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In the contradiction of unsustainability


lies the origin of sustainability.









Prolog – For Orientation


This book originated from a diagnosis: our current economic and consumption system is structurally unsustainable and therefore lacks future viability. The ecological crisis, social upheavals, and economic instability are not isolated phenomena; rather, they manifest a shared logic: the Linear Economy (take-make-waste principle). This book renders this logic visible, analyzes its operative mechanisms, and delineates a systematic path forward.


The structure of the book follows a trajectory from systemic diagnosis to the development of a circular counter-logic, ultimately providing concrete agency for consumers. The initial chapters expose the functionality of the linear system across its ecological, economic, and social dimensions, as well as the mechanisms that stabilize it.


The focus here is not on individual guilt but on structural causalities. Central roles are played by externalization (the systematic transfer of costs to third parties and future generations), path dependencies (the persistence of established decisions), and institutional inertia, all of which solidify unsustainable practices. Building on this analysis, the concept of the Circular Economy is developed as a counter-logic – not as a technical repair program, but as a fundamental, transformative reorganization of our resource management for a more sustainable future.


Consequently, this book is deliberately addressed to consumers. This is not because individual decisions alone suffice to solve systemic problems, but because no collective transformation remains viable if individuals lack the capacity to act. Consumers are understood here not as passive “end-users”, but as active co-shapers of circular systems. Consumption is not evaluated morally; instead, it is analyzed as a potent lever within a larger economic and social context.


The 30R-Compass is introduced as an orienting and operational framework for consumers – it is the result of the analysis, not its starting point. It structures sustainable action not as an isolated decision but as a developmental process. The meta-levels of the compass describe the fundamental functional logic of this shift – how internal attitudes, concrete actions, and social feedback loops mutually influence and reinforce one another. The developmental stages concretize this process by illustrating the sequence of steps through which values, decisions, usage practices, and social impacts unfold. Each level addresses a specific structure of consumer behavior, and together they form a transformation sequence – from initial awareness to the long-term stabilization of sustainable lifestyles.


The 30R-Compass thus serves as a bridge between abstract systems theory and practice. It demonstrates how internal orientation can translate into concrete market decisions and how individual actions gradually foster cultural change.


At various points, central terms are explicitly defined. Concepts such as sustainability, consumption, or responsibility are often used imprecisely, contradictorily, or purely normatively in public discourse. Their clarification is a methodical prerequisite for argumentative clarity. Precisely naming the problem allows for the targeted design of solutions.


Simultaneously, this book does not assume idealized decision-making conditions. Sustainable action does not emerge under conditions of perfect information, unlimited time, or complete rationality. It arises under real-world conditions of social embeddedness, limited attention, and competing demands. For this very reason, sustainability must be conceptualized to remain effective under these constraints.


This book makes no claim to exhaustiveness and offers no simple solutions. It is intended as an analytical instrument and an invitation to engagement. The Circular Economy is not presented as a finished product, but as an ongoing learning process requiring reflection, adaptation, and collective shaping.


Readers should not view this book as a manual for individual optimization, but as a guide through a transformation process – the “consumption turn” – which is open-ended, conflict-ridden, and necessary.


The following chapters promise no comfort – but they do promise clarity.









CHAPTER 1


Unsustainability – The Key Problem of Our Time


Our world faces a multitude of urgent problems that seriously threaten not only human existence but also the future of our planet. Among the greatest challenges are:


Climate and Environment: Climate change, rising sea levels, species extinction, deforestation, soil erosion, water scarcity, air pollution, ocean acidification, (micro-)plastic issues, energy crises, overfishing, desertification, wildfires, pesticide use, water eutrophication, soil sealing, environmental toxins...


Social and Economic: Climate-driven migration, poverty, hunger, social inequality, water conflicts, health crises, food waste, the throwaway society, resource dependency, economic crises...


Waste and Resources: Waste problems, electronic waste, hazardous waste, illegal waste disposal, waste incineration, resource dependency, resource depletion...I,II,1


For decades, these terms have been constant companions of our reality and have long become an integral part of our normality. However, this creeping habituation has a dangerous side effect: as these problems become commonplace, their perceived urgency often fades. Issues that are constantly present lose their subjective significance for many people – even as their real consequences grow more severe.III But what connects all these aforementioned problems? They are the consequences of an unsustainable human approach to material resourcesIV,V – in short: unsustainability.VI,VII,2 How else could the following be described?




	Approximately 19,109 million liters of crude oil are consumed daily, equivalent to the volume of 6,169 swimming poolsVIII.3 To satisfy our hunger for energy, crude oil is burned, while approximately 300 basic chemicals are extracted from it to meet our chemical requirements. These form the basis for plastics, textiles, pharmaceuticals, cosmetics, paints, fertilizers, adhesives, packaging, and much more.4



	Approximately 44 km2 of rainforest are cleared every day – an area of roughly 6,162 football fieldsIX – for grazing land, crop areas for soy, palm oil, coffee, and cocoa plantations, mineral resource extraction, urbanization, infrastructure projects, tropical wood exports, subsistence farmingX, etc.5



	The production of a single cotton T-shirt requires approximately 15,000 liters of water.6,XI Even a single cup of coffee carries a significant water footprint – about 140 liters, equivalent to the volume of a bathtub.7



	Approximately one million tonnes of plastic wasteXII,8 are produced daily, of which up to 35,000 tonnes9 end up in the ocean. This is equivalent to 875 truckloadsXIII and adds to the approximately 150 million tonnes10 already present there.


	Approximately 107 million tonnes of carbon dioxide (CO2) are generated daily, contributing to the increase in the amount of carbon dioxide in the Earth’s atmosphere.11 In total, the concentration increased by approximately 55 ppmXIV (+15%) between 2000 and 2024, reaching a current level of approximately 427 ppm.12



	The average temperature of the Earth‘s atmosphere has risen by 3.3 °CXV over the last 100 years, and the average temperature of the world’s oceans in 2022 was 0.67 °CXVI above the 20th-century average.13





This enumeration could be extended indefinitely with a wide variety of examples...


What they all have in common is that they point to the same origin: our enormous and steadily growing demand for material resources.


Natural material resourcesXVII are the foundation of our modern civilization – the “fuel” that powers our global society and enables our current lifestyle.14 However, this only functions due to a certain resilience and capacity of the Earth system (planetary boundaries, the ecological limits of our planetXVIII).XIX,15 Nevertheless, these resources are finite within these planetary boundaries. At the same time, we dig ever deeper for raw materials, fell more trees, extract more oil, and pollute more water to satisfy our steadily increasing hunger for resources. The result: a planet marked by the scars of overexploitation, with new wounds appearing daily. The continuation of excessive exploitation has devastating consequences for our environmentXX,16 and, in the medium to long term, for humanity as well – with clear signs already recognizable today.XXI,17


Nevertheless, the current consumption-orientedXXII behavior of society exacerbates these problems; products are often used only for a short period and then discarded, necessitating the continuous creation of new products from new resources – a self-reinforcing negative dynamic. This leads to an increase in waste, environmental pollution, and carbon dioxide emissionsXXIII, all of which also represent challenges to planetary resilience.18 However, waste is not merely an ecological issue, but also an ethical and economic one.


