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1 Introduction

Alexander Zahar and Leonie Reins


1.1 Aim of this book

The justification for this book starts with climate change. The problem of climate change has been steadily worsening. Thirty years after the United Nations Framework Convention on Climate Change (UNFCCC) was signed, only a few countries have substantially improved their practices. Most have not. Many plan to emit more greenhouse gases per year in the next decade (or decades) than they have in the past.1 Collective emissions continue to rise. Yet, in the official literature of the community of states, there is still hope. Despite critical deadlines being declared and missed,2 it would seem it is never too late to solve the problem of climate change.

This apparent paradox – of a problem constantly worsening while remaining solvable – avoids becoming an actual paradox because of a conviction that technologies exist that will solve the problem of climate change eventually.3 As time passes, more and more of the solution relies on these technologies intervening and less and less of it on the adoption of climate-friendly lifestyles, such as energy saving, reduced travel, plant-based diets and avoidance of products linked with deforestation. The prevailing attitude seems to be that, while pricing of greenhouse gas emissions (in the few places where pricing is practised) may encourage some lifestyle change, we can keep doing almost everything we are used to doing, and even more of it, because houses will be powered by wind and solar, transport will be electrified, and in the background there will be an army of contraptions working to offset or capture past emissions or reduce the impact of solar radiation on Earth.4 Such is the confidence of states in a technological solution which installs technology around us without demanding any significant behavioural change that dozens of states have announced net-zero targets for 2050, 2060 or 2070, or for unspecified dates in the second half of the century.5 Vague and incomplete though these pledges are,6 each of them presumes that an unprecedented technological transition will become a reality.

As the critical warming threshold of 2 °C approaches,7 the technological toolbox that will power the transition away from fossil fuels is not becoming larger. It has remained unchanged or is becoming smaller,8 because the narrative of the realistically achievable has been given priority, as time runs out, over that of the merely promising or possible.9 The technologies of the future that we now count on number about a dozen: enhanced energy efficiency, scaled-up renewables (modern bioenergy,10 solar photovoltaics (PV), wind power, hydropower, biofuels and geothermal energy), electrification to replace most direct fuel uses, extensive battery storage, and more nuclear power and natural sinks (forests), as well as the novelties of hydrogen fuels, negative-emission technologies (NETs) including carbon-dioxide removal (CDR), and carbon capture and storage (CCS). The extent to which these novelties can actively be relied upon to function at scale is currently unknown.11 Some fossil-fuel technologies will need to be retained at a much-reduced scale – natural gas for flexibility in power generation, coal for iron and steel production, oil for aviation and shipping – and some albedo-modification techniques, such as stratospheric aerosol injection will need to be readied commercially as a backup plan, in case the aggregate of other efforts proves insufficient.12 At a regional scale, for example at the EU level, the key technology set reduces to about eight types.13 At a state level it can be reduced to five or fewer, depending on each state’s resource endowment.14

We are becoming increasingly dependent for a solution on this fixed or diminishing set of tried or known technologies, which means that the scale and speed of their deployment increases with every business-as-usual-emissions day that goes by.15 This was never so clearly stated as at the 28th United Nations Climate Change Conference (COP 28), in 2023:


The Conference of the Parties … recognizes the need for deep, rapid and sustained reductions in greenhouse gas emissions in line with 1.5°C pathways and calls on Parties to contribute to the following global efforts, in a nationally determined manner, taking into account the Paris Agreement and their different national circumstances, pathways and approaches:


	(a) Tripling renewable energy capacity globally and doubling the global average annual rate of energy efficiency improvements by 2030;

	(b)Accelerating efforts towards the phase-down of unabated coal power;

	(c)Accelerating efforts globally towards net zero emission energy systems, utilizing zero- and low-carbon fuels well before or by around mid-century;

	(d)Transitioning away from fossil fuels in energy systems, in a just, orderly and equitable manner, accelerating action in this critical decade, so as to achieve net zero by 2050 in keeping with the science;

	(e)Accelerating zero- and low-emission technologies, including, inter alia, renewables, nuclear, abatement and removal technologies such as carbon capture and utilization and storage, particularly in hard-to-abate sectors, and low-carbon hydrogen production;

	(f)Accelerating and substantially reducing non-carbon-dioxide emissions globally, including in particular methane emissions by 2030;

	(g)Accelerating the reduction of emissions from road transport on a range of pathways, including through development of infrastructure and rapid deployment of zero-and low-emission vehicles;

	(h)Phasing out inefficient fossil fuel subsidies that do not address energy poverty or just transitions, as soon as possible.



This decision to ‘transition away’ from fossil fuels affirms the need to ramp up alternatives rapidly. Simon Stiell, the UNFCCC Executive Secretary, in his closing speech to COP 28, referred to this decision as ‘the beginning of the end’ of the fossil-fuel era and appealed to ‘all governments and businesses … to turn these pledges into real-economy outcomes, without delay’.16 The terms that stand out in the decision are ‘accelerating’, ‘doubling’, ‘tripling’, ‘by 2030’.

The two concepts – of scale and speed – are inseparable: ‘speed at scale’ is the more accurate expression.

Such other expressions as ‘scaled up rapidly’ and ‘ramped up significantly in the next decade’ colour the climate technology literature. Here is a quantitative illustration of speed at scale under a modestly ambitious mitigation scenario (the SDS scenario, with net-zero carbon dioxide (CO2) emissions by 2070):


By 2070, about 90% of all the CO2 emitted globally in cement and around 75% in chemicals and iron and steel is captured. For this to happen, an average of almost 40 cement plants, over 15 chemicals plants and over 10 steel plants operating with CO2 capture need to be built every single year through to 2070.17


The more low-key the technology, the more mind-boggling the quantity over time.18 Speed at scale affects the shuttering of the old as much as the rolling out of the new. Under an ambitious, 1.5 °C, mitigation scenario, and given that there is not enough time to scale up CCS by 2030, ‘The majority of emissions reductions [needed by 2030] from coal-fired power plants … comes from reducing operations and closing facilities’,19 risking ‘large job losses in coal mining and coal-fired power plants’.20 For the same scenario, the average annual increase in global renewable electricity generation is around 1,100 TWh from 2019 through to 2030; for reference, the largest ever single-year increase so far has been about 440 TWh – in 2018.21

The future will, we now know officially, courtesy of COP 28, be oriented toward deploying and maintaining this specific set of technologies.22 ‘The pathways indicate that the energy transformations need to be initiated without delay, gain momentum rapidly, and be sustained for decades.’23 Their fundamental and unprecedented purpose will be ‘climate control’.24 When the Biden Administration announced its 2030 mitigation target, in April 2021, learned commentary instantly hit upon its main challenge: the carrying out of a technological overhaul of the United States at breakneck speed.25 Precisely what will have to give way from the point of view of settled law and values to allow for the speed at scale of this never-before-seen technological rescue is debatable. The logic of speed at scale fixes our interest in this transformation and supplies the core rationale for this book.

Our aim is to systematically review the legal issues that arise from these premises. The essays in this book sharpen up the issues, often presenting them as clashing positions, inviting the reader to decide them. Some of the issues are broadly known because they are already being debated in public policy. For example, the desirability of, and conditions of experimentation with, albedo-modification techniques are questions that are currently generating controversy.26 Any suggested use of genetic modification as a mitigation technology is also guaranteed to give rise to starkly opposing views.27 Assisted migration of species as an adaptation technology, or gene editing for adaptation (‘assisted evolution’) with or without assisted migration, are increasingly debated in public fora.28 However, most of the topics discussed in this book have not (yet) been popularized, or even examined much by scholars, and may thus be considered ‘new’ – and ripe for further development. Their connection with technology makes them important, because a technological revolution to rival the Industrial Revolution is inevitable for the purposes of climate control – as affirmed at COP 28. But they are also important for a more subtle reason.

A body of climate law has emerged at the international level, assembled from elements of treaty and customary law. Scholars have made efforts to strengthen it and fill in its gaps, but the result still does not amount to very much.29 How could it, when the states are so divided about who is obliged to do what about a problem that is both expensive to fix and collective and intergenerational? At the domestic level, only a few countries outside the EU could claim to have developed a substantial body of climate law. The chapters in this book show that climate law can also be conceptualized in contrast with existing law, which, being for the most part not climate law,30 will need to change in ways that will allow for more ambitious action to be taken to keep global warming under control. Much of the climate law to come will need to inhabit a space that is now occupied by other law.31

While this observation acknowledges that climate law is a future body of law, rather poorly developed at present, it also acknowledges climate law’s ongoing development as a subdiscipline of law, despite its current sketchiness. It is unfortunate, indeed, that the term ‘Law and Technology’ has become almost synonymous with a branch of intellectual property law (‘Law and Information Technology’). This book demonstrates that the term stands for a much richer set of issues, containing the key for the emergence of a disciplinary identity for climate law.

Another service of this book is to indicate areas of legal research that will become important. As noted earlier, there is the question of what to do with existing law, which tends to prevent or limit certain technological deployments. ‘New technologies create novel issues that press at the extremes of the established laws.’32 There is also the question of how technological deployments, when not constrained by existing law, should be incentivized in order that they be scaled up globally at speed; there is the related question of opportunity costs, as incentivization is almost synonymous with subsidization, and subsidies mean that money is taken away from one area and put into another, causing resentment and resistance; there is the question of which laws will need to be changed to accommodate the expansion of climate-friendly technologies and with what potential effect on such values as equity or human rights; and there is the question, introduced earlier, of whether such deployments will, themselves, soon need to be regulated, not only due to their potential negative impacts but also because the need to control global warming (climate control) implies international coordination.

At the domestic level, there are indeed many questions to be answered. In a world successful in deploying the critical set of technologies at adequate scale and speed for stabilization at below 2 °C (not to mention 1.5 °C), each country will be contributing a different mix. To some extent, it is already known what a given country can or cannot contribute. Australia can contribute wind and PV but (physically) not hydro, for example. It can move away from energy-related CO2 but (economically) not from husbandry-related methane. It can deploy CCS but (politically) not nuclear power, although it is being discussed. The current domestic laws – but also their supporting policies, mindsets and cultures – that stand in the way of such deployments need to be understood and debated in advance.

At the international level, multilateral environmental agreements, trade and intellectual property treaties, and treaties protecting human rights, among other types of agreement, will present barriers for climate control at below 2 °C achieved and maintained through massively scaled-up mitigation and adaptation technologies. For example, the rapid transition to new forms of energy, and the abandonment of old forms, will disadvantage people throughout the world and will impact on traditional ways of life (including, possibly, methane-intensive rice cultivation and cattle raising) regarded as cultural heritage. Of some concern also is that the international order, weakened as it currently is by multiple armed conflicts, will break down under the strain of a revolution about the control of greenhouse gases, a revolution few are excited about but nevertheless necessary.

It is clear from the foregoing that the completion of the climate/energy transition, its precise form, and its cost are all very much up in the air at the time of writing. However, it is also clear that the seemingly transitory decisions about law and climate technology that are being made today will preordain the course and outcome of this transition. It is best, therefore, to try to make those decisions in full knowledge of the facts and in full awareness of the ideological currents that carry them. This is the aim uniting the 19 chapters that form the core of this book.


1.2 Chapter overview

This book is divided into two parts. Part 1 is dedicated to the discussion of individual climate technologies and related (regulatory) perspectives and challenges. Part 2 deals with the broader normative context in the Anthropocene in which these technologies are embedded.


1.2.1 Climate technologies

In Chapter 2, Floor Fleurke and Phillip Paiement study the interplay between energy, conservation and law. The specific question that animates their chapter is whether renewable-energy technologies are compatible with the conservation of biodiversity. The governments of the United States and the EU have pushed policy packages that have ramped up the production of renewable energy as their chief purpose. Those packages would result in infrastructural transformations of a kind not seen in two generations. The various trade-offs between the construction of facilities for renewable energy and conservation have been documented extensively in the literature. Fleurke and Paiement review those trade-offs within the frameworks of energy and environmental law, which have distinct regulatory toolkits and orientations. The chapter seeks to show how the trade-offs are struck within the US Green New Deal and the EU Green Deal. The analysis reveals that, on the whole, the two packages mostly advance an energy-first principle. The conclusion is that conservation will be compromised in the course of the forthcoming rapid expansion of renewable-energy capacity.

In Chapter 3, Alexander Zahar investigates dam-building for climate change mitigation. Hydropower expansion is an active mitigation policy in many countries, with dam-building programmes of often unprecedented size adumbrated in Nationally Determined Contributions (NDCs) under the Paris Agreement or in associated instruments under the UNFCCC. In most cases it is unclear how well thought out these plans are, including in relation to their expected mitigation benefits. The incorporation of hydropower into NDCs may have the effect of both legitimizing hydropower as a leading mitigation technology and bestowing an appearance of greater ambition in NDCs in light of the technology’s supposedly gargantuan mitigation potential. But an ambitious-looking NDC, no matter how well-intentioned, is not an end in itself, despite the emphasis currently placed on ramping up ambition in NDCs. One must also ask what are the side-effects of an NDC’s mitigation plans, as well as how realistic they are. This is especially pertinent for NDCs with a significant hydropower component. This chapter argues that the paradigm-shifting mitigation gains from hydropower’s expansion promised in the early rounds of NDCs are unlikely to materialize, due to the financial and environmental uncertainties of hydropower and the disadvantage faced by technologies with long lead times.

In Chapter 4, Kaisa Huhta explores the nuclear debate from the vantage point of EU law. Nuclear reactors enable the low-carbon production of electricity, but their eschatological connotations continue to divide public opinion. Huhta is agnostic on the arguments for and against nuclear energy. She seeks neither to discredit one side nor to support another, and she takes no legal, social or economic – let alone personal – stand on any specific viewpoint. Instead, she reviews the facts relevant to the technology and uses the EU as a case study to show how a sensitive and politically charged debate has imprinted itself on the law and the legal governance of the transition to low-carbon energy.

Chapter 5, by Seita Vesa, discusses critical raw materials (CRMs). In a zero-carbon world, materials such as nickel, lithium and cobalt, which are used in batteries, would become as critical as oil and gas are in our fossil-fuel-dependent world. The global race for these new critical materials is becoming much more frantic as governments accelerate their pursuit of a net-zero future. It is widely thought that the evolving circular economy will satisfy demand for materials; however, in reality, supplies will still have to come from primary mining. The extraction and processing of critical materials in this fashion are associated with innumerable environmental and human-rights concerns. The emerging governance around CRMs showcases the tense connection between the demand for rapid production and deployment, on the one hand, and the difficulty of sustainably managing limited resources, on the other. That tension raises several legal questions, which Vesa examines in detail. In the final analysis, it emerges that the most pressing issue for lawyers is that of finding holistic solutions.

Ruven Fleming and Kelsey Pailman examine the legal implications of the deployment of hydrogen at speed and scale in Chapter 6. They start from the perspective that since the 1970s there has been a constant stream of news that hydrogen will be ‘the new thing in energy’. Even though these ambitions have not materialized, the authors argue that two factors are different in the current debate: first, governments seem to have understood that green hydrogen can be a tool to ‘green’ the industrial sector; second, they are willing to invest in the technology. Fleming and Pailman look at the case for hydrogen, particularly in the EU, and discuss the potential tension between rapid technological expansion and the law’s general tendency of making normative compromises. Three central regulatory ‘battlegrounds’ for hydrogen are used to illustrate their points.

In Chapter 7, Mirta Alessandrini and Josephine van Zeben examine the regulation of genetically modified organisms. Typically, debates in this domain revolve around the perceived trade-off between the safety of using such organisms and the sustainability of the food supply. Alessandrini and van Zeben adopt a legal perspective on the various genetic-engineering and gene-editing techniques around which these debates revolve. They delve into the intricacies of the legal definition of genetically modified organisms, the optimal level of precaution, and the functions that genetically modified organisms can discharge in improving food security and sustainability.

Closely related to the previous topic, Chapter 8 concerns cultured meat and dairy. Here, technology is expected to induce a profound transformation in agriculture. As Jonathan Verschuuren explains, growing meat and dairy in labs can eliminate greenhouse gas emissions in one fell swoop while also mitigating nitrogen and phosphate overload and transforming landscapes by freeing up space currently taken up by pastures and cattle-feed crops. Law can smooth this transition. Verschuuren contemplates three (related) regulatory interventions: measures that constrict the production of and curb demand for conventional meat and dairy; measures that stimulate the large-scale retail and consumption of cultured meat and dairy; and regulations that guarantee the safety, fairness and sustainability of these new products.

The next two chapters are on the regulation of geoengineering. In Chapter 9, Gareth Davies suggests that the ideological commitments of an epistemic community of climate change experts may be causing them to overlook the promise of geoengineering. There is tentative evidence for the proposition that climate change may be managed effectively through geoengineering, but more research is needed to determine its effectiveness and safety. However, many climate change experts are hostile to the idea. A significant proportion of those experts is also opposed to the conduct of further research. This tendency may appear bizarre in light of the urgency of the climate crisis. Davies explores the origins of resistance to geoengineering, a movement that has always emphasized moral-hazard arguments. He shows that those arguments are often put forth without any reference to the underlying evidence, and he draws an analogy with the treatment of lifestyle-caused diseases, which are commonly approached in an equally dogmatic manner. He also argues that the path-dependent self-interest of certain expert communities may explain their hostility to geoengineering more convincingly than policy arguments or evidence.

In Chapter 10, four authors – Manon Simon, Kerryn Brent, Jeffrey McGee and Jan McDonald – argue that research on technologies for the management of solar radiation should intensify in view of the fact that the risks that those technologies entail can be managed. CDR has been mooted as a means of meeting shortfalls in state-set targets. However, many removal techniques are not yet fully developed, and their effectiveness at scale remains unproven. Earth’s albedo can be altered to reflect some solar radiation away from the planet. Stratospheric aerosol injection is one technique for achieving this result; another is to thin cirrus clouds in order to enable additional heat energy to escape the atmosphere. The two proposals are often called ‘solar radiation management’, or ‘SRM’. SRM is not free of controversy – for instance, stratospheric aerosol injections can damage parts of the planet that no nation controls, such as the ozone layer, and the availability of SRM might dampen politicians’ incentives to reduce emissions at source. Unilateral or minilateral actions initiating SRM could aggravate geopolitical conflicts. The authors, after elaborating on these concerns, contend that the technology should nevertheless be developed, up to the point at which its deployment becomes feasible – because only then will decision-makers grasp its full value and be in a position to compare it with the harm it can inflict. In this chapter’s view, the most acute risk at present is that an SRM programme will be initiated without its consequences being fully understood and without appropriate governance mechanisms.

The capture, use and storage of carbon have been particularly prominent in climate change discourse in recent years, and they supply the topic of the next two chapters. In Chapter 11, Hao Zhang compares the extent to which robust legal measures can promote carbon capture, use and storage in the EU and China. Technologies of this kind provide a glimmer of hope to those anxious about the attainability of carbon-neutrality goals, especially in industries such as power generation, petrochemicals, steel and cement production. Zhang’s chapter is about the legal and regulatory obstructions to the progress of capture-use-and-storage projects. These have to do with matters such as site characterization, leaks, operator liability and the cross-border transport and sequestration of CO2. Zhang introduces the issues as they manifest in the EU and China before teasing out their implications for climate law and technology in the Anthropocene.

Bettina Lange (Chapter 12) examines the economic evidence for the cost-effectiveness of carbon capture, use and storage (CCUS). These technologies require significant outlays of financial resources. Should states intervene in private business activity, not just to subsidize research and CCUS pilot plants, but also their commercial application? This question forms part of a lively debate in a number of jurisdictions. Lange focuses on the UK. The first two parts of the UK Energy Act 2023 are meant to promote the deployment of CCUS at speed and scale. The chapter examines arguments for and against this economic regulatory framework. Building on science and technology studies, Lange argues that this framework is a ‘boundary object’ around which the limited economic evidence about CCUS may be arranged and by virtue of which actors with divergent interests would be able to coordinate their plans for the technology. Thus, even though the economic data remain ambiguous, the UK Energy Act creates law that is capable of reflecting the links between science and policy.

Chapter 13 is on nature-based climate solutions and the rights of nature. Felicity Deane and Justine Bell-James argue that nature-based solutions, which are centred on the active nurturing of particular ecosystem functions, can be double edged. Human interventions that have the narrow objective of supporting carbon sequestration can affect biodiversity in unexpected ways that are misaligned with the rights-of-nature paradigm. The authors, while not minimizing this problem, contend that the benefits of human ‘use’ can be balanced against the intrinsic value of the environment. Given how pressing the climate crisis is, deploying a wide range of solutions is vital. Finding a balanced means of implementing nature-based solutions should, therefore, be a matter of priority for policy-makers and scholars.

Chapter 14, by Daria Shapovalova, wraps up the discussion of individual climate technologies. Shapovalova discusses the rationale behind, and the legality of, restrictions on the production, sale and use of coal. As this is the fossil fuel that releases the most CO2 per unit of energy through its combustion, coal is usually at the very top of the phase-out agenda. Most experts are of the view that coal use should fall dramatically soon, and that, in the long term, it should only be permitted when appropriate carbon-capture technologies are available. At the same time, coal is currently used to meet a quarter of global demand for energy. It has a substantial share in the energy mix, even in advanced economies. Some countries have implemented restrictions. For instance, the United Kingdom has banned the sale of household coal and Germany has passed a law to phase out coal use for energy. However, it is undeniable that a ban on coal, whatever its environmental benefits, could imperil mining communities. Such a ban would also have economy-wide ramifications – coal is a staple source of base-load power and remains the only feasible means of ensuring a secure supply of power in some areas. A ban could not be imposed on unwilling states, as this would infringe against the long-standing principle that states enjoy untrammelled sovereignty over their natural resources. Shapovalova’s chapter examines existing and potential policies and laws on restrictions of coal use and production, providing a critical outlook in light of concerns about the climate emergency and the need for a just transition.


1.2.2 The broader normative context

Part 2 of the book continues with the broader normative context in which the individual technologies are embedded. It starts with a discussion of the question of whether the owners of carbon-intensive assets should be compensated for the energy transition. In Chapter 15, Ignacio Herrera-Anchustegui and Gunnar S. Eskeland propose a law-and-economics answer to this question. According to them, the security of property rights and contractual entitlements is essential to law. It follows that expropriated owners and those whose pre-existing rights are curbed unilaterally ought to be compensated. However, the state is also free to pursue its policies, provided that it does not discriminate and it complies with the law. From an economic standpoint, secure property rights give owners confidence and are thus conducive to investment and the accumulation of assets. Requiring the government to pay compensation would serve two ends: it would discourage the government from changing its policies abruptly and it would mitigate the damage that expropriations otherwise inflict on investor confidence and the accumulation of assets. Conversely, uncompensated expropriations would sensitize investors to changes in policy and lower the expectation of compensation. Therefore, compensation has both advantages and disadvantages. Much hinges on the notion of the public interest, because, according to the chapter authors, compensation should be due for unduly discriminatory or sudden policies, even if they are otherwise lawful, but not when the government seeks to attain its objectives in an incremental and nondiscriminatory manner.

In Chapter 16, Laura Kaschny examines the intersection of climate mitigation and energy justice. Her view is that the notion of ‘energy justice’ can, if it is adopted as a guiding principle, ensure that the costs and the benefits of the transition are distributed equitably. The same principle can also serve as a foundation for representative and inclusive decision-making in the energy sector. Kaschny explores the meaning of energy justice in the Anthropocene and evaluates its role in the implementation of the substantial climate-mitigation measures that are now required. Her analysis of energy justice as a guiding principle points to a comprehensive approach to the economic transformation that should yield fairer and more democratic legislation and jurisprudence. At the same time, Kaschny shows how the trade-offs that inhere in the notion of energy justice can restrict its efficacy as a principle and, potentially, produce injustice.

Chapter 17 is a treatment of intellectual property and climate change in the Anthropocene, by Matthew Rimmer. Rimmer positions the debate about intellectual property, innovation policy and climate change within the fields of geopolitics and international relations. The tension between the intellectual property regime and climate change may be traced to the development of the UNFCCC. Traditionally, developed nations have found common cause with industry in lobbying for the robust protection and strict enforcement of intellectual property rights. Conversely, the BRICS/BASIC group, has called for more rapid and expansive transfers of technology. The developing countries that form the Group of 77 have likewise voiced their concern about slow progress on climate finance and have sought further concessions on intellectual property. Small island states, least developed countries, nations vulnerable to climate change, and climate justice activists have all called for clean technologies to be treated as global public goods, to be subjected to the same regulatory treatment as other commons. Rimmer enquires whether the procedural and substantive deadlocks that previously typified the interplay between intellectual property and climate change were overcome at the climate change summits at COP 26, COP 27 and COP 28, and whether a new consensus has emerged. The chapter also scrutinizes UN Secretary-General António Guterres’ call for renewable-energy technologies to be treated as global public goods and thus exempted from the strictures of the intellectual property regime.

Chapter 18, by Kateryna Holzer and Yulia Yamineva, is about climate technology and international trade law. As noted previously, the Paris Agreement implicitly calls for a technological revolution. International trade law must accommodate the need to deploy and diffuse climate technologies. Holzer and Yamineva begin with a brief description of the race for industrial-decarbonization subsidies in the major economies. Thereafter, they enquire whether the rules of the World Trade Organization on subsidies, non-discrimination and intellectual property rights enable climate technologies to be promoted effectively. The possibility of accelerating the diffusion of such technologies by eliminating tariff and non-tariff trade barriers for environmental goods and services is also discussed, as are various means of leveraging synergies between the international climate and trade regimes.

In Chapter 19, Alberto Quintavalla and Leonie Reins seek to determine whether the architecture of international climate and environmental law can accommodate the particularities of climate-related technologies. Accordingly, they evaluate four initiatives that are directed at improving this accommodation, namely the Earth Charter, the Global Pact for the Environment, Earth System Law and the proposal for a Framework Convention for the Regulation of New Technologies. It transpires that most of these efforts overlook climate-related technologies; only the Paris Agreement is exempt from this tendency. Consequently, that Agreement may be said to contain foundational principles for the regulatory treatment of climate-related technology. However, its full potential is yet to be harnessed, partially because international climate and environmental law continues to revolve around the principle of state sovereignty.

In Chapter 20, Morag Goodwin adumbrates an approach to technology transfer that goes beyond development. Decolonization and a departure from the development paradigm are both necessary if climate change is to be addressed. Even if it is accepted that technological development will suffice to attain that end, a functioning technology-transfer regime would be indispensable for the adaptation-and-mitigation effort. The development paradigm is among the principal mechanisms that structure international relations. The manner in which development is conceptualized and implemented as a regulatory practice, therefore, determines how obligations and duties are understood, both among individual states and in the dialogue between the Global North and the Global South. Consequently, development conditions the operation of technology-sharing obligations.


1.3 Conclusion

It would be difficult to downplay the great variety of themes that this volume explores – we are asking the reader to think of the coal in the ground, the ozone in the stratosphere, and almost everything that stands between them. The reasons for doing so should be obvious from the short synopses in the preceding section. There is no one-size-fits-all solution to climate change; the dramas of the Anthropocene are about the specific, not about the general. Furthermore, nearly all of the debates that the authors cover eventually harden into strict dilemmas. For the climate transition to unfold at the speed and scale that our times require, policy makers will soon have to make decisions that their predecessors chose to postpone. Our hope in preparing this volume is that they will take stock of the many original ideas that run through the following pages.
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PART 1 Climate Technologies





2 Are Renewable Energy Technologies Compatible with Biodiversity Conservation? The Energy–Conservation Legal Nexus

Floor Fleurke and Phillip Paiement


2.1 Introduction

In an effort to mitigate the harmful consequences of a changing climate, states around the world are engaged in the rapid development and expansion of renewable energy infrastructure, constituting the largest set of infrastructural development projects since the period immediately following the Second World War. While these projects could help ensure the long-term viability of habitats essential for biodiversity conservation, they also pose considerable risks to nature conservation and protection in the immediate term. In this chapter, we review the Green Deal and Green New Deal legislative developments facilitating the rapid expansion of renewable energy (RE) in the European Union (EU) and the United States (US), respectively, in order to assess whether and how they confront and respond to the green-green trade-offs between RE growth and biodiversity conservation. While the EU has been more proactive in constructing a comprehensive framework for tackling these trade-offs, developments in both legal systems show signs of structurally prioritizing RE growth over biodiversity conservation concerns. While there are clear examples of legislative support for win-win outcomes, such as incentivizing RE development in degraded sites or the built environment, the general tenor of these developments is the rise of an ‘energy first’ principle for resolving trade-offs with biodiversity conservation.

In Section 2.2 we review the state of the art on the green-green trade-offs associated with the five most prominent sources of RE: solar, wind, hydropower, bioenergy and geothermal. By identifying the scale of projected development for each type of energy source, according to intergovernmental mitigation pathway studies, and the major conservation risks associated with the development, operation and decommissioning of each type, we seek to provide an overview understanding of the potential impacts that the energy transition poses for biodiversity conservation. Overall, we find that all forms of RE pose substantial threats to conservation, but some are highly problematic (for example, bioenergy), others are relatively unproblematic (geothermal), and all of them are considerably dependent on the particular siting and operational contexts of the specific energy facilities. In Section 2.3, we discuss the divergent frameworks of energy law and environmental law and use them to problematize the RE and conservation trade-offs that arise at their intersection. We compare the market-oriented, enabling logic of energy law focused on the mitigation of long-term climate-related harm with the restrictive logic of environmental law and its focus on protecting species and individual specimens from immediate risks. Finally, in Section 2.4 we assess the main legislative components of the Green Deal and Green New Deal, reviewing how they affect nature-conservation protections in the planning, development and operation of RE facilities. While the EU has developed a comprehensive framework for integrating nature conservation and RE considerations in the development process, the legislative developments of both legal systems are found to largely tilt the scales in favour of ‘energy first’, reducing, streamlining and deprioritizing conservation concerns that may pose obstacles to a rapid energy transition. While some opportunities for win-win outcomes have been incentivized, on the whole the RE/biodiversity conversation trade-off will remain a problematic source of conflict for the coming decades under these legislative frameworks.


2.2 The RE/biodiversity conservation trade-off

The trade-off between the expansion of RE production and biodiversity conservation has been very well studied by environmental scientists through diverse formats of research, including project-specific, energy-specific, regional and global spatial analyses, and other approaches.1 Here, we present general findings that characterize the state of the art pertaining to this trade-off by drawing on the insights from systematic literature reviews on the subjects as well as illustrative case studies. Overall, our review of this literature finds that all sources of RE pose potential risks to biodiversity, but some pose greater risks than others. These risks arise from both the direct and indirect consequences of RE production, which manifest in the construction, operation and decommissioning of RE facilities. Likewise, these risks are often context-dependent, posing risks to biodiversity in particular contexts (for example, proximity to critical habitats) while not in others (degraded land or the built environment). For this reason, general statements about the risks posed by RE production are rather unhelpful law and policy discussions. In this section we present scientific findings about the risks of each of the following five types of RE: solar, wind, hydropower, bioenergy and geothermal. While the following paragraphs outline major trade-offs associated with each RE type, it should be noted that there are diverse opportunities for win-win scenarios in which RE development simultaneously supports biodiversity, suggesting that REs and biodiversity are not categorical trade-offs.2

Solar energy production consists of large- and small-scale photovoltaics (PV), which are the most prominent forms of solar energy production; and concentrated solar power generation, which uses mirrors or lenses to concentrate solar energy in large-scale power stations. As of 2019, solar contributed 4 EJs (exajoules) to the global energy system (of 585 EJ in total), and was projected to rise to as much as 261 EJs per year by 2060 in the most RE-reliant mitigation pathway (IMP-REN-2.0) of the Intergovernmental Panel on Climate Change (IPCC).3 Here, we focus only on biodiversity concerns relating to solar PV, as it is the most common form of solar energy production.4 In general, solar PV production poses the least risk to biodiversity among RE types, mainly because it can be integrated into existing infrastructure (for example, solar panels on buildings).5 However, when facilities are located on previously undeveloped land, solar power poses risks to habitat disruption and fragmentation, as large plots of land are required. In addition, chemical applications commonly used for suppressing plant growth and keeping sunlight unobstructed pose risks of water and soil pollution.6 These risks are minimized when solar PV is developed on degraded lands or on lands with marginal conservation value.7

Wind energy, produced by increasingly large wind turbines, has long been publicly accused of posing a substantial threat to birds.8 In 2019, it produced 5 EJs globally, and the IPCC projects growth to as much as 104 EJs by 2060.9 Many studies have confirmed that birds and bats routinely collide with turbines, resulting in casualties or barotrauma.10 While the habitat loss associated with a wind turbine is relatively minimal due to its small physical footprint, turbines have been found to cause disruptions in migratory pathways.11 Depending on the species involved and the siting context, the construction of a wind-turbine site can be as, or more, disruptive than its subsequent operation.12 Offshore wind turbines pose unique risks to the marine environment, particularly during construction and maintenance periods when there is substantial disruption to surrounding marine habitats.13

Hydropower is produced in a variety of forms, though the most common facilities consist of reservoir-fed dams and run-of-river plants. In addition, tidal power energy generation is expected to expand considerably in coming decades. In 2019, hydropower produced 15 EJs in the global energy system, and the IPCC projects that it could grow to 24 EJs by 2060.14 The construction of reservoir-fed hydropower poses large-scale negative consequences to biodiversity due to habitat destruction and fragmentation, sediment loading, flooding and disruption of natural seasonal water flow and its impacts on aquatic food chains.15 The creation of upstream reservoirs is also known to cause high levels of carbon dioxide and methane as vegetation in flooded areas decomposes.16 The environmental consequences of large-scale hydropower facilities have long been the subject of environmental law, as hydroelectric dams were the first large-scale RE production facilities.17 However, the increasing use of smaller-scale run-of-river facilities is also associated with negative risks for biodiversity, such as their impacts on groundwater aquatic fauna.18 Tidal power generation, a technology that transforms the energy of tidal movements into electricity, also poses consequences for biodiversity, such as sediment loading, salinization and habitat destruction in tidal estuaries, as well as species entrapment risks (for example, of whales and other large aquatic fauna) and sound pollution during construction.19

Bioenergy has perhaps the worst reputation for the risks it poses to biodiversity. It consists of various forms of energy production, including biomass for heating and liquid biofuels for transportation. In 2019, bioenergy contributed 57 EJs to the global energy system. The IPCC projects this to nearly double by 2060 or triple by 2070 under various mitigation pathways.20 Bioenergy can be produced through a wide variety of materials including woodchips, soybeans, oil palm, sugar cane, rice husks, maize, rapeseed, eucalyptus, and miscanthus or switchgrass. Not all bioenergy can be categorized as RE, however, as only that which is derived from circular harvest and regrowth practices will result in a carbon-neutral energy source; without being linked to regrowth, bioenergy still produces a net contribution to greenhouse gas (GHG) emissions as it emits carbon without replacing it in the soil.21 Given the wide variety of production methods, the potential risks posed by this type of RE vary considerably. However, in general, all forms of bioenergy pose significant risks of deforestation and large-scale land-use conversion, including potential indirect deforestation. These land transitions risk habitat destruction and fragmentation.22 Establishment of monoculture plantations for bioenergy production often entails large-scale deforestation and chemical applications (fertilizers, pesticides and insecticides) that risk soil and water pollution.23 A global spatial analysis of RE production sites and areas of biodiversity importance found bioenergy to be the biggest RE threat to biodiversity, with more than half of its potential area of global production being located in top biodiversity areas.24 Other studies have found that the risks posed by bioenergy production are greatest in Southeast Asia and South America, where 45 per cent and 31 per cent, respectively, of existing oil palm plantations are established on lands that were forested in 1989.25 Notably, the land-use transitions associated with oil palm plantations, as well as other crops that serve as biomass sources for bioenergy (such as rice, soybeans, maize, and rapeseed), are the result of compounded increasing demands on these raw commodities for human consumption (vegetables and seed oils) and livestock feed, in addition to their demand for bioenergy production. As such, it is challenging to distinguish which land-use transitions correspond to which demand factors (food, feed, bioenergy). A civil society report on oil palms found that bioenergy accounts for half of oil palm consumption in the EU in 2018, and it is the fastest growing category of consumption since 2013.26

Finally, geothermal energy is produced by capturing subterranean heat and transforming it into electricity. In 2019, it contributed just 1 EJ to the global energy system and is not expected to rise to more than 10 EJ by 2060 according to IPCC mitigation pathways.27 As such, it is the smallest RE type covered in this chapter and also the type with the least projected growth. Given the relatively small size of geothermal facilities, the immediate biodiversity consequences are also limited. The construction and operation of geothermal facilities, including supporting infrastructure (roads, electricity lines) risks habitat destruction and fragmentation and the introduction of invasive species.28 The operation of geothermal energy facilities has also been reported to contribute to local air pollution due to the discharge of subterranean hydrogen sulfide gas and increased heat.29

In summary, all types of RE production are associated with potential risks to biodiversity. At the same time, some offer far more attractive pathways for expansion that have neutral impacts on biodiversity, such as the expansion of solar PV in existing infrastructure, or even positive impacts, such as solar PV or wind turbine facilities that incorporate compensatory habitat conservation of higher conservation value than the site itself.30

The risks posed to biodiversity are complex, location- and technology-dependent, and they arise across all phases of RE development (construction, operation and decommissioning).31 RE facilities can have ‘zones of impact’ on biodiversity that extend well beyond the physical sites of RE production.32 Some scholars have used the variety of biodiversity concerns connected to the expansion of RE as a basis to argue for nuclear energy production to be given a greater role in the decarbonization process, despite the environmental risks posed by nuclear facilities and the long-term storage of nuclear waste.33 Furthermore, this review has not included the impact that mining operations for rare materials – elements that are essential for the electrification of energy systems – will have on biodiversity.34 Overall, the complexity of these potential RE/biodiversity conflicts in the green transition illustrate why existing legal frameworks for environmental impact assessment ought to be further supported through more robust legal frameworks that entrench biodiversity concerns into RE legislation and policy.35


2.3 The nexus of energy law and conservation law

The trade-offs between biodiversity protection and RE development pose a challenge to legal systems in that they arise at the nexus of two legal fields: energy law and environmental law. This nexus is made problematic by the divergent characteristics of these fields, described later. Rather than resolving these trade-offs, the two legal fields often reinforce the conflicting interests caught in the trade-offs. As RE expansion has developed over the course of the previous decades, legislative and administrative actions in the US and EU have sought to harmonize conflicts between the two fields. In the EU, the integration principle enshrined in Article 11 of the Treaty on the Functioning of the EU (TFEU) seeks to harmonize environmental protection with other interests: ‘Environmental protection requirements must be integrated into the definition and implementation of the Union policies and activities, in particular with a view to promoting sustainable development.’ This principle obliges the EU institutions to take stock of environmental objectives when proposing, amending or adopting non-environmental policies, including energy.36 However, literature has showed that the principle has had little effect on the integration of environmental requirements, as EU institutions enjoy a wide margin of discretion in weighing different interests in the context of the objective of ‘sustainable development’.37 The principle has played a modest role in the case law of the EU courts when interpreting EU secondary legislation in fields other than environmental law. A notable case is Preussen Electra, in which the court justified a discriminatory scheme by invoking the integration principle in the context of the objective of promoting the use of RE sources in accordance with international climate change obligations.38 In addition, TFEU Αrticle 194(1), which is the legal basis of EU energy policy, states the need to preserve and improve the environment within the context of that policy.39

Despite these attempts, energy law and environmental law (specifically natural-resources or nature-conservation law) operate as two distinct fields of law, with their own goals, modes of regulation and temporal horizons.40 Energy law is largely oriented to the enabling of energy markets and their associated commodities, working with instruments of market regulation, and – in the context of the energy transition – seeking to protect ecosystems and biodiversity writ large in the long term from the hazardous implications of climate change.41 It is a field focused on national, regional and global scales of production, distribution and consumption of energy. In contrast, environmental law, and particularly its sub-field of nature conservation and biodiversity protection, is a restrictive field of law aimed at prohibiting conduct that creates a risk of harm for rare, threatened or endangered species and their habitats. It is directed in the first instance at the local scale, oriented toward the protection of specific species, communities and their habitats, in the present. To achieve this, it uses tools that slow down or restrain activities, such as environmental impact assessment and activity- and site-licensing/permitting procedures. Furthermore, these two fields of law are overseen by different administrative or legislative entities, such as, in the US, the Fish and Wildlife Service (FWS), located within the Department of the Interior, for environmental law, as opposed to the US Department of Energy and its Federal Energy Regulatory Commission, for energy law, or, in the EU, the Directorate-General Environment versus the Directorate-General Energy.

The distinct forms of functioning of these two legal fields further aggravate the RE and biodiversity trade-offs. For context, it is important to note that the rise of RE amounts to infrastructural development on a scale that most industrialized nations have not experienced since the years immediately following the Second World War, when many modern highway systems were constructed. Thus, it is also one of the largest infrastructural development projects since the rise of modern environmental law. In the US context, Gerrard identifies the potential obstacles that environmental law poses to a rapid development of RE: siting requirements, the National Environmental Policy Act (NEPA), state and local-government approval, and species-protection laws.42 Given the large spatial scale of most commercial RE projects (with the exception of geothermal), many are likely to be located on leased public land. In particular, US federal land (national forests, Bureau of Land Management land, Tribal land managed by the Bureau of Indian Affairs, and so on), offshore areas, and disturbed land (for example, land with contaminated soil) offer attractive sites for RE development while also being subject to extensive procedural requirements related to environmental protection. There is a risk that these obstacles will prevent projects from being developed. For example, the Cape Wind project near Cape Cod underwent nearly a decade of licensing-approval processes at the state and federal levels only to have its approval by the Bureau of Ocean Energy Management ultimately overturned by a federal appeals court decision due to insufficient data on the project’s impact on the seafloor, as required by NEPA.43 Similar experiences have occurred in EU member states, where the permitting process can take up to ten years as a result of substantive and procedural requirements for environmental legal protection.44

In relation to obstacles posed by species-protection law, RE projects in the US must comply with a number of environmental legislative acts, including the Endangered Species Act (ESA),45 the Migratory Bird Treaty Act,46 the Bald and Golden Eagle Protection Act,47 as well as NEPA.48 These obstacles have prevented some development of RE projects, such as a proposed wind farm on an Ohio National Guard base near Lake Erie, which was cancelled after environmental non-governmental organizations challenged the proposed project’s impact on protected bird and bat species. Section 9 of the ESA prohibits the ‘taking’ of any endangered species, intentional or incidental, and this prohibition applies to RE facilities.49 There have been instances when wind-turbine operators have been fined for unintentionally taking golden eagles and migratory birds that are protected under the Migratory Bird Treaty Act and the Bald and Golden Eagle Protection Act.50 To avoid such liabilities, RE facility operators would need to request incidental-take permits from the US Secretary of Interior. These can only be issued on a project-by-project basis rather than as a general exception for RE facilities. As Ruhl poignantly states, ‘Giving wind power such a green pass through administrative reform would violate both the letter and the spirit of the statute.’51 This obstacle offers a stark illustration of the green-green trade-off between a restrictive, short-term and locally focused environmental law and an energy law framework that is enabling, long-term and globally focused and seeks to support the development of RE projects.

With these obstacles in mind, agencies responsible for the implementation of environmental law have taken numerous substantial measures to adapt to the demands of a rapid RE transition. One approach is the use of programmatic environmental impact studies (EIS) for entire regions, which then allow for RE projects within the scope of the programmatic EIS to skip the environmental impact assessment requirement in the licensing process. In 2012, the Bureau of Land Management (BLM) conducted a programmatic EIS for solar energy development in six states in the south-west of the US. The EIS is currently in the process of being updated.52 The California Desert Renewable Energy Conservation Plan, developed in 2015 by a number of state and federal agencies working across energy and environmental law, offers another example of streamlining RE development focused on federal/state coordination. It established a co-management land-use plan for public lands that simplifies RE development while maintaining conservation objectives.53 This kind of streamlining has been said to be necessary to ensure a rapid uptake of RE.54 While the BLM has been a leader among US federal agencies in prioritizing RE interests in its policy making, other federal agencies, such as the FWS and the National Forest Service (NFS), have taken less proactive measures, despite there being evident, actionable measures that would facilitate RE development: creating clear guidelines for the issuance of incidental-take permits for protected species (FWS) and developing programmatic EIS along the lines of the BLM’s Western Solar Plan for public lands managed as national forests (NFS).

Ironically, environmental law has historically offered exemptions to fossil-fuel extraction activities, and these often remain more extensive than those that have been made for RE projects.55 For example, oil and gas wells and pipelines are exempted from some hazardous air-pollution controls established under the US Clean Air Act.56 RE proponents are now looking to environmental law to make comparable accommodations to help fast-track RE development and place it on an even regulatory footing with carbon-based energy. As Ruhl and Salzman write, ‘the Green New Deal needs New Green Laws, or perhaps a New Green Law, that somehow balances the infrastructure deployment goals and timelines with the ideals of environmental protection, distributive justice and public participation’.57

Compared to the US, EU species-protection law has done little to streamline RE projects. The Habitats Directive (HD) requires member states to prohibit the deliberate disturbance and killing of animals belonging to Annex IV species;58 and in accordance with Article 5 of the Birds Directive (BD), member states must prohibit the deliberate disturbance of all wild bird species and their deliberate killing by any method.59 Both Directives are applicable to economic activities, including RE projects.60 The Court of Justice of the European Union has ruled that the prohibitions of HD Article 12 must be applied at the level of individual specimens. It is not limited to showing that a given activity causes a risk of adverse impact on the conservation status of the animal species concerned.61 The term ‘deliberate’ has been interpreted as also encompassing ‘accepting the possibility’ of harm, regardless of intention.62 Concerning the HD, an activity (for example, wind power) that entails deliberate killing or disturbance of one or more Annex IV animals requires an exemption.63 For RE projects, authorities may grant such a derogation in the interests of public health and safety or for other imperative reasons of overriding public interest, including those of a social or economic nature or having beneficial consequences of primary importance for the environment.64 In such a case, there must be no satisfactory alternatives for the disturbing activity, such as alternative sites or operating practices. Lastly, the disturbance caused must not be detrimental to the achievement or maintenance of the population concerned at a favourable conservation status. This safeguard clause is to be applied restrictively, requiring authorities to provide proof based on the best scientific and technical evidence while applying the precautionary principle and refusing the derogation in case of doubt.65 As for the BD, it also allows for derogation for a number of interests, such as public health and safety, although an overriding public interest is not listed as a ground that justifies derogation.

The Directives include a system for the strict protection of sites. The HD requires the designation of Special Areas of Conservation (SACs) for the habitats and species listed in its Annexes I and II, and the BD requires the designation of Special Protection Areas (SPAs) for the species of wild birds listed in its Annex I.66 Article 6(3) of the HD requires member states to carry out an ‘appropriate assessment’ of any plans or projects likely to have a significant effect on SACs established under the HD, or SPAs established under the BD. Therefore, RE projects are subject to an ‘appropriate assessment’ if they pose a risk to the conservation status of the designated site, once again taking into account the precautionary principle.67 Authorities may approve the plan or project only after having ascertained that it will not adversely affect the integrity of the site concerned. However, HD Article 6(4) (which also applies to the BD) offers an escape route that allows for carrying out projects for ‘imperative reasons of overriding public interest’ on the condition that compensatory measures are implemented to ensure the integrity of the designated sites.68 Although this regime of strict protection is diversely implemented in the member states, it is clear that it has a huge impact on the development, authorization and operation of RE projects.69

The accommodations made in the green-green trade-off between energy and environmental law have mostly come from one side of the conflict: environmental law. Authorities charged with the implementation of environmental legislation – air-, water- and soil-quality laws, species and habitat conservation, and so on – have taken measures that seek to overcome this trade-off, or are criticized for failing to do so. In doing so, they have reflected a technology-driven ‘good Anthropocene’ vision of the energy–conservation issue, prioritizing technological solutions in RE production rather than the reduction of energy production in order to remain within key planetary boundaries.70 In the legal scholarship on this issue, there has been little critique of the lack of action on the side of energy law and of the agencies tasked with the implementation of energy law to take measures that would limit green-green trade-offs in RE development and incentivize ‘win-win’ RE projects. We now turn to evaluate recent legislation within the ambit of the US Green New Deal and the EU Green Deal to identify whether and how they seek to prevent green-green trade-offs from manifesting and steer RE development into win-win and low-conservation-conflict scenarios.


2.4 The RE-conservation trade-off in the Green New Deal and Green Deal

Since gaining widespread attention and political support in 2018–19, the Green New Deal and Green Deal policy programmes have impacted the development of numerous new pieces of legislation geared toward tackling climate change, including the social, environmental and economic consequences of the energy transition. In the US context, the most notable federal legislative measures focusing on the energy transition include the Consolidated Appropriations Act of 2021 (including the Energy Act of 2020), the Infrastructure Investment and Jobs Act of 2021, and the Inflation Reduction Act of 2022. In the EU context, the most notable legislative development is the revised Renewable Energy Directive (2018/2001/EU), which includes provisions that simplify permitting processes. Next to this, the Commission has proposed a series of measures in its so-called ‘REPowerEU’ policy as a response to rising energy prices and in order to break the EU’s dependence on Russian fossil fuels. They include a proposal for a targeted amendment of the Renewable Energy Directive, as well as a temporary emergency Regulation, adopted by the Council on 22 December 2022, to tackle the energy-market turmoil and to accelerate the clean energy transition.

In the following, we will present the facets of these pieces of legislation that aim at facilitating an update of RE. We will also evaluate whether and how they seek to address the green-green trade-off between environmental conservation and RE development.


2.4.1 United States

Signed into law on 27 December 2020 by President Trump, the Consolidated Appropriations Act of 2021 included the Energy Act of 2020, proclaimed as a US$35 billion investment into updating US energy policy for the first time in over a decade. It affected issues as diverse as energy storage, carbon capture technology, nuclear energy and grid modernization. Title III, devoted to Renewable Energy and Storage, touches on a number of issues affecting the green-green trade-off discussed here. It instructs the Secretary of Energy to:


	Carry out research aimed at improving the environmental impact of water power, hydropower, marine energy, geothermal, and wind technologies.71

	Prioritize the development of wind-energy projects in ‘economically distressed areas and areas disproportionately impacted by pollution’ and projects that are carried out ‘in collaboration with Tribal energy development organizations, Indian Tribes, Tribal organizations, Native Hawaiian community-based organizations, minority-serving institutions, or territories or freely associated States’.72

	Specifically for solar power, conduct research and development with the aim ‘to reduce and mitigate potential life cycle negative impacts of solar energy technologies on human communities, wildlife and wildlife habitats’.73

	Specifically for solar power, reduce market barriers to the adoption of solar energy which arise from their impacts on ‘local communities, with special consideration given to economically distressed areas, previously disturbed lands such as landfills and former mines, and other areas disproportionately impacted by environmental pollution’ and ‘wildlife and wildlife habitats’.74

	Establish a national ‘Renewable Energy Coordination Office’ to improve coordination in the Federal permit process for RE projects on lands that are not excluded from RE uses under their respective land use plans.75

	Facilitate the co-production of geothermal energy from wells leased for oil and gas production.76


While these are only a few of the many reforms introduced in the 2020 Energy Act, they illustrate a small-yet-growing awareness of the green-green trade-offs posed by the rapid transition to RE. In particular, the Renewable Energy Coordination Office, along with associated requirements to establish national targets for RE development on federal lands (including at least 25 gigawatts of electricity by 2025),77 illustrates how Congress seeks to minimize the procedural burdens that slow down the development of RE projects on federal lands. As the first major legislative push in the Green New Deal era, it exemplifies the growing attention to environmental protection via technological progress and the increasing demand to put federal lands – much of them sites of nature conservation – to use for RE development.

Less than a year later, on 15 November 2021, President Biden signed into law the Infrastructure Investment and Jobs Act (commonly referred to as the Infrastructure Bill) which had featured as a main plank of his electoral campaign and partially served as an economic stimulus in the second year of the COVID-19 pandemic. It constituted a massive federal investment in RE, including US$73 billion allocated to updating the nation’s energy policy and infrastructure as well as more than US$50 billion allocated to public transport and electric vehicles.78

The Infrastructure Investment and Jobs Act introduced a few measures directly pertaining to the conservation/RE trade-off. First, it instructed the Secretary of Energy to assess the viability of RE projects on current and former mine sites.79 Second, it allocated a considerable budget to the Secretary of Energy for funding research and development of RE technologies with, among other goals, an emphasis on improving their environmental impacts: US$106 million for hydropower and marine energy,80 US$84 million for geothermal,81 US$100 million for wind power82 and US$40 million for solar power.83 Through these investments, the Act principally sought to make resources available to better achieve the policy goals established in the earlier Energy Act. Despite a Title devoted to ‘Natural Resources-Related Infrastructure, Wildfire Management, and Ecosystem Restoration’ in the energy portion of the Act (Division D), it offered no further substantive solutions for the RE/conservation trade-off.

On 16 August 2022, President Biden signed into law the Inflation Reduction Act of 2022, proclaimed by some to be ‘the largest bill to address climate change’ in US history and potentially capable of achieving a 42 per cent reduction in emissions by 2050.84 Estimations of the Act’s total spending on energy and climate-related matters range from US$700–900 billion.85 It includes subsidies and tax credits aimed at incentivizing climate-friendly residential heating (for example, heat pumps), clean-electricity production, electric vehicles and clean-hydrogen production.86 Despite the big price tag, the Act offers few substantive changes to the RE/conservation policy trade-off. It allows the Secretary of Energy to lease federal offshore sites on the outer continental shelf for the development of wind power, reversing a previous Presidential Determination instating a ten-year ban on such development, issued by President Trump in 2020, during the final months of his presidency.87 Additionally, it funds the ‘Rural Energy for America Program’, which offers financial assistance to farmers and rural small businesses who seek to develop RE systems.88 It also allocates US$500 million to funding projects aimed at increasing the sale and use of biofuels.89 The Act also increases royalties on various federal land leases for oil and gas production, thereby making RE sources more competitive and reducing indirect federal support for carbon-based energy sources.90

In sum, these three key legislative components of the US Green New Deal exemplify the regulatory mode of energy law insofar as they allocate enormous sums of money to influence the position and development of RE in national and global energy markets. Nonetheless, the RE-conservation trade-offs identified above emerge in myriad ways throughout these legislative initiatives. Notably, the Energy Act began to address one of the key requirements identified by scholars working on this trade-off: the coordination of federal licensing processes for RE projects through the establishment of the Renewable Energy Coordination Office. The utility of this coordination lies in the Office’s actions toward minimizing the obstacles that conservation law poses to RE development. A number of other measures seek to prioritize potential ‘win-win’ RE opportunities in which negative conservation impacts are minimal. These measures include the prioritization and funding for RE projects on polluted lands, landfills, closed mines and closed wells originally built for oil and gas production. Similarly, measures that fund research and development of RE technologies with lesser environmental impacts offer support for future RE development that does not come at the expense of biodiversity conservation. Yet, other measures risk potentially aggravating the RE/conservation trade-off by facilitating or incentivizing RE projects with increased chances of harming protected species or habitats. For example, the re-authorization of leasing federal offshore sites for wind-power development potentially exposes nearby marine habitats as well as marine bird species to risk during construction and operation. Likewise, the Inflation Reduction Act’s US$500 million investment in biofuels is a continuation of federal support for the RE type that poses the greatest global risk to biodiversity.


2.4.2 European Union

The European Green Deal (EGD) establishes the objective of making the EU climate neutral in 2050.91 The European Climate Law implements the EGD. It adopts an emission-reduction target of at least 55 per cent below the 1990 level by 2030.92 The ‘Fit for 55’ policy package seeks to strengthen eight existing pieces of legislation and presents five new initiatives, across a range of policy areas and economic sectors, including energy, climate and biodiversity. Energy use accounts for 75 per cent of the EU’s emissions, so the transformation of the energy sector is central to the EU’s climate ambitions.93 Regarding the implementation of the EGD, while the Integration Principle of Article 11 of the TFEU is not mentioned, the need for ‘mainstreaming sustainability in all EU policies’ is considered.94 In this context, the ‘no harm principle’ is introduced as a new principle according to which an explanatory memorandum is attached to each legislative proposal or executive Act explaining how the aim of no (significant) harm is to be achieved.95 The meaning of the principle is still evolving, but it implies an ex ante examination at an early stage to avoid (significant) harm.96


2.4.2.1 RE targets 

The Renewable Energy Directive (RED) forms the main instrument in the transition to the use of energy from renewable sources for the purpose of reducing emissions. Since the introduction of the first RED,97 the share of RE sources in EU energy consumption has increased from 12.5 per cent in 2010 to 21.8 per cent in 2021. Sweden had the highest share of renewables in its consumption (62.6 per cent), ahead of Finland (43.1 per cent) and Latvia (42.1 per cent).98 The first phase of the programme went into effect in 2009 with the goal of achieving a 20 per cent usage of RE by 2020, particularly in the transportation sector. In 2018, the targets for 2021 to 2030 were set, and were called RED II. Directive (EU) 2018/2001 has since set a binding EU target to reach a share of at least 32 per cent of energy from renewable sources in the EU’s gross final consumption of energy by 2030.99 Under the Climate Target Plan, the share of RE in gross final energy consumption would need to increase to 40 per cent by 2030 in order to achieve the EU’s emission-reduction target.100 The Commission proposed in July 2021 to double the share of RE in the energy mix in 2030 compared to 2020, so that it reaches at least 40 per cent. As part of the ‘REPowerEU’ proposal, the European Commission has proposed to raise the 2030 target for energy from renewable energy sources (RES) further, to 45 per cent of final energy consumption.101 This would bring the total RE generation capacity to 1,236 GW by 2030, in comparison to 1,067 GW by 2030 envisaged under ‘Fit for 55’. According to the proposal for RED III, the compulsory target for RE in total energy consumption is now to be 42.5 per cent by 2030, more than 10 per cent more than in RED II. In addition, there is an indicative target of a further 2.5 per cent. Specific targets are set for solar photovoltaic,102 heat pumps,103 acceleration of renewable hydrogen104 and scaling up sustainable biomethane.105


2.4.2.2 Shifting the nexus: from ‘climate’ to ‘security’ 

When considering the nexus between RE and nature protection, the successive REDs display a clear shift toward more elaborate streamlining of processes for approving RE projects and an emphasis on RE as a security concern. The first RED (2001/77/EC), required member states to evaluate the existing regulatory and administrative frameworks on authorization procedures to reduce the regulatory and non-regulatory barriers to the increase in electricity production from RE sources and streamline and expedite procedures at the appropriate administrative level, but it left it to the member states to decide how to achieve this streamlining.106 This was followed by Directive 2009/28/EC, which introduced requirements to simplify the administrative procedures for RE developers. The subsequent version of the RED (EU) 2018/2001 states in recital 51:


Lengthy administrative procedures constitute a major administrative barrier and are costly. The simplification of administrative permit granting processes, and clear time-limits for decisions to be taken by the authorities competent for issuing the authorization for the electricity generation installation on the basis of a completed application, should stimulate a more efficient handling of procedures, thereby reducing administrative costs. … In order to respond to the increasing need for the repowering of existing renewable energy plants, streamlined permit-granting procedures should be provided for.


Article 15(1) of Directive (EU) 2018/2001 therefore sets rules for the administrative permitting procedures and obliges member states to ensure that national regulations on the authorization, certification and licensing for generating electricity from RE are proportionate and necessary and contribute to the implementation of the energy-efficiency-first principle.107 This includes setting timeframes, considering the particularities of individual RE technologies, and simplifying procedures for decentralized devices and the production and storage of energy from RE. However, this Directive still considers that the provisions on the organization and duration of the administrative permit-granting process, in particular, ‘should apply without prejudice to international and Union law, including provisions to protect the environment and human health’.108

In March 2022, EU leaders agreed in the European Council to phase out Europe’s dependency on Russian energy imports as soon as possible.109 According to the Commission, the purpose of REPowerEU is ‘about rapidly reducing our dependence on Russian fossil fuels by fast forwarding the clean transition and joining forces to achieve a more resilient energy system and a true Energy Union’.110 The need to fast-track the deployment of RE is therefore to be viewed in the context of the EU’s plan to become independent from Russian fossil fuels – a narrative that has sharply shifted from ‘climate’ to ‘security’.111 In the proposed REPowerEU Plan it is emphasized that ‘slow and complex permitting processes are a key obstacle to unleashing the renewables revolution and for the competitiveness of the renewable energy industry’. The revised proposal operationalizes the principle of RE as an ‘overriding public interest’ and introduces the designation of ‘go-to’ areas and other ways to shorten and simplify permitting, while also minimizing potential risks and negative impacts on the environment.112

The need to accelerate RE development has been further underlined by the Commission’s recommendation on speeding up permitting procedures for RE projects and facilitating Power Purchase Agreements,113 the adoption of Council Regulation (EU) 2022/2577 laying down a framework to accelerate RE deployment,114 and the Provisional Agreement on the Renewable Energy Directive (that also includes accelerated permitting procedures for RE projects).115

The shift toward RE development as a security priority is also evident from the use of Article 122 of the TFEU as the legal basis for the adoption of Council Regulation 2022/2577. This competence allows the Council to decide – without involvement of the European Parliament – on a proposal from the Commission and, in a spirit of solidarity between the member states, upon the measures appropriate for the economic situation, in particular if severe difficulties arise in the supply of certain products, notably in the area of energy. According to the Commission, in light of political tensions and the high risk of a complete halt in Russian gas supplies, combined with the uncertain outlook for alternatives, there is a significant threat of disruption of energy supplies, justifying the deployment of the emergency competence of Article 122 of the TFEU.116


2.4.2.3 RED III 

As part of REPower EU, the Commission issued a proposal to amend the existing Directive (EU) 2018/2001 on the promotion of the use of energy from renewable sources (RED III).117 The revised Directive was adopted in 2023 to raise the share of RE in the EU’s overall energy consumption to 42.5 per cent by 2030 with an additional 2.5 per cent indicative top-up to allow the target of 45 per cent to be achieved.118 As mentioned above, central to the amendment is the aim to accelerate the energy transition and tackle ‘key barriers’ to investment in renewables and their related infrastructure. Slow and complex permitting processes are considered to be the key obstacle for RE projects, as it has been reported that permitting can take up to nine years for wind projects, and up to four and a half years for ground-mounted solar projects. Administrative and grid issues make up about 46 per cent of all identified barriers and this is expected to rise in the future.119 Conflicting public goods are assessed by the Commission as a main source of obstacles for the deployment of RE installations.120 This is particularly the case for wind power, geothermal power, hydropower and solar PV. The most prominent among them concern environmental protection, in particular biodiversity and protection of endangered species and bodies of water.121 In response, the amendment adopts a further simplification and shortening of the administrative permit-granting processes in a coordinated and harmonized manner, while still acknowledging the relevance of the ‘do no harm’ principle.122 Importantly, the amendment introduces an overall ‘presumption of overriding public interest’ as a central feature to the energy law framework by stating in Article 16(f) of the revised Directive:


By 21 February 2024, until climate neutrality is achieved, Member States shall ensure that, in the permit-granting process, the planning, construction and operation of plants for the production of energy from renewable sources, their connection to the grid and the related grid itself and storage assets are presumed as being in the overriding public interest and serving public health and safety when balancing legal interests in the individual cases for the purposes of Articles 6(4) and 16(1)(c) of Directive 92/43/EEC, Article 4(7) of Directive 2000/60/EC and Article 9(1) (a) of Directive 2009/147/EC.


The revision therefore has a direct impact on existing EU environmental law, particularly on the BD and HD, the Water Framework Directive, Marine Strategy Framework Directive and the Maritime Spatial Planning Directive.123


2.4.2.4 Permit-granting process in ‘renewables acceleration areas’ 

RED III, and particularly its inclusion of the ‘do no harm’ principle, establishes that member states should designate ‘renewables acceleration areas’ as areas that are particularly suitable to develop RE projects where the deployment of the specific type of RES is not expected to have a significant environmental impact.124 In the designation of go-to areas for renewables, member states should avoid protected areas to the extent possible.125 In order to avoid adverse environmental impact or, where that is not possible, to significantly reduce it, effective mitigation measures should be adopted.126

The Directive defines a renewables acceleration area as ‘a specific location or area, whether on land, sea or inland waters, which a Member State designated as particularly suitable for the installation of renewable energy plants’.127 In order to designate go-to areas for renewables, member states should prepare a plan or plans encompassing the identification of areas and the applicable rules and mitigation measures for projects located in each go-to area. In doing so, Article 15(c)(a)(i) instructs member states to give priority to artificial and built surfaces, such as rooftops, transport infrastructure areas, parking areas, waste sites, industrial sites, mines, artificial inland water bodies, lakes or reservoirs, and, where appropriate, urban wastewater treatment sites, as well as degraded land not usable for agriculture. Natura 2000 sites and nature parks and reserves, migratory bird routes, as well as other areas identified based on sensitivity maps are to be excluded, and all appropriate tools and datasets must be used to identify the areas where the RE plants would not have a significant environmental impact, including wildlife sensitivity mapping.

Each plan should be subject to an environmental assessment carried out in accordance with the conditions set out in Directive 2001/42/EC in order to assess the impacts of each renewable technology on the relevant areas designated in such a plan.128 According to the Commission, this will ensure a more integrated and efficient approach to planning and take environmental considerations into account at an early phase of the planning process at a strategic level. Spatial planning is hence perceived as an important tool to identify and steer synergies for land- and sea-use at an early stage. Following this, in the designated renewables acceleration areas RE projects that comply with the rules and measures identified in the plan or plans prepared by member states will benefit from a presumption of not having significant effects on the environment. Therefore, they are exempted from the need to carry out an environmental impact assessment (EIA) at the project level.129 Moreover, projects located in renewables acceleration areas should benefit from clearly delimited deadlines and legal certainty on the outcome of the procedure, such as a one-year in-principle limit.130

Following the application for projects in a renewables acceleration area, member states should carry out a fast screening of such applications with the aim to identify if any such project is highly likely to give rise to significant unforeseen adverse effects in view of the environmental sensitivity of the geographic area where it is located that were not identified during the environmental assessment of the plan or plans designating renewables acceleration areas.131 All projects to be located in renewables acceleration areas should be deemed approved at the end of such a screening process.132 This also results in a derogation from Article 6(3) of the HD (assessment of the implications of such projects for Natura 2000 sites).133 Only if, following the screening process, the competent authority adopts an administrative decision, ‘duly motivated’ and based on ‘clear evidence’, that a specific project is ‘highly likely’ to give rise to significant unforeseen adverse effects in view of the environmental sensitivity of the geographic area where it is proposed to be located that cannot be mitigated by the measures, should a full environmental impact assessment be carried out in accordance with Article 6(3) of the HD within six months following the screening decision.134 Ultimately, the practical result of this proposed amendment is a reversal of the protection regime established under the HD, as discussed earlier. Going forward, RE projects within renewables acceleration areas would be presumed to be compatible with nature conservation and protection, unless demonstrated otherwise.

