For a short time, the soil may be protected by dead leaves and twigs on the ground, but if some plants don’t sprout quickly, that protective covering washes away. Once the soil is bare and exposed to the force of the rain, seeds that are sprouting and nourishment present in the soil are washed away, reducing the chance to regenerate tree cover. Erosion begets more erosion, and it’s all downhill (literally) from there.


This example of a reinforcing loop degrading the stocks of soil fertility and plant cover can, with some effort, run the other way. If you stabilize the soil and plant trees, you’ll end up building more soil.
 
The same pattern of “some begets more” runaway behavior is easy to see in the height of city buildings racing their neighbors for the sunlight and views, or the garishness of advertisements competing for audience attention. Sleep deprivation and coffee consumption is a familiar example, especially on college campuses. As a student spends hours studying until late at night, fatigue sets in and the student drinks coffee to keep going. The coffee reduces the ability to sleep, which makes the student increasingly tired the next day and in need of even more coffee. Eventually, the system with the reinforcing loop bumps up against some limit—the soil erodes down to bed rock, the cost of building ever higher becomes unaffordable, we get so sick of the advertisements that we turn to other media, or the student “crashes”. We can choose to limit reinforcing loops, or they can run into limits not of our choosing.
 
Reinforcing loops are not necessarily bad. While we see “vicious cycles” we can also find plenty of examples of “virtuous cycles”. Practice makes (more) perfect is one—whether it is a young child learning to read or a musician playing the violin, more practice increases the skill and pleasure, which then entices the person to practice more. Soon the person may not even think of it as practice, just pleasure. The adoption of renewable energy technologies has shown the same reinforcing loop behavior. A renewable energy economy may involve three sets of actors: individuals who buy the technology (solar panels, for example), the companies that manufacture the technology, and the government that creates incentives to encourage both the buyers and the sellers. The beauty of this system is that the reinforcing loop can start anywhere. Maybe the citizens lobby the government to create incentives for homeowners to install solar panels or the government issues research and development grants to companies for new solar panel technology or the companies reduce their prices to encourage buyers. With companies producing and people buying solar panels and government creating appropriate incentives and regulations, distributed electricity production is more easily adopted by more people, which then encourages more companies to get into the market and builds government support for the activity.
 
  Balancing loops—When a change in one part of a system leads to a change in another part that then decreases or damps down the change in the first part, we recognize the balancing feedback loop. A balancing loop is also known as a “negative feedback loop”, not because it is necessarily bad, but because the changes move each other in opposite mathematical directions. More of one creates less of the other (see Figure 4.5).

[image: example of a negative feedback loop  shown through the pattern example to cool/heat up a room] 
Figure 4.5 Balancing loop of heating or cooling a room.⏎ 
While reinforcing loops generate runaway behaviors, balancing loops produce stabilizing behavior that keeps things in check by reducing the gap between a current and a desired condition. These are also called goal-seeking loops. One example is a thermostat that senses a difference between the actual room temperature and the target temperature. A difference in temperatures triggers a heating or cooling device to turn on to reach the desired temperature. Once the difference in temperatures is reduced, the thermostat turns off the heating or cooling device.


As with reinforcing loops, balancing loops may produce desirable behaviors or not. The expression “status quo” is often associated with frustrated efforts to move the state of a system away from the current one. Hard-to-shift status quos are often the result of multiple balancing loops aligned to create the same result: discouraging stability.
 
Many feedback behaviors are fueled by flows of information. The process of design itself takes place in a feedback fashion, through prototyping, gathering information, and redesigning toward a set of goals. When information is withheld, the feedback is delayed and the system cannot adjust. One of the more powerful things that designers can do is shine a light on information flows. Think about who does and does not have access to information. Information can take many forms including producer stories, emissions data, and price. Markets are not very good at pricing goods to include effects on the environment and on social fairness. Sustainable design can engage in production processes that are fair and that price goods like water and carbon, raw materials, and ecosystem services so that they are treated with parsimony.
 

 Skill: Identify linear connections and non-linear feedback loops of circular causality.
 
Systems Questions
 
 
	What reinforcing feedback loops are at play in the design? 
 
	What balancing feedback loops are at play in the design? 
 
	What information flows are crucial to the system’s function and who does or does not have access to the information? 
 
    

 Problematic System Behaviors
 
Once we recognize that behavior is determined by system structure, we can examine structure whenever we see unwelcome behaviors appearing again and again. If the pattern is common and persists despite our best efforts, there is probably a structural reason for it. As we learn to identify the systems around use, we also recognize the common patterns of behavior—both good and bad. Some of these are so common, analysts refer to them as “archetypes” or “system traps”, and have given them names such as “success to the successful” and “drift to low performance”. We’ll look at three common system structures that produce very familiar dynamics, or behaviors over time.
 