Overall, we are feeling the consequences of a misguided approach to resources. Nevertheless, with its current resource management – characterized by unsustainability, inefficiencies, and waste – humanity finds itself in an accelerating downward spiral. Paradoxically, a majorityXXIV is aware of, or at least familiar with, the problem.19


But what can we do to meet these challenges?


At first glance, the solution seems simple:


We must establish a more responsible, conscious, and sustainable approach to material resources as quickly as possible!


Yet even this initial thought raises a whole series of questions and reveals itself as a complex challenge. First, the question arises as to who is actually meant by “we” – society as a whole, specific groups such as policymakers, businesses, or consumers, or even a global context?


Equally decisive is what a “more responsible” approach means in detail: How can it be concretely defined, and which criteria must be met for the management of resources to be considered responsible? In this context, it is also worth asking what the difference is between “responsible” and “more responsible”.


The same applies to the term “more sustainable approach”: Which standards determine sustainability in resource use? And which “material resources” are actually meant – exclusively natural raw materials such as water, metals, or fossil energy sources, or also material products and goods? Which aspects of resource management must be considered in this process?


Furthermore, it is necessary to clarify why this more responsible, conscious, and sustainable approach must be established at all. Which problems or crises are a direct result of our current actions? What impacts does it have on the environment, society, and the economy – and what long-term consequences are imminent if we do not change our course? The time factor also plays a role: What exactly does “as quickly as possible” mean in this context? What temporal concepts or “deadlines” lie behind it? Is immediate implementation realistic or rather an ideal? And how can urgency be combined with careful, effective implementation without losing sight of central aspects such as quality, impact, and acceptance?


Likewise, the question arises as to how this new approach can be designed in practice. What measures are necessary for this, which changes are indispensable, and what obstacles and challenges must be overcome? This also raises the question of our responsibility – do we bear it primarily for today’s generation, for future generations, for the environment, or for all equally? Finally, it must be clarified which goals are to be achieved with a more responsible, conscious, and sustainable approach, and how the success of these efforts can be measured and evaluated.


...


The answers to these questions are crucial if we intend to change the course of our civilization. Every delay increases the risk of damage becoming irreversible while simultaneously diminishing our room for maneuver.


We will examine these questions and answers in depth throughout this book. We analyze how a more responsible, conscious, and sustainable approach to material resources can be designed and which concrete measures are necessary to achieve this. Our goal is to develop practicable recommendations for action – particularly regarding our role as consumers. For every individual can contribute to co-shaping a more equitable society, protecting the environment, and thereby establishing the foundation for a sustainable future.


However, before we discuss solutions, we must understand the origin of the problem. Unsustainability is not a product of chance; it is the result of a fundamental operating principle of our economy and society: a system based on linear resource flows – from extraction through usage to disposal. While this principle has enabled our current reality, it generates systemic risks that are not viable in the long term. If we are serious about initiating transformation, we must first understand how this current system functions, which mechanisms drive it, and why, despite technological progress and increasing knowledge, it repeatedly draws us back into the same destructive patterns.





I The problems presented here can be identified as part of the core issues summarized by the United Nations in their Sustainable Development Goals (SDGs). The same applies to the sustainability goals of the European Union, Germany, and other actors.


II These terms mask an often complex but also blurred world of multifaceted cause-and-effect relationships.


III Normalization effect: A problem can continue to exist and have real impacts, but because it is perceived as commonplace, it loses attention. This effect is based on psychological habituation to recurring stimuli and represents a significant barrier to necessary countermeasures, as the perceived need to act diminishes.


IV A resource (French: la ressource = means, source) is a means or source that can be used to achieve goals or satisfy needs. It can be material or immaterial in nature, such as natural resources (e.g., water, raw materials), economic resources (e.g., capital, labor), or immaterial resources like knowledge and technology.


V Material resources include: Raw materials and natural resources: These are primary, untreated substances obtained directly from nature (e.g., mineral resources, wood, water, agricultural and forestry products); Materials: These are already processed substances used as the basis for manufacturing products or for other applications (e.g., steel, plastics); Energy sources: These are natural or technically produced resources capable of providing energy in usable form (e.g., coal, oil, natural gas, solar energy, wind energy, hydropower, biomass).


VI The term sustainability is used transitionally today and encompasses a variety of definitions with different emphases. A common definition is that of the Brundtland Commission: “Sustainability means meeting the needs of the present generation without compromising the ability or possibility of future generations to meet their own needs“. This includes not only the responsible use or conservation of resources but also the minimization of losses and the most frequent possible reuse of materials in high-quality forms.


VII Analytically, unsustainability is defined as a systemic state in which the extraction rates of natural resources and the discharge rates of emissions/waste permanently exceed the regenerative or absorption capacities of the environment.


VIII Swimming pool dimensions: 50 m × 25 m × 2 m = 2500 m3.


IX Football field dimensions: 105 m × 68 m = 7140 m2.


X The term subsistence farming (Latin: subsistere = subsistence = independent existence/survival) describes an agricultural economic form in which production is primarily geared toward selfsufficiency.


XI This refers to virtual water. This term denotes the total amount of water consumed, polluted, or evaporated during the entire production process of a product or service, from the extraction of raw materials to processing and transport.


XII Based on annual plastic production: 374.2 million tonnes (2023) and the assumption that all plastics become waste after their usage phase.


XIII In Europe, the average payload of a truck is approximately 25 tonnes.


XIV ppm = parts per million. This means that in a quantity of 1 million particles in the Earth’s atmosphere, approximately 420 particles are carbon dioxide, corresponding to a percentage of 0.042%. A cube with a side length of 10 cm contains approximately 1.05×1022 CO2 particles. XV Annual mean: 7.2 °C (1922); 10.5 °C (2022). Overall, the values fluctuate, but the trend line shows a slope of 0.0093.


XVI 2022 approx. 0.87 °C higher than 1922.


XVII Primary resources: e.g., fossil resources (crude oil, natural gas, coal), biomass, resources from the Earth’s crust, air, water, etc.