It is moreover noted that if the construction and operation of RE plants results in the occasional killing or disturbance of birds and other protected species under the HD or BD, such killing or disturbance is not to be considered ‘deliberate’ in the sense of these Directives. In such a case, appropriate mitigation measures to avoid collisions or prevent disturbance need to be taken, and ‘proper monitoring’ needs to be carried out to assess the effectiveness of such measures and to ensure no significant negative impact on the population of the species concerned.135 Critically also, no list of approved mitigation measures is included in the Directive or in the Commission Recommendation.136


2.4.2.5 Permit-granting process outside renewables acceleration areas 

According to the Directive, the identification of renewables acceleration areas should not prevent the ongoing and future installation of RE projects in all areas available for RE deployment.137 For these projects, a project EIA under Directive 2011/92/EU or Directive 92/43/EEC is still required, but it is noted that ‘permit-granting procedures applicable to projects outside renewables acceleration areas should be simplified and streamlined with the introduction of clear maximum deadlines for all steps of the permit-granting procedure’.138 This means, for example, that, in principle, the permit-granting process for these projects is not to exceed two years.139 The EIA is to be carried out in a single procedure that combines all relevant assessments for a given project.140 Similar to the projects within go-to areas, any killing or disturbance of the species protected under HD Article 12(1) and BD Article 5 is not to be considered deliberate, on the condition that appropriate mitigation measures have been adopted.141


2.4.2.6 Regulation 2022/2577 to accelerate the European transition toward RE 

The link between RE capable of causing significant environmental harm and biodiversity protection has been further altered by the EU legislature by adopting ‘emergency’ Regulation 2022/2577.142 The Regulation establishes temporary rules of an emergency nature to accelerate the permit-granting process applicable to the production of energy from RE sources, with a particular focus on RE technologies or types of projects that are capable of achieving a short-term acceleration of the pace of deployment of renewables in the EU.143 Member states can apply the Regulation to ongoing permit-granting processes that have not resulted in a final decision before 30 December 2022, provided that pre-existing third-party legal rights are preserved.144 The Regulation applies for a period of 18 months from its entry into force.145 However, the Commission can propose to prolong its validity in view of the development of the security of supply and energy prices and the need to further accelerate the deployment of RE.146

The Regulation introduces a rebuttable presumption that RE projects are of overriding public interest for the purposes of the relevant environmental legislation, limits the scope of certain environmental Directives, and simplifies the permit-granting framework for the repowering of RE power plants. Article 3 lays down this presumption:


	1. The planning, construction and operation of plants and installations for the production of energy from renewable sources, and their connection to the grid, the related grid itself and storage assets shall be presumed as being in the overriding public interest and serving public health and safety when balancing legal interests in the individual case, for the purposes of Article 6(4) and Article 16(1)(c) of Council Directive 92/43/EEC,147 Article 4(7) of Directive 2000/60/EC148 and Article 9(1)(a) of Directive 2009/147/EC.149 …

	2. Member States shall ensure, at least for projects which are recognised as being of overriding public interest, that in the planning and permit-granting process, the construction and operation of plants and installations for the production of energy from renewable sources and the related grid infrastructure development are given priority when balancing legal interests in the individual case. Concerning species protection, the preceding sentence shall only apply if and to the extent that appropriate species conservation measures contributing to the maintenance or restoration of the populations of the species at a favourable conservation status are undertaken and sufficient financial resources as well as areas are made available for that purpose.


In order for those exemptions to be introduced, two conditions should be met, namely that the project is located in a dedicated renewable or grid area and that such area should have been subject to a strategic environmental assessment.150 To minimize adverse impacts on the species concerned, the competent authority must ensure that, on the basis of existing data, appropriate and proportionate mitigation measures are applied in order to ensure compliance with HD Article 12(1) or BD Article 5, again without adding a list of approved measures or conditions. If mitigation measures are not available, monetary compensation for species-protection programmes must be paid by the operator in order to secure or improve the conservation status of the affected species.151 In addition, the presumption of overriding public interest is only rebutted when there is ‘clear evidence’ that a given project has ‘major adverse effects on the environment which cannot be mitigated or compensated for’.152 This is clearly sidestepping the case law of the Court of Justice of the European Union (CJEU) that has consistently emphasized that the burden of proof of no significant harm lies with the national authorities, must be based on the best scientific evidence, and must be read in the light of the precautionary principle.153

For the installation of solar energy equipment and co-located energy-storage assets, Article 4 states that the permit-granting process is not to exceed three months, provided that the primary aim of such structures is not solar energy production.154 Installations of solar energy equipment are to be exempted from being subjected to a determination of whether the project requires an EIA, or from the requirement to carry out a dedicated EIA.155 According to Article 5 of the Regulation, the permitting process of repowering projects is not to exceed six months, including EIA where required by relevant legislation. Prior determination or environmental impact assessment here is limited to the potential significant impacts stemming from the change or extension compared to the original project, and if the repowering of solar installations does not entail the use of additional space and complies with the applicable environmental mitigation measures established for the original installation, the project is to be exempted from EIA pursuant to Article 4 of Directive 2011/92/EU. Concerns have been raised about the mismatch between the set timelines and the permitting procedures and the production of knowledge that is needed to assess their (cumulative) impacts and potential significant harm, particularly concerning cumulative effects.156


2.4.2.7 Nature Restoration Law 

Finally, the EU Nature Restoration Law should be mentioned here, as this proposed legislation was issued almost simultaneously with the REPowerEU proposal. As part of the EGD, the EU Biodiversity Strategy announced that the EU legal framework for nature restoration needed to be strengthened to fill ‘significant gaps’ in (the implementation of) existing legislation.157 This Strategy states that at least 30 per cent of the EU’s land area and 30 per cent of its maritime area must be legally protected. Currently, for the entire EU, this is 26 per cent for land (including inland waters) and 11 per cent for sea, adding up all designated Natura 2000 areas and other (internationally or nationally) protected areas.158 The European Commission has since proposed a Regulation setting binding restoration targets for specific habitats and species.159 It aimed to restore 30 per cent of the EU’s degraded areas, and ultimately all ecosystems in need of restoration by 2050. Nature restoration at sea is very urgent, partly due to the radical transformation in the coming years called for by the energy transition. The Regulation was adopted, after an unprecedentedly tense legislative process, on 24 June 2024.160 The Regulation sets out a general legally binding target that is quantified and time-bound: member states are to put in place effective and area-based restoration measures which together are to cover, by 2030, at least 20% of the Union’s land and sea areas and, by 2050, all ecosystems in need of restoration.161 Member states have discretion to determine in which areas restoration measures are taken. However, the Regulation does require that the most suitable areas for recovery measures be determined on the basis of the best available knowledge and the most recent scientific findings on the status of the habitat types included in Annex I and on the quality and quantity of the species’ habitats.162

In the political debate on the Nature Restoration Law, it was pointed out that there exists an apparent contradiction between the obligations to restore in the draft Nature Restoration Law and the REPowerEU proposal.163 The Regulation calls for coordination and ‘synergy’ between the development of national restoration plans and the designation of renewables acceleration areas for full energy.164 Indeed, existing wind-energy areas offer opportunities for taking nature restoration measures (for example, restoration of suitable oyster banks), as bottom-disturbing fishing can no longer occur where wind farms are placed. However, it seems unavoidable that a green-green trade-off between environmental conservation and RE development will occur to some extent due to conflict of use, especially at sea.165


2.5 Conclusion

Under the umbrellas of the US New Green Deal and the EU Green Deal, the rise of RE amounts to infrastructural development on a scale that is unprecedented. It is inevitable that these sources of RE pose potential risks to biodiversity arising from both the direct and indirect consequences of RE development and production, which manifest in the construction, operation and decommissioning of RE facilities. The trade-offs between biodiversity protection and RE development are a challenge to legal systems in that they arise at a nexus of two separate legal fields: energy law and environmental law. Where as energy policy uses law to accelerate the energy transition, with an eye toward mitigating the long-term hazardous effects of climate change, environmental law uses legal tools that slow down and restrain activities, such as EIA and activity- and site-licensing/permitting procedures. As RE expansion has developed over the course of recent decades, legislative and administrative actions in the US and the EU have sought to harmonize conflicts between the two fields. Underneath these conflicting legal fields lies a more fundamental conflict between competing visions of environmental governance in the Anthropocene. One vision emphasizes the duty of humans to benevolently deploy technologies in their newfound positions as planetary stewards of the ‘good Anthropocene’, without any historic ‘natural boundaries’.166 In contrast, the other vision emphasizes the importance of ensuring biosphere integrity as a key planetary boundary and prioritizes the reduction of energy consumption alongside the transition to renewable production.167

In this chapter, we have analysed key pieces of legislation within the ambit of the Green New Deal and Green Deal to identify whether and how they seek to prevent these green-green trade-offs from manifesting and steer RE development into win-win and low-conservation-conflict scenarios. We found that, in both jurisdictions, RE/conservation trade-offs remain pervasive in myriad ways throughout these legislative initiatives. In both jurisdictions attempts are made to address this trade-off, but, generally, the scale tips toward the rapid development of RE.

In the US context, the Consolidated Appropriations Act of 2021 (including the Energy Act of 2020), the Infrastructure Investment and Jobs Act of 2021 and the Inflation Reduction Act of 2022 all allocate enormous sums of money to develop RE energy production and markets. A number of measures have been included that seek to prioritize potential ‘win-win’ RE opportunities, such as the prioritization and funding for RE projects on polluted lands, landfills, closed mines and closed wells initially built for oil and gas production, measures that fund research and development of RE technologies with lesser environmental impacts, and the establishment of the Renewable Energy Coordination Office. Yet, other measures risk potentially aggravating the RE/conservation trade-off by facilitating or incentivizing RE projects with increased chances of harming protected species or habitats. Most importantly, the legislative instruments have failed to develop any comprehensive framework to mediate the green-green trade-offs.

By contrast, in the EU, such a comprehensive framework has been developed, and further revised. As part of REPowerEU, the European Commission has proposed a series of measures, including a revision of the RED 2018/2001/EU, a proposal for a targeted amendment of the RED, and a temporary emergency Regulation adopted by the Council. These instruments are very much geared toward fast-tracking the deployment of RE to break the EU’s dependence on Russian carbon-based energy after Russia’s invasion of Ukraine, and must be viewed more in the context of security concerns than of climate change. The measures operationalize the principle of RE as an ‘overriding public interest’ and introduce measures to shorten and simplify permitting while also aiming to minimize potential risks and negative impacts on the environment by, for example, the designation of renewables acceleration areas, the requirement of a Strategic Impact Assessment, and the need to take mitigation measures. However, RE development outside the renewables acceleration zones is not excluded, existing EU environmental laws (as well as the case law of the CJEU) are sidelined, and the imbalance between the rapid roll-out of RE and the understanding of its (cumulative) impacts is not addressed. Notwithstanding attempts to reconcile the green-green trade-offs and the integration of the ‘do no harm’ principle in energy laws, it is clear that the balance has dramatically tilted toward the ‘energy first’ principle.
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3 Ambition in Nationally Determined Contributions: The Case of Hydropower

Alexander Zahar


3.1 Introduction

The damming of rivers for electric power is, in principle, an important replacement technology for energy derived from fossil fuels. It rivals mineral combustion for flexibility and reliability.1 The technology’s current portfolio includes around 12,000 large dams (wall height of 41.5 metres or more).2 Although the technology has been in use for more than a century, in several countries it has not been deployed to anything close to its maximum potential extent.3 Hundreds of large dams could yet be built, along with thousands of smaller ones.4 Because damming a river significantly degrades nature over an area that extends well beyond the dam itself,5 domestic law in several countries has sought to constrain further hydropower growth, on environmental (and environmental-rights) grounds.6 A few countries have even gone to the trouble of dismantling decommissioned plants to reconnect segmented rivers.7

However, this does not reflect the general situation. International law does not directly regulate what countries can do with rivers, although it might have that effect indirectly where such action affects the interests of another state (for example, by denying or polluting water) or harms a treaty-protected feature within a state. Clearly this has been a very marginal constraint on hydropower’s expansion in practice, given the number of dams in existence and the number recently built.8 In the domestic law of most countries, especially developing ones, constraints on the damming of rivers, whether for power-generation or other purposes, is relatively weak.9 As a result, rivers that are free-flowing over their entire length are exceptional today, with many having been reduced to chains of reservoirs.10

The problem of climate change characterizes the Anthropocene. A management plan for this global problem is being developed through the Paris Agreement and its subordinate decisions. The Agreement puts pressure on states to identify and adopt mitigation measures to lay the foundations for emission neutrality in the second half of the century.11 Dam-building programmes slated to break ground in the years through to 2030 and beyond have been announced by numerous states in their official communications under the Paris Agreement or under earlier frameworks of the international climate change regime. In reality, at this point, significant hydropower growth at a scale that would count as a meaningful global response to climate change is possible in only a few countries. These have the necessary physical attributes of being sloped or hilly, with large rivers and unexploited hydropower locations; and they generally sit lower on the scale of economic development.12 They number hardly more than 20.13 However, their combined population size is huge (they include China and India); and hydropower expansion decisions in these countries are affected to some extent by mitigation policy in countries neighbouring them (thus slightly increasing the number of interested players), as hydroelectricity is at times (or could be) produced in excess of local needs in countries with sizeable unexploited hydropower endowments and sold to adjacent jurisdictions, displacing fossil-fuel use there.

If we focus on the expansion plans that are large in absolute terms and are scheduled for the near term, the number of key actors is, as I have indicated, small. In most of the 20 or so countries with globally significant hydropower growth potential and corresponding plans for the technology, environmental regulation is not strong.14 Large dams can be built there with little legal hindrance, if finance for them can be found domestically or can be made available for this purpose from international sources.

In this chapter, I examine the form that the incorporation of hydropower expansion takes in the Paris Agreement’s Nationally Determined Contributions (NDCs). The Paris Agreement implicitly encourages hydropower development wherever possible, no less than it encourages other mitigation measures.15 I discuss, in particular, the tendency of NDCs to say almost nothing about the implicit costs – financial, environmental, social – of hydroelectricity produced from river-fed reservoirs. My argument is not that more large dams should not be built. If the Paris Agreement’s limit of 2°C of global warming is to be observed, there may be no rational alternative than to build many more dams quickly and at scale – large and small ones alike. My argument, rather, is that states take a cavalier approach to dam-building as a mitigation measure, paying little attention to the obstacles and uncertainties involved. Dam-building proposals have thus come to round off many NDCs. But the enthusiasm for the measure can be misleading. In particular, NDCs with ambitious hydropower components do not address the key question of whether the planned power dams can be built and put into operation in physical locations and in time frames that are conducive to meaningful mitigation outcomes.

To illustrate the problem, lowland reservoir installations, especially in tropical and subtropical countries, which are planned in several NDCs, may deliver no mitigation benefit at all over relevant time frames (the first 20 years of their operation, which coincides with the critical period 2030–50),16 due to high greenhouse gas emissions (mainly carbon dioxide) from the construction materials used, methane emissions and carbon dioxide from the reservoir’s surface (through ebullition and diffusion of gases produced in the reservoir bed and in the water column), methane emissions from the depressurized water exiting the turbines from the depths of the reservoir (outlet degassing), and additional release of methane downstream from the run-off of the dam.17 Deforestation emissions from access routes servicing remote dams (including those cleared for transmission cables) can also be significant when considered over relevant time frames.18 Emissions per unit (megawatt hours) of hydropower can easily exceed emissions per unit of fossil-fuel power, and even coal power, in the medium-term (that is, through to 2050), depending on the dam’s location and surface-area-to-installed-capacity ratio.19 Hydropower policy incorporated into NDCs that does not take into account these emission factors and fails to weigh them against the mitigation benefits of dams may justly be challenged for using the cover of a dire need for new mitigation actions to promote the development of hydropower technology for profit, energy independence, economic growth, or another consideration unrelated to the mitigation of emissions.

My focus in this chapter, then, is on the intersection of the climate change regime and hydropower. The international regime, through its NDC system, identifies and encourages the technology as an important part of the solution to the problem of climate change. What evidence is there that NDCs actually offer such a solution when they incorporate hydropower?

Section 3.2 of the chapter reviews the hydropower plans of key countries. Section 3.3 concludes that NDC hydropower plans must be taken with a grain of salt, because hydropower is either unlikely to grow as much as NDCs suggest it will, or, if it does grow strongly, it is unlikely to deliver the promised mitigation outcomes.


3.2 Power dams in NDCs

In this section, examples of state practice will be used to unpack the issues.


3.2.1 Preliminary observations

Angola is a relatively small country (population 36 million), but its hydropower ambitions are sizeable. In its 2021 NDC, mitigation targets for 2025 include an unconditional 700 MW of new large hydropower, as well as 100 MW of new ‘mini hydro’, for a total cost of US$1.25 billion, to be funded from the national budget.20 With international financial support, Angola expresses a willingness to increase installed capacity to 2,050 MW and 150 MW, respectively.21 These enhancements would deliver 22 per cent of the country’s mitigation target for its unconditional NDC scenario for 2025 and 37 per cent for its maximal scenario (unconditional plus conditional) for the same year. By any measure, hydropower’s proportional contribution to Angola’s mitigation ambition is significant. Angola’s NDC also outlines a slightly more ambitious set of hydropower growth targets for 2030.22 The country’s ambition is not large in absolute terms, but it is still significant relative to the country’s circumstances.

NDCs in general do not go into much detail about their mitigation targets and corresponding mitigation measures (irrespective of the underlying technology).23 Angola’s NDC is typical in this respect. The physical location and other characteristics of the planned hydropower plants in both the unconditional and conditional scenarios are not discussed. Their environmental impact is not discussed either. The NDC does not mention whether Angola’s new dams will undergo environmental impact assessment (EIA) or what will happen in the case of a negative EIA. And the NDC does not mention where the US$1.25 billion for the unconditional hydropower-building measure will be found in the national budget. Has this expenditure already been budgeted for, or does it involve an appropriation subject to parliamentary approval?

Most problematic of all in Angola’s case is the time line: it is hardly possible in five years (2021–25) to build a relatively large dam of 700 MW and put it into operation. These plants take on average 8.6 years to complete – not counting lead time for preparation, including geological investigation, economic feasibility analysis and social and environmental impact studies.24

The evasion of detail is not particular to hydropower, as I have indicated. NDCs from the start have settled on a narrative of asserted future achievements in emission reductions that is almost never qualified by a concern for negative impacts or implementation obstacles. What makes them assertions is that they are generally unelaborated and undefended. This could mean several things; it could mean that NDCs are implicitly qualified by various assumptions about contingencies, and are therefore more uncertain (less predictive of outcomes) than their matter-of-fact style suggests. It could also mean that elements of NDCs may have the status of proposals, yet to be firmed up, or that they represent mere good intentions – after all, NDCs are not legally binding.25 It may even mean that governments, rightly or wrongly, presume that the measures listed in NDCs are assured smooth passage through permitting procedures to realization because they represent a country’s ambition in a climate change context, and ambition is always a good thing. In relation to this last point, it is possible that some governments are hoping that the interest groups most likely to object to environmentally invasive measures such as river damming, or costly public works that increase budget deficits, might refrain from criticism of unprecedented roll-outs of mitigation technology, in order to support the country’s mitigation ambition expressed in its NDC. If such self-muting is actually occurring, which would be a difficult thing to prove, NDCs would be having a legitimizing effect for the technologies that are listed in them, including hydropower – not by deliberate design, but incidentally and de facto.26

Yet other explanations are possible. Whatever the reason, there is a general silence in NDCs on the economic, technical and nature-altering challenges of the measures they contain.27 With some very modest exceptions, discussed later, this is also true of hydropower. In several cases, significant hydropower growth targets over short time frames – far more ambitious than Angola’s in absolute terms – are postulated. For a technology normally so controversial, the general silence on costs, impacts, uncertainties and other obstacles to its future growth, not only of the infrastructure itself but of its supposed mitigation benefits, is an invitation for us to consider the very nature of NDCs – are they really what they purport to be, that is, literal emission-reduction plans?

Angola does not indicate whether it has the interest or the potential to continue substantial growth of its hydropower infrastructure beyond 2030. Possibly the 2,200 MW of its 2025 maximal scenario is close to the country’s overall (hydro-geological) limit for this technology. But other countries do have both an interest in, and a claimed potential for, growing installed hydropower almost indefinitely, and some of the figures mentioned are remarkable for being an order or two of magnitude larger than Angola’s.

Information on these countries’ intentions is not always found in NDCs themselves, however. One is sometimes obliged to look for it in countries’ periodic reports under the broader climate change regime of the United Nations Framework Convention on Climate Change (UNFCCC), namely the instruments known as National Communications, Biennial Reports (BRs) and Biennial Update Reports (BURs).28 The fact that information to disambiguate NDCs must be sought elsewhere than in the NDCs themselves heightens concern about how well the Paris Agreement system is performing procedurally.

The legal status of the three UNFCCC communication instruments I have just named differs from that of NDCs, which report mitigation ‘contributions’ pursuant to a dedicated Paris Agreement article.29 Moreover, BRs and BURs, while they have certainly influenced the design of NDCs,30 are, as I have indicated, instruments of the UNFCCC, not the Paris Agreement.

To reiterate, the main drawback of an NDC which lacks detail about how it is going to be realized is that its feasibility and overall impacts are not apparent from the face of the instrument. The Paris Agreement has produced a remarkably weak result on this point.

Cambodia’s case may be used as an illustration. Although situated along the course of the Mekong River, Cambodia does not indicate this source of power at all in its 2020 NDC. By contrast, in its BUR of the same year, the country mentions that its hydroelectricity production in 2015 was 63 times higher than in 2010.31 This remarkable growth rate was continued over the following years, and electric power from harnessing the Mekong River is due to keep growing in the country, as evidenced by Cambodia’s 2022 National Communication, according to which electricity from river installations is due to grow uninterruptedly through to 2050, this being the country’s target year for a planned elimination of coal from energy production.32 Water power will help to drive coal out of Cambodia’s energy profile under the country’s plan, perhaps; but the technological specifications that will enable this to happen are absent from the NDC. Logically, however, the NDC is where one expects to find them. Specifications are also absent from the other communication instruments Cambodia files under the international climate change regime. For the pace of hydropower development in the Mekong Basin, present and future, one must look to sources external to the regime in an effort to discern what the country’s plans in this respect actually are.33


3.2.2 The major players

I will now discuss the NDCs and associated reporting instruments of the countries with the largest claimed hydropower potential.

China is in the behemoth category of dam-building countries. It towers above the rest in its aggregate installation of hydropower. It has the world’s single largest plant, the Three Gorges Dam, at 22,500 MW.34

In 2016, installed hydropower capacity in China was 332,000 MW.35 To this, the country announced that it would add another 68,000 MW by 2020 (a remarkable 17,000 MW per year).36 China’s NDC is nearly silent on hydropower expansion plans through to 2030 (and beyond), stating only that ‘hydro power in accordance with local condition [sic] will be developed’.37

This manages to sound so secretive that it could mean anything. It could be good news from a mitigation point of view, if China’s roll-out of the technology continues at past levels; however, it is impossible to know what the net benefits will be without seeing the specifications. The country’s NDC presents no information on installation plans and locations, let alone lifecycle emissions38 from the planned plants or any negative impacts. In the past, the negative impacts of hydropower in China have been significant.39 Because few free-flowing rivers still exist in China,40 the losses from the future expansion of hydropower in the country will not be in the category of river connectivity. The main issues from a strictly mitigation point of view are where the new installations will be placed (highland or lowland), what their short-term emissions will be, and when they will begin operations. China’s documentation under the climate change regime is silent on these matters. To further cloud matters, China’s NDC seeks to limit the growth of carbon dioxide only,41 not methane, which is a significant output of reservoir installations. One is only given a small part of an already small part of the mitigation picture.

While China’s installed capacity for hydroelectricity, whether or not it increases by much, will probably always remain unrivalled in size,42 the hydropower-building programmes of greatest concern in the early rounds of NDCs and in related reports under the UNFCCC are those of tropical and subtropical countries. An inescapable implication of these gigantic building programmes is that vast areas of dense vegetation will be submerged.

The Democratic Republic of the Congo (DRC) sees ‘enormous potential’ for hydropower development in the country. Its NDC claims that 110,000 MW of new capacity exists (‘equivalent to 30 million tons of oil per year’), with 44 per cent of it ‘concentrated in the Inga site alone’.43 Although the DRC’s NDC (at 102 pages) is not short, it is silent on the country’s plans to harness the power of the Congo River, whether ‘at the Inga site’ or elsewhere. It is as if, by making a mere reference to it in its NDC, the DRC’s entire future dam-building programme is given the imprimatur (and credit) of a mitigation project under the country’s mitigation policy, supported by the Paris Agreement.

This apparent deeming exercise masks a complex reality. The DRC’s Inga region already serves two dams (2,132 MW capacity in total), built years before the first climate treaty came into existence.44 Expansion at Inga has been under discussion since 2011.45 Its purpose is economic development – of the DRC as much as of neighbouring countries to which some of the produced electricity will be sold.46 The mitigation benefit is, in historical perspective, an afterthought.

This is understandable. Hydropower growth is, or can be, accelerated by mitigation policy. But the reasons favouring it continue to exist independently of that policy.47 What should be apparent from the DRC’s NDC, but is not, is whether the Inga plant, potentially as large as 39,000 MW,48 will deliver any mitigation benefit at all over the relevant term (that is, through to 2050). A verdant valley of 22,000 hectares will be flooded for a new reservoir. Inga is low on the river’s course, hence the vast surface of the reservoir. Sediment flow to the sea, which creates an enormous plume in the Atlantic Ocean which acts as a carbon sink, will be interrupted (dams capture all but the finest particles of sediment carried by a river).49 Transmission lines leading out of the area (including to South Africa, thousands of kilometres away) will clear swathes of forest.50 And because each megawatt of installed capacity for a large dam costs, on average, more than US$3 million,51 the DRC’s lack of clarification about the sources of finance for this colossal project (potentially costing in the region of US$100 billion) is a source of concern.

The ‘contribution’ of the DRC’s NDC incorporates an aspiration for hydropower growth that clearly exudes ambition. At the same time, it excludes critical information relating to how the ambition will be realized.

Africa’s other contender for hydropower supremacy is Ethiopia, on the upper Nile. Its NDC does not mention the technology at all. On the other hand, its National Communication affirms that hydropower is a component of the country’s mitigation strategy (‘its bid to become a major … green economy in East Africa’).52 Ethiopia identifies 45,000 MW of untapped hydropower potential, all of which it says it will exploit, inter alia to boost hard-currency receipts from cross-border energy sales, domestic industrial development, and other exports.53 A flagship project, already well advanced, is the Grand Ethiopian Renaissance Dam (designed for 6,450 MW).54 It is the largest dam currently under construction on the continent.55 Inundation of 187,400 hectares for the reservoir, which includes forested areas, was under way at the time of writing.56 Other, unspecified, installations will be located ‘in eight major river basins and their innumerable tributaries’.57

There is a coercive factor in Ethiopia’s case, which may be relevant to understanding how a major expansion of mitigation technology, not necessarily limited to hydropower, may be realized in certain countries, despite the inevitable conflict of a high-impact roll-out on other norms (including, in this case, with the water needs of Egypt, downriver). Hydropower’s mitigation credentials relative to the shrinking time lines for action are, moreover, debatable. The coercive factor is that authoritarian regimes in developing countries (Ethiopia’s being one of them) may simply push through such measures, depending on the package of advantages they offer. In the case of hydroelectric dams, the advantages go well beyond electric power, of course. Electricity is just one of several benefits that go with the control of a vast reservoir of water. The technologies used for other types of renewables (photovoltaic panels, wind-driven generators) may cause less friction when it comes to their physical expansion, but compared with hydropower they are entirely one-dimensional. They do one thing only. River damming, by contrast, offers water storage for dry seasons, year-round irrigation, flood control, recreation and tourism, subsistence fishing, and so on, as added benefits.58 In Ethiopia’s case, it can also be a trump card against Egypt. All of this, plus its monumental image, ensure that the technology will continue to spread relatively easily in certain places. The mitigation imperative’s effect might be to support coercion.

Asia is where the greatest concentration of dam-building aspirants is found today, at least if NDCs are read literally. Pakistan’s NDC outlines the country’s plan to phase out coal and replace much of it with hydropower. In fact, Pakistan’s headline-friendly self-imposed ‘moratorium’ on coal as of 2020 affects only imported coal and new coal-fired power plants. Use of indigenous coal in existing plants continues unabated.59 Nevertheless, the level of Pakistan’s reliance on the Indus River and its tributaries to provide the additional power generation the country needs for its development is considerable. Pakistan calculates its hydropower potential to be around 51,600 MW.60 The estimated cost of realizing it is not specified, but it is in the order of US$80 billion through to 2040. Pakistan’s NDC assumes that, if Pakistan is to meet its mitigation targets under the Paris Agreement, some of this money (an unspecified portion) will be sourced from international climate finance.61

Pakistan’s dam-building programme has a dual role for its planners, as it does for many other hydropower (aspiring) countries. It involves another of the technology’s many advantages. Hydroelectricity is generally assigned responsibility for a fixed slice of day-to-day energy generation (which may include a peaking-power service, when electricity prices are high).62 On top of this, it is generally made (or can be) responsible for compensating instantly for output falls in renewable energy of the variable kind (wind and solar), where this technology is integrated into the national grid. Sheer storage of water is behind these conveniences. Hence, Pakistan, which also plans to develop its wind and solar, describes hydropower as ‘critical’ to its mitigation objectives.63 The reality is that a country in Pakistan’s circumstances cannot plan to phase out coal and phase in wind and solar without expanding hydropower. It is part of the equation. The mitigation contribution of hydropower, per se, may not be the point. It will nevertheless be listed as a mitigation measure in the NDC.

Pakistan’s NDC refers to 12,000 MW of hydropower under construction.64 While no further information is given, it presumably includes the Diamer-Bhasha dam on the Indus River, with a planned installed capacity of 4,500 MW. Construction was launched, as a joint Pakistan-China venture, in 2020. It will be the largest dam in Pakistan.65 As with other elements of the country’s dam-building programme, information about the Diamer-Bhasha dam must be sought from sources external to Pakistan’s NDC and the other instruments of the climate change regime. A 200-square-kilometre reservoir will flood 100 kilometres of the Karakoram Highway, inundating villages along it housing more than 35,000 people.66 The dam’s wall requires 12 million tons of steel and 32 million tons of concrete (with emissions of around 2.5 tons of carbon dioxide per ton of steel and 1.2 tons of carbon dioxide per ton of cement). Mangrove forests in the Indus delta will be affected by the large amount of water held back to fill the reservoir.67 It is notable that this NDC, whose mitigation contribution revolves around the expansion of hydropower at an unprecedented rate (for Pakistan), does not include even passing reference to any likely socio-legal obstructions to, or any negative environmental side-effects of, the technology. Given that the dam is officially due to be completed in 2028, but in practice probably no earlier than 2035 due to schedule overruns,68 its greenhouse gas emissions over the period to 2050 may exceed the emissions it displaces from fossil-fuel power. An NDC dealing with the substance of the issue might be expected to note these matters. However, the pattern we are seeing take hold is that the NDC/Paris Agreement narrative is frequently limited to indicia of ambition, not a demonstration of how ambition will be realized.

Nepal (population 31 million) is a much smaller country than Pakistan (236 million), a fact that makes its planned acceleration of ‘clean energy generation’ all the more noteworthy: from 1,400 MW in 2020 to 15,000 MW in 2030, with as much as 95 per cent of this coming from large hydropower.69 It amounts to more than three of Pakistan’s Diamer-Bhasha dams added to this small country in ten years. Because all Nepalese dams are of the highland variety, with a low reservoir-surface-to-installed-capacity ratio, greenhouse gas emissions from the reservoirs are not the primary concern. Rather, the issue is how a relatively poor developing country can deliver this scale of technological change within a meaningful time frame, even with substantial international support.70 Nepal’s NDC does not say. About half the world’s large dams suffer cost overruns so large that the costs end up exceeding the benefits, even assuming that their planned benefits are realized.71 For large dam projects, the mean cost overrun is 96 per cent (compared with just 6 per cent for thermal power plants).72

Undeterred, Nepal’s Third National Communication, which postdates its NDC by a year, presents an even more ambitious plan: ‘The estimated hydropower potential of Nepal is 83,000 MW of which 114 projects having 45,610 MW [total capacity] have been identified as commercially feasible.’73 The largest of these is the Chisapani Karnali dam, whose installed capacity would be an astounding 10,800 MW (about half the size of China’s Three Gorges Dam).74 Nepal does not need all this power, of course. Much of it is planned for export to India to boost hard-currency earnings.75 It would appear that India’s mitigation plans under the Paris Agreement will be partly realized through hydropower expansion in Nepal (although this is not acknowledged by India, as I discuss later). Bhutan is another small impoverished country in the same region that plans to invest heavily in hydropower dams to sell electricity to India as part of an export-enhancement strategy.76

The risk in these cases is that the cost and schedule overruns that will almost certainly be the upshot of the hydropower-based mitigation plans of Nepal and Bhutan may leave these countries in debt to Chinese state-owned enterprises, in particular Sinohydro, which dominates the hydropower-construction business in developing countries.77 An NDC whose ambition derives from hydropower could very well lead a poor country to financial dependency or ruin. If international climate finance were plentifully available (contrary to what is actually the case), vulnerable developing countries could avoid this prospect. But by using their own resources to invest in expensive mitigation technologies as a development strategy, they could end up trapped under a mountain of debt.

India’s NDC reveals nothing about its plans for hydropower, with the exception of this one sentence: ‘With a vast potential of more than 100 GW, a number of policy initiatives and actions are being undertaken to aggressively pursue development of country’s [sic] vast hydro potential.’78 There is an expectation also in non-government circles that an immense roll-out of the technology is indeed likely in India.79 A National Communication of India from an earlier date raised a point that is relevant to an understanding of the likelihood of India’s 100 GW expansion claim being realized. The Communication remarked that India’s thermal power generation is expanding more rapidly than hydropower ‘due to … increasing opposition to large hydro projects on social and environmental grounds, and higher political risks of hydro projects due to inter-state disputes on power and water sharing’.80

This is a rare concession in this context. Sweden is likewise quite direct about hydropower’s problems in its communications under the UNFCCC.81 A tiny number of other countries merely hint at these issues.82 However, although India raises the spectre of opposition to hydropower in its National Communication, it does not revisit it in its NDC. A later BUR, in fact, omits any discussion of the technology’s future growth potential in the country. It reports only on past growth of 4,000 MW of added hydropower over a period of about five years (2016–20) – minuscule in comparison with the technology’s growth potential claimed in India’s NDC.83 As I indicated earlier, there is no mention in any of these instruments of a plan to cooperate with Nepal or Bhutan on greenhouse gas mitigation policy through purchases of hydropower from those countries.

The NDC of Laos has half a page of information on its hydropower plans, which makes it relatively detailed compared to other NDCs. The instrument specifies that Laos had 4,500 MW of installed hydroelectric capacity in 2018. It claims that these plants were offsetting the equivalent per year of 26 per cent of national emissions in the year 2000.84 This sounds impressive, and it amounts to an argument for hydropower expansion in the country. Underlying it, however, is a simplistic calculation that does not factor in the greenhouse gas emissions from the installations themselves. In Laos, the dams are of the lowland variety, located in the Mekong River basin, and therefore likely to have high methane emissions.

Laos further states in its NDC that installed hydropower capacity in the country had, by 2020, increased by 1,000 MW, and that it would be further increased by 7,500 MW by 2030 without reliance on international climate finance.85 How such a massive growth in the technology (costing more than US$20 billion based on the average per-megawatt cost cited earlier) would be realized in Laos, which is a Least Developed Country, without international support, is not explained.86 Nor is it explained how so much construction could be completed in so short a period of time in light of the years-long delays that typically mar reservoir projects.87 There is an indication that some of the hydropower Laos plans to generate will be surplus and will be exported (to Vietnam?),88 but no further information is provided on this point.

Laos’s NDC refers in passing to an incident of ‘dam collapse’ in 2018, caused by storms and heavy rains, leading to ‘huge losses and damages’.89 This is, of course, a pertinent point, which, however, is not further detailed in Laos’s NDC or its UNFCCC communications. As with the mirror-image threat of the impacts of dams on the world around them, NDCs and related instruments produced by states pursuant to the climate change regime choose to avoid discussion of the vulnerabilities of hydropower itself under a warming climate. Sturdy though dams are,90 they are not immune to the impacts of climate change. Storms and droughts can lead to their closure.91 In the Laos dam-collapse incident of 2018, at least 71 people were killed according to two non-governmental organizations, Inclusive Development International and International Rivers. The two organizations have alleged shoddy construction as the main cause – not severe weather, which is the explanation given in the Laos NDC.92 An acceleration of dam-building for mitigation purposes in developing countries must take account of this kind of risk as well, which is less well understood than the more conventional concerns underlying critiques of hydropower growth. The track record of large, complex engineering feats undertaken by poor developing countries is unenviable.93 The risk of ‘huge losses and damages’ from them, especially if a multitude of them were to be fast-tracked in parallel in the same country, is higher in these circumstances.

On the periphery of Europe, Turkey is the country with the largest hydropower growth potential and corresponding ambition. ‘Tapping the full hydroelectric potential’ is the country’s plan, according to its NDC.94 In 2016, hydroelectricity held a 24.5 per cent share of total electricity generation in Turkey.95 Installed capacity was 26,678 MW, an amount that Turkey intends to triple.96 By 2022, there were 751 hydropower plants in the country, with a total capacity of 31,571 MW; more were under construction.97 However, electricity demand was growing at an even faster rate, so that the share of hydroelectricity by 2022 had fallen to 20.4 per cent of total generation.98 Turkey acknowledges that dam-building costs are prohibitive, preventing the country from reaching its ‘theoretical hydropower potential’ of 180,000 MW.99 It seems that the current plan for Turkey is for hydropower to grow at a rate of one large dam per year through to 2035.100 The country does not provide any further information on these matters in its NDC or in related instruments.


3.2.3 Lesser promoters

Several other countries have announced plans in their NDCs to expand hydropower by a significant amount relative to their size and stage of development, without offering too many specifics. In Argentina, in 2020, large-scale hydropower’s installed capacity was 10,792 MW.101 The country plans for the ‘energy matrix by 2030 [to] be more … sovereign … based on the significant potential of … hydroelectric’ power.102 By 2030, installed capacity is slated to have grown to 13,242 MW.103 Guinea (population 13.9 million), in its NDC, estimates its unrealized hydroelectric potential at more than 5,280 MW, all of which it intends to realize. Only about 720 MW has been developed there to date.104 These installations generate about 60 per cent of the country’s electricity. With international support, Guinea’s plan is to raise hydroelectricity’s share to 80 per cent by 2030.105 Mozambique’s NDC notes that its largest hydropower plant (2,075 MW installed capacity) is responsible for 71 per cent of national electricity generation. It estimates potential capacity for the technology at 19,000 MW, of which 5,645 MW will be ‘prioritized’ (no further detail is offered).106 Myanmar’s pre-coup government produced an NDC that identified 19,567 MW of additional potential hydropower for development.107 For growth of this magnitude, the government presumably had plans to impound the Irrawaddy River, which until now has remained free-flowing.108 The government had allocated US$2.5 billion to the building programme through to 2030.109 (One must assume, in light of the current chaos in the country, that Myanmar’s NDC is just words on paper.) Nigeria’s NDC is largely conditional on international financial support. For its mitigation ‘contribution’ it requests international climate finance for hydropower development, which is to attain a total installed capacity of 15,500 MW.110 Current installed capacity in Nigeria is just 1,938 MW.111 Tanzania includes a one-liner in its NDC on its intention to grow hydropower to more than eight times its current size (reaching 4,700 MW), without saying how it will do so or by when.112 Venezuela also plans to grow its hydropower strongly, but from an already significant base (more than 15,000 MW).113


3.2.4 Brazil

I have left Brazil till last because it is an unusual case. It is a predominantly lowland country with dams of high emission intensity.114 Although Brazil already has a vast infrastructure of dams (installed capacity in 2018 was 104,139 MW, inclusive of 281 large dams and 427 small ones),115 it plans to build more. The country has been silent in its national reports to the UNFCCC about the greenhouse gas emissions from its network of dams.116 This is to be expected, in light of Brazil’s outstanding success in using funding from the Clean Development Mechanism (CDM) to subsidize its dam-building programme.117 (To have admitted high emissions from dams would have risked termination of those subsidies.) Brazil’s reports are also silent on the severe reduction in river connectivity that its river-damming programme has caused.118 The country’s NDC praises the technology without offering an indication of how its expansion plans will further develop.119 It would seem from Brazil’s 2020 BUR, however, that its future hydropower development will be limited to small-reservoir dams and run-of-river plants.120 It is likely that the last of the large dams in Brazil’s remarkably ambitious history of damming its rivers were those being completed at the time of writing, which are due to come on line around 2030.121

In suggesting, as I have throughout this chapter, that countries should be more open about their reliance on hydroelectricity generation for mitigation purposes, because of the downsides of the technology, the alternatives reasonably open to them must of course also be kept in mind. In Brazil’s case, the country could turn to its untapped wind and solar potential for additional power, but it could just as easily turn to its vast deposits of onshore and offshore oil and gas, discovered in the 2010s.122 The advantage of the latter as an energy source is that, like hydropower, they do not suffer from intermittency. Another advantage of oil and gas is that power plants fuelled by them occupy little land compared with wind and solar, so that the biodiversity opportunity costs for Brazil (supremely well-endowed as it still is in this regard) would be close to nil if the fossil-fuel option were chosen. Brazil’s energy pathway of least resistance when hydropower is struck off the list of mitigation options is not necessarily much better for climate change mitigation than it would be if the option were kept in play.


3.3 Will power dams deliver the promised additional mitigation?

We have seen in the previous section that several countries have based their mitigation plans on the assumption that hydropower growth will continue and can indeed be accelerated. This group of countries is significant in population size, and the amount of mitigation that hydropower is supposed to deliver for this group is also significant on a global scale.

In general, any rapid roll-out of a mitigation technology will face implementation obstacles, for it cannot avoid running up against established interests. In a world that no longer offers any unmanaged spaces, mitigation technology must vie for space that is already occupied. This is emphatically true of the newer renewables (wind, solar, biofuel), which are space-hungry and are often installed on land proximate to human settlements. Working land in these instances must be repurposed to accommodate the hardware, or, in the case of biofuel, the changed agricultural practices. Hydropower does not face quite the same problem, because its large installations can efficiently be placed at a distance from settlements. But there, they will likely intrude on protected nature or on relatively unspoiled areas, where communal interests are invested not in particular land uses but in leaving the land unused and the rivers free-flowing for environmental reasons. These interests have law on their side, at least in developed countries. Remotely installed hydropower has opportunity costs for biodiversity that are difficult to calculate, including because many of the affected ecosystems are still only partially described.123 In accordance with the precautionary principle, the potential biodiversity penalty of hydropower must not be discounted for this reason (the gaps in our knowledge).

Nevertheless, the issues for power dams go well beyond biodiversity loss. Soon after this century-old technology was repackaged as a mitigation measure in the late 1990s and embraced by the CDM,124 scholars began investigating and questioning its mitigation credentials. A debate ensued, which continues to this day.125 Any technology that causes methane emissions (as hydropower does) is assured a slice of controversy, as it raises the question of which global warming potential to use for the gas. Opponents of the technology will naturally choose the highest potential that the Intergovernmental Panel on Climate Change provides: 86 times the warming potential of carbon dioxide over a 20-year time horizon.126 This would weigh heavily against the mitigation benefits of power dams. Consequently, the NDCs’ promise of a renaissance in dam-building must contend not only with established interests of the environmental kind (which in some places enjoy legal backing), but also with scepticism concerning whether what is being promised will deliver significant net mitigation benefits before the mid-century milestone. Additional issues – financial viability, the possibility of economic dependency, structural safety under the punishing impacts of climate change, and so on – have been highlighted in this chapter.

It is indeed remarkable that a technically challenging, expensive and intensely nature-altering technology such as hydropower is accommodated with such ease in the climate change treaties, especially in the Paris Agreement through its NDC system. It should lead us to question the amount of real substance underlying the fine ambition expressed in NDCs through their embrace of the technology of hydropower.
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4 An Essential Zero-Carbon Solution or a Perilous Energy Technology? Exploring the Nuclear Debate in EU Law

Kaisa Huhta


4.1 Introduction

The global effort to combat global warming requires extensive measures in the energy sector, which is responsible for roughly a third of global greenhouse gas emissions.1 A monumental scale-up of low-carbon energy sources must play a central role in reducing this contribution.2 Renewable energy sources are typically cited as an obvious route to address the issue,3 yet they are not enough in themselves, as their intermittency requires other supporting energy solutions.4 What is more, electricity demand will increase substantially over the coming decades due to electrification and overall growth in energy demand despite efforts to reverse this trend.5 As a low-carbon means of producing electricity, nuclear energy has been suggested as a potentially influential solution.6 The Intergovernmental Panel on Climate Change (IPCC) has held that nuclear energy ‘could make an increasing contribution’7 to low-carbon electricity and heat, and continues to include nuclear energy in its climate change mitigation scenarios.8

However, no form of climate change mitigation technology is without its trade-offs, as demonstrated throughout the chapters of this book. Nuclear energy, in particular, faces significant opposition from environmental groups and civil society, which voice loud concerns over its safety and feasibility.9 Acknowledging this opposition, the IPCC has highlighted that the major obstacles to nuclear energy include ‘long-term fuel resource constraints without recycling; economics; safety; waste management; security; proliferation, and adverse public opinion’.10

This chapter focuses on the interplay between the arguments in favour of nuclear energy and those against, as two sides of an enduring debate. It does not seek to discredit or to support one or the other of the opposing views on nuclear energy, nor does it take a legal, social or economic (let alone personal) stand on them. Instead, this chapter reviews the key facts and arguments typically invoked by nuclear opponents and supporters and demonstrates, using the European Union (EU) as an illustrative case study, how this sensitive and politically charged debate is reflected in law and in legal governance of the low-carbon energy transition.

The chapter acknowledges, as its starting point, that nuclear energy is one of the most controversial means by which to produce energy. Not just public opinion but also research on nuclear energy is extraordinarily divided. Depending on the viewpoint taken, research has come out both in support of nuclear energy and warning against it.11 A recent literature review conducted in this area shows that ‘articles in scientific journals disagree on the role that nuclear energy should play in the low carbon future’.12 As a result, both opponents and supporters of nuclear energy can find facts to support their arguments. This chapter shows that even when there is no agreement over the merits or perils of nuclear energy, transnational legal frameworks can be designed and adopted for nuclear energy. In fact, despite the fundamental controversies surrounding nuclear energy, the legal governance of nuclear activities, referred to as ‘nuclear law’, has been in existence globally since the 1960s.13

The focus on the EU is justified by several reasons. The founding member states signed the Treaty establishing the European Atomic Energy Community in 1957 (hereafter the ‘Euratom Treaty’).14 Overall, governing the exploitation of steel, coal and nuclear resources has been at the heart of European economic and political integration from the outset as two of the three founding treaties focused on these resources.15 Nuclear energy has been politically controversial in Europe especially since the 1970s,16 with significant increases in nuclear opposition after the nuclear accidents in Ukraine in 1986 and Japan in 2011.17 However, there have also been periodical increases in support for nuclear power, with some commentators even describing or predicting a ‘nuclear renaissance’.18 Most importantly from the point of view of the themes of this book, a focus on the EU is justified in the context of its ambitious climate goals, which rely on the success of low- and zero-carbon energy solutions.

The political and legal approaches to nuclear energy within the EU’s member states have undergone continual evolution over a period of more than 60 years to the present day. Some member states rely on nuclear power extensively and consider it to be an inseparable part of the low-carbon transition, while others regard it as an unacceptably risky means of producing electricity.19 In 2021, nuclear energy constituted around a fifth of the total electricity produced in the EU20 and 13 EU member states had operational nuclear reactors.21 Member states such as France and Finland rely heavily on nuclear energy.22 Finland has just opened a new nuclear reactor,23 and France and the Czech Republic are planning massive new nuclear investments.24 The United Kingdom, while no longer a member of the EU, is constructing new nuclear facilities.25 In contrast, Belgium has decided to entirely phase out nuclear, and Germany completed its phase-out in spring 2023.26 Other states, such as Austria, have no nuclear power plants because of widespread opposition to nuclear energy.27 Overall, nuclear energy production in the EU is decreasing.28

Section 4.2 examines the key arguments for and against nuclear energy. While some of these arguments also apply in the context of small modular nuclear reactors, the analysis here focuses on large-scale, centralized nuclear energy production.29 Section 4.3 then analyses the constitutional framework for nuclear energy in the EU and demonstrates how, by providing member states the right to choose their own energy mix, it creates a compromise between their conflicting opinions in the nuclear debate. To demonstrate how this compromise operates in a legal context, Section 4.4 analyses the nuclear approaches in two EU legislative initiatives. Finally, Section 4.5 concludes the chapter with insights on the potential and likely roles of nuclear in the EU decarbonization efforts from a legal point of view.


4.2 Reviewing the facts and arguments of the nuclear debate


4.2.1 Core reasons against nuclear energy: an unsafe and risky energy form that should not be used in the modern world

The anti-nuclear movement has a long history, dating back to the 1940s and 1950s. Its roots lie in the activism that arose at the end of the Second World War after nuclear bombs were dropped on Hiroshima and Nagasaki, alerting the world to the dangers of nuclear weapons and radiation. The movement gained significant momentum in the 1960s and 1970s, with large anti-nuclear protests taking place in the United States, Europe and elsewhere and concerns arising over a wide spectrum of issues throughout the lifecycle of nuclear activities. Leaving aside the production of nuclear weapons, issues include prospecting for nuclear fuels – such as uranium – and their mining, refining and enrichment, as well as the production of energy through nuclear fission, end-of-life measures for decommissioning nuclear facilities and the management of nuclear waste.30

The core arguments and facts relied upon by the anti-nuclear movement revolve around issues of risk and safety. The risk and safety concerns about different activities in the lifecycle of nuclear energy production can be further dissected, but the umbrella argument remains the same: that prospecting for, mining and enriching nuclear fuels, producing nuclear energy and managing nuclear waste are activities that carry a whole host of environmental and health safety risks that, from both a financial and an ethical point of view, are not worth taking.31

The first and perhaps most oft-cited concern over the safety risks of nuclear activities relates to nuclear energy production itself and, in particular, to the potential for accidents or disasters.32 The potential human and environmental consequences of radioactive pollution and contamination can be illustrated by the 1986 Chernobyl accident.33 The explosion of one of the reactors caused the uncontrolled release of radioactive isotopes for more than a week, contaminating vast areas in Eastern and Northern Europe.34

Second, the anti-nuclear movement expresses fundamental concerns over nuclear fuel activities. Uranium mining can have significant impacts on the environment, including the contamination of air, water and soil, as well as the disruption of ecosystems and wildlife.35 The opponents of nuclear energy also point out research that shows that the management of waste generated during uranium mining and processing poses environmental and health risks.36 The risks presented by uranium mining and processing also stretch beyond its environmental impacts to the health and safety of workers and local communities, as well as their land rights.37

Third, there are also arguments against nuclear activities that relate to the management of nuclear waste.38 After nuclear fuel is spent, it remains highly radioactive for centuries and can cause significant environmental contamination and pose health risks.39 Finally, nuclear opposition has, from the very beginning of the anti-nuclear movement, highlighted the linkages between nuclear activities and the prospect of nuclear weapons proliferation. While nuclear reactors themselves are not the primary proliferation risk, the concern is that states lacking nuclear weapons and interested in nuclear armament will utilize enrichment and uranium processing facilities for energy use as a front for building nuclear weapons.40

When assessing the potential of nuclear activities for climate change mitigation, these facts and arguments against nuclear energy are often placed in the context of the economic (un)profitability of nuclear energy. The construction of a nuclear power plant is a highly capital-intensive project, with high upfront costs required for construction, licensing and regulatory compliance.41 It is generally accepted that the perceived risk of nuclear activities increases the cost of capital and the investment uncertainties of nuclear energy are generally higher than for other energy sources.42

In the context of these economic factors, the opponents of nuclear energy argue that because of the increasing profitability and fast uptake of renewable energy sources, nuclear energy is not a competitive means of producing energy compared to renewable energy. For example, this argument was frequently cited as a reason for Germany’s nuclear phase-out.43 Similarly, Greenpeace, which is well known for its opposition to nuclear, states that nuclear energy ‘isn’t just bad for the environment, it’s bad for our economy’.44 It argues that ‘nuclear plants are more expensive and take longer to build than renewable energy sources’ and that, in the context of the urgency of climate measures, nuclear energy should not be relied upon because it is neither rapidly deployable nor affordable.45 In stark contrast to these arguments, the supporters of nuclear energy are in favour of not only keeping existing nuclear facilities operational but also of constructing new ones. The arguments and facts relied upon by this movement are explored in the next subsection.


4.2.2 Core reasons in favour of nuclear energy: a necessary energy technology to support the low-carbon transition and supply growing demand

At the end of 2021, there were 439 nuclear power reactors in operation in 32 countries.46 The total electricity production from these facilities accounts for roughly a tenth of global electricity generation, with countries such as France meeting most of their electricity consumption with nuclear power.47

The core arguments and facts relied upon by the supporters of nuclear energy revolve around climate change, energy security and reliability. When assessing the potential of nuclear activities to further climate change mitigation, supporters of nuclear energy emphasize its potential as a low-carbon form of energy production.48 While the lifecycle of nuclear activities from the mining of uranium to the final disposal of nuclear waste does produce some greenhouse gas emissions, the production of electricity through nuclear power itself does not. With at least a 40-year operating lifespan, nuclear energy could provide a long-lasting low-carbon means to produce electricity.49 It has been estimated that nuclear energy has avoided significant amounts of greenhouse gas emissions compared to the hypothetical scenario in which all of the nuclear energy had been produced using fossil fuels.50 In Germany, for instance, the increased emissions caused by the shutdown of nuclear facilities have been relied on to argue in favour of keeping the power plants operational,51 with some politicians arguing that nuclear should be used as a bridge technology to assist in the transition toward renewable energy sources.52 In this context of the contribution nuclear energy could make to climate change mitigation, it has even been asserted that states have ‘an ethical obligation to invest in nuclear energy to mitigate climate change’.53

It is also often pointed out that the benefits of nuclear energy include the reliability of nuclear electricity production, a quality that contributes to energy security.54 Once up and running, nuclear power is steady and stable and can run uninterrupted at near full capacity for months and sometimes for years and can therefore complement an energy system based on more intermittent renewable energy sources. As a reliable source of fairly continuous energy supply, nuclear energy is a much less carbon-intensive solution to mitigate the intermittency of renewable energy sources than fossil-fuel-based energy generation.55 In terms of energy security, advocates of nuclear energy highlight that the role of nuclear power is important in diversifying energy supplies, decreasing dependence on fossil fuels and keeping energy prices reasonable.56 These facts and arguments have been more frequently invoked in light of Russia’s invasion of Ukraine and the related energy crisis in the EU.57

Finally, nuclear energy’s supporters point out that nuclear energy production is highly energy efficient, in that a relatively small amount of nuclear fuel can produce a large amount of energy. This characteristic has a number of benefits. Among other things, a nuclear energy installation produces much more electricity per square metre than any other energy production method.58

Governments that support nuclear power often employ what is called a ‘necessitation strategy’.59 At the core of this strategy is the argument that there are no other alternatives to nuclear power given the urgency of climate change, the intermittency of renewables, the increasing demand for electricity and the limited range of existing energy technologies.60 Because of the lack of other real alternatives to nuclear energy in light of the urgency of the need for climate measures, nuclear energy production merits taking the risks associated with the mining of uranium, the safety concerns associated with nuclear energy production and the challenges related to the management of nuclear waste.61


4.3 The legal side of the nuclear debate: 60+ years of nuclear law in the EU


4.3.1 Constitutional foundations: Euratom and the EU member states’ right to choose their energy mix

The Euratom Treaty seeks to ‘contribute to raising the standard of living in the Member States’ by ‘creating the conditions necessary for the speedy establishment and growth of nuclear industries’.62 While the other founding treaties established a wide range of rights and obligations that could be successfully invoked in courts, the spirit of the Euratom Treaty is more promotional and facilitative, creating a framework for advocating the safe use of nuclear technologies in Europe.63

The Euratom Treaty established the Atomic Energy Community as an autonomous legal entity64 and stipulates numerous tasks for the Community.65 It is expected to contribute to the promotion of research and the dissemination of information. Its responsibilities include establishing safety standards to protect the health of workers and the general public, facilitating investment and ensuring the establishment of the basic installations necessary for the development of nuclear energy. It has tasks relating to the regular and equitable supply of nuclear fuels, as well as fostering progress in the peaceful uses of nuclear energy. While the other founding treaties have been amended and revised numerous times over the years, the substance of the Euratom Treaty has never been revisited or changed.66

When first established, there were high expectations for Euratom among the founding member states. They hoped that it would set in motion a rapid growth of the nuclear industry and was seen by some as the ‘main instrument for integration’67 between EU member states. Over the years, it became clear that Euratom would not be able to achieve this kind of nuclear revolution. Some argued that the Euratom Treaty was neglected compared to other legal bases that were used to pursue the internal energy market68 and others even called for the repeal of the Euratom Treaty.69 With the latest revision of the EU’s founding treaties through the Treaty of Lisbon in 2009, several member states supported the idea of bringing the Euratom Treaty ‘up to date’.70 Even though the Euratom Treaty has been unable to facilitate significant growth in nuclear activities, it nevertheless became the constitutional foundation for a body of secondary law governing the safe operation of nuclear activities.

It was the Chernobyl accident that provided the justification for the adoption of a substantive body of secondary nuclear law in the EU.71 That nuclear disaster demonstrated that the transboundary nature of radioactive contamination required transnational governance and cross-border cooperation. As a result, several secondary law instruments were adopted to address the transboundary safety issues stemming from nuclear activities.72

Euratom and the related secondary EU law in force impose onerous safety requirements along the entire lifecycle of nuclear activities. The secondary EU legal framework for nuclear energy is extensive and, consequently, its examination is beyond the scope of this chapter.73 Rather than obligating or promoting the uptake of nuclear energy, the secondary legal framework focuses on safety, radiation protection, the management of nuclear waste, decommissioning of nuclear facilities and safeguards to avoid misuse.74

The detailed legal framework for ensuring the safety of nuclear activities under Euratom and the secondary legal framework should be interpreted in the context of the Treaty of the Functioning of the European Union (TFEU),75 which takes no explicit stand on whether its member states should rely on nuclear energy in their energy mix. According to Article 194 of the TFEU, the EU’s energy policy aims to ensure the functioning of the energy market and the security of energy supply, to promote energy efficiency and energy savings and the development of new and renewable forms of energy, and to promote the interconnection of energy networks.76 However, the EU’s pursuit of these objectives may not ‘affect a Member State’s right to determine the conditions for exploiting its energy resources, its choice between different energy sources and the general structure of its energy supply’.77 This constitutional delimitation of the EU’s powers seems inconsistent with Euratom’s function as the facilitator and promoter of nuclear activities in the EU. The relationship between the two constitutional treaties is a delicate balance, which demonstrates the sensitivity of the nuclear debate and its legal dimensions in the EU.


4.3.2 The nuclear debate playing out in case-law: opposing nuclear energy is not an argument that can be won in the EU courts

The controversial nature of nuclear activities has been acknowledged and explored in EU law and policy and in legal scholarship from very early on. The nexus and potential trade-offs between nuclear activities and environmental protection were already recognized in the European Commission’s Fourth Environmental Action Programme, in 1986, following the Chernobyl accident.78 In the Action Programme, the Commission focused on the safe use of nuclear power and emphasized the importance of EU-level action to ensure common rules to address the potential transboundary harm caused by nuclear activities.79 It held that the management of nuclear waste ‘remains a central issue of environmental concern’80 and that the EU must adopt measures to manage those issues.

In the Action Programme, the Commission emphasized its commitment to the safe use of nuclear power within the framework of the Euratom Treaty. On that basis, it announced its intention to issue a series of legislative proposals to address the safety issues associated with nuclear energy as illustrated by the Chernobyl disaster and to keep a close surveillance on the questions of environmental protection in the context of nuclear power.81

The Chernobyl disaster and the Environmental Action Programme that followed were the nudge and the justification for further legislation on nuclear activities in the EU. Against this developmental background, it is clear that the risk and safety concerns embedded in the nuclear debate are already innately part of the EU legislative framework for nuclear activities.

The debate is also visible in legal scholarship analysing this legislative framework, with some scholars criticizing the EU for its legislative action in the nuclear sphere and others taking the opposite view and criticizing the EU for its inaction under the Euratom Treaty. For instance, the Commission was criticized in the 1970s for interpreting the facilitative and promotional character of the Euratom Treaty to justify an allocation of the EU’s energy research budget to nuclear research ‘at the expense of renewable or other alternatives and energy conservation’, which were argued to be much ‘more favourable to the environment’.82

The EU’s environmental law and policy has also been criticized for major omissions relating to nuclear activities, including the EU’s ‘relative reluctance to regulate or even arbitrate in trans-frontier pollution disputes’ and its ‘almost total failure to introduce measures on nuclear power’. The ‘relative neglect of nuclear energy’ has been considered remarkable in the context of Euratom, which explicitly gives the Community the competence to control ‘health- and safety-related aspects of nuclear production’.83

The sensitivity of nuclear activities has brought about friction between member states to this day, which is reflected in nuclear-themed legal disputes. Nuclear energy has been the topic in two court cases concerning state aid for nuclear energy. Because the Euratom Treaty does not provide any mechanisms by which to block nuclear projects in other member states, EU state aid law enshrined in the TFEU offers an interesting instrument through which to challenge the nuclear choices of other member states.84 Austria, which is an opponent of nuclear power, plays a key role in both cases, which comprise the General Court case of Austria v. Commission, its appeal from the General Court to the European Court of Justice (decided in 2020), and the most recent case of Austria v. Commission (decided in late 2022).85 The first of these, which arose from the Commission’s approval of the UK’s state aid scheme in respect of a new nuclear power plant at Hinkley Point, was the first time a member state challenged a Commission state aid decision in favour of another member state.86 The unprecedented nature of this line of case-law alone shows the political sensitivity of nuclear power.

Austria challenged the Commission’s favourable decision inter alia on the ground that if public funds were allocated to nuclear power, they would not be available for the development of renewable energy sources.87 In its review of the legality of the Commission’s decision, the General Court found that ‘the Commission did not err in finding that the United Kingdom was entitled to decide upon the promotion [of] nuclear energy and, more specifically, incentives for the creation of new nuclear energy generating capacity’.88 It based this argument on Article 194(2) of the TFEU as the constitutional foundation of EU energy law by highlighting that ‘it is apparent from the second subparagraph of Article 194(2) TFEU that each Member State has the right to choose between the different energy sources those they prefer’.89 Furthermore, the General Court went on to confirm that ‘[i]‌n the light of the United Kingdom’s right to determine its own energy mix and to maintain nuclear energy as a source in that mix … the decision to maintain nuclear energy in the supply structure cannot be considered to be manifestly disproportionate’90 given the objective of security of supply enshrined in Article 194(1) of the TFEU and confirmed by the CJEU.91 The UK was thus entitled to choose its emphasis as between the various energy sources available.92 The UK’s choice could not be called into question even though the state funds used to support Hinkley Point were, as a result, unavailable for other types of energy projects.93 Furthermore, the General Court clarified the relationship between the TFEU and the Euratom Treaty by highlighting that ‘the provisions of the Euratom Treaty constitute special rules in relation to the provisions of the FEU Treaty and therefore derogate from the latter provisions in the event of any conflict’.94

Displeased with the General Court’s findings, Austria appealed the decision to the European Court of Justice, which not only confirmed the General Court’s ruling but also strengthened the argument that member states were indeed free to choose their energy mix under Article 194(2) of the TFEU.95 It held that because of this specific competence limitation, the choice of nuclear energy is a matter for member states to decide.96

A close reading of Advocate General Hogan’s opinion in C-594/18 P Austria v. Commission exposes the politically loaded nature of nuclear energy and how the political nature of the nuclear debate can be echoed in legal disputes. Hogan described the core of the case as ‘the legal side of a dispute between Member States that are in favour of nuclear power and those that are not’ and pointed out that ‘[b]‌oth sides claim that they pursue their course with a view to protecting the environment’.97 In his opinion, Austria’s line of thinking was based on the assumption that because it ‘is resolutely opposed to the construction of nuclear power stations, the granting of aid for such projects by other Member States who support nuclear power is either expressly or implicitly precluded by the various Treaties governing the EU (including the Euratom Treaty)’.98

Like the General Court before him and the European Court of Justice after him, Advocate General Hogan rejected Austria’s claims. While he acknowledged that there is no political agreement over the merits or perils of nuclear power, he took the view that ‘this Court has neither the competence nor the democratic legitimacy to rule on such issues’.99 He maintained that because the development of nuclear power is a clearly defined objective of EU law provided for in the Euratom Treaty, that objective cannot be subordinated to other objectives of EU law, such as the protection of the environment, even if they are conflicting.100 He emphasized that the case should be interpreted in the context of Article 194(2) of the TFEU, which extends ‘to the right of each Member State to develop nuclear power as part of its energy supply sources’.101 As noted, the European Court of Justice decided the case in line with the Advocate General’s suggestion.

The political debate surrounding state aid for nuclear energy was also reflected in the second case, in late 2022, in a ruling by the General Court in Austria v. Commission.102 Again, Austria brought an action for annulment of the Commission’s decision approving state aid for nuclear energy, this time in Hungary. Austria argued inter alia that the approved aid would lead to disproportionate distortions of competition and unequal treatment which would result in the exclusion of producers of renewable energy from the liberalized internal electricity market. Again, the General Court rejected Austria’s position, observing that, in line with Article 194(2) of the TFEU, member states are free to determine the composition of their energy mix and the Commission cannot require state financing to be allocated to alternative energy sources.