 Escalation—When the size of one stock is determined by the goal of surpassing the size of another stock and vice versa, then reinforcing feedbacks carry the system into perpetual growth. This escalation can be in the speed of computers or the power of competing military forces. The goal of each participant is to out-do the other. The “arms race” may be for good or for ill, but the escalation can lead to extremes surprisingly quickly.
 
If the structure of the system is not changed, the behavior will continue until it is stopped by crashing up against a limit; physical growth cannot go on forever. Foresight and the ability to change a system’s structure are key to reigning in the damage an escalating system can do. We can reset a goal, or break the reinforcing growth loop by stepping out of the competition, or we can build in a balancing loop to control the escalation. Designers can examine the goals of a project and highlight the possible limits or opportunities for new balancing loops.
 
 Fixes that Fail—This archetype is also known as “policy resistance” because we see it so often in rules that fail to achieve the stated purpose. When stakeholders have separate and competing goals for one part of a system, these goals can create a tug-of-war that may not settle on any acceptable outcome. Think about cars. Drivers want speed and good looks, government wants safety, society wants lower pollution. Over the years, car design shifts from an emphasis on speed, to safety, to efficiency, and back to safety. As government invests in better roads to reduce accidents, drivers buy faster cars and have more accidents. Car designers create heavier cars to increase safety, but fuel consumption goes up, leading to more pollution (also a safety and health issue). Any new policy or initiative just pull the car-health-pollution complex farther from the goals of the other stakeholders, often with a result that no one likes.
 
One way out of this multi-way tug-of-war is to look at the boundaries of each party’s vision of the system and then redefine broader goals that everyone can endorse—mobility, health, and autonomy, for example. Designers can ask questions about the boundaries of the system that shine a light on a mindset that may be holding us back, for example that we humans should be behind the wheel of the car, then innovate new solutions, such as a self-driving car.
 
 The Tragedy of the Commons—This trap develops when people have access to a common resource and each person’s decision to use the resource creates a cost that is born by the whole group while the benefit goes entirely to the individual. In this case, each will want to increase his own use because the individual’s gain is greater than his portion of the shared cost. The resource might be the grass on the town’s common pasture (as in the classic example described by ecologist Garret Hardin [Hardin (1968)]) or the capacity of a river’s plants and other organisms to biodegrade wastewater. In each case, the addition of more users reduces the resource, but the cost of that use (slightly less grass for each cow, slightly lower biological activity in the river) is spread across all users, while the gain goes entirely to the new user.
 
 In systems language, the feedback from the condition of the resource is weaker than the feedback from the benefit to the individual. We see the same pattern play out in internet use. We are each enticed by activities and applications (streaming movies or playing the latest internet game) that require more and more bits per second of data transmission. As one person on a Wi-Fi network increases demand for bandwidth by downloading a large file, the other users get a slightly smaller share of the remaining bandwidth and experience a slightly slower connection.
 
This trap is even more tragic when the condition of the resource erodes or degrades from the increasing use (or abuse). The soil on the town common erodes as more cows are added, thus decreasing the total capacity of pasture to grow grass. The ability of the river to biodegrade waste decreases as key species are killed by the high levels of pollution. In these cases, the consequence of overuse by all is that the resource eventually becomes available to no one.
 
The way out of this trap is to strengthen the missing feedback between the condition of the resource and each user’s decision. Such feedbacks can be physical (putting a factory’s water supply intake downstream from its wastewater discharge) or economic (dynamic pricing that increases the price of our internet connection the more we use it) or social (rewarding resource conservation and discouraging resource overuse). Imagine building a feedback mechanism into everything we design; as the resource declines, each person’s decision to use it becomes costlier.
 

 Skill: Identify common patterns of system behavior.
 
Systems Questions
 
 
	What traps are present in the system you are concerned with? 
 
	What strategies are available to change the structure behind these problematic system behaviors? 
 
     

Key Characteristics of Systems
 
Beyond driving the immediate behavior, the structure of a system determines the strength of three system characteristics of interest to designers—hierarchy, self-organization, and resilience.
 

Hierarchy (Nesting)
 
Think about designing fabric for clothing. A system that makes fabric is one part of a system that makes clothes. At the same time many systems, such as fiber and dye manufacturing, are components of the fabric-making system. Systems are made up of sub-systems and are, themselves, part of even larger systems. This nesting of systems is important to issues of sustainability and has two implications for the work of designers: understanding connections and building a team approach.
 
We see the connections between related systems that create a new fabric when we ask where the fibers come from and under what social and ecological conditions those fibers are grown or manufactured. Clothes designed to protect people do not increase overall wellbeing if the fabric they are made from exposes people to dangerous chemicals or destructive working conditions during the manufacturing process. While it is true that everything is related to everything else, sub-systems are more tightly related within their own structure than to other sub-systems or to the greater system. Recognizing this can give relief when we are feeling overwhelmed by the connectedness of everything. We can work on redesigning one sub-section without having to tackle everything else at the same time.
 
