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    Foreword




    We live in a world that is experiencing profound, fast, and significant transformations. Particularly, the driving forces that fuel this turbulent period are many: the fast accumulation of technological knowledge, the already concrete consequences of the climate change, the ever-growing polluting of oceans, the exhaustion of the finite natural resources, the acceleration of the human-driven sixth mass extinction, the rise of authoritarian ideologies, among many others. The combination of all these factors creates a particularly challenging scenario for present and future generations, and simultaneously imposes the necessary revision of previously established practices, lifestyle, and concepts. After all, the present stage is certainly part of the long trajectory that brought us here, being consequence of human actions taken in the distant and not-so-distant past.




    Although the critical analysis of the trajectory left behind us is definitely needed, the fact is that blaming the past for the present difficulties is not sufficient (because this will not modify the course of this movement) and may not be fair (as knowledge might not be available and consequences might not be clear for most of us). For this reason, the critical analysis of the past should be performed to allow the modification of this apparent stormy future through concrete implementable changes that can somehow bend the trajectory and lead us to a calmer place.




    Amidst the many important reflections that current society must deepen at this time, one point certainly regards our relationships with produced goods, available resources, production procedures and generated wastes. As a matter of fact, the industrial revolution transformed the world and shaped the modern human society, although its resulting practices must be completely reinvented if we do intend to build a path to a more inspiring future. Indeed, it should be recognized that, despite the many possible benefits brought by the industrial revolution, most worrying challenges faced by modern society can also be assigned to it.




    In this complex scenario, a new conceptual revolution is being nurtured and coming into reality very fast – the concept of circular economy and its respective circular practices. In fact, the critical analysis of the past brings us to the position where we can formulate very simple questions, that actually might have been formulated centuries ago, given their very fundamental character. For example, is it really necessary for citizens to become the owners of industrial goods? Doesn’t sharing make more sense than owning? Should we discard industrial goods as wastes after use, disposing them in industrial graveyards for eternity, and establishing a morbid parallel between the existences of living beings and industrial products? Shouldn’t a manufacturer be responsible for the produced emissions and wastes and find uses and clients for these undesired products?




    In reality, these and other similar very simple and fundamental questions can be very powerful and eventually revolutionize the relationships that were originally created by the industrial revolution and that brought us to this historical moment. In this context, the concept of circular economy proposes more than a bend in the human trajectory, but a bifurcation point that may provide powerful tools to tackle the urgent challenges of the day and lead us to a completely different place. For this reason, it is extremely important to propose these very simple and revolutionizing questions to citizens of all regions of the globe, and to students and researchers in the academic environment in particular. In truth, discussion about these aspects must be stimulated and encouraged because the answers to these simple questions can be indeed very complex and demand important changes of social, economic and governmental actors.




    For all the reasons described above, I became very happy with the invitation to write these lines for this important book on circular economy. Throughout the eleven chapters of the book, the reader will have the opportunity to go through thoughtful discussions on fundamentals, business models, logistics, industrial interactions, use of natural resources, recycling, among other subjects related to those very simple questions associated with the principles of circular economy. Besides, the book is written by Brazilian researchers who stimulate this important debate among Brazilian students and scholars, when Brazil introduces itself to the world as a sustainable powerhouse. It must be crystalline clear that this will not be possible at all without truthful commitment of the Brazilian society to the principles of circular economy.




    Having said that, I sincerely hope this book will constitute an important tool for exposing, debating, and teaching principles of circular economy to students and researchers, in particular, and to global citizens, more generically.




    I wish the reader good reading, good learning and good changing. The planet and the future thank you.




    José Carlos Pinto




    Programa de Engenharia Química/COPPE
Universidade Federal do Rio de Janeiro


  




  

    About the e-book




    This book was inspired in the results of several actions and researches that I have been working on over the last few years, focused on green economy, sustainability and more recently the specific theme of Circular Economy. These researches include an Extension Project carried out at the Federal University of Rio de Janeiro (Universidade Federal do Rio de Janeiro – UFRJ) entitled “Catalysing the Circular Economy”, taught by NEITEC – (Centre for Industrial and Technological Studies), from the School of Chemistry at UFRJ. The issue of environmental degradation is quite complex, and comprehends themes such as industrial waste, waste generation, climate change, air quality and the consequent disease risks to populations.




    The theme of the book deals with the linear economy model, based on the generation of value driven by waste. Such model, which has proved to be obsolete, disregards responsibility at the time of manufacturing, distribution and dumping processes. Likewise, we have witnessed the growth of the world population, acceleration of the use of natural resources such as food, energy, and water, and, consequently, the unbridled consumption of products and services. In this sense, the reach of sustainable development has become increasingly challenging. How can we make more efficient use of resources without compromising values such as the promotion of a more just society and a healthy environment, without compromising the capacity of future generations; combined with a profitable economy?