4.4 Legislative developments in the EU nuclear debate

The previous section showed that, because of competence limitations in the EU energy policy area, the EU cannot oblige EU member states to increase the use of nuclear energy in their national energy mixes. In light of the member states’ conflicting policy approaches to nuclear energy, it seems highly unlikely that this constitutional compromise could be radically changed in the future, because any change would require approval by all member states. It seems therefore likely that the approaches to nuclear energy production within EU member states will remain diverse. However, there are two highly publicized legislative initiatives where the EU has taken a facilitative stand on nuclear energy.

The first was the EU’s Taxonomy Regulation of 2020, which establishes the criteria for sustainable finance in the EU.103 It is not a financial instrument in itself, but a classification system to inform companies, investors and policy makers of economic activities that can be considered environmentally sustainable.104 When it was first proposed by the European Commission in 2018, the approach and wording of the Regulation were heavily debated and criticized for including nuclear energy in the list of energy sources that are considered sustainable.

In particular, non-governmental organizations publicly pushed back on the approach adopted in the Taxonomy Regulation. The World Wide Fund for Nature (WWF) argued that the inclusion of nuclear energy in the list of environmentally sustainable activities meant that ‘billions of euros are at risk of being diverted from wind, solar, and other green technologies to … nuclear energy, worsening the climate crisis, harming our environment, and risking increased energy bills’.105 Greenpeace decided to challenge the inclusion of nuclear energy before EU courts, arguing that the Taxonomy Regulation ‘wrongly designates nuclear energy as a climate mitigation activity’ and leads ‘to the curtailment of renewables’.106 Defending the Taxonomy Regulation, the Commission argued that its approach follows scientific advice and that, on this basis, nuclear energy ‘can play a role in the transition towards climate neutrality in line with the European Green Deal’,107 a green growth strategy published by the Commission in 2019.108 The Taxonomy Regulation entered into force in 2020 and, despite the heavy criticism, continued to include nuclear energy in the list of sustainable activities at the time of writing.

The second initiative where the EU took a stand on nuclear energy was the legislative proposal to reform the EU electricity market. Published by the Commission on 14 March 2023, the proposal aims to address the shortcomings of the existing electricity market design that were exposed by the radical energy supply shock resulting from the Russian invasion of Ukraine. With particular relevance to nuclear energy, the proposal suggests new rules regarding support schemes for new investments in electricity generation. It allows direct price-support schemes for new investment in not just renewable energy but also nuclear energy.109 The proposal is likely to face similar criticism for its nuclear approach as the Taxonomy Regulation. However, the final wording of the proposed legal instrument will be a matter of negotiation between the EU institutions and member states.

Finally, the EU legal framework for nuclear energy must also be placed in the context of the ongoing Russia-Ukraine war and the related energy crisis. Some member states that had decided to phase out nuclear energy cancelled or postponed their plans. For instance, Belgium announced delays in their planned phase-out of nuclear energy, and Germany, for a while, had similar plans.110 In countries such as Finland, the construction of additional nuclear power has gained the support of the majority of members of parliament and it is possible that the nuclear reactor that was finalized in spring 2023 will not be the last one.111 These changes suggest that the energy supply shock caused by the Russian invasion and the resulting need to urgently and dramatically decrease dependence on Russian energy has influenced public opinion on nuclear energy, which can affect the role of nuclear energy in the future.


4.5 Concluding thoughts

This chapter has explored the interplay between the arguments in favour of nuclear energy and those against it in a legal context. Instead of taking a stand on either side of the debate, this chapter has examined the opposing views on nuclear power and shown, using EU law as a case study, how this politically sensitive and controversial energy technology is addressed in law and in legal governance of the low-carbon energy transition.

A review of the arguments for and against nuclear energy seems to suggest that the debate eventually boils down to how the various pros (effective climate change mitigation, energy efficiency, energy security, and so on) and cons (risk of environmental contamination, availability of uranium, nuclear weapons proliferation, etc.) of nuclear energy are evaluated by those making political decisions on nuclear power. This is to say that the debate revolves around risk perception and the evaluation of not just the arguments and counterarguments but also the valuation of objective facts.112

In a legal context, the EU provides a powerful example of this dynamic. The governance of nuclear energy in the EU can be traced back to the very beginning of European integration in the 1950s, with the political and environmental sensitivities of nuclear energy emerging in the 1970s. While the secondary legal framework governing the safety of nuclear power is robust in the EU, the role of nuclear energy as a climate change mitigation technology in EU law triggers heated debate. Since 2010, this has been demonstrated by the Taxonomy Regulation, the proposed electricity market reform, and the cases brought before the EU courts to challenge member states’ choices in favour of nuclear energy.

The constitutional legal framework for nuclear energy involves two key features that reflect the significant diversity within member states on nuclear energy and establish a compromise on which both supporters and opponents of nuclear energy have been able to agree. First, EU member states are free to choose their energy mix and decide whether to include nuclear energy. Second and relatedly, arguments opposing the development of nuclear energy in other member states have been and are likely to continue to be unsuccessful in EU courts, reflecting states’ sovereignty over their natural resources.113 Through these two features, the EU legal framework for nuclear energy cannot be used to oblige member states to increase the uptake of nuclear energy. Instead, as demonstrated by the legislative initiatives and the case-law discussed in this chapter,114 the EU legal framework can be used to defend the right of member states to choose nuclear energy and to facilitate opportunities to use nuclear energy as a climate change mitigation technology. Overall, the analysis suggests that the EU legal framework does not place constraints on the expansion of nuclear energy as a climate mitigation technology. Instead, it seems that the obstacles for pursuing nuclear energy in Europe are political rather than legal in nature.
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5 Critical Raw Materials in the Anthropocene: Regulatory Perspectives on their Promise and Pitfalls

Seita Vesa


5.1 Introduction

Effecting the low-carbon transition which is urgently needed to limit the most drastic impacts of climate change demands a swift exit from our heavily fossil-fuel-dependent economy. This in turn relies on the comprehensive use of clean energy technologies, which enable a shift away from high-carbon mineral fuels, such as coal and petroleum, as well as from natural gas. With clean energy technologies, such as electric vehicles, wind turbines and solar panels, being developed and deployed apace, the demand for the required raw materials – critical raw materials (CRMs) among them – is surging in tandem.1 In fact, the manufacture of many of the technologies is heavily reliant on specific CRMs.

Overall, CRMs, such as lithium, cobalt and rare-earth metals, are indispensable for strategic sectors, from renewable energy to the digital industry and the space and defence sectors. For instance, the International Energy Agency (IEA) forecasts that within the next 20 years, the clean energy sector’s need for specific CRMs could surge from 20-fold to over 40-fold. Moreover, based on the projected rate of the clean energy transition, the overall demand for minerals, encompassing both the energy sector and others, is anticipated to increase approximately four to six times from 2020 to 2030.2

CRMs – a collective term utilized in criticality assessments3 – encompasses various groups of materials such as rare earths, precious metals, iron and ferro-alloy metals, and non-ferrous metals.4 CRMs are extracted from mineral5 ores,6 and most are metals.7 The life-cycle of a CRM usually starts in primary sources, that is, mining and mineral processing,8 but CRMs can also be harvested from seawater.9 They can also be recovered from secondary sources, such as recycled materials (for example, waste streams and electronic waste).10 The supply of CRMs faces heightened geopolitical, environmental and social challenges and risks. CRMs are described as ‘critical’ for two reasons: they have considerable economic importance; and they entail a high supply risk, as their unique properties mean that (viable) substitutes are lacking.11 The Organisation for Economic Co-operation and Development (OECD) defines CRMs as those raw materials which have been ‘found to be used intensely in the green transition technologies’.12 There are over 40 materials that have been classified as critical by Canada, the European Union (EU), Japan and the United States, for example – although the list of CRMs differs from country to country.13

CRM supply chains are global, as well as complex due to their extensive networks, and fragile because they are easily disrupted. Consequently, they are laden with risks arising from geopolitical tensions, political instabilities and trade restrictions in the regions where the materials are obtained.14 For example, over the past decade, export restrictions on CRMs have surged fivefold worldwide.15 The CRM life-cycle, spanning as it does acquisition, refining, finished products, waste management and potential recycling, generates supply chains with a complex mix of stakeholders and technologies.16 Although sourced from various locations globally, CRMs and their procurement and the trade in CRMs are concentrated in certain countries and regions. Geographical dependencies can lead to over-reliance, and any disruptions (for example, political disturbances) may undermine the entire supply chain.17 In another concern, increasing demand for CRMs exacerbates human-rights issues, such as the use of child labour, which prevail in many regions from which the materials are sourced.18

What is more, depending on the process used, the extraction and processing of CRMs in countries with weak environmental laws may impact water, fauna or flora and aggravate climate change.19 Negative environmental impacts can be caused by geological factors (for example, heavy metals in ores), mining techniques that disrupt or destroy ecosystems (such as open-pit mining20), or a site’s natural conditions (for example, water scarcity).21

Underlying the idea of replacing fossil-fuel-powered technologies with electric counterparts is the ambition of attaining a generally closed-loop and sustainable circular economy, one in which raw-material demand is fully satisfied by reuse and recycling.22 Although there is a consensus on the ideal of an economy where scarce raw materials, such as CRMs, circulate endlessly, functioning as essential ‘industrial vitamins’,23 such a goal is still far from being realized.24 In other words, most CRMs will continue to be sourced from mining and, moreover, more mines will be needed to meet the growing demand. CRM supplies in the future will rely on a combination of primary (mining) and secondary (recycling) supply.25

The discussion thus far shows that the transition to net zero is distinctly raw materials intensive.26 Against this background, this chapter raises the question: To what extent should the low-carbon transition allow – indeed, encourage – business as usual practices that maintain consumption of, and dependence on, CRMs and intensify exploitation of multiple-use metals and minerals resources?27

The global race for these resources will be fierce in the next ten to 20 years as governments take action to reach net-zero emissions and reassess what raw materials they need to meet the pressing climate targets. The laws and regulatory frameworks for CRMs are still in their early stages, with regions such as the EU and the United States only starting to draft laws and regulations28 in response to the growing need and interest. While the chapter touches on multiple jurisdictions, it centres on the EU’s recent legal advancements in CRMs, given its pioneering role in this nascent field. For example, in 2024, the EU adopted the Critical Raw Materials Act, marking one of the first pieces of comprehensive CRM-specific regulation.29 At the same time, however, CRMs are a prime example of the ‘speed at scale’ conundrum, in which the need for rapid production and deployment is interlinked with the paramount challenge of procuring and managing scarce resources sustainably. The paradigm of Anthropocene law30 – a legal framework aligned with robust climate change mitigation – should be fundamentally different from traditional law. In addressing the multifaceted challenges of climate change, comprehensive solutions inevitably give rise to additional issues or concerns that jurisprudence has traditionally sought to avoid or ignore. The onus then lies on legal scholarship to flesh out the nuances and implications of what will be a transformative legal transition.

The regulatory context described above suggests two salient legal perspectives. The first, narrower, substantive and crucial in the shorter term, hinges on the answers to questions such as how should the immediate concerns of rapidly increasing CRM deployment be governed (that is, geographical dependencies, security of supply, human-rights problems, negative environmental aspects and challenges related to secondary supply) and how can regulatory incentives and frameworks be quickly and comprehensively established for the full deployment of CRMs? For example, ensuring the sustainability of the supply chain for CRMs poses a significant challenge. To avoid sustainability dead-ends,31 policy makers must carefully consider how to proceed in a coherent yet transparent and sustainable manner.32 The second perspective, a more principled, longer-term one, centres on the question of what is the role of law and regulatory approaches in steering resource efficiency, that is, reducing consumption while enhancing circularity?

The chapter proceeds to explore these two regulatory perspectives. First, Section 5.2 briefly describes the CRM landscape to pinpoint the relevant policy settings and explain the singular regulatory complexities involved. This then provides the necessary backdrop for the analysis proper of the perspectives in Section 5.3. Section 5.4 concludes the chapter with a synthesis of the arguments elaborated in the preceding sections, presenting the issues surrounding CRMs as a paradox calling for radical regulatory action and as a field of legal research that merits urgent scholarly attention.


5.2 CRMs in the low-carbon transition: balancing the promise and pitfalls of the regulatory complexities


5.2.1 Unpacking the dynamic CRM landscape: key facts

CRMs as the ‘transition minerals’ are essential for clean energy technologies and, as explained earlier, they can be defined in various ways.33 The term ‘critical raw material’ hence references a dynamic concept, which is continually revised with advancements in research and science, as uptake of the materials depends on evolving technical solutions.34 The criticality of a specific CRM is also contingent upon its applicability in various industrial sectors, technological demands, regional differences and its particular life-cycle. The fluctuating determinations of criticality make it challenging to put forward cogent future scenarios for the deployment of CRMs.35 While by no means exhaustive, the following discussion aims to demonstrate the intricacies of the present policy domain.

Since 2008, the EU has undertaken criticality assessments of raw materials (that is, assessments that identify materials with high economic importance for the EU that also entail a supply risk) as a principal action under the 2008 EU Raw Materials Initiative (RMI),36 whose aims include establishing an EU-wide list of CRMs. The 2023 assessment, the fifth to be carried out, evaluated 67 individual materials as well as 20 others in three categories: ten heavy rare-earth elements, five light rare-earth elements and five platinum-group metals. Following the assessment, 34 of the 87 materials were placed on the EU list of CRMs.37 The criticality assessment has been complemented by a foresight study38 focusing on selected strategic technologies and industries. The study explores the supply-chain structure, potential vulnerabilities, and dependencies of 15 key technologies39 in five sectors of strategic significance for the EU economy: renewables, electric mobility (e-mobility), industry, information and communications technology (ICT), aerospace and defence. As the EU’s assessment represents the most recent and comprehensive overview of CRMs, the discussion that follows employs the EU’s sector and key technology framework.

In the renewable-energy sector, technologies such as solar photovoltaic systems (PV), wind turbines, electrolysers, batteries, fuel cells and residential heat pumps all rely on CRMs. For example, PV technology requires silicon metal for traditional systems, and gallium and germanium for thin-film applications. Other critical materials for solar PV include antimony, arsenic, fluorspar and phosphorus.40

In 2020, the global solar PV capacity stood at 710 GW. Even the more cautious predictions for global solar power capacity see it expanding from 2,950 GW in 2030 and 7,500 GW in 2050. The most optimistic scenario anticipates capacity increasing ten-fold relative to 2020 levels by 2030, and 16-fold by 2050.41 In recent developments, China ramped up its solar PV capacity by nearly 100 GW in 2022, marking an increase of around 70 per cent from 2021. The country was projected to add another 150 GW in 2023.42 The EU also registered a significant rise in solar PV installations, recording growth of approximately 50 per cent in 2022, compared to 2021.43 These scenarios put pressure on several materials, in particular germanium, tellurium, indium, selenium and silicon. Solar PV in the EU relies on a high proportion of CRMs that are imported from third countries. For instance, China processes almost 100 per cent of most of the world’s rare-earth elements.44 Such dominance considerably amplifies the supply-chain constraints impinging on the manufacturing of solar PV.

Electrification is a central strategy for reducing carbon emissions in the transport sector.45 Essential elements for electric mobility include batteries, electric motors, and fuel cells.46 Rechargeable batteries, commonly used in portable electronic devices, are becoming prevalent in powering electric vehicles (EVs) and are also crucial for energy storage. The continuously improving performance of lithium-ion batteries is a significant factor in rising demand for these batteries. The primary driver for this demand, especially when compared to other types of batteries, such as lead-acid batteries, will be the automotive industry.47 Its demand for lithium-ion batteries surged to 550 GWh in 2022, roughly 65 per cent up from around 330 GWh in 2021, mainly due to the growth in passenger EV sales. Over three years, the proportion of EV sales has more than tripled, from about 4 per cent in 2020 to 14 per cent in 2022, representing over 10 million electric vehicles globally.48 Yet, to meet worldwide climate objectives, this proportion needs to rise more rapidly, to about 40 per cent by 2030, and the growth should be matched by the electrification of light commercial vehicles, buses and freight trucks.49

Of the materials commonly used in lithium-ion batteries, cobalt, lithium and natural graphite are classified as CRMs, but the specific needs for different CRMs differ greatly based on the particular battery’s electrode chemistry.50 Between 2017 and 2022, the demands of the energy sector led to a three-fold increase in the demand for lithium, and a 70 per cent rise in that for cobalt.51 China holds a commanding position in the supply chain of raw and refined materials (especially cobalt and lithium) essential for batteries.52

The energy-intensive industries sector stands to play a pivotal role in decarbonization. Industrial heat pumps, hydrogen direct reduced iron technologies (used to produce carbon-free steel), and carbon capture for cement are among the technologies used in these decarbonization efforts. For example, the cement and concrete industries are highly CO2-intensive. In this context, carbon capture involves capturing the CO2 emissions from a cement kiln and storing or using them. However, these technologies are still emerging, which makes the prediction of future demand for CRMs for their manufacturing challenging.53 Heat pumps are more efficient than boilers, promoting renewable-energy use and overall system flexibility. One constraint is that they utilize CRMs such as neodymium, a rare-earth element primarily mined in China, as is the case with many other rare-earth elements, as noted.54

Information and communication technologies (ICT) permeate all sectors of the economy and society. Ubiquitous devices, such as smartphones, tablets and laptops, have seen both technical advances and widespread adoption. Their batteries are made using nickel, cobalt, aluminium, manganese and lithium, while their audio components rely heavily on rare-earth elements. Smartphones, tablets and laptops consist of hundreds of components, supported by an intricate worldwide supply chain. For instance, a smartphone might be assembled in China, incorporate semiconductors designed in the United States but manufactured in Taiwan, and utilize raw materials and chemicals from Japan along with European-made parts. Disruptions at any point in this supply chain could have ripple effects, affecting not just the EU but the entire global market.55 The reliance on and demand for such devices is growing, with the number of various mobile devices rising to nearly 15 billion in 2021 and projected to reach 18 billion by 2025.56

Finally, the aerospace and defence sector remains strategically vital, spearheading technological innovation and driving economic growth. Many of the technologies deployed in aeronautics and space exploration, such as advanced batteries, robotics, drones, satellites and 3D printing, have applications in defence as well. Drones and robotic systems in particular figure prominently in that sector, which accounted for 54 per cent of the global drone market in 2020. Autonomous and robotic systems, especially, are anticipated to significantly transform the nature of military operations at both a global and national level within the 2021–40 timeframe.57


5.2.2 Emerging challenges associated with CRMs

The rising technological and economic significance of CRMs, coupled with concerns about their future availability due to geopolitical, geological and sustainability issues, have put CRMs in the spotlight.58 Today’s fast-growing CRM sourcing and deployment will exacerbate both supply-chain vulnerabilities, referred to earlier, and sustainability concerns.59

China dominates the green transition market, from refining minerals such as cobalt and lithium to manufacturing solar panels and EV batteries.60 Many Chinese-funded projects in resource-rich countries such as Indonesia, Peru and the Democratic Republic of the Congo are conducted in contexts lacking human-rights or environmental due diligence legislation. This leaves victims of abuses, such as child labour, poor working conditions, work-related death and injury, unequal and discriminatory treatment of workers, negative impacts on livelihoods and environmental harm, without any recourse. Since 2021, Chinese companies have faced over 100 global allegations of abuse related to human-rights and environmental violations.61

The entire life-cycle of CRMs – mining, extraction, refining and production – presents a spectrum of potential environmental hazards. The mineralogical and geological features of a given extraction site may give rise to risks of pollution locally. For example, certain CRMs are commonly accompanied by heavy metals, which may be toxic to both humans and the natural environment if released during the extraction process. A related concern is that the extraction and refining of CRMs found in low concentrations in multi-metal deposits require harsh chemical processes.62

Notwithstanding these issues, if managed responsibly, the mining of CRMs can be contained and carried out sustainably.63 However, despite efforts to enhance governance and corporate management, the sourcing of numerous mineral and metal resources still takes place in regions widely recognized for mismanagement.64 The environmental repercussions of such procurement are often unpredictable, and in certain instances resource extraction sites become sources of conflict.65 In an additional caveat, raw-material extraction and processing produce a significant proportion of global greenhouse gas emissions.66 Thus, although CRMs represent only part of the raw materials extracted globally, increased procurement may boost emissions, intensifying the problem that use of the materials aims to mitigate.67

The more the reliance placed on CRMs, the more problems related to their availability and management may be encountered, as well as increased concerns about their environmental and other negative impacts.68 The ‘enormous appetite for resources’ is putting extreme pressure on the planet.69 The environmental impacts and risks associated with CRMs present a dual challenge. On the one hand, certain products and technologies that rely on these materials, such as wind turbines and solar PV, were initially developed to mitigate environmental harm; on the other, the mining and refining processes involved in sourcing CRMs can have substantial negative environmental impacts. Offsetting the latter to some extent are potential positive impacts, such as the jobs created locally and other economic development.70

Reuse, recycling and circularity emerge as the ‘silver bullet’71 in the policies for a sustainable CRM supply. The EU, for example, plans to protect the environment by improving circularity, and measures to increase circularity and efficient use of CRMs will contribute crucially to reducing its import dependencies.72 However, meeting even the current net-zero pledges will require more raw-material extraction (mining), at least in the near term, if industry is to have enough material to reuse and recycle later (the key assessments referred to earlier project demand through 2030 and 2050). As Section 5.2.1 demonstrates, secondary sources of CRMs are paramount for the low-carbon transition, but the stocks of secondary supplies and recycling rates will fall markedly short of demand in the short and medium term.73 The shortfall stems from factors such as supply-chain complexities, insufficient production capacity, export restrictions and import dependencies.74 Even for materials for which the overall recycling rates are relatively high, for example nickel and zinc, the contribution of recycling to meeting demand is relatively low because demand is high.75 The recycling rates for CRMs vary considerably. However, overall, these rates are much lower than what the high demand for these materials would justify, often due to the challenges posed by underdeveloped recycling technologies, leading to the discarding of these valuable resources.76

As the UN Economic and Social Council (ECOSOC) notes, ‘Most of the global non-fossil fuel industrial ecosystem has yet to be constructed’ and ‘[w]‌hat has yet to be built cannot be recycled.’77 The EU is setting a legally binding target for the proportion of recycled material in the consumption of strategic raw materials, but such plans have been criticized as ‘unrealistic for the foreseeable future’ – even if the EU’s circular economy action plan and other relevant policies were to be rapidly implemented.78 In short, such plans would require ‘enormous technological progress and a massive expansion of the circular economy’.79 Research shows that enhanced collection and recycling could yield secondary materials meeting 37–91 per cent of the demand for CRMs by 2050.80 As things stand, mining, despite its negative environmental and social impacts, will not only continue to play a key role in CRM sourcing but is also expected to supply the majority of raw materials for the green society, especially as demand for CRMs increases.81 In any event, the strong increase in demand for CRMs implies that the use of both primary and secondary materials will increase at roughly the same rate.82

The key technologies rapidly developing across all industrial sectors rely on the unique physical properties of certain raw materials. CRMs are ‘inextricably linked to all industries across all supply chain stages’.83 Many CRMs (such as rare-earth elements) are found mostly in low concentration in multi-metal deposits, making their extraction difficult and expensive.84 Furthermore, as demand has increased only recently, their production remains low.85 China, a major supplier, is an economy with low costs, lax environmental standards and a focus on profits from foreign exchange.86 The CRM market is dominated by only a few countries, one being China, and the materials often have unique and dependable properties, as seen in certain rare earths, which have superior magnetic properties that other elements cannot easily replicate.87 Countries and regions, such as the EU, face a complex dilemma in relying on CRMs from China, even as they increasingly scrutinize these regimes, for example, for controversial policies and human-rights violations. This creates a tension between immediate economic needs in the low-carbon transition and long-term ethical and geopolitical considerations. It serves as another reminder that the ‘critical’ in ‘critical raw materials’ does not refer primarily to their scarcity, but rather emphasizes their economic significance coupled with supply challenges and the absence of viable substitutes.


5.2.3 The legal and regulatory context of CRMs

Major global institutions, such as the OECD, the International Resources Panel, the World Bank, the International Renewable Energy Agency (IRENA), the United Nations (UN), the United Nations Economic Commission for Europe (UNECE) and the IEA have contributed research on CRMs underlining their escalating economic importance but also highlighting their negative environmental and social consequences.88 Despite the increasing scientific interest and enquiry surrounding CRMs, sparked particularly by their economic significance, comprehensive legislative and regulatory measures in response have remained scant; the few exceptions are the measures developed in EU.89 In a further shortcoming, the legal and regulatory considerations pertaining to CRMs in the domains of mining, extraction, refining and production have yet to be addressed on a comprehensive scale.90

Extraction of CRMs is generally part of the broad regime of natural resources law.91 Given that mining is the predominant source of CRMs, the sourcing of most CRMs falls under mining legislation. The domestic legal frameworks regulating mining and minerals extraction are long-established, with deeply rooted laws and customs going back hundreds of years. For example, norms providing miners with access to or permission to extract minerals have existed for a long time.92 The regulatory focus in legal frameworks concerning mining is somewhat different from that governing other natural resources: the former emphasize the environmental impacts of mining and processing more so than the minerals per se, whereas the latter consider the sustainable utilization of the natural resource in question.93

There is no international treaty on mining or mineral resources, nor is there an international legal instrument that specifically addresses the environmental impacts of mining.94 Mining law has yet to systematically broaden to ‘encompass the international, transnational, regional, national and local levels of normative orderings of social relations concerning mining and minerals’.95

There are several relevant international customary rules and principles that merit mention. Perhaps the most important principle is that international environmental law applies to transboundary impacts of mining activities (as it does to other activities) as well as to mining in areas beyond national jurisdiction and the mining of specific minerals. For example, the principle of state sovereignty, coupled with the responsibility of not causing harm to other states, applies to negative transboundary environmental impacts caused by mining activities.96 In addition, the obligation to carry out comprehensive environmental impact assessments (EIA) for activities that may have significant environmental impacts extends to mining activities.97

Furthermore, several multilateral environmental agreements (MEAs) have been concluded that regulate activities that may have a direct or indirect impact on mining.98 These include the Basel Convention on the Control of Transboundary Movement of Hazardous Wastes and their Disposal,99 which applies to mining waste.100 Minerals in the international deep seabed fall under the specific resource regime set out in the United Nations Convention on the Law of the Sea (UNCLOS),101 which defines such minerals as belonging to the common heritage of mankind. The Espoo Convention on Environmental Impact Assessment in a Transboundary Context aims to prevent environmental harm caused by extractive industry operations that span across national borders.102 Some MEAs can have an indirect regulatory impact on mining operations, such as the Convention on Biological Diversity,103 which requires parties to take various measures to conserve biodiversity and its components; in many cases these conservation measures would conflict with mining activities.104 Another important instrument in this connection is the General Agreement on Tariffs and Trade (GATT). Its free-trade provisions regulate the international trade in minerals,105 the principal rule being that minerals are not treated any differently from other tradable products or substances.106 Finally, there is also a growing number of standards related to the use of CRMs107 and pledges calling for scaling up international cooperation and regulation on the sustainable use of CRMs.108 Mining and minerals fall under Agenda 2030109 and several of the Sustainable Development Goals.110


5.2.4 The development of CRM-specific regulatory frameworks

Advances in legal regulation on CRMs are starting to emerge, especially in the context of the low-carbon transition and rapid technological development. The growing focus on CRMs and concerns over their availability, security of supply and environmental implications have brought them into the purview of policy makers and regulators.111 The EU stands out in this domain, having taken regulatory action that shows increasing recognition of, and response to, the multifaceted challenges.

The EU launched its CRM policy prior to publishing its first list of CRMs, in 2011.112 The list has been updated regularly. In 2024, the EU introduced the EU Critical Raw Materials Act,113 designed to safeguard a secure and sustainable supply of the materials for the EU. Accompanied by publication of the fifth list of CRMs, containing 34 minerals, the Act reinforces all stages of the value chain and, in particular, diversifies imports to minimize strategic dependencies (the EU’s reliance on imports of CRMs is extremely high, sometimes reaching 100 per cent for certain rare-earth elements).114 The Act also bolsters the EU’s ability to monitor and address supply disruptions and advance circularity and sustainability practices. As the EU Critical Raw Materials Act represents the first comprehensive attempt to regulate CRM management and guide related industry practices, it may be seen as establishing a regulatory benchmark for sustainable CRM governance.115

The EU Critical Raw Materials Act focuses on five key areas. First, it defines priorities and establishes clear objectives for strengthening the EU’s policy on CRMs. This includes codifying the list of CRMs and introducing a new strategic raw materials list. The Act sets out to enhance domestic extraction, processing and recycling capacities for strategic raw materials in the EU and to guide diversification efforts. These benchmarks set minimum percentages for domestic EU extraction, processing and recycling of strategic raw materials, as well as limits on reliance on a single third country for these raw materials. Second, the Act introduces measures to bolster CRM capacities across the entire value chain. Member states are required to provide permits for all CRM projects with tight time limits for permitting procedures, facilitating the process with a one-stop-shop approach. Additionally, the Act promotes circularity and efficient use of CRMs by creating value chains for recycled materials as well as mandating that operators and EU member states improve recovery from products and waste in the EU market containing CRMs. Third, the Act outlines actions to enhance EU preparedness and mitigate supply risks related to CRMs. Fourth, the legislation establishes a common governing structure to oversee the implementation and enforcement of its provisions.116 Last, the Act makes links to environmental legislation (especially legislation relating to permitting) and puts forward plans to develop a system for calculating the environmental footprint of activities undertaken.117

Member states must observe a number of EU-level legal instruments already in force that set out permitting conditions and procedures for projects along the raw-material value chain. These include the Industrial Emissions Directive,118 Habitats and Birds Directives,119 Water Framework Directive,120 Environmental Liability Directive121 and the EU Conflict Minerals Regulation.122 As CRMs are also sourced from secondary sources, such as waste streams containing critical minerals, waste legislation123 is also of growing importance in regional CRM governance. Legislation on waste management includes rules governing the operation of mines with regard to handling of extractive waste and influencing the potential to recover and recycle CRMs from relevant waste streams. Furthermore, CRM sourcing in the European context must also consider relevant circular economy strategies and action plans.124

In the United States, concerns about the availability of critical minerals have been construed with a view to national security and safeguarding against potential disruptions caused by foreign adversaries. A 2017 executive order125 introduced a policy aimed at mitigating this vulnerability, and a 2020 order called for action to address risks associated with critical mineral supply chains.126 Furthermore, a 2021 executive order directed the US government to undertake a comprehensive review of critical US supply chains to identify risks, address vulnerabilities and develop a strategy to promote resilience.127 Canada has a newly revised Critical Minerals Strategy,128 as well as a list of critical minerals.129 The country is home to almost half of the world’s publicly listed mining and mineral exploration companies, and the strategy recognizes critical minerals as a ‘generational opportunity’ for Canada’s workers, economy and net-zero future.130 Other countries, among them Japan,131 China132 and Australia,133 have implemented strategic measures concerning CRMs, and have developed lists of CRMs as part of their approach. These initiatives reflect recognition of the economic and strategic importance of CRMs in various quarters, although there is varying acknowledgement – if at all – of the related sustainability concerns. By identifying and categorizing CRMs, countries intensify their efforts toward understanding their importance and the risks associated with their supply. This approach facilitates the development of specific strategies aimed at ensuring that industries have access to stable and sustainable supplies of these crucial materials. However, this process necessitates active movement toward establishing comprehensive regulatory frameworks and governance systems that can safeguard the stability and sustainable availability of these resources.

The regulatory approaches outlined above illustrate, albeit not exhaustively, the diverse measures adopted by different countries and regions. Building upon this preliminary examination, the next section goes on to discuss the two regulatory perspectives put forward in the introduction – governing quickly increasing CRM deployment and developing regulatory approaches that steer resource efficiency. In the light of the existing landscape of CRM governance, it becomes imperative to chart the path forward, asking what steps should be taken to address the challenges and opportunities associated with CRMs?


5.3 Contrasting perspectives on CRMs in the Anthropocene


5.3.1 Overcoming the imminent challenge: sustainable regulation of CRMs

CRMs present a distinct regulatory challenge. In principle, the sourcing of CRMs is covered by existing mining laws, but many were passed long ago and may not accommodate the concerns prompted by the increasing demand for these materials today. Once production capacities match demand, CRM reserves could satisfy global needs for decades, but the scale and speed required to accommodate the growing demand pose a challenge in their own right. The lengthy timeline for opening a new mine and substantial capital investment involved also suggest that gaps will persist in mining capacity.134 Moreover, technical and economic limitations may render some known reserves non-extractable.135 Contingencies such as these should be meticulously considered when assessing the reliability of existing mining regimes. What is more, the emerging debate surrounding CRMs is undoubtedly intensifying the pressure to scrutinize the applicability of mining law from a new, contemporary perspective.

In legal scholarship, the study of mineral (or mining) law has been ‘circumscribed to domestic legal systems and generally limited to national boundaries’.136 This observation signals an acute need for broader approaches, given the expansion of exploration and extraction, the complexity of global value chains, and uneven distribution of mineral deposits globally.137 Any new perspective must capture the range of legal and normative phenomena – from local to global – relating to sourcing of CRMs. It will require a grasp of ‘all geographical levels of relations and legal ordering concerning rules and procedures in order to access, use and manage minerals (and the rights and obligations derived therefrom).’138

As explained above, while mining remains the main source of CRMs currently, future strategies focus on minimizing this reliance by promoting a circular economy for reusing and recycling these scarce resources. Achieving the ambitious and urgent goal of sourcing CRMs predominantly through reuse and recycling will necessitate advancements in technology coupled with incentives and innovation.139 It is imperative to develop regulatory approaches that acknowledge and address these needs. Although it is technically feasible to recover all CRMs, current recovery efforts are hindered by the lack of robust economic drivers and insufficient policies and regulations. Also lacking are clear economic incentives, support for a competitive secondary-materials market, and encouraging use of recycled materials.140 For instance, existing waste-management legislation in the EU fails to provide adequate incentives for improving the circularity of CRMs or fostering the development of secondary raw-material markets.141 While a diverse set of national measures on waste collection and waste recovery is in place, the present arrangement has been described as ‘an incoherent regulatory framework for economic operators and producers’.142 A salient challenge is the EU’s aim of raising its circular-materials use rate, the proportion of recycled waste in the total of materials used in the economy. Plans call for raising the rate to 23.4 per cent by 2030,143 yet between 2010 and 2021 it stood at less than 1 per cent, a gap indicating the substantial effort required to achieve this ambitious target.144 The EU Critical Raw Materials Act, introduced in the previous section, will play a crucial role in attaining this objective if it enters into force in its proposed form. The Act introduces only minimum benchmarks for extraction, processing and recycling capacities bearing on the EU’s annual consumption of CRMs by 2030. These benchmarks call for covering 10 per cent of EU consumption through domestic extraction, 40 per cent through domestic processing (including recycled content), and 15 per cent through recycling.145

An additional shortcoming is that the current regulatory approaches to CRMs focus on supply security, addressing vulnerabilities and managing bottlenecks. However, if regulation is to shift the sourcing of CRMs from primary (mining) to more sustainable secondary sources (reuse and recycling), governance should prioritize improvements in material efficiency, which will minimize the overall environmental impact. This can be achieved by scaling up domestic circularity capacities through product-design requirements geared to enhance material efficiency, implementing policies that encourage repair and reuse, and creating value from waste and safely recovering CRMs from end-of-life products for recycling.146

The emerging regulatory frameworks should also recognize the numerous liabilities stemming from adverse environmental effects and potential violations of human and labour rights linked to CRMs. To address these concerns, the EU references existing environmental legislation (and other instruments, such as the EU Conflict Minerals Regulation) in its Critical Raw Materials Act. The Act also mandates full adherence to relevant regulations when selecting and implementing strategic raw-materials projects geared to diversifying and securing a sustainable domestic supply of CRMs.147 The EU Critical Raw Materials Act serves to complement the Directive on Corporate Sustainability Due Diligence (CSDD). While the CSDD might eventually apply to companies using CRMs, mandating that they address human-rights and environmental concerns in their operations and value chains, it will not require them to report on the environmental footprint of CRMs.148 The effectiveness of the approaches and instruments described here in protecting the environment from the adverse effects of increased CRM sourcing is yet to be determined.

The multiple complexities associated with mining, extraction, refining and production of CRMs, combined with the evolving multilevel global governance framework, pose a significant challenge in establishing a coherent and sustainable governance framework for CRMs in a tight timeframe. As noted, regulation must address not only the rapid escalation in demand but also a wide spectrum of considerations relating to sustainable governance, such as the social impacts of increased mining activities and the greenhouse gas emissions associated with the energy-intensive production technologies described in previous sections. If regulation is to address these complex and interconnected challenges successfully, it will have to emanate from a comprehensive approach that balances economic, environmental and social dimensions of CRM governance.149 The first step in developing regulatory approaches to CRMs would be to evaluate the applicability of existing laws, especially mining and waste legislation.


5.3.2 Striking a balance: a safe operating space for CRMs?

The current policy and regulatory frameworks show limited consideration of the targets for achieving an absolute reduction in resource consumption or addressing the environmental impacts associated with scaling up domestic (EU) capacities, particularly in the case of extraction.150 In a future aligned with the climate targets and guided by the Sustainable Development Goals, should the regulatory frameworks governing CRMs not emphasize circularity rather than supply vulnerabilities, the focus of the EU Critical Raw Materials Act? This would entail integrating circular-design principles, enhancing resource efficiency and encouraging reuse, remanufacturing and recycling.

Appropriate laws and regulations could play a crucial role in mitigating the criticality of CRMs by effectively reducing the demand for primary sourcing of these materials. This prompts the broader question: How should legal instruments be used to promote resource efficiency, specifically to decrease consumption and boost the circularity of raw materials? Law and regulatory frameworks could also be used to make CRMs more sustainable simply by reducing the need for primary sourcing. Whilst current low-carbon policies encourage subscribing to ‘deeply transformative’ policies that put sustainability ‘at the centre of economic policy’,151 at the same time they incentivize rapid upscaling of CRM-intensive technologies.152 Such a paradox raises a question of regulatory coherence.153 In any event, as long as the supply of traceable materials is limited, encouraging the demand for CRMs ‘only leads to shifting the problem to other value chains’.154 Accordingly, regulations and incentives are needed to forestall such a trend and to increase responsible supply.

There is ‘no benchmark or ultimate global limit of sustainable resource use’,155 but (sustainable) governance can be effected through law and regulatory instruments. Law is not merely an instrument in sustainability transition but a complex system that steers, slows and accelerates the forces affecting transition.156 Exploring the potential of legal mechanisms enables the development of strategies and policies that facilitate sustainable resource management and contribute to a shift toward a circular economy. For instance, setting a goal to reduce material use not only decreases demand but also bolsters the resilience of the low-carbon transition while shrinking its material footprint.157 Without explicit objectives, the ambitious goals of the green transition run the risk of becoming empty promises, incurring significant costs without spurring substantial progress. In essence, the question that needs to be decided is: continue consumption-as-usual, transitioning from fossil-fuel-based to CRM-based technologies, or initiate a radical reform of regulatory approaches that lead from a low-carbon to a net-zero and green future? Answering the second question in the affirmative would entail moving beyond the current approach of incentivizing unsustainable practices to acknowledge the need for comprehensive legal reforms that address the challenges posed by CRMs. It would also require embracing a more sustainable and resilient framework that promotes responsible sourcing, efficient resource utilization and the development of alternative materials and technologies.


5.4 Conclusion

CRMs will be as important to us as oil and gas are in today’s fossil-fuel-powered world.158 However, it is well worth asking whether CRM-dependent technologies are any better for the development of low-carbon economies than the alternatives they are slated to replace. The chapter has demonstrated that while the unique role that CRMs play in accelerating low-carbon transitions is undeniable, ensuring sustainable and safe sourcing of CRMs as well as responsible CRM governance presents a crucial challenge in the upcoming years.

The Anthropocene159 exerts new and partly unexplored pressures on Earth’s mineral resources, which are fundamental raw materials for contemporary societies. Humans have been using minerals for thousands of years and human activities have permanently changed our geologic environment.160 The urgency of mitigating the impacts of climate change requires a rapid shift away from an economy heavily dependent on fossil fuels. This transition is contingent upon the widespread adoption of clean energy technologies, a development requiring the extensive deployment of CRMs in various sectors.

The chapter’s discussion of the legal and policy contexts of CRMs forms a basis for weighing the two regulatory perspectives outlined in the Introduction and reflected upon in Section 3. The current regulatory framework governing CRMs is complex, fragmented and falls short of fully addressing the complexities of sustainable CRM governance. At the end of the day, particularly in global multilevel governance, it remains challenging to obtain a comprehensive view of the applicable legal rules and norms on the emergent issue of CRMs. The first perspective centres on effectively governing the immediate repercussions of the rapid deployment of CRMs, including concerns related to geographical dependencies, supply security, human-rights issues, negative environmental implications, and challenges associated with secondary supply. The second perspective queries the role of law and regulatory approaches in guiding resource-efficiency efforts, including strategies to reduce resource consumption while enhancing the circularity of raw materials. The overview of the current regulatory framework reveals the fragmented nature of CRM governance and the need for its evolution.

On balance, the analysis of these perspectives demonstrates the scope and complexity of CRMs: as objects of regulation, critical raw materials pose wide-ranging and multilayered challenges, and the related governance requires a commensurably comprehensive and multilevel approach. Under current policies, the increasing use of CRMs entails a paradoxical, no-win situation, entangling economic necessity with ethical and environmental dilemmas. Approaches addressing the issue will have to accommodate perspectives spanning local as well as global levels. The need for debate is urgent, as regulatory objectives are swiftly shifting to facilitate and support the low-carbon transition.161 Policy makers and regulators must step back and take a holistic approach to ensure that the transition to a low-carbon economy is sustainable and equitable, and does not cause adverse effects on the environment or society. The law-reform agenda is also somewhat different for energy and minerals, given that they are already subject to legal and regulatory measures in numerous countries.

Finally, the chapter has marked out CRMs as an emerging issue-area in legal research. Particularly salient is the substantive perspective, that is, how the various aspects of CRM sourcing and deployment should be regulated and governed. Also relevant are the foundational considerations of how the law should be employed to guide and incentivize the transition from a fossil-fuel-dependent economy to a CRM-dependent one. Furthermore, while there is copious scientific literature on CRMs, legal scholarship on the topic is scanty. The legal aspects and regulatory challenges relating to CRMs present fertile ground indeed for future research and academic inquiry.
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6 Hydrogen: What Does its Deployment at Speed and Scale Mean for Legal Systems?

Ruven Fleming and Kelsey Pailman


6.1 Introduction

Hydrogen is a central ‘battle ground’ for the decarbonization of the gas sector. Hydrogen is increasingly viewed as an energy carrier that could help states with meeting their commitments to mitigate climate change, which were made in support of the 2015 Paris Agreement and at subsequent United Nations Climate Change Conferences.1 This is primarily due to the potential use of low-carbon, renewable-energy-derived ‘green’ hydrogen as a replacement for less climate-friendly natural gas.2 Hydrogen’s potential to support the Just Transition is also recognized, as it may offer sustainable growth opportunities to regions with economies that have previously been reliant on the fossil fuel industry.3 Consequently, many states are developing hydrogen strategies and polices.4 However, these developments are, for many states, still at a fairly early stage. It is also recognized that hydrogen presents challenges as well as opportunities, especially around pricing and safety concerns.5 While some states are prioritizing green hydrogen in their strategies, this commitment is by no means universal. Nevertheless, the growing enthusiasm for hydrogen is apparent, with more than 26 countries having published hydrogen roadmaps.6 With potential uses including heavy industry, transport, grid electricity production and heating homes and water,7 hydrogen is seen as having a key role in the energy transition, in particular by offering a pathway to decarbonize ‘hard to abate’ sectors.

Hydrogen does not equal hydrogen. Most people by now have heard of the ‘colourbook’ of hydrogen, ranging from green hydrogen (produced via electricity from renewable sources) to grey hydrogen (produced in the traditional way from fossil fuels). The European Union (EU) has used broad terminology in describing different types of hydrogen and has introduced terms like ‘clean’ or ‘renewable’ hydrogen in its legislation, as opposed to definitions conforming with the ‘colourbook’.8

There seems to be a general consensus that hydrogen is relevant for the decarbonization of heavy industries, including steel and cement factories, as this option is included in most hydrogen strategies of countries that have them.9 But the integration of hydrogen in other applications is highly controversial and the subject of significant debate. In Germany, for example, an intense debate has been waged about inclusion of hydrogen for the decarbonization of gas in the heating sector, because of questions about heating as the most efficient way to use a precious resource like hydrogen.10 What these examples highlight is the fact that the deployment of hydrogen is a highly controversial question in various respects. Resolving the tension between the rise of new technological innovations concerning hydrogen, on the one hand, and the most optimal use of these innovations, on the other, becomes central for the future uptake of hydrogen in various industries.

The general move toward deployment of hydrogen in various sectors and areas at a much higher scale and speed than has been done so far means that legal systems need to adapt or be changed. This naturally creates friction, and the friction needs to be channelled and tackled. There are great and noteworthy examples from legal theory on how this can and should be done, including important contributions in this book.

But the theoretical consideration seems to be one thing, practical implementation a different matter. Unfortunately, legislators rarely consult academic textbooks before making decisions that pre-determine future legal frameworks on energy vectors, such as hydrogen, and often do not follow a well-thought-through process on how to come up with best possible laws. In fact, in almost all cases, laws are the result of political compromises and are shaped and formed in particular ways due to political considerations. This is too often overlooked in the legal literature, but it shapes the interplay between forward-thinking regulation and necessary adjustments to existing legal frameworks. As a result, we have seen recommendations and suggestions for improvement that are unrealistic and non-reflective of the actual needs and realities ‘on the ground’.

To be clear, this chapter is certainly not going to solve this general tension between legal theory and practical realities in the law-making process. The ultimate aim is, rather, to provide thoughts from the hydrogen context on how to reconcile both worlds by inventorying and highlighting the frictions. In line with this, the chapter proceeds in two ways. In the following section an inventory concerning the main legal literature on hydrogen regulation is provided. Different aspects and viewpoints will be heard and an inventory of the ‘state of the art’ legal debate on hydrogen, and the core frictions, will be created. This part will primarily focus on the EU as a selected region, given that its regulatory debate is well underway. Moreover, the EU debate clearly highlights challenges that apply at any given jurisdiction that aims to regulate hydrogen.

Based on this inventory, a second step will be taken to catalyse three central ‘battlegrounds’ for future hydrogen regulation in any given jurisdiction. The core frictions highlighted by the EU debate will be contrasted and analysed, in order to gain a holistic view of the regulatory landscape governing hydrogen today and in the future. These frictions raise questions such as who is allowed to own hydrogen grids, which role hydrogen plays in the future heating markets, and the issue of what actually is sustainable in green, clean and renewable hydrogen. The eager hydrogen expert will, of course, be able to add many more to this list and the chapter does not claim to provide a comprehensive overview. Rather, it provides a first idea from which some general conclusions will be drawn on the underlying tension between rapid technology expansion and the law’s general tendency to make normative compromises.


6.2 Current status: literature review on hydrogen regulation

Both hydrogen uptake and the body of legal literature on it, are at a nascent stage. Nevertheless, over the past few years, gradual increases in the adoption of hydrogen in various sectors across industry, transport and buildings have resulted in increased academic discussion and debate regarding the legal implications of a hydrogen economy. The following section highlights some of these discussions and debates across key legal implications of a hydrogen economy. To highlight the interplay between technology expansion, on the one hand, and the law’s behaviour, gaps and issues, on the other, the following explanations are structured along the hydrogen value chain, zooming in on the three most important stages of production, transportation and supply to end-users.


6.2.1 Hydrogen production: defining the transition

Hydrogen production is currently undergoing its own (energy) transition. The ‘colourbook’ of hydrogen, ranging from grey to green, is illustrative of the moving spectrum from fossil-fuel-based hydrogen production to more sustainable alternatives.11 The classification of hydrogen is particularly important, as it determines the energy production methods that would catalyse its uptake within the EU.12 Riemer identifies two key challenges faced in evaluating key aspects of an (energy) transition, such as sustainability of the transition.13 First, it is noted that clarity in legislative frameworks is required when ascertaining which hydrogen production (for example green and/or blue hydrogen) would be compatible with a climate-neutral system from a legal and policy perspective.14 Second, once the forms of hydrogen have been selected, the actual content of the sustainability criteria will need to be evaluated, particularly in light of decarbonization targets and lessons learned from certifying biofuels.15

With a view to the first challenge, to accelerate the rapid uptake of hydrogen within the EU, imports of renewable and low-carbon hydrogen are anticipated to complement domestic production.16 The trade-off here is found in allowing flexibility for diverse hydrogen pathways, while considering that certified fuels need to be climate neutral by 2050.17 As discussed by Fleming, the second Renewable Energy Directive (RED II),18 now contained in the revised third Renewable Energy Directive (RED III),19 does not expressly classify ‘renewable hydrogen’ as renewable energy for the purposes of certification.20 As noted by Banet, there is a need to ensure consistency across legislative acts, as there remains a risk of divergence in definitions.21 Such divergence may impact both the commodity market, and the scale and speed of infrastructure development.22

With a view to certification, Tanase and Herrera Anchustegui showed that the newly revised gas Directive (rGD)23 provides for a certification scheme for renewable and low-carbon gases in line with RED II.24 However, here too the devil is in the details: with respect to the definition of ‘low-carbon gases’, the rGD defines ‘low-carbon hydrogen’ as hydrogen derived from non-renewable sources which meets a greenhouse gas (GHG) emission threshold of 70 per cent compared to the fossil fuel comparator for renewable fuels of non-biological origin (RFNBOs) set out in the Directive.25 However, Riemer argues that such a relative reduction is not always transparent and it would be preferable to include more concrete emission footprints to catalyse further emission reductions.26

With regard to the second challenge, namely the content of the sustainability criteria for hydrogen, lessons may be drawn from the sustainability of biofuels which preceded that of renewable gases in the first Renewable Energy Directive27 (RED I). In this regard, biofuel certification has had more than a decade of practical experience which can serve as a guideline for certification of hydrogen. For example, in the context of biofuels, the sustainability criteria in RED I did not adequately consider indirect environmental effects, such as that a large percentage of biofuels from crops in use were not satisfactorily sustainable.28 As a result, the updated 2018 RED II took into account indirect emissions as a result of indirect land-use change. In the context of hydrogen, indirect emission effects can take place in instances where carbon leakage occurs during the production, storage or transportation of, for example, low-carbon hydrogen.29 This concern has partly been addressed in Art 9 of the rGD providing for the certification of low-carbon gases. According to Art 9(5) of the rGD, the EU must adopt delegated acts setting out GHG emissions savings for low-carbon fuels and must take emission leakages due to hydrogen into consideration.

Taking these issues into consideration, it is evident that legal certainty is a key factor with respect to defining renewable and low-carbon hydrogen as well as the sustainability criteria in respect thereof. However, the law also needs to be adaptable in instances where revision is required to meet the purposes set out therein. One could frame this, indeed, as the underlying tension between rapid technology expansion – here the need to import a lot of hydrogen into the EU, and the law’s tendency of making normative compromises – namely by stretching and tweaking the definitions on hydrogen with a view to sustainability. This tension, albeit in a different form, will also become clear from the following section, tackling the second part of the hydrogen value chain, the transportation of hydrogen through pipelines.


6.2.2 Hydrogen transmission and distribution: transporting the transition

Once hydrogen is produced, it needs to be transported before ultimately arriving at the end customer,30 a third step that will be discussed further below in Section 6.2.3. As noted by Tanase and Herrera Anchustegui, the rGD, which forms part of the Hydrogen and Decarbonized Gas Markets Package, plays an important role in providing regulatory principles applicable to hydrogen in the context of, among other things, the transmission through pipelines.31 The principles applicable to hydrogen have been adapted from existing frameworks within the natural gas and electricity sectors.32 Both the repurposing of existing gas pipelines containing either exclusively hydrogen or a mingled stream, as well as the establishment of dedicated hydrogen pipelines, are envisioned in the rGD.33

Scheibe and Poudineh opine that the system of hydrogen transmission through pipelines possesses characteristics akin to natural monopolies, particularly due to the high costs of developing and repurposing infrastructure.34 As a result, experience from the electricity and natural gas sectors has emphasized the importance of ensuring a competitive market through unbundling measures as well as ensuring non-discriminatory third party access to pipeline networks.35 At the same time, exceptions to these rules are required to stimulate more private investments in the sector.36 Barnes highlights a chicken and egg dilemma given that the framework developed by the rGD will only become practically effective upon the development of a hydrogen market and associated infrastructure.37 Yet, it is essential for the regulatory framework to be in place to facilitate this development.38 There is a certain tension arising from this chicken and egg dilemma, particularly with respect to the law needing to be both clear, on the one hand, and flexible, on the other.

In the development of a hydrogen market, questions arise as to who will own and operate hydrogen distribution and transmission networks. There are strikingly different opinions on this. The EU wants to use the so-called strict ownership unbundling model (OU)39 as the default model for the regulation of hydrogen grids.40 According to Barnes, the OU model can dissuade further private investment.41 Barnes provides an example in this regard that the strict OU model prevents risk sharing that was common in the gas pipeline and LNG markets.42 In line with that, even the Agency for the Cooperation of European Energy Regulators (ACER), according to Tanase and Herrera Anchustegui, advocated for usage of the so-called independent transmission operator model43 (ITO) beyond 2030.44 This would allow for flexibility in the law in accordance with the pace of the development of the hydrogen market.45

In addition to this debate about so-called vertical unbundling, the rGD also proposes a new unbundling model, horizontal unbundling. Baumgart and Lavrijssen explain horizontal unbundling in the following terms: where a hydrogen transmission network operator is part of an undertaking active in transmission or distribution of natural gas or electricity, it shall undergo at least legal unbundling, as well as accounting unbundling, in effect making it impossible for gas and electricity companies to cross-subsidize their future hydrogen grid business.46 Horizontal unbundling, however, has been subject to the criticism that it may hamper synergies between gas and hydrogen networks, and may also result in an inefficient duplication of structures.47 Tanase and Herrera Anchustegui counter that a lighter version of unbundling has been employed for horizontal unbundling, given that the risks of conflicts of interest stemming from combined operatorship is less likely than in vertical integration.48 In this respect it has been noted that any remaining risks can be mitigated through monitoring and approval by regulatory authorities.49

This debate on the correct type of unbundling highlights the underlying tension between rapid technology expansion, here hydrogen grids, and the law’s general tendency of making normative decisions – here the idea of creating liberalized and competitive energy markets. This tension is also clear from the third and final part of the regulation of the hydrogen value chain concerning hydrogen end-use.


6.2.3 Hydrogen customer end-use: (em)powering the transition

While the current uptake of hydrogen by end-users is in its infancy, the supply of hydrogen to customers has been the topic of some discussion, particularly regarding key themes of customer empowerment, on the one hand, and hydrogen end-use in sectors such as heating, on the other.

With a view to customer empowerment, Heidecke and others note that the rGD places a particular emphasis on consumer protection rules concerning supplier switching, price comparisons and obtaining accurate data on consumption.50 With regard to supplier switching in particular, the rGD provides customers with a right to switch suppliers for natural gas and hydrogen, and sets protective measures on pricing.51

With a view to hydrogen end-use, the EU Hydrogen Strategy has already identified several early-adopter sectors in which a ‘switch’ to renewable or low-carbon hydrogen may take place.52 These sectors include the industrial sector using hydrogen in the production of ammonia, methanol and steel making.53 However, dedicated hydrogen infrastructure can also be utilized in providing heat for residential and commercial buildings. As noted by Scheibe, the use of hydrogen in the heating of buildings has been the subject of uncertainty and debate.54 Many debates, as of late, concern the extent to which the Energy Performance of Buildings Directive55 should support the use of hydrogen as a heating solution in buildings. Scheibe noted that hydrogen strategies across member states differ in respect of their treatment of heating in buildings. For example, the German Hydrogen Strategy anticipates a limited role for hydrogen in district heating, whereas the Dutch Hydrogen Strategy foresees a more prominent role for using hydrogen as a means of decarbonizing the heating sector.56

Hydrogen Europe, however, has argued that the advantage of using renewable hydrogen, for example in the heating sector, is that renewable energy may be stored and used at a later stage for the heating of homes in an efficient and cost-effective manner.57 The Association of the European Heating Industry proposed a ‘multi-vector’ approach, meaning that heating solutions are provided on a case-by-case basis depending on the placement and particular construction of a building.58 This may include hybrid solutions, consisting of both electricity and hydrogen as heating solutions.59 Ultimately, the revised Energy Performance and Buildings Directive does not mention hydrogen explicitly in relation to the promotion of zero-emission buildings, but does refer to energy derived from the combustion of renewable fuels.60

These two items illustrate the tension between the protection of end-use customers and enabling free choice, on the one hand, and the steering of these for achieving the most efficient use of hydrogen in the energy sector, on the other. This, once again, shows how the rapid expansion of a certain type of technology (here large-scale production of hydrogen) can sit squarely with normative ideas like customer protection and the willingness of the state to keep a firm grip on the wheel to steer developments.

Taking the aforementioned literature review as well as the identification of three central themes into consideration, the following section summarizes these three key ‘battlegrounds’ of hydrogen regulation and explains why they require further consideration in any given jurisdiction that is aiming to regulate its emerging hydrogen economy.


6.3 Three central battlegrounds for the creation and implementation of hydrogen-specific legislation

Having provided an overview of the legal academic debate and the frictions, we will now catalyse these contributions into three central points currently being debated. All three will be examined and discussed in turn. Their relevance is likely to extend beyond the EU context and these will be the key debates about hydrogen regulation in any given jurisdiction (of course with some local variations).


6.3.1 Who owns the hydrogen grids? State-owned grid company vs private companies (and who pays for them?)

The chicken and egg dilemma exists in hydrogen use, just as it exists in electric vehicle regulation, for example. The solution to this dilemma is the creation of the infrastructure first, to then be able to create demand. But this immediately opens up an interesting Pandora’s box – for, if we need to build new hydrogen pipelines and receiving terminals and need to repurpose existing natural gas infrastructure, who is going to do it? The state or private companies? A state-owned infrastructure company might be quick to create hydrogen pipelines, as there would be taxpayers’ money involved. This could be done in the form of Transmission (TSO) and Distribution System Operators (DSO)61 who already own natural gas infrastructure.

When making a comparison to the currently existing natural gas grid, we find that in Europe the state is directly or indirectly in charge of the TSOs (and most DSOs). Usually this is done, as in the Netherlands and Germany, by the creation of a public limited company, where the state is either the only shareholder62 or, as in France, an indirect shareholder in this public limited company.63

The EU, with its new Hydrogen and Decarbonized Gas Markets Package, essentially decided to continue putting state-owned, or at least state-controlled, companies in charge of the hydrogen infrastructure. For existing and newly built infrastructure this will be either new-to-create TSOs or, if the member states individually allow for it, the existing gas TSOs, if the provided exemptions of the rGD are being used.64

It will be interesting to see how the EU rules, which are about to come into existence, will be transposed to national law. Germany is one of the countries where various options for the operation of hydrogen grids have been contemplated, but ultimately one option has been selected.65 The applicable legislation is, at the time of writing, being drafted, but the underlying idea will be that the existing gas TSOs build and repurpose the pipelines, either directly or perhaps through subordinate companies.

Another question could be asked when contemplating the friction between legal ‘catching up’ and developments on the ground: Is there a certain area where more room could be given to private companies/players? Imagine a country deciding to build a separate hydrogen grid for the supply of gas to industry. If there is an area where gas pipelines exist, but instead of converting those, new hydrogen pipelines are being built, then the state might be more willing to give more room to private companies in the hydrogen context. But this seems limited to very specific (and niche) use-cases, as the trend is to consider conversion of existing natural gas pipelines to hydrogen pipelines rather than building new ones.66

One way or the other, the interesting question for the future is: If we know who owns the grids, who is paying for them? In the beginning they will not have many customers that want to move hydrogen via these pipelines, as the hydrogen economy needs to grow. To incentivize the switch of end-customers from natural gas to hydrogen and the usage of these newly built and repurposed pipelines, the TSOs could charge discounted tariffs to ‘first mover customers’.67 In essence, the TSOs will, therefore, have to bear a large share of the costs. In the future when more customers use the pipelines, the ‘late coming’ customers will then be charged tariffs above the amount needed to maintain the networks.68 The idea being that the late comers will pay for the first movers.


6.3.2 Hydrogen in the heating sector

The decarbonization of the housing sector is a key element of climate change policies in many countries.69 There are two possible routes for decarbonization. The first route would be a more or less all-electric heating system with little to no gas molecules involved anymore. Such a system would mainly run on heat pumps or geothermal heating for individual residential homes, as well as on, for example, district heating for bigger housing units. The key argument, in terms of hydrogen, against this system is that hydrogen is too expensive and precious (meaning it could be better employed elsewhere) to be used for heating purposes.70

The competing model to the all-electric heating world is one where solar panels, for example, play a significant role in heating, but where hydrogen is also part of the picture. The arguments for that model are essentially two-fold: first, the individual applications in houses that are currently running on natural gas heating would require minor adjustments to be able to burn hydrogen.71 As a result, costs of conversion would be much lower than in the ‘all-electric’ scenario.72 Second, the use of different energy carriers for heating purposes (electricity and hydrogen) is preferable from an energy security perspective.73 As price hikes in Europe for natural gas in the context of Russia’s war on Ukraine aptly demonstrated, it is never a good idea to rely heavily on one energy carrier. Diversification of energy carriers but also of supplies is, thus, key. Laws on heating and on energy security, however, are based mainly on the usage of natural gas, so there will need to be adjustments to cater for this new option.


6.3.3 What actually is sustainable in green, clean and renewable hydrogen?

When can hydrogen be considered ‘sustainable’? This is an important issue, as it raises the question whether there are particular criteria that can be applied to categorize hydrogen as green or clean and which role does sustainability play in hydrogen? If we want to deploy hydrogen at speed and scale, what are the legal measures that we need to take to make sure we do not use just any hydrogen, but a sustainable one?

Sustainability criteria for fuels and energy carriers are well known in EU law, particularly in the context of the import of bioenergy into the EU. Whether or not this can be used as an example, or an analogy, to solve the issue of sustainability criteria for hydrogen, is the subject of this section.

Sustainability criteria for the production and import of bioenergy are region-specific in the sense that the importing regions will all set their own, individual criteria. To give an indication, however, we will briefly discuss the legal situation in Europe concerning sustainability criteria to enable a comparison to other regions to be carried out by others.

Sustainability criteria were included in the law for the first time in the 2009 Renewable Energy Directive (hereinafter RED I).74 The scope of this Directive was limited to biofuels and bioliquids. According to the Directive, both are produced from biomass, but biofuels are liquid or gaseous fuels for transport, while bioliquids are liquid fuels for energy purposes other than for transport, including electricity, heating and cooling.75

The mandatory sustainability criteria of the EU have two components. First, biofuels and bioliquids must achieve a certain threshold of GHG emissions savings in comparison to the use of fossil fuels.76 Second, the raw materials cultivated for the production of biofuels or bioliquids must not come from land with high biodiversity value, land with high carbon stock or from peatlands.77 If these criteria are not met, the biofuels or bioliquids can still enter and be sold in the EU market, but they cannot receive financial support or count toward the renewable energy targets of EU member states.78

With a view to sustainability criteria in hydrogen, the starting point is REDII/RED III as well as the rGD.79 The rGD features sustainability criteria for renewable hydrogen, at least indirectly. Indeed, Art 9(1) of the rGD requires renewable gases, hence also renewable hydrogen, to be certified in accordance with Arts 29, 29a and 30 of the Recast 2023 Renewable Energy Directive (RED III).80 Renewable gases encompass biogas and the renewable gaseous fuels part of RFNBOs. RFNBOs are themselves defined as liquid and gaseous fuels, the energy content of which is derived from renewable sources other than biomass, and to guarantee that RFNBOs are indeed of renewable origin, they have to comply with a 2023 Delegated Act from the Commission.81 This Delegated Act was adopted as required by RED III.82 For hydrogen to be considered renewable, the electrolyser must consume electricity either through a direct connection to a generation plant using renewable sources, or through a connection to the grid on the condition that it runs overwhelmingly on renewable sources, or otherwise through power-purchase agreements with generation from renewable sources and, additionally, temporal correlation and geographical correlation rules. These rules all apply to hydrogen whether produced inside or outside the EU.83

All this essentially means that EU law adapted RED’s bioenergy sustainability criteria, that have been devised for bioenergy, and then enlarged them and applied them to renewable hydrogen. Whether or not such an approach is appropriate for other regions to enable the development of hydrogen at speed and scale needs to be determined individually.


6.4 Conclusion

Acknowledgement of the importance of hydrogen in decarbonization efforts across sectors in the EU has gained significant traction over the last few years. This acknowledgement has been marked by the development of EU and national policies facilitating the transition from ‘grey’ to ‘green’ hydrogen. However, the key challenge lies in the practical implementation, particularly given that renewable and low-carbon hydrogen uptake in various industries is still at a nascent stage. Only careful and reasonable implementation can strike a good balance between rapid technology expansion and the (energy) law’s general tendency of being driven by a normative impetus.

The ‘chicken and egg’ dilemma arising from the need for regulatory frameworks to facilitate uptake (and vice versa) presents an interesting opportunity for hydrogen regulation. The three battlegrounds for hydrogen highlighted key tensions and considerations for successful implementation. Evidently, the development of hydrogen infrastructure, and tailored legal frameworks governing such development, are key to overcoming the chicken and egg dilemma. Sufficient financial incentives need to be in place, particularly for increased (private?) investment in hydrogen infrastructure.

Another piece to the hydrogen puzzle is that both domestically produced and imported hydrogen need to meet policy commitments toward net-zero. Periodic revisions to the methodology for assessing sustainability criteria for hydrogen will need to take into consideration whether countries in and outside of the EU can meet the requirements that have been set out.