A second implication of nesting systems is that we can build alliances with those who are improving the other sub-systems (or the greater system). We can honor them, rejoice in their accomplishments, and collaborate so that our work supports their work (and vice versa). Part of a pre-project system analysis is to describe the hierarchy of systems, who is working on which sub-systems (potential allies), and how tightly or loosely related are the sub-systems. We may find that the scope or scale or boundaries of the project need to be redrawn to accomplish our goals.
  

Self-Organization
 
Systems change over time, often without intentional human intervention. Sometimes it is the relatively subtle shift in dominance from a reinforcing loop to a balancing loop. Sometimes it is the ability of a system to rearrange itself in response to changes, giving rise to new structures (e.g., institutions) or re-purposing old ones. Systems can learn, diversify, and evolve; in other words they can self-organize.
 
Architects recognize this, for example, when a commercial building includes features for use as housing at a later date. As a community shifts from needing commercial space to needing residential space, the building owners can easily re-purpose space at little cost because the designer anticipated the possibility of future change and created a structure that can evolve to be useful as demand shifts. The local community, as a whole, is able to successfully self-organize because of the flexibility designed into the built capital.
 
Designing for change is crucial to long-lasting success. Change will happen and our designs will either adapt or become useless, and if we anticipate change, we may be able to help create the change we want to see rather than the change we dread.
  

Resilience
 
The ability of a system to recover from a short-lived shock or disruption is an indicator of resilience. A resilient system can restore itself, repair minor damage, and bounce back to functionality, surviving in a variable environment. The opposite of a resilient system is a brittle system, perhaps finely tuned and highly precise, but fragile.
 
Resilience usually arises from multiple balancing loops of varying strength and working on varying time scales, all sharing the same system goal. A diversified farm with an imaginative farmer can be a resilient system. Weather that causes one crop to fail may produce an exceptional harvest of another. The farmer may find new markets for the surplus and achieve his or her goals of making a living, feeding the community, or being a good steward of the working landscape. The diversified farm can add to the resilience of the larger community system, improving its ability to withstand economic ups and down. Designing for resilience may require letting go of a certain amount of control over exact forms or functions.
 

  Skills: Identify hierarchy, resilience, and self-organization in your current reality and your design or re-design; Learning how to design adaptively in systems that change and reorganize themselves; Design in ways that increase a system’s capacity for self-organization.
 
Systems Questions
 
 
	What sub-systems are a part of or are affected by the design project? 
 
	How is the project nested within other systems? 
 
	Who are potential allies working to design or re-design other parts of the larger system? 
 
	Will the design adapt or become obsolete as the world around it changes? 
 
	What parts, connections, or goals will make the design more resilient? 
 
	Will the design contribute to more resilient people, communities, or physical systems? 
 
     

Engaging with Systems through Design
 
The design of anything—from a sandwich to an ocean liner—has multiple temporal and spatial dimensions. In production, a design uses materials and energy and it involves people and other creatures; think about the design’s cradle-to-cradle material flow, its embodied energy, and its role in creating greater sustainability (or greater destruction). Over its life, a design requires energy and materials, and has an impact on what users do and think while using it. After its first life, its materials go somewhere (reused, recycled, or dumped somewhere that is already occupied by other beings and other systems). When we look at the things we make and ask how we can use design to move toward a more sustainable way of being on this planet, we recognize both the micro-scale questions about the production, use, and after-life of the design itself, and the macro-scale questions about how having and using the design enables people to create a more sustainable society.
 

High-Leverage Design
 
As a designer, you may find yourself wanting to know how your solutions will affect the larger system and how best to use your understanding of systems. In one of her most popular essays, “Leverage Points: Places to Intervene in a System”, Donella Meadows highlighted places in a system where interventions can bring long lasting and deep impact (Meadows, 1997):
 
 Places to Intervene in a System (in increasing order of effectiveness) 


 
	12. Constants, parameters, numbers (such as subsidies, taxes, standards). 
 
	11. The sizes of buffers and other stabilizing stocks, relative to their flows. 
 
	10. The structure of material stocks and flows (such as transport networks, population age structures). 
 
	9. The lengths of delays, relative to the rate of system change. 
 
	8. The strength of negative feedback loops, relative to the impacts they are trying to correct against. 
 
	7. The gain around driving positive feedback loops. 
 
	6. The structure of information flows (who does and does not have access to information). 
 
	5. The rules of the system (such as incentives, punishments, constraints). 
 
	4. The power to add, change, evolve, or self-organize system structure. 
 
	3. The goals of the system. 
 
	2. The mindset or paradigm out of which the system—its goals, structure, rules, delays, parameters—arises. 
 
	1. The power to transcend paradigms. 
 


The list is a reminder to go beyond structural interventions, such as tweaking interest rates or quotas set for pollutants, and focus on interventions at the level of system behavior, such as the capacity of a system to self-organize, or even at the level of goals and mindsets (or paradigms) at work in the system.
 