    The concept of Circular Economy, which is the central theme of this book, is based on the preservation and increase of natural capital by controlling finite stocks and balancing the flow of renewable resources. Both sustainability and Circular Economy concepts go together and share the objective of mitigating the negative externalities mentioned here. On the other hand, Circular Economy seeks to go deeper and deals mainly with innovations in product design and business models since its inception, in order to make the flow of resources a closed cycle. This model has its origins in the principles of different Schools of Thought, such as Industrial Ecology and Biomimetics. The Circular Economy, however, has been presented as an alternative model, whose estimates point to several economic opportunities.




    As a concept in widespread, it also causes disruptive changes in society. Its large-scale implementation arises issues such as how to integrate the volume of discharges generated at the end of a production chain to its beginning, making each type of waste a new resource; and how to make the transition from the traditional linear model to the circular model.




    The strategies to find the possible answers go through several actions. An economic model that implies changes in the way of thinking and acting in a society requires the training of people and professionals focused on its application. The publication of this book was a way of delivering the results of this work to the society, placing its individuals as agents of social transformation.




    In this context, the chapters are varied purposefully, so that topics pertinent to Circular Economy can be discussed, but not consolidated in one work alone so far. If we strive for a more resilient economy, a fairer society, and a healthier environment, walking the path is needed. We hope that this reading can elucidate the subject and awaken a critical sense of what attitudes or strategies can get us started.




    We would like to thank the School of Chemistry/UFRJ and the Graduate Program in Chemical and Biochemical Process Engineering (EPQB)/UFRJ for funding the translation of this book and Claudia Kamel Parslow for her efficient work as a translator.




    In this way, the book aims to reach from readers specialized in the subject, professors, high school students, undergraduate and graduate students, to the curious, beginners in the world of Circular Economy and new business models.




    Suzana Borschiver




    Due to the relevance of the theme for the development of concrete actions for sustainability and compliance with global agendas, such as the UN 2030 Agenda, I became interested early in the Masters in Circular Economy. As a Bioprocess Engineer, I have always worked on projects aimed at the development of cleaner processes. When looking to learn more about the theme, I glimpsed its wide potential in the face of the challenges of making the world more sustainable.




    The constant threats brought about by global warming and the need for better management of water resources and urban waste accelerated inventiveness aimed at promoting the dissemination of actions that not only mitigate socio-environmental degradation, but also systemic changes. Since it is a concept that is concerned with the design of a product from its conception and aimed at minimum or zero waste generation at each stage of a production chain, Circular Economy should be understood as a new way of thinking or rethinking sustainable development, dealing with a new mindset.




    With this in mind, I sought to participate in congresses and discussion events on the topic, which helped me to deepen the research, which culminated in the creation of the Circular Economy blog, along with Professor Suzana Borschiver, who is not only a supervisor, but also a great motivator. Her invitation to participate as deputy coordinator of the extension project “Catalysing the Circular Economy” and the growing interest in the topic provided me with the opportunity to dive deeper into this PhD.




    Whilst working massively throughout this time on this topic, I acknowledge the importance of spreading the Circular Economy not only at the theoretical level, but also mainly at the practical level. Thus, this book aims to provide readers with a more grounded understanding of the Circular Economy, in addition to provoking effective actions and contributing as a basis for the construction of public policies, strategic guidelines in Brazilian organizations and as fostering innovation and entrepreneurship, to leverage the Circular Economy in the country.




    Aline Souza Tavares
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    Introduction




    Suzana Borschiver
Aline Tavares
Silmara Furtado




    According to the report “What a Waste 2.0: A Global Snapshot of Solid Waste Management to 2050”, published by the World Bank in 2018, waste generation is one of the most relevant environmental problems today (KAZA et al., 2018). This document predicts an increase of 70% of waste released into the environment between 2016 and 2050. It is worth mentioning that the numbers presented indicate an annual generation of 3.4 tons of garbage resulting from the inappropriate treatment of these materials dumped in the environment and the lack of investments in actions related to the reduction of waste (KAZA et al., 2018).




    Added to this scenario of environmental degradation, some negative externalities are mentioned, such as the degradation of natural systems, the acceleration of climate change, the loss of biodiversity and natural capital, the degradation of the land, and the pollution of the oceans; not leaving aside the reduction of air quality, and the consequent risk of disease to populations. These problems can also be linked to the failure of the current production model, known as Linear Economy (ELLEN MACARTHUR FOUNDATION, 2015; KAZA et al., 2018).