With a view to hydrogen supply to end-customers, the use of hydrogen largely depends on customers’ ability to switch, both from a cost- and an energy-efficiency perspective. For heating, the choice between hydrogen, electrification or both largely depends on political interests and steering at a national level. Despite differences in the pace and scale at which hydrogen as an energy carrier is being adopted in various industries, the legal framework governing this adoption must keep up with developments, and will set the pace. Legal frameworks are therefore required to be both sufficiently certain and agile for the deployment of hydrogen to be facilitated both in scale and in speed around the globe.
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7 Genetically Modified Organisms: Is the Proof in the Pudding or in the Process?
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7.1 Introduction

Since its earliest applications, the use of genetic engineering in agriculture, food and energy-crop production has sparked significant debate among scientists, policy makers and the general public. An important driver of this debate was the uncertainty surrounding the potential effects of DNA mutations on human, animal and plant health, and on the environment more generally. However, since the early 2010s,1 the increased use of gene-editing techniques as an alternative to genetic engineering, in crop development, environmental management, climate change mitigation and the overall governance of a more sustainable agriculture, has led to a resurgence of this debate.

While genetic engineering involves the manipulation of an organism’s genetic material by introducing foreign DNA into its genome, gene editing enables precise modifications of an organism’s genome by means of a small, controlled edit of its DNA. Through gene editing, the gene is modified in a predictable manner by way of regulatory RNA molecules and/or site-specific DNA-modifying enzymes, without the insertion of foreign genetic material.2 This means that it is nearly impossible to detect whether an organism’s DNA has been altered, as the changes may be indistinguishable from naturally occurring mutations.

The regulation and use of Genetically Modified Organisms (GMOs) is therefore an especially important part of this debate. With population growth and climate change, many consider GMOs as a, or the, solution to feeding the world. Despite having been consistently proven safe by authoritative regulatory and scientific authorities such as the American Food and Drug Administration (FDA)3 and the European Food Safety Authority (EFSA),4 the public debate surrounding GMOs extends far beyond the realm of science.5

Importantly, GMO regulation differs strongly between jurisdictions, in part because the public perception of GMOs and their risk and desirability varies strongly between countries. France stands out as a large economy with the strongest resistance and most deep-seated fears regarding the hazards associated with GMOs.6 Japan, the United States and the United Kingdom display varying levels of consumer apprehension, with Americans generally expressing the lowest level of risk toward GMOs in terms of human health and environmental concerns.7 Traditionally, consumers in countries such as Belgium, France, the Netherlands, Spain and the UK, are willing to pay a premium to avoid purchasing GM-labelled food.8 Italians have been reticent in embracing GMOs and, due to the perceived potential risks that GM foods may pose to human health and the environment, have advocated for stringent labelling requirements for GM food.9 Interestingly, Eurobarometer findings from 2022 indicate that Europeans, as a whole, have become less concerned about GMOs; across the European Union (EU), fewer than one in ten individuals expressed specific concerns about GMOs when asked about them.10 Nevertheless, EU regulation regarding GMO use, development and labelling continues to be highly risk averse.11 Unsurprisingly, American regulation shows a greater openness to scientific innovation and technology, even in the context of the agri-food sector.12

In this chapter, we focus on debates surrounding the EU GMO legislation,13 which has come under great scrutiny with respect to its ability to regulate the biotechnology progress in DNA editing.14 Notwithstanding the socio-cultural and regulatory specificity of this example, and the many important developments in other jurisdictions, the European debate brings together key scientific, ethical, environmental, regulatory and socio-economic considerations and highlights the need for balancing potential benefits with risk assessment, responsible innovation and inclusive decision-making processes.15 As such, we find this debate to be illustrative of the debate regarding GMOs writ large.

The primary aim of the EU’s GMO legislation is to ensure a high level of protection of human, animal, plant and environmental health, irrespective of the cost of such protection.16 The EU approach is based on a complex risk regulatory architecture setting different levels of control mechanisms. It consists of an ex-ante authorization procedure for the cultivation of GMOs17 or their placement on the market, based on a meticulous safety assessment;18 an ex-post monitoring of the potential effects on human and environmental health;19 compliance with rigorous traceability and labelling requirements;20 and the recognition of ample flexibility to member states to opt out of the authorization process for the cultivation of specific GMOs within the national territory on the basis of compelling grounds set by law.21

Despite its clear risk-regulation-based rationale, the EU’s approach has become increasingly controversial since the early 2000s, as it has failed to address the relentless technological progress in this area and the urgent social needs presented by climate change and the need for food security. As a result, the political debate around GMOs has become increasingly polarized. The suitability and relevance of the EU’s regulatory approach have increasingly been questioned, including the legitimacy of the EU’s risk governance,22 while continuing public hostility to GMOs has led to increasing divergence between the public’s risk perception regarding GMOs and the EU’s increasing (scientific) acceptance of GMOs, as demonstrated for example by EFSA’s positive assessment of GMO safety.23

Following the introduction of the opt-out clause in 2015, a large proportion of EU member states chose to implement bans or restrictions on GMO cultivation based on various factors, including public opinion, concerns about potential environmental impacts, and the desire to protect organic or GM-free agricultural sectors. A total of 20 member states and the United Kingdom24 banned the cultivation of approved GMOs in their territory, curbing the de facto geographical scope of GMO authorization and application in the EU.25 On the other hand, Spain, Portugal, Czechia, Romania, Slovakia, Estonia and Finland have decided to allow for the cultivation of authorized GMOs within their national borders.26 Sweden has thus far approved only the GM Amflora potato for commercial production, though it is not currently being cultivated.

The key tension in the GMO debate on which this chapter focuses is the possible – and typically assumed – juxtaposition between safety and sustainability with regard to GMOs in our agri-food supply. In many ways, the growing importance of GMOs in our agri-food supply is the epitome of humanity’s shift into the Anthropocene, with humans impacting ecosystems and species at a cellular level. This chapter presents these two sides of the debate on genetic engineering and gene-editing techniques from a legal perspective by focusing on three sub-topics. First, in Section 7.2, we discuss the legal definition of GMOs. Diverging views on GMOs and their risks and/or desirability, as well as the incredibly fast-moving development of new technologies, has also meant that a consistent legal definition of GMOs has yet to develop.27 This section will summarize the main issues regarding GMO terminology. Second, in Section 7.3, we will analyse the regulation of GMO risk and the role of precaution, specifically given the debate regarding the ‘optimal’ level of precaution in light of perceived and actual risks of GMOs. Third, Section 7.4 will consider the potential roles of GMOs in food security and food sustainability, and more generally the shift toward a sustainability discourse. Section 7.5 concludes with an outline of a research agenda to steer the debate a step further.


7.2 Defining GMOs legally


7.2.1 Defining the definition

Depending on the type of DNA alteration techniques used, GM and non-GM can be indistinguishable from a biological perspective.28 Legally, Art 2(2) of Directive 2001/18/CE on the deliberate release of GMOs into the environment (‘GMO Release Directive’) defines a GMO as: ‘an organism, with the exception of human beings, in which the genetic material has been altered in a way that does not occur naturally by mating and/or natural recombination’.29 Annex I A of the Directive provides an open-ended list of techniques through which genetic modification may be considered to occur or not.30 In addition, Annex I B lists a number of techniques that are expressly excluded from the scope of the Directive, in particular mutagenesis.31

The EU’s legal definition of GMOs refers to both process-based (for example, recombinant nucleic acid techniques) and product-based characteristics (for example, drought-tolerant crops, disease-resistant plants, or crops with increased vitamin content). Despite this, GMO legislation is frequently interpreted as strictly process-based.32 This means that GMOs are regulated solely with reference to the technology through which they are produced, regardless of whether traces of modified DNA are present in the final crop, food or feed. A product-based approach focuses instead on the end product’s safety, nutritional value and overall impact, rather than on the technological process, to determine its suitability for consumption or use. This approach is intended to ensure that the GM product meets the same safety and quality standards as non-modified products, regardless of the methods used to create it.

The process of DNA alteration of an organism can, in fact, be designed in a way that the final crop, food or feed product does not contain modified DNA. This can be achieved through a process called ‘gene silencing’ or ‘gene suppression’.33 Gene silencing involves targeting the specific gene that was modified or introduced into the organism and suppressing its activity. This is often done using naturally occurring mechanisms within the organism’s cells. One common method is to introduce a double-stranded RNA molecule that is complementary to the gene’s sequence.34 This molecule triggers a cellular response that leads to the degradation or inhibition of the gene’s messenger RNA (mRNA), which is required for protein synthesis. Without functional mRNA, the modified gene’s protein product is not produced. As a result, even though the organism’s genetic material was initially altered, the gene modification is effectively suppressed in the final product. Therefore, the final crop, food or feed derived from this modified organism does not contain detectable levels of modified DNA or the associated proteins.

Gene-editing techniques are increasingly championed as the solution for creating more efficient and more sustainable agricultural systems.35 This push has highlighted the rigidity, and possible obsolescence, of the EU’s legal definition. Specifically, genetic engineering and gene (or genome) editing are both used to modify the genetic material of organisms, but, as highlighted above, the way and extent to which they result in genetic modification differ in important ways. The rigidity of the GMO legal definition, therefore, raises implementation and enforcement challenges, as it could be difficult or even impossible to differentiate, for instance, plants obtained by targeted mutagenesis, cisgenesis or intragenesis from plants from conventional breeding.

Targeted mutagenesis is an umbrella term that refers to the intentional and specific modification of an organism’s genetic material at a predetermined location within its genome. This allows scientists to introduce precise changes to the DNA sequence of an organism with the aim of creating desired genetic modifications, such as introducing or knocking out specific genes, without introducing foreign DNA from unrelated organisms. One of the most prominent techniques used for targeted mutagenesis is CRISPR-Cas9 (Clustered Regularly Interspaced Short Palindromic Repeats and CRISPR-associated protein 9).36 Cisgenesis is a specific type of genetic modification that involves transferring genes from the same species or one related to the target organism. The genetic material introduced into the target organism is derived from within its own gene pool or from sexually compatible species. Both targeted mutagenesis and cisgenesis are techniques used in genetic modification with the aim of improving crops, enhancing traits and addressing agricultural challenges.37 Intragenesis, like cisgenesis, involves transferring genes between closely related species or within the same species. However, while in cisgenesis the new sequence contains an exact copy of the sequence already present in the breeders’ gene pool, intragenesis produces a new sequence containing a rearranged copy of sequences already present in the breeders’ gene pool.38 As will be discussed below, in such cases, applicants might not be able to provide a specific detection method required for the pre-market authorization as required by law.

If a GMO falls within the scope of the Directive, it must undergo a pre-market authorization procedure before the organism can be released into the environment or cultivated.39 If the GMO is created with an aim to be used in or as food or feed,40 it will fall within the scope of Regulation 1829/2003 on genetically modified food and feed and it will be required to undergo an authorization procedure similar to that under the GMO Release Directive.41 If the GMO is to be used in food or feed without cultivation, applying for food and feed purposes is enough. If the GMO is not to be used in food or feed, applying for authorization for cultivation suffices. However, if the GMO is to be used in food or feed with cultivation in the EU, companies need to apply for both cultivation and food/feed purposes.

The application for GMO authorization is submitted by the applicant or developer to the competent national authority of a member state first and then forwarded to the EU Commission. The application includes detailed information about the GMO, its characteristics, intended use and potential risks.42 The application is then submitted to EFSA, which is responsible for performing the risk assessment.43 In the case of GMOs for cultivation purposes, the assessment process begins with a comprehensive risk assessment conducted by the applicant and evaluated by the national competent authority of the member state where the application originates first and then by all the other member states, before being submitted to EFSA.44 EFSA evaluates the data provided by the applicant, the national authority and the member states, assessing potential risks to human and animal health, as well as environmental impacts, potential allergenicity and antibiotic resistance. EFSA issues a scientific opinion on the GMO’s overall safety, which includes recommendations for risk management and monitoring.45 This opinion is made publicly available.46

Based on EFSA’s opinion and other relevant factors, the EU Commission drafts a proposal for the authorization or refusal of the GMO. The proposal is then put forward to the EU’s Standing Committee on Plants, Animals, Food, and Feed.47 If the Standing Committee approves the proposal, the EU Commission issues a final authorization decision. In the case of GMOs for release into the environment or cultivation purposes, this decision is valid for a period of ten years, after which a new risk assessment must be performed and the authorization renewed.48 Moreover, the GMO Release Directive respects each member state’s right to restrict or prohibit the cultivation of GMOs on their territory, even if those GMOs have already received EU-wide authorization from the EU Commission.49 This measure ensures a degree of flexibility and autonomy to national governments in deciding whether to allow the cultivation of GMOs within their borders, taking into consideration their specific agricultural and environmental conditions, as well as public concerns. In the case of GM food, however, there is no opt-out option nor the requirement to renew the authorization every ten years.


7.2.2 Applying definitions

While the GMO Release Directive provides the contours of a legal definition for GMOs, this definition refers to the unnatural altering of genetic material without exhaustively defining those processes. The exceptions of Annex I B are presently too vague; problematically, Annex I B excludes ‘mutagenesis’ from the scope of the Directive without detailing which mutagenesis techniques this refers to. The scoping of the Directive has been further complicated with the arrival of new gene-editing techniques.50

This legal uncertainty has led to the creation of a significant body of case law in the European courts. In the Confédération paysanne case (Case C-528/16), one of the first landmark cases on this topic, the Court of Justice of the EU (CJEU) ruled that any organisms altered by gene-editing techniques should be subject to the same (stringent) regulation as GMOs under the GMO Release Directive.51 The CJEU based its judgment on Recital (17) of the GMO Release Directive,52 stating that only ‘traditional’ mutagenesis techniques, namely those with a substantial application and a long history of safe use may be exempted from the GMO legislation, while the ‘newest’ techniques – which mostly refers to targeted mutagenesis and cisgenesis techniques – should fall within the GMO legal definition and therefore be subject to the GMO regulation’s stringent requirements.53 In light of the Court’s restrictive interpretation, new gene-editing techniques such as CRISPR-Cas954 and TALENs55 are not covered by the ‘mutagenesis exemption’ and should therefore be considered techniques that create GMOs, in a legal sense.56

In 2019, in view of this case law and other developments, the Council tasked the EU Commission with conducting a study on the current status of ‘new genomic techniques’ (NGTs) and submitting a legislative proposal, if appropriate.57 In the EU Commission’s study, NGTs are referred to as techniques capable of modifying an organism’s genetic material which have been developed since 2001.58 The study mainly focuses on targeted mutagenesis and cisgenesis in plants, clarifying that they are currently still both subject to GMO legislation.

The study acknowledges the potential benefits of NGTs – such as contributing to sustainable agri-food systems – but also underlines concerns regarding safety, biodiversity conservation, coexistence with organic/conventional agriculture, and consumers’ right to information.59 The study concludes that the current authorization procedure and risk assessment requirements are not adaptable to the variety of potential plant products that can be obtained by targeted mutagenesis, cisgenesis and intragenesis, as the current risk assessment protocols may struggle to distinguish between naturally occurring variations and modifications introduced through these techniques. The result is a disproportionate or inadequate regulatory framework that cries out to be adjusted to better reflect scientific and technological progress, as this approach may treat gene-edited organisms with the same level of scrutiny as transgenic organisms, even though the risks and characteristics can differ significantly.60

The EU Commission’s conclusions were endorsed by EFSA, which received a mandate to develop specific risk assessment criteria for plants produced by targeted mutagenesis, cisgenesis and intragenesis.61 EFSA stated that similar risk profiles can be achieved in plant products using conventional breeding techniques, suggesting that, from a scientific point of view, it may not be justifiable to subject NGT products to the same regulatory requirements as conventional GMOs.62 Based on these findings, the EU Commission proposed the development of a legal framework for plants obtained by targeted mutagenesis and cisgenesis and for their food and feed products in July 2023. The EU Commission’s explicit aim for the new legal framework is to enable agri-food system-related innovation so as to achieve the sustainability targets set by the EU Green Deal (EUGD)63 and the Farm to Fork Strategy (F2F Strategy),64 while upholding a high level of protection for human and animal health and the environment.65

In 2021, the EU Commission presented the Inception Impact Assessment on the ‘Legislation for plants produced by certain new genomic techniques’.66 It presents five policy options, of which the EU Commission deems Option 4 the most groundbreaking. Under this option, the legislative initiative would address key issues, such as the lack of clear legal definitions for terms such as ‘mutagenesis’, ‘techniques/methods of mutagenesis’, ‘conventional use in a number of applications’, or ‘long safety record’. Moreover, plants obtained by targeted mutagenesis or cisgenesis that could also occur naturally or be produced by conventional breeding would only require a notification procedure.

The preferred option is a combination of Option 4 for products that could also occur naturally or be produced by conventional breeding and Option 2 for all other products. Option 2 entails that an authorization would still be required and the organism would remain subject to the same traceability and labelling conditions as ‘traditional’ GMOs; the risk assessment would, however, be adapted to diverse risk profiles and detection challenges.67 This combination would maximize the safety of NGT plants and their food/feed products, making them comparable in safety to conventional products, without imposing unnecessary regulatory burdens.68 Regardless of the options chosen, the proposal is expected to enhance legal certainty by providing important clarifications, albeit no specific reference has been made to a possible change in the legal definition of GMOs.69

At the time of writing, the Proposal for a Regulation on plants obtained by certain NGTs and their food and feed70 had been published. The key regulatory innovation included in the Proposal centres on the simplification of the administrative procedure around authorization, notably through an adapted risk assessment and a new verification procedure for products that fulfil the criteria for equivalence to conventional breeding. This simplification of the authorization process for NGTs should facilitate access to Small and Medium Enterprises (SMEs), reducing costs and expediting the development of new products.

The draft Proposal combines Option 4 and Option 2 as presented in the Inception Impact Assessment. The deliberate release and placing on the market of NGT plants will be subjected to one of two procedures: the notification procedure to establish equivalence with conventional products for plants and their derivatives obtained by targeted mutagenesis or cisgenesis that could also occur naturally or be produced by conventional breeding (that is, ‘category 1 NGT plants’);71 or the authorization procedure in accordance with Directive 2001/18 or Regulation 1829/2003 for all the other products (‘category 2 NGT plants’).72 From the proposal, it is clear that the GMO legal definition will not be amended but rather juxtaposed with a legal definition for NGT plants. Though the NGT terminology was already commonplace in the GMO debate and regulatory landscape, the proposal provides the first legal definition. The definition provided defines an NGT plant as a ‘genetically modified plant obtained by targeted mutagenesis, cisgenesis, intragenesis, or a combination thereof, on the condition that the NGT plant does not contain any genetic material originating from outside the breeders’ gene pool that temporarily may have been inserted during the development of the NGT plant’.73 This means that, contrary to the traditional genetic engineering, in the case of NGTs the changes in the DNA are made using only the plant’s own genes or those of its close relatives. No genes from outside sources are added, even temporarily, during the process.

Plants falling within the ‘category 1 NGT plants’ will be exempted from the GMO legal requirements and will be subjected to those applicable to conventional products.74 Nonetheless, ‘category 1 NGT plants’ will be treated as GMOs for the purposes of organic production,75 as the Organic Regulation prohibits the use of GMOs in the production or cultivation of organic food and crops.76 This category is determined having regard to the fulfilment of the criteria of equivalence to conventional plants set out in Annex I and to the intended characteristic(s) or property(ies) conveyed by the genetic modification.77 The notification procedure will also apply in the case of the placing on the market of products containing or consisting of category 1 NGT plants or food or feed produced from such plants.78 For all the other NGT plants (that is, ‘category 2 NGT plants’), and food and feed derived from them, the pre-market authorization will still be required.79 Interestingly, the Proposal dedicates specific incentives for ‘category 2 NGT plants’ and their NGT food- and feed-containing traits relevant for sustainability.80 Incentives will consist in an accelerated procedure for risk assessment as regards applications handled by a fully centralized procedure (food and feed products) and enhanced pre-submission advice to help developers prepare the dossier for the purpose of the environmental and food and feed safety assessments.81 In general, applicants will be supported by pre-admission advice provided by EFSA. For example, SME applicants will be exempted from the payment of specific financial contributions and will receive suggestions on the structure of the scientific study required to support the application for the pre-market authorization procedure when necessary.82


7.2.3 State of the debate

Much of the definitional debate has revolved around the understanding of the second part of the GMO legal definition. Particularly, the question whether the indication of ‘altered in a way that does not occur naturally by mating and/or natural recombination’83 pertains to the technique employed, the resulting novel genetic combination, or both, has proven challenging.84 Art 2(2) of the GMO Release Directive, read in conjunction with Annex I A, suggests that the legal definition should cover both, as the legal text refers to the term ‘techniques’ in combination with the requirement of the identification of a resulting organism whose genetic material has been ‘altered’. Therefore, based on the letter of the law, one could conclude that, in order to be classified as a GMO, two cumulative conditions must be fulfilled: the use of a technique that modifies the organism’s DNA as well as the creation of an organic product with altered DNA.

However, the use of a genetic technique does not always result in an organism with altered genetic material that is different from an organism whose genetic alteration has occurred naturally. This similarity arises because genetic techniques, including targeted mutagenesis, cisgenesis and intragenesis, aim to mimic and harness natural genetic variations that could occur through regular processes such as mutation or recombination. As explained, NGTs often work by introducing small-scale and controlled changes that are similar to what could happen naturally, avoid introducing foreign genes, and work within the boundaries of what is genetically possible for a given organism. Currently, and in light also of the CJEU’s ruling on gene editing, the two situations are regulated equally, and this proves that the EU legislature gives much more relevance to the techniques used than to the final characteristics of the resulting product.

In the gene-editing case law, the CJEU performed a more traditional task of testing and validating regulatory systems and acting as an impetus for regulatory revisions.85 While in Confédération paysanne the CJEU provided a clear (strict) indication of what should fall within the scope of the mutagenesis exemption, ‘[t]‌he challenge thus remains to determine the precise scope of the GMO definition itself, [under which] both process (genomic techniques employed) and product (genetic alteration realised) need to be cumulatively met’.86 This can, therefore, only be evaluated on a case-by-case basis.

The Inception Impact Assessment87 criticizes the existing state of regulatory uncertainty due to a lack of clear legal definitions. Ironically, it still fails to clarify the legal definition of GMOs or its ‘mutagenesis exemption’. The Impact Assessment solely refers to ‘[m]‌echanisms to be able to rapidly adjust elements of the legislation and its implementation over time, as warranted by scientific and technological progress, for a future-proof regulatory framework’88 without addressing the elephant in the room, namely, the regulation of genome-editing techniques that do not necessarily lead to mutagenesis as defined by the GMO Release Directive. The NGT study, therefore, should be used as a basis to clarify further which level of genetic alteration would be considered as ‘not occur[ring] naturally by mating and/or natural recombination’.89 However, the proposal fails to address this issue.

The 2022 public consultation incorporates a range of views: academics, breeders, farmers (excluding organic and GM-free practitioners), other participants in the agri-food chain, and public authorities largely advocate for revising the current legislation to establish a more flexible framework. Conversely, the majority of environmental organizations, NGOs and retail and consumer associations favour maintaining the existing status quo.90 Moreover, the fast-paced developments in this field have underlined the much slower pace of legislative processes, which has led to legal disruption.91

Some have suggested the introduction of a definition of GMOs that emphasizes the characteristics of the final product rather than the type of technique used, shifting from a process-based to a more product-based approach.92 This legal definition could take inspiration from the definition of a Living Modified Organism (LMO) as provided in the Cartagena Protocol on Biosafety (CPB) to the Convention on Biological Diversity,93 which states that an LMO is ‘any living organism that possesses a novel combination of genetic material obtained through the use of modern biotechnology’.94 This would also aid the enforcement of the GMO legislation.95

At this stage, the EU Commission has clarified the objective of the Proposal. The new Regulation on NGT will aim at ensuring that ‘only plants with a risk profile comparable to that of naturally occurring or conventionally bred plants are not subject to the requirements of the current GMO legislation’,96 while, at the same time, ‘plants featuring complex sets of modifications [will] continue to be under the regulatory oversight of the GMO legislation’.97


7.3 Managing uncertainty: risk and the precautionary principle


7.3.1 The risk–precaution dichotomy

When it comes to scrutinizing the risk–precaution dichotomy in the genetically engineered organisms setting, the debate around the regulation and use of GMOs quickly becomes polarized. The precautionary principle plays a pivotal role in shaping the risk regulatory architecture of GMOs, and, in general, in defining the controversial relationship between law and science. By advocating a cautious and proactive stance in managing risks, the precautionary approach has resulted in a risk-averse attitude from the EU Commission. As shown by our analysis of the EU’s legal definition, this precautionary approach has also been applied to GMOs based on concerns about their potential long-term effects on human and animal health and the environment.98

The EU’s risk regulatory architecture is built on several pillars that aim at minimizing or mitigating potential harm to public health, safety and the environment. The first pillar is the setting up of a pre-market authorization procedure before a GM product can be released into the environment or marketed as food and feed.99 Second, as described above, there is a system for an ex-ante assessment of the environmental risks associated with releasing the GMO performed case-by-case (that is, ‘environmental risk assessment’).100 Third, also mentioned earlier, there is the ex-post monitoring of the GM product after its release into the environment and placement on the market as food and feed.101 Fourth, there is a mechanism that allows the member state to modify, suspend or terminate deliberately released GMOs once information regarding the risks of releasing becomes available (the safeguard clause),102 or that revokes the authorizations for placing it on the market for food and feed if the product no longer meets the conditions set by the law.103 Last, as previously described, there is the possibility of an opt-out clause, under which member states have the right to adopt measures to restrict or ban the cultivation of an authorized GMO within their territory, based on compelling grounds related to national environmental or agricultural policy objectives, socio-economic impacts or public policy concerns.104

This safety-conscious approach is complemented by the principle of coexistence under Art 26a(2) of the GMOs Release Directive. The principle requires member states in which GMOs are cultivated to take appropriate measures in border areas to avoid the possible cross-border contamination into neighbouring countries in which the cultivation of those GMOs is prohibited, and especially to avoid the unintended presence of GMOs in conventional and organic crops. The principle of coexistence also allows member states to set their own stricter technical standards and leaves considerable freedom to individual growers and companies to manage the minimizing of unintended presence of GMOs in non-GM crops. On the basis of the EU Commission’s guidelines for the development of national coexistence measures issued in 2010,105 member states adopted different protectionist measures.

On the one hand, the principle of coexistence allows the setting up of stringent rules to ensure that genetically modified, conventional and organic crops can be kept segregated from one another during cultivation, harvest, transport, storage and processing. On the other, it aims to preserve the freedom of choice for farmers, consumers and other stakeholders involved in agricultural production, to protect the integrity of conventional and organic production systems, and to mitigate potential economic impacts on farmers and economic losses that may occur due to cross-contamination or market rejection of crops that contain an unintended GMO presence.

The principle of coexistence brings up the issue of how socio-economic assessment and environmental risk assessment are connected.106 Specifically, it raises the question of the extent to which the socio-economic implications of introducing GM crops into agricultural land should be taken into account in the risk assessment procedure – science-based by definition – and what is their weight and relevance in the final decision. Following the risk analysis definition under Art 6 of Regulation 178/2002,107 socio-economic consequences are an aspect considered only in the risk management stage, performed by the EU Commission; the latter follows the risk assessment – performed by EFSA – and precedes the risk communication – performed by both – in the risk analysis framework. Nevertheless, with the introduction of the opt-out clause, they now play a major role in the decision of a member state to restrict or ban the cultivation of an authorized GMO within the national territory.


7.3.2 State of the debate

Over the years, the traditional risk-averse position on GMOs adopted by the EU Commission, and supported by a vast majority of the member states, has been bolstered by an anti-GMO campaign conducted by NGOs.108 Drawing heavily from an anti-corporate narrative, this campaign has widened the gap between public opinion – mostly based on the perception of the risk and the intuitive perception of GMOs’ potential harmfulness by the public – and scientific evidence regarding the potential harms.

The precautionary approach adopted by the EU Commission, based on its reading of the precautionary principle, has had several consequences. First, while the introduction of an opt-out clause managed to create a bypass to the de facto moratorium on GMO authorization, this has also exacerbated the already fragmented stance of the member states. Some scholars have therefore suggested shifting from an ‘opt-out’ to an ‘opt-in’ legal mechanism.109 This would allow individual member states to authorize the cultivation of a GM crop in the national territory after an EFSA risk assessment, rather than banning or limiting it after the GM crop has been authorized at the EU level.

Second, the current interpretation of the precautionary approach appears to pre-empt the safeguard clause under the GMO Release Directive. The safeguard mechanism allows member states to adopt emergency measures – based on their own assessments of potential risks – to restrict or prohibit the cultivation or sale of a specific GMO within their territory.110 This provision can be invoked when a member state has new scientific evidence or information that suggests a potential risk to human health or the environment that was not previously identified during the EU’s risk assessment process.

Once informed, the EU Commission then assesses the situation and may either request additional information or take measures to ensure the uniformity of the internal market. The application of the safeguard clause has been restricted to prevent the unilateral application of the precautionary principle by single member states.111 The safeguard clause has been invoked by many member states in various circumstances. In 2011 alone, there were 22 active bans in place across six member states: Austria, France, Germany, Luxembourg, Greece and Hungary.112 This has led scholars to claim that the opt-out option ‘will have exactly the opposite effect to that intended, allowing the creation of arbitrary GM-free zones in Europe that will cause untold damage to the EU economy and its global scientific standing’.113 Nevertheless, on review, many of these bans have been considered scientifically unjustified by EFSA.114 The precautionary stance has often been used to put the conflict on GMO authorization on hold for too long, rather than to circumscribe risks without a consequent hampering of opportunities.

Third, the precautionary principle may obscure the relevance of the final product characteristics. To overcome this hurdle, regulatory requirements could also be adjusted based on the type of genetic change, and the risk assessment could take into account the specific characteristics and potential risks associated with different GMOs, as suggested by the Proposal for a Regulation on plants obtained by certain NGTs and their food and feed. This approach can differentiate between GMOs with varying levels of risk and focus regulatory scrutiny on higher-risk GMOs.

Fourth, the authorization is granted on the basis of a qualified majority voting system that ensures great flexibility to the member states, as the procedure can easily be halted by a few votes against any GM crop approval, regardless of the recommendation of the EFSA GMO Committee.115 Some scholars have regarded this process as dysfunctional,116 due to the decentralization of competences – from the EU to the national level – with respect to the implementation of the precautionary principle.117

Last, the strict EU regulatory framework and its precautionary stance have created obstacles to research and development activities, including with regard to GM energy crops, as addressed later in the chapter. Obtaining authorization for field trials and conducting research on GM energy crops is a complex and resource-intensive process. In particular, the current GMO legislation may affect the availability and accessibility of GM energy crops with desired traits, such as enhanced biomass production, improved tolerance to environmental stress, or increased efficiency in biofuel production. Despite the fact that GM energy crops currently fall within the scope of the GMO legislation, discussions over tailor-made criteria and procedures for risk assessment and management are already ongoing.118 Therefore, the characteristics of newly developed GM plants intended for non-food purposes may require the consideration of revisions of risk assessment and risk management criteria, confinement and/or containment measures, as well as the regulation of coexistence, due to the potential risks posed by outgrowing or gene flow from non-food crops.

The principle of coexistence was developed with a view to counterbalancing some of these effects. In the scholarship, the term ‘coexistence’ has been given two different meanings: coexistence based on the mutual recognition of agriculture’s methods (organic, conventional, GM), on the one hand, and coexistence that calls for non-existence of GM crops in the national territory, on the other.119 This second meaning has been identified in some member states’ legislation, in which one of the most frequent types of coexistence measures consists in the isolation distances. For instance, Hungary employs the use of minimum compulsory buffer zones, which are established in border regions between member states that allow GMO cultivation and those that do not. In other countries, including Czechia, Germany and Austria, crops in buffer zones must be treated as GM crops after harvesting for the purpose of labelling requirements.120


7.4 GMOs in food security and sustainable agriculture


7.4.1 Feeding tomorrow’s world in a more sustainable way?

Developments in biotechnology, specifically through agricultural applications, have shifted the focus to genetic engineering as the answer to food security, and gene editing as an important ally for sustainable agriculture.121

Food security has been part of the GMO debate since the late 1990s. In 1999, the Nuffield Council on Bioethics122 released a report that emphasized the potentially beneficial connection between food security and GM technology.123 By introducing genes from other organisms, scientists could enhance crop traits such as yield, resistance to pests and diseases, and tolerance to environmental stressors.124 GM crops have long been viewed as a great opportunity to stabilize and ensure food supply for poor subsistence farmers, as well as to reduce the use of chemical pesticides and fertilizers.125 The Nuffield report stated that it was a moral imperative to carefully investigate these potential benefits in order to help alleviate poverty, enhance food security and promote profitable agriculture in developing nations.126

Since the report’s publication, climate change and continuing environmental pollution have exacerbated the need to improve existing varieties and increase agricultural production. However, the push for intensive agriculture without considering ecological requirements has led to further environmental problems, including soil degradation, erosion, pollution, salinization, desertification and the depletion of freshwater resources and agrobiodiversity.127 Since the early 2010s,128 scientific and academic research has redirected its attention toward exploring gene-editing techniques as a viable source of sustainability.

The alignment between current EU GMO legislation and the sustainability objectives of key strategies such as the EUGD, F2F and Biodiversity129 has sparked a heated debate, especially regarding the possibility of GM technology to help achieve these aims.

While the EU Commission acknowledges the importance of new technologies,130 sustainable solutions and disruptive innovation131 in achieving the EUGD and the Biodiversity Strategy objectives, it falls short of providing concrete measures for their development and application. Similarly, with respect to the F2F Strategy, the EU Commission committed to exploring the sustainability benefits of new genomic techniques through the NGTs study,132 but no specific legal measures have been included in the F2F Action Plan.

While some scholars emphasize the importance of regulatory reform that considers socio-economic factors, public engagement and ethical implications of biotechnology, there is a pressing need to also incorporate sustainability aspects.133

The urgency to strike a balance between sustainability, socio-economic considerations and ethics is heightened by the realization that relying solely on scientific information for risk management decisions is insufficient.134


7.4.2 State of the debate

The scientific and academic discussion on the perceived food security–sustainability dichotomy has shifted: gene-editing techniques are increasingly considered a promising tool for achieving sustainable agriculture rather than one solely appropriate for ensuring food security. However, issues such as Intellectual Property Rights, costly research and development activity, and technology accessibility need careful attention.

Championing local food production and embracing a diverse range of enhanced crop plants have been considered as ways to promote – rather than inhibit – biodiversity.135 Advocates of existing GMO legislation argue that strict regulations safeguard human and environmental health, promote biodiversity and support organic and conventional farming practices in alignment with the objectives of the F2F and Biodiversity Strategies.136 Similarly, there is concern about corporate control and high costs associated with the technology, limiting access for small-scale farmers who are already disadvantaged.137 ‘The worldwide Intellectual Property Rights regime has already been extended to cover plants and animals, including their genes, making the technology expensive and thus, inaccessible for the subsistence farmers who already have limited opportunities for using the GM technology.’138 To ensure progress and local innovation, it is crucial to address these challenges, considering equitable access, adequate education and training for farmers. If not addressed properly, the aforementioned aspects may hinder rather than stimulate both global and local innovation processes.139


7.5 Conclusions and outlook

Most individuals hold predetermined opinions about GMOs, which are heavily influenced by societal and cultural norms. Pro-technology narratives are deeply rooted in capitalist ideology, emphasizing security and efficiency to maximize economic gains. These approaches are particularly entrenched in the US, where there is a greater tendency to embrace risks associated with technological advances. Conversely, the EU’s resistance to technological development in the GMO sector is grounded in ethical considerations and a precautionary approach.140 Although, as shown above, Europeans, especially younger generations, are not inherently more sceptical of biotechnology than Americans, the EU has experienced significant mobilization against GMOs since the 1990s, driven by concerns over bio-safety and bio-property threats.141 ‘The idea of genes escaping into the environment—transgenic plants are “released”, while other seeds are simply planted—resonated with a discourse of corporate irresponsibility and environmental risk.’142

Due to the scientific complexity of the issue, the political framing of GMOs in mainstream media has significantly influenced public opinion and legislation. A recent study indicates that both traditional and social media have tended toward increasing favourability and less polarized discussions on GMOs.143 However, despite these improvements and the shift toward more sustainable considerations, the scientific community continues to face significant challenges in bridging the gap between media debates and the scientific consensus on the safety of GMOs.

Therefore, the European GMO debate continues to be divided into two camps, one that supports the current, restrictively precautionary, approach with a one-size-fits-all view of potential risks, and another that advocates for a more tailored regulatory approach that wants to consider the nature and size of individual risks.

The GMO debate takes place against a backdrop of continued scientific uncertainty – within which the known unknowns are continuously shifting – and a growing need to ensure greater sustainability in a safe food system. Adding to the resulting puzzle is the significant divergence between scientific and legal progress, with the law often lagging behind the fast-paced technological developments in this domain in troubling ways. If the aim is to create more holistic, adaptive, and integrative regulatory approaches to the GMO-NGT dispute, several avenues of future research are particularly important.

First, decision-making processes must more meaningfully incorporate environmental, social and economic considerations in order to holistically assess the risks and benefits of emerging technologies. The Inception Impact Assessment on the legislation for plants produced by certain NGTs shows the EU Commission’s first attempt to steer the conversation in this direction, by highlighting the failure of the current GMO legislative framework to take into account whether GM plants, food or feed have the potential to contribute to societal challenges, notably sustainability. The draft Proposal seeks to respond to the objectives of climate neutrality as set by the European Climate Law,144 recognizing the importance of utilizing genetic diversity and non-harmful plant genetic resources, supported by the latest scientific advancements, as crucial solutions to address climate risks faced by farmers and land managers. Moreover, we envisage the debate to be also affected by the legislative framework for sustainable food systems.145

Second, alternative governance models, such as adaptive regulatory and management approaches, should be considered in order to find other ways to incorporate the precautionary principle. An adaptive regulatory approach146 would more easily keep pace with ongoing research, incorporating adjustments in the legal texts based on emerging scientific evidence. Flexible regulatory frameworks will prioritize safety and sustainability while accommodating advancements. Moreover, an adaptive management approach147 would empower agile decision-making, striking a balance between sustainability, socio-economic considerations and ethics. The urgency is heightened by the realization that relying mostly (or even solely) on scientific information for risk management decisions is insufficient. Under both approaches, the precautionary principle is used as a backstop, aiming at minimizing harmful effects on human health and the environment, while balancing potential benefits to agriculture and trade.148

In closing, we suggest that future research focuses on participatory and integrative approaches,149 which could help bridge gaps between society, law and science through knowledge exchange and public engagement. Addressing both food security and the human impact on climate change requires a multifaceted approach, in which genetic engineering techniques could be one of the viable avenues to explore.150 Empowering collective problem-solving and boosting scientific literacy are therefore key to unlocking these complex challenges.
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8 Cultivated Meat and Dairy as a Game-Changing Technology in the Agricultural and Food Transition in the EU: What Role for Law?

Jonathan Verschuuren


8.1 Introduction

Conventional meat and dairy production and consumption have a large impact on the health of the planet and its inhabitants. Climate change, land system change, biodiversity loss, fresh water depletion, disruption of nitrogen and phosphate cycles, ocean acidification as well as a range of direct impacts on human health are all to some extent attributed to livestock-keeping and meat and dairy consumption. In addition, there are serious animal welfare concerns about large-scale livestock-keeping for human consumption. A great food transformation is inevitable, as advocated by the EAT-Lancet Commission on healthy diets from sustainable food systems,1 as well as by the Intergovernmental Panel on Climate Change (IPCC),2 the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES)3 and the Food and Agriculture Organization (FAO).4

To date, the EU’s regulatory approach to reduce the negative environmental, health and animal welfare impacts of livestock-keeping has been diverse and haphazard. Nitrogen deposition in protected areas is regulated through the Habitats Directive,5 methane emissions are regulated through the Effort Sharing Regulation6 and through the Industrial Emissions Directive7 for the larger livestock farms (as are nitrous oxide emissions), nitrate and phosphate discharges into surface and ground waters are regulated through the Nitrates Directive8 and the Water Framework Directive,9 there are some rules on animal welfare10 and organic livestock farming,11 and the Common Agricultural Policy (CAP)12 tries to persuade farmers to reduce environmental and climate impacts through conditional income support, and so on. Under the EU’s Farm to Fork Strategy for a fair, healthy and environmentally friendly food system and the EU’s climate policy,13 many of these rules are being tightened without really addressing the core issue: the production and consumption of animal-based food.

Although the agricultural and food transition is about many different things, it generally revolves around moving from animal-based foods toward plant-based foods. Achieving such a transition requires a fundamentally different regulatory approach. This is not just about limiting some side effects of livestock-keeping, this is about reinventing the livestock sector altogether as well as about changing the dietary choices of European consumers. To make that happen, a much more comprehensive and robust regulatory approach will be needed.

Recently, technology seems to have come to the rescue of the policy makers who are struggling to develop such a comprehensive and robust regulatory approach: cultivated meat and dairy. These have the advantage that not all European consumers have to turn to fully plant-based diets. Cultivated meat and dairy do not have the negative environmental and climate change impacts of conventional meat and dairy. This new technology might very well be a game-changer that may accelerate the agricultural and food transition. The emergence of this technology, however, does not mean that the transition will happen unassisted. For the introduction of a wide-scale adoption of cultivated meat and dairy production and consumption, laws and policies will be needed.

This chapter answers the question of how law can facilitate a smooth agricultural and food transition, with a focus on the emergence of cultivated meat and dairy. It will do so through a literature survey and an assessment of the current, proposed and potential laws and regulations at the level of the EU in terms of their current and potential roles to achieve a transition to a food system without the large-scale involvement of animals. The literature on cultivated meat and dairy is mostly from such fields as food science, agricultural and environmental sciences, and resource economics. Legal scholarship on the topic is still lacking. The chapter will first briefly sketch the impact of meat and dairy production on the planet so as to show the urgency of the agricultural and food transition (Section 8.2). It will then briefly map the current and proposed EU laws that seem to aim for a more sustainable livestock sector (Section 8.3). Section 8.4 introduces cultivated meat and dairy and discusses the pros and cons of this new type of food. In Section 8.5, I discuss the laws and regulations needed to facilitate a large-scale introduction of cultivated meat and dairy: laws aimed at limiting the production of and demand for conventional meat and dairy, laws aimed at stimulating the production of and demand for cultivated meat and dairy, and laws aimed at ensuring that cultivated-meat production is safe, nutritious, fair and sustainable.

The focus of this chapter is on cultivated meat and dairy as these are considered the most promising meat and dairy alternatives.14 However, most of what is discussed in this chapter and certainly the role of the legal instruments discussed here, also applies to other unconventional meat and dairy alternatives that are currently being developed, such as microbial proteins and edible fungus as well as to more conventional plant-based meat alternatives.15 I do not discuss cultivated seafood as this would require me to discuss the fisheries sector and fisheries laws. The transition from live seafood to cultivated seafood is an important and complex topic in itself that warrants a separate discussion.


8.2 Impact of meat and dairy and the need for a food transition

Over the past 11,000 years or so, humans have kept animals to produce meat and dairy for consumption.16 Over the millennia, livestock-keeping for food production has grown tremendously, with an acceleration taking place since around 1950. With higher incomes and urbanization, people have been moving away from relatively monotonous diets of varying nutritional quality (based on indigenous staple grains or starchy roots, locally grown vegetables, other vegetables and fruits, and limited foods of animal origin) toward more varied diets that include more pre-processed foods, more foods of animal origin, more added sugar and fat, and often more alcohol.17 This has caused a rapid increase in body weight and obesity and in diet-related chronic diseases,18 and to public health effects that are directly associated with livestock-keeping, such as those caused by air pollution (especially ammonia and particulate matter such as PM2.5), antibiotic resistance, added hormones and zoonotic diseases.19

Agriculture is the major driver of the transgression of four of the five planetary boundaries that already are transgressed or are at a high risk of being so:20


	land system change (almost 50 per cent of ice-free land surface is used for agriculture, of which 77 per cent is in use for livestock, mostly for growing concentrated feeds for livestock);

	biosphere integrity (80 per cent of changes in biosphere integrity occurred through agriculture; of the 24,845 species that the IUCN has identified as threatened with extinction, 19,421 are threatened through our food system21);22

	fresh water use (agriculture is the largest user of green water in soils; for one kilogram of beef, a stunning 15,415 litres of water are needed; this equals 112 litres per gram of protein, which is more than four times that needed for vegetables: 26 litres per gram of protein);23

	biochemical flows (85 per cent of nitrogen flows and 90 per cent of phosphate use are in agriculture, both mostly in connection with livestock).


Agriculture also has a large impact on two other planetary boundaries:24


	climate change (25 per cent of greenhouse gas emissions are from agriculture if land-use change is included; 12 per cent without the inclusion of land-use change, the emissions being mostly methane and nitrous oxide from livestock);

	ocean acidification (the contribution from agriculture is 25 per cent).


Besides human health impacts and environmental impacts, the current focus on animal-based foods also has large animal welfare implications. In 2018, an estimated 69 billion chickens, 1.5 billion pigs, 656 million turkeys, 574 million sheep, 479 million goats and 302 million cattle were killed for meat production.25 Many of these were, prior to being slaughtered, kept under unnatural and cruel conditions and in stressful situations.

It is clear that the current emphasis on animal-based foods in our diets is not sustainable. A transition to plant-based diets would solve most, if not all, of the above mentioned negative impacts of livestock-keeping.26 A simple illustration of this is the fact that the 77 per cent of the agricultural land that is used for livestock-keeping gives us only 18 per cent of our calories and 37 per cent of our protein supply. Eighty-two per cent of our calories and 63 per cent of our proteins are obtained from the remaining 23 per cent of agricultural land.27 A plant-based diet, or a diet in which cultivated meat plays a major role, needs much less space.

The need for such a transition is increased by projected population trends. A growing world population that is also becoming more wealthy, requires more food. Between 2020 and 2070, a 70–100 per cent increase in global food demand is projected.28 This could require around 750 million hectares of additional cropland, which will mostly come at the expense of biodiverse areas in the tropics and subtropics,29 most of these being forests.30 Future dietary choices will determine the impact of such increased food demand. Under business-as-usual scenarios, total meat consumption is projected to nearly double by 2050,31 with all the associated impacts discussed above. To achieve a sustainable food system, with room to increase food production so as to protect the right to food while remaining within (or getting back to) the planetary boundaries and transitioning to healthier and more nutritious food for all, regulatory interventions are inevitable.32

An agricultural and food transition has been advocated by many international organizations:


	A major policy focus on the livestock sector is needed when dealing with land degradation, climate change, air pollution, water shortage, water pollution and loss of biodiversity (LEAD/FAO).33

	A global transition to a healthy and sustainable food system is needed (FAO).34

	The agriculture and food system is key to global climate change responses;35 GHG emission reductions can be achieved through sustainable crop and livestock management, carbon sequestration in agriculture, demand-side and material substitution measures, such as shifting to balanced, sustainable healthy diets, reducing food loss and waste, and using bio-materials, which can also free up land for reforestation and restoration, and the production of renewable energy (IPCC).36

	Feeding humanity and enhancing the conservation and sustainable use of nature are complementary and closely interdependent goals that can be advanced through sustainable agriculture (IPBES).37

	A Great Food Transformation to sustainable food production and healthy dietary patterns for everyone is needed to achieve the SDGs and the Paris Agreement (EAT-Lancet 2019).38



8.3 Current and proposed regulatory approaches to reducing emissions from livestock in the EU: pollution control, climate change mitigation, agricultural income support

Around the world, including in the EU, regulatory approaches to limiting the adverse environmental impacts of livestock-keeping have primarily focused on technological fixes and changes to farm management. Examples of the first are the use of air washers in concentrated animal feeding operations, the injection of manure into the soil and changes to livestock feeds, while examples of the latter are rotational grazing and reducing the animal-to-land ratio. The legal instruments used to achieve such changes are focused on farmers and are diverse. They range from command-and-control type instruments such as environmental permits prescribing the use of a certain technology or achieving certain environmental standards, to subsidies granted to farmers who adopt a certain new or altered practice.

At the EU level, we find these instruments in the Industrial Emissions Directive (hereafter IED) and the CAP, respectively. GHG emissions from large poultry and pig farms currently fall under the scope of the IED and hence should be regulated through the permits,39 as is also indicated by the Best Available Techniques (BAT) Reference Document (BREF) for the poultry and pig sector which pays ample attention to technologies and practices aimed at reducing methane and nitrous oxide emissions.40 Under the revised CAP, which entered into force in 2023, 40 per cent of the budget is allocated to finance climate-change-related actions. Member states need to achieve climate change mitigation goals in their National CAP Strategic Plans.41 There are, however, not many specific requirements for the livestock sector, except that member states ‘may choose’ this sector to achieve objectives that contribute to climate change mitigation and adaptation.42

The IED and the CAP are the two most obvious examples. Many other legal instruments may to some extent limit the environmental impact of livestock-keeping as well, such as legal instruments regulating water and air quality (Water Framework Directive,43 Nitrates Directive44, Air Quality Directive45), instruments on organic farming (Organic Agriculture Regulation46), nature conservation law (Habitats Directive47) and methane emissions (Effort Sharing Regulation48).

The European Commission planned to gradually tighten most of these instruments with the aim to limit the negative impact of livestock-keeping. This is clearly visible when looking at the legislative proposals that were published in 2022 and that target the livestock sector. The proposal for a revision of the IED not only expanded the permit requirement to cover farms for rearing cattle (as well as smaller pig or poultry farms and farms with mixed animal categories),49 it also inserted several provisions specifically aimed at this sector.50 These provisions included an aggregation requirement (to end the widespread practice of dividing one large livestock farm into separate facilities run by different people, usually family members, in order to remain below the IED threshold) and a requirement to include emission-limit values in the permit.51 In 2023, however, the proposal to expand the permit requirement was rejected. The new Nature Restoration Law, adopted in June 2024, requires member states to put in place the restoration measures necessary to enhance biodiversity in agricultural ecosystems, with specific targets – for example, on the presence of butterflies and birds52 – which will be hard to achieve in areas with large-scale livestock-keeping. The revised LULUCF Regulation expands the scope of the regulation to cover GHG emissions from enteric fermentation, manure management and urea application, be it only as a ‘regulatory option’, to be decided later.53 The proposal for a revised Air Quality Directive aims at a 50 per cent reduction of PM2.5 levels by 2030, which means that emissions from livestock need to be reduced as well.54

There are, however, also signs that more radical changes will be required. The Farm to Fork Strategy acknowledges that the food system remains one of the key drivers of climate change and environmental degradation.55 The strategy points to the urgent need to reduce dependency on pesticides and antimicrobials, reduce excess fertilization, increase organic farming, improve animal welfare and reverse biodiversity loss.56 What is particularly interesting in the Farm to Fork Strategy is that it also addresses the consumer:


It is clear that the transition [to sustainable food systems] will not happen without a shift in people’s diets. … While about 20% of the food produced is wasted, obesity is also rising. Over half of the adult population are now overweight, contributing to a high prevalence of diet-related diseases (including various types of cancer) and related healthcare costs. … If European diets were in line with dietary recommendations, the environmental footprint of food systems would be significantly reduced.57


The European Commission is currently working on a proposal for a regulation on a framework for sustainable food systems (FSFS), which it calls one of the flagship initiatives of the Farm to Fork Strategy.58 A proposal is not expected to be published before 2025.59 It is as yet unclear what the legislative framework will look like. If it is really to add to existing instruments, such as the ones described earlier, there should be a much larger emphasis on stimulating consumers to shift their dietary choices. A tightening of the technological fixes through such changes as the revised IED, and a greater emphasis on changes to farm management practices such as those supported by the CAP, will only marginally change dietary choices. It is possible that meat and dairy prices will rise due to the additional requirements, which may decrease demand.

Additional price instruments can be adopted to further drive up the price of animal-based food products and to decrease the price of plant-based food products. Examples are the introduction of carbon taxes on nitrogen fertilizers or cattle populations,60 or the expansion of the EU Emissions Trading System (ETS) to cover major meat and dairy processing installations.61 A meat or dairy tax is under discussion in several European capitals, especially in Germany, the Netherlands, Sweden and Denmark, while Switzerland introduced a meat tax in 2016 and Spain slightly raised its VAT tariff on meat (from 8 to 10 per cent) in 2011.62 The only example that has been well researched so far is the Danish tax on saturated fat, which impacted a large number of meat products as well as butter.63 The tax, which was introduced in 2011, led to a reduction of consumption of saturated fat of around 10 to 15 per cent. In 2013, the tax was abolished because of high administrative costs, controversies over its inflationary effects, cross-border purchases and negative impacts on the economic results of firms.64 An increase in cross-border purchases has also been seen after the Swiss introduction of a meat tax.65

Other options to change dietary choices by consumers are the use of informational and behavioural instruments.66 While these are important and can be very influential, I will not discuss them here because the focus of this chapter is on the use of legal instruments.

The remainder of this chapter will focus on the emergence of cultivated meat and animal-free dairy, which is competing with the current and discussed regulatory options analysed earlier and which has a much more far-reaching impact not only on the agricultural sector but also on the environment, since replacing animal-grown meat and animal-produced milk with lab-grown meat and dairy has the potential to reduce livestock emissions to zero, reduce the current nitrogen and phosphate overload, and transform landscapes through the allocation to other uses of space now used for grazing and for the production of animal feed, without any need for a transition to plant-based food. What does this new option mean for the regulatory package that is currently being developed across Europe to get the food transition going?


8.4 What is cultivated meat and dairy and what are the benefits and pitfalls?

Cultivated meat is meat produced in a controlled environment from a few cells taken from a live animal (in a biopsy) or from a cell bank. These cells grow and multiply in a production facility through added embryonic stem cells as well as a range of other substances, such as carbohydrates, amino acids, fats, vitamins, minerals and growth stimuli (hormones). Inside a cultivator (or bio-reactor), the cells mature into muscle and fat, and into the desired texture and form. After five to seven weeks, the muscle tissue, which is identical to animal flesh, can be harvested.67 This process has been shown to work for a large range of domestic and wild land and sea animals, from cows, sheep and kangaroos to salmon, tuna and lobster.68 Cultivated meat is also called cultured meat, lab-grown meat, in-vitro meat, cellular (or cell-based) agriculture, alternative protein, or alt-meat.69

Cultivated dairy products are dairy products (milk, cheese, ice cream) produced through precision fermentation technology. Cultivated dairy is also called fermented milk or animal-free dairy. Microorganisms are fed plant-based nutrients and sugars. They then grow and produce proteins that are identical to those found in milk from cows. In this way, all types of dairy products can be produced without the involvement of animals.70

There are several positive environmental impacts associated with switching from animal meat and dairy products to cultivated meat and dairy, especially the avoidance of methane and nitrous oxide emissions from livestock. This is an obvious positive impact and probably the main reason why cultivated meat gets so much attention. However, this advantage is less straightforward than it looks at the outset. Cultivated meat production requires an enormous amount of energy. Lynch and Pierrehumbert calculated that almost 23 per cent of the total global energy production would be needed for cultivated-meat production, should it aim to replace all animal-grown meat by cultivated meat.71 Since cultivated-meat production potentially will replace methane emissions from livestock with carbon dioxide (CO2) emissions from energy production, and since CO2 is a much longer-lived greenhouse gas, the climate change impact of cultivated meat in the long run is not much less than that of normal meat.72 An important precondition for moving from meat to cultivated meat, therefore, is that this move goes hand-in-hand with the transition to electricity generated from renewable energy sources.

A similar precondition applies to the land issue. As stated earlier, 77 per cent of current agricultural land is used for livestock. Much of that land sequesters carbon and provides for plant and animal biodiversity.73 The environmental benefits associated with cultivated-meat production depend on what happens with the land that is freed up. When converted back to nature, for example under a rewilding policy, the impacts on carbon sequestration and biodiversity will be positive, whereas when paved over to make room for new cities or new industrial sites, the environmental services of the land will be lost. Jepson and Blythe advocate ‘agricultural rewilding’, which entails commercial breeding and ranching of mega-herbivores, such as aurochs and bison, with associated tourism opportunities, increased carbon sequestration, regenerative agriculture and pasture-fed livestock-rearing that restores soil fertility and microorganisms and that enhances biodiversity in addition to producing sustainable high-quality premium meat for which there will be a market next to cultivated meat.74 This is an interesting proposal that seems to merge agriculture, nature conservation and climate change mitigation.

For other environmental factors, cultivated meat generally performs better than conventional meat. Air pollution from livestock, such as ammonia and particulate matter, will cease, assuming that production of cultivated meat takes place in controlled and regulated facilities, and soil and groundwater pollution through excess amounts of manure will be sharply reduced.75 The downside of the latter is that an increase in synthetic fertilizers may be needed to grow crops in areas that are now fertilized through animal manure. The water use associated with conventional meat and cultivated meat seem comparable,76 although widely different views are apparent in literature.77 Cultivated meat also scores much better with a view to climate change adaptation since cultivated meat is produced in controlled environments that are less impacted by droughts and heat waves than livestock.78 The risk of the emergence of zoonotic diseases becomes substantially less with much fewer animals living around human populations.79

It is generally concluded that cultivated meat is healthier than conventional meat because contamination by bacteria in the slaughtering and processing phases is considerably less likely, as is the use of antibiotics (although both of these depend on the production method used for cultivated meat). The design of the cultivated-meat product can be such that all important and healthy micronutrients are added, in case these do not succeed to grow in the cultivated meat, and the amount of saturated fat is controlled.80

A huge advantage of cultivated meat and dairy over conventional meat and dairy is the fact that many fewer animals will be needed, thus ending the poor living conditions of many animals in the intensive livestock industry. Depending on the production process, some animals may still be needed for biopsies to extract stem cells, unless genetic modification processes are used. The first method may still generate some animal welfare concerns.81 Animals may also still be needed for the production of other products, such as hide, blood and viscera, and products used in feed, pharmaceuticals and cosmetics.82 Animal welfare concerns may also arise as to the fate of the current farm animals.83

It can be assumed that small-scale subsistence animal-keeping especially in developing countries will not be touched by the large-scale adoption of cultivated meat and dairy products in developed countries.84 Were that not the case, livelihoods may be negatively affected. The debate on the socio-economic impact of the transition away from keeping farm animals is still very much ongoing and without clear answers.85 What is clear is that besides cultivated meat, plant-based food products will play a major role in the food transition as well, so not only will new jobs emerge in the cultivated meat and dairy sector, many farmers will remain occupied in the farming sector to grow all the plants that are needed for plant-based food products.86 A first assessment of the costs involved with large-scale cultivated-meat production is that these are very high (US$63/kg).87 Initially, therefore, cultivated meat will be a niche product for developed-country consumers and a product that may need government subsidies.

Finally, it should be noted that there also are ethical debates about cultivated meat and dairy. Besides positive ethical considerations based on the environmental and animal welfare and animal dignity benefits, negative ethical considerations are voiced as well. Cultivated meat continues to fetishize meat, may result in a non-meat-eating elite and decontextualizes sustainability.88 Cultivated meat can also be seen as a threat to food and culinary heritage and to the traditional agri-food industry. This argument has been used in Italy to draft legislation banning cultivated meat.89


8.5 What role for law?

The EU’s Farm to Fork Strategy does not explicitly mention cultivated meat and dairy. It only generally advocates moving to a more plant-based diet with less red and processed meat,90 and it advocates research on ‘increasing the availability and source of alternative proteins such as plant, microbial, marine and insect-based proteins and meat substitutes’.91 It is unlikely, therefore, that the various regulatory proposals to implement this strategy, such as the regulation on an FSFS, will focus on the actual production and marketing of cultivated meat and dairy. The market, however, seems to move much faster than the drafters of the Farm to Fork Strategy had in mind. As of 1 January 2023, 31 companies producing cultivated meat had been established and were operating around the world, delivering their products to supermarkets and restaurants.92 It is, therefore, safe to assume that policy makers will have to catch up sooner rather than later and seize this opportunity to promote cultivated meat and dairy as one of the tools in the toolbox for the agriculture and food transformation, a transition which seems inevitable, as was discussed earlier.

What would be the role of law to achieve this policy goal? More specifically, what regulatory interventions are needed to achieve large-scale production and consumption of cultivated meat as one of the ways to reduce the production and consumption of conventional meat and dairy? There are roughly three interconnected categories of regulatory interventions which are relevant: laws aimed at limiting the production of and demand for conventional meat and dairy, laws aimed at stimulating the production of and demand for cultivated meat and dairy, and laws aimed at ensuring that cultivated-meat production is safe, fair and sustainable. I will discuss these three categories in turn. I will assess to what extent such laws already exist or are in the making, with a focus on the EU.


8.5.1 Regulatory approaches to reduce meat and dairy production and consumption

It is important to develop a broader regulatory approach aimed at reducing conventional meat and dairy to avoid the outcome that cultivated meat and dairy does not replace conventional meat and dairy but instead becomes just a new product in the food market and does not reduce negative impacts of conventional meat and dairy.93 Such a broader regulatory approach is now missing in the EU.94 A recent paper found that public funding in the EU promoting animal products is 1,200 times higher than public funding for novel technologies producing alternatives to animal-sourced products.95 On the other hand, the regulatory pressure on conventional livestock farming is mounting as was discussed in Section 8.3. It can be assumed that European climate laws, in particular, will increase the price of conventional meat and dairy considerably in the coming ten years or so, with the adoption of strict emission-reduction targets for methane under the LULUCF Regulation and a carbon pricing mechanism for agriculture as part of the EU ETS, for example. In regions with high livestock density, environmental standards for water quality, air quality and nature conservation are already forcing member state governments to reduce livestock numbers. Member states can be required to do so through various legal instruments, such as the requirement to reduce nitrates and phosphates to reach a good water quality under the Water Framework Directive,96 the requirement to achieve PM2.5 standards under the Air Quality Directive,97 and the requirement to substantially reduce nitrogen deposition in Natura 2000 sites to achieve a favourable conservation status for species and habitats under the Habitats Directive.98 Such mounting pressure may stimulate farmers to transition from conventional livestock farming to more sustainable modes of farming and, more generally, prepare other players in the food system, such as banks and supermarkets, for a stronger focus on non-animal food products. In addition, there are proposals to impose taxes or otherwise increase the price of meat and dairy in order to reduce their consumption, as was shown in Section 8.3, which may also have an impact on farmers.

A more orchestrated approach toward reducing meat and dairy production and consumption is needed.99 The instruments just mentioned need to be aligned with the aim to achieve the ambition to drastically reduce livestock numbers and a dietary change within the population away from products involving the keeping of large numbers of animals. The agricultural and food transition is likely more complex than the energy transition, so it is likely that even more laws and regulations are needed to get that transition going. International trade, for example, will have to be carefully regulated. Some form of border tax adjustment, similar to that of the CBAM Regulation,100 will be required to prevent the replacement of expensive European meat and dairy products with cheaper imported products. Laws are also needed to scale up the availability of affordable plant-based and cultivated alternatives and to ascertain that the transition is safe, fair and sustainable. These topics will be discussed in Sections 8.5.2 and 8.5.3, respectively.


8.5.2 Regulatory approaches to stimulate production and consumption of cultivated meat and dairy

Legislation aimed at reducing conventional meat and dairy production and consumption has to go hand-in-hand with legislation aimed at stimulating the production and consumption of plant-based and cultivated alternatives. In the transition phase, blended products (in which both conventional and cultivated meat are used) may be produced. This will help to avoid shocks throughout the food chain, not just with regard to the availability and affordability of meat and dairy products in supermarkets, but also with regard to the economic viability of livestock farms (on the latter, see further in Section 8.5.3).

Rising prices for conventional meat and dairy caused by the adoption of pricing instruments such as a meat tax or by tightened regulations on emissions associated with conventional meat and dairy production previously discussed will encourage consumers to look for cheaper alternatives. Regulatory instruments to make these alternatives even more attractive are, again, price mechanisms such as subsidizing cultivated meat and dairy or differentiation in taxation between cultivated and conventional meat and dairy products. Subsidizing cultivated meat and dairy may indeed be inevitable given the expected high initial price of these products. Tax differentiation will also contribute to mitigating the high price of cultivated meat compared to conventional meat.

Although the EU does not have competence on indirect taxation (such as through VAT differentiation), some cooperation and alignment would be useful, for example through applying the enhanced cooperation provisions of the Treaty on the Functioning of the EU, which allows a minimum of nine EU member states to adopt joined goals in a particular field without binding the others in case the latter cannot achieve the adopted goals.101 For that, unanimity is needed in the European Council.102 One important reason for the EU to be involved is the risk that unilateral taxes will lead to cross-border purchases, as happened following domestic imposition of a meat tax (see Section 8.3). For the transition to be a success, a level playing field within and outside the EU is needed. As already indicated, a CBAM-like mechanism will be needed to avoid the import of cheap meat and dairy products.

Research indicates that non-regulatory approaches are important as well, especially the provision of information to improve the willingness to accept cultivated meat.103 Although animal welfare and ecological concerns are the most influential positive drivers of consumers’ attitudes toward cultivated meat, there are also emotions and preconceptions about ‘non-natural’ novel food technology (‘food neophobia’).104 The perceived naturalness or unnaturalness of cultivated meat, for example, plays a major role in consumers’ acceptance of cultivated meat.105 Governments, as well as the wider food industry will have to address these perceptions and possible concerns in information campaigns and in the public debate.