The leverage points framework has been proposed in sustainability science as a way to re-prioritize research toward deep transformation of unsustainable systems and transcending traditional disciplinary boundaries (Abson et al., 2016). Below we describe the top leverage points in Donella Meadows’ framework and invite readers to refer to her original work for more details.
 
 Rules and Incentives—Laws are the hard wiring of social systems. They incentivize certain behaviors, discourage others, and too often bring with them a number of unintended consequences when they address one piece of the system at a time. There’s power both in recognizing rules and incentives in a system and in transforming existing reward structures. Too often we focus on designing solutions for a problem without recognizing the incentives that create the problem in the first place. For example, agriculture specialists in the lake region of Macedonia designed smart phone apps for alerting apple farmers about pest outbreaks. The goal was to help farmers reduce pesticide use through targeted applications, and so reduce the dangerously high contamination levels in fish and local waters. While farmers responded positively to the app, the national government continued to offer financial incentives to convert new land to apple orchards. This increased the total area in orchards and added more pesticides to the very same ecosystems and communities already under threat (Ceroni, 2012).
 
 Goals—Changing the ultimate goal of a system is one of the most powerful ways to shift a system away from unsustainable behavior. Not to be confused with a system’s stated goal, this is what the system produces in the end, as a result of its own workings. Because we are born into systems and we inherit them from the previous generation, we rarely examine the purpose of a family, a school, a company, a monetary system or an economy. What makes you decide whether to design or not design? What is the ultimate purpose of your design? John Sylvan, the inventor of Keurig’s coffee pods had a goal of creating a single-serving fresh brewed coffee system. He did not expect that the product would be so successful and would result in 9 billion single-serving plastic containers going into the waste stream in 2014. As the system he developed achieved his original goal with tremendous success, he may have realized that he had another (perhaps higher) goal for the system, which was to produce single-serving fresh brewed coffee with low environmental impact. By his personal admission he wished he had never conceived the coffee pod (Hamblin, 2015).
 
 Mindsets—At the top of the list of interventions are designs and actions that shift commonly held beliefs about how the world works and what is possible. A shared view of nature as a set of exploitable resources can only lead to a system that turns natural resources into marketable goods and discards byproducts as waste. But what if partnership with nature became the most commonly held idea of how to run our productive processes? A goal of zero waste would not only feel right and desirable but would become a consequence of the business structure. The notion of design itself reflects a mindset of intentionality, a pre-meditated answer to a problem based on a set of assumptions about the usefulness, the adoptability, and the continued life of an innovation.
 
 Is un-sustainability at its core a problem of bad design?
 
Design and technology are tightly interconnected and it is common to encounter a sense of bold optimism in technological solutions as the silver bullet that will move us closer to sustainability. The authors of the Hannover Principles seemed keenly aware of this mindset:


Building on the principle of humility, the design philosophy here should realize its inherent limitations in trying to plan and direct both human and natural processes. Design may encourage a sense of permanence and community, but it cannot legislate it. Similarly, no assumed laws of nature can be the only criteria for evaluating a design. The solution must present an aesthetic statement which sets up human society as a conduit toward the further understanding of nature, not as an affront or an enemy to it.

(McDonough and Braungart, 1992)

 
Design—whether in interiors, fashion, or mobility—more than any other human endeavor exposes the shared values of a culture over time.
 
Throughout this chapter we have maintained an analytical approach to systems thinking. But while you can design a part of a system and the structure of a system, the system itself may become uncontrollable as a result multiple agents acting within multiple nested systems, each optimizing toward its own goals with the result being behavior that is not predictable from an analysis of the sub-systems. Working with systems might feel more like dancing than planning or designing (Meadows, 2001).
 
Analysis alone won’t get us far; letting go, listening, and learning are also part of understanding the needs of your client, your community, and your world. Those are also key skills in systems thinking.
  

Designers as Systems Thinkers and Leaders
 
Cultivating a “systems mindset” is a continuous practice in recognizing behaviors in seemingly unrelated systems and uncovering hidden goals and mindsets. It might be through a series of “aha!” moments and getting stuck and unstuck while problem solving that one builds a systems view. How will we recognize that we are thinking systemically? When we are comfortable redefining the problem or the goals of what we do, when we observe new solutions emerge, when new partnerships or new stakeholders come to the table, and when we increasingly work with others for higher impact and more inclusive and far-reaching goals.
 