XVIII The planetary boundaries (planetary guardrails) is a concept that defines nine ecological thresholds of our planet or a “safe” operating space for humanity. Exceeding these boundaries endangers the stable functioning of the Earth system and thus the foundations of human life. The concept of planetary boundaries serves as a scientific compass to define the safe operating space for humanity. However, it is important to emphasize that the exact determination of these boundaries is subject to methodological uncertainties.


XIX Seven out of nine planetary boundaries have already been exceeded (Climate change: Climate change leads to a dangerous imbalance in Earth‘s energy due to the increase in greenhouse gases. Novel entities: The uncontrolled release of synthetic substances into the environment exceeds safe limits. Stratospheric ozone depletion: The ozone layer is recovering slowly but has not yet returned to pre-industrial levels. Atmospheric aerosol loading: Differences in the distribution of aerosols – solid or liquid particles suspended in the air forming a mixture of these particles and air – are still within a safe range. Ocean acidification: Increasing acidification of the oceans threatens marine life forms and ecosystems. Biogeochemical flows: The nutrient cycles of nitrogen and phosphorus are heavily disrupted by human activity. Freshwater change: Human use of freshwater has already significantly altered natural water cycles. Land-system change: The conversion of natural landscapes leads to a loss of vital ecological functions. Biosphere integrity: The decline in biological diversity weakens the biosphere’s ability to stabilize the Earth system). XX The environment encompasses all external influences that shape the life and actions of subjects. A distinction is made between the internal world and the external world. Every subject constructs its own environment based on perceptions, needs, and agency. Therefore, there is no uniform, objective environment, but rather a multitude of subjectively experienced “surrounding worlds”. However, subjects are not merely passive recipients; they exist in constant interaction with their environment and actively help shape it. These individual environments are embedded in larger systems that encompass communities of subjects as well as their interactions with the biotic (all living environmental factors), abiotic (all inanimate physical and chemical environmental factors), social, and economic surroundings.


XXI Who actually owns or possesses natural material resources? The historically deep-seated anthropocentric perspective (Greek: anthropos = human) places humans at the center of all considerations and views the environment primarily as a resource to satisfy human needs. This hierarchical way of thinking, which subordinates nature to humans, reduces the environment to its utility. This often results in a problematic approach to nature and the environment. The one-sided focus on utility encourages exploitation and short-term thinking, while ignoring ecological limits and the intrinsic value of nature. Without a fundamental shift in thinking that recognizes the value of the environment independent of human utility, a sustainable relationship between humans and the environment remains difficult to achieve.


XXII The term consumption (Latin: consumere = to consume, to use up) denotes the purchase, consumption, or use of material or immaterial goods and services by economic actors (consumers).


XXIII The term emission (Latin: emittere = to send out) refers to the release of particles, substances, radiation, or energy into the environment. This release can occur through both natural processes and human activities, as is the case here. In contrast, immission (Latin: immittere = to send into) describes the impact or effect of the emission on the environment.


XXIV Ipsos Global Trends 2023: Approximately 80% of respondents worldwide believe that we are heading toward an environmental disaster unless we rapidly change our habits. However, there are differing opinions regarding the measures to tackle the climate crisis and the respective responsibilities.









CHAPTER 2
 Linear Economy – The Foundation of Unsustainability


As described in Chapter 1, the following core demand is formulated as a solution to the unsustainability of resource management: “We must establish a more responsible, conscious, and sustainable approach to material resources as quickly as possible!”


The use of the comparative in “more responsible, conscious, and sustainable approach” implies a comparison and underscores the necessity for improvement. The current status quo is thus perceived as insufficient, which creates a benchmark for an aspired, better target state. To derive effective measures from this, an analysis of the current state and the underlying system architecture of resource management is indispensable. Only through this understanding can we develop a clearer vision of the desired target state.


This raises the question: Why do humans need material resources at all? They are needed to manufacture products that serve to satisfy consumptive needs. The term consumptive needs encompasses all needs that are stilled by the consumption or use of goods and services; this includes basic needs such as food, water, clothing, housing, and medical care (existential consumptive needsI) as well as optional needs, e.g., “luxury products” (nonexistential consumptive needsII).20


The life cycle of material productsIII begins with the extraction of resources from the environment, whereby the term environment refers to the “surrounding world” of the anthroposphereIV – the area of the Earth created and influenced by humans, e.g., the biosphere, atmosphere, hydrosphere, and lithosphere, even if humans are part of some of these spheres or have direct or indirect influence on them.V These include a variety of raw materials, such as metals, minerals, fossil resources, as well as carbon dioxideVI, water, and solar energyVII – broken down to the most elementary form, these are approximately 80 chemical elements and energy (Figure 1).21


The production of plastics – the material of our time – can be considered an exemplary case.VIII,22 To manufacture many plastics, we require fossil resources (input) from the “environment” as a raw material storage, such as crude oil, natural gas, and coal. In addition, inputs such as oxygen from the atmosphere and (solar) energy are required.23 After their extractionIX, these inputs enter the production sphere, where they are processed into intermediate or final products through industrial processes. The output of this phase is the finished product.


With the transition into the consumer sphere, the usage phase begins, in which the product fulfills its functional purpose. Depending on the type of product, this phase can vary greatly in duration. Upon reaching the end of its functional life, the product is removed from the cycle of use and sent for processing in the disposal sphere.
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Figure 1. Linear Resource Flow – Linear Economy.






Through controlled processes, such as thermal recovery methodsX, plastic products are converted into substances such as carbon dioxide, which is emitted into the environment.24 In contrast, uncontrolled decomposition processes can lead to the release of pollutants, macroor microplasticsXI into the environment.25


The “remnants” of products that enter the environment are (often) chemically not equivalent to the input chemicals, as industrial processes alter the chemical composition of the materials.


The core mechanism of this model is a linear, unidirectional resource flow, also referred to as a Throughput EconomyXII or the take-make-waste principleXIII, and more broadly as the Linear Economy: raw materials are extracted from the environment, transformed into (short-lived) goods, and deposited back into the environment as waste after the usage phase.26 Behind this physical flow lies a specific economic logic: allocative efficiencyXIV. The system is optimized to direct resources to where they generate the highest short-term value creation. In this architecture, success is primarily defined by throughput – the volume that passes through the system from extraction to disposal. While this logic favors the maximization of capital values, it operates largely independent of ecological efficiency, which would consider the longterm integrity of natural systems.27


The model presented here describes the ideal-typical or pure form of the Linear Economy.28 In reality, however, today’s economic systems do not fully correspond to this pure linear logic, as measures such as recycling, reuse, and energy recovery are already being employed to use resources more efficiently and reduce waste volumes. Nevertheless, these recovery mechanisms are predominantly downstream and structurally insufficient. The current system should therefore be understood as a modification.


To practically illustrate the core mechanism of the linear resource flowXV, we examine the life cycle of a typical plastic product: the PET bottleXVI.