8.5.3 Regulatory approaches to guide safe, nutritious, fair and sustainable production of cultivated meat and dairy

The EU already has comprehensive rules in place that aim to guarantee that novel food on the market is safe and nutritious if the novel food is intended to replace the original food. Cultivated meat and dairy will have to be authorized by the European Commission under the Novel Foods Regulation,106 and, in case genetic modification is used, under the EU’s GMO legislation.107 (See Chapter 7 of this book.) Authorization of novel foods largely depends on the advice given to the European Commission by the European Food Safety Authority (EFSA). In its assessment, EFSA focuses on two aspects: is the novel food safe and is it not nutritionally disadvantageous compared with the original food?108 Unsafe, for example, would be a product that creates a biological hazard or that risks being contaminated in a bio-reactor. Whether cultivated meat is nutritionally disadvantageous will be tested in comparison with conventional meat. As at the time of writing, no cultivated meat or dairy products had yet gone through the authorization phase. Therefore, no cultivated meat or dairy products had been placed on the EU market.109

The accuracy of information provided to consumers on food products is already regulated in detail under EU consumer protection law.110 Stephens has warned of the risk of food fraud: cultivated meat might be passed off as conventional meat or vice versa.111 This is an enforcement issue that needs special attention from the competent authorities.112 The debate on the question whether ‘meaty’ and ‘milky’ words can be used to market cultivated meat and dairy is relevant here as well, just like with vegetarian burgers and sausages.113 In 2020, the European Parliament rejected a proposal to ban such descriptions of plant-based alternatives for meat (for example, ‘vegetarian burger’ is allowed), but stricter national rules do exist in several member states.114 The rules on descriptions of plant-based alternatives for milk, however, are much stricter (for example, ‘soy milk’ is not allowed), as was already decided by the Court of Justice of the EU in 2017.115 To avoid similar issues with cultivated meat and dairy, it is important that EU regulation provides clarity on the terminology soon.116

Moreover, legislation is needed to make the agricultural and food transition fair, especially for those with the highest stakes, that is, farmers and low-income consumers. The position of consumers was already discussed in Section 8.5.2 when we looked at the role of price incentives to bring about affordable food products. Special attention to the position of developing-country consumers is needed here too.117

The role of farmers is important, for in the transition process sufficient economically viable options need to be present, including that farmers play a role in the production process of cultivated meat and dairy. For plant-based meat and dairy products, the opportunities for farmers are quite obvious, as the growing demand for plant-based alternatives for meat and dairy leads to an increased demand for crops such as soy, lentils, peas and other legumes. For cultivated meat, however, this is more uncertain at the moment as it is unclear what feedstock will be used by the cultivated meat and dairy industry. Research indicates that it may well be that traditional agricultural crops will be used as input (for example, barley, beets, corn, peas, soy, sugarcane, wheat), although less traditional crops may also play a role (such as algae, fungi, seaweed, yeast, and a range of bacteria for the cultivated-milk fermentation processes).118 In addition, some farmers may keep a small herd of animals to provide the cells necessary for cultivated-meat production.119 It may even be possible to place the cultivators on farms in the case of more localized production, aiming for consumers who demand locally produced products.120 Finally, producers of cultivated milk may deliver their product to farmers who will then produce cheese and other dairy products on their farm.121 All of these possibilities are primarily ruled by the market, although regulators may choose to intervene, for example by requiring cultivated meat producers to involve (local) farmers. Such interventions may limit the risk that a small number of large multinational corporations monopolize the production of cultivated meat and dairy. Ideally, such market intervention should happen at the EU level so as to avoid, or at least reduce, potential conflicts with competition law. In general, intellectual property law plays a dominant role in the development of cultivated meat and dairy, which leads Johnson to conclude that ‘statutory warranties and other such responses would be needed beyond reform of patent law itself, if regulators wanted to prevent anti-competitive and anti-innovation dynamics’.122

It should be stressed here that for the current livestock farmers, their role in the production of cultivated meat and dairy (and plant-based products for that matter) is only one of many ways to transition to a more sustainable farming business. In fact, these farmers will have to completely reinvent their farms. Many, if not all of them, will need to be assisted in this transition toward a drastically different type of farming business. They will need financial and practical support and sufficient time to make the transition. As there are many different roads to a more sustainable farming business for each individual farm, based on local environmental circumstances, individual preferences and expertise, local and regional markets, and so on, an individualized approach will be necessary. The government could, for example, roll out a large programme that allows farmers to hire consultants to help them with the transition. Newton and Blaustein-Rejto also point out that the government has the option ‘to create and/or support wider policies and programs that support just transitions for farmers and rural communities, including debt forgiveness, compensating for losses incurred, and funding (re)training initiatives’.123

Part of such a wider policy will also be the instruments aimed at rewarding farmers for those environmental, climate- and biodiversity-related measures, especially in the CAP and the LIFE programme. Member states can use the National Strategic Plans under the CAP to implement their policy to help livestock farmers diversify their farms.124 Other market opportunities for farmers are the selling of carbon credits obtained through carbon sequestration measures on their land under private and public carbon farming schemes.125 Increasing attention across Europe to rewilding, especially its focus on large herbivores, also offers opportunities for livestock farmers to contribute to such plans through agricultural rewilding, such as breeding and ranching reintroduced species, possibly with associated eco-tourism activities.126

Finally, the production of cultivated meat and dairy has to happen sustainably. As indicated in Section 8.4, the main environmental concern is the energy use and associated carbon footprint of cultivated meat and dairy. Reliance on renewable energy for the production of cultivated meat and dairy is to be preferred. The other potentially unsustainable development in the wake of the transition to cultivated meat and dairy is unsustainable use of the agricultural lands that become available through decreased pastures and decreased animal feed production. Land-use (planning) laws can be used to guide this development. Linking the agricultural and food transition to biodiversity policies and rewilding will, as indicated in the previous paragraph, limit the emergence of this risk.


8.6 Conclusion

This chapter has addressed the question of how law can facilitate a smooth agricultural and food transition with a focus on the emergence of cultivated meat and dairy and related unconventional meat alternatives, such as microbial proteins, as a potentially disruptive technology in the food market with large benefits for the climate, the environment, animal welfare and human health. I have showed that there are three interconnected categories of regulatory interventions which may accommodate a large-scale introduction of cultivated meat and dairy. First, the production of and demand for conventional meat and dairy can be reduced through drastically reducing livestock numbers and raising retail prices through higher production costs. EU climate and environmental laws are already being tightened, with the aim to limit negative impacts on the climate and the environment, but without a clear end-goal or overarching ambition in mind. The emergence of cultivated meat and dairy as a real alternative for conventional meat and dairy allows for the adoption of such an ambition. Without a clear policy on the phasing down of conventional meat and dairy, there is the risk that cultivated meat and dairy will remain a niche product on the market.

Second, and closely linked to the previous category, laws can be adopted that stimulate the production of and demand for cultivated meat and dairy and related alternatives. The price mechanism is the most obvious instrument here: raising the retail price of conventional meat and dairy and lowering that of cultivated meat and dairy, and, in the transition phase, allowing for blended products to avoid price shocks. An important element of a policy aimed at increasing the demand for cultivated meat and dairy is information and deliberation, as research shows that there is a real risk that a large group of consumers may not automatically accept this new technology.

Last, but certainly not least, the transition to cultivated meat and dairy has to be safe, nutritious, fair and sustainable. The safe and nutritious test is primarily aimed at the consumer and is part of the authorization process under the EU Novel Foods Regulation. Given the fact that cultivated meat and dairy is essentially identical to meat and dairy from live animals, it is not expected that there will be any issues in this process. To make the transition fair is more challenging, as it requires the authorities to help a large group of livestock farmers across the EU to reinvent their farming business. It is important to understand that farmers will need to play an important role in the production of cultivated meat and dairy. Agricultural crops will be used as input in the cultivation process, some farmers may keep a flock of animals to provide the cells necessary for cultivated-meat production, the cultivators can be placed on farms and be managed by farmers, and farms can be used for producing and marketing locally produced products. In addition, livestock farmers may have surplus agricultural lands which they no longer need for grazing animals or growing animal feed. These can be used, for example, for carbon sequestration and rewilding projects, provided there are legal rules in place that reward farmers for these projects. The current CAP and LIFE programmes and the new EU rules on carbon farming are a start, but it would seem that more robust programmes are needed. Finally, production needs to happen sustainably, which means, in particular, that the large amount of energy needed for the production of cultivated meat and dairy must be generated from renewables and not from fossil fuels.
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9 Regulating Geoengineering

Gareth Davies


9.1 Introduction

This chapter considers the regulation of geoengineering, both as a distinctive form of climate technology and as a technological product of the Anthropocene. Its aim is to show some of the constraints on that regulation which arise from embedded attitudes and pre-existing epistemic communities. The question is whether these attitudinal constraints are a welcome introduction of values and complexity into an otherwise over-technocratic approach to regulation, or whether they confuse and obstruct an optimal approach.

Section 9.2 sketches an intuitive and simple approach to regulation, drawing on well-established ideas about the regulation of technology. Section 9.3 moves away from this, and explores how geoengineering is regarded in public and policy discourse, and why. The conclusion, in Section 9.4, brings these together, showing how the values and attitudes represented in the discourse would not easily fit in with the model of the first part. The embeddedness of technology in wider social politics complicates attempts to regulate it in a decontextualized way.


9.2 Regulating geoengineering: a naive approach

The Anthropocene is all about scale.1 If humans are making a distinctive mark on the Earth it is not so much because they are suddenly doing new things, but because they are now doing certain things to such an enormous extent that the impact begins to compete with, and in the short term even to exceed, natural processes.2 The emission of greenhouse gases is a perfect example.

As that scale implies, the actors involved in creating these emissions causing climate change are not just a few central powers but are multiple and diffuse; in fact, most of humanity. Moreover, they have good reason for what they are doing: fossil fuels are uniquely flexible, compact, easy-to-use, transportable sources of energy which have contributed hugely to human welfare. They only become problematic when too much of them is used, for too long, as is now the case, but this over-use is nothing but a reflection of their deep embeddedness in societies and ways of life.

These considerations entail that addressing climate change is not realistically possible through a few simple decrees. First, there are no bodies or persons with the kind of central decreeing power that would be required, and, second, the interests involved are too complex and multifaceted.3 A rule that ‘the burning of oil is prohibited’ is not going to happen, and would not be respected, except where it is the culmination of an intense prior process of regulation, and it is there that the real work is done. The prior process is one of management and manipulation, sometimes highly technical, sometimes less so, but always nudging, steering and constraining.4

The law involved in regulating the Anthropocene, therefore, does not just consist of the simple normative prohibitions of Old Testament law or criminal law. It is rather social engineering, using both incentives and punishments to turn around the behavioural supertanker that is humanity.5 The question will be what should be incentivized and what should be excluded, bearing in mind that striking a balance is part of law’s effectiveness.6 An over-reliance on prohibition typically creates non-compliance. An over-reliance on incentives typically creates a risk of unexpected and unwanted effects.

Geoengineering is a typically Anthropocenic phenomenon,7 for it aims at changing the natural environment on Earth, not just as a side-effect – as in the case of greenhouse gas emissions, ecosystem destruction, and pollution – but as a primary goal.8 The Anthropocene is associated with global change as a side-effect, a product almost of humanity’s carelessness, but it is logical that, faced with the consequences of its own power, humanity should seek to take compensating actions. Stopping or limiting harmful actions is one obvious response. Developing techniques to counter their harm is another.9 Prima facie, both are rational responses. The optimal balance between them is a case-by-case matter which, in a state of developing knowledge and technology, is not likely to be evident ab initio.10

Technology lawyers have long thought about this problem of regulating the new, and in particular addressing situations where the possibilities and consequences of technology are not yet fully clear and are almost certain to change.11 If the regulator waits to see how the technology develops and which risks emerge, it faces the risk of a social and economic fait accompli, a status quo which is hard to change.12 If society had been fully aware of the risks to privacy, health and politics that would emerge from the internet and social media, a regulator might have intervened early, when it was still possible, rather than letting apparently harmless entertainment facilities develop into part of the infrastructure of life, such that the public is simultaneously aware of their dark side and unwilling to allow them to be constrained. The cat is out of the bag.

On the other hand, if the regulator intervenes too early and too harshly, branches of science and technology that might have done great good for humanity will be deprived of the chance to develop.13 A choice of strong regulation is an act of steering, away from certain kinds of development and toward others. Given that it is almost an axiom in a market-based society, and using a classically scientific mode of thinking, that the law-maker does not know everything, and that the products and technologies that will ultimately make a valuable contribution are most effectively found through a process of experimentation, there is reason to be cautious about banning or excluding new technologies. In other words, there is reason to try to keep options open.14

A compromise is typically found in the use of generalizable normative constraints: general principles reflecting values that are (arguably) not context specific. Taking medicine as an example, a regulator does not know which new therapies will ultimately be most effective, and does not take a stance on this. But nor does it just abdicate the regulatory role. Rather, any new medicines must comply with generalized rules on safety and effectiveness. It is then up to the market-like structure of competitive research to explore the many different therapeutic paths, within the framework of safety and effectiveness. The regulator does not choose the therapeutic pathway, but it sets the limits within which all pathways must pass.

Will the artificial and technology-based manipulation of the climate, via solar-radiation management or absorption of atmospheric greenhouse gases, play any kind of significant or constructive role in dealing with climate change? From any rational perspective, it is too early to tell. It depends on how the techniques themselves develop (or do not) and on how the alternatives (emission-reduction techniques) progress.15 Nobody currently knows for sure how either of these will evolve.

A naive regulator might therefore seek to produce a generalized framework that does not preclude potentially positive developments, but constrains them within normative limits. Following the medical example, it might require any use of geoengineering techniques to comply with safety and effectiveness constraints. These might be ratcheted up according to the stage of development with no limits on purely theoretical discussion, other than the peer-review process which de facto excludes public funding for essentially random and unsubstantiated claims. There would be a degree of regulatory severity for initial field experiments and a higher degree for approval of any at-scale usage. As with medicine, a hundred promising ideas may fail to meet the challenges of reality and be extinguished before they pass the last test, while some might make it all the way and contribute to increased well-being. As with medicine, even for those approved as potentially beneficial, a cost-benefit analysis will be required before deciding whether the treatment is actually something we want to use. Expense, side-effects, effectiveness and alternatives are all part of the balance.

This is a rather banal frame, hard to argue with: normative constraints should encourage the positive while preventing the negative. In the context of geoengineering, the discussion is currently framed in terms of governance, with a widespread insistence that adequate governance is a necessary prerequisite for geoengineering experimentation and use.16 However, the demands made by any governance framework determine whether it facilitates geoengineering, blocks it (in practice), or something in between.17 The striking fact about discussions on geoengineering governance is the widespread desire for a level of governance intensity and quality that would, in practice, exclude geoengineering from any serious role in climate responses in the coming years.18 That can only be understood as the expression of an a priori preference that geoengineering not be part of a climate change response package. Why?


9.3 Geoengineering as a political act


9.3.1 Attitudes to geoengineering

Geoengineering gets bad press. There are a few who are openly supportive of it as an idea,19 and a larger group who concede that it might become a useful, if regrettable, tool at some point in time,20 but the most dominant view in public and academic discussion is that intellectual and scientific investment in it are a dangerous distraction from the essential, primary task of reducing greenhouse gas emissions.21

This hostility is prima facie a surprising reaction to an idea whose only apparent ambition is to use and develop science and technology to try to reduce the greatest current threat to humanity. One might think that such an attempt should instead be welcomed. In a crisis, anything that might help should be explored. Or maybe not.

The aim of this section is to unpack the default hostility to geoengineering. The conclusion is that the differences between advocates and opponents of geoengineering are best explained in terms of different values and preferences, different estimations of human behaviour, and, I will suggest, different professional backgrounds.

To make this point, I again draw a parallel with the regulation of medical treatment. Health is a context where, as with climate change, human behaviour creates risks and causes harm. In those situations one can, as with climate change, focus on changing the harmful behaviour, or one can try to develop techniques to reduce the harm caused. The balance between these choices and the reasons for them involve the same kinds of consideration as climate change: If we treat the symptoms, do we enable the underlying harmful behaviour? If we do not, do we produce more suffering?

The point of the comparison is not to find who is right, but to suggest that our collective responses to moral hazard – the risk that treating symptoms encourages the underlying harmful behaviour – vary according to context. Looking at the differences between the contexts might help us understand why there is more hostility to geoengineering than there is to, for example, blood-pressure medication or skin-cancer treatments, both of which conditions have a strong, if incomplete, lifestyle connection. That, in turn, may reveal something about the dynamics of environmentalism and climate change policy making.


9.3.2 The emergence of scientific ‘solutionism’

The idea of geoengineering goes back to the last century.22 The greenhouse effect was becoming more widely accepted and discussed, and the gravity of its consequences was gradually becoming apparent. Faced with a warming Earth, it is hardly surprising that some scientists began thinking about whether there might be techniques available, or imaginable, that could counter this – just as they do when any threat to humanity or well-being emerges.23 Whether it is a pandemic or an economic or refugee crisis, the range of experts and expertise in the modern world ensures that responses are wide-ranging and variable – from those who seek to address root causes, to those who have ideas that might mitigate some part of the harm. For example, making lifejackets available on dangerous migration routes; or having schools in refugee camps; or delivering food to the immunosuppressed during the COVID-19 pandemic.

The climate change threat has the important distinguishing feature that it is entirely a result of human behaviour, so that the most obvious response to it is to change that behaviour.24 However, the distinction between natural crises and those created by humanity is more of a contestable and gradual continuum than a clear line. Whatever the nature of the problem, generally those who see a place for their skill try to make use of it, whether they are addressing symptoms or causes.

Among those who first brought the idea of solar-radiation management to prominence were not environmentalists but a physicist, Cesare Micheletti, an engineer, David Keith, and, above all, an atmospheric chemist, Paul Crutzen. A 2006 article by Crutzen ignited the contemporary debate.25 Nevertheless, he was not happy with the idea: he did not put it forward as a wonder-drug, for he could see that it brought with it considerable risks and uncertainties and was far from a perfect solution. Instead, he merely suggested that it could be done – that inserting sulfur aerosols into the upper atmosphere was possible, and could, on the basis of fairly well-understood atmospheric science, be expected to have a cooling effect – and that, given the dangers of global warming, humanity might be wise to have this technique in reserve in case it ever became necessary to avert catastrophic temperature rise. It was conceived as an insurance policy, a second best, not a best-practice policy choice.26

Since then, geoengineering ideas have expanded, with the pace of theoretical innovation picking up in recent years.27 Some, like Crutzen, have focused on the idea of reflecting away more sunlight, through use of techniques from the highly speculative to the mundane – from mirrors in space to painting rooftops white – with somewhere in-between the suggestion of modifying clouds to make them more reflective. In parallel, more and more scientists have begun to think about how carbon dioxide (CO2) could be actively absorbed from the atmosphere. This is a case of taking emissions out of the atmosphere after the fact, rather than stopping them. Once again, techniques vary from the pedestrian to the high-tech, with planting trees and restoring woodland at one end, industrial CO2-capture installations at the other, and ocean fertilization and enhanced rock weathering in-between.

What is distinctive about Negative Emission Technologies (NETs), as they tend to be called, is that the potential scale of their impact is very variable. The major solar-radiation management (SRM) techniques, which are the use of aerosols à la Crutzen as well as cloud modification, are both potentially enormously powerful, capable of cooling by several degrees.28 By contrast, many NETs, such as restoring forests, protecting sea grass and seaweed growth, preventing soil degradation, and even the use of artificial trees, have modest maximum effects.29 At best, they would make a small, albeit non-trivial, contribution to reducing CO2 levels. On the other hand, NET techniques have been proposed that could be as impactful as SRM. The lively discussion on ocean fertilization includes the suggestion that it could entirely absorb excess human CO2 emissions; and others have made similarly ambitious claims about the use of alkaline rocks to enhance CO2 absorption by the oceans, as well as about enhanced rock weathering (spreading rock powder around to react with atmospheric CO2).30 Some have even taken reforestation beyond the comfort zone of most and have proposed reforesting the Sahara – and there have been other similarly dramatic interventions, which perhaps, if achieved, might absorb CO2 on a scale that looks more like a solution than mere mitigation.31 Despite their relatively low-tech nature, these ideas are perhaps most deserving of the name geoengineering. They truly do reimagine what the planet might look like, and how humanity could intervene to realize those dreams.

At the same time, the name ‘geoengineering’ has certainly become tainted over the years. Advocates of NETs, and particularly advocates of low-tech ‘naturalistic’ NETs, tend to avoid it and to describe their ideas in less controversial terms. Better, from the perspective of professional acceptance, to emphasize how restoring soils or under-sea forests to health can have a positive climatic impact than to say that you have an idea to engineer the planet – better to be an ecologist than a would-be master of the climate.32 Hubris does not go down well.33 On the other hand, there are also those who continue to be open about their desire to use technology to cure the planet from humanity’s lifestyle disease. This range of ideological perspectives has led to fragmentation and proliferation of terms, from geoengineering to climate engineering to NETs to climate restoration to, simply, mitigation. The label, or the absence of one, often indicates where the proponents are positioning themselves in the debate.


9.3.3 Hostility to geoengineering

Yet, something that links all these techniques is the suggestion that their impact on climate change could be very significant, a game-changing intervention, and that this is the primary purpose of the measure, rather than just being a welcome side-effect of the restoration of nature. As a result, the label geo, with its implied planetary scale, is deserved, as is the label engineering, with its implied deliberateness and non-naturalness. These are met with a very significant degree of hostility in public discourse.34

The discourse is public in the sense that it takes place in publicly accessible arenas, not in the sense that the public participate. Discussion of geoengineering has not entered popular debate, nor are politicians touching the subject, even those involved in or committed to addressing climate change.35 The discussion takes place in newspapers and blogs, as well as in academic journals, and is between environmentalists – meaning people involved in environmental issues who are not officials in public institutions – policy academics and scientists.36 Of course, a range of views is expressed,37 including enthusiasm38 and reasoned openness to research and experiment,39 but the most dominant one is that the proposed techniques for large-scale manipulation of the climate should not be pursued, and that to take them seriously is a dangerous and irresponsible choice.40 An apparently more moderate but in practice similar view is that these techniques should only be investigated with extreme caution and after the establishment of extensive safeguards and global governance procedures.41 This is not prima facie unreasonable, but the proposed conditions are sufficiently demanding that, in practice, they amount to kicking the geoengineering research ball a long way down the road – a de facto moratorium.42 A desire for caution and optimal governance would, in most policy contexts, be balanced against the urgency of the crisis and the need for solutions – the risk of haste being matched by the risk of slowness43 – but this is something that the ‘extreme caution’ advocates tend not to do, adopting in substance a one-sided application of the precautionary principle.44

These views have had a chilling effect. There is almost no empirical research at scale into such techniques.45 Thus, while it is, of course, impossible to stop scientists from thinking and speculating and producing theoretical papers, there have been no real experiments to assess the potential of SRM or ocean fertilization, the two techniques for which the most grandiose claims are sometimes made. The science remains at the stage of modelling – sketching how, on the basis of understandings of the chemistry and biology of the air and sea, it might work. Yet, as is conceded by all parties to the debate, these are complex systems. Therefore, in order to know how those theories play out in practice, it is necessary to experiment.

Were this a less politicized field of science, the logical next step would be to try to modify some clouds, distribute an amount of sulfur aerosols in a certain area and fertilize an area of ocean with iron to see what happens to algal growth and CO2 uptake. This is how science is done. Yet, here, no government is known to have allowed such ‘outdoor’ experiments to take place. There is even agitation for an international agreement to be reached on a moratorium on geoengineering experiments generally.46 The sense that geoengineering is a path that should not be taken has had an impact on politicians. Their lack of engagement with the issue may not be a lack of interest but a sense that it is far too sensitive and dirty a topic for an elected official to be associated with. The politically safe course of action is unequivocally to not even touch geoengineering with a bargepole, but to strictly stick to the emission-reduction message.

It is certainly striking that serious and well-intentioned ideas about how a global crisis might be alleviated, put forward by qualified scientists, working at respected institutions, with no history of madness and no obvious radical or offensive agenda, and published generally in peer-reviewed journals, are met with the reaction: ‘This idea must not be considered, and should not even be researched!’ It is hard – I have found it impossible – to think of any other context where something similar happens.47

Nevertheless, there are coherent and understandable reasons for it. These are broadly of three types:48 (1) geoengineering techniques are potentially highly dangerous; (2) geoengineering techniques are wildly speculative and unproven, and as such offer false promise (they are snake oil); and, relatedly and most importantly, (3) allowing people to think that there is a technological solution to climate change will distract humanity from the essential task of emission reduction, and thereby lead to doom. We cannot afford wrong turns and dead ends where the future of the planet is at stake. It is worth considering each of these reasons in turn, but it is in the last that the crux of the matter lies.


9.3.3.1 Geoenginering is dangerous 

This argument is particularly applied to SRM techniques, where it is noted that the atmosphere and weather are complex processes, and that reflecting back 1 per cent (say) of the sunlight heading toward Earth will not result simply in a tidy reduction in temperature spread uniformly over the globe, but will affect wind flows and precipitation, and may cause more floods and droughts and storms. The overall net temperature may decrease, but it will mask diverse and complex effects, and we can be certain that even if humanity were to be a net winner from the overall resulting cooling effect, there would also be many losers.49

Oceanic interventions are considered particularly dangerous when they operate at scale. Even if ocean fertilization would lead to atmospheric CO2 reduction, what would be its full effect on ocean ecosystems? Apparently benign interventions might turn out in the long run to have disrupted ocean biology on a scale or in a way that might cause dramatic harm – ocean death, human starvation, and even negative climate effects if the CO2-absorption capacity of oceans were ultimately reduced by these disruptions.50 The complexity of oceans means that small-scale experimentation can never provide conclusive evidence that large-scale actions would not turn out to be disastrous, a gamble that cannot be taken with a system so fundamental to global ecology.

Alongside these arguments, it is noted that the governance of geoengineering requires a degree of cooperation between governments that is generally not achieved, and seems implausible.51 What temperature should humanity choose for the global thermostat, and, most importantly, how should that decision be taken? If a few nations, or even private individuals, take measures that affect global temperature and ecology, the potential exists for international conflict – which aside from its human costs would also be unlikely to have a positive climate effect.52

Finally, the uneven distribution of geoengineering’s potential harms, with the greater burden probably being on the poor, the Global South and the already vulnerable, means that its riskiness is also often perceived as a justice issue: geoengineering would be an act of exploitation or even colonialism.53

These arguments are powerful, but they also have two weaknesses. One is that they apply equally to the emission of CO2, which in its effects is akin to a particularly destructive and unguided form of geoengineering.54 It too does not create uniform warming effects. It disrupts the climate, it acidifies the oceans and slowly kills them, it is caused by richer and more industrial nations and its greatest impact is on the poor. Moreover, it creates a frightening potential for local and global conflict and unmanageable migration. Danger is, therefore, only a decisive argument against geoengineering if it can be assumed that without it humanity will engage in timely and effective emission reduction. This, however, is unknown. It is not a plausible premise. To use risk to dismiss geoengineering is, therefore, to take a strong position on an essentially speculative issue of human behaviour. It is an apocalyptic gamble.

The second weakness is that risk is a common, almost ubiquitous, feature of policy solutions. Many medical treatments have side-effects, even potentially deadly ones. This is not a reason to dismiss them a priori, but is a factor to balance against benefits. Relevant is the extent to which the side-effects themselves can be managed. Interventions can be complex and may require developed approaches to risk assessment and management, but this can be done for geoengineering as it is done in other fields.55 Limiting policy to riskless approaches to addressing climate change would paralyse policy and be without precedent.

There is thus a kind of symmetry to geoengineering and not-geoengineering: each brings risks. It should be noted that it is only a question of time before this is reflected in climate change litigation. This has increased rapidly in recent years, calling governments and firms to account for inaction.56 It has been suggested that coming trends in this litigation may involve more attention to ocean protection, biodiversity and carbon sinks.57 At some point, it may be expected that litigants will demand not just that actors do less harm, but that they take more active steps to protect, for example by combatting ocean acidification, by reforesting, or by promoting and recognizing new carbon sinks – geoengineering, in other words. There will be more and more situations where fundamental environmental rights are at issue, and merely reducing emissions does not offer an adequate solution, either in theory or in practice.


9.3.3.2 Geoengineering is speculative 

Another critique is that none of the geoengineering techniques has been shown to work. To hold them up as potential saviours is fundamentally dishonest since they are just sketches on paper.58 It would be madness to make something so speculative and flimsy a serious plank of global policy.59 It would be equivalent to engaging in dangerous individual behaviour – smoking, say – on the basis that ‘they’ll probably find a cure in time’. They might, but people who have taken this approach systematically to known harmful behaviour are more likely to die than to get lucky.

Nevertheless, despite it being often emphasized in critiques of geoengineering how unproven its various techniques are, this does not obviously lead to the conclusion often drawn; namely that we should just forget about it. Rather, it would seem to be an argument for research:60 if someone has a theoretically non-ridiculous idea which might help, then the obvious reaction is to test it to see if it holds up in practice. I made the point earlier that this is how science works, and to dismiss theoretical proposals because they have not been proven is, on the face of it, a rejection of science, or at the very least a misunderstanding of it. A survey of any field of applied science will reveal just how few proposals make it through from initial conception to final application. Since there is no means to distinguish the effective from the ineffective other than by experiment, the speculative nature of untested geoengineering proposals is an irrelevant argument against it – for it is also a reason to speed up research.


9.3.3.3 Taking geoengineering seriously undermines emission reduction 

The fear, however, is that geoengineering research will encourage the public to think that a solution is imminent, whereas in practice many a wonderful idea goes through years of testing and ends up amounting to nothing. It is not the speculativeness, as such, of geoengineering that is the problem, but the risk that the public will overestimate the chances of success and underestimate the timeframe for implementation and conclude that the crisis is nearly over. By the time they realize they are wrong, the situation will be even worse. This essentially is the third critique of geoengineering.

It is by far the most important one and it usually goes by the name of ‘moral hazard’, a term borrowed from insurance, where it refers to the risk that if someone is insured against a risk – wine on the carpet, house fire, unemployment – then they will make less of an effort to avoid the harm.61 Ultimately, this leads to a less responsible world in which welfare for all is reduced.

The idea that looking for technological solutions to global warming will distract from the safe, proven and optimal approach of reducing emissions, by making it seem less important and less urgent, is a powerful argument.62 If geoengineering experiments were carried out, it would increase funding and attention, and there would soon be headlines about the potential of new SRM and ocean fertilization techniques – and perhaps others too – which might indeed, imaginably, lead to cries of relief that the climate crisis is on the edge of being solved. The moral-hazard risk is real.

On the other hand, moral hazard is ubiquitous in policy making.63 Wherever law addresses a risk – and that is surely the heart of modern regulation – it creates the new risk that the protected will take less responsibility upon themselves. This can be found in welfare, in security, in almost any field. To take medicine, again, the analogy with climate engineering is a good one. Many diseases are overwhelmingly the product of lifestyle, and an optimal medical outcome would be that people change their behaviour. It is harder to persuade them to do so if treatment is available that blunts the risk their behaviour creates.64 Treatment may be a suboptimal solution, for it is still generally better to be healthy. But it makes it harder to find the motivation to make the choices required. This is not seriously put forward as a reason to limit medical research, though. Where diseases exist, attempts are made to treat or cure them.

There are good reasons why moral hazard is not generally treated as a policy trump card. For one thing, it can be addressed by countermeasures – communication and policy coordination.65 Medical research does not exclude preventative programmes, and geoengineering research does not exclude intensive communication combatting over-enthusiasm and emphasizing the importance of emission reduction. There are tensions, certainly, but policy making in a complex field is usually about balancing tensions, not taking sides. Moreover, moral hazard remains in many contexts a speculative risk,66 for whether people actually respond in practice as moral-hazard theory suggests is an empirical question which is far from proven.67 Do people drive faster with seatbelts, as was once feared, or do seatbelts remind them of the importance of safety and make them careful? Many people refuse to engage with climate change, or even deny it is happening, because admitting the truth even to themselves would inspire feelings of despair and guilt that they would struggle to process. This draws on the idea of cognitive dissonance, namely that faced with two conflicting ideas people will suppress one, in order to remove the unpleasant conflict.68 It may be that the possibility of climate engineering would offer hope, helping to avoid ‘doomism’, and this hope would increase engagement and preparedness to reduce emissions. If this is a problem we can solve, let us get on with it!69 It is the opposite result of what the moral-hazard critique suggests.

Social science has not yet settled the question of which of these dynamics is likely to be stronger, or whether geoengineering could persuade groups currently unreached by conventional discourse70 that climate change is real and urgent.

That leaves moral hazard as an interesting and important factor in discussions of geoengineering, but one whose weight and impact are as speculative as the consequences of geoengineering itself. This then raises the question of why, in this context, is moral hazard taken so seriously? Why are potential climate-rescue techniques dismissed a priori on the basis of an unproven psychological theory which in no other context carries nearly so much weight? What is there about geoengineering and its relationship to alternatives that is different from other moral-hazard contexts, which might explain the distinctive reactions it inspires? I suggest that there are two features here worthy of note.


9.3.4 Geoengineering tries to rescue capitalism

One is that its success – assuming it were developed to the point that there is an importantly useful technique available – could be experienced as undesirable, since, while it might alleviate global warming, it would also, by definition, enable the energy transition to be delayed, or even, in the event of a radically successful NET technique, avoided entirely. It is imaginable, if implausible, that geoengineering might undo the climate consequences of current industrial practices and thereby remove the immediate need for them to change.71

Some might celebrate this – imagine, harmless fossil fuels! What a liberation!72 However, the burning of such fuels is not only a climate problem, but associated with a model of the economy that is often considered to be destructive and over-exploitative. Aside from its other environmental consequences, resulting from pollution, bad land-use choices, and destruction of areas with natural resources, it has also traditionally been the engine of modern capitalism, which is often considered to have created structurally exploitative societies.73 Many environmentalists are to some extent left-wing, and issues of social justice and environmental protection are bound up with the preference for a socio-economic model that is less based on profit, exploitation, growth and fossil fuels. Climate change is one reason to develop a new model, perhaps the most urgent reason, but not the only one. By neutralizing the climate impact of fossil fuels, attempts to make the world a fairer place and the economy less destructive would be set back.74 From this perspective, geoengineering is a dangerous distraction if it does not work – and it is a dangerous palliative if it does.75 The very attempt to make the fossil-fuel economy harmless, rather than to seek to change it, is morally objectionable, and in its own way dangerous.76

This is somewhat different from the medical situation. If some new breakthrough treatment meant that we could all enjoy as much cake or alcohol as we wanted to consume without health consequences, that would certainly create a complicated situation for those committed to healthy lifestyles, but it would be hard to see it as a complete disaster. The moral objection to cake is that it causes ill health. If that objection is removed, it is possible to recategorize it as a non-guilty pleasure, without significant peripheral externalities. A world of unlimited cake, unlike a world of unlimited fossil-fuel use, is not inherently harmful for other reasons.

Thus geoengineering, far less than other areas of risk regulation, is judged not just by its effectiveness or not, but by its consequences for wider ideological ambitions. For those committed to degrowth, or deep ecology, it represents an abhorrent techno-fix, instrumentalizing nature at the expense of a meaningful and enriching relationship with it, and this objection remains valid whether or not geoengineering positively affects climate in the short term.77 For those committed to technological progress, it is to be embraced whether or not it is strictly necessary, because attempts to avoid technology are seen as futile and ultimately restrictive of human development: scientific and human progress are intertwined. In addition to the capitalist/anti-capitalist dynamic, there are as well decolonialist and feminist perspectives on geoengineering, which ask not just how it may affect temperature but what kind of power relationships it entrenches or dismantles and what kind of social order it encourages.78 The novelty of geoengineering, and the potential scale of its impact, mean that no complete political ideology can fail to give it attention, with the most fundamental dividing line perhaps being between revolutionaries, who would like to see the existing global socio-economic order crumble, and those who prefer to see it buttressed against the chaotic winds of change.


9.3.5 Geoengineering disrupts the professional status quo

The other, closely connected, distinctive aspect of geoengineering is the professional commentators conducting the discourse about it. For medicine and health, the most authoritative and dominant voices are those of the medical experts, and they are involved primarily in treatment and cure, not prevention. That is not to say that prevention is frowned upon, but there is an enormous professional investment in developing new treatments, and the structure of science means that there is a professional advantage to coming up with new, breakthrough ideas. The careers of those who are able to speak with expertise about disease are dependent on the pursuit of better treatments, and a strong role for moral-hazard arguments in the discourse would be directly contrary to their personal and institutional interests.

By contrast, the position of vested authority in climate change discussions is occupied by those with expertise in environmental sciences and environmental governance, as well as by those with expertise in emission reduction. For the latter group, geoengineering as an object of research funding and eventual use is directly oppositional to their career interests and authority as a group.79 For the environmental science experts – biologists, atmospheric scientists, and so on – and for environmental governance specialists – policy scientists and lawyers – that is not necessarily the case.

Public and scholarly discourse suggests that those involved in climate change research and policy have nonetheless come to form a coherent and self-sustaining body – an epistemic community.80 Such a community has roughly aligned interests and a broadly shared world-view – what philosophers of science sometimes call a ‘mindset’. In this case the world-view is built around a shared view of how climate change can and should be tackled, a view in which geoengineering has no part.81

The creation of such a mindset is fuelled by institutional factors. Inevitably, climate specialists work together in research and advice teams, and they also train the next generation. In doing so they create shared ideologies and cohesive policy commitments, which in turn make their community more robust and influential.82 Thus, if the climate change community adopts common positions, and attacks common enemies, rather than engaging in internal debate, its position in institutions, policy advice and public debate is strengthened. This strength then enables it to become self-sustaining and maintain its position, in a process akin to conceptual capitalism: who owns the conversation, profits from it.

Such epistemic communities are powerful, but path-dependent, a risk-factor for their ultimate decline. The community of climate experts has a world-view built around emission reduction, and so much professional investment in this that it would be hard to change. The geoengineering suggestion that there might be a fundamentally different way to address climate change – at least to some extent – is methodologically and ideologically challenging.

Were geoengineering to be taken seriously and begin to show promise it would then be threatening to the interests and authority of the climate change community.83 It would raise the prospect not just of a new mindset, but of new experts. From this perspective, the very heat of the opposition to it could be an indication that such threat is felt, and so, perhaps, an indication that experts consider – are afraid – that some schemes might work. If it was truly, inevitably, hopeless, it would hardly need attacking, and the easiest way of dealing with it might be just to let a few experiments go ahead and fail.


9.4 Rethinking regulation of geoengineering

Faced with a crisis of the magnitude of climate change, in which technology is inevitably important – be it better batteries, new energy-generating techniques, or climate technology – a population of rational people would inevitably pursue all options that might be useful to the process of climate repair, and their regulator would set outer normative limits to experiments while leaving space to encourage innovation and out-of-the-box thinking.84

However, the real world of politics and power disrupts this. For one thing, people are not trusted to resist false hope, so that there is pressure to pursue only the most well-understood and conservative pathways toward climate stability. In a radically anti-scientific move, many environmentalists are pushing the argument that they know a priori which lines of research and policy will lead to the best results; and others say that geoengineering should be ignored. There is an apocalyptic aspect to this point of view. The evidence seems to be that humanity is not reducing its emissions fast enough to prevent very harmful results. The resistance to developing alternative climate-management techniques seems almost like machismo: live CO2-free, or die.

Then there is the institutional and professional momentum that environmental science has created. Intellectual, financial and ideological investment in emission reduction has created an expert community at the heart of climate discourse whose professional interests are opposed to the development of geoengineering. As technology lawyers have long known, if the regulator allows technology to develop without steering, then a status quo will emerge which is resistant to regulatory adjustment. In this case, the exercise of public power by universities and research funders has prevented geoengineering research moving to the phase of experiment, and so building up a critical professional mass or momentum. At the same time, law and funders have actively stimulated the development of emission-reduction technology of more conventional kinds. There is now an unbalanced status quo, and since the occupiers of that status quo are the same expert community who will have to be drawn upon for advice on future regulatory decisions, it is entrenched.

In any case, aspiring to regulate technology purely for its climate effects may be misguided.85 Technologies that mitigate climate change are about more than climate – they are also about preservation or manipulation or disruption of a certain socio-economic system. Geoengineering may have consequences for CO2 and global warming, but it also may have consequences for the development of capitalism. It is contestable, but not irrational, to take that into consideration, and on a view of environmental harm as resulting from modes of economic organization there is reason to see geoengineering as merely a form of temporary symptom management, delaying more effective treatment in a way that may ultimately do harm. If combatting climate change is about politics, and not just climate science, then a broad view of climate technology is inevitable.

Regulating geoengineering will then never be easy. What can perhaps be hoped for at this stage is more unpacking of the values and ideas involved, which has been the aim of this chapter. Decisions about what to fund or allow, like all important collective decisions, will be the product of compromise between competing values and world views. The quality of that compromise is likely to be improved if some of the more simplistic arguments – it is dangerous, it is speculative, it creates moral hazard – are replaced by more nuanced and socially aware points of view.
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10 Why Researching Solar Radiation Management Technologies Is Essential and Governable

Manon Simon, Kerryn Brent, Jeffrey McGee and Jan McDonald


10.1 Introduction

This chapter argues for urgent and substantial research and development (R&D) of technologies aimed at managing solar radiation, as a short-term and temporary response to dangerous climate change. Anthropogenic climate change is already affecting most regions of the world, with more extreme events (for example, intense heatwaves, precipitation and drought) resulting in wildfire, flooding and famine. Climate impacts are already challenging the resilience of socio-ecological systems globally.1 The mitigation commitments of the Paris Agreement parties are currently insufficient2 to achieve the objective of ‘Holding the increase in the global average temperature to well below 2°C above pre-industrial levels’.3 Scientists predict that the remaining global budget for carbon emissions that would provide a 50 per cent chance of limiting global warming to 1.5°C will be exceeded before 2030.4 A climate ‘overshoot’ above 2°C is virtually certain and will likely have significant consequences, including extreme weather events, sea-level rise, ecosystem degradation, Antarctic ice sheet destabilization and loss of Arctic sea ice.5 Anthropogenic carbon emissions continue to rise and in the period 2010–2019 were ‘higher than in any previous decade on record’.6 In 2019, global atmospheric carbon dioxide concentration averaged 410 parts per million (ppm), compared with an average of 390 ppm in 2011.7 Average global atmospheric carbon dioxide concentrations reached 418 ppm in 2022.8 The carbon dioxide that has built up in the atmosphere over the past centuries and the feedback effects on the climate system will delay the reversal of climate change effects.9 Even if states were to implement the most ambitious of policies, stopping all greenhouse gas emissions immediately, it would not be enough to halt further heating.

It is against this backdrop that scientists are researching solar radiation management (SRM), or solar geoengineering techniques, to reduce radiative forcing.10 SRM proposals aim to directly cool regional or global temperatures by altering the Earth’s radiative balance between incoming solar radiation energy (sunlight) and outgoing infrared (long-wave) radiation. SRM proposals aim to do this either by reflecting a percentage of sunlight away from the Earth’s surface or increasing the amount of terrestrial radiation that escapes to space.

SRM proposals are synonymous with the concept of a new geological age of human influence on the planet, ‘the Anthropocene’, and raise significant questions about the extent to which humans should exert power over the natural environment.11 On the one hand, SRM might be criticized as a ‘dangerous technofix’ for climate change, a ‘Promethean pipedream’ that (if successful) would allow humans to establish mastery over nature.12 These criticisms centre on the view that humanity is good at creating environmental problems, poor at fixing them, and more likely to create new problems in trying to do so. These criticisms are underpinned by concerns that SRM is bound to fail, given ‘humanity’s history of creating environmental disasters and its inability to control and predict nature’.13 However, other authors offer a more hopeful perspective that SRM could be an important part of a global technological transition to a ‘good’ Anthropocene.14 For example, Asayama et al suggest that SRM could help humanity achieve ‘effective planetary stewardship’ in this epoch.15 Either way, there are significant concerns about the environmental and political risks of SRM proposals. It is also well recognized that innovative legal and governance approaches are required for SRM.16 However, a key question is the extent to which law should facilitate SRM. There are growing calls not only to prohibit deployment, but also to ban the development of SRM.17 Underlying these calls are claims that SRM is not just too risky, but ungovernable.

In this chapter, we argue that SRM should be fully researched and developed to a state of deployment readiness because it might be needed to prevent dangerous overshoot of global temperature and provide humanity with time for more orderly mitigation and adaptation. The role of law, therefore, should be to facilitate responsible R&D of SRM. To be clear from the outset, we are not arguing in favour of deployment of large-scale SRM at this stage, or even in the near future. We instead argue that rigorous R&D is needed to ensure that decision-makers are informed of the risks of SRM and its potential benefits in attenuating the increasingly severe impacts of the climate crisis. This knowledge is essential in order to design robust governance at international, national and subnational levels. We argue that the greatest risk is that SRM will be implemented in a time of perceived crisis without an adequate understanding of its consequences and in the absence of robust governance mechanisms.

This chapter proceeds as follows. Section 10.2 explains key SRM proposals and their potential risks and benefits. Section 10.3 articulates and then responds to the key arguments against SRM. It argues that while the governance of SRM research and associated risks is exceptionally challenging, it does not preclude the development of realistic and pragmatic governance approaches for SRM research. Section 10.4 draws on natural law theory to argue that, in the context of a rapidly changing climate, living in ignorance of SRM’s potential is not consistent with law’s purpose of pursuing the common good of humanity. Finally, Section 10.5 concludes that research into diverse SRM proposals is the best way to determine which options will be worth supporting, and what safeguards are needed.


10.2 The potential benefits and risks of SRM

Scientists and policy makers are considering the potential for SRM to prevent global temperature overshoot and gain time for the world to achieve net negative emissions.18 SRM technologies are being evaluated for deployment in three different regions: space, atmosphere and the surface of the Earth.19 Space-based technologies include reflective mirrors or other sunshields and face considerable feasibility constraints.20

As for atmospheric SRM techniques, there are three main types. The most widely discussed option is stratospheric aerosol injection (SAI), which involves injecting minute reflective particles into the stratosphere. Scientific observations of the climatic effects of large-scale volcanic eruptions indicate that placing aerosols in the stratosphere could have a significant and rapid cooling effect on global temperatures. For example, the 1991 eruption of Mount Pinatubo in the Philippines injected 20 teragrams of sulfur dioxide into the stratosphere, cooling global mean surface temperatures by approximately 0.5°C for 12 months.21 SAI is an attractive option for policy makers because it would likely be relatively inexpensive to test (in the order of tens of billion dollars annually) compared to the much higher financial costs of climate change impacts and mitigation activities.22 If deployed on a large scale, SAI would likely reduce global temperatures, and scientists have also proposed deploying it to limit climate change impacts (for example, temperature increases) in regions such as the Arctic.23

Another SRM reflective technology that is being developed for regional application is marine cloud brightening (MCB).24 This involves spraying minute sea-salt particles into low-lying ocean clouds to increase the amount of sunlight they reflect away from the ocean surface. Cirrus cloud thinning (CCT) is the main focus for increasing the escape of terrestrial heat. Cirrus clouds trap more energy in the Earth’s atmosphere than they reflect, so scientists hypothesize that thinning them using cloud-seeding technology could allow more heat energy to escape the Earth’s atmosphere.25

SRM could play a vital role in protecting vulnerable regions and ecosystems from irreversible climate change impacts, such as sea-ice loss and melting permafrost.26 Scientists are also investigating the potential for MCB to cool water temperatures in the Great Barrier Reef in order to buffer the corals from marine heatwaves and reduce the risk of catastrophic coral bleaching events.27 This research has progressed to small-scale outdoor experiments for the purpose of testing the delivery equipment and particle formation, without any planned climate impacts. Modelling suggests that regional shading (such as MCB) combined with crown-of-thorns starfish control could be ‘relatively effective’ at protecting the Great Barrier Reef until 2040, from which time onward other adaptation strategies might be sufficiently advanced to limit reef decline.28

However, no large-scale SRM experiment – that is, at a scale large enough to affect regional or global temperatures – has been conducted to date, and all technologies are a long way from being fully deployable.

SRM is fraught with uncertainty and carries serious risks of social and environmental impacts. It is feared that SAI could create regional climate disparities, disrupt precipitation patterns such as monsoons, and deplete stratospheric ozone.29 In addition, SAI deployment would require a long-term commitment to maintain the cooling effect, with potentially serious intergenerational implications.30 In particular, a sudden cessation of a large-scale SRM programme could result in a sudden spike in warming, with effects worse than gradual climate change.31 Large-scale MCB presents similar risks, although they are lower because MCB could potentially be phased in and out more easily than technologies such as SAI.32

There are also concerns about the geopolitical and international security risks that SRM deployment presents. If SRM were to be conducted by one country or small group of countries, without the consent of others, it could cause geopolitical tensions.33 This could, in turn, provoke retaliation in the form of ‘counter-geoengineering’.34 There is also the potential for rogue actors to conduct SRM without state authorization. This concern moved closer to reality in 2022, when the US-based company Make Sunsets conducted SRM experiments in Mexico without the knowledge or approval of Mexican authorities, with a view to selling privately generated ‘cooling credits’.35

These risks are compounded by the fact that SRM is not adequately governed by either national or international law at present. This has led to calls for moratoria on SRM deployment.36 Given the risks of irreversible impact, a precautionary approach dictates that large-scale activities should not be allowed to proceed without further risk assessment and appropriate risk reduction. A more nuanced question, however, is whether SRM R&D should be encouraged at all, and, if so, how it should be governed. It is important that SRM R&D be governed ethically to ensure that the benefits outweigh both the associated risks and the risks of unabated climate change.


10.3 Refuting the arguments opposing SRM R&D

Views vary significantly on whether, and to what extent, SRM research activities should be prohibited.37 Fervent opponents of SRM call for a strict prohibition on R&D on the basis that even field tests carry significant risks.38 Principled opposition of this sort is often based on ideological considerations and assumptions about SRM risks.39 For example, Pamplany et al show that most researchers and academics discussing the desirability of research on geoengineering take a cautious position: while a few advocates of SRM research may consider geoengineering as ‘the best option’, most frame geoengineering as a ‘last resort option’, rather than a Plan A or Plan B (and see also Chapter 9 of this book).40

There is widespread agreement among SRM proponents and opponents alike that, given gaps in scientific understanding and governance regimes, large-scale deployment of SRM should currently be prohibited, especially techniques such as SAI that could have global environmental impacts.41 Some have advocated for a ban or moratorium on SRM field testing generally,42 on field testing of certain kinds of SRM technologies,43 or until appropriate governance frameworks are put in place.44 In a recent report on the human rights impact of climate-intervention technologies, the UN Human Rights Council (HRC) recommended that states consider a moratorium on SRM development and deployment ‘for as long as scientific uncertainty and the risk of causing serious, extensive and irreversible environmental and human damage remain high’.45 The HRC further recommended regulation of SRM research based on a presumption that it is incompatible with states’ human rights obligations, unless proven otherwise through meaningful and comprehensive assessments of risk, human rights and environmental impact.46 In this section, we argue that research activities intended to assess the social and environmental risks of SRM are thus essential to rebut such a presumption and inform future decision-making. We do so by responding to the arguments advanced by opponents as follows.


10.3.1 Claim 1: SRM research creates a moral hazard

A common argument against SRM research is that speculative optimism about what SRM could achieve may detract from efforts to reduce the primary cause of climate change, the excess level of human-induced greenhouse gas emissions.47 This is often referred to as the ‘moral hazard’ argument, that is, ‘the lack of incentive to guard against risk when one is protected from its consequences’.48 Moral hazard arguments have long been identified in academic literature as ‘the most widespread basis for resistance to solar geoengineering’.49

The concept of moral hazard was first developed in the context of insurance law to refer to circumstances in which those having insurance will have an incentive to take less care to guard against the event for which they are insured.50 In our view, however, the term affords an inappropriate analogy, in the context of SRM,51 and is ambiguous and vague.52 This is because SRM research and climate policies are not mutually exclusive.53 The term moral hazard has, therefore, been replaced by such terms as ‘emissions abatement displacement concern’,54 ‘mitigation deterrence’55 and ‘mitigation obstruction’.56 The term moral hazard has also been disaggregated, distinguishing between individual, social and political moral hazard,57 or between different types of hazard (for example, technical-dependence hazard or regulatory-capture hazard).58

Whatever term is used, the assertion that SRM research will or could undermine efforts to reduce greenhouse gas emissions is disputed. Bodansky and Parker argue that SRM research will provide the knowledge that scientists and policy makers need to determine whether a particular technique is safe and effective against climate change, and therefore constitutes ‘the best defense against moral hazard’.59 Similarly, proponents of SRM have claimed that conducting serious SRM research constitutes a ‘moral imperative’,60 and they consider it morally perverse to withhold measures to reduce global warming under the argument that it would encourage more risky behaviours.61 Others make clear that conducting R&D should be distinguished from the conditions that might attach to SRM deployment in order to reduce risks of mitigation displacement.62

Empirical research on the moral hazard concern has produced mixed results.63 One study showed that how SRM is framed is an important factor: for instance, SRM could reduce mitigation efforts when presented as ‘miraculous’.64 However, most studies show that pursuing SRM research does not make the public65 or experts66 less willing to reduce greenhouse gas emissions, with slight variations based on ideological or political inclinations (for example, trust in climate science). Conversely, several studies show that SRM research could increase both individual and collective support for particular climate policies,67 such as carbon-offset purchases68 or a carbon tax.69 This ‘mitigation galvanization’,70 or ‘reverse moral hazard’,71 suggests that research into climate intervention could actually encourage mitigation because it ‘would persuade more people that the threat of global warming was serious and needed to be addressed’.72 It is worth noting that most of these studies were conducted in the Global North. While this does not necessarily undermine the generality of these conclusions, further research is needed to assess whether similar results would be reached in Global South countries.

The risk that SRM might disincentivize mitigation should not be ignored, but nor should it distract from the need to conduct research into SRM options.73 Jebari et al explain that ‘the moral hazard framing of the debate over geoengineering is itself a moral hazard … by making it seem as though the use of carbon capture or solar geoengineering technologies can serve as potential substitutes for mitigation efforts’.74 Andrews et al express similar concerns, arguing that ‘moral hazard anticipation’ may undermine mitigation efforts even when moral hazard does not. This is because, if SRM research has the potential to encourage mitigation efforts, hindering SRM research for fear of a speculative moral hazard might indeed delay further emission reductions.75 The risk that vested interests may misuse SRM to maintain or increase greenhouse gas emissions simply points to the need for measures that facilitate accountability and oversight.76 This requires shifting the discussion from its current concern about moral hazard to considering the types of measures needed to manage its effects.77

Numerous scholars have identified strategies needed to manage the possible effects of moral hazard. Morrow suggests that precautionary measures against mitigation obstruction include researching relevant alternatives, communicating results and engaging with relevant publics and policy makers.78 Some also argue for linkages between SRM R&D and enhanced mitigation and adaptation measures.79 More broadly, Reynolds argues that concerns over mitigation obstruction can be avoided if decisions are made with careful consideration of stakeholder interests and ‘in ways that are expected to improve human well-being and foster sustainability’.80 Whilst this will be important to consider once states start implementing official SRM policies, the concern that SRM may undermine mitigation commitments is relatively weak at the research stage. Quite to the contrary, incremental SRM research can stimulate discussions about the types of governance arrangements needed to reduce the possible effect of mitigation deterrence and to further encourage the reduction of greenhouse gas emissions.


10.3.2 Claim 2: The blurred line between SRM research and deployment

Some opponents of SRM oppose R&D because of a concern that meaningful and safe large-scale experiments of SRM are impossible.81 One of the major issues with planetary SRM is that it would need to be tested at full scale – that is at a planetary scale with impact on global average temperatures – for the results to be meaningful and to distinguish its effects from natural climate variability.82 While much can be learned from small-scale SRM experiments, there would come a time at which these are not sufficient to understand the implications of potential deployment, and full-scale testing would be needed. Similar concerns may be attached to regional application (for example, Arctic or Antarctic SRM), that would need to be tested at scales large enough to produce temperature changes of significance. This means that experimental SRM implementation, beyond a certain scale, would carry the same risks as operational deployment.83 While the line between SRM research and deployment is blurred, small-scale experiments are necessary in order to gain further scientific understanding.84 This view was supported by the parties to the United Nations Convention on Biological Diversity, who agreed to a moratorium on climate-intervention techniques that could affect biodiversity, ‘with the exception of small scale scientific research studies that would be conducted in a controlled setting’.85 These studies should be aimed at assessing the risks of SRM and identifying risk-management options. This will require specifying thresholds beyond which experiments should be banned.86

The risks of SRM also need to be evaluated relative to the risks of climate change. The near-certainty of climate change impacts results in a ‘risk-risk scenario’, which requires balancing the risks associated with deploying SRM against the risks of non-deployment.87 The relative weighting of these trade-offs largely depends on ‘individual and societal differences in the tolerance and framing of risks’.88 Arguments against SRM assume that it will be more dangerous than the consequences of climate change, or at least that combatting one problem with another potential problem is undesirable (that is, two wrongs do not make a right).89 The HRC report, for instance, acknowledged the serious threats that climate change poses, but failed to put SRM risks in perspective against the rights infringement likely from climate change itself. It recognized that SRM could ‘perpetuate and exacerbate’ the human rights impacts of climate change,90 but did not mention the potential benefits for the climate system and for the protection of human rights. The report’s one-sided treatment of the risks of SRM is, in our view, regrettable, in that it does not promote high-quality debate.

Conversely, supporters of SRM research argue that SRM may be the lesser evil and could ‘arm the future’91 with appropriate policy options, if climate change impacts become too severe.92 Human-rights-based values are also increasingly used in support of SRM R&D: from recognizing the freedom of scientific research and the fundamental right to enjoy the benefits of scientific knowledge,93 to upholding the right to non-discrimination and procedural rights.94 Reynolds and Fleurke also invoke the precautionary principle. They argue that, far from militating against SRM, a precautionary approach justifies conducting SRM research, including field experiments.95 This is because research into SRM can reduce uncertainty, inform decisions about the risks and benefits of SRM, and determine which SRM options could be deployed safely.96

Information about risks and benefits is necessary to ensure that untested technologies are not deployed prematurely should the impacts of climate change escalate rapidly. Parker argues that a moratorium on field experiments would not only be impracticable and ineffective but could delay the learning necessary for responsible deployment. It could also hinder international cooperation, discourage research transparency, stigmatize safe research, or lead to premature rejection of SRM as a policy option.97

There are concerns that SRM R&D could cause technological lock-in and ultimately lead to inappropriate deployment.98 However, we suggest that these arguments are weak. McKinnon contends that, far from justifying a moratorium, the challenges associated with SRM create an opportunity to develop new institutions to govern SRM in the interest of future generations.99 She suggests that SRM research governance needs to include phase-out and exit mechanisms specifically to avoid undesirable technological lock-in.100 Along these lines, Herzog and Parson consider that the conditions under which a moratorium on large-scale testing should be lifted would need to be adaptive to reflect new knowledge and socio-technological developments.101


10.3.3 Claim 3: SRM is ungovernable

Some commentators suggest that SRM development should be avoided because it is ungovernable. By ‘governability’, we mean the extent to which legal or non-legal mechanisms can mitigate not only physical risks, but also socio-economic, geopolitical and ethical concerns associated with SRM technologies.102 A prominent example of these concerns is the call to develop a ‘non-use agreement’ for SRM. Biermann et al propose the negotiation of an international agreement to prohibit the development of global-scale SRM – including outdoor experimentation – and deployment, because it cannot be governed in a fair, just and democratic manner.103 The proposal does not prohibit SRM research per se,104 but the substantive principles could significantly stifle research activities because they include prohibiting outdoor experimentation, preventing public funds being used for SRM research, and banning private patents for SRM technology.105

According to Biermann et al, for SRM to be governed fairly, justly and democratically, vulnerable (that is, developing) states must have ultimate decision-making power over whether, and how, global-scale SRM is to be used. This would set a very high bar for any SRM research or development to proceed. Wealthier states with the capacity to develop SRM would be unlikely to grant this level of power to vulnerable states, which, they argue, makes fair, just and democratic governance impossible. They also doubt whether existing multilateral institutions, including the United Nations Environment Programme (UNEP), the UN General Assembly and the UN Framework Convention on Climate Change, could support achieving ‘fair and effective political control’ of SRM.106 Even if appropriate governance mechanisms could be developed, the authors point out the lack of enforcement powers under international law. Therefore, they suggest that states and the UN should ‘restrict the development of’ SRM by implementing an international moratorium.

The call for a non-use agreement principally targets planetary-scale SRM and does not at this stage seek to prohibit regional SRM technologies, such as MCB. Biermann et al state that ‘[i]‌nterventions that are more regional or local in intent, such as marine cloud brightening to protect fragile ecosystems such as the Great Barrier Reef, are also conceivable, but they differ significantly in terms of governance, politics, and scale’.107 However, a moratorium on SRM could create a false impression among civil society and other actors that all SRM R&D activities are similarly prohibited, regardless of scale, purpose, and so on, including regional-scale SRM and adaptation (such as MCB over the Great Barrier Reef).

The proposal for a non-use agreement has garnered some significant support, with close to 400 academics having signed an open letter.108 At the same time, however, the proposal has been criticized for its stifling effect on SRM research.109 According to Buck, the non-use agreement proposal is a ‘thinly veiled’ effort to suppress research, by limiting research investment and creating intense social pressure against it.110 Buck is not alone in advocating for SRM research to progress.111 Over 130 experts have signed a call for balanced research and assessment of SRM, recommending a ‘golden rule’ for assessing SRM, where ‘[t]‌he risks of researching, developing and possibly implementing SRM must be balanced against the climate risks SRM would attenuate’.112 More than 100 scientists have signed a separate open letter in support of SRM research.113 The letter acknowledges the significant risks and uncertainties concerning SRM, but suggests that further research is needed to understand the role that SRM might play in climate policy, especially as pressure to consider SRM is likely to grow in coming years as climate change worsens.114 According to Buck:


Good science takes years to develop. If we put off research until the 2030s, we could find ourselves in a world that’s made some uneven progress on the reduction of greenhouse-gas emissions but not enough, with temperatures still headed toward 3°C of warming. We can’t then suddenly hope to produce rigorous science that would help us understand whether solar geoengineering is advisable.115


These perspectives focus on the scientific merit of pursuing research and do not expressly address questions of governability. Reynolds has refuted claims that SRM is ‘ungovernable’ as well as suggestions in reports of the Intergovernmental Panel on Climate Change (IPCC)116 that it presents ‘insurmountable’ governance challenges.117 The IPCC reports suggest that challenges include the risk that SRM might detract from mitigation efforts (moral hazard), that merely researching SRM could lead to ‘inevitable and unwanted use’ of the technologies (slippery slope), and that ‘decisions to use it could be contrary to democratic norms’.118 Reynolds suggests that these claims are largely speculative, and sometimes made contrary to existing peer-reviewed literature. He contends that the concern that SRM may be undemocratic is based on a selective reading of the literature, focusing on sources that support the claim rather than those that contest it. Horton et al have argued further that such ‘incompatibility’ claims rely on assumptions grounded in an ideal type of deliberative democracy.119

The governance of SRM research has also been considered by UNEP. In its 2023 expert review of SRM research and deployment, One Atmosphere,120 UNEP recognizes the risk and governance challenges of SRM, including the fact that there is unlikely to be ‘universal consensus in the broader community’ on deployment.121 It nevertheless suggests that the governance of small-scale outdoor experimentation could be pursued under the auspices of the UN, which could develop research governance alongside the evolution of scientific knowledge.122 The report further suggests that ‘appropriate governance mechanisms’ could help address issues, such as environmental risks, asymmetry in technological capacity and power between developed and developing nations, and concerns about a slippery slope.123

We note that the HRC’s position is unclear on this issue. While its report asserted that SRM is ‘ungovernable’, and the negotiation of a multilateral treaty unlikely, it also recommended that, in developing a ‘proper governance framework’, states should uphold human rights norms and standards as well as their duty to protect against human rights violations in SRM R&D.124 The report recognized the importance of access to information, public participation, access to justice and effective remedies, particularly the inclusion of voices from the Global South, Indigenous peoples and other climate vulnerable communities.

Whether SRM is ‘governable’, therefore, appears to be a question of perspective. It depends not only on one’s understanding of individual SRM governance issues but also on one’s expectations of what governance can achieve. Legal and governance mechanisms rarely achieve perfect results, whether for SRM or for any other risky activity. They are usually the result of a negotiated compromise of the interests of various stakeholders, especially at the international level. Thus, in designing governance arrangements for SRM research, one must not let the perfect be the enemy of the good. According to Hathaway, ‘the test of a legal rule – whether domestic or international – is not determined simply by whether it is violated. It is determined, too, by the response when it is violated’.125 To that extent, SRM governance should prevent violation of agreed rules as far as practicable, but also ensure that any violation will receive an appropriate response.


10.3.4 Claim 4: SRM poses insurmountable risks of unilateral deployment

The risk of unilateral or minilateral deployment is advanced by those opposing and those proposing development of the technology.126 Unlike mitigation options that require multilateral cooperation and buy-in, planetary-scale SRM could potentially be conducted by a single state or a small coalition of states.127 SRM is relatively inexpensive – or at least within the affordability range of some nations – so it can be undertaken without international consensus.128 These concerns raise serious legitimacy, security and stability issues,129 including risks of counter-geoengineering and military action.130 These concerns have sparked model and scenario exercises analysing preferences, trade-offs and strategies.131 One such scenario involves states deploying SRM as a matter of survival (for example, small island states affected by sea-level rise),132 or because leaders want to appear as being responsive to climate emergencies to gain public support.133 Another, more plausible, scenario involves SRM deployment by a great state power with financial, technical and geopolitical capacity and with greater incentives to deploy SRM than to mitigate (for example, a high greenhouse gas emitter).134 In addition to the risks of unilateral state deployment is the possibility of unilateral deployment by non-state actors, such as a wealthy individual or corporation,135 radical ecologic groups136 or private citizens.137

Unilateral SRM deployment may have negative externalities on other countries, which raises procedural and distributive-justice issues.138 This will require integrated assessment of ethical, legal and social implications and appropriate governance arrangements.139 Biermann et al argue that international governance to address the risks of unilateral deployment is unlikely to attract support from developing countries; they consider a non-use agreement to be preferable to illegitimate or ineffective arrangements.140 However, a global ban would not prevent sovereign states from acting unilaterally141 and would only address part of the problem, given that non-state actors would not be bound by such a treaty.142 It would also require monitoring to detect unlawful activities and attribute potential adverse impacts,143 which would require understanding of SRM technologies. Honegger et al suggest that this is a further argument for research.144 Concerns about unilateralism also arise from banning SRM because a moratorium would constrain responsible research and leave technological development to those actors that are the least likely to abide by international norms.145

The risk of unilateral action is real but demands consideration of how such a risk can be managed. Horton argues that ‘the fear of unilateralism has become an idée fixe in conversations about geoengineering, in effect putting the brakes on more ambitious research efforts and deliberations about governance issues’.146 He suggests that the governance arrangements, such as costs of retaliation (for example, trade sanctions, use of force and, eventually, counter-geoengineering) could create incentives to cooperate.147 Developing strategies to foster international cooperation could reduce risks of unilateral action.148 Weitzman goes further to suggest that the ‘free-driver’ theory could actually form ‘the backbone of a governance architecture’.149

There has been limited discussion of what type of arrangement is needed to deter unilateral SRM deployment. Liability rules alone cannot adequately address risks of unilateral deployment, so ‘ex ante regulatory solutions like the nuclear non-proliferation regime need to be implemented in tandem with ex post liability schemes for there to be effective governance of SRM’.150 Arrangements that facilitate international cooperation in SRM research, combined with safeguards tailored to each technology, could address fears of unilateral deployment.151


10.4 The international community should avoid choosing to live in ignorance of SRM

Having rebutted the arguments in favour of limiting SRM R&D, this section advances a novel argument in support of SRM R&D, namely that natural law traditions support the advancement of knowledge.