The action side of thinking systemically is acting collectively. Collective action is more than a desirable goal; it is an emerging field focused on organizing parts of systems (typically institutions and organizations) around a shared goal (Kania and Kramer, 2011). Intentional networks of organizations, business, legislators, funders, and community members are the fastest growing approach to accelerating change to sustainability in food, energy, arts, restorative justice, and more. As a designer of sustainable solutions, you may find yourself at the center of a collaborative effort and or a node in a network of people and organizations that is collectively transforming a system. The question of how to work effectively in teams may shift to how to “lead effectively in systems”. On the practical side, how do you talk about “systems stuff” when you might be the only person in a group who holds a system perspective? David Peter Stroh points to the power of telling “system stories” that can help shift a group’s perception in three main directions (Stroh, 2015): 

 
	From seeing just their part of the system to seeing more of the whole system. 
 
	From hoping that others will change to seeing how they can first change themselves. 
 
	From focusing on individual events (crises, fires) to understanding and redesigning the deeper system structures that gives rise to these events. 
 

Stroh also suggests that one of the most powerful ways to practice systems thinking and help others in the practice is to ask “system questions”, such as: 

 
	What is the case for the status quo? 
 
	What might we have to give up for the whole to succeed? 
 
	What might be the unintended consequences of our proposed solutions? 
 

Being fully conscious of systems and their workings can help us recognize our own taken-for-granted assumptions and illuminate deeper inquiry. Leading in systems has a lot to do with the inner journey of sustainability as reflected in a comment by Bill O'Brien, CEO of Hanover Insurance: “the success of an intervention depends on the interior condition of the intervenor” (Scharmer and Kaufer, 2013).
  
 
Notes
 

	More than 1,000 freely accessible writings by Donella Meadows are available online at donellameadows.org. 

	For more resources on sustainable development and Herman Daly’s work, refer to the Center for the Advancement of the Steady State Economy, steadystate.org. 

	A digital version of The Limits to Growth is available on several websites: www.donellameadows.org/wp-content/userfiles/Limits-to-Growth-digital-scan-version.pdf 
and http://collections.dartmouth.edu/published-derivatives/meadows/pdf/meadows_ltg-001.pdf.
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Scale and Limits on a Finite Planet
 
Designers have profound power to change the world with their actions. This power manifests especially when the results of their design actions scale. Whether designing a new smartphone, e-commerce site, customer service-system or skyscraper, each design action triggers a chain of reactions, governed by design specifications. These reactions in turn cascade into multitude ecological impacts: finished materials will be produced from depleting natural resources, data will be stored in energy-intensive data centers, and building foundations will be dug that disrupt terrestrial ecosystems. The power of design, when multiplied this way, brings with it great responsibility.
 
In our collective 25 years of designing products, processes, and systems for some of the largest companies in the world, one of the biggest challenges we have faced is designing sustainably at scale. Drawing on our own experiences working across multitude sectors, including technology, retail, electronics, apparel, healthcare, and consumer packaged goods, throughout the chapter we explore the implications of designing at scale to maximize natural and human ecosystem vitality, as well as economic utility. Designers must take a unique multidisciplinary approach when confronting scale challenges, as they collaborate with business managers and technical experts to meet the demands of launching ideas into the global economy. This collaborative approach influences both our own design practices and the structure of this chapter, which we’ve tried to summarize in examples and best practices.
 
We live, and design, on a finite planet, with ecosystems, resource stores, and communities which have limits. According to a 2011 report from the United Nations Environment Programme, during the twentieth century “the extraction of construction materials grew by a factor of 34, ores and minerals by a factor of 27, fossil fuels by a factor of 12, and biomass by a factor of 3.6” (United Nations Environment Programme 2011). This repeated pattern of extraction leads to mass resource exhaustion if the rate of consumption is faster than the rate of rebound and replenishment. The Millennium Ecosystem Assessment, initiated by the United Nations in 2001, stated that humans, in our aim to meet demands for natural resources such as fuel, timber, and fresh water, have altered ecosystems more extensively in the last 50 years than in any other comparable period. The Overview of the report states that “The changes that have been made to ecosystems have contributed to substantial net gains in human well-being and economic development, but these gains have been achieved at growing costs in the form of the degradation of many ecosystem services, increased risks of nonlinear changes, and the exacerbation of poverty for some groups of people. These problems, unless addressed, will substantially diminish the benefits that future generations obtain from ecosystems” (The International Resource Panel).
 
In our consumerist and capitalist society, natural resources are often viewed through a lens of production and economic utility, where ecosystems and resource stores become a “standing reserve” to be used to produce economic value in the present (Heidegger 1977). Yet, this “standing reserve” is being depleted, and many, including the United Nations Environment Program, highlight the need to decouple resource use and economic growth. The idea that constant growth is necessary continues to persist even as we uncover increasing evidence of limits, such as resource exhaustion or pollutant saturation. We believe designers have the opportunity to challenge these conventions and assumptions. As we design products that improve lives and increase living standards, how can we avoid the negative socio-environmental impacts of depleting resources, polluting ecosystems, and disrupting the health and economic welfare of communities which rely on these ecosystems for meeting their daily needs?
 