1. Production/Manufacturing Sphere (Take and Make)


To manufacture a single PET bottle (approx. 25 g), a total of 47.5 g of crude oil is required as input from the environment (take).29 Furthermore, in addition to the material component of the PET bottle, an amount of energy totaling 0.33 kWh is required for its production (make) – an amount of energy comparable to what would be needed to charge a smartphoneXVII daily for approximately 26 days.30 Additionally, energy is required to move or transport the material between the individual spheres (environment → production sphere → consumer sphere → disposal sphere); that is, the linear flow can only be maintained through the use of energy.


2. Disposal Sphere (Waste)


After its usage phase in the consumer sphere, the PET bottle enters the disposal sphere. Here, three possibilities for disposalXVIII exist:




	
Landfilling: A landfill is used for the long-term or permanent disposal/storage of waste. The boundaries of the landfill must be strictly protected to prevent contamination of the environment, e.g., the soil or (ground)water. Furthermore, the release of toxic/polluting chemicals already contained in the waste or formed through chemical, physical, and biological processes during landfilling must be taken into account.31 Overall, this represents the final storage of the PET bottle.






	
Thermal Recovery: The PET bottle is incinerated, and the original material is destroyed. Carbon dioxide is obtained as a primary product.XIX The total carbon footprintXX of the PET material over its life cycle is approximately 110 g of carbon dioxide.32 A large part of this is generated during production and additionally during disposal: the incineration process (thermal recovery) alone generates approximately 57 g of carbon dioxide for our 25 g PET bottle, which is released into the environment.


	
Direct Release into the Environment: In this type of disposal, the PET bottle enters the environment directly, where it slowly degrades and can release about 83,333 microplastic particles before continuing to decompose slowly (duration approx. 450 years).XXI,33





If a single 25-gram bottle can cause these impacts – what are the consequences of the entire system?


The structural contradictions that arise from this linear system, and the reasons why it remains stable despite growing awareness, will be analyzed in the next chapter.





I These are indispensable for survival and the basic conduct of a person’s life. These needs are universal – every person has them, regardless of culture, society, or standard of living. In this context, we focus exclusively on material needs. Psychological needs are not addressed here, even though they can also be existential.


II These needs arise once basic needs are met. They depend heavily on individual desires, lifestyle, cultural influences, and social status. In this context, we focus exclusively on material needs. Psychological needs are not addressed here, even though they can also be existential.


III The focus in the following will be on material or physical products.


IV The Anthroposphere: Greek: anthropos = human; sphaira = sphere.


V The Biosphere (Greek: bios = life; sphaira = sphere) encompasses the totality of all ecosystems. It represents the zone of life on Earth, integrating all living beings and their relationships with the lithosphere, hydrosphere, and atmosphere. The Atmosphere (Greek: atmos = vapor; sphaira = sphere) is the gaseous envelope surrounding the Earth. The Lithosphere (Greek: lithos = stone; sphaira = sphere) encompasses the Earth‘s crust and the outermost part of the Earth‘s mantle. The Hydrosphere (Greek: hydro = water; sphaira = sphere) is the totality of water on Earth.


VI Carbon dioxide is, for example, the resource for agricultural and forestry products. Biomass, such as wood, grain, etc., is produced from carbon dioxide, water, and solar energy.


VII Includes wind energy, fossil energy, renewable energy, solar energy, etc.


VIII Plastics are a class of materials containing large molecules composed of repeating units. The term plastic describes artificially manufactured materials. The word plastic originates from Greek and means “the molded/molding art”.


IX The term extraction (Latin: extrahere = to pull out) refers to a process in which a substance is separated or removed from an environment, a carrier medium, or a mixture.


X In thermal recovery, plastic waste is incinerated in specialized plants, such as waste-to-energy plants or thermal waste treatment facilities.


XI ISO/TC 61 (International Organization for Standardization): Nanoplastics (<1 μm), small microplastics (1 μm to 1 mm), large microplastics (1 mm to 5 mm), mesoplastics (5 mm to 25 mm), macroplastics (>25 mm).


XII The Throughput Economy describes the physical flow of materials and energy through an economic system – from the extraction of resources to disposal as waste.


XIII The take-make-waste principle or take-make-dispose principle (Throwaway Economy) is the fundamental logic of the Linear Economy. It describes a unidirectional resource flow in which raw materials (take) are transformed into products (make), which are disposed of as waste after their use (waste).


XIV Allocative efficiency describes a state in economics in which resources are distributed such that they generate the maximum market value or total utility.


XV For didactic reasons, the ideal-typical, pure model of the Linear Economy is first analyzed here using the PET example. Modifications, such as the integration of recycling and the Circular Economy, will be addressed in later chapters.


XVI PET = Poly(ethylene terephthalate), polyester (in the textile sector), (C10H8O4)n. The consideration of the PET bottle refers to the bottle body without the cap and label (which consist of poly(ethylene) or poly(propylene)).


XVII iPhone 14 with 12.68 Wh per charging cycle.


XVIII At this point, we do not yet wish to consider the return of the material (recycling) to the make phase.


XIX (C10H8O4)n (PET) + 10nO2 (molecular oxygen) à 10nCO2 + 4nH2O (water) + energy.


XX The carbon footprint or CO2 account can be imagined as a balance sheet in which all greenhouse gas emissions generated during the manufacture, use, and disposal of a product are summed up.


XXI Basis of calculation: The specified number of microplastic particles is based on the assumption of a bottle weight of 25 grams and an average weight of 0.3 mg per microplastic particle.









CHAPTER 3


The Dilemmas of the Linear Economy


If we return to Chapter 2 and consider the primary goal of the linear economic model formulated there – the satisfaction of consumer needs – it can be stated: this goal has clearly been, and continues to be, achieved.I But does this circumstance alone justify the assumption of a positive overall result, or even its continuation into the future?


The central mechanism of this model is a linear resource flow that requires a steady supply of resources to maintain its functionality. However, if resources are continuously guided through the process and ultimately converted into “worthless” wasteII and flow out, the question arises: how large must the initial resource base actually be? The answer is: infinitely large (Figure 2).