Natural law provides a standpoint against which to assess how a system of positive law is responding to a human problem. In the classical version of natural law, St Thomas Aquinas defines law as ‘an ordinance of reason for the common good, made by him who has care of the community, and promulgated’.152 Finnis, a leading figure of the modern natural law tradition, describes law in slightly more complex terms as an ‘authoritative common ordering of a community, aimed at facilitating the realisation of the common good’.153 Both these understandings focus attention on the question of what is the aim or purpose of law. Both Aquinas’ and Finnis’ positions focus on promotion of the common good of the community as being the purpose of law. Finnis identifies seven self-evident ‘basic goods’ that are universally accepted by all human societies, including knowledge, which comprise the common good of a human community.154 These basic goods are intrinsically valuable, in that they are valuable to humans in and of themselves. They are hallmarks of human flourishing, regardless of their utilitarian or consequentialist value.155

The ‘New Haven’ or ‘policy-oriented’ school of international law, founded and developed by McDougal and Lasswell, also focuses on the purpose of law. The New Haven School of international law characterizes law as not simply a system of rules, but as a continual process of authoritative decision-making by which people identify, clarify and secure their common interests.156 To assist in identifying and pursuing common interests, the New Haven School identifies eight values that all people cherish.157 These values include enlightenment – the gathering, processing and disseminating of information and knowledge – which aligns with Finnis’ basic good of ‘knowledge’. Both Finnis’ modern natural law tradition and the New Haven School’s policy-oriented approach to international law therefore identify the common human good of new knowledge as valuable in and of itself, regardless of any consequential or use value.

Both traditions also recognize that, in practice, decision-makers carry out a pragmatic balancing (that is, using practical reasonableness) of these various human values and goods in constructing an overall conception of the common good or common interest of the relevant society. The key point is that a decision-maker may choose to partially, or even wholly, sacrifice the basic good of knowledge and thereby ‘live in ignorance’, if such choice is required in an exercise of practical reasonableness to preserve or further a socially desirable mix of the other basic goods of human flourishing. It follows that a choice to sacrifice the basic good of knowledge or enlightenment should only be entertained where it is abundantly clear that it is required to achieve or protect those other basic goods.

From this natural law perspective, the conditions required to justify stifling further human knowledge on SRM appear to be very questionable. We know the underlying biophysical process of human-induced climate change is threatening to undermine several of the basic human goods of large parts of the population of the planet, and this threat will likely increase over the coming decades. The existing scientific knowledge on the course of climate change through the period to 2100 indicates, according to the IPCC, increasing current and future climate change impacts that will likely have significant negative affects upon human health, food security and human physical infrastructure. These impacts will make most of Finnis’ basic goods and/or the New Haven School’s basic human values much more difficult to pursue. However, further knowledge of SRM R&D has the possibility of opening up policy options for decision-makers (such as limiting short-term global temperature to avoid global temperature overshoot) that could substantially ameliorate the significant risks that climate change will pose to large parts of the human population. In short, there is an absence of strong evidence that restricting knowledge of SRM is required to achieve a desirable mix of the other basic goods of human flourishing. On the contrary, arguments to restrain SRM R&D, and thereby prevent it from reaching a deployable state, appear to be a plea for humanity to live in ignorance. This approach risks sacrificing the basic human good of human knowledge and at the same time undermining most or all of the other basic goods of human flourishing.


10.5 Conclusion

In this chapter, we summarized the arguments for and against SRM research, to make the case that further knowledge on SRM effects and risks is needed before making a decision on whether or not it should be implemented. We examined the main claims against SRM R&D: the moral hazard concern, the blurred line between research and deployment, the ungovernability of SRM, and the risks of unilateral deployment. We showed that, while these concerns raise complex issues, they point to the need to tailor appropriate arrangements (including legal arrangements) for SRM proposals. We argue that these claims, however valid some of them may be, should not justify a ban of SRM R&D, but encourage and stimulate discussions on the type of governance mechanisms needed to account for SRM risks and uncertainties. Indeed, rigorous SRM research appears to be the best way to determine which options will both be feasible and desirable, and the safeguards needed to ensure that the development of these technologies is done responsibly.

We further argue that a moratorium on SRM would not only freeze R&D of SRM technologies, but also hinder exploration and development of more nuanced governance options. It would assume that SRM governance options could never be good enough, without judging them on their merit. It could discourage scholars from pursuing important research to move the academic conversation forward. From the perspective of natural law and the New Haven approach to international law, to fail to research the potential of SRM, while also likely imperilling other basic human goods through ongoing climate change impacts, would be to live in ignorance – one which effectively sacrifices not only the basic human good of knowledge but also threatens the other basic goods of human flourishing. As Rayner puts it, ‘not to do research is to remain ignorant of our ignorance’.158 Responsible SRM research should, therefore, be allowed to proceed, if not to prevent dangerous climate overshoot, then at least to improve climate predictions and build capacity to monitor and respond to risks of rogue SRM deployment.
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11 Whither Law and Regulation on Carbon Capture, Utilization and Storage Technology? A Comparative Analysis

Hao Zhang


11.1 Introduction

The Paris Agreement and carbon neutrality targets adopted by many countries and jurisdictions have highlighted the importance of carbon removal technologies.1 Carbon capture and storage (CCS) technologies are crucial under carbon-neutral scenarios, providing an alternative for continued use of fossil fuels, especially in carbon-intensive industries like petrochemical, steel and cement production, where complete phase-out of fossil fuels is impractical or expensive.2 CCS includes technologies that capture carbon dioxide (CO2) from energy generation, industrial processes, and even the atmosphere, which can be stored permanently in geological formations.3 The CCS chain, discussed in this chapter, also includes situations where the captured CO2 is used for enhanced oil recovery (EOR) that leads to permanent storage of the CO2 used. Essentially, this chapter focuses on carbon removal technologies, excluding situations where CO2 is used but not permanently stored, and the utilization aspect of CCS in this chapter is limited to EOR. With fossil fuels expected to remain the primary source of energy globally for decades, many scholars consider CCS as a viable solution to capture and isolate CO2 from fossil fuel combustion processes for permanent storage, especially for countries that will continue to rely on fossil fuels as part of their primary energy mix.4

Although the technologies underpinning the CCS chain are practically available, various scholars have raised concerns over its large-scale use due to high capital costs and lack of regulatory clarity that encourages investment and responsible operation.5 Regulatory clarity is essential in facilitating successful CCS project development, and the regulatory framework should establish clear goals and measures to manage risks and stimulate commercialization.6 Developing a CCS supply chain requires an established regulatory and legal regime at both international and domestic levels to manage risks and support technology investment.7 The regional and domestic legal and regulatory regimes governing the CCS projects have been identified as a crucial factor that could facilitate or inhibit the creation of a CCS supply chain at a larger scale.8 Several countries and jurisdictions, representing both the source and sink of CO2, have supported policy backing for CCS.9

Despite general policy support for CCS as a crucial method to remove CO2 from the atmosphere and industrial processes, the justification and rationale for its widespread adoption remain hotly debated, particularly from ideological and human-rights perspectives. The backing for CCS is fundamentally rooted in scientific findings on the physical threats posed by climate change to humanity and planetary health. However, even though this support is based on climate science, it faces challenges from scholars and commentators who, while not opposed to climate mitigation, argue that the ambiguous role of CCS in international law and domestic policy and regulatory frameworks could perpetuate fossil fuel consumption.10 This, they suggest, might exacerbate climate change and delay the transition to cleaner energy. While there is consensus on the importance of CCS in CO2 removal, the uncertainty surrounding its criticality compared to other mitigation approaches, such as renewable energy, has led some to argue that CCS should be a last resort when other methods are either ineffective or economically unviable.

Support for limited use of CCS is also highlighted in literature concerning human rights and climate mitigation technologies,11 given the potential implications and ramifications of CCS for human rights, such as the right to food, water, land rights and a healthy environment, the right to access to information and prior consent that is free, informed and readily available.12 Existing research indicates that a modest CO2 removal through CCS would require a substantial area of land that may be diverted from other meaningful uses, such as food production and livelihood-related activities.13 Additionally large-scale deployment of CCS is known to have a significant water footprint, potentially straining fresh water supplies in regions already suffering from scarcity.14 There are also serious concerns about the risk of underground water contamination from the injection and storage processes used in CCS.15 Even if CCS does prove effective in slowing or reversing global temperature rise, its impacts on human rights remain poorly understood, particularly through a contextual approach that is rooted in a country’s specific and often unique circumstances. The human-rights impacts of CCS are also likely to be geographically uneven, with reinforcement of injustice and negative consequences within and between vulnerable states and communities.16 Within the current international climate law framework, where national interests often take precedence over global cooperation and meaningful assistance provided to countries in the Global South, the massive adoption of CCS and climate technologies generally will ultimately shift the impacts and responsibilities of climate mitigation actions to vulnerable countries and communities, as well as future generations, with both spatial and temporal consequences.17

Aligning regulatory objectives for CCS with ideological and human-rights concerns requires further in-depth, subject-specific and interdisciplinary analysis. This includes regulatory and legal research to understand the current developments and limitations of CCS-related laws and regulations at both international and domestic levels. This chapter examines the international and jurisdictional regulatory frameworks for CCS, highlighting the fragmented nature of the international legal framework governing CCS and the lack of a holistic approach that considers other important aspects, such as human rights. The chapter particularly focuses on jurisdictional and national developments, given that an increasing number of countries and policy makers are keen to advance research and development of CCS in the absence of a comprehensive international legal framework.

To evaluate the legal and regulatory developments underpinning the global matching of CO2 sources and sinks, this chapter has selected the EU and China, as they represent different stages of regulatory development concerning CCS. This chapter analyses the regulatory development and practices in the EU and China, identifying legal and regulatory obstacles and proposing changes to facilitate the development of a CCS supply chain at both domestic and regional levels. The chapter examines how the regulatory framework stimulates or inhibits CCS development in the selected jurisdictions. Section 11.2 elaborates on the development of a regulatory framework in the EU and China, focusing on the objective, supporting mechanisms and regulatory oversight of CCS. Section 11.3 critically analyses the existing regulatory framework in the selected jurisdictions. Section 11.4 draws broader insights regarding the intersection of climate technology and law. Finally, Section 11.5 concludes the chapter by pinpointing the outstanding legal and regulatory obstacles in the selected jurisdictions. It highlights key areas needing focus, and stresses the crucial necessity of establishing a robust legal and regulatory structure for CCS. This framework is vital for enabling upcoming full-scale projects. To successfully bring CCS into widespread use, comprehensive laws and regulations that encompass all fundamental aspects of CCS technology are essential.


11.2 International and jurisdictional regulatory frameworks for CCS

This section delves into legal advancements concerning CCS projects in both the EU and China, aiming to establish domestic regulatory frameworks governing these initiatives and ensuring adherence to international law, particularly in cases involving offshore and cross-border CO2 transport and storage. Despite technological strides, the proliferation of CCS projects encounters formidable hurdles, primarily due to the substantial capital investment needed and the absence of an encouraging regulatory framework that spurs responsible operation and investment in the international and national context.18

Observers stress the criticality of clear domestic legal guidelines for successful project development.19 They highlight the pivotal role of sustainable funding support, an efficient project permitting process, and robust stakeholder engagement for gaining public acceptance.20 The symbiotic relationship between finance and regulatory framework development for CCS becomes evident. The substantial costs and long-term planning inherent in CCS projects demand consistent, stable incentives, and regulatory assurance.21 Simultaneously, a well-defined regulatory framework, encompassing clear objectives and risk management measures, serves to stimulate CCS commercialization and secure sustained, long-term financial commitment from stakeholders.22


11.2.1 CCS and international law

Apart from crafting a domestic regulatory framework for CCS projects, international law, notably the London Convention, assumes significance due to the potential transboundary nature of the CCS supply chain involving CO2 transport and storage.23 The London Convention, an international treaty overseeing the disposal of land-based waste at sea, applies when CO2 storage extends beyond a nation’s internal waters or involves transboundary transport and storage, such as in seabed areas beyond national jurisdictions.24 Under the London Convention, ocean dumping is generally permissible, except for materials explicitly banned and listed in a negative registry. However, the subsequent London Protocol, enacted in March 2006 and a comprehensive amendment to the Convention, adopts a more stringent stance.25 It restricts sea disposal solely to substances approved for dumping according to the instrument. Initially, CO2 was not included in the approved materials, potentially hindering offshore CCS projects.

The October 2009 amendments to the London Protocol, more progressive than its parent treaty, removed the CO2 export restriction.26 These changes mandated involved nations to create agreements or arrangements mirroring the Protocol’s waste-export provisions, establishing a regulatory framework for sea-based CCS projects and outlining guidelines for safe CO2 storage in sub-seabed formations.27 In contrast, the Parties to the London Convention agreed in 2005 that no further amendments would be adopted to deal with newly emerging threats to the ocean, including CO2 storage in the seabed.28 These amendments require CCS initiatives to adhere to specific guidelines ensuring safe CO2 storage and minimal environmental impact. Mandates include risk assessments, monitoring, reporting on storage activities, and measures preventing CO2 leaks. A scientific advisory group was also established to assess project safety and environmental risks while offering guidance to Protocol parties. Encouragement for best practices and information sharing among parties was part of these amendments. Additionally, for CO2 export to non-parties, agreements must align with Protocol obligations.29

Despite these advancements, the amendments did not come into force until a 2019 resolution, allowing ratified countries to transport CO2 across borders for offshore storage.30 Pursued by Norway, the Netherlands, and the UK for North Sea CCS potential, this resolution applies to accepting countries, expanding the legal framework.31 Although limited in scope, this resolution hints at broader impacts on regional and national regulations. As of January 2023, based on the status of treaties published by the International Marine Organization (IMO), ten countries have accepted the 2009 amendment, marking progress despite unresolved transboundary CCS issues under the London Protocol.32

Due to the absence of a universal international regulatory framework for offshore CCS projects extending beyond national waters, the following discussions centre on CCS advancements and regulatory frameworks in the EU and China. This focused analysis aims to grasp the current status of development, laying the groundwork to pinpoint barriers and challenges faced by CCS projects in Section 11.3, and subsequently draw broader insights regarding the intersection of climate technology and law in Section 11.4.


11.2.2 CCS development and regulatory framework in the EU

CCS technology is expected to play a crucial role in achieving the EU’s emission-reduction targets at the lowest cost.33 The European Commission has envisaged CCS in its Energy Roadmap 2050 to mitigate emissions in several emission-reduction scenarios.34 As of August 2023, the EU boasts 17 ongoing or planned carbon capture projects, envisioned to contribute to a storage capacity of roughly 35 million tons of CO2 annually by 2030.35 Broadening this scope to encompass projects in Iceland, Norway and the UK, the collective initiatives surge to 36, forecasting a storage capacity of 110 million tons of CO2 yearly by 2030.36 Notably, Norway leads the charge with eight projects, closely shadowed by the UK with seven, solidifying their positions as hubs for extensive CCS endeavours – be it operational, in planning stages or under construction.37

This robust deployment mirrors a consolidated effort within these regions to bolster CCS capabilities significantly. Norway and the UK, particularly, are emerging as pivotal hubs for advancing CCS technologies on a substantial scale, reflecting a focused commitment toward carbon neutrality. What stands out in these initiatives is the strong collaboration among multiple countries, underscoring the inherently cross-border nature of carbon capture, transport and storage efforts.38 This signifies a concerted effort toward a more integrated CCS chain in the EU context, fostering collaboration for a comprehensive approach to tackling carbon emissions.39 As will be discussed later, in contrast, China’s current projects primarily revolve around demonstration projects that target specific segments of the CCS chain, such as capture or storage, individually. This approach diverges fundamentally from the EU’s strategy, showcasing a different emphasis and approach to CCS deployment – wherein integration and collaboration across various stages of the CCS chain remain central in the European context.

To facilitate the development and uptake of CCS technology, the EU has established a regulatory framework governing CCS development. This framework comprises Directive 2009/31/EC, adopted by the European Parliament and Council, and four Guidance Documents issued by the European Commission to provide more details on its implementation.40 While the Directive does not generally apply to the utilization of CO2, except when combined with geological storage of CO2 emissions (that is, EOR), this chapter focuses on the utilization of captured carbon that also involves permanent storage of CO2. Therefore, the following section focuses on Directive 2009/31/EC. It is worth noting that the utilization of CO2 in the EU is regulated by a different set of regulations at the EU and member states levels,41 which this section does not address.

Directive 2009/31/EC is the principal legislation in the EU governing CCS-related activities and sets out the general principles and rules for geological storage of CO2 that member states must comply with. The Directive mandates member states to enact domestic laws and regulations to transpose the Directive’s provisions. The Directive also lays out detailed procedural and substantive requirements for the entire life cycle of a CCS project. For instance, a storage permit is mandatory for developing and operating a CCS project, and the European Commission reviews the permit application before issuance.42 The Directive further includes clear provisions on operation, closure and post-closure obligations. To ensure environmental safety, member states and site operators must conduct monitoring, inspection and reporting duties.43 For CCS project development, the Directive stipulates practical issues related to on-site closure, transfer of responsibility, and the financial obligations of site operators.44 The Directive clarifies the risk allocation between the site operator and member states and requires operators to provide financial security from the time of application to the commencement of injection.45 Additionally, operators are obligated to make a financial contribution for monitoring costs by the member states for at least 30 years after the transfer of obligations.46


11.2.3 CCS development and regulatory framework in China

China, as the largest greenhouse gas emitter, is facing pressure to transition to a low-carbon economy.47 The Chinese government recognizes the importance of increasing energy efficiency, reducing emissions and pursuing decarbonization in the energy-intensive sectors. To achieve these goals, China has adopted mid- and long-term climate targets, aiming to reach peak emissions before 2030 and become carbon neutral by 2060.48 While emphasizing the development and utilization of clean energy, China’s adoption of a carbon neutrality target has reinforced the role of CCS in achieving emission reductions and removal of CO2 from the atmosphere. Due to the expected dominance of coal as a fuel for the foreseeable future in China, CCS is seen as a crucial technology.49 An official estimate suggests that the cost of meeting China’s long-term climate change mitigation targets for CO2 will be 25 per cent higher without deploying CCS.50

China currently operates or is constructing approximately 40 CCS demonstration projects, boasting a collective carbon capture capacity of three million tons annually.51 These CCS endeavours span 19 provinces, reflecting diverse capture sources and storage/utilization methods.52 Notably, the government has offered policy backing for advancing capture technologies, particularly in crucial sectors such as power generation, cement, iron and steel, and petrochemicals, facing limited emission-reduction options. Among these initiatives, there are 13 dedicated capture demonstration projects linked to power and cement plants, capturing a total of 856,500 tons of CO2 per year.53

China’s CO2 capture encompasses a spectrum of technologies: pre-combustion, post-combustion and oxygen-enriched combustion for coal-fired power plants, post-combustion capture for gas-fired plants, CO2 capture in coal chemical industries, and post-combustion capture in cement production. The robust financial support from the Chinese government and state-owned enterprises has notably bolstered large-scale CCS engineering capabilities.54 However, there’s a gap in technologies for utilization and storage compared to capture and transportation. Emphasizing economic advantages, China’s focus within the projects pertaining to CO2 storage lies in prioritizing EOR, foreseeing benefits from CO2 storage and increased oil production.55 The current focus on individual components of the CCS chain in demonstration projects necessitates policy action toward cultivating comprehensive industrial clusters. This imperative involves actively developing full-process clusters that encompass capture, transportation, utilization and storage technologies.

To facilitate the development of CCS demonstration projects, Chinese government authorities have promulgated several policy documents to carry out the key areas of work for technology advancement. These specialized policies provide the basis for regulatory clarity to a limited extent, which is fundamental to further developing the legal and regulatory system governing CCS. The general environmental laws apply when developing CCS projects involves risk and environmental impact assessment. As of now, China has yet to adopt a national law or regulation specifically on CCS.

China’s central leadership has long recognized the potential of CCS as part of a portfolio of efforts to mitigate emissions.56 In 2007, the National Development and Reform Commission (NDRC) issued China’s first national programme to address climate change, which explicitly included CCS as an integral part of the technological toolbox to combat climate change.57 Subsequently, key government stakeholders, including the Ministry of Science and Technology (MOST), NDRC and the Ministry of Environmental Protection (MEP, now superseded by the Ministry of Ecology and Environment), have translated the strategic importance of developing CCS into more specific actions and policy instruments.58

To further support CCS development, in February 2013 MOST released a Specialized Plan for Technology Development of CCS in the 12th Five-Year Period.59 As the first national guideline on CCS development, this specialized plan highlights the strategic significance of CCS and prioritizes research and development for CO2 capture, transportation and storage. It also outlines the supporting measures for CCS, including agency coordination and demonstration projects. In line with the Specialized Plan for Technology Development of CCS in the 12th Five-Year Period, the NDRC released a Notice on Promoting CCS Pilot and Demonstration Projects in April 2013, which was the first national policy on CCS.60 The Notice issued by the NDRC in April 2013 sets six major tasks to be carried out for promoting CCS pilot and demonstration projects. These tasks are (1) promoting demonstration projects in coal chemical, oil and gas, and thermal power industries while advancing site assessments in emission-intensive areas; (2) prioritizing the development of cost-effective CCS projects, aiming for a complete development cycle model, including application, approval and management procedures; (3) exploring incentive mechanisms such as tax benefits and financing to diversify investment sources for CCS projects; (4) integrating CCS research into strategic climate, energy and environmental planning, assessing development potential, barriers, risks and impacts; (5) developing country-specific standards and protocols for CCS, establishing safety and environmental supervision systems, including long-term risk assessment and control; (6) strengthening capacity building, international cooperation, utilizing international funds and experiences, and enhancing public awareness and acceptance of CCS in China.61 Although these tasks resemble the essential regulatory aspects contained in the CCS regulation in the EU, specific regulatory measures in China are yet to be detailed or further developed, leading to the lack of regulatory clarity and a regulatory vacuum for developing CCS projects in China.

The slow progress in regulating CCS largely stems from the absence of an interconnected CCS infrastructure and specialized regulatory framework needed for its technologies. Despite the stalled development of CCS regulation in China, there have been significant efforts to establish a regulatory framework for environmental regulation and risk assessment of CCS.

The MEP has attempted to establish general rules for environmental protection and risk assessment of CCS projects through a Notice on Strengthening the Environmental Protection of CCS Demonstration Projects (2013) and Technical Guidelines for Environmental Risk Assessment for CCS (Trial) (2016).62 The Notice acknowledges that the existing governance arrangements in China are not yet adapted to CCS projects and faces prominent problems caused by uncertainties in environmental safety.63 These problems include the potential for secondary pollution resulting from residual waste after the use of adsorbent solvent in the capture process, sudden leakage during transportation and utilization that may damage the local natural environment and threaten public health, and the possibility of CO2 leakage due to inappropriate site characterization or selection, leading to environmental issues such as groundwater pollution, soil acidification and ecological destruction.64 Although the Notice requires stringent environmental impact assessment, monitoring and supervision of demonstration projects on a case-by-case basis, it does not aim to address these issues systematically.65 As stated in the Notice, the MEP plans to consult with relevant stakeholders to improve and develop environmental protection requirements and standards to support CCS project development in China.66 There has been no further development of CCS regulation in China since the release of the Technical Guidelines in 2016.

The 2016 Technical Guidelines provide detailed descriptions of potential risks that could arise from different stages of CCS project development, referring to Chinese national standards and regulations as well as assessment methods and standards from other jurisdictions. They provide a general framework for conducting environmental impact assessments of CCS demonstration projects in China and supersede other general systems that do not consider the specific characteristics of CCS. While the Technical Guidelines provide guidance to regulators in assessing environmental impact and risks, they lack provisions on key aspects of CCS regulation, such as reporting of irregularities and risk allocation and transfer. Under the current regime, project developers bear all risks related to CCS projects, which creates barriers and challenges in site characterization, resource impact and leakage, leading to increased costs and uncertainty.67 The Technical Guidelines have limited application, being only applicable to onshore projects, as China’s current CCS demonstration projects mainly involve onshore geological utilization and storage, supervised by inland environmental protection departments. Future regulations will need to consider constraints under the London Protocol, to which China is a signatory country, to avoid potential conflicts with international law, and any potential bilateral agreement for transboundary CCS must mirror the Protocol’s provisions and requirements.


11.3 Legal and regulatory obstacles for CCS development

The preceding analysis of the legal and regulatory framework governing CCS in the EU and China highlights significant differences in the development of laws and regulations to facilitate and regulate CCS activities. To further explore this issue, this section draws upon scholarly discussions regarding the importance of incorporating CCS into climate mitigation strategies, addressing the legal barriers hindering the advancement of the capture, transportation and storage of CO2, and ensuring consistency with international law. This section discusses specific legal and regulatory obstacles inhibiting CCS uptake in the EU and China. The critical analysis presented in this section forms the basis for the recommendations proposed and elaborated in Section 11.4, which will shed light on possible solutions to overcome these obstacles.


11.3.1 Inadequate incorporation of CCS into climate mitigation strategies

The development of regulations for CCS is not the only incentive for boosting its development. Rather, regulations must be developed in the context of a country’s specific climate mitigation plan.68 The establishment of a clear climate policy regime, with mitigation targets and strategies, will ensure that CCS regulations are enforceable, particularly in terms of acceptable levels of leakage, risk assessment and liability allocation.69 Mainstreaming CCS into the climate mitigation plan creates an enabling environment that could potentially improve the financial viability of CCS projects by linking carbon pricing with revenue streams.70 However, high upfront capital contributions and incremental operating expenses required for CCS operation are still significant, and the commercial viability gap faced by CCS developers can only be covered with the help of a supportive policy environment in combination with fiscal and financial support measures provided by the government.71 Therefore, establishing stringent emission-reduction targets in the near and long term and a strong carbon pricing signal are crucial incentives to support CCS.

Numerous studies emphasize the necessity of fostering a conducive policy landscape to drive CCS advancement, which involves a combination of regulatory frameworks and financial incentives.72 While early CCS ventures grapple notably with financial hurdles, it is intriguing to consider the observation that the scaling-up impediment might primarily reside in financial challenges rather than legal constraints. This insight, if valid, stands out in the broader context of subsurface technologies, suggesting they encounter fewer legal barriers but face a financial obstacle to growth. In contrast, above-surface technologies that actively displace fossil fuel usage often contend with an array of legal hindrances. The explicit incorporation of CCS within a comprehensive mitigation strategy establishes a steady policy framework conducive to its progression. This environment, coupled with government-backed fiscal and financial support measures, holds promise in bridging the commercial viability gap for CCS developers. Consequently, the evolution of CCS regulations should align within an overarching climate policy framework, bolstering stringent emission-reduction targets, robust carbon pricing mechanisms, and comprehensive financial aid.

The EU has set medium- and long-term emission-reduction targets and has improved the functionality of the EU’s emissions trading scheme (ETS) to support carbon capture, utilization and storage as a key strategy to meet its climate goals.73 The EU ETS is seen as a significant driver to incentivize low-carbon investments, including CCS, while public funding schemes have been adopted to facilitate its development. However, mobilizing private funding has proven challenging due to the uncertainty of carbon prices in the EU.74 The Market Stability Reserve was introduced under the EU ETS in 2019 to address this challenge, resulting in an increase in carbon prices (around €85 per ton as of May 2023) that is projected to continue to grow until at least 2030.75 However, the outcomes of previous funding mechanisms indicate that most of the funding went to projects and technologies with lower costs, creating uncertainties about whether and to what extent CCS projects will be funded by the Innovation Fund despite its larger endowment.76

In China, the adoption of a carbon neutrality target and the official recognition of CCS as a mitigation strategy is a strong policy signal to the carbon-intensive industries to explore the use of CCS. However, compared to the more advanced legal and regulatory framework governing CCS projects in the EU, CCS in China is still driven mainly by climate policy and is yet to be incorporated into the national legal framework. Although an increasing number of provinces in China have adopted plans to develop CCS projects, the absence of comprehensive and adequate financial support in the long term has hindered CCS deployment. All existing CCS demonstration projects in China rely on public funding and are incremental and pragmatic, with small projects focusing on the capture or storage individually during the early stages to test various types of technologies.77 Only a small number of more integrated CCS projects are in operation.78 Among the various types of CCS projects, CCS for EOR provides some financial relief and revenue opportunities to offset some costs of capture and storage.79 This explains the concentration of CCS projects for EOR in China, compared to the projects that focus more on integrated technology in the EU. In addition to EOR, revenues can also be sourced from the sale of captured CO2 where a carbon pricing system exists. However, to date, there is yet to be a strong carbon pricing signal in China as the national ETS is still in an early stage, which entails its limited role in driving low-carbon investment.80 There is yet to be a linkage between CCS projects and the national ETS.

Despite the growing mentions of CCS in China’s national communications and biennial update reports (BURs), its role remains limited to showcasing efforts in promoting demonstration projects, emphasizing the necessity for technology transfer from developed nations, and enhancing standardization processes.81 However, CCS has yet to gain official recognition as an indispensable mechanism within China’s national climate mitigation strategy. This lack of formal recognition, coupled with the absence of robust regulatory tools, significantly impacts the financial feasibility of CCS initiatives and diminishes market confidence in the technology’s potential. While China acknowledges CCS in reporting mechanisms, positioning it as a part of climate change mitigation endeavours, the failure to embed it firmly within the national strategy restrains its progression. The absence of comprehensive regulatory frameworks and official endorsement poses significant barriers, hindering both financial investment and broader market trust in CCS’s viability as a sustainable and impactful climate mitigation tool within China.


11.3.2 Legal barriers hindering the advancement of CCS

To establish a standard operating framework and offer transparency to investors and operators, the implementation of explicit laws and regulations becomes imperative for the development of CCS projects. Within the EU, Directive 2009/31/EC has been enacted to establish uniform regulatory standards for CCS, thereby fostering a fair environment for project advancement.82 This Directive serves as a valuable point of reference for other jurisdictions in terms of project permitting, monitoring and reporting requirements, as well as provisions pertaining to liability. The management of liability is a crucial regulatory aspect that necessitates careful deliberation, as it must strike a balance between ensuring responsible project execution and providing developers with a predictable environment, devoid of excessive regulations.83 Various approaches can be adopted to address liability concerns, including liability transfer, future liability considerations, and contingency liability frameworks.84 The EU Directive seeks to strike a balance by enabling liability transfer after an agreed-upon timeframe.85 However, certain provisions within the Directive introduce potential uncertainties and liability exposures, thereby creating barriers to the development of CCS projects.

The first situation mandates that project operators bear the responsibility for all environmental liabilities associated with CCS projects throughout their lifespan. In the event of CO2 leakage from the storage site, operators are required to acquire emissions allowances to mitigate the leakage.86 The second situation revolves around the transfer of liability, which is subject to stringent criteria before it can take place.87 The transfer is contingent upon the competent regulator of the member state being convinced of the extremely low likelihood of leakage. This assurance is upheld through the following provisions: (1) the complete sealing of the storage site and removal of sequestration facilities, with a minimum elapsed period of 20 years, and the provision of compelling evidence that storage will remain permanent indefinitely;88 (2) the operator’s financial contribution to cover monitoring expenses for 30 years following the transfer of liability.89 These rigorous standards impose significant liabilities and costs on storage site operators, potentially discouraging prospective project developers.

The EU has set up a regulatory structure for CCS, yet China currently lacks a comprehensive policy or regulatory framework to drive CCS development. One of the primary challenges in China is the absence of a formal permitting or authorization process for CCS projects within the domestic system.90 Given the multifaceted regulatory issues inherent in CCS projects, the absence of an integrated approval process is likely to impede the adoption of CCS technology. This is due to the practical and financial difficulties associated with obtaining all the necessary clearances and permits without a well-established permitting process.91

The second challenge stems from the absence of well-defined regulations concerning technical standards and environmental management criteria in China. The establishment of explicit regulations for CCS is imperative due to the extensive deployment of CO2 capture, transportation and storage, which necessitates specific rules governing each phase of project development.92 These regulations encompass various aspects, such as the selection and characterization of storage sites, environmental impact assessments, risk assessments, long-term stewardship, and liability considerations. The introduction of explicit regulations is essential to standardize operations, address regulatory concerns related to risk management powers held by regulators, and allocate risks and associated costs.93

Last, addressing liability issues related to CCS necessitates the exploration of various approaches in designing liability provisions. These approaches encompass the transfer of liability, future liability arising from storage site closure and monitoring activities, as well as contingency liability pertaining to environmental impact and CO2 leakage.94 In the initial stages of CCS projects, liability coverage supported by national laws and regulations is essential. In the context of China, where all CCS projects are currently demonstration projects supported by public funding, they have received distinct treatment concerning liability considerations that do not apply to commercial projects and private investors.95 Nonetheless, the absence of explicit liability provisions will significantly impede the long-term diffusion of CCS in China, as it introduces ambiguity into the liability framework and potentially exposes storage operators to open-ended liabilities. Thus, there is a pressing need to establish a well-defined liability regime for CCS to facilitate its widespread adoption in China. Section 11.4 provides specific recommendations elaborating on this matter.


11.3.3 Absence of universally recognized regulatory frameworks underpinned by international law

The London Protocol, which governs offshore CCS activities, demonstrates a more progressive stance compared to its parent treaty, the London Convention. However, the adoption of the 2009 amendment, enabling the transboundary transport and sequestration of CO2, has encountered challenges. Despite not yet coming into force, a significant step was taken in October 2019 when a resolution was approved under the London Protocol, effectively removing this obstacle. This achievement was the culmination of collective efforts by numerous countries over several years.96 The resolution allows countries that have ratified the 2009 amendment to transport CO2 across national borders for offshore storage. Notably, Norway, the Netherlands and the United Kingdom played an active role in pursuing this resolution due to their shared interest in harnessing the offshore storage potential in the North Sea, considered the epicentre of CCS development in Europe.97 However, it is important to note that the resolution’s applicability is limited, exclusively extending to countries that have accepted the 2009 amendment. The legalization of transboundary transport and sequestration of CO2 carries the potential for significant ramifications on regional and national regulatory frameworks.98

Despite significant advancements achieved under the London Protocol toward establishing a common regulatory foundation for CCS, there still remains a substantial journey ahead to ensure widespread acceptance of the Protocol, particularly in countries where CCS holds strategic importance. The London Protocol serves as a valuable regulatory framework for CCS, specifically in Europe and regions where offshore geological storage is necessary, potentially involving the export and storage of CO2.99 Given that most European countries are contracting parties to the London Protocol, it is imperative to consider its applicability and relevance when aligning CO2 sources and sinks within the region. Moreover, the EU’s Directive mandates member states to establish bilateral agreements for the export and receipt of CO2 for sequestration, necessitating compliance with the rules and regulations outlined in the London Protocol.100

However, the absence of a common regulatory framework poses a potential barrier to establishing a regional and global CCS supply chain by hindering the matching of CO2 sources and sinks on a larger scale. This limitation significantly impacts the ability to create a seamless global framework for CCS.101 Notably, China’s ratification of both the London Convention and the London Protocol provides opportunities for potential cooperation with other contracting parties, especially countries that lack adequate storage sites and seek to obtain negative emissions. The London Protocol offers the most practical mechanism for a multilateral cooperative approach in establishing a global CCS supply chain that capitalizes on the vast oil and gas reserves in countries and regions abundant in these resources.


11.4 Insights for climate technology–law interface in the context of climate emergency

The analysis in Section 11.3 underscores a series of intricate intersections between climate technology and law, particularly in the realm of CCS practices within the regulatory frameworks of the EU and China. Within this context, several key challenges and deficiencies surface, shedding light on critical aspects requiring deeper scrutiny and resolution.

An overarching challenge lies in the inadequate integration of CCS technologies into comprehensive climate mitigation strategies. Despite CCS’s recognized potential in reducing greenhouse gas emissions, its incorporation into broader climate action plans remains limited in China while the EU has made more explicit references to CCS in its climate mitigation strategies. This limitation emphasizes the necessity for a more coordinated approach to ensure the effective inclusion of CCS within overarching climate change mitigation frameworks. Additionally, the analysis underscores the prevalence of legal barriers hindering CCS technology progression. These barriers manifest in various forms, including complex permitting processes, ambiguous liability frameworks and inconsistent regulations across jurisdictions. Their existence poses significant challenges for stakeholders involved in CCS initiatives, necessitating the development of streamlined and harmonized regulatory mechanisms to facilitate implementation while ensuring legal certainty and minimizing risks.

Furthermore, the absence of universally recognized regulatory frameworks rooted in international law emerges as a prominent challenge. Despite efforts by the EU and China to establish domestic regulations and policies, the lack of a coherent international regulatory framework impedes global CCS deployment, hindering cross-border collaboration, technology transfer and international investments. Addressing these concerns necessitates a meticulous examination of the regulatory landscape surrounding CCS. Resolving these issues would foster an environment conducive to widespread CCS adoption, significantly contributing to climate goals, transitioning to a low-carbon economy, and ensuring global sustainability.

In the EU context, bolstering the carbon pricing signal within the EU ETS and implementing complementary regulatory measures, such as emission performance standards for carbon-intensive sectors, are crucial steps. Similarly, in China, integrating CCS into the low-carbon technology portfolio, establishing specific targets for projects, and implementing robust climate policies are essential strategies. Regarding regulatory clarity, establishing joint liability funds in the EU and adopting an integrated approach involving multiple government agencies in China can enhance certainty and confidence for investors. Learning from the EU’s experience in liability provision and project approval can aid China in establishing a fair and transparent framework. Moreover, aligning cooperative efforts with the London Protocol in the EU and considering bilateral agreements among member states can facilitate international collaboration, ensuring consistency, predictability and legality in cross-border CCS projects.

The analysis of the intersection between climate technology and law, particularly within the context of CCS, reveals several overarching observations regarding their interaction, namely interconnected challenges and complexities; regulatory gaps and adaptation; need for harmonization, consistency and clear regulations; and a collaborative and international approach.

First of all, the relationship between climate technology and law presents a nexus of interconnected challenges and complexities. Integrating innovative climate technologies such as CCS into regulatory frameworks is not a linear process. Instead, it involves navigating multifaceted challenges, ranging from technical feasibility to legal compliance. This intricate interplay requires a nuanced understanding of how legal frameworks adapt to accommodate and regulate emerging climate technologies.

Second, there exists a noticeable gap between the pace of technological advancements in climate mitigation and the agility of regulatory frameworks to adapt. Rapid developments in climate technology often outpace the evolution of legal structures designed to govern them. Consequently, this disparity creates regulatory gaps, leaving uncertainties, ambiguities and inconsistencies in the legal landscape. Addressing these gaps necessitates ongoing adaptation and evolution of legal frameworks to keep pace with technological advancements.

Third, the absence of universally recognized and harmonized regulatory frameworks poses a significant hurdle. Diverse regulations across different jurisdictions create barriers for technology deployment, hindering international cooperation, technology transfer and investment. Achieving consistency and alignment within and across legal frameworks becomes crucial to foster collaboration, encourage innovation and ensure a predictable environment for stakeholders involved in climate technology development and deployment. In addition, clarity and certainty in regulations are paramount for fostering a conducive environment for climate technology adoption. Ambiguities, complex permitting processes, and unclear liability frameworks deter investment and hinder the widespread deployment of climate technologies like CCS. Establishing transparent, clear and predictable regulations not only attracts investments but also mitigates risks and uncertainties associated with the implementation of these technologies.

Finally, given the global nature of climate change, a collaborative and international approach is essential. The complexities of climate technology deployment, particularly across borders, necessitate coordinated efforts and cooperation among nations. Harmonizing regulatory standards, aligning legal frameworks and establishing international agreements facilitate cross-border technology deployment, enabling the maximization of the benefits of climate technologies on a global scale.


11.5 Conclusion

The deployment of CCS plays a crucial role in meeting the climate targets established by the Paris Agreement and enjoys support from policy makers worldwide. This chapter conducts a review and analysis of the legal and regulatory arrangements governing CCS in the EU and China. It aims to identify key challenges that these two jurisdictions face. By doing so, this chapter explores insights into the intersection of climate technology and law, focusing on the regulatory frameworks concerning CCS in the EU and China, within the context of climate emergencies.

The effective implementation of CCS projects within the EU is hindered by various obstacles encountered by Directive 2009/31/EU. These obstacles primarily revolve around liability provisions, uncertainties related to remediation issues, and the transfer of liability from storage site operators to competent government authorities. Addressing these challenges is crucial to ensure the smooth progress of CCS initiatives in the EU. On the other hand, China faces a different set of challenges in the development of CCS projects. Specifically, the country lacks specific regulatory frameworks that can provide much-needed clarity on project approval and liability provisions. These gaps in the regulatory landscape impede the advancement of CCS development in China.

The mainstreaming of CCS in climate mitigation strategies varies across regions. In the EU, there has been a significant increase in public funding and efforts to enhance the functionality of the EU ETS, which demonstrates the EU’s commitment to integrating CCS technologies into its climate goals. In contrast, China’s focus on CCS is primarily driven by climate policy, and the country is still in the early stages of research and project demonstration. This suggests that China is yet to fully establish a comprehensive framework and support system for CCS implementation. Both the EU and China face distinct challenges in promoting CCS projects. By addressing the issues surrounding liability provisions, uncertainties and regulatory frameworks, these regions can accelerate the deployment of CCS technologies and contribute to global efforts in combating climate change.

The London Protocol emerges as a valuable common regulatory denominator for offshore CCS projects. The provisional removal of restrictions on offshore CCS projects involving transboundary issues represents a significant step forward for the EU. China’s ratification of the London Convention and London Protocol creates potential opportunities for collaboration with other contracting parties. However, due to the complex geopolitical situations in China’s coastal regions, the future of offshore CCS development remains uncertain, with a shift toward exploring onshore project developments in the coming years.

This review and analysis provide an opportunity to address the challenges and weaknesses within the existing institutional and regulatory systems by accommodating necessary changes. It identifies priority areas that require attention and emphasizes the imperative need to develop an effective legal and regulatory framework for CCS to facilitate full-scale projects in the near future. The commercialization and large-scale deployment of CCS will necessitate a more holistic approach to law and regulation, fully integrating all core elements of CCS technology. The interaction between climate technology and law through the case of developing a CCS regulatory framework unveils a landscape riddled with intricacies and challenges. Bridging the gap between evolving technologies and regulatory frameworks, establishing harmonized and transparent regulations, and fostering international collaboration stand as pivotal factors in realizing the full potential of climate technologies and combatting climate change effectively. Future research should explore the means and extent to which the development and improvement of domestic legal and regulatory frameworks can be achieved within a government-led approach that incentivizes CCS deployment.
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12 Evidence-Based Climate Law? The Case of Carbon Capture, Use and Storage

Bettina Lange


12.1 A significant expansion of carbon capture, use and storage as part of climate law and regulation?

Carbon capture, use and storage (CCUS) is one of the technological options for reaching targets enshrined in law for reducing the concentration of carbon dioxide (CO2) in the atmosphere. Carbon capture and storage (CCS) entails capturing CO2 emissions from gas- or oil-fuelled power plants, from hydrogen production or from industrial plants with significant combustion, such as those producing steel, cement, aluminium, plastics and glass. Once captured, the CO2 is transported, usually through pipelines, to an onshore or offshore storage location, such as an underground decommissioned gas or oil field, deep-saline aquifer, the ocean,1 or coal seams that are not being mined.2 CCUS goes further and re-uses the captured CO2, for instance in the manufacture of plastics3 or carbonated drinks.

What evidence is there in favour of deploying CCUS as a climate-mitigation technology? CCUS is controversial for various reasons. The Advisory Committee of the UN Human Rights Council considers that the potential benefits of CCS do not outweigh the risk that it may infringe international human rights, such as a right to life as well as a right to information and public participation, as set out in the International Covenant on Civil and Political Rights. CCS may also infringe a right to health4 and a clean, healthy and sustainable environment.5

Against this backdrop of legal controversy, this chapter is focusing on one specific aspect surrounding debate about CCUS: its high costs, such as its capital and operational costs,6 compared to renewables such as wind and solar.7 There are currently very few commercial-scale CCUS plants in operation worldwide.8 Some of these benefit from large subsidies.9 The UK government pledged £800 million in its March 2020 Budget through an infrastructure fund for developing CCUS for, at least, two sites.10 According to a previous UK government minister, CCUS ‘is more of an economic problem than a technical problem’.11

This has sparked debate about whether states should intervene in private business activity to create economic incentives for commercial-scale deployment of CCUS. In the United Kingdom, the government has taken the view that state intervention is necessary. It has established an economic regulatory framework in Parts 1 and 2 of the Energy Act 2023, which also seeks to enhance the economic evidence base in favour of the commercial viability of CCUS. This chapter examines key features of this framework. It argues, first, that scientific, including economic, evidence for or against technologies is co-produced with political actors through legal rules that act as ‘boundary objects’. Hence, law does not merely prescribe specific actions in relation to the use of climate-mitigation technologies but it acts as a bridge between economic evidence and political choices for or against particular climate-mitigation technologies.

The chapter develops this argument in five sections. Section 12.2 suggests that evidence about the economics of different climate-mitigation technologies is a distinct form of ‘second-level’ evidence which can become linked to politics through boundary objects. Section 12.3 sets out key features of Parts 1 and 2 of the Energy Act 2023 which seek to establish an economic regulatory framework for CO2 transport and storage networks and the capture of CO2 from low-carbon hydrogen and industrial production in the UK. Section 12.4 argues that these legal rules are ‘boundary objects’ which link evidence about the economics of CCUS to policy choices. Section 12.5 draws attention to other policy choices, such as promotion of the circular economy and democratically governed local energy projects which may be sidelined through the distinct links between economic evidence and policy created by Parts 1 and 2 of the Energy Act 2023.


12.2 Knowledge resources for climate law


12.2.1 Why focus on evidence about the economics of climate-mitigation technologies?

Climate law can be broadly defined as a distinct field of ideally coherent legal norms which is evolving incrementally to limit dangerous anthropogenic climate change.12 Various knowledge resources are harnessed for understanding what amounts to dangerous anthropogenic climate change, and how it can be prevented and mitigated. Hence, the idea of evidence-based climate law is well established. But the focus has been initially on natural-science evidence13 for targets for reducing CO2 concentrations in the atmosphere and thus to flesh out the meaning of preventing ‘dangerous anthropogenic interference with the climate system’.14 For instance, natural-science evidence about the rapid pace of global warming has been a driver of the European Union (EU) emission-trading scheme.15 At a range of governance levels, spanning the international level of the United Nations Framework Convention on Climate Change16 and Paris Agreement,17 EU law18 and domestic legislation, climate law now requires legislatures and executives to consider advice based on scientific evidence when exercising their legal powers. In the United Kingdom, the secretary of state for the Department for Energy Security and Net Zero (DESNZ) must consider, but is not bound by, the independent advice of the Committee for Climate Change – which is based on scientific expertise – when he/she sets a national carbon budget.19 Hence, climate law provides procedural routes for generating and considering this ‘first level’ of natural-science evidence. That first level of evidence also informs targets for reducing the concentration of greenhouse gases in the atmosphere. It can also include information about the emission reductions that various climate-mitigation technologies can achieve. For instance, the Intergovernmental Panel on Climate Change (IPCC) considers CCUS to be part of the mix of climate-mitigation technologies needed to achieve net zero by 2050.20

There is also a ‘second level’ of evidence which addresses a subsequent question about climate-mitigation technologies. Are particular mitigation technologies likely to achieve in practice specific reductions in the concentration of CO2 in the atmosphere, and thus compliance with climate targets, such as the 1.5 °C warming limit? Second-level evidence consists of social science evidence, for example about the cost-effectiveness of specific climate technologies and whether they are accepted by citizens. Such evidence may be even more complex to produce than evidence at the first level because the impact of a specific climate technology on concentrations of CO2 in the atmosphere depends on a range of contextual factors. These factors are difficult to predict, such as rates of economic growth that increase emission of greenhouse gases which may offset reductions in CO2 emissions from plants with CCUS, as well as policy preferences of specific governments. In the United Kingdom, for instance, the Conservative government relaxed only in 2023 its planning-policy restrictions for onshore wind farms. The restrictions had prompted a member of the House of Commons Committee on Business, Energy and Industrial Strategy (BEIS) to state that support for CCUS but not onshore wind is ‘a political ideological decision’.21

Factors that shape second-level evidence vary between countries, given their different mixes of energy sources22 and production and employment profiles (and thus greenhouse gas emissions), as well as variation in how regulatory frameworks shape carbon prices and whether government subsidies for innovative technologies are already a feature of the national political culture. Some factors that shape evidence about the economics of CCUS are unrelated to politics, such as a country’s geology. For instance, costs of CO2 transport and storage are reduced if former gas and oil fields – one storage option – exist close to industrial plants that emit CO2.

Procedures for bringing second-level evidence to the attention of public policy makers and legislators are less well established given its complexity. Such procedures need to address that second-level evidence may be more likely to be contested since it is often produced in-house, for example, as a regulatory impact assessment prepared by government civil servants or reports of government-commissioned consultancies. Moreover, second-level evidence may involve less clear-cut distinctions between assessing the evidence and a policy choice, since economic evidence that favours, for example, a particular climate technology will have an opportunity cost, that is, investment foregone for other climate technologies. Finally, evidence about the economics of climate technologies can be uncertain and in flux. The UK government’s renewed commitment to deploy CCUS at a commercial scale by 2030 has been subject to the qualification that the costs for CCUS will come down.23

Despite these difficulties of generating and bringing to the attention of policy makers and legislators second-level evidence, courts increasingly require consideration of such evidence. For instance, the Administrative Court in the UK declared in recent cases24 the UK government’s net-zero strategy as unlawful since it did not spell out in sufficient detail emissions reduction pathways. Such pathways specify how particular policies will lead to a particular percentage reduction in greenhouse gas emissions.25 So, what do we know from previous academic scholarship about how evidence, including economic evidence, may influence public policy making and regulation?


12.2.2 Insights from the literature on evidence-based public policy making and regulation

Some of the literature on evidence-based public policy making and regulation starts from the assumption that ‘evidence’ and ‘policy’ correspond to two domains distinguished both institutionally and epistemologically.26 It has, therefore, set out typologies of how evidence may exert influence on policies. It also seeks to identify factors that facilitate or hinder interactions between evidence and policy, and to argue for ways in which they could relate better. A frequent, often implicit, assumption is that by improving institutional and epistemological links between the two domains, policy making will be enhanced.27

Typologies of the impact of evidence on policy have identified the instrumental, conceptual and symbolic influence of evidence. In the case of instrumental influence, the evidence directly steers the specific policy option chosen. Here science provides the insights needed to reach a decision. This can be facilitated by the evidence provider understanding how political decision-making for crafting policy works.28 Evidence has conceptual influence when it does not directly steer a specific policy choice, but nevertheless shapes how policy makers come to view and frame the public policy issue for which they want to develop policy. For instance, evidence may indicate that CCUS cannot be developed without government support. But the choice of the specific policy option is left open, that is, whether government will provide financial subsidies to companies operating CO2 transport and storage networks through direct payments, or through a process of companies bidding in a competitive process for subsidy payments. Evidence can also have symbolic influence on public policy.29 In this case it does not shape the policy, but is used with hindsight in order to justify a particular policy which has been chosen on the basis of political considerations. This can be particularly effective if the evidence relied upon is perceived as ‘unbiased’.30

The literature has further nuanced this typology. Weible, for instance, differentiates between impacts according to what type of public policy making process is at stake.31 He argues that our understanding of the use of expert-based information is shaped by how we conceptualize the public policy making process. ‘Punctuated equilibrium theory’ is one way for understanding a public policy making process. It suggests that policy change happens not only in incremental steps but also in major strides at certain points in time. This accords with UK government policy making for CCS. A crucial point in time was 2007, when a UK Labour government set up a competition for CCS technology. This was, however, cancelled in 2011 by a Conservative-Liberal Democrat government due to the high capital costs of installing CCS at a gas or coal-fired power station, estimated then to be between £1 billion and £2.5 billion.32 In 2012, the government revived the competition idea, though this was again cancelled by the then Conservative government in 2016.33 A National Audit Office (NAO) report contributed to the UK Treasury’s decision to withdraw support for the second competition. The Treasury considered the capital expenditure for the projects to be too high, taking into account that the cost was ultimately to be borne by energy consumers. According to the Treasury the money could be better spent on other policies.34 In a somewhat circular argument, the NAO also suggested that the competition was premature: the UK government was seeking to deliver CCS before it was cost-efficient to do so.35 In 2022, the UK’s Conservative government revived its support, now for CCUS, by proposing an economic regulatory framework, enshrined in Parts 1–2 of the Energy Act 2023.

To summarize, literature on evidence-based public policy making and regulation has identified instrumental, symbolic and conceptual impacts of evidence on policy and regulatory frameworks. It conceives of evidence as a discrete body of knowledge that, initially, can be clearly distinguished from political decision-taking. Science and technology studies (STS), however, work with a less clear-cut distinction between evidence and policy. They analyse how boundaries between science (including social science) and policy are actively constituted. They argue that sometimes the boundaries between science and policy, as distinct epistemological fields and institutional practices, can become blurred. Hence, STS provides further nuance and a micro-level account of interactions between science and policy. This can shed light on how economic evidence either for or against state intervention in private business activity – including technology development – is constructed.


12.2.3 Two insights from STS : boundary objects and a non-instrumental conception of technology

STS literature has developed the idea that nature is co-produced with society, science with politics, and facts with values.36 Sheila Jasanoff and several others argue that we should not see either side of these binaries as determining the other, but as influencing one another, especially in the case of risk controversies.37 Hence, STS literature suggests that boundaries around epistemological fields and institutional practices, such as science and politics, have to be actively constructed through ‘boundary work’, but this does not lead to rigid demarcations.38 Negotiators in international treaty deliberations, for instance, may be ‘speaking simultaneously in the name of government and of science’.39 Thus, how much distance there is as a result of boundary work, for example, between economic evidence and politics, can vary.40

Analysing boundary-drawing enables one to go beyond the more static and schematic snapshots of ‘symbolic’, ‘conceptual’, or ‘instrumental’ links between science, policy and regulation discussed in the literature on evidence-based public policy making. Boundary-drawing can throw light on how fields of social practices are represented in distinct ways, for example, as science or politics. Boundary work means not just ‘to create and shape’, but also to ‘disrupt boundaries’.41 Hence, there can be ‘boundary closure’ as well as ‘connecting’, and ‘breaching’ of boundaries.42 Boundary work is political since contesting boundaries in ‘boundary conflicts’43 can lead to questioning existing systems of social stratification – for instance, between lay and expert knowledge.44 Boundary objects can breach boundaries and act as bridges, for example, between the field of science and the field of politics.45 Hence, boundary objects are ‘entities that enhance the capacity of an idea, theory or practice to translate across culturally defined boundaries, for example, between communities of knowledge or practice’.46

Boundary objects have three characteristics. First, they are flexible in their interpretation.47 This enables various actors with different interests to attribute their preferred meaning to the idea or practice.48 Second, facilitative boundary objects are characterized by their coordination function.49 They bring together people and ideas where there is no consensus, to enable working together.50 Third, boundary objects coordinate because they create links between the ill-structured, indeterminate parts of the boundary object and its more locally tailored, specific uses.51 Various material and linguistic artefacts, such as concepts (‘sustainability’, ‘resilience’, and so on), legal provisions,52 reports and models53 can be boundary objects. A multitude of boundary objects together constitute ‘boundary infrastructures’.54

Section 12.3 argues that Parts 1 and 2 of the Energy Act 2023 are a boundary object that links the UK government’s policy choice for CCUS with economic evidence through the economic regulatory framework of the two Parts. Hence, CCUS as a climate-mitigation technology does not automatically reduce CO2. From a UK perspective it needs to be embedded in a network that links the hardware of CO2 capture to infrastructure and human actors, including economic regulators. This accords with STS’s rejection of the idea that technology can determine human action. CCUS is a climate-mitigation technology not just in the instrumental sense of ‘any tool or technique, any product or process, any physical equipment or method of doing or making, by which human capability is extended’.55 Human capability is required to turn CCUS into a technology that can reduce CO2 concentrations in the atmosphere at a significant scale. But there is debate about what human capability should be expanded to in order to turn CCUS into a climate-mitigation technology. Should states intervene in private business activity to promote commercial-scale application of CCUS? If so, how?


12.3 Should states intervene in private business activity to promote CCUS?


12.3.1 Is CCUS necessary but too costly for the private sector to implement it alone?

Some argue that state intervention is necessary to achieve commercial-scale application of CCUS given its significant costs.56 The UK Committee for Climate Change considers CCUS to be ‘a necessity not an option’ in order to reduce greenhouse gas emissions by 78 per cent from 1990 levels by 2035, a target set in the United Kingdom’s Sixth Carbon Budget.57 Moreover, it has been suggested in the UK context that ‘overall system costs are lower when CCUS is deployed in the power sector’, compared to scenarios where there is no CCUS deployment for achieving climate targets.58

Worldwide, so far, there has been little application of CCUS. One of the reasons for this are the financial risks that are distinct to the CCUS value chain. They are akin to a ‘chicken and egg’ dilemma: without assurance that there will be sufficient capture of CO2 from industrial or low-carbon hydrogen production, operators of CO2 transport networks and storage sites are unlikely to invest in appraising potential storage sites and laying pipelines.59 Without enough capacity for CO2 transport and storage, industrial emitters and low-carbon hydrogen producers will not invest in CO2 capture at their plants. Moreover, it is not clear who in the value chain will bear the financial risk if one of the components in the chain fails.60 For instance, if the CO2 output of a cement or steel factory is reduced, should the factory bear the cost through higher prices for CO2 transport and storage, or should the transport and storage company bear it through reduced revenue? CCUS value chains pose the challenge of how to coordinate investment decisions with long lead times made by different industrial operators.

Legal regulatory frameworks are, therefore, considered necessary to create incentives for private investment for commercial-scale application of CCUS.61 How much difference such frameworks make is debatable. During the 14 years that the EU Directive on geological storage of CO2 has been implemented in EU member states it has not led to significant commercial deployment, even though the Directive creates some economic incentives, such as the transfer of liability from private operators to the state for CO2 storage, usually when at least 20 years have elapsed after closure of a site.62

The economic argument for state intervention varies from country to country depending on, for example, the mix of energy sources a country relies on. In the UK, the economic case for CCUS has been strengthened through the government’s commitment to low-carbon hydrogen as a new energy source, including for heating and for difficult-to-decarbonize sectors such as transport.63 Blue hydrogen production splits a fossil fuel, such as gas or oil, into hydrogen and CO2.64 A legal requirement to capture CO2 from this process will create new demand not only for CO2-capture technology, but also for transport and storage services. But through what regulatory tools should the government intervene? How do such tools create evidence in favour of the economics of CCUS? This is of interest also for countries that are relying on fossil fuels for power generation in order to promote economic development, and which are still considering whether and to what extent to deploy CCUS.65


12.3.2 How does the UK government propose to intervene in private economic activity to promote CCUS?

The UK government seeks to promote the deployment of CCUS at commercial scale through two main means. Part 1 of the Energy Act 2023 sets out various ways of providing financial support for companies that transport and store CO2. Part 2 of the Act establishes procedures for paying revenue support to installations that capture CO2 from industrial and hydrogen production.


12.3.2.1 Providing financial support for CO2 transport and storage companies 


Market failure and ‘income gap’ justifications for state intervention 

The Regulatory Impact Assessment (RIA) produced by the then UK Department for Business, Enterprise and Industrial Strategy (BEIS)66 relies on market failure for CO2 transport and storage services as a justification for state intervention. Some of these failures are significant, others may not be. For instance, the price regulation of Part 1 of the Energy Act 2023 seems necessary to ensure efficient returns on capital investment, while also ensuring, through a price cap, that regional monopoly operators of CO2 transport and storage services do not abuse their market power. BEIS anticipated that there will be three operators of CO2 transport and storage networks in the UK,67 which will act as regional monopolies. Upfront capital expenditure costs for those who provide CO2 transport infrastructure through pipelines is high, compared to CO2 transport by ship, rail or road.68 Hence, price regulation seeks to make income for service providers more predictable. It also seeks to remove barriers to entry into the market for CO2 transport services. It thereby attempts to increase competition in the provision of these services and thus reduce their price, which can also limit the costs for governments to provide financial support for CCUS.

Economic evidence for some of the other market failures that the UK government seeks to rely on to justify its intervention is more questionable. For instance, the RIA for Part 1 of the Energy Bill 2022 refers to an ‘early-mover risk’, that is, the risk that initial providers of CCUS services face higher costs than later adopters69 since fewer participants in a less competitive market may be associated with higher prices for CCUS services. But this scenario may be limited, since the UK government considers CCUS technologies as an opportunity for UK companies to export to other countries.70 Such export opportunities may arise where developing countries have included low-carbon fossil-fuel energy into their Nationally Determined Contribution, as part of the fulfilment of their Paris Agreement obligations.71 Moreover, the UK government is considering opening up the UK CO2 transport and storage network to CO2 captured in other countries.72 This points to early-mover advantages rather than risks. In the RIA itself, export opportunities are projected to create 46,000 jobs by 2030 within the CCUS sector, and to add £3.5 billion in gross value per annum (GVA) to the UK economy.73 There may also be early-mover advantages from financial returns from intellectual property protection of innovative CCUS technology. Research about industrial-pollution control technologies has found first-mover advantages for companies that reap efficiency gains from innovative production processes.74

The UK government also justifies its intervention in private business activity on the ground that companies that store CO2 face the risk of closure of transport and storage sites, due to defects, including CO2 leakage.75 The government will therefore indemnify CO2 transport and storage companies against CO2 leakage, for which there is currently no commercial insurance.76 But the technical literature on CCUS considers the risk of CO2 leakage to be small if appropriate risk management standards are complied with.77

To summarize, an economic regulatory framework for CO2 transport and storage services can be justified with reference to some market failures. Significant transfers of risks and liabilities from the private sector to the state may, however, create a moral hazard, that is, incentives for companies to limit their efforts to reduce risks and liabilities.78

More fundamentally, some NGOs,79 as well as businesses and universities involved in the development of CCS, question the preference for and economic value of competition. The UK government justifies its intervention into private business activity in relation to CCUS with reference to market failure, that is, a failure of markets to be sufficiently competitive. More collaboration and knowledge exchange, from research-and-development projects among CCS technology developers for example,80 may reduce the costs of progressing CCS. This may entail limited applicability of intellectual property rights81 and a requirement that publicly funded CCS projects are to be configured in such a way that they can support other projects.82 This can occur, for example, through CO2 transport infrastructure having to serve industrial installations that capture CO2, in not just one but several areas, and to transfer CO2-capture technology between installations.

While a market-failure analysis addresses the wider picture of the welfare of the UK economy as a whole, economic incentives have also been justified with reference to the ‘income gap’ theory. This suggests that there is insufficient income for economic actors, such as investors and operators, to deploy CCUS at a commercial scale.83 This theory has been questioned by research that shows that what will determine whether CCUS is commercially applied is not just the finance available, but also a range of political-economy factors, such as: (1) whether government departments for energy, climate change and (in the United Kingdom) the Treasury are aligned in their support for CCUS, (2) whether legal requirements for reducing CO2 concentrations in the atmosphere are stringent enough to create sufficient pressure for capturing CO2, (3) whether there are other significantly cheaper energy sources, such as renewables, available, (4) how much public opposition there is to the continued use of fossil fuels (for example, when hydrogen is produced from natural gas), and (5) whether the price for carbon is high enough, due to CO2 emission trading or a carbon border adjustment mechanism, to create incentives for CCUS.84 Moreover, exogenous shocks to the energy-supply system, such as those generated by the war in Ukraine, have generated increased profits for energy providers. All of these factors raise questions about the ‘income gap’ theory as a good justification for state intervention in support of the commercial deployment of CCUS.85

These limits to market failure and the income gap justifications should be borne in mind when considering whether and to what extent the state should intervene to promote CCUS. How, then, does the UK government seek to advance CCUS?


Licensing operators that provide CO2 transport and storage services 

According to Part 2 of the Energy Act 2023, the lawful operation of CO2 transport and storage networks requires a licence. Initially, the secretary of state for DESNZ will issue these licences. Once ‘the sector has sufficiently matured’, the economic regulator for gas and electricity services in Great Britain will be issuing, enforcing and modifying the licences.86 The legislation enables the Gas and Electricity Markets Authority (GEMA) to allocate licences on a competitive basis. Licences would be allocated to those operators that provide best value for money.87 Further upfront financial incentives, to entice companies to enter the market for CO2 transport and storage services, may be necessary in order to have more competitors. This will enable the allocation of licences via auction, which can enhance efficiency in the provision of transport and storage services. This, in turn, can reduce the costs of financial support. Sections 11(1) and (3) Energy Act 2023 also empower, initially the secretary of state for DESNZ, and then GEMA, to regulate the service price and provide revenue support.