As we think about designing on a finite planet, we need to expand our definition of design beyond just “making things.” Design at scale includes a range of design actions, and doesn’t always mean making something new or physical. It could also include the creation of a service, optimization of a process or system, the development of an idea or concept, or even the “unmaking” of something. Designing for sustainability at scale should be taken to mean that we might enact any of these mentioned design actions with the added application of sustainability principles and practices.
 

What Is Scale?
 
When we think about scaling in design, we typically think about scaling up and creating multiples of things through mass production – more units, more versions or variations, more customers, more target global markets. This way of thinking dates back to the Industrial Revolution, and the concept of “economies of scale,” where an increase in production can lead to proportionate savings. But when approaching a design challenge from the lens of sustainability, we need to think beyond “scaling up,” and consider how design utility might be scaled without disrupting fragile and limited resources. We approach scaling from five different modes: 

Physical scale

The increase or decrease in the scale of physical goods, including the number of units of finished products produced, materials which went into making the product, the waste left over after manufacturing, and physical waste remaining once the product no longer has utility for the consumer. 
 
Temporal scale

The lifespan of the designed product (physical, digital, and service), including the resources needed to use and maintain the product over time, and what second lives, or expanded utility, the product might serve (if it is reused or recycled). A product’s usefulness – or how it might become less useful, or obsolete, over time – is another aspect of temporal scale. For example, a physical product might become less useful as our culture shifts away from ownership of physical products, replacing paper with screen-based media. 
 
Geographic scale

The geographic footprint of the designed product (physical, digital, and service), in terms of where its raw materials come from, where it may be manufactured, where it may be sold and used, and where it may be processed once discarded by the user (as waste or as a recyclable product). 
 
Knowledge scale

The scaled dissemination of information, often brought about through the design of new communications technologies and services, such as through mass production of books via the printing press (historic example), and increased global access to information via online and social media platforms (modern example). 
 
Shifting scale paradigms

Shifting the scope of production at scale, through products and services which offer mass customization & mass personalization, from single products/services which serve many customers, toward producing individual/customized products for individual customers on a massive scale. 

 

Why Does Scale Matter?
 
To understand designing at scale is to first understand the limits we confront when scaling the production, use, and disposal of products and services. Limits challenge notions of continuous growth. Reaching limits results in the failure of systems to function and flourish in perpetuity, often resulting in devastating consequences. Consider how limits have been historically reached as the result of design actions through a brief taxonomy of limit archetypes with particular relevance to design: exhaustion, saturation, material properties, technology, process flows, time and understandability and predictability.
 

Limits of Exhaustion
 
The depletion of renewable and nonrenewable resources to levels beyond where the resource can be replenished. Historically, there are numerous examples where resources were exhausted (or are near exhaustion) due to activities driven by design actions.
 
The Aral Sea in Uzbekistan was once the fourth largest inland water body on earth. From the 1960s through the 2000s, the Aral Sea was depleted as the rivers which feed the Aral Sea were diverted to grow cotton and other crops – losing around 60 percent of its area and 80 percent of its volume (Chapagain, Hoekstra, and Savenije 2005). Uzbekistan was a major cotton producer and water consumer, the second largest cotton exporter in the world with 41 percent of their cultivated land used for cotton growth. This ecological disaster was believed to have displaced over 100,000 people, impacting the health of 5 million throughout the entire region (Conant 2006). There are a number of other examples: near extinction of land mammals like African elephants poached for ivory, 2  near extinction of aquatic species like North Atlantic Right Whales hunted for oil, 3  depletion of elements and like Helium, Phosphorus and Indium used for industrial and agricultural processes, and limits of critical metals used in production of electronics such as cell phones (Graedel et al. 2015).
  

 Limits of Saturation
 
Where limits of exhaustion are a complete depletion of a resource, limits by saturation are effectively the opposite. These limits are reached when a system is overburdened with a pollutant, often as a byproduct of industrial activities. Greenhouse gas emissions are a prime example. These emissions, largely resulting from fossil fuel combustion (for industrial agriculture, transportation, heating buildings etc.), have created a cumulative buildup of heat-trapping gases in the Earth’s atmosphere, leading to global climate change. Other examples include nutrient pollution, where nutrient-saturated “dead zones” in aquatic bodies are caused by agricultural runoff and saturation of particulate matter from the combustion of fossil and natural fuels (used for transportation and cooking fuel).
  