Here we encounter a fundamental problem and systemic flaw of the linear economic model: “infinite” resource demand meets a finite, planetarily limited amount of resources – an unsolvable contradiction (Systemic Conflict 1III). Let us imagine that a maximum of 100 material resource units are available. The Linear Economy consistently consumes the same number of units per period – for example, one material unit per unit of time. This means that after 100 units of time, all resources are exhausted and the Linear Economy collapses.IV


An exampleV of this is the non-renewable fossil resource crude oilVI,VII, one of the cornerstones and key resources of the linear economic model. The German Federal Institute for Geosciences and Natural Resources estimates the global quantity of crude oil at approximately 876 billion tonnes (approx. 876,000,000,000,000 kg).34 Although the available oil reserves appear vast, they are neither inexhaustible nor unlimited – large does not automatically mean infinite.35 Through human activity, approximately 222.7 billion tonnesVIII,36 have already been extracted and consumed during the oil age, representing about 20% of the total quantity of 1,098.7 billion tonnes. To put this into perspective, let us look at global extraction: in 2023, approximately 102.21 million tonnes of oil were extracted per day.36b In 2024, German consumption amounted to approximately 3.42 kg per day per person. In comparison, consumption in the USA was approx. 7.95 kg per person per day, and in the People’s Republic of China, it was approximately 1.10 kg per person per day.IX,X,37


An economic system based on unidirectional resource flows cannot, in principle, be permanently stable in a finite world.


In addition to the limitation of the resource quantity, the actual availability of resources must also be considered as a further problem (Systemic Conflict 2). This systemic conflict results from the fact that natural resources may be physically present, but due to technical, economic (or regulatory) restrictionsXI, they can only be exploited to a limited extent or not economically at all.
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Figure 2. Resource flow in a Linear Economy.






This leads to a discrepancy between physical availability and actual availability, with the result that the usability of the resources is significantly restricted. In contrast to the absolute fineness in Systemic Conflict 1, this represents a relative fineness of resources.XII


As a simplified example, assume that one material resource unit is required per unit of time. To extract this resource from one unit of volume – for example, a certain amount of water or rock – the use of one energy resource unit is required (Systemic Conflict 2a). Under the conditions of the Linear Economy, this is considered economically profitable. However, if the same material resource unit is dispersed across 100 units of volume, the energy expenditure for extraction increases to 100 energy resource units.XIII In this case, the effort and costs would be so high that economically viable extraction would no longer be possible.


An example to illustrate this problem is the extraction of goldXIV,38 from seawater. It is estimated that around 13.1 million tonnes of gold are dissolved in the oceans39, which is more than 1,600 times the US gold reserves40 – the largest national gold reserve in the world – and represents a theoretical market value of approximately 1.2 quadrillion euros (€1,195,231,865,600,000)41, twelve times the annual economic output of the entire global economy.42 With such an amount, numerous global problems could theoretically be overcome. However, the vast total quantity is offset by an extremely low concentration: one liter of seawater contains only around 9.85 nanograms of gold, which corresponds to 0.00985 milligrams per cubic meter. Due to this extremely low concentration, the extraction of gold from seawater is not economically profitable with currently available technologies.43 For comparison: in open-pit gold mining, significantly higher gold concentrations are achieved; grades of about 0.5 to 15 grams of gold per cubic meter of rock are already considered economically viable.44 These higher concentrations lead to lower energy input per unit of resource obtained, as the effort to extract the resource per unit of volume is substantially lower than with the very low concentrations found in seawater.


A comparable problem also arises from the location of the volume unit in which the material resource unit is contained (Systemic Conflict 2b). For instance, the extraction of a resource at the Earth‘s surface may be economic, while extraction at greater depths of the Earth‘s crust is not profitable due to the significantly higher effort required. For example, underground gold mining is heavily dependent on depth and the corresponding gold concentration.


The same applies to the geographical position of the deposits, for example, when extraction sites are located in difficult-to-access regions, thereby causing additional technical and logistical challenges (Systemic Conflict 2c).


Another aspect is the dependence on or interlocking with resource availability as by-products or coupled products in the extraction or processing of other (primary) raw materials (Systemic Conflict 2d). Many of these resources are not primarily mined but emerge as by-products during the extraction or processing of other materials. If, for example, the demand for the primary raw material falls, the availability of the byproduct consequently decreases as well, even if it remains physically present in sufficient quantities. An example is the rare element indiumXV,45, which is primarily obtained as a by-product of zinc miningXVI,46. If zinc production declines, the supply of indium drops accordingly.XVII


In addition to technical and economic factors, political and social framework conditions can also restrict actual availability (Systemic Conflict 2e). If deposits are located in politically unstable regions, crisis areas, or states with restrictive export conditions, a reliable supply may not be guaranteed. An example of this is the conflict over Rare EarthsXVIII,47, which are predominantly mined and processed in China, where political export restrictions significantly influence global supply.48,XIX


Finally, environmental legal restrictions must also be taken into account (Systemic Conflict 2f). For instance, the extraction of certain resources may be prohibited or permitted only to a very limited extent due to environmental regulations, protected areas, or high ecological risks, even if the deposits are technically accessible. An example is deep-sea mining: although vast deposits of metals such as manganese nodulesXX or Rare Earths in the deep sea could technically be extracted, their mining has so far been strictly limited or completely prohibited by stringent environmental regulations and international moratoria. The potential risks to sensitive marine ecosystems lead many states and organizations to call for a precautionary pause, and industrial mining is currently not permitted.49


The challenges of resource availability presented here are multifaceted. In conclusion, it is important to emphasize that the Systemic Conflicts 2a– 2f described do not necessarily occur in isolation but can also manifest in combination and influence each other. For example, the exhaustion of “easily” accessible material resources can lead to a fundamental change in the framework conditions. Due to tight supply coupled with steady or higher demand, extraction previously classified as uneconomical may appear economically attractive, or previously existing conflicts may be accepted.


Technological progress and rising prices can delay scarcity, but they cannot abolish it – they shift boundaries; they do not eliminate them.


In addition to the limitation of the resource quantity, another systemic conflict exists that influences the consumption of material resources: the unchecked increase in resource consumption in a finite world (Systemic Conflict 3). In addition to the linearity described, the current economic system is based on continuous growth, which is central to the core and structure of the system.XXI,50 Without this growth, the system could not be maintained, resulting in a fundamental and unavoidable imperative for growth and expansion. For Systemic Conflict 1, a constant consumption of one material resource unit per unit of time was assumed, given a maximum available quantity of 100 units – zero growth (Scenario 1, Figure 3).XXII If, on the other hand, we assume linear growthXXIII in consumption by an additional one unit per unit of time (Scenario 2), then in the second unit of time, consumption is two units and cumulative consumptionXXIV totals three units; in the third unit of time, three units and cumulative consumption of six units...XXV In this case, all 100 units would be consumed after 13.65 units of time, which represents a speed 7.33 times higher than in the scenario without growth (Figure 3). If, however, consumption grows exponentiallyXXVI (Scenario 3), for example, by doubling the demand after each unit of time, the resources are completely exhausted after approximately 6.66 units of time. This means that the speed until resource exhaustion occurs is about 15.02 times faster compared to the scenario without growth (Figure 3).