Regulating prices and providing revenue support for CO2 transport and storage 

Price regulation seeks to enable companies providing CO2 transport and storage services to recover the costs of their expenditure on capital and operations over a set period of time, so that only ‘necessary’ and ‘reasonable’ costs are charged.88 The details of this will be fleshed out through secondary legislation.89 Section 57 of the Energy Act 2023 provides for further financial assistance for operators of CO2 transport and storage networks through revenue-support contracts. The secretary of state for DESNZ can appoint a person to be a counterparty for a revenue-support contract with a licensed provider of CO2 transport and storage services.90 Through this contract, revenue-support payments, from users to operators of the CO2 transport and storage network, will be administered. This will reduce the financial risk for CO2 transport and storage companies that the operation of the network may be delayed in the case of a slow start to capturing CO2 at industries and hydrogen-production facilities.91

Economic evidence about the effectiveness of price regulation and revenue support is limited since there is insufficient information to date to conduct a full cost-benefit analysis. It is not yet known what level of price GEMA will allow operators of CO2 transport and storage networks to charge, or how much money will be spent on revenue support for these operators. The details of the network delivery are still being negotiated between the government and future transport and storage companies.92 The benefits of the regime have also not been quantified yet. These include emission reductions achieved,93 potentially reduced costs for energy-intensive businesses, and the protection of jobs, especially in the former industrial heartlands of the UK (including the North-East, North-West, and South Wales). Protecting employment in these areas will contribute to the UK government’s ‘levelling up’ policy. This is referred to by some as ‘carbon justice’ for regions that have become socio-economically deprived due to de-industrialization.94 The government estimates that using CCUS in the oil and gas, chemicals, and other combustion-intensive industries will prevent job-loss for about 15 per cent of UK workers.95 Moreover, the economic regulatory framework will deliver financial benefits for CO2 emitters by protecting them from excessive monopolistic pricing by a limited number of CO2 transport and storage companies.96

The evidence about the economics of CO2 transport and storage services may be strengthened if other sources of CO2 – beyond industry and hydrogen production – are deployed, such as bioenergy carbon capture and storage (BECCS) and direct air carbon capture and storage (DACCS).97 BECCS involves absorption of CO2 from the atmosphere through photosynthesis by plants. The resulting biomass is turned into biofuel. The CO2 generated when biofuels are produced (or the biomass is burned) is captured and stored.98 BECCS, which involves the transformation of land use through planting forests on a large scale which are then cut down for the production of biofuels, has been controversial since it is considered to pose a risk of negative carbon sinks, loss of biodiversity and potential loss of livelihoods for previous land users.99 BECCS, however, can contribute significantly to decarbonizing transport. According to the Committee for Climate Change, biofuels could reduce the UK’s consumption of traditional jet fuel by about 10 per cent by 2050.100 Whether BECCS itself can be considered cost-effective in a given national context depends on a range of factors, such as availability of land for biomass generation and the costs of BECCS compared to other available energy sources.


Limiting financial risks when CO2 transport and storage networks stop operating 

Chapter 4 of Part 1 of the Energy Act 2023 seeks to limit financial risks that arise when CO2 transport and storage networks cease to operate. The proposed rules strengthen existing provisions for building up funds for the decommissioning of networks. A Special Administration Regime and Transfer Scheme will limit the risk of financial liability for the UK state and – in a yet unknown distribution – for investors and users of CO2 transport and storage sites.

Existing rules on decommissioning101 are strengthened in order to avoid insufficient, or too many, funds being accumulated. Prospective operators of CO2 transport and storage networks will be required, through conditions in their licences, to set up a decommissioning fund to which network users will contribute, with the details of this regime to be fleshed out in secondary legislation.102 Operators of transport and storage companies will be responsible for the investment of the funds in appropriate security trusts in order to maximize them.103 The development of CO2 transport and storage infrastructure has already been incentivized in the UK by the secretary of state heading DESNZ having powers to limit the decommissioning obligations for owners of oil and gas facilities in case they sell their installations for reuse in CCUS. The Energy Act 2023 provides powers to limit the taxpayer contribution to this reduction in expenditure on oil and gas assets.104

In addition, Part 1, Chapter 4, of the Energy Act 2023 seeks to reduce the costs of CCUS by limiting – for tax payers, investors and users of CO2 transport and storage services – the risk of transport and storage companies becoming insolvent and ceasing operations. Under the Special Administration Regime and Transfer Scheme, the secretary of state for DESNZ has the power to appoint a special administrator to a transport and storage company in case of a risk of insolvency. The administrator would continue to run the company105 or would transfer it to another company.106 The administrator’s overall objective would be to keep the CO2 transport and storage network running.107 In contrast to other insolvency regimes, liquidation of the CO2 transport and storage network should be avoided, as far as possible, which may limit protection of creditors.108


12.3.2.2 Revenue support for CO2 capture from industry and hydrogen production 

UK state intervention, justified on the basis of market failure and income gaps, also extends to revenue support for capturing CO2 from industrial production, such as steel and chemicals production, waste incineration and fossil-fuel power plants,109 and hydrogen production.110 All these are considered of strategic importance to the UK economy.111 Revenue support not only provides a financial subsidy for operators of CO2 capture plants, but should also stimulate demand for CO2 transport and storage services, thereby rendering the latter economically more viable.

Sections 65 and 67 of the Energy Act 2023 provide powers for the secretary of state for DESNZ to designate a counterparty, such as the Low Carbon Contracts Company,112 to enter into private-law contracts with hydrogen producers or commercial or industrial facilities capturing their CO2 emissions. The counterparty will administer the payment of the financial support.113 Similar to the provision of revenue support for CO2 transport and storage companies, these contracts will be negotiated initially between the secretary of state for DESNZ and the particular industrial or hydrogen producer, with reference to a set of criteria. Once markets in CO2 capture have matured, revenue support can be allocated on a more competitive basis, for example, through auctions.114 This builds on the ‘contracts for difference’ auctions for low-carbon-electricity generation in the United Kingdom under Chapter 2 of the Energy Act 2013. These contracts have contributed to reducing costs of electricity generated from UK offshore windfarms.115

For low-carbon hydrogen production, revenue support will cover the difference between a so-called strike price, which reflects the cost of producing hydrogen, and a reference price, which is the market value of hydrogen. If demand for hydrogen falls, the strike price will be higher compared to the reference price. The revenue support will thus compensate for low market demand.116 This regime seeks to reduce the costs of companies starting out in low-carbon hydrogen production and may develop markets for this new energy source. If paid over longer periods, without auctioning revenue support to the most efficient low-carbon hydrogen producers, revenue support may create a moral hazard of inefficient hydrogen producers passing some of their production costs on to third parties, such as tax payers or other energy companies. Section 70 of the Energy Act 2023 makes further provision for financial support for hydrogen production, transport and storage through levy payments to a low-carbon hydrogen administrator. The levy will be paid by gas shippers.117 Its purpose is to finance payments under revenue-support contracts at a later stage.118 The section now clarifies that the hydrogen levy will not be financed by gas or electricity suppliers nor by domestic energy bill payers. The then UK government had to make this change in order to ensure that its own Conservative Party back-benchers and the Labour Party’s members of parliament would support the passage of the Energy Bill 2022 through parliament.119

It remains to be seen what exactly the costs and the quantified benefits of the proposed economic regulatory framework in Parts 1 and 2 of the Energy Act 2023 will be. These costs and benefits also raise important distributional issues. Who in the CCUS commercial chain – energy-supply companies, users of CO2 transport and storage companies, operators of networks, or business and domestic energy bill payers – will contribute what, if any, proportion of the financial revenue support for carbon capture at low-carbon hydrogen-production facilities and at industrial plants? What, if any, contribution will be made by the public, that is, general tax payers? The primary legislation of the Energy Act 2023 does not clearly determine how much of the cost of the state intervention through revenue-support contracts for CCUS operators will be borne by each of these different potential contributors.120 Hence, parliamentary approval of these provisions confers limited democratic legitimacy. In addition, legal rules for steering the distribution of the costs of financing the revenue support for CCUS are limited. Revenue-support contracts are negotiated private-law contracts. Funding out of general taxation for revenue support121 will be authorized by existing tax legislation. Other funding provided by commercial entities in the CCUS chain will have to comply with the polluter pays122 and proportionality principles, so that potential state interference with Article 1 to the First Protocol of the European Convention on Human Rights private property right is lawful. The amount of finance to be provided by a commercial entity through a revenue-support contract for CCUS will also have to be necessary and reasonable, and not excessive,123 for achieving the specific ends of the commercial viability of the carbon capture at a low-carbon hydrogen-production or industrial plant.

Moreover, revenue support has to satisfy general criteria, such as whether ‘value for money’ has been achieved in spending taxpayers’ money. Given the limits to quantified cost-benefit analysis of CCUS, this can be difficult to determine. Hence, public-sector costs are often only known with hindsight, for example, when audits are carried out in the UK by the NAO124 or when Parliamentary Committee reports are compiled, such as those of the Public Accounts Committee.125

Having considered the main legal provisions in the Energy Act 2023 through which the UK government seeks to provide economic incentives for commercial-scale application of CCUS, and thus to improve the economic evidence for CCUS, it is necessary to further analyse how the rules may achieve this by being ‘boundary objects’.


12.4 Parts 1 and 2 of the Energy Act 2023: boundary objects?

Parts 1 and 2 of the Energy Act 2023 seek to strengthen economic evidence for CCUS by reducing its costs and balancing financial risks between those who capture CO2 and those who transport and store it. The legal provisions bring into dialogue social science economic evidence with politics, that is, the UK’s policy choice for CCUS. The legal rules facilitate this by being boundary objects that – as discussed in Section 12.2.3 – provide interpretative flexibility, a coordination function and links between the different meanings that the legal rules can have and their specific local applications.


12.4.1 Interpretative flexibility

Parts 1 and 2 of the Energy Act 2023 provide for interpretative flexibility in relation to the politically contentious issue of how the costs for financial support of CCUS in the UK should be distributed between tax payers, energy firms and business and domestic energy consumers.126 This interpretative flexibility also arises from the complexity of legal rules for energy markets. How the rules for CCUS will interact with other rules of the Energy Act 2023 will affect whether financing support for CCUS will lead to higher bills for business and domestic energy consumers. For instance, sections 203 and 215 of the Energy Act 2023 seek to promote greater competition between energy network companies and higher uptake of smart meters among energy consumers. Smart meters enable shifting energy use to times of the day when energy is cheaper, for example, from renewables.127 More competition and smart meters may reduce customer bills. This may offset any increase in bills that may arise from contributing to revenue support for CCUS.

Finally, interpretative flexibility seems to be a structural and thus inevitable feature of Parts 1 and 2, since the meaning of these rules depends on their interaction with uncertain carbon market dynamics. The price of carbon will have an impact on the cost of CCUS. What that price will be is uncertain, because this depends on how the new post-Brexit UK Emissions Trading Scheme is working. Some industrial plants are provided with free emission allowances. If these plants use CCUS128 they will have surplus emission allowances which they can sell in the UK carbon market, thereby potentially lowering the price for carbon.129 A low price for carbon may lower commercial demand for CCUS. The price for carbon will also depend on how much the UK will charge carbon-intensive products being imported into its markets through a new carbon border adjustment mechanism.130 Hence, the rules for CCUS are a boundary object since they sit at the interface between specific legal prescriptions and carbon market dynamics which are in flux.131


12.4.2 Linking unstructured features to locally tailored uses

A further characteristic of a boundary object is that it creates a link between its more unstructured features and its locally tailored uses.132 In the case of legal rules, this is a link between their open-textured language and their local implementation in specific instances. For instance, the primary legislation – Parts 1 and 2 of the Energy Act 2023 – provide a procedural mechanism for revenue support for CCUS. This is couched in open-textured language. The local application of these rules occurs when the secretary of state or an allocation body provides specific sums of revenue support to particular CO2-capture installations and operators of CO2 transport and storage services. Hence, there is a link between the legal rules in Chapter 1 of Part 2 of the Energy Act 2023 that set out the overarching procedure for providing revenue support for CCUS and the local, specific expenditure decisions, that are only taken subsequently by politicians and regulators in relation to specific CCUS projects. This particular link, that is, leaving specific expenditure decisions for later, limited the risk of insufficient political support for the Bill during the law-making process. A constant ‘forth and back’ over time between the procedural provision,133 which is largely unstructured, and its local application, that is, a specific expenditure decision, is a further feature of the boundary object. It can lead to the standardization of legal decision-making by clarifying what are routine and what are exceptional cases.134 Finally, Parts 1 and 2 of the Energy Act 2023 are boundary objects because they coordinate various actors in the absence of agreement between them.


12.4.3 Coordination in the absence of agreement between actors

Various sections in Parts 1 and 2 of the Energy Act 2023 promote coordination between actors in the absence of agreement. For instance, Section 99 of the Act coordinates policy makers and independent economic regulators, such as GEMA, who may not necessarily agree on the details of the implementation of the economic regulatory framework. The section suggests that the secretary of state will establish the strategic priorities and policy outcomes for CO2 transport and storage, while the economic regulator will take day-to-day decisions with reference to its statutory duties.135 Here the legal rules provide a procedural mechanism for coordinating politicians and economic experts, who may disagree. Such disagreement may be promoted by some overlap in practice in the decision-making of politicians, such as the secretary of state, and an economic regulator, operating at arm’s length from the government. There is no clear-cut distinction between making policy and assessing uncertain economic evidence.

Finally, Parts 1 and 2 of the Energy Act 2023 coordinate different approaches to reducing concentrations of CO2 in the atmosphere, in the absence of consensus on how CO2 is best reduced. On the one hand, CO2 can be cut through stringent statutory emission limits that curb how much CO2 can be emitted by industrial operators (through conditions in licences), such as power plants or cement, steel, glass, plastics, and pulp and paper production. Stringent emission limits can be technology forcing.136 They can incentivize more efficient production and combustion processes that prevent CO2 from being generated. On the other hand, CO2 emissions can be reduced by capturing them ‘end of pipe’ – whatever amount of CO2 an installation generates. A competitive market in CCS, with reduced costs for capture, transport and storage, may create economic incentives for not preventing CO2 emissions. Hence, ‘end of pipe’ CCS may undermine regulators’ efforts to promote innovative and efficient production and combustion techniques, for example in the industrial and power sector.137 For instance, post-combustion CCUS for power plants is associated with some loss of efficiency in energy generation.138 By avoiding directly addressing this potential tension between different approaches to reducing CO2 emissions, the provisions of the Energy Bill 2022 provided a tacit coordination function.


12.5 CCUS as limiting radical transformation of energy and production systems?

Parts 1 and 2 of the Energy Act 2023 link norms, that is, the UK government’s policy commitment to CCUS, in distinct ways to facts, such as reduced costs for investors in CCUS in order to promote its commercial-scale application. But there is nothing inevitable about the distinct link between norms and facts that the provisions of the Energy Act 2023 create. In fact, this co-production of norms and facts has been criticized by some for holding back a more radical transformation of energy and production systems at speed and scale in order to reduce long-term concentrations of CO2 in the atmosphere. This argument against state intervention in private business activity is based on three claims. The first suggests that CCUS not only ‘locks in’ fossil fuels in energy generation, but also unlocks new fossil fuels, such as tar oil.


12.5.1 Does CCUS promote fossil fuel ‘lock-in’ and ‘unlocking’?

Deploying CCUS at commercial scale may reduce political pressure to phase out energy generation from fossil fuels.139 One of the oldest and so far commercially best established CCUS techniques is enhanced oil recovery (EOR). It has been used since the 1970s,140 in particular in the US, to increase the amount of oil that is pumped out of a field. It involves injection of CO2 into a field in order to increase pressure within it. This helps to pump out residual oil. The CO2 injection can be repeated several times, and thus is a form of CO2 reuse.141 It can be applied to both oil and gas fields. The CO2 for EOR or enhanced gas recovery (EGR) can come from different sources. It can be generated by separating it from the natural gas that is pumped out of a gas field.142 Or it can be CO2 that has been captured from industrial emitters or hydrogen producers and is then transported to the gas or oil field. The CO2 used for EOR or EGR will finally be stored and contained within the field.143 EOR is costly and may be cost-effective only when the price of oil is high.144 The cost of EOR and EGR can be reduced by allocating carbon credits for the final storage of the CO2 in the gas or oil field. Such a subsidy may prolong reliance on fossil fuels and limit pressure to switch to renewable-energy sources, which have become cheaper.145 Some estimate that ‘lock-in’ of coal to electricity can last for about 40–100 years.146 The capital investment costs for power generation with CCS are higher than for those without. Hence, plants with CCS need to be running for a significant amount of time to recoup these capital costs.147 ‘Locked-in’ CO2 emissions will be even higher if the energy needed for operating CCS itself is generated from burning fossil fuels148 and it should be borne in mind that CCS at power plants does not remove CO2 (let alone methane emissions) that arise when fossil fuels are extracted and transported.149

While major environmental NGOs oppose this potential fossil fuel lock-in of CCUS,150 the UK government justifies it as providing security of energy supply: energy supply from ‘traditional flexible carbon-intensive electricity generators’ should not be priced out of the market, because they can address the problem of intermittency of renewables. If the wind does not blow and the sun does not shine, renewables may not meet short-term and unexpected high demand. Such disruption to energy supply would lead to loss of output, with detrimental impacts for both consumers and businesses.151 Without quantified economic evidence for this view, it appears that security of energy supply may be an objective pursued at very significant costs, including to the interests of national security.

CCUS is also being used for ‘unlocking’ new oil resources. For instance, CO2 is injected into oil sands in Alberta, Canada, in order to push oil out of the sands. Revenue from these oil exports provides about a third of Alberta’s total gross domestic product.152 A second argument against the kind of state intervention for CCUS enabled by the UK Energy Act 2023 is that it may undermine a circular-economy approach to industrial production.


12.5.2 Limiting the circular economy and democratically controlled renewable-energy projects?

CCS technologies, and especially CO2 transport and storage, may increase demand for CO2 including CO2 captured from industrial production or waste incineration. Profitable CO2 transport and storage businesses may thus limit incentives for more fundamental and long-term decarbonization strategies, such as reuse and recycling of industrial products and waste prevention as part of degrowth strategies153 or a ‘circular economy’.154 For instance, cement kilns generate significant CO2 emissions which can be captured through CCUS. But a circular-economy approach may be cheaper, and also save other resources used for cement production, such as water and iron ore. The European Commission’s Circular Economy Action Plan identifies construction and buildings as a target for increased recycling and reuse of materials. This will be economically incentivized through legal rules requiring a minimum of recycled content in building products and quality standards for such products. This should promote consumer confidence in these goods and thus develop markets for them.155 A third claim suggests that by promoting climate-mitigation technologies, often deployed by large corporate actors, the development of small-scale democratically controlled renewable-energy community projects may be impeded.


12.5.3 Limiting the development of small-scale democratically controlled renewable-energy community projects?

CCUS is a technology linked to large corporations operating fossil-fuel power plants and industrial installations. This may be at odds with promoting small-scale, democratically controlled community projects that generate renewable energy. A significant expansion of local community renewable-energy projects may limit demand for large-scale gas-fuelled power plants with CCS. Some large-scale power plants, however, would still be necessary, because generation from renewable-energy sources can be intermittent. With less demand for large-scale generated power, the cost of subsidizing such plants and CCUS may increase.156

Whether this potential tension between large-scale power plants with CCUS and community renewable-energy projects will arise will also depend on how the Independent System Operator and Planner (ISOP) for energy – to be established through Section 161 of the Energy Act 2023 – will use its powers. The ISOP has to promote the net-zero,157 ‘security of supply’158 and ‘the efficiency and economy’ objectives.159 In carrying out its functions, the ISOP should consider the energy system as a whole for the UK in an integrated manner.160 This could include promotion of both CCUS, as long as this meets the ‘efficiency and economy’ objective, and small renewable-energy community projects. The latter may contribute to promoting resilience and local security of supply by diversifying energy generation.


12.6 Conclusion: Legal rules as boundary objects mitigating evidence deficits about the costs of CCUS?

This chapter has examined a key debate about climate law that seeks to rely on climate-mitigation technologies to achieve targets for reducing greenhouse gas emissions. The debate addresses to what extent and how the state should intervene in private business activity in order to reduce the costs of CCUS and thus enable its deployment at a commercial scale. This debate is not just informed by normative preferences about the right balance between state-market interactions for tackling the climate crisis, but also by the well-established idea that climate law should be evidence-based.161 Given that the costs of CCUS can limit support for this climate-mitigation technology, the chapter focused on evidence about the economics of CCUS. It has analysed how the economic regulatory framework of Parts 1 and 2 of the UK Energy Act 2023 seek to construct economic evidence for CCUS, in particular through price regulation and revenue support. The chapter has argued that the legal rules that create this economic regulatory framework are ‘boundary objects’ that bridge the UK government’s policy commitment to CCUS with the science – here, economics, a branch of social science which generates evidence about different public policy choices, including the costs of CCUS. The distinct, but not inevitable link that Parts 1 and 2 of the Energy Act 2023 create between ‘norms’ and ‘facts’ can transform what different actors consider as the economic evidence for CCUS. The legal provisions of the Energy Act 2023 also create what appears to be an unquestioned transition from natural-science evidence for CO2 reduction targets to economic evidence for particular CO2 mitigation technologies. By acting as a boundary object, Parts 1 and 2 seek to make CCUS – a controversial climate-mitigation technology – more acceptable. Rendering transparent how legal rules as boundary objects construct economic evidence for climate-mitigation technologies should thus contribute to debates and further research about evidence-based climate law.
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13 Nature-Based Climate Solutions and the Rights of Nature: A Conundrum of Values

Felicity Deane and Justine Bell-James


13.1 Introduction

This chapter explores nature-based climate solutions (NBCS). While nature functions as a balanced ecosystem independent of human intervention, the ecosystem can be enhanced or manipulated to deliver economically valuable ‘services’ over time with human input. Active nurturing of particular ecosystem functions – including carbon sequestration – is the premise of NBCS. While NBCS is a critical technology that can be employed in the mitigation of climate change, it is also a double-edged sword, for human intervention designed specifically to support carbon-sequestration services may have negative ramifications, such as inadvertent impacts on biodiversity values.1 Anthropocentric approaches to environmental problems, such as NBCS, are therefore not universally popular. The need to protect biodiversity in climate change responses is powerfully expressed in the literature.2

We will proceed on the basis that NBCS is a promising approach to addressing the climate crisis provided that biodiversity is front and centre in deliberations. In this sense NBCS is a compromise and a midway point between ecocentric, nature-focused approaches (for example, rights of nature), and anthropocentric approaches that may mitigate climate change and prioritize the survival of humanity at all cost.3 While these ecocentric versus anthropocentric – or intrinsic versus instrumental – conceptions of nature are often viewed as inherently irreconcilable,4 we argue that an NBCS approach can draw upon aspects of the Rights of Nature (RoN) paradigm through exploring the competing concerns of the ‘use’ of nature by humans, as a tool to mitigate climate change, against the intrinsic value of the environment and the needs of non-human species – all of this while retaining control of climate change.

Pursuing this middle ground leads to a conundrum: can NBCS only be available where these solutions align with the natural functions and services of the existing ecosystem? In order to support good outcomes for both climate and biodiversity, it will be necessary to evaluate the impacts of particular actions in a way that leads to an understanding of the impacts of human intervention. Hence, we argue that legal intervention to encourage or permit landholders to develop NBCS projects should be accompanied by a requirement to measure the short- and long-term impacts of intervention. Further, where those measurements indicate that actions impact adversely on critical ecosystem functions, proponents must be required to change their approach and engage in restoration where needed.

In Section 13.2 we explain the connection between NBCS, natural capital (NC), and ecosystem services. We include discussion about the importance of measuring ecosystem impacts where NBCS is employed. NC accounting may provide a method for doing this. Section 13.3 addresses some of the theoretical objections to concepts like NBCS. In this part, we consider the RoN paradigm. Section 13.4 aims to determine if and where there is a balance to be struck. In this regard, the section identifies that RoN and the ecosystem services paradigm are not necessarily mutually exclusive. We conclude that employing a measurement approach can and should do nothing to devalue the intrinsic value of nature, while allowing NBCS to be used as a tool to confront the climate crisis.


13.2 NBCS, NC and ecosystem services

The uptake of mitigation technology must increase dramatically if we are to keep global temperature increases to well below 2 °C of warming. NBCS is one such tool. NBCS is encapsulated under the broader concept of ‘nature-based solutions’ or NbS (and we refer to both throughout this chapter). They are an essential technology,5 with the ability to provide up to 30 per cent of the amount of mitigation necessary by 2030 to alleviate climate change and restrict global warming to below 2 °C.6 According to the Intergovernmental Panel on Climate Change (IPCC), ‘NbS provide adaptation and mitigation benefits in ways that support wild species and habitats, often contributing to other sustainable development goals’.7 NBCS emerged as a concept in 2008,8 and has been the subject of further attempts at conceptual clarification ever since. It builds upon other anthropocentric concepts of nature, including ecosystem services and NC.9 The European Commission defines NbS as a way to address societal challenges with ‘solutions that are inspired and supported by nature, which are cost-effective, [and] simultaneously provide environmental, social and economic benefits and help build resilience’.10 The International Union for Conservation of Nature and Natural Resources (IUCN) defines NbS as ‘actions to protect, sustainably manage and restore natural or modified ecosystems, which address societal challenges … while simultaneously providing human well-being and biodiversity benefits’.11

These definitions are high-level and broad,12 which has meant that categorizations of the approaches that fall under the umbrella of NbS are sometimes contested. However, NbS as a category will generally include actions with any natural aspect, designed to enhance nature and increase ‘natural features and processes’ into urban environments particularly.13 It follows that NbS will generally involve the protection, conservation, restoration, management or enhancement of natural ecosystems, with the purpose of improving an environmental (human caused) problem such as climate change.14

NBCS is a sub-category of NbS and has been heralded as an essential mechanism for mitigating and adapting to climate change.15 NBCS is NbS deployed for climate change mitigation and adaptation purposes. Nature can provide ‘a cost-effective way of [mitigating or] adapting to climate change whilst also protecting the ecosystem services on which we depend’.16 The most common form of NBCS is the conservation of terrestrial forests or woodlands for carbon sequestration.17 However, NBCS can support mitigation and adaptation goals for all countries. For example, restoration of soil organic carbon (SOC) ‘represents 25% of the potential of natural climate solutions’.18 Further, the restoration of shorelines can support waterway health and potentially remove risks associated with erosion and flooding in some communities.19 These solutions can therefore serve many human purposes, but at the same time it is critical that the impact on the ecosystem is not narrowly evaluated.

The commitment to NBCS increased significantly during the Paris Agreement negotiations, when 66 per cent of nation state signatories committed to incorporate NBCS into their climate pledges and domestic responses to climate change.20 NBCS also permeate the Paris Agreement itself; for example, the preamble to the Agreement recognizes the ‘importance of the conservation and enhancement … of sinks and reservoirs’ of greenhouse gases and notes the need to ensure the integrity of all ecosystems.21 During the Paris negotiations, the actions identified as critical predominately included conserving and enhancing forests as carbon sinks and increasing the resilience of ecological systems.22 These actions leave much of the detail to the project developers themselves, and as a result there are concerns that these references in the Paris Agreement, could in fact have some perverse consequences.

The popularity of NBCS stems in part from the idea that it may be possible to address climate change through environmental interventions that may not require dramatic societal changes.23 However, NBCS also require that natural resources are manipulated and used.24 Indeed, the broader category of NbS focuses on the benefits that humans derive from nature (rather than considering the needs of nature independently from humans), and this builds upon the earlier concepts of ecosystem services and stocks of NC.25 ‘Ecosystem services’ is a term used to identify the benefits that nature provides to humans,26 related to the idea of nature as a capital asset, and includes the ‘ecological characteristics, functions, or processes that directly or indirectly contribute to sustainable wellbeing’.27 Certain functions are necessary for basic human rights and the production of goods or benefits, such as ‘food, drinking water, fibre, building and manufacturing materials’, and may or may not require human intervention.28 Ecological functions and processes also include ‘carbon storage, air and water filtration, pollination, protection from storms and floods, and places for rest and recreation’.29 Escobedo and colleagues conceptualize ecosystem services as the components of ecosystems that are directly enjoyed, consumed or used to produce measurable human benefits.30 However, the long-term derivation of benefits is dependent on responsible use.

NbS also relate to NC, a phrase and a paradigm that is connected with the concept of ecosystem services and that was first defined over 100 years ago in reference to renewable and non-renewable ‘natural assets’.31 The definition of NC has since expanded and is now considered to include the intrinsic value that nature provides.32 Over time, ecological economists have recognized that natural assets could be valued in a way similar to the valuation of other stocks of capital assets. Contemporary economists acknowledge three categories of capital assets: produced capital, human capital (education and health) and NC.33 There are critical differences between each category, however NC (on which humans can have an impact) is not dependent on human production. NC is therefore broadly defined as the living and non-living components of ecosystems on which humans rely for goods and services, including biodiversity.34 While it is increasingly acknowledged that NC and the services it provides (ecosystem services) are essential to human existence and human rights to food, water and shelter, it is typically unpriced or undervalued.35

An assumption that often underlies approaches involving NbS, conserving NC and supporting sustainability of ecosystem services, is that co-benefits will necessarily flow. Indeed, NC is intricately connected with long-term productivity and effective land-management strategies. As noted by Brady and colleagues:


Soil biodiversity underpins agricultural productivity through interactions that generate functions and ultimately supporting ecosystem services. … To the extent that soil biodiversity benefits farmers and these benefits or supporting ecosystem services are recurring then soil biodiversity is, from an economic perspective, equivalent to other assets (e.g., breeding livestock), and should be valued and managed from a long-term perspective.36


However, this should be taken subject to two caveats. First, win/win scenarios are not guaranteed in these approaches, and it may be the case that an NbS intervention aimed at restoring or enhancing delivery of a particular ecological function operates to the detriment of another. For example, restoring a forest purely for carbon sequestration may result in a monoculture plantation, with no benefits for biodiversity beyond climate change mitigation.37 The second caveat to supporting an NC approach is the risk of socio-ecological trade-offs. In particular, implementation of an approach of payment for ecosystem services can result in financial benefits flowing to some community members only, to the exclusion of others.38

NC accounting has been proffered as a means to achieve better alignment in local, state and national policies on biodiversity.39 NC accounting refers to ‘reporting systematically on NC stocks and flows’.40 As the name suggests, NC accounting borrows from traditional accounting methods to calculate the total stocks and flows of natural resources and their associated services in a given ecosystem. Although the use of NC accounting to inform and evaluate policy has been limited to date, the ‘mainstreaming’ of NC accounting is one way policy makers and corporate entities have sought to incorporate the environment and ecosystem condition into their decision-making.41 According to the Australian CSIRO, ‘a guiding principle of NC accounting is that the valuation of nature can help better conserve it’.42 In this respect, Rujis and colleagues argue that NC accounting ‘can help to answer a broad range of natural resources and environment policy questions during all phases of the policy cycle’.43

To explain the basics of these concepts, in NC accounting, NC stocks refer to ‘physical accounts’ which aim to capture the extent and condition of the ecosystem.44 These stocks then result in a ‘flow’ of services (referred to as ecosystem services).45 From a monetary accounts’ perspective, the flow (supply and use) of services arising from the ecosystem can be translated into a monetary figure which amounts to the net present value of the future services. However, NC accounting may become ethically problematic when we consider the ease of quantifying some assets and services in financial terms vis-à-vis others. Natural assets which are used to produce goods, such as fossil fuels, minerals, agricultural land and timber, more readily lend themselves to valuation in monetary terms because ‘standard principles of productive asset valuation can be used’.46 Indeed, many of these components of NC have existing market values.47 However, there are many forms of NC for which there is little data as it has not yet been collected systematically,48 and others which are difficult to reduce to monetary form (for example, cultural value). This could mean that some natural assets are favoured over others, despite the fact that all have value. We make these observations for a reason: for NBCS to form part of the climate solution, an NC accounting methodology will need to be utilized. Understanding exactly how NBCS impact on the environment will be essential, particularly if NBCS are used to support up to 30 per cent of the necessary mitigation required by 2030 if we are to stay on a pathway of limiting warming to below 2 °C. Accounting for nature is not without criticism, and certainly the concept of applying a monetary value to nature is completely foreign in many indigenous cultures.

The uncertainty surrounding the impacts of NBCS coupled with a distaste for assigning a value to nature means that these approaches attract critics. The debate between the importance of recognizing the intrinsic value of nature instead of assigning value to only the instrumental components, feature frequently in the ecosystem services literature.49 Indeed, the concept of ecosystem services has been riddled with controversy and there have been many criticisms of an ecosystem services paradigm and NBCS in the literature.50 McCauley’s 2006 commentary in Nature made four arguments against ecosystem services which have formed the basis for subsequent critiques. First, he argued that the paradigm of ecosystem services requires an assumption that the ‘biosphere is benevolent’.51 McCauley suggests that this logic overlooks the critical truth that ecosystems do not act for the benefit of any species in particular. Rather, just as there are ecosystem services, there are also disservices.52 Because of the existence and potential for ecosystem disservices there is a need to ensure that ecosystems are not altered in a way that could lead to an imbalance in favour of those disservices.53 In order to ensure any alteration is not unfavourable, this first and foremost requires recognition of the complexity of ecological systems. We address this in more detail in Section 13.4.

McCauley’s second point is that markets fluctuate. This observation is of course correct, however, the point in relation to ecosystem services is a criticism of payments for ecosystem services (PESs) that are made through a market-based instrument. It is the mechanism of the market, rather than the recognition of ecosystem services, that this criticism is directed toward. Hahn and colleagues identify seven different degrees of commodification within ecosystem services policy, ranging from no commodification and appreciation of ecosystems for their intrinsic value, all the way through to complete commodification and trade in nature.54 Indeed, the ecosystem services framing may be used merely as a metaphor or a communication tool, without any market interaction.55

McCauley’s third and fourth arguments are more relevant to this chapter. His third point is that NbS, and the resulting reliance on ecosystem services, ‘underestimates the technological prowess of humans’.56 Put differently, if we prioritize NBCS, then we are likely overlooking or discounting the value of other approaches. Although this is a common criticism of NBCS,57 we suggest that there should not be an either-or approach to mitigating climate change. Indeed, to keep global temperatures to well below 2 °C of warming, efforts well in excess of a modern-day race to the Moon will be required.58 In support of this argument, many commentators warn against the overreliance on the promise of carbon sequestration through tree planting when there is an urgent need to phase out combustion of fossil fuels and releases of greenhouse gases into the atmosphere from other activities, such as farming and mining.59 This is a point that we agree with, as the urgency for all action is increasing daily. The metaphorical toolbox should include NBCS.

McCauley’s fourth point is that through its aesthetic beauty, cultural significance and evolutionary necessity, nature has infinite value to humans and other living creatures. As a result, reducing it to a limited number of human benefits, or (worse) using it to profit from conservation efforts, does little to recognize this value. McCauley argues that protecting nature for nature’s sake has always produced the most ‘impressive’ ‘track record of achievements’.60 We pause here to suggest that this may have been the case in times prior to the climate emergency, but one could argue that this view is outdated where drastic intervention is required to address the climate crisis. Despite this, McCauley’s view aligns with concerns that NBCS may lead to over-emphasis on monoculture tree planting rather than ensuring protection of biodiversity and conservation of diverse ecosystems (thus the need to account for ecosystem changes),61 and that the reliance on forests as carbon sinks will ‘come at the cost of carbon rich and biodiverse native ecosystems and local resource rights’.62 This may also interfere with some cultural practices of different indigenous peoples. We will now explore this in more detail, although from a slightly different angle.


13.3 Posthumanism and RoN

Legal tradition remains rooted in concepts of commodification and human dominion over nature, and thus we must remain conscious of this when we consider how nature can (and whether it should) be used as a part of the solution for climate change mitigation. Indeed, there is growing awareness of the impact that NBCS may have on biodiversity.63 In this section we address the fact that NBCS may not be universally embraced by all (which of course is not a necessary prerequisite to any policy approach), and consider the different perspectives associated with the RoN movement as a philosophical approach that modifies a traditional human-nature relationship. We consider NBCS to be a departure from the RoN approach. Indeed, rather than recognizing nature’s rights to exist without modification, an NBCS directly modifies the landscape to either mitigate or assist humans to adapt to climate change. Despite recognizing this, one of our key arguments is that it is possible to reconcile an RoN approach with the landscape modification that NBCS requires.

The RoN movement is based on a posthumanist perspective that disputes the anthropocentric view of human beings at the centre of existence, which in turn incorporates a lack of emphasis on the importance of a flourishing environment. There is no shortage of commentators who argue that a human-centric ethic is problematic for a number of reasons,64 most prominently the resulting ethical superiority of particular groups of people. This causes disadvantage for other persons, beings or nature through the unfairness that results from this superiority.65 For this reason alone it is critical to challenge the viewpoint of the human as the most important (and at times only) universal concern.

Posthuman ethics dismantles ‘the dominating centrality of the human for society and theory’,66 constituting humans as ‘(a) physically, chemically, and biologically enmeshed and dependent on the environment; (b) moved to action through interactions that generate affects, habits, and reason; and (c) possessing no attribute that is uniquely human but is instead made up of a larger evolving ecosystem’.67

Posthumanist philosophy can serve many purposes, but most relevantly here it underpins different theories for regulating the human–environment relationship. This includes theories of Earth jurisprudence,68 deep ecology69 and the RoN perspective (as opposed to rights over, or to, nature).70 If these theories are adopted as a paradigm to address global issues, then questions must necessarily be raised about how nature can be utilized by humans. A posthuman ethic will shift the question from ‘what are my rights over nature’ and ‘how can nature be harnessed to help resolve problems’ to ‘what are my duties toward it’. Indeed, humans are in a unique position of power in terms of environmental decision-making, but this position brings with it a great deal of responsibility. The following section identifies one approach to dealing with this responsibility – that is, RoN.

The importance of valuing the environment and the responsibility to care for it has deep historical and cultural roots. For example, it has long been understood by indigenous populations all over the world that ecosystems and unmodified landscapes are an inseparable part of human existence.71 Although different cultures have unique belief systems, there is a common central tenet associated with the ‘interdependence of humans and nature’.72 The perspective of some of Australia’s First Nations peoples offers an example. Many First Nations peoples in Australia align their connection to nature with duties rather than individual rights.73 Indeed, the law for these peoples encompasses an obligation to ‘care for country’, which existed long before postcolonial legal ideals.74 Referred to as ‘First Law’ by some First Nation writers, it ‘is the way of living on Country handed down through countless generations’.75 Some indigenous scholars have also argued, however, that the cultural obligations (and indeed the human right to practise those cultural obligations) of First Nations peoples are ‘antithetical to the concept of legal personhood’ for nature.76 As Virginia Marshall explains: ‘The concept of personhood of river systems is foreign within Aboriginal ideology, where there is no separation between land, water and Aboriginal cultural/legal obligations that derive from the fundamental Aboriginal belonging to the land and waters.’77 Therefore, although the RoN movement is supported by indigenous peoples in some jurisdictions,78 it remains controversial in others.

The historical roots extended beyond the culture of indigenous peoples. In 1867, John Muir observed the extremes of human selfishness,79 and wrote: ‘How narrow we selfish, conceited creatures are in our sympathies! How blind to the rights of all creation!’80 It was Muir’s belief that humans and nature could co-exist as equals, rather than one serving the other. These ideas have, of course, been contested, even within the discipline of environmental philosophy;81 however, Muir’s arguments have been echoed in the past century in many influential works.82 Indeed, there are many commentators all over the world who have argued that popular theories formed in post-industrial society will be inadequate to reverse the rate of environmental degradation that has caused climate change and will be made worse by it.83

In Should Trees Have Standing?, Christopher Stone argued that ‘until a rightless thing receives its rights, we cannot see it as anything but a thing for the use of us – those who are holding the rights at the time’.84 As such, as nature does not have rights in most nations, NBCS are not seen as exploitation. However, when we consider the impacts on the individual ecosystems, and adopt a viewpoint that accepts nature has rights, there may be questions of whether the ecosystem as it exists has been sufficiently considered and whether nature’s rights should override the potential benefits that the NBCS may provide. In the jurisdictions where rights to nature have been recognized, these questions may need to be answered sooner rather than later. This is because NBCS may be inconsistent with some forms of life that nature supports.

As we demonstrate below, RoN can be initiated either through legal measures to promote particular rights or through recognition of legal personhood for the environment. There are only subtle differences between these two means to achieve RoN, but these differences can be critical depending on desired outcomes. For instance, legal rights for nature will mean that any actions that impact on nature must not encroach on those particular rights. For instance, a particular legal framework could grant an ecosystem (or nature generally) the right to restoration.85 In these instances, there would be a requirement placed on any persons altering the landscape to restore it to its previous condition (even though systems theory argues that restoration to original conditions is not possible).86 The second method in recognizing RoN is through granting legal personhood. This will mean that ‘an entity exists for its own interests and not for the value it contains for others’.87 It will allow nature (through representation) to sue for damages where there are breaches of its rights.

Between 2006 and 2014, RoN were recognized in a number of places, including Brazil, Bolivia, Colombia, Ecuador, India, Mexico, New Zealand and parts of the United States.88 The different social, environmental and institutional arrangements across jurisdictions mean that the recognition was unique in each instance.89 The first national constitutional recognition of rights to the environment was in 2008, when Ecuador passed a constitutional amendment to acknowledge RoN, as follows:90 ‘Nature, or Pacha Mama, where life is reproduced and occurs, has the right to integral respect for its existence and for the maintenance and regeneration of its life cycles, structure, functions and evolutionary processes.’91

This constitutional recognition was broad in scope (applying to all of nature, including that beyond Ecuadorian borders),92 and it granted extensive rights through the highest legal power of the nation. Since 2008, there have been more than a dozen lawsuits brought on the basis of protecting the RoN in Ecuador, and in the majority of cases the court has decided in favour of the environment.93

New Zealand’s parliament elected to protect two distinct ecosystems, rather than nature generally, when it passed the Te Urewera Act in 2014 and the Te Awa Tupua Act in 2017. These Acts embody traditional Māori values. They recognize legal personhood for the Te Urewera national park and the Whanganui River. Although they define clear boundaries for the rights (thus limiting their application),94 the recognition is extensive and provides all the ‘rights, powers, duties and liabilities of a legal person’ to these ecosystems.95 These laws support the ‘interests, well-being and rights’ of these ecosystems, effectively limiting the allowable impacts of human actions.96 There are nevertheless limits to the New Zealand approach, such as the categories of persons who can represent nature and the extent of protection provided. For instance, although the laws grant these ecosystems procedural access to the legal system, they do not assure ‘the ecosystems’ right to maintain their integrity or be restored, much less to flourish’.97

Although we have offered just a brief overview of the RoN paradigm and how it has been implemented domestically, our discussion demonstrates that an RoN approach is no longer confined to theory. These rights exist, they are enforceable, and regardless of whether one agrees with the framing, it challenges uses of the environment for human purposes – which is what NBCS require. Although there is a global push toward NBCS as a mitigation technology, the compatibility of this approach with the RoN will no doubt be questioned, even though mitigation of climate change will be needed to support ecosystem functions. This challenge is considered in more detail in the next section, and we conclude that a balance must be struck to ensure NBCS can be utilized.


13.4 Integrating aspects of RoN into NBCS

The post-Industrial Revolution view that ‘nature’ is a commodity available to benefit humans has led to the sustainable development paradigm, which focuses on how the environment can be sustainably used, rather than the best way to conserve its value.98 The assignment of property rights over land alongside this paradigm has led to an unbalanced emphasis on economic outcomes,99 changed landscapes and biodiversity destruction. There is concern that extensive use of NBCS as a technology to address climate change will exacerbate these impacts, particularly given the speed with which actions to mitigate climate change must be taken. Further, the widespread adoption of NBCS may be viewed as incoherent with an RoN approach, which requires that nature is protected for its own sake, rather than that of humans for human purposes. However, as we rapidly approach dangerous rising temperatures, NBCS will be necessary as one response to climate change. We say this even though the literature supports further research into the precision and effectiveness of different methods for NBCS.100

If we accept that NBCS must be deployed, then one important challenge to resolve is the ‘intrinsic versus instrumental value’ debate.101 There must also be a balance between the human rights that support the use of nature for food, water and shelter and those associated with conserving and respecting nature, such as cultural practices require. On the one hand, applying a human economic lens to nature will potentially amplify and perpetuate the era of anthropocentrism. On the other hand, failing to factor ecosystem services and NC conservation into decision-making through valuation is folly,102 particularly when doing so may lead to better climate change mitigation. The common ground is, perhaps, that the current state of the environment and the corresponding failure of environmental policies necessitates a change in approach away from treating nature ‘as if it were free and as if it were limitless’.103

The ecosystem services paradigm shifts natural resources from being viewed as a free commodity to something that must be valued and conserved. However, measurement is essential to ensure that environmental decision-making takes environmental losses into account, which may not be reflected in a financial value. We posit that taking environmental losses into account will lead to better decision-making by landholders and policy makers alike, as well as ensure a real consideration of the costs of action on the environment. Making ‘visible the environmental costs via monitoring, measuring and reporting in terms of various environmental indicators forms a much more direct and complete articulation of environmental rationality’.104 The provision of information on environmental reform can potentially be transformative, if that information is reliable, understandable and transparent.105

We also argue that labelling nature as ‘capital’ does not necessarily lead to the commodification of nature, although we do recognize that this label is distasteful to many people.106 In contrast to this view, Chenoweth and colleagues suggest that NC and the ecosystem services framing can serve as a metaphor that will require nature is at least considered in economic decision-making.107 Ultimately, decisions will consider economic returns, but an NC paradigm will mean that those returns will be properly calculated. In this respect, recognizing NC in economic decision-making can assist to determine quantitative and qualitative changes in resource use, allowing for the measurement and reporting of changes in ecosystem conditions.108

We accept that the ecosystem services paradigm requires that an anthropocentric lens is applied to the conservation of nature,109 but we maintain that this lens will not necessarily result in negative environmental impacts. Nor does this lens override the intrinsic value of nature and its importance for its own sake. Further, these concepts were not developed exclusively to commodify and profit from nature,110 although we accept that some frameworks for PESs do have this effect. Rather, ecosystem services and NC were conceptualized to lead to a better understanding of the value of nature to all life.111 Further, recognition allows one to consider long-term impacts of the ‘use’ of nature for human purposes while at the same time underscoring its value for sustaining life. The language of ‘capital’ is valuable in linking the human economy with its ecological surroundings,112 and provides a useful concept for mainstreaming policy thinking about the interconnectedness between humans, economics and the natural world. For instance, Potschin emphasizes that ‘much of the work in the field of ecosystem services is directed towards measuring and communicating the importance of nature to people’.113 Thus, the identification, measuring and labelling of the services provided by NC will not necessarily reduce nature to a mere asset to be privatized, marketed and commodified, as built capital frequently is,114 with the result that the intrinsic value of nature is overlooked.115

It is on this point that we suggest that the frameworks in support of the RoN could be combined with NBCS – but this should be carefully considered. The broad constitutional recognition, as per the Ecuadorian example, could have widespread consequences. Without specificity, this form of nature protection could preclude any human interference that is not seen as directly complementary to the ecosystem as it exists. Further, when combined with the precautionary principle, this broad recognition may ultimately pose a barrier to NBCS. This could be considered a barrier to addressing climate change (or at least a barrier to one critical tool for addressing it). As an alternative, the protection of specific ecosystems, in the form of protected areas, would allow NBCS in appropriate spaces. Although identifying specific areas for protection, as opposed to nature more broadly, may be considered a compromise, it is one that can also be effective for biodiversity outcomes. Studies have indicated that identifying protected areas with accompanying management plans will stabilize critical ecosystems. As noted by Dasgupta: ‘Analysis of the global impacts of terrestrial Protected Areas and Marine Protected Areas on conservation, agriculture, forestry, and fisheries sectors showed that benefits of protecting 30% of land and ocean would exceed costs, and would provide better financial outcomes and higher non-monetary benefits than currently.’116

Using protected areas or NBCS both require evaluation. To accept this is to accept that nature can and perhaps should be measured and monitored (particularly when the alternative mainstream view for the past centuries has been to use nature as a free resource). Most socio-ecological systems are highly complex in nature,117 and theories have progressed over time to understand the systematic changes that can be identified in environmental systems.118 Environmental systems have a variety of elements with both known and unknown interdependencies, and the removal of any one element may modify or even destroy elements of the entire system.119 Hence, if one is to argue in support of NBCS, it is important to frame nature in the context of broader ecological systems.120 This ‘systems theory’ approach recognizes that the individual components of any environment interact and entangle,121 so that a single action may reap different results depending on the state of the broader ecosystem.122 Even where similar species reside, the different traits that can feature in the same species in different locations can result in different outcomes of the same actions.123 Hence, having complete (or near complete) information is a necessary step in understanding the benefits or costs of a particular action,124 and understanding how systems respond to change is essential to ‘navigate that change’.125

Irrespective of the method used, commentators argue that environmental decision-making ultimately needs more timely data and analytics.126 In this respect, NC accounting has the potential to inform government, corporate, landholder and consumer decision-making around the use or consumption of natural resources.127 It is not an easy task, as the development of comprehensive NC accounts is a multidisciplinary effort requiring input from economists, ecologists, accountants, statisticians and data scientists.128 The complexity of NC accounting, the relationship of ecosystem services to biodiversity, and the methodological and data challenges all present difficulties in the use of these accounts.129 However, where it is done well it will likely support sustainable behaviour and potentially benefit the agricultural sector, both financially and socially.130 Hence, the development of methodologies and tools to enable the measurement of NC at a national scale, but also on a farm scale, is recognized as essential by government, and by the sector generally.131 This will naturally mean better outcomes for biodiversity, which of course is a critical component of NC.132

In arguing in support of metrics for nature we recognize that it is vital that nature is valued for its own sake and that its intrinsic properties are not overlooked. The recognition of these intrinsic values was behind advocacy for the recognition of nature as a subject of the law rather than an object of property for human exploitation.133 However, we argue that the question of whether to extend rights to nature is a matter for each jurisdiction and remains separate to recognition of its intrinsic value.134 It is also a separate question as to whether a particular ecosystem should be altered for NBCS. The answer to this will not always be yes, nor will it always be no. Some specificity is needed. However, where RoN have been legally recognized, there will be limits to the types of actions humans can initiate (even if those actions are in support of climate change mitigation). This is not to say that NBCS should not be used, but whether they are appropriate to use must be based on place-based analysis.


13.5 Conclusion

The rapidly worsening climate crisis demands urgent solutions to complex problems. NBCS offer an approach that can be used to restore nature and preserve and deliver ecosystem services, including the sequestration of carbon for climate mitigation. NBCS can (and we argue should) be underpinned by an NC accounting framework. An NC accounting framework alongside the evolution of data science and technology has meant that it is possible to predict how humans can impact the environment. As such, it is important to understand how particular actions will affect ecosystems when it is possible to do so. The purpose of an NC framework and accounting for nature is not to undermine any environmental philosophies, such as deep ecology, Earth jurisprudence, or an RoN approach. Rather this paradigm can support the ends desired by any and all of them, depending on how the metrics are used. This chapter suggests that the metaphors of ecosystem services and NC can be useful, and that measuring environmental impacts is essential, particularly where NBCS are widely adopted.

NBCS, NC and ecosystem-service approaches are each criticized on the basis that they continue the anthropocentric tradition of promoting human needs over environmental concerns. There is some truth in this. If inadequately regulated, these methods could be used as a way to continue to commodify nature and for select groups to benefit from it. We argue that this is why these tools should be appropriately utilized, and that the benefits are spread to all life, rather than only to select groups of humans.

In this regard, systems theory suggests that ecosystems are complex, with a variety of elements that interact and interweave.135 Modification of one of those elements may lead to unintended and perverse consequences. This could mean considering already modified landscapes and accepting that there could be economic trade-offs in doing so. Hence, employing robust systems of measuring and evaluation may be useful to determine whether particular places are appropriate for NBCS. Ultimately, there will always be conflicts in land use, with many competing concerns, and a posthuman ethic would suggest that species should all be considered equally in balancing those concerns, rather than preferencing human interests over all others. Measuring and valuing nature should not compromise this. In fact, if used appropriately, it could align with this outcome.

Recognizing the intrinsic value of nature requires that one accepts the argument that protecting the environment is an important end in itself, irrespective of any ecosystem services that an ecosystem provides. However, as the urgency for controlling climate change increases, new approaches need to be deployed, which will inevitably result in some opposition to the methods used. NBCS will be one such method.136 In this chapter, we have argued that the ecosystem services paradigm has an important place in both recognizing environmental values and protecting them. However, it should not be the only way we accept that nature has value. It is merely one way of seeing nature and assigning value to it. It does not necessarily lead to commodification, nor does it support human interference. However, our final point is that controlling climate change will require human intervention through (among other things) NBCS. Whatever the intervention, what is most important is that the intervention must be evaluated on the basis of impacts and benefits. This may not be an easy task, but it will be absolutely essential in coming decades.
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14 Ban on Coal: Rationale and Legality for Restrictions on Coal Production, Sale and Use

Daria Shapovalova


14.1 Introduction

Coal was the first fossil fuel to be commercially exploited, due to its relatively shallow location.1 The use of coal for steam engines in manufacturing and shipping propelled economic development in the 19th century, with coal representing 95 per cent of aggregate global use of commercial energy through the first half of the 20th century.2 Coal is also the fossil fuel with the greatest carbon content, releasing about 30 per cent more carbon dioxide per unit of energy than refined oil, and almost 80 per cent more than natural gas.3 Today, coal accounts for over a quarter of the global energy demand, representing a large share of the energy mix even in economically developed states.4 The International Energy Agency (IEA) predicts 2023 to be the year of peak coal demand, with growth in India and South-East Asian countries offsetting declines in the European Union (EU) and the United States (US).5 China remains the ‘decisive player’ in setting the trends for coal in the coming decade.6

As a fossil fuel with the greatest carbon content, coal is first on the phase-out list in the climate goals-compliant scenarios. Most analyses on the climate and energy outlook agree on the need for the use of coal to be drastically reduced, and in the longer term to only be allowed with carbon capture technologies.7 About 80 per cent of coal reserves (as well as 50 per cent of gas and 30 per cent of oil reserves) cannot be ‘burned and emitted’ if global warming is limited to 2 °C.8

The move away from coal will cause social and economic issues, as closing mines and power plants is often associated with environmental and social fallout in the host communities.9 Furthermore, coal is a staple source of base-load power, and in developing states it can be a feasible answer to energy security. The phase-out of coal will need to be supplemented by a sufficient amount of a backstop energy source, and the choice of the alternative fuel will have a significant impact not just on climate, but on socio-economic and environmental indicators as well.10 There are further concerns about the impact of coal bans on investment protection regimes. In 2021–22, proceedings were initiated against the Netherlands by RWE and Uniper, alleging that enacting the Coal Ban Law amounted to expropriation under the Energy Charter Treaty and international law.11 Regulating the phase-out of coal, therefore, is riddled with complexity.

The Netherlands is not alone in adopting policies and laws on coal restrictions. Many countries have adopted a variety of regulatory measures directed at coal phase-out: from strict air emissions standards, to subsidy withdrawal, license conditions and regulated phase-out timelines.12 International initiatives and proposals to ban coal have also been presented in recent years, including proposals for a coal ban treaty.13 Such initiatives, however, need to be carefully considered for compatibility with wider regulatory frameworks including international economic law.14

This chapter builds on this discourse by developing a framework to systematically examine existing and potential future policies and laws on restrictions of coal use, sale and production. It categorizes and examines international and domestic measures to provide a critical outlook in light of concerns over the climate emergency and the need for a just transition. It argues that despite the challenges in regulating coal bans at both international and national levels, the variety of regulatory and policy tools available provide sufficient design choices to address specific concerns in a tailored manner. It starts with the discussion of coal as an energy source and natural resource, providing background on its impact on the climate and the geographical distribution of coal reserves, consumption and trade. It then examines international legal and governance frameworks for coal phase-out in Section 14.3. Section 14.4 focuses on domestic policy and regulatory restrictions on coal, critically examining the existing and proposed instruments. It categorizes these measures as indirect (through energy planning and climate law) and direct (restrictions on coal use, sale and production) before outlining the growing body of just-transition measures aiming to address the socio-economic fallout. Section 14.5 contains conclusions and identifies further research needs.


14.2 Coal as an energy source

To examine the legal and policy framework around coal phase-out, it is first important to establish the rationale and parameters for such a phase-out. This section reviews the role of coal as an energy source, its main use and deposit locations, as well as the climate impacts of its mining and combustion.

Based on carbon and heat content, coal is divided into four types: lignite or brown coal (25–35 per cent carbon), sub-bituminous (35–45 per cent), bituminous (45–86 per cent), and anthracite (86–97 per cent).15 Around the world, coal is primarily used for electricity production and heating, while higher quality coal can also be converted to coke, used for steelmaking. Depending on the geology of the deposit, coal can be developed by either surface or underground mining. Coal mining itself contributes significantly to greenhouse gas emissions as one of the largest sources of methane.16 The exact contribution of coal mining to methane emissions is not certain. Conservative estimates place it at 11 per cent of global anthropogenic methane emissions, but this could be a significant underestimation.17 Abatement technologies are available to reduce emissions in underground mining operations, such as recovery and use or flaring of methane.18 In addition to carbon dioxide (CO2), combustion of coal also contributes significantly to air pollution, producing sulfur dioxide, nitrogen oxide, particulates, mercury and other heavy metals.19

Meeting the goal of the Paris Agreement to limit warming to 2 °C or below requires a significant reduction in coal use and mining. In the medium to long term, using coal to produce power is only viable with carbon capture technologies.20 About 80 per cent of coal in the ground must remain unused between 2010 and 2050, meaning some states will need to leave their reserves unexploited.21 Furthermore, some of the existing coal mines and power plants would need to cease operations before their economic lifespan ends.22

The IPCC acknowledges that limiting global warming to 2 °C or below ‘could strand considerable fossil fuel infrastructure’ with coal assets projected to be at risk of being stranded before 2030.23 Coal assets are expected to represent three-quarters of power sector fossil fuels stranded assets in G20 countries, and China would account for 45 per cent of the total.24 The stranded assets in the upstream sector require further consideration of location and ownership of coal reserves.25

Reserves of coal are estimated at about 1,070 billion tonnes, and are heavily concentrated in the US (23.2 per cent), Russia (15.1 per cent), Australia (14 per cent), China (13.3 per cent) and Indonesia (10.3 per cent).26 In Europe, Germany, Ukraine and Poland are the top three coal reserve holders and producers, and consumers.27 Consumption of coal traditionally occurs in the production regions, but the volume of internationally traded coal has been steadily rising to represent about 16 per cent of total coal demand in 2022.28 Australia and Indonesia are the largest exporters of coal, while China and India are the two biggest importers and two of the world’s biggest consumers.29

North America and Europe represent around 6 per cent share of the world’s coal demand each but, in both regions, the demand has been falling in the last decade.30 At the same time, the Asian market for coal has been steadily growing31 due to the growing overall energy demand and ‘infrastructure inertia’.32 China alone accounts for more than half the world’s coal demand.33 Coal is an abundant resource – the reserve to production ratio estimated that the 2023 coal reserves accounted for 139 years,34 which is well beyond the climate goal-compliant scenarios, even with carbon capture technologies applied.

This section reviewed the role of coal in the international energy market and its role in climate change. It is clear that reducing coal use requires a collective approach and, importantly, focused efforts from coal reserve holders, producers and large (and growing) consumers. This would require policy and regulatory interventions at both international and national levels. In the absence of significant climate-related policy shifts on coal, its market and international trade is expected to continue to grow.35 The next two sections map out and examine the existing international and national regulatory and policy restrictions on coal.


14.3 Climate restrictions on coal in international law and governance

As noted earlier, restricting the use of coal requires a collective international effort. The need for cooperation is amplified as coal use in some regions produces climate change-induced impacts in others. International law already indirectly regulates the use of coal, through air pollution conventions and climate change treaties imposing emission limitations. Any restrictions or outright ban on mining or use of coal imposed from the international level would interfere with states’ sovereignty over natural resources. However, there is space for international cooperation and law-making to develop a regime for sealing coal deposits. Informal international governance also has a role to play with Powering Past Coal Alliance gaining prominence in coal phase-out globally.


14.3.1 International air pollution regulation

Despite air pollution regulation targeting emissions associated with coal use, international and regional air quality regulations have not been seen as driving coal phase-out. Burning coal is one of the largest sources of sulfur dioxide, and the Convention on Long-Range Transboundary Air Pollution (CLRTAP)36 was adopted in 1979 primarily to address the European acid rain problem caused by coal-fired power plants.37 The CLRTAP is a regional framework treaty adopted under the auspices of the United Nations Economic Commission for Europe (UNECE) and supplemented by eight protocols.38 The CLRTAP framework imposed emission limitations but despite the wide uptake of the agreement and protocols among the UNECE members, it is doubtful that the CLRTAP compelled states to transition from coal to natural gas, as domestic processes are believed to have played the main role in that transition.39

The EU air pollution legislation and, in particular, the Industrial Emissions Directive,40 could be instrumental in reducing the use of coal in Europe. It requires the use of Best Available Techniques (BAT) to set emission limits for large combustion plants including sulfur dioxide and nitrogen oxides, attributable to coal combustion. When first adopted, the targets under the Directive were too modest to effect meaningful change in the energy sector, especially given the exceptions for existing plants.41 However, the 2017 BAT conclusions, with specific provisions on coal, would require coal power plants to either undergo significant modernization or ‘disappear from the energy map of Europe’.42 As time progresses, the derogations and exceptions allowable under the Directive become unavailable. For example, a ‘limited lifetime derogation’ allowing states to permit operators to keep production with shorter operating hours, has not been available since 31 December 2023.43

In addition, although the EU emission trading scheme or climate targets did not specifically address coal, the increase in price due to emission payments can make coal economically unattractive.44 Air pollution and climate change law, even if not directly addressing coal, can thus be instrumental in its phase-out if they set out ambitious limits and targets.


14.3.2 International climate change law

The international climate change regime was quite late to address the fossil fuels problem. The United Nations Framework Convention on Climate Change (UNFCCC) and the Paris Agreement do not place specific obligations directly regulating fossil fuel production.45 At COP26 (Conference of the Parties to the United Nations Framework Convention of Climate Change) in 2021, the outcome document for the first time ‘broke the taboo’46 and referred specifically to parties to the Paris Agreement ‘accelerating efforts towards the phasedown of unabated coal power and phase-out of inefficient fossil fuel subsidies’ while emphasizing the need for a just transition.47 The synthesis report of Nationally Determined Contributions (NDCs) under the Paris Agreement indicates that 9 per cent of Parties, accounting for 58 per cent of total global electricity generation from coal in 2020, indicated measures to phase down unabated coal power, such as replacing coal-fired power plants with combined-cycle gas power plants.48

So far, the NDCs of top fossil fuel producing countries have not systematically engaged with coal phase-down.49 However, the latest, COP28, took a broader approach, aiming at fossil fuels collectively, but again emphasized the need to accelerate unabated coal phase-down.50 Given that this language made it into the first Global Stocktake document, the parties will now have to explain how their NDC was informed by it.51


14.3.3 Informal coal phase-out governance

In the absence of direct action on fossil fuels in climate treaty regimes, more informal intergovernmental cooperation emerged to phasing out the use of coal, in the form of the Powering Past Coal Alliance (PPCA). PPCA, launched during COP23 by Canada and Denmark, does not emphasize coal production, calling instead for a phase-out of ‘existing unabated coal power generation’.52 The Alliance attracted the support of 48 national governments, 49 sub-national governments and 71 organizations.53 However, in a trend similar to the Beyond Oil and Gas Alliance54 or the nuclear weapons prohibition treaty,55 it is countries that ‘have no coal in their electricity mix and that have adopted a phase-out plan’56 that are most likely to join the Alliance. PPCA does not place any obligations on states to phase out coal but rather allows them to ‘cooperate without giving up sovereignty in sensitive areas’.57


14.3.4 Would an internationally imposed ban be possible?

Proposals and initiatives to adopt a treaty placing bans on coal mining and binding timelines for coal phase-out have been put forward since the adoption of the Paris Agreement. For example, Tuvalu and Vanuatu spearheaded the initiative to develop a Fossil Fuel Non-Proliferation Treaty.58 Proponents of this proposal call for fossil fuel production and infrastructure phase-outs, reporting regime, and acceleration of energy transition through directing subsidies to renewables and sharing low-carbon technologies.59 Newell and Simms note that coal’s carbon intensity, diminishing financial viability and its substitutability in most cases, might make it ‘an appropriate focus for the first wave of negotiations’.60

Burke and Fishel made a case for a ‘Coal Elimination Treaty’ that would provide for the ‘complete phasing out and prohibition of coal’s mining, sale and burning by 2030’.61 Exploring three potential models, and acknowledging challenges in climate diplomacy, they conclude that such a treaty would place ‘additional moral and normative pressure on the burning of fossil fuels’.62

Questions therefore arise around the feasibility of such treaties and their interaction with other international obligations and national legal frameworks. International law around energy development revolves around the notion of national sovereignty over natural resources, which confirms states’ right to develop their resources as well as their own energy policies and relevant legal frameworks without external coercion.63 Rights to develop and use natural sources do not come without duties, including respect of indigenous peoples’ rights, environmental obligations, fair and equitable treatment of foreign investments.64 Nevertheless, regulation of energy activities remains largely a domestic matter.65 Thus, the importance of sovereignty and consent in international law would make any treaty-based coal ban or phase-out binding only on consenting states.66

There are further concerns about the impact of coal bans on investment protection regimes. Some national measures to phase out coal have already caused investors to initiate investment arbitration proceedings.67 Under bilateral and multilateral investment treaties, investors are protected from direct and indirect expropriation. If a foreign company owns rights or infrastructure for coal mining or coal power plants, climate regulation which could strand those assets might amount to such expropriation.68 Investment arbitration may thus be seen as a barrier to the energy transition, risking the ‘regulatory chill’ for fossil fuel phase-out.69 Scholars propose some solutions to address this issue, such as adjusting the calculation of damages to avoid large compensations,70 ‘carving-out’ climate change-related measures for investment treaties,71 or outright investment treaty termination.72

It is not only foreign investors who might require compensation. Some states-holders of coal reserves might be more amenable to agreeing to an internationally imposed ban if compensation was forthcoming. Suggestions have been put forward to develop a coal deposit trading scheme or a global fund as ways to leave some reserves undeveloped while compensating reserve holders or supporting communities and workers.73 Any such model would be very complex to develop and implement. For example, the resources could be sealed off temporarily or completely.74 If the latter is adopted – such commitments would not likely survive political changes in states, especially as the resource prices would be hiking up due to scarcity. Such a scheme could further be contrary to many states’ constitutions and wider legal frameworks preventing alienation of natural resources or requiring their development.75 Some further research is needed into the interaction of a potential deposit trade/compensation scheme with international law and specific national legal frameworks.