Limits of Materials and Material Properties
 
Every material has physical limits, both in terms of supply and capabilities. Each material has unique properties which govern material use and processing capabilities, durability, and recyclability (and thus temporal utility). Particularly relevant to designing sustainability at scale are material limitations to recycling and degradability. Many materials can not easily be recycled, do not easily decompose, and present limits to waste treatment in landfills and composting facilities. Furthermore, even when materials are recycled, they cannot be recycled infinitely. Mixing materials (where they’re unable to be separated for reuse) and toxic materials present additional constraints to recycling and waste handling, especially if toxic materials are improperly disposed of.
 
Paper is an easily understood example: it can only go through a recycling process between five and seven times because the quality of fibers degrades over time, presenting limits to reuse.
 
Furthermore, just because paper is a theoretically recyclable material doesn’t mean it can always be recycled. There are a number of factors that limit the extended use of recycled paper, including the availability of paper to be recovered and the price of that paper, the quality of the recovered paper (whether it has impurities such as adhesives, foils, or dirt and other waste), the facilities available, and more (Blanco, Miranda, and Monte 2013). These constraints can limit the effectiveness of closed-loop systems and circular economies (where material flows are designed to be reused in a subsequent process). Similar challenges exist with other recyclable materials, including electronic waste. E-waste contains toxic materials, which can be hazardous to human health if disposed of improperly. Bonding two materials together also presents issues for recycling: for example, blended textiles (like cotton-polyester blends) can’t be recycled.
  

Limits of Technology
 
Like limits for materials, there are limits to capabilities of production, information, and technologies to solve specific challenges and perform certain types of work. These limits are primarily gaps between design ideas and technical feasibility.
 
While renewable energy is becoming more cost effective, presently (in 2016, the date this text was published), it’s challenging to power large population centers (cities) with 100% renewable electricity due to two factors: dominant renewable energy sources are intermittent (wind speed and solar radiation fluctuate), and renewable energy can’t be stored in batteries at utility scale. Reliable, available and cost-effective large-scale batteries and storage technologies are necessary to enable a 100% renewable energy powered economy at current consumption levels. 4  Another technological limit is encountered when resource-intensive processes limit the overall sustainability of reclaiming a material, for example, if a process requires more life-cycle energy and material inputs to recycle than what might be saved through recycling. Until processes which are less energy and/or material intensive are invented, this problem will persist.
  

Limits of Process Flows
 
Material or information flows are limited by a lack of infrastructure, process or movement in a system (a “bottleneck”), constraining the amount of material (physical or informational) which can flow through the system. Process flows can also limit the theoretical potential vs. actual potential for recyclables and compostables, where reverse logistics are complex, or where there are not enough facilities (or enough demand for the recycled material) to process the waste at the rate it is being generated. For example, a designer might think they are making an ecologically sound decision by using a bio-based material, like bio-polymers, but these materials may not be able to be recycled due to lack of recycling infrastructure for these materials.
 
Finally, process flow limits also constrain the ability to scale down as well as to scale up. For example, manufacturers may require minimum production order quantities from customers, which may prohibit small customers from specifying certain efficient or eco-friendly materials and technologies which are only available at a larger scale.
 
Electronics such as cell phones, tablets, and laptops further illustrate this principle. Many electronics use metals in very small quantities, making recyclability impractical due to the complexity of collecting, separating, sorting, and aggregating these components at common recycling points. Looking at a different industry, textile waste is difficult to recycle because of the variety of textile fiber types and qualities, the difficulty in identifying fibers after consumption, and the challenges in aggregating single-type fibers for recycling. Designers encounter process constraints when sourcing specialty materials, such as those with organic or recycled content, when order quantities aren’t large enough to meet supplier minimums.
  

Limits of Time
 
Another boundary that scaled systems can run up against are limits of time. There is often a bias toward the present and near term, as distant futures and the future value of resources are difficult to conceptualize. For example, the mining of heavy metals creates short-term financial value when these metals are sold, but it may be difficult to account for the costs associated with the long-term, often inter-generational, burden of cleaning up waste from former mine sites. 5  
 
Additionally, time delays may cause gaps between supply and demand for resources and processes, where supply can’t scale up and down at pace with demand, or vice versa. This delay is particularly relevant when sourcing and consuming resources which take time to recover and rebound, like when a forest needs time to regenerate after logging. Another case of the lag time between supply and demand manifests when customers specify sustainably certified products. When these products are unavailable, producers may seek to obtain certification in order to increase available supply, but may be constrained by the time it takes to bring these products to market. For example, it takes years to obtain organic certification; thus organic crop farmers must incur the costs of growing organic for years before they can reap any benefits from achieving certified organic status. 6  
  

Limits of Understandability and Predictability
 
As designers there are limits to our own understanding and to our ability to predict outcomes. These cognitive limits can result in unintended consequences or externalities (costs sheltered by the public rather than embodied in the cost of a product) stemming from the designs we create or actions we take. These unintended consequences can manifest at any stage of a product or service’s life-cycle: materials may have defects, products may be manufactured under dangerous working conditions, technologies may fail, users may handle products in hazardous ways, and waste may be handled improperly, leading to devastating outcomes.
 