A system that is structurally dependent on growth inevitably exacerbates every resource and environmental conflict, even when efficiency gains are achieved.
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Figure 3. Growth in the Linear Economy – Resource unit extraction per unit of time.






To illustrate the connection between growing resource consumption and the accelerated depletion of finite supplies, we return to the example of global crude oil production (see Systemic Conflict 1). Since the beginning of the industrial oil age, annual consumption has continuously increased, with demand requiring ever larger quantities. Over the last 20 years, the average annual growth rate has been approximately 1%; for example, about 3.7 billion tonnes were extracted in 2003, and 20 years later, in 2023, approximately 4.5 billion tonnes.51


Through human activity, 20% of the total amount of crude oil (approx. 222.7 billion tonnes36) has already been extracted and consumed, meaning a remaining amount of approx. 876 billion tonnes exists. However, it must be considered that not the entire supply of global oil quantities can be extracted from an economic perspective (35–60% per deposit) (see Systemic Conflict 2). This holds true even as extraction methods are steadily improved and a rising oil price increases the profitability of many already “depleted” sources.52 Calculations using these data result in a remaining quantity of oil of about 162–437 billion tonnes. At current consumption levels (2023), this amount would likely last for about 36–97 years, i.e., until approximately 2059–2120. Furthermore, this calculation is based on zero growth. If we apply an annual growth rate of 1%, the window of time shortens to 31–68 years, thus until 2054–2091 – a 14 to 30% faster depletion. However, this observation is only a snapshot. It projects the status quo into the future and ignores or cannot account for future technological and economic developments, making the values subject to significant uncertainty and heavily dependent on the availability of data.53


It is important to note that the end of the oil age is expected to occur much earlier, long before the last drop of oil is extracted. It is likely that developments will change fundamentally as soon as Peak Oil (the alltime production maximum, the tipping point) is reached, at which global oil production reaches its peak and thereafter inevitably declines. There are differing views on whether Peak Oil has already been reached and passed or when it might occur.XXVII,54 There is also a wide range of possible time points that have been calculated for Peak Oil. This variability also results from the static approach and the differing data bases.


This turning point will have far-reaching effects on energy supply, chemical production, material manufacturing, the economy, and geopolitical relations.XXVIII With the decline in oil supply and a steady or rising demand, the price of oil is likely to rise significantly. In addition to the shortage of supply, the price increase could be further accelerated by higher extraction costs, as the development of new deposits becomes increasingly expensive (Peak Oil theory or Peak Demand theory).55 On the other hand, the oil price could also fall due to a reduction in demand resulting from a systemic shift in raw material sources.


Regardless of the exact timing of the turning point, it is certain that the amount of available crude oil is continuously decreasing and an end to the oil age is foreseeable. The only question remains when this point will be reached or whether the final phase has perhaps already begun.56


In light of these fundamental systemic conflicts that characterize the linear resource flow in a finite world, it becomes clear that a continuation of the current economic model cannot be sustainable, but is, by definition, unsustainable. A collapse of the Linear Economy does not necessarily imply an abrupt or apocalyptic end, but rather describes a profound systemic crisis that develops gradually and incrementally. The decisive question, therefore, is not if, but when and how the transformation to a more future-proof system – one that respects planetary boundaries – will take place.


If the mechanics of unsustainability are so obvious – why do we continue to cling to them?





I This statement refers primarily to consumption patterns in wealthy industrial societies.


II In this context, the term “worthless” refers to the lack of usability within the linear economic system.


III A Systemic Conflict arises when a system makes demands that cannot be permanently fulfilled due to external or internal limits. This is a conflict resulting from the structure, the design of the system, the systemic logic, or the systemic conditions themselves.


IV For Systemic Conflict 1, we are considering only the input side from the environment here, without taking internal recirculations, such as recycling, into account.


V Further examples: fossil resources (non-renewable): natural gas, coal; mineral resources (nonrenewable): metals; biological resources (regenerative, but effectively finite if the rate of extraction > regeneration: e.g., overfishing of the oceans, deforestation of the rainforest).


VI For the following considerations, we use crude oil as a representative of fossil resources.


VII Crude oil is a complex mixture of several hundred different liquid and viscous hydrocarbons (hydro-carbons = compounds of carbon (C) and hydrogen (H)) formed by biological and geological processes, collectively referred to as crude oil.


VIII The oil age: approx. 1850s to 2023.


IX These values are likely not adjusted for the proportion of oil required for products intended for export, which should technically be credited to the importer rather than the producer.


X The comparison countries selected here serve for illustration and do not reflect the entire global consumption spectrum. Values for countries with significantly lower per capita consumption, particularly in the Global South and Low- and Middle-Income Countries (United Nations classification), are often many times lower.


XI Ecological impacts are excluded at this point and will be addressed at a later stage.


XII Absolute fineness means that a resource exists on Earth only in a fixed, limited total quantity. Relative fineness describes the availability of this resource within a certain period or under certain conditions. It can vary depending on technical, economic, or political factors, but is always capped by absolute fineness and thus represents a subset of it.


XIII This is merely a didactic example for illustration.


XIV Gold is used, for example, in electronics and microelectronics, medicine and dentistry, aerospace, as well as in optics and nanotechnology. Production volume: approx. 3,660 tonnes in 2024.


XV Indium is used, for example, in photovoltaics, in displays and touchscreens, and in semiconductor technology. Production volume: approx. 1,080 tonnes in 2024.


XVI Zinc is used, for example, in corrosion protection, in alloys, in batteries, and in the chemical and pharmaceutical industries. Production volume: approx. 13.5 million tonnes in 2024.


XVII This applies within the context of the current economic viability and profitability of extraction processes.


XVIII Rare Earths are a group of 17 metals (scandium, yttrium, lanthanum, cerium, praseodymium, neodymium, promethium, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium) required for their properties in numerous technologies, such as magnets, solar power systems, and computers. Production volume: approx. 390,000 tonnes in 2024. China’s share: approx. 270,000 tonnes (approx. 70%).


XIX The assessment of security of supply is formulated here from the perspective of importing countries.


XX Manganese nodules are small, spherical mineral deposits on the ocean floor, primarily composed of the chemical elements manganese and iron, and further containing economically important metals such as nickel, copper, and cobalt.


XXI This statement pertains to the material aspect of the economic system. Furthermore, it refers to the status quo and does not account for potential future changes or transformations of the system.


XXII In this case, growth pertains to resource extraction. When considering the cumulative quantity of resources extracted, a linear growth pattern emerges.


XXIII Linear growth is a form of growth in which a quantity increases by the same fixed amount over equal time intervals; that is, the rate of increase remains constant and is independent of the quantity’s current value.