    Immediately after the First World War, wealth and income increased again due to the opening of new markets for innovative inventions and services, such as telephones, automobiles, and electricity and household appliances. However, this demand-supply cycle was interrupted by the 1929 financial blockade and the subsequent global financial crisis. Since then, a programmed obsolescence model has been developed to make consumer goods obsolete more quickly, with a shorter shelf life. Thus, these products are replaced quickly, stimulating both the accelerated consumption and the market (ANDREWS, 2015; ARAÚJO; QUEIROZ, 2017).




    For a long time, planned obsolescence encouraged and improved the Linear Economy, an economic model grounded on the generation of value-driven. In this type of model, consumer products are subjected to a manufacturing process, to a distribution and retail network, to consumers’ use, waste collection, and, finally, dumping in landfills, sewers, or incineration (ANDREWS, 2015; ELLEN MACARTHUR FOUNDATION, 2015; OLIVEIRA and LAGO, 2018). This model has benefited industries, energy suppliers, and producers of raw materials, but, on the other hand, the environment has been continuously degraded due to the removal of finite materials combined with the generation of an excess of waste (ANDREWS, 2015; ARAÚJO; QUEIROZ, 2017). The origins of Linear Economy date back to the Industrial Revolution, where an increase in the quantity, variety, and speed of production due to mechanization and the development of new production systems occurred. This growth was based on the “take-make-use-dispose” principle (ANDREWS, 2015).




    This programmed obsolescence model increased corporate profits, functioning as a business system where consumers became wasteful and debtors. A good example lies in the electronics sector, where difficulties are imposed in the disassembly step and the consequent induction for purchasing a new product, usually attributed to damage of components and difficulty in repairing and/or replacing parts (ANDREWS, 2015; ARAÚJO; QUEIROZ, 2017).




    The specialized literature mentions that repair, reuse, and recycling practices were common during and immediately after World War II, since resources were rationed or related to the so-called “war effort”. After the rationing period ended, the products started to be discarded again at the end of their use (ANDREWS, 2015; ARAÚJO; QUEIROZ, 2017).




    Linear Economy is still in force, thus becoming less sustainable over the years. Due to the imminence of environmental and economic risks, governments and companies from different sectors acted to minimize fluctuations related to the price and availability of raw materials. A study carried out by the United Nations Environment Program (UNEP) in 2011, assessed the non-interrelation between wealth generation and resource consumption, disseminated in the traditional linear model (UNEP, 2011).




    The objective of the so-called “Decoupling the use of natural resources and environmental impacts from economic growth” is to accelerate the productivity rate of resources compared to the rate of economic growth. That is, to reduce the use of soil, water, energy, and materials to maintain economic growth and improve the well-being of human beings, thus reducing negative environmental impacts arising from the use of natural resources. Although necessary, quantitative changes such as an increase in the eco-efficiency of processes have not proved to be sufficient; however, there is a qualitative demand that aims at using renewable resources to maximize the reuse of the waste generated in return for reducing resource consumption (UNEP, 2011; RIBEIRO; KRUGLIANSKAS, 2014).




    The concept of Circular Economy, a model that intentionally seeks circularity in the use of materials and energy since product design, is among the proposals for changing production and consumption patterns (RIBEIRO; KRUGLIANSKAS, 2014).




    According to Geng et al. (2012), Circular Economy originates from eco-industrial development theory based on the philosophy that a healthy economy can coexist with a healthy environment (ARAÚJO; QUEIROZ, 2017). The waste generated by the production chains is discarded in the environment at the end of the Linear Economy and returns to the production cycle in the Circular Economy.




    This model is based on three principles: (i) preservation and increase of natural capital by controlling finite stocks and balance of renewable resources flow; (ii) optimization of resource production due to the circulation of products, parts, and materials; (iii) promotion of the system’s effectiveness, revealing negative externalities and thus excluding them from projects (ELLEN MACARTHUR FOUNDATION, 2015). The subject will be further discussed in Chapter 2.




    The circular model emerged decades ago, but discussions regarding its implementation are recent, particularly in Brazil. In 2012, this concept was best disseminated worldwide when the Ellen MacArthur Foundation launched, in collaboration with McKinsey & Company, a series of economic reports entitled “Towards Circular Economy” that highlighted the importance of accelerating the transition to the circular model and its potential benefits for different stakeholders, thus becoming a reference on the subject (AZEVEDO, 2015).




    A study published by Araújo and Queiroz (2017) pointed out that the Circular Economy became an increasingly popular regulatory policy in China and in the European Union to address issues related to sustainable development, adopted by local governments as a priority in national regulatory policy. In 2014, the European Commission started a series of studies related to food waste based on selection and development of indicators that allow the implementation of the Circular Economy (BONCIU, 2014). In China, the circular model was a government issue in 2002. It became law in 2009 with the Law for the Promotion of the Circular Economy, aimed at promoting Cleaner Production as well as policies to encourage the use of waste and pilot projects of Circular Economy, among other actions (UNEP, 2011).
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