When consumers throw out their computers, smartphones and other electronic waste (e-waste), the hazardous heavy metals and toxic substances contained in the waste, such as lead, mercury, and cadmium, 7  can lead to negative unintended consequences. E-waste is commonly shipped around the world for disposal, often to regions with weak or non-existent laws governing how this waste is handled. Without strict laws and enforcement, investigations have demonstrated this e-waste may be manually disassembled, sometimes by women and children, 8  burned, releasing hazardous chemicals into the atmosphere, or dumped into local water sources. At the time of publication of this chapter, the United States has no federal laws which ban the export of e-waste. 9  
   

The Challenges of Designing at Scale
 
This consideration of limits leads us to imagine why scale might matter in the context of design. The short answer is societies have reached limits before, as a result of activities driven by design actions. Unpacking this statement further we postulate that most practicing designers will create products and services which reach broad physical, temporal, and geographic scales, whether working for a large company, a design consultancy, or independently. This demands an agile practice that considers the broader life-cycle consequences of design output at scale. Simply put, there’s a big difference in the challenges inherent to producing one isolated prototype, versus a million finished goods that will be distributed all over the world.
 

Product Multiplication or Diversification
 
A company might release multiple versions of the same product or service family, either in parallel or in sequence, increasing complexity of finished product models. At scale, designs may be manufactured or manifested as thousands, hundreds of thousands or millions of units, when producing both physical goods, such as apparel or packaging, and digital goods, such as mobile applications or computer software. Furthermore, this multiplier effect may be exponential, if similar designs are produced by other creators and companies. This challenge is further exacerbated by trends such as fast fashion which accelerate disposability and redundancy of multiples. In this context designers must attempt to think beyond a single artifact, by carefully considering how a solution produced at scale may push limits of exhaustion and saturation.
 
Furthermore, product variations can introduce physical scale challenges, pushing the limit of materials & material properties. It is common practice that a company or designer may create a product family which includes different model variations, with a multitude of sizes, flavors or scents, colorways, quality levels (good, better, best), feature sets (e.g. a base-level car and one with premium add-ons), or brand extensions (e.g. Coke, Diet Coke, Coke Zero, and Vanilla Coke). Furthermore, a company or designer may launch new releases of the same base product on a seasonal or yearly basis, potentially integrating new technologies. For example, think of an iPhone, which includes new features, fixes and improvements, style variations, and is designed to fit changing consumer trends including colors, physical design, and materials. Each of these variations expands the number of cases in which sustainable design must be integrated, scaling the number of scenarios the designer must consider.
  

 Variance in Production
 
Multiple technologies or suppliers may be used to produce the same finished good or service, increasing complexity of product parts and logistics/distribution. The challenge here for the sustainable designer is to understand all of the production pathways, or supply chain complexity. For a single finished product model, multiple suppliers may produce duplicates of the same material, part, or finished product types, and these products may be sourced from around the world, with (ideally) no perceivable differences in aesthetic or functional quality in the eyes of the brand or the consumer. However, the designer might need to understand the differences between suppliers – for example, are their labor practices equivalent?
  

Geographic Differences
 
Geographies (whether by continent, country, state, or local municipality), have socio-ecologic variances by region (as just mentioned above), as well as idiosyncratic cultural norms, regulatory and infrastructural challenges, increasing complexity of compliance and environmental/social impact. Further, the global footprint of products presents a large barrier to understanding the impacts of design as it’s hard to manage what you can’t see.
 
There are many impacts for sustainability introduced by geographic differences, and we’ll touch on just a few. Varying material content and environmental regulations among different markets can add complexity, as a designer might be asked to create one product that will satisfy regulations for many countries at once. In the case of electronics, some regional regulations might require specific labeling of toxic substances, while other regulations might require removable batteries. Geographic differences in both breadth and enforcement effectiveness of environmental and social regulations must merit different design considerations and standards. For example, lax labor standards in a region may require designers and brands to demand a strong, independently verifiable code of conduct from its manufacturers, and to manage compliance with this code of conduct directly rather than relying on governmental agencies to do so. Unique connectivity systems by geography, such as transportation and distribution infrastructure (some of which might be more sustainable) or divergent recycling infrastructure might also require design adaptation.
 
Most importantly, as natural resources and human populations are not equally distributed around the world, socio-environmental stresses (and risks) also differ regionally creating challenges for moderating and mitigating negative impacts associated with scaled design solutions.
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