XXIV The sum of all units extracted up to the corresponding point in time.


XXV In this case, growth pertains to resource extraction. When examining the cumulative quantity of resources extracted, a quadratic growth pattern emerges. Quadratic growth is a form of growth in which a quantity increases by an escalating amount over equal time intervals; specifically, the increment increases linearly because it relates to the square of the elapsed time.


XXVI Exponential growth is a form of growth in which a quantity multiplies by the same fixed factor over equal time intervals; that is, the increment increases progressively over time because it pertains to the current, already expanded value of the quantity.


XXVII Some estimates point to the 2030s.


XXVIII This assessment refers particularly to economies with a high share of fossil fuels in their energy mix. States with a higher share of renewable energies or less dependence on global raw material markets are affected differently.









CHAPTER 4


The Material Legacy of the Linear Economy


In the previous chapters, we have seen that the central functional principle of the Linear Economy is based on a linear resource flow. This requires a steady supply of raw materials to keep the economic system running. Such a continuous input, however, inevitably implies an output – an outflow of substances out of this economy and back into the environment (see Chapter 2, Figure 1).


This raises a multitude of important questions: How much of this actually flows out of the Linear Economy? What kind of substances are they that leave the system? Where exactly do these substances from the Linear Economy go?


Substances and energy enter the environment from all areas of the Linear Economy – the production sphere, the consumer sphere, and the disposal sphere (Figure 4). These emissions or inputs are distributed among various environmental compartmentsI: the atmosphere, hydrosphere, lithosphere, pedosphereII, and biosphereIII. In this context, the various spheres of the environment act as sinks for the outflows of the Linear Economy.57 In these sinks, substances are either stored permanently or retained temporarily. This depends on the type of substances entered and the physical or chemical processes they undergo, whereby they can also be chemically transformed into other substances.58 It is important to note that the various spheres are interconnected, so that an entry into one compartment can also pass into other areas and be distributed there as well. Frequently, after entering the environment, a phase of dilution or large-scale distribution begins, so that the substances do not remain concentrated in one location.59


Atmosphere: Primarily gaseous substances enter the atmosphere. These include, among others, carbon dioxide, methane, nitrogen oxides, sulfur dioxide, and volatile organic compounds. In 2022, for example, 41.6 gigatonnes of carbon dioxide were transferred from the anthroposphere into the atmosphere – a record value.IV,60 The total amount is composed of approximately 37.5 gigatonnes from the combustion of fossil fuels and about 4.1 gigatonnes from land use and forestry.V,61 Germany’s share of global CO2 emissions in 2023 amounted to 1.4%, which corresponds to 584.6 million tonnes.62,VI Per inhabitant, CO2 emissions were approximately 7.0 tonnes, about +49% above the worldwide average of 4.7 tonnes.63 The German share rises to 10.3 tonnes (+119%) if the production-based emission, which only records emissions within Germany, is expanded to include consumption-based emission.64,VII Consumption-based emission takes imported emissions into account and subtracts exported emissions; this means that if a product was produced abroad but is used by a consumer in Germany, its entire CO2 emission “backpack” must be borne in Germany.


In addition to gaseous substances, solid and liquid particles such as particulate matter, soot, and aerosols are also transferred into the atmosphere.VIII For example, a total of 260,000 tonnes of particulate matter were emitted in 2023.IX These particles are primarily residues from energy production, manufacturing processes, and agriculture.65
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Figure 4. Linear Economy vs. Environmental Compartments.X






Hydrosphere: Primarily liquid and water-soluble substances enter the hydrosphere, i.e., surface waters and groundwater. These include chemicals such as pesticides, herbicides, drug residues, hormones, heavy metals, and organic solvents originating from industry, agriculture, and households. They also include industrial wastewater, oil residues, and excess nutrient compounds such as nitrates and phosphates, which are primarily introduced via agricultural fertilizers and insufficiently treated wastewater. For example, 15% of the area of Germany is considered contaminated with nitrate. Here, the measured nitrate concentration at 25.6% of all investigated groundwater monitoring stations within the EU Nitrate Monitoring NetworkXI averaged 98 mg/L, which is 96% above the applicable threshold.66


Microplastics, generated for instance by tire wear or the degradation of larger plastic items, are also transferred from the anthroposphere into this environmental compartment. They enter water bodies through direct discharge, runoff from land surfaces (e.g., due to rain), or atmospheric deposition. Globally, an estimated 2 million tonnes of microplastics flow into the oceans every year.67


Lithosphere and Pedosphere: In the lithosphere, the Earth’s solid rocky shell, and in the pedosphere, the soil zone, predominantly solid substances are deposited or stored. These include mineral residues, production waste, construction debris, ashesXII, slagsXIII, and various landfill materials.


Biosphere: Numerous substances originating directly or indirectly from the Linear Economy enter the biosphere – the totality of living organisms and their habitats. Due to its strong interconnectedness with the other spheres, many of these substances are introduced into the biosphere and accumulate there, are metabolized in food chains, or indirectly influence living conditions, for example, through the acidification of soils and waters or over-fertilization (eutrophication).68 For instance, microplastics initially located in the soil can reach water bodies through erosion or be ingested by organisms and “metabolized” within the biosphere.69


In addition to material substances, activities within the Linear Economy also generate energetic outflows that propagate through the environment in various ways. These include noise (sound waves) from traffic, machinery, or industrial plants; light emissions from nocturnal lighting; heat in the form of waste heatXIV from power plants and industrial facilities; and radiation released during technical or energetic processes.70


After everything we have described so far, the question arises: How much of the input actually flows out of the Linear Economy?


Answer: Everything that originally entered this economic system from the environment as a raw material ultimately exits again in some form after a certain residence time. The Linear Economy thus resembles a bottomless pit with leaky side walls, constantly taking in new resources only to release them back into the environment after use and transformation. This demonstrates the principle of conservation of massXV: The raw materials introduced into the economic system do not disappear; they are merely transformed and exit again in a modified form after their use – Mass Input = Mass Output.71


This release is subject to the second law of thermodynamics. While the economic system takes in highly concentrated raw materials with low entropy (high order), the matter leaves the system as dispersed emissions with high entropy (high disorder).72 The material legacy of the Linear Economy is thus a physical process of progressive increase in entropy. Since returning these finely dispersed substances to a usable state would require an enormous amount of energy, thermodynamics establishes the factual irreversibility and unsustainability of the linear model.73


This dynamic of a continuous resource throughput can be understood particularly clearly through a class of materials already discussed, which has permeated all areas of life, has become indispensable there, and embodies the principle of the Linear Economy like almost no other: plastics (Figure 5). To make the physical consequences of this system tangible, we use the PET bottle as an example again. It serves here as a didactic model to illustrate the underlying laws. As already shown in Chapter 2, its life path follows the take-make-waste principle.74 In the following, we consider this material again – this time focusing on the material flows that leave the system and enter the environment.


Production/Manufacturing Sphere: The raw material base of plastics consists predominantly of fossil resources. Crude oil and natural gas form the starting materials, which are tapped and further processed in large-scale extraction processes. Extraction occurs both on land and at sea, requiring considerable logistical and technical effort. This includes exploration drilling, extraction plants, processing infrastructure, and pipelines that serve the continuous supply of the petrochemical industry. To provide the necessary process energy for the extraction process, fossil fuels are burned.XVI
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Figure 5. Linear Economy for plastics.






Through this combustion process, the chemical energy stored in the fuels is released and made usable.XVII Simultaneously, carbon dioxide (CO2) and water (H2O) are emitted, crossing the system boundary of the Linear Economy and entering the environment, particularly the atmosphere. However, this is only the first step in a long chain of energy- and emission-intensive processes. In fact, energy is required throughout the entire course of the Linear Economy, from transport and processing to production and the use of the products. As long as this energy consumption is based on fossil resources, CO2 emissions will be released. In addition, other air pollutants are generated during raw material extraction and enter the atmosphere – for example, the associated petroleum gas methaneXVIII, nitrogen oxides, sulfur oxides, and particulate matter. Chemically contaminated wastewater or oil runoff enters the hydrosphere, the lithosphere/pedosphere, and secondarily the biosphere.75 Overall, up to this point, approximately 5% of all CO2 equivalents emitted annually from the combustion of fossil fuels are already transferred into the atmosphere – roughly 1.9 billion tonnes.76,XIX


Subsequently, the crude oil is separated into various components in a refineryXX using thermal processes; these components take different paths in the technosphere and serve as feedstocks for a wide variety of chemical products. In a second step, selected components are further refined to become the basic building blocks (monomersXXI) for plastics. Here, too, the familiar emissions occur: carbon dioxide, carbon monoxide, sulfur oxides, nitrogen oxides, volatile hydrocarbons, dusts, and liquid waste.77


The building blocks are then linked in polymerization plants to form high-molecular-weight compounds.XXII The resulting raw polymerXXIII is usually processed into granulate, which is converted in a further step into semi-finished or finished products using thermoplastic or thermosetting processes.XXIV Production is energy-intensive, requiring temperature and pressure controls as well as the use of numerous auxiliaries and additives, such as plasticizers, stabilizers, flame retardants, or pigments. Outflows also occur during this phase: energy consumption leads to emissions into the atmosphere, industrial wastewater containing residual chemicals or microplastics can enter the hydrosphere, and solid production waste as well as potential chemical inputs enter the lithosphere/pedosphere. The biosphere is indirectly affected via the atmosphere, hydrosphere, and pedosphere.


For our PET example, the following results: To produce one kilogram of PET, approximately two kilograms of crude oil are required. This raw material is contained both as a physical, material component in the end product and is necessary to cover the required energy demand.78,XXV The additionally used crude oil is utilized for energy, resulting in a CO2 footprint of about 3.1–3.2 kilograms for one kilogram of PET product.XXVI Extrapolated to the global production of PET bottles (2024: approx. 26.3 million tonnes), this results in a theoretical value of 81.5–84.2 million tonnes of carbon dioxide.79


Consumer Sphere: During the use phase, substances are released: microplastics enter the hydrosphere and pedosphere through tire wear or fibers from textiles, and reach the atmosphere via wind transport or the outgassing of additives.80 Subsequently, these substances can transfer from there into the biosphere. For example, our PET (polyester) in the form of synthetic sports functional clothing causes the release of 700 to 4,000 (micro-)fibers per gram.81 It is also important to note that, in addition to the direct/primary release of the material, indirect/secondary emissions always occur. Examples of this include transport routes during the usage phase, which lead to additional CO2 emissions and tire wear.


Disposal Sphere: After the end of their service life, plastic products enter downstream recovery and disposal pathways. One portion is sent for thermal treatment, while another portion is landfilled or transferred into other material flows.25 Due to the high durability of most plastics, these materials retain their structural properties over very long periods. Therefore, disposal, incineration, or distribution does not lead to a “disappearance” of the remains, but merely to their spatial and material transformation.82 Additives and fillers added to the plastics during manufacture also generally remain intact. The disposal phase causes outflows into all environmental areas: in landfilling, for example, leaching processesXXVII lead to the release of chemicals into the groundwater (hydrosphere) and methane emissions into the atmosphere. Incineration, on the other hand, generates air pollutants that enter the atmosphere and leaves behind ashes and slags as solid residues for the lithosphere/pedosphere. Furthermore, improper disposal (littering) leads to a direct, uncontrolled entry of macro- and microplastics into the hydrosphere and pedosphere.XXVIII


For our PET example, the following results: The thermal recovery of one kilogram of PET waste produces around 2.3 kg of carbon dioxide, which is emitted into the atmosphere.XXIX Extrapolated to the global


production of PET bottles (2024: approx. 26.3 million tonnes), this results in a theoretical value of approx. 60.5 million tonnes of carbon dioxide.79 In the event of improper disposal, the PET is directly introduced into the corresponding spheres (e.g., hydrosphere, pedosphere).


The analyzed PET example is merely a representative case among many that illustrates the fundamental logic of systemic outflows.


The material legacy of the Linear Economy is thus clear: the raw materials introduced into this economic system do not disappear, but exit again in a modified form – Mass Input = Mass Output. This confirms the image of an economic model that, like a bottomless pit, constantly takes in resources but does not retain them. The central realization is the gigantic (uncontrollable) dimension of this output – for example, the annual gigatonnes of carbon dioxide – which floods natural sinks.83 This raises two central questions: What impact do these uncontrolled, massive inputs of pollutants, nutrient compounds, and waste heat have on the complex ecosystems that constitute our foundations of life? And the fundamental question that challenges the system in its entirety: Why does the Linear Economy remain structurally stable in the face of these obvious material and energetic outflows that undermine its own foundation?





I A compartment is a delimited or defined area within a higher-level system (here, the environment) characterized by specific properties or functions and interacting with other compartments.


II The pedosphere (Greek: pédo = soil and sphaira = sphere) is the area of the Earth’s surface that comprises the soil, in both its animate and inanimate forms. It represents an interface between the atmosphere, hydrosphere, lithosphere, and biosphere.


III For the following considerations, the anthroposphere is defined as the internal world, while the external world is formed by the environment with its aforementioned compartments. Emission is the release of substances or energy from a source, e.g., the anthroposphere. Input (or entry) describes the arrival and uptake of these into a compartment.
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