Finally, any international measures on coal ban or phase-out would need to take into consideration the notion of just transition. Just transition refers to a fair distribution of burdens and benefits as we transition to a low-carbon economy. A narrower definition of just transition focuses on workers, owing to the term’s origin from US trade unions in the 1980s.76 The Solidarity and Just Transition Silesia Declaration, adopted at COP24, is an example of a workforce-centred just transition document.77 The Paris Agreement preamble mentions ‘taking into account the imperative of a Just Transition of the workforce and the creation of decent work and quality jobs in accordance with nationally defined development priorities’.78 For coal phase-out this is imperative as, globally, the coal mining industry employs around 11 million people.79 Over time, a wider approach emerged, particularly in academia, bringing together all elements of society in transition, and encompassing energy justice, climate justice and environmental justice.80 Beyond impact on workers, phase-out of coal mining or use will have an impact on energy price and availability, disproportionately affecting states relying on coal for access to energy. The Global Stocktake, adopted at COP28, reaffirms that ‘sustainable and just solutions to the climate crisis must be founded on meaningful and effective social dialogue and participation of all stakeholders’.81 It further links action on fossil fuels to just transition by requiring the transition away from fossil fuels in energy systems to be conducted ‘in a just, orderly and equitable manner’ and the phase-out of ‘inefficient fossil fuel subsidies that do not address energy poverty or just transitions’.82 At present only very few parties to the Paris Agreement (3 per cent) mentioned the need and/or measures for a just transition for communities and workers dependent on coal.83

To conclude, international law on air pollution and climate change, so far, has had limited success in inducing coal phase-out at the international level. Informal initiatives and coal treaty ban proposals have been put forward, but in addition to the lack of political will, there are some further challenges that would need to be addressed in any such arrangement. These include sovereignty over natural resources, investment protection and compensation schemes, and just transition. The next section maps out and examines the national legislation and policy on restrictions.


14.4 Restrictions on coal production, sale and use in national legislation and policy

As energy production and use are primarily regulated at the national level, it is national legislation and policy that contain more specific and targeted interventions on coal restriction. Some of these, similar to international regulations, affect the coal industry indirectly through, for example, air pollution and climate regulation.84 However, the adoption of climate targets has clearly accelerated coal phase-out in some states and led to regulations directly restricting coal use. Broadly speaking the policy/regulatory measures on coal restrictions could be divided into five types depending on activity: (1) energy planning and political pledges, (2) climate legislation, (3) restrictions of coal use, (4) restrictions on coal sale/export, and (5) restrictions on coal mining. These are examined in the following subsections.


14.4.1 Energy planning and political pledges

The adoption of binding coal phase-out or ban is often preceded by information action and energy planning policy indicating the vector of progress. It is thus important not to discount non-binding pledges made at COPs or domestic forums. Political commitments to phase out coal use or production, as well as national energy planning, often precede the adoption of binding coal bans or phase-outs, or they provide a framework for accountability. However, as such commitments do not create binding obligations, governments can, and do, delay action without legal consequences. For example, the president of Hungary announced that the country would stop using coal by 2030 during the United Nations Climate Action Summit in 2019.85 Hungary since joined the PPCA, pledging to phase out coal at its last remaining lignite power plant Matrai Eromu by 2025.86 In November 2023, the Hungarian government extended the coal power plant’s closure date until 2027.87

Italy’s National Energy Strategy, adopted in 2017, pledged the phase-out of coal in electricity generation by 2025.88 Although the government remains committed to the phase-out date,89 there are concerns that the extension of a coal power plant in Sardinia might jeopardize the target.90

The UK has made significant progress toward the goal of unabated coal power phase-out by October 2024 with no direct coal restricting legislation. While the UK has ambitious climate change legislation, discussed earlier, the coal phase-out declarations remained political, despite the government’s commitment to table the relevant legislation ‘at the earliest opportunity’ in 2021.91 Two years later, with no bill proposed, the government reportedly considers legislation not necessary as ‘coal generators have already committed to phasing out their coal operations’.92

Political pledges can thus be an important precursor to coal phase-out measures or an instrument for accountability. However, without legally binding obligations specific to the coal phase-out, their applicability might be limited.


14.4.2 Climate legislation and coal phase-out

National climate legislation is an important driver of coal phase-out albeit not always directly. Even where the emission targets in the legislation are non-sectoral, for countries with a coal sector, phase-out is often the only option for achieving them. For example, the UK’s 2008 Climate Change Act was the first act of law establishing a legally binding climate change target.93 The target was updated in 2019 to achieve net zero by 2050. The government must develop carbon budgets as well as proposals and policies to meet these budgets.94 The Act further establishes the Committee on Climate Change, an independent, non-departmental public body, to advise the UK and devolved governments and parliaments.95 While the committee does not provide the government with specific policy recommendations, its scientific advice has important weight in policy and law-making, including on coal phase-out.96 However, the letter from the committee’s chair did not dissuade UK ministers from approving a deep coal mine in Cumbria in 2021.97 Ultimately, the way to achieve the binding target is up to government, and plans, incorporating coal, might still comply with the target.

Climate regulation can be used more directly to address coal phase-out. For example, in Canada, climate regulation is in federal jurisdiction while energy is in provincial. In 2012, the Canadian government adopted regulations to reduce CO2 emissions from coal-fired power stations, establishing emission performance standards.98 Such regulatory design allows operators to choose to deploy carbon capture or switch to less polluting generating fuels or renewables. The performance standard applied to all new units from 2015, with staggered application dates for existing units based on their date of commission. In 2018, these regulations were updated with an accelerated timeline bringing forward the compliance dates.99 The regulations were supplemented with provincial regulations and policies, with Ontario leading the coal phase-out in 2014.100

A similar approach emerged in the US, where a number of states legislated emission performance standards for power plants, effectively banning new coal-fired power plants. California pioneered the process in 2006, establishing emission standards for local publicly owned electric utilities to the level of emissions of a gas-fired plant.101

Using climate legislation to phase out coal power can thus be an effective regulatory tool, and allows a tailored approach based on the features of specific jurisdictions and energy systems. However, it also can leave an option to use carbon capture with continued coal use or, where targets are non-sectoral, avoid coal-related measures altogether.


14.4.3 Coal use restrictions

Legally binding measures to ban or phase out the use of coal directly are not new. As early as 1257, in England, the burning of ‘sea coal’ (bituminous coal) was banned to address air pollution in London.102 Today, countries around the world pass legislation to end or limit the use of coal for electricity production, or close existing and prevent the opening of new coal power plants. The local context and structure of the energy system dictate the appropriate regulatory design in each case.

For example, in Europe, Finland, Germany and the Netherlands passed legislation to place a legally binding obligation to phase out the use of coal in electricity production by 2029, 2038 and 2025, respectively.103 The approach in all three Acts is similar in that they set a general prohibition with a cut-off date, a set of exceptions, monitoring and compliance authority, as well as penalties for violations. Exceptions to the ban in all three cases are rather limited and include phase-out extensions for certain installations, for example based on efficiency, amount of CO2 produced,104 or security of supply in emergencies.105

The issue of compensation for power plant operators is raised in the German and Dutch Acts. The Dutch law allows operators to request compensation if they are disproportionately affected compared to other operators of coal-fired production installations.106 The compensation may be granted if it does not raise state aid rules concerns in the European Commission.107 The German law develops a tender procedure, whereby operators of hard coal power plants may participate in annual tenders in which they offer to shut down their plant voluntarily in exchange for compensation.108

In Germany, the coal phase-out legislation was particularly challenging to adopt due to the high reliance on coal following the closure of nuclear power stations. Coal legislation was adopted following a lengthy policy development and public debate process,109 and in addition to developing an elaborate compensation regime also differentiates between hard and brown coal, establishes a phase-out date for coal mining, a structural support framework, which is discussed later.110

Hawaii closed its last power plant in September 2022, as the state’s contract with the utility was set to expire after 30 years in operation.111 Two years prior, the state legislature adopted the law requiring no new coal permits to be awarded after 31 December 2022.112 Legislation, in this case, is relatively simplistic and straightforward given the absence of disgruntled investors, but it does not address the coal ban’s impact on the state’s electricity mix which now heavily relies on oil, raising prices for consumers.113 Nevertheless, elsewhere long-term contracts can place significant barriers to the accelerated energy transition.114

Although coal phase-out legislation is by no means a universal phenomenon, it is a useful tool to create legal commitments on coal able to withstand political changes in the era of polarization of climate discourse. The examples of coal use phase-out legislation in this section demonstrate how regulation can be tailored to address the legal culture and structure of the energy system in different jurisdictions.


14.4.4 Coal sale regulation

Legal restrictions on coal sales can be deployed for a number of reasons. Large producer-exporter states might restrict sales in times of domestic power crises. For example, Indonesian Domestic Market Obligation decrees require coal mining companies to sell a share of produced coal to the national utility at a price capped below market level.115 The mechanism was used in September 2022, to ban coal exports in light of the global energy crisis.116 However, especially in light of COP28’s fossil fuel focus, large producers might consider phasing out exports on climate grounds.117

Climate concerns can also motivate coal sale bans. Despite reluctance to legislate on electricity generation coal phase-out, the UK did adopt regulations restricting the sale of traditional house coal.118 On a larger scale, the state of Washington in 2019 passed a law which prohibits utilities from buying electricity generated from coal after 2025, and in Hawaii, the Coal Ban Law prohibited the coal power purchase agreements.119. These regulations would be appropriate in specific energy market structures as they can be used instead of, or in addition to, coal use phase-outs to place obligations on energy suppliers.


14.4.5 Coal production restrictions and just transition

As discussed in Section 14.2, coal mining produces a significant contribution to methane emissions, in addition to developing coal for further consumption. It is therefore important to develop legally binding commitments to prevent awards of new coal mining permits and consider whether the existing permits could be revoked on climate grounds.

Preventing the award of new coal mining permits is fairly straightforward with appropriate regulation, but this has not been a popular regulatory tool so far.120 The UK Energy Act 2023 nearly included a clause prohibiting the opening of new coal mines and the licensing of new coal mines by the Coal Authority or its successors.121 If included, this clause would effectively prohibit future licensing of all new coal extraction, including area extensions to existing coal mining in the UK. Before the Bill was passed, it was amended to remove the clause.122

Litigation can be useful to challenge new coal permits on climate grounds, as was the case in New South Wales Rocky Hill case.123 The court rejected the coal mining company’s appeal against the refusal of planning permission based on environmental and social impact assessment.124 Nevertheless, the potential contribution of the mine to greenhouse gas emissions was an important consideration in the court’s deliberations.125 The proposed Cumbria coal mine in the UK, mentioned previously, has a pending challenge in the High Court on the grounds of application of market substitution argument,126 and failures to consider downstream emissions and international impacts of the project.127

Refusing a permit in the presence of a license or revoking the existing permits on climate grounds presents significant complications in most jurisdictions. In addition to the threat of investment arbitration, there might not be the legal basis for permit withdrawal. In some cases, where the industry heavily relies on government support, withdrawal of subsidies might be enough to close production.128 In 2007, Germany ended subsidies for hard coal production, which led to the closure of mines in the Saarland region in 2012, and in the Ruhr in 2018.129

Normally, when a licence for a mine is granted, there is an exhaustive list of grounds for refusing a permit. Similarly, for an already operating mine, the conditions for permit revocation are usually restricted in legislation. These challenges came to the fore in Germany during the Hambach forest mine extension discourse. The German Federal Mining Act lists the grounds for rejection of an extraction licence or approvals.130 The grounds include the mining location ‘overriding public interest’ prohibiting exploration in the relevant field.131

Whether climate emergency and the need to reduce emissions would constitute ‘harm to society’ would depend on judicial interpretation. Withholding and revoking coal mining permits without a well-developed appropriate legal framework would result in violations and high compensations. However, withdrawal of government support in some cases should be more actively pursued. Currently, despite EU state aid rules restricting coal subsidies, fiscal support for coal mining is declining but not eliminated.132


14.4.6 Just transition

Closures of coal power plants and coal mines are associated with job losses and wider socio-economic impacts on the regions. In this context, a number of just transition-oriented legal and policy measures can be adopted to support regions highly dependent on coal production or use. These include detailed transition planning at the policy level; community-led place-based planning; establishment of ringfenced funding for retraining and reskilling of workers as well as re-purposing and reusing of the existing infrastructure; and monetary compensation to laid-off workers and resource holders. As part of its Just Transition Mechanism, the EU has established a EUR7.5 billion fund to support regions in the transition toward climate neutrality by 2050.133 In Germany, the coal phase-out law was accompanied by a law on structural support for coal regions.134 The law provides for financial support for coal workers of pre-retirement age, and subsidies for the energy grid and heating transition to partially offset higher prices for electricity.135 The Dutch coal exit law established a fund from which payments can be made to employees of a production installation as well as for retraining.136

These processes are usually associated with creating independent commissions with participation from trade unions, NGOs, scientists and industry representatives.137 Such bodies are tasked with planning and contributing to the achievement of social consensus through public participation and co-development of outcomes.138 For example, in Canada, the proposed Sustainable Jobs Bill would see the establishment of a Sustainable Jobs Partnership Council to engage with stakeholders and provide the government with independent advice.139 Overall, there is a growing body of just transition policies and regulations around climate, labour and public participation, at both the national and international levels.

In conclusion, there are a number of legislation and policy designs available to parliaments and regulators at the national level. Regulation on coal phase-out must be tailored to national circumstances, including the status as producer or consumer, legal framework and obligations, energy market design and just transition considerations.


14.5 Conclusion

The climate rationale of rapid coal phase-out is not in doubt in the energy and climate change mitigation analysis and modelling. Despite coal’s abundance and large share in today’s power production, achieving global climate goals requires both mining and use of coal to rapidly decline over the next few decades. Achieving this necessitates both a collective international approach and tailored regional and national regulatory interventions. Importantly, the burdens and benefits of these regulations will not fall fairly on countries and communities, as more focused efforts are needed from coal reserve holders, producers and large (and growing) consumers.

This chapter mapped out and examined policies and laws on restrictions of coal use, sale and production. At the international level, existing air and climate change regulations have a role to play, especially with increased attention to fossil fuels since COP26. An internationally imposed ban would be challenging to adopt, owing to the lack of political will as well as legal limitations placed by sovereignty, but also concerns of investment law and equity. Nevertheless, informal governance and potential frameworks of reserve, holder compensation offer some innovative legal solutions.

At the national level, many countries have adopted policies and legislation targeting specific activities in the coal sector, allowing them to tailor regulations to specific local concerns. Such regulations need to take into account the wider legal framework and consider potential conflict with, for example, state-aid limitations or constitutional and energy law.

Finally, just transition is an increasingly important notion, at the intersections of public, climate and labour law, calling for targeted support for the most affected regions, workers and communities in coal phase-out regulation and policy.
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15 Should Owners of Carbon-Intensive Assets Be Compensated if Required to Cease Operation Due to the Energy Transition?

Ignacio Herrera Anchustegui and Gunnar S. Eskeland


15.1 Introduction

Businesses come and go, and so do individual assets, practices and technologies. From the general point of view of economic development, these transitions may involve significant adjustment costs but also reflect and utilize improvements in productivity and changes in priorities at both the individual and collective levels.

In an economy that includes individuals, firms and contracts, usually when assets have been stranded by economic development – for example, yesterday’s steam engines – no compensation is offered to their owners. Often, the mere prospect of such compensation would risk impeding the process of development. For instance, it might make engine owners and their bankers less concerned about the future and less dynamic in their investment in new technologies.

In the context of the energy transition, illustrative examples of long-lived assets that risk being stranded by the energy and technology transformation include coal mines, oil wells, diesel locomotives and internal combustion vehicles, as well as some industrial processes related to heavy industrial activity such as steel production, electricity generation and/or cement plants. Climate-friendly technologies to help mitigate adverse climate effects, such as renewable energy, including onshore, offshore wind and solar panels and ‘green’ hydrogen, are being promoted and benefit from public subsidies. In this scenario, investors are redirected to shift their portfolio from carbon-intensive assets to these new energy projects.

The current climate emergency, starting with the Rio Convention of 1992 and continuing with the Kyoto Protocol of 1997, has compelled states to commit to reducing greenhouse gas (GHG) emissions so that they do not exceed global warming of 2 °C (or preferably 1.5 °C) above preindustrial levels.1 A consequence of this is government action that may bring about profound changes in government regulation and our economic system.2

In particular, government policies may play a role in prematurely closing emission-intensive activities or retiring assets as their operation conflicts with a need to mitigate GHG emissions. Some conflicts have already been adjudicated in international arbitration tribunals or national courts, as discussed in this chapter. Similarly, broader discussions revolve around protecting investments under the 1994 Energy Charter Treaty, under renewed scrutiny as a result of the withdrawal of several European countries.3 In the area of oil and gas, some European states have banned the exploration for, or extraction of, oil and gas, and some contracts have been terminated, leading to compensation claims.4 Litigation cases have also emerged regarding electricity-generating plants, such as the compensation paid to owners of coal- and lignite-fired electricity-producing plants in Germany and the Netherlands due to the termination of their licences (discussed in Sections 15.3 and 15.4). Anticipated closures or the revocation of licences for some polluting activities can be linked to states’ obligations to reduce their GHG emissions. These can be demanded by law and courts vis-à-vis states or companies. Examples of the former are the Urgenda Dutch Supreme Court case,5 or the 2023 Klimaatzaak case where the Brussels Court of Appeal declared that the Belgian state must reduce GHG emissions by at least 55 per cent by 2030 in comparison to 1991.6 An example of the latter is the 2022 Milieudefensie et al v. Royal Dutch Shell plc case in the Netherlands.7

In this chapter, we examine instances in which states directly demand the cessation of operations in carbon-intensive industrial sectors before the end of their expected economic or authorized operational lifespan and discuss whether compensation is due. To explore this, we draw from legal and economic arguments. We find that the answer depends on the protection afforded to assets, including property and contractual rights. Such rights are themselves limited by the rights of others. The protection of property rights typically has limitations, including those related to the exercise of state powers or the promotion of public policies. One crucial constraint on government action against asset owners is protection against expropriation. To be lawful, expropriation, as we shall show, must usually satisfy several criteria, including that of owners receiving adequate compensation.

In general, the legitimate scope for the government to shape policy in protecting the public interest has been deemed confined to environmental protection.8 This includes policies encouraging the energy transition, such as emission regulation and taxes, quotas, and support for renewable energy and green research and development. Government measures play a significant role in the envisioned energy transition, such as Europe’s Emissions Trading System (ETS), potentially phasing out or stranding fossil fuel-related assets.

A compensation-free regime entails that each incremental tightening of expected climate policies reduces investment in fossil fuels. This potentially saves money and reduces resistance to the advancing transition. However, such a policy affects the security of property rights, the flow of investment, and legal predictability, and is often deemed illegal, potentially leading to financial instability.9 If large industries have to close due to their carbon footprint, it could result in job losses, unpaid loans and, possibly, material damage and energy scarcity.10 Regarding the social, or total, cost of the transition, much therefore hinges on policies not being introduced with undue haste and not being discriminatory. The same factors are important when deciding whether or not policy-induced closures justify compensation to owners.

Our approach to presenting arguments for and against compensation is as follows. In Section 15.2, we explain what is meant by our focus: states requiring assets to be closed down. In Section 15.3, we link our discussion to the role and nature of government action and to when and in what circumstances the rights of owners of property rights or contractual rights demand compensation from the government. We conclude that there are strong arguments both in law and in practice to show that while permits, licences and concessions may be revoked, compensation is owed when the action would otherwise represent a government breach of the right of property or contractual stipulations. Section 15.4 explains the opposing case that compensation is not justified when government action is found to be within its general policy making powers, reflects the public interest, and is non-discriminatory and lawful. In Section 15.5, we conclude with two main observations. First, such cases are likely to arise in the future. Second, both lines of argumentation lead to plausible legal conclusions, and courts tasked with resolving disputes are likely to strike a balance between the two. While governments may pursue public interest goals along general lines that are non-discriminatory and can be anticipated, they must also be prepared to compensate owners if and when policies change in a way that is found to be unduly abrupt and discriminatory.


15.2 What do we mean by states requiring a carbon-intensive asset to cease operating before the end of its expected operational life?

Climate change mitigation necessitates government policy introducing forceful measures. Internationally, most states have committed to implementing actions to reduce their GHG emissions as part of their Nationally Determined Contributions to the Paris Agreement Framework. Others have gone further and set binding targets to mitigate and adapt to climate change.11 Both imply at least efforts – and sometimes commitments – to develop tools and regulatory frameworks to reduce GHG emissions, involving public interventions and citizen engagement. Policies may provide incentives to alter consumption patterns, promote technological solutions, or even prohibit highly polluting activities.12

Some European states have adopted stringent measures that directly restrict the use or enjoyment of industrial assets. Some of these tackle carbon-intensive activities and technologies, as we discuss in this chapter in relation to electricity production in Germany and the Netherlands, where electricity-producing plants fuelled by coal have been required to be phased out, and/or to limit their production capacity to 35 per cent or less.13 Other measures apply to non-carbon-intensive facilities which are perceived as too dangerous, such as in Germany where nuclear power plants had their licences revoked by a decision of the German Bundestag in 2011.14 In common, these measures involve the cessation of certain activities, either immediately or within a specified timeframe, possibly infringing on the right to enjoy property and results of economic ventures.

While other climate mitigation interventions may curtail the operative lifetime of emission-intensive assets, we analyse cases in which the government intervenes directly in a way that requires ceasing the operation of carbon-intensive assets or processes. These interventions are primarily driven by the need to mitigate or adapt to the effects of climate change. The nature of these interventions can vary significantly, but they hinder the free enjoyment of possessions or property. Consequently, their owners or possessors may not utilize them as intended or for the foreseen duration. In some instances, the order may limit or even revoke a granted right, as, for instance, where a concession or licence awarded for a lignite power plant to operate for 50 years is reduced to just 25 years or revoked altogether.

These restrictions on property or contractual rights will reduce the value of the asset for the owner, in some cases resulting in a total loss of the value.15 The assets are, therefore, stranded. Stranded assets can be defined as assets that lose value well before their anticipated useful life due to changes in legislation, regulation, market forces, disruptive innovation, societal norms or environmental shocks.16 Rendering an asset stranded by state intervention could involve the physical taking of property (a taking or direct expropriation of an asset) or an action that prohibits or limits an activity but does not involve actually removing the property from a person. Both entail a loss of asset value.17 In addition, such government interference may lead to an erosion of rights.18 This can affect both nationals and foreigners, triggering the application of national or international law and, typically, of provisions protecting foreign investment.

Our discussion aims to cover any state intervention that has the effect of demanding the cessation or imposition of a limit on the operation of a carbon-intensive asset. This can take several forms: a law prohibiting an activity, revoking a licence or concession through an administrative decree, or any other expression of the state’s intent with a similar outcome. These actions may be classified as direct or indirect expropriation – a topic well debated in the literature of investment law.19 Expropriation is almost always compensated, whether it is direct or indirect, lawful or unlawful. Our focus is on situations where the government requires the cessation of an activity, the utilization of a technology or the operation of a facility. Cases in which a plant shuts down because of more general policies, such as emission taxes (or other taxes or input costs), rendering operations unprofitable, can be argued to have a similar effect in the long run but are not part of our concern here.20

Two important notes of caution should be mentioned. First, while compensation from the government may be a legal obligation, there are instances where compensation is provided primarily due to political or business considerations to prevent a dispute, such as when a case is settled between parties without establishing or recognizing guilt or responsibility. Second, literature and case law, both domestic and international, allow significant leeway for government actions, including tax changes, without necessarily incurring an obligation to compensate. We cover this in some detail in what follows.


15.3 The case for compensation reflects legal systems that protect rights and discipline governments in the pursuit of public interest


15.3.1 Protection of property: the relationship between an asset and its owner

Legal principles, including ancient systems such as Hammurabi’s Code, Roman Law and Mosaic Law, support tranquillity and predictability by defining rights and ascribing liability to those who violate these rights. This applies to cases involving another private party and, ultimately, the state. Relevant to our discussion are rights of property, possession and use related to productive assets, whether it is a truck, a power plant, an oil well or a firm. These principles, which are related to the protection of rights in rem (or ‘goods’), also establish penalties for the violator, and may require compensation to be paid by the transgressor to the complainant.21 In the past, rules akin to ‘an eye for an eye’ have reflected violation of rights and compensation as part of a general principle of proportionality and restorative justice.22

On the side of an owner whose rights to the peaceful enjoyment of their asset have been interfered with (as in reduced, or taken), compensation makes them financially sound or unharmed, even though they have been deprived of an asset or its service flow. On the side of the person or entity affecting the rights, compensation may serve more broadly to discourage or prevent such interference, as they can expect to be sanctioned and/or required to compensate the affected party.

Two other elements are incorporated into these introductory statements. First, legal systems have granted the state the power to enforce the law and compel compensation from the affecting party. Second, over time, it has become an accepted legal principle that whenever the state deprives someone of property or interferes with an owner’s ability to enjoy property, there will usually be compensation. In other words, the state is not free to ‘take’.

Generally, rights, such as that to property, can provide peace and predictability, facilitating, but also directing, asset creation. Nevertheless, in any given situation, such protection and respect for property is most directly in the owner’s interest. This is well reflected in the work of early commentators, such as Adam Smith.23 Between the protection of private property (as opposed to it being taken or having its use restricted) and the interest of the collective, there may be potential tension and conflict.24 Such tension, which may be between a property owner and a government, raises the question of whether state action that harms the interests of an owner can be delimited, and if so how.

Consequently, there is always tension around rights seen as political and historic constructs: if there is a tendency to protect rights to convey peace and confidence in owners, it may also serve to safeguard current values and policy choices and thereby suppress innovation, new technologies, disruption, youth and potential. Through his idea of creative destruction, Schumpeter emphasizes that such oppression of the new is a deterrent to innovation and technological change.25 Patents were historically monopoly positions that a state power – a king – could sell to gain revenue, but with consequences that were detrimental to dynamics, competition and innovation. Today’s patents, or the protection of intellectual property more generally, can be seen as an attempt to strike a balance: the patent holder is rewarded through a potential monopoly position, but it is limited, not the least in its duration.


15.3.2 Expropriation of assets by the state and protection of owners’ rights

Legal provisions that explicitly impose constraints on takings by the state or the sovereign are typically found in modern systems as part of basic principles of the rule of law, respect for private property and separation of powers. Protection of private property and a duty of compensation when the state hinders property (or the ability to enjoy it peacefully) are found in most constitutions across the globe. Such provisions protect asset owners against arbitrary interference and expropriation and are central to most regulatory frameworks. These protections are anchored on the limitation of power of the state, the rule of law and the idea of primacy of individual rights – all these concepts connected to Western liberal ideas.26

An example of this is the Fifth Amendment to the United States Constitution, which, as part of the 1791 Bill of Rights, safeguards property from government abuses: ‘No person shall be … deprived of life, liberty or property, without due process of law; nor shall private property be taken for public use without just compensation.’

More recently, in December 2021, the South African Congress rejected a proposed modification of Section 25 of the South African Constitution, which would have allowed land expropriation to occur with compensation being ‘nil’. The amendment was rejected, even though the argument was that land is the common heritage of all citizens and must be safeguarded for future generations.27

Hard-law sources in international law, such as investment protection agreements and human rights instruments, extensively recognize the right to property. International investment treaties provide for investor protection against expropriation, whether direct or indirect, and create obligations of compensation by the state in cases where it interferes with property. Similar protections are found in human rights instruments, as will be discussed later. These protections limit government action to ensure predictability and fairness, and to promote investment that would lead to economic development.

A way of looking at provisions that obligate compensation (say, in the case of expropriation or an order to close a source of GHG emissions) is that such provisions serve as commitment devices. They bestow credibility on government actions by law and afford predictability to investors and creditors. In simple terms, the idea is that asset creation could be subdued, made impossible or only made possible for some if the government were able to take property without compensation. The separation of powers and the rule of law can thus safeguard property and the peaceful enjoyment thereof. Such arrangements, or commitment devices, can be attractive to society at large, including the government, which is thereby weakened in a narrow sense. The image of Ulysses, who benefits from having his men tie his hands to the mast in order not to be tempted to change course, is often invoked to illustrate such a problem in the social sphere: a government that is limited in its ability to expropriate can be more robust in inducing asset creation.

The recognition of property rights as human rights and the state’s duty to compensate when these rights are affected is established in several international law instruments, including declarations and conventions. These provisions can be found in Article 17 of the Universal Declaration of Human Rights (1948), the European Convention on Human Rights (1952), the American Convention on Human Rights (1969) and the African Charter on Human and Peoples’ Rights (1981).28

These instruments recognize two elements: the right to own property and the right to the peaceful enjoyment of one’s possessions. They also stress and create guarantees to prevent the arbitrary deprivation of property rights. If property rights are arbitrarily deprived, compensation is required, which should be based on a fair market valuation.29

When dealing with cases involving breach of property rights by states through interference or expropriation, international tribunals have repeatedly found that compensation is due, even if there is no explicit reference to a right to compensation in the taking of property or other forms of interference, such as in the case of Protocol 1 (Article 1) of the European Convention on Human Rights.30 In European Human Rights Law, it is settled that in cases of expropriation ‘there must be a procedure that ensures an overall assessment of the consequences of the expropriation, including the granting of compensation in relation to the value of the expropriated property’.31 Compensation is accrued as part of a balancing of the interests at stake: that of the property owner, and those legitimate interests protected and pursued with the state measure. In the Holy Monasteries v. Greece case, the Greek government was ordered to pay compensation after property held by the monasteries was transferred to the state. The European Court of Human Rights found that the taking of property without compensation was in breach of the European Convention on Human Rights and Protocol 1 thereto, even though the lands were confiscated to be granted to landless people.32

Furthermore, a central tenet of investment protection law and customary public international law is the protection of property against direct and indirect expropriation. Almost all international treaties protecting investors in a host state recognize a guarantee of compensation in cases of property being affected.33 These guarantees are meant, as already discussed, to ensure stability and respect for the investment, which is particularly relevant regarding large infrastructure projects, such as energy-production facilities.34

Compensation is due both when expropriation is lawful (done according to the provisions in the treaty) and when it is not – unlawful expropriation. In the latter case, it is considered arbitrary and a breach of public international law, in addition to a breach of the investment protection vis-à-vis the international investor. Examples of this are found, for instance, in Article 6 of the Norwegian Bilateral Investment Treaty Model from 2015 or, more broadly, in Article 13(1) of the Energy Charter Treaty. International investment protection treaties subject expropriation (direct or indirect) to four requirements: conducted for a public purpose; under due process of law; non-discriminatory; and with prompt payment of adequate and effective compensation.

When expropriation is lawful, the state ought to pay compensation equal to the incurred losses (damnum emergens). In the case of unlawful expropriation, there is a right to full reparation, as well as room for loss of profit (lucrum cessans).35

Both nationally and internationally, legal systems, including numerous human rights conventions and international investment treaties, recognize the value of private property as a fundamental societal right. Yes, states may interfere with or expropriate property in the public interest (such as over carbon-intensive assets in the interest of climate change). However, basic principles, such as the rule of law, human rights protection, constitutional provisions and investment law, subject such takings of property to a series of requirements, including the payment of fair compensation. These restrictions aim to ensure that state actions are conducted fairly and are accountable, protect individuals’ rights and interests, and provide a legal framework for exercising governmental authority.36

Last, the protection of property and the limitation of state powers, ensuring that the taking of carbon-intensive assets is done under restrictive terms and with compensation, are necessary due to the need to strengthen government in a more general sense. More assets can be created when property rights are protected. In other words, a government that is unlikely to order the cessation of operations for carbon-intensive assets unless certain conditions apply would display a discipline that is favourable to investors, as it would resemble the discipline of a government that does not engage in arbitrary expropriation.


15.3.3 Owner’s rights and government action that orders the cessation of operations but does not ‘take’ property

Closely linked to the earlier discussion on expropriation, a state order for cessation of the operation of a carbon-intensive asset may, in terms of value to the owner, be equivalent to a physical taking of the property. Through an interference that causes the cessation of operations, the state is preventing the ‘peaceful enjoyment’ of the property: productive operation, the production of goods, the offering of services or its net income.

Both human rights law and international investment law, in addition to national constitutional provisions, create, as a matter of principle, hard-law limits for the state, be it in ordering the cessation of operations or revoking an authorization or licence. Carbon-intensive assets, licences, and concessions often serve both as administrative authorizations to conduct specific business activities and as instruments specifying the rights and obligations of the parties involved. If an authorization to operate is revoked before the agreed-upon timeframe, it can be seen as an expropriation or a breach of contractual rights.37

European human rights case law stresses that Article 1 of Protocol 1 of the European Convention on Human Rights protects not only the possession of goods but also legitimate expectations, including the expectation of using an asset.38 The European Court of Human Rights has consistently held that holding a licence or authorization to operate a business constitutes a form of possession, and that the right to peaceful enjoyment of possessions, by both individuals and legal persons, is protected under Article 1 of Protocol 1 of the European Convention on Human Rights.39 In Sporrong and Lönnroth v. Sweden, the Court recognized the protection of property (and the right to compensation) in cases without a clearly identifiable deprivation or limitation. This includes situations where there is a gradual interference with property rights.40

In international investment law, indirect expropriation or measures equivalent or tantamount to dispossession are also protected, even if they tend not to be clearly defined. These measures are usually termed ‘indirect’, ‘creeping’ or ‘de facto’ expropriation. An order to stop an activity, or the revocation of a licence to conduct it, can fit such a definition. Tribunals have, for instance, included contractual rights within the scope of expropriation, including wrongful terminations, a breach of an agreement and the revocation of licences.35

Protection of property and compensation are warranted when it can be argued that the owner of the asset experiences a significant restriction or complete elimination of its right to ‘use, enjoy the benefits of, or dispose of’ its property41 and the owner loses control over its business operations,42 suffering a substantial deprivation.43 Revocation of rights can infringe investors’ legitimate expectations, for instance, longer-term operations necessary to recoup the investment.44 As such action may result in the complete loss of the investment value in the future, compensation is due.45


15.3.4 European case law confirms that compensation for carbon-intensive assets must be made: German and Dutch examples


15.3.4.1 Introduction 

Examples from Germany and the Netherlands show that owners of carbon-intensive assets, particularly plants producing electricity, receive compensation when their rights over an asset are affected. Compensation is due when either their infrastructure is subject to a taking of property or when there is an anticipated termination of a licence or permit that prevents them from utilizing these assets for economic activity, whether wholly or partially. These cases simply reflect basic legal principles related to the protection of the rights of investors, the rule of law, the limitation of state powers, and, as we have discussed, economic- and industrial-policy grounds. These cases also show how compensation to owners or users of existing technology may create barriers to the phasing out of these, as states may become wary of the sums that would have to be paid as a result of these actions.


15.3.4.2 The German coal and lignite cases 

Recent cases in Germany illustrate how courts have upheld the rights of carbon-intensive assets to receive compensation if their property or possessions are affected before the end of their planned operational lifetime. A series of compensation claims were brought in Germany arising from measures and suggestions arising from the work by the Commission on Growth, Structural Change, and Employment (the ‘Coal Commission’). The Coal Commission had the objective of developing strategies to transition away from coal and attain Germany’s climate targets.46 One of the Commission’s recommendations was to gradually phase out the generation of electricity from coal-fired power plants, including anthracite (hard coal) and lignite (brown coal), no later than the end of 2038.47 The German state took these recommendations on board, and a policy and regulatory process was initiated to accelerate this phase-out. The policy was transformed into the Act to Reduce and End Coal-Fired Power Generation (August 2020),48 which required the phasing out of hard coal and lignite plants in 2022, 2030 and 2038.49 The Act and its ban on the use of anthracite and lignite effectively forced some operators to stop operations before the end of their anticipated life.50

To address the detrimental effect on private property and rights arising from the granting of a licence to produce electricity, compensation schemes were implemented, depending on the asset involved. In the case of lignite-fired power plants, for example, specific closing dates and compensation resulted in compensation for the ‘socially acceptable decommissioning of lignite plants by December 31, 2029’, with RWE receiving €2.6 billion and Lausitz Energie Kraftwerk AG €1.75 billion in compensation. For hard coal power plants, the compensation is determined through a tender system that initially allows for voluntary reductions and later imposes legally required reductions. The compensation follows a decreasing scale, with the maximum payment per decommissioned megawatt offered in auctions sliding from €165,000 in 2020 to €89,000 in 2026. As of 2027, plant operators will no longer receive financial compensation.

The anticipated revocation of licences for the German nuclear reactors, non-carbon-intensive assets, has triggered similar legal arguments and results worth commenting on. Pursuant to a political decision to close these plants based on security matters, the German Federal Constitutional Court reviewed the measure’s constitutionality in the Atomic Energy Act. In 2016, the Court declared that the phase-out of nuclear reactors was largely compatible with the Constitution, but that nuclear asset owners were entitled to adequate compensation.51 As a result of subsequent negotiations and legal processes, the federal government settled to pay €2.4 billion to EnBW, E.ON/PreussenElektra, RWE and Vattenfall. That ended a series of legal actions, including a lawsuit before the International Centre for Settlement of Investment Disputes (ICSID).52


15.3.4.3 Dutch coal cases 

Like Germany, the Dutch state has recognized the right to compensation for the anticipated closure of carbon-intensive assets. In December 2019, the Netherlands implemented the Prohibition of Coal in Electricity Act, with a prohibition after 2030.53 While four power plants were granted a transition period of 5–10 years, the Hemweg plant was required to cease operations before 1 January 2020, just days after the law was enacted. In this section, we will focus on the Hemweg plant case, while the other four cases will be discussed in Section 15.4.

Article 4 of the Act includes a provision for operators of coal-fired power plants to claim compensation if they can demonstrate that the measure disproportionately affects them. The compensation was introduced, according to the law’s preamble, as these measures would prevent owners from recouping their investment, thereby violating property rights under Dutch law.54 Additionally, the law recognized its impact ‘rules on property within the meaning of Article 1 of the First Protocol to the European Convention on Human Rights and Fundamental Freedoms’.55

Based on these compensation requirements, Vattenfall, the owner of the Hemweg power plant, was awarded a payment of €52.2 million as compensation for lost profits and the costs associated with the abrupt dismissal of staff.56


15.3.4.4 Takeaways from the Netherlands and Germany 

The German and Dutch cases just discussed provide examples by states and ratified by courts confirming the potential for compensation when asset owners are compelled to terminate activities before the expected end of the asset’s lifespan. These cases demonstrate how regulatory climate policies, in general, may have the support of law and courts, even when they deprive owners of value. However, requiring the cessation of operation of carbon-intensive assets is only lawful provided that such measures are justified in terms of promoting the public interest, conducted according to the rule of law, and against the payment of adequate compensation.

A close examination of the cases involving the closure of coal-powered plants in Germany and the Netherlands shows that the compensation payment was linked to the negative effect the measure had on the right to property, as well as the owner’s legitimate expectations to operate these assets. Additionally, the compensation was connected to an event that forced a closure in a short time frame, leaving little room for the asset owners to react, a topic which we discuss again in Section 15.4.4. The closures were abrupt and imposed within a short time frame, and thus would result in the denial of the owners’ peaceful enjoyment of property and render their assets unsellable. As a result of these case-specific observations, it is not surprising that compensation was provided to affected power plant owners in Germany and the Netherlands.


15.4 The case against: decarbonization policies are in the public interest and non-compensable if they are non-discriminatory


15.4.1 Property rights are limited by the rights of others

Property rights, or other rights of use and peaceful enjoyment and possession, are delimited by the rights of others. These include the rights of government when acting in the public interest. In contrast to a system which prioritizes individual rights, under certain circumstances and within specific requirements, the state may interfere and affect private individual rights to promote the public interest.57 In these cases, owners of carbon-intensive assets may see their property affected and compensation might not be due.

This is highlighted, for example, by Article 1 of Protocol 1 to the European Convention on Human Rights, which indicates that the right to enjoy possessions does not ‘impair the right of a State to enforce such laws as it deems necessary to control the use of property in accordance with the general interest or to secure the payment of taxes or other contributions or penalties’.

Interfering with the right to peaceful enjoyment of possessions is legitimate and is to be allowed if: (1) prescribed by law; (2) in the public interest; and (3) necessary in a democratic society, these being cumulative conditions.58 Similarly, the European Court of Human Rights accepted that a limitation of rights based on the rights of others and public policy is justified when it is under due process, pursues a legitimate aim and the measure is proportionate.59 With regard to the democratic element, this recognizes that a democratic process must be permitted to make and change policy without being, in effect, held to ransom by a small group of persons who have invested while relying and based on an earlier policy.60


15.4.2 Compared to expropriation, ‘interference’ makes less of a case for compensation

Limits to interference with the rights of private entities owning or operating carbon-intensive assets (prescribed by law; in the public interest; and necessary in a democratic society) bear a strong similarity to the conditions delimiting legal expropriation (Section 15.3). Nevertheless, ‘interference with the right to peaceful enjoyment’ differs from ‘expropriation’ in two ways: in terms of the consequence for the value to the owner and the result related to the public purpose.

For example, the government may act in the public interest by reducing harmful noise in a neighbourhood (or air pollution as discussed in Section 15.4.3) and interfere in a factory’s operations by ordering it to cease operating during night hours, acting in the exercise of ‘police powers’. The consequence in value to the owner will likely be smaller than that of expropriation or revoking a factory operation permit, since daytime hours of operation are still available for the owner’s ‘peaceful enjoyment’. The consequence is also, to a greater extent, related to and driven by the public interest because the public purpose of less noise is not ‘mixed’ with – or contaminated by – a possible desire of the government to possess or control the valuable factory or its outputs.

As lawful expropriation necessitates compensation, whereas ‘interference with peaceful enjoyment’ does not, the economic logic can be as follows: Under expropriation, the government typically takes the asset (or the authorization to operate), sometimes because the government wants the asset. The requirement of compensation under expropriation serves as a deterrent to government expropriation over and above what is needed to deter undue interference. In the case of interference, the government would not typically gain command or peaceful enjoyment of the asset or its output. Thus, a compensation requirement is not needed to deter that temptation.


15.4.3 Not all limitations on property grant compensation; interference based on the state’s regulatory powers never does

Section 15.3 showed how compensation can be warranted in the case of property or rights being affected by the state when requiring a carbon-intensive activity to be stopped. However, this argument overlooks a crucial issue: states have the right to regulate and exert powers to benefit their citizens in a democratic society.61 An increasing number of examples show that measures taken by the state affecting private parties’ rights do not lead to compensation.62

While it is reasonable and in line with the limitation that state powers that impact property rights without compensation should be restricted and based on special requirements, the term ‘police powers’ may be misleading. States have not only the right but also the duty to regulate and make strategic decisions for the benefit of society as part of their regulatory function. This may include the authority to order the cessation of an activity or the closure of a carbon-intensive asset.

Under public international law, and in many national legal systems, it is permissible for the state to interfere with the property rights and other rights of investors and private parties in connection with the right to regulate. This power to affect property or other rights of individuals or entities without compensation is typically linked to the concept of ‘police powers’.63 These powers enable the government to act in the public interest, even if they have an impact on private property or contractual rights.

It is widely accepted that measures such as taxation, trade restrictions, antitrust rules, environmental protection, land-planning orders, and carbon taxes to mitigate climate change are permissible without triggering any compensatory payment.64 Requiring the cessation of carbon-intensive activities is a decision justified by the protection of others (right to health, for instance) and the environment (rights of nature and the right to a healthy environment), and it serves as an example of this, provided it is done in a non-discriminatory manner and in accordance with due process of law.65

Let us turn to carbon trading systems as an example of such interference. For instance, a European system of tradable CO2 emission quotas, the ETS, spreads these policy shocks and their responses across sectors and over decades. An additional element of the ETS, which has softened its expropriatory content, has been distributing free quotas to existing firms. Thus, firm assets that might lose value due to government regulations (emission quotas) are buffered (if not compensated) by the fact that European competitors face the same constraints and cost increases and may either buy quotas or benefit from selling quotas if they reduce emissions.66 Within the EU, the ETS scheme qualifies for non-compensation as it is based on the public interest (addressing GHG emissions directly); non-discriminatory (cross-sectoral, and allowing trade in quotas to soften differences in compliance costs); designed (and modified) so that quota transfers over time (banking) can protect against untimely tightening of policy; introduced in a lawful and democratic setting.

More than a handful of investment law cases illustrate that state intervention may not warrant compensation even if property is significantly affected. For example, The Occidental Exploration and Production Company v. Republic of Ecuador,67 Too v. Greater Modesto Insurance Associates,68 Lauder v. Czech Republic,69 Técnicas Medioambientales Tecmed S.A. v. United Mexican States arbitration cases, and the European Court of Human Rights case Jahn and others v. Germany,70 stress that measures that affect individual rights that are non-discriminatory are bona fide, are for the benefit of the collective and are under due process do not lead to a compensation payment. Even in liberal states such as Canada and the United States, the state has been absolved of paying compensation (or settled with a much smaller sum) when ordering the ban of additives on gasoline for environmental reasons. In Methanex Corp. v. United States of America, compensation claims were dismissed by the arbitration tribunal in full,71 and similarly in Ethyl Corporation v. Government of Canada (settled with a payment out of court of $13 million out of the $215 million claimed).72

National constitutional or statutory provisions also reflect similar cases for non-compensation.73 For example, in Germany, the Federal Constitution distinguishes between expropriation, which always requires compensation, and decisions that limit ownership and do not need compensation, as discussed by the Federal Constitutional Court in the Groundwater Case.74

In summary, there is a range of state measures that are considered strategic and of the utmost importance for guiding society. These measures may interfere with the rights of owners and operators of carbon-intensive assets. However, measures and intervention powers are non-compensable as they are justified in the public interest, non-discriminatory and conducted under the rule of law. Thus, when there is a requirement to cease the operation of carbon-intensive assets due to climate concerns, which is done generally and as part of the legitimate democratic process, states can be found to simply be acting in the public interest and not be liable to compensate.


15.4.4 In the public interest of climate policy, ‘stranding’ of some assets is to be expected

The challenge of climate change necessitates state intervention in the economy: an emission trading scheme like EU ETS is only one example. A combination of such government policies (and treaties) that ‘interfere with the peaceful enjoyment of possessions’ can certainly satisfy the requirements (for non-compensation) above if they are: prescribed by law; in the promotion of public interest (climate mitigation, energy transition); and necessary in a democracy.

Such policies will be, should be and are expected to result in some stranding of assets, as when cars, ships or power plants are scrapped, closed or modified earlier in their lifetime than they otherwise would be. It is a consequence to be expected, not only of established climate science but also of international agreements and national targets to mitigate climate change and drastically cut GHG emissions. These obligations and goals inevitably compel states to act, including in ways that limit the rights of private individuals and firms. Consequently, car owners and car manufacturers are subjected to tightening emission standards, fuel sellers to blend-in mandates, power plants and steel mills to cutting emission quotas, and certain technologies are not allowed to operate due to their impact on climate, health or the environment.

Given the current climate ambitions and policy targets, it is unsurprising that states would begin to demand the cessation of certain polluting activities. It is for debate whether this is sufficiently and legitimately driven by the public interest of climate mitigation, lawful and required in a democratic society. These measures and related issues are the subject of intense public debate.75 In terms of legality, essential questions have been shown to be whether the action taken by the government is in line with the public interest and discriminatory.


15.4.4.1 Non-compensation has important efficiency implications 

Policies that do not provide compensation have positive implications in terms of efficiency since compensation can be harmful to efficiency. First, as a central benchmark, households and firms that anticipate climate policy tightening early on and take measures to mitigate climate change directly save societal resources, reduce the costs of such tightening and demonstrate the feasibility of mitigation. Such anticipation, cost reductions and leadership may be hindered if owners of carbon-intensive assets expect or demand compensation. Second, significant investment in carbon-intensive assets that could be eligible for compensation might discourage the tightening of policies, and prospects of compensation could incentivize such investment. Both the rent-seeking literature, initiated by Anne Krueger in 1974,76 and the literature on commitment problems,77 deal with how some unproductive and costly actions influence government decisions. In environmental economics, the ‘new source bias’ is a prominent example of the government imposing more lenient policies for existing facilities and equipment (such as cars) than for new ones.78 While such differentiation can be a sensible part of ramping up mitigation ambitions, typically it has the adverse effect of accelerating investment in older and more polluting assets when it is expected. Hans Werner Sinn’s ‘green paradox’ in 2008 is one example of this, as he points out that fossil resource owners who anticipate tighter climate policies may accelerate fossil fuel extraction and combustion.79

Thus, if compensation is expected in light of climate action, investors may be more likely to develop even more carbon-intensive assets. This effect is akin to the exemption from stricter climate policies for established assets, which creates a new source bias. Similar stimulating effects on polluting investments, reinvestments and the continuation of such activities have been assessed in the literature in connection with free emission quotas (grandfathering).80 These allocations are often seen as the price one has to pay to reduce resistance from existing industries to environmental reforms, which often also overcompensate the firms affected.81


15.4.4.2 Non-compensation and expectations: ‘If you knew it, you won’t be compensated’ 

Legal certainty and legitimate expectations remain intact when a diligent investor can anticipate the need to act to align with climate change objectives. Entities engaged in polluting and carbon-intensive activities bear a societal responsibility to contribute to emissions reduction. They should be ‘extra alert to the possibility of regulatory measures by the government and adapt to this’,53 by adjusting their line of activity and business model. As the Hague District Court clearly stated in November 2022 in RWE and Uniper v. the Netherlands, ‘[i]‌f a company does not do this or does so insufficiently, it is at its own risk’ and ought not to receive any compensation if there are other balancing measures in place.82

Let us review this case in relation to legitimate expectations and the cessation of carbon-intensive industries. In November 2022, the Hague District Court dismissed compensation claims by RWE and Uniper regarding the premature closure of three coal-fired plants. These projects, initiated in 2009 and completed in 2015 and 2016, respectively, were originally anticipated to have a minimum operational lifespan of 40 years.83

However, and as discussed in Section 15.3.4.3, in 2019, the Dutch government enacted the Prohibition of Coal in Electricity Act, reducing the operational lifespan of carbon-intensive industries by about 25 years. The basis for the claim for compensation was the protection of property rights under Protocol 1 of the European Convention on Human Rights (ECHR) and Article 17 of the Charter of Fundamental Rights of the EU, closely aligning with the arguments in Section 15.3.4 of this chapter when reviewing the coal cases in Germany and the Netherlands. The measure negatively impacts the peaceful enjoyment of property and fundamental rights. However, the measures were foreseeable and struck a fair balance between the climate objectives being pursued and the respect for individual rights.84

The judgment by the Hague District Court highlights that a foreseeability test is key85 and that companies engaged in ‘controversial industries’ are ‘expected to be aware of national and international developments that may (in due course) lead to government measures that could affect the activities of its company’.86 The exact measure may not be expressly foreseen; what matters is whether it falls within what could reasonably be expected based on the context of national climate plans and public interest. If it could have been legitimately expected and the state acts in a bona fide manner, no compensation can be claimed. In this balancing exercise, the Court assessed the public interest, the measure itself, and the alternatives and possibilities provided to the property holder whose rights have been impacted.87 In the context of climate change, compensation becomes ‘only one of many factors’ when evaluating foreseeable measures that promote public interests and balance.88

If this judgment is upheld by the Hague Appeals Court, the argument in this section would be strengthened. That is, in cases where a state revokes a licence or permit as part of reasonable and expected climate policy, shortening the expected lifespan of a carbon-intensive industry, compensation should not be granted automatically (or at all), even if such an asset would become stranded.


15.4.5 Stranded assets, financial implications and the carbon crash

Apart from the critical questions about incentives and mitigation associated with compensation, discussion and analysis also need to be had concerning stranded assets and financial risks, including those related to financial system stability. When Mark Carney, who was the Governor of the Bank of England, highlighted in a landmark speech in 2015 that financial systems are vulnerable, his main emphasis was on climate risk, such as assets lost due to flooding, storms or drought. Later, the term ‘climate risk’ was also used to cover the risks that climate policy may pose for carbon-intensive assets and activities.89

When there are significant and unforeseen changes in regulatory or market conditions, asset operators may be unable to recover their investments90 due to redundancy or obsolescence,91 rendering market values lower than book values.92 The assets are then stranded if it becomes impossible or prohibitively expensive to transition to alternative uses of the assets.93

Historically, discussions about stranded costs arose when electricity markets were transitioning as a result of reregulation from monopolies to competitive structures, as to whether investors were entitled to compensation to recover their costs in markets of regulated rates for monopolies.94

There are important questions to be asked revolving around whether climate risks and the stranding of assets pose a bigger threat to financial systems or to financial stability. Van der Ploeg and Rezai point out that redirecting investment from carbon-intensive to carbon-free industries under a socially optimal policy leads to the optimal and forward-looking composition of capital. Some have proclaimed an ongoing bubble in carbon-intensive sectors (the so-called ‘carbon bubble’) that bursts once climate policy hits, but Van der Ploeg and Rezai emphasize that the scope for surprises has two sides to it.95

Compared to the role of real estate and mortgages, which were at the root of the financial crisis of 2007–08, the energy transition affects a narrower asset base in terms of value, a lower degree of leverage, and has greater predictability in the institutional underpinning of the energy transition.

Unlike mortgages and the banking sector, the fossil fuel industry is large enough to envisage broader financial difficulty if the transition to renewable energy is disorderly. Nevertheless, in terms of quantitative impacts focusing on real assets exposed to the risk of stranding, Van der Ploeg and Rezai write: ‘Stranding of assets mostly affects the 20 biggest oil, gas, and coal companies … but it also affects carbon-intensive industries such as steel, aluminum, cement, plastics, and greenhouse horticulture.’96 A disorderly transition to a carbon-free economy will lead to stranded assets and legal claims.

Van der Ploeg and Rezai also highlight two conditions regarding stranding: first, an unanticipated future change in conditions affecting the profitability of fossil fuel assets and, second, adjustment costs. One cause of stranding carbon-intensive assets is when the government suddenly intensifies climate action to limit the total amount of cumulative carbon emissions, catching the private sector unaware of the potential policy change.97

The differences between fossil-based assets and real estate are also significant. Van der Ploeg and Rezai point out that the mere size of carbon assets that could possibly be stranded,98 while large, is more modest than in real estate: fossil fuel companies constitute about $5 trillion out of the $70 trillion of world stock markets, and out of total financial assets of $300 trillion.99 This does not rule out ‘bubbles’, but financial regulators are increasingly aware of, and monitor, these risks.100 McGlade and Ekins assess that 80 per cent of all coal reserves must be stranded if the 2 °C Paris limitation on warming is not to be exceeded.101 However, Harstad’s ‘Buy Coal’ paper highlights that coal reserves are heterogeneous, implying that reserves with a high carbon content and mining costs can be taken ‘off the table’ at moderate costs.102

Efforts such as the Carbon Tracker,103 and many other initiatives (the EU’s taxonomy included),104 share a common goal of creating awareness and conveying information to optimally reallocate financial flows and exposures for the climate transition, subject to the commitment of policy makers. Karydas and Xepapadeas deconstruct disaster risk into that which is temperature-related and that which is not, showing the effects on asset pricing and asset holdings.105 Following Carney’s alert in 2015, central bank governors have highlighted the risks of a ‘carbon bubble’ and emphasized the need for capital market regulators to ensure oversight and corporate disclosure.106 Thus, if national policies lag behind – or when treaties lag behind – so will financial flows and real asset composition and exposures. What banking regulators could do in addition, perhaps, is to force highly leveraged financial sectors to lean away from highly correlated risks, such as surprising climate change damage or unanticipated moves away from carbon emissions in political decisions or market movements.

One conclusion that can be drawn regarding ‘stranded assets’ is that some financial disturbances can be anticipated. However, the predictability in a long-term transition and the narrower asset base in energy, compared to real estate, suggest that financiers should focus on measuring, monitoring and regulating risk-taking.

Crucially, the recognized risks could be effectively addressed by the discipline outlined earlier: resist compensating owners and lenders for stranded assets when closures adhere to the law and public interest, are non-discriminatory and proportionate, reflect democratic procedures, and can be anticipated.

In financial crises, a recurring issue is the bailout of the banking industry and its leaders and owners by the government and taxpayers – a form of compensation for owners and managers. When banks, including many large ones, incur significant losses, they are often assisted, with managers retained and owners buffered, rather than banks facing dissolution. This practice fosters excessive risk-taking in banking. One interpretation of this government and regulatory leniency is that some banks are considered too big and essential to be allowed to dissolve. Therefore, efforts to prevent excessive size and monitor and regulate risk-taking have been sought in banking regulation and oversight. Notably, climate risk has been incorporated into monitoring and stress-testing in the financial sector since Carney’s Bank of England speech in 2015.

Energy sectors, such as electricity generation, may also be essential because governments could face significant challenges if the sector were threatened with a fundamental or financial breakdown. However, as in banking, such risks would not be mitigated by compensation, or the expectation of compensation, for stranded assets. On the contrary, compensation practices could exacerbate the challenges. In bankruptcy, banks and other firms are either dissolved or assets are put in the control – administration – of others, such as creditors, courts or government agencies. In the energy sector, too, the government will be part of such administration of assets and industries, if only temporarily.


15.5 Summary and conclusion

Basic principles of law establish rights and obligations, thereby reducing conflict and enabling investment and development. Among these are property rights, or owners’ rights to the ‘peaceful enjoyment of their property’. When respected, such rights are crucial in facilitating asset creation (investment), peace and productivity. However, property rights are not absolute. They are delimited by the rights of others, as illustrated by the government’s authority to implement policies in the public interest, such as climate policy.

A government action that requires the cessation of an activity or forbids the utilization of a fossil-intensive technology may be considered to be of an expropriatory nature if it is found to be ‘discriminatory’. In such cases, there is a legal argument that the owner is entitled to compensation. Reaching the opposite conclusion, policies in the public interest (such as climate change mitigation) may fall within the ordinary policy-making authority of the government and, therefore, not be compensable, even if they lead to closures, as long as they are not discriminatory. This constitutes the legal case for non-compensation.

From an economic perspective, secure property rights have positive efficiency implications as they facilitate saving, investment and development. However, the government possesses powers, such as taxation, which are employed in pursuing public interest, including welfare goals such as wealth redistribution. The use of these powers can change in response to the evolving needs and interests, as seen in the rising prominence of climate policy. A compensation requirement can discourage government from appropriating specific assets arbitrarily, and thus benefit investor confidence and asset creation. In contrast, non-compensation can serve the purpose of sensitizing investors to anticipate changing needs in line with government policies.

In our specific case, examining the legitimate public interest behind government actions leading to cessation in the use of fossil-intensive equipment, technologies or processes, there is, a priori, a tension between two desirable ‘disciplining effects’ in the ‘public interest’ of climate policy: The first, property rights protection, aims to discourage government actions that are expropriatory in nature – actions that are unduly specific, discriminatory or hasty, relative to the public interest goal of climate policy. Undue haste or discrimination relative to the public interest goal should be met with a compensation requirement. The second, encouraging alertness and responsibility in investors and asset creation, aims to encourage investors to be observant of emerging public-interest goals, such as climate policy, and to recognize the risks in public-interest areas that the government might act upon. Compensation should not be expected when government actions are not unduly hasty or discriminatory.

Our review of arguments, examples and case law regarding compensation in policy examples reveals a consistent pattern. Compensation is typically deemed necessary when the policy change is considered excessively rapid or specific – disproportionate to the policy objective at hand. In contrast, policies that are gradually and universally tightened over time are less likely to warrant compensation.

We have identified two key qualities that government policies should possess to avoid compensation:


	1. Universality: Treating all emitting sources equally or similarly, such as by implementing tradable quotas or emission taxes. From the point of view of environmental economics, such universality is commendable, as GHGs, especially CO2, are globally distributed, making any given emission reduction equally valuable wherever it may happen. From a legal perspective, this equal treatment also upholds the principle of equality before the law and the principle of proportionality.

	2. Predictability: Implementing emission quotas in a general and stringent manner over time, reflecting the evolution of the environmental problem at hand. From the perspective of environmental economics, such predictability allows for the early detection and direction of investment and divestment opportunities. For owners and operators and investors, this implies actively following the policy process and anticipating and understanding the interaction between industrial activities and environmental challenges.


Ideally, these qualities of universality, proportionality and predictability, akin to the rule of law and equality under the law, not only serve to prevent compensation payments but also deter against investment in assets that might be stranded, thus avoiding costs and conflict. One of the essential goals of government policy, including legislation, is to ensure that the government and the law remain firm and impervious to manipulation by private-sector behaviours.

However, there are cases in which compensation is justifiable and necessary, not only in situations involving expropriation but also when specific activities or practices need to be targeted by the government. An instructive example reflecting this and the impact climate change policy has on technology development (its introduction but also phasing out) might be the EU’s current consideration of a ban on the sale of new internal combustion engine cars starting in 2035. While such a policy would not lead to stranded assets in the form of existing cars (as car lifespans are relatively short and existing cars might still be allowed some use), it could potentially devalue and strand existing car manufacturing factories in Europe. Compensation in this scenario is less likely to be associated with a legal obligation, because the policy is both part of broader climate policies and outlined explicitly in legislation 12 years in advance (2023), allowing for anticipation and adjustment of planned investment over a long time frame. Practically speaking, European car manufacturers are likely to focus on the challenges ahead and support the industry’s transition, which would have more significant positive implications than the prospects of, or legal requirements for, compensation.


Acknowledgement

This work has been made possible by the generous funding granted by the Research Council of Norway to the Norwegian Centre for Hydrogen Research – HyValue (Project: 333151).




1Paris Agreement to the United Nations Framework Convention on Climate Change, 12 December 2015.
2David Khachvan, ‘Non-compensable regulation versus regulatory expropriation: are climate change regulations compensable?’ [2020] 35(1–2) ICSID Review – Foreign Investment Law Journal, 154.
3European Commission, European Commission proposes a coordinated EU withdrawal from the Energy Charter Treaty (7 July 2023); Martin Dietrich Brauch, ‘Should the European Union fix, leave or kill the Energy Charter Treaty?’ [2021], Columbia Center on Sustainable Investment; J Robert Basedow, ‘The Achmea judgment and the applicability of the Energy Charter Treaty in intra-EU investment arbitration’ [2020] 23 Journal of International Economic Law, 271.
4Anatole Boute, ‘Investor compensation for oil and gas phase out decisions: aligning valuation methods to decarbonization’ [2023] 23 Climate Policy, 1087.
5De Staat der Nederlanden v. Stichting Urgenda, Hoge Raad, ECLI:NL:HR:2019:2007, 13 January 2020.
6VZW Klimaatzaak v. Kingdom of Belgium & Others, Cour d’appel Bruxelles – 2021/AR/1589, 2022/AR/737 et 2022/AR/891, 30 November 2023.
7Milieudefensie et al. v. Royal Dutch Shell plc, Rechtbank Den Haag C/09/571932 / HA ZA 19–379, 26 May 2021. This was reversed on appeal, in 2024.
8See dealing with this issue from a European perspective, inter alia: Andrew J Jordan and Duncan Liefferink (eds), Environmental Policy in Europe: The Europeanization of National Environmental Policy (Routledge 2004); Geert Van Calster and Leonie Reins, EU Environmental Law (Edward Elgar Publishing 2017); Mariachiara Alberton, ‘Environmental protection in the EU member states: changing institutional scenarios and trends’ [2012] 363 L’Europe en Formation, 287.
9Achim Hagen, Niko Jaakkola and Angelika Vogt, ‘The interplay between expectations and climate policy: compensation for stranded assets’ [2019], IAEE Energy Forum, 29.
10See generally on ‘carbon bubble’: JF Mercure et al, ‘Macroeconomic impact of stranded fossil fuel assets’ [2018] 8 Nature Climate Change, 588; Christophe McGlade and Paul Ekins, ‘The geographical distribution of fossil fuels unused when limiting global warming to 2 °C’ [2015] 517 Nature, 187; Editorial, ‘Carbon bubble toil and trouble’ (2014) 4 Nature Climate Change 229; Forbes, We’re living through a carbon bubble—here’s what we can do about it (26 March 2021), www.forbes.com/sites/ashoka/2021/03/26/were-living-through-a-carbon-bubble--heres-what-we-can-do-about-it/?sh=205d6e491b62; The Guardian and Fiona Harvey, What is the carbon bubble and what will happen if it bursts? (4 June 2018), www.theguardian.com/environment/2018/jun/04/what-is-the-carbon-bubble-and-what-will-happen-if-it-bursts.
11Sweden, the United Kingdom, France, New Zealand, Denmark and Hungary are examples of countries with national binding net-zero targets. The European Union has set out ‘a binding objective of climate neutrality in the Union by 2050 in pursuit of the long-term temperature goal set out in point (a) of Article 2(1) of the Paris Agreement’ in Article 1 of the Regulation (EU) 2021/1119 establishing the framework for achieving climate neutrality (OJ [2021] L 243/1).
12Illustrative examples are CO2 taxes on fuels or use of certain polluting activities, discouraging use of gasoline and diesel cars, and electric car tax exemptions (both in use in Norway and many other countries, see more on this: Shiyu Yan and Gunnar S Eskeland, ‘Greening the vehicle fleet: Norway’s CO2-differentiated registration tax’ [2018] 91 Journal of Environmental Economics and Management 247; Ignacio Herrera Anchustegui and Aleksander Glapiak, ‘Wind of change: A Scandinavian perspective on energy transition and the “greenification” of the oil and gas sector’, in Katarzyna Gromek-Broc (ed), Regional Approaches to the Energy Transition: A Multidisciplinary Perspective (Springer 2023). In Europe, several countries are now discussing bans on the sale of new fossil-fuelled cars around 2035.
13Article 3 of Wet van 11 December 2019, houdende Regels voor het produceren van elektriciteit met behulp van kolen (Wet verbod op kolen bij elektriciteitsproductie [Prohibition of Coal in Electricity Production]).
14For a detailed discussion of the nuclear phase-out, see: Federal Office for the Safety of Nuclear Waste Management, The nuclear phase-out in Germany (19 April 2023). While these examples do not involve fossil fuels, their legal processes are of relevance as they, too, relate to government policing powers, public interest, and whether there is undue haste or discrimination.
15Frederick Van der Ploeg and Armon Rezai, ‘Stranded assets in the transition to a carbon-free economy’ [2020] 12 Annual Review of Resource Economics, 281, p 289.
16Emily Hammond and Jim Rossi, ‘Stranded costs and grid decarbonization’ [2016] 82 Brooklyn Law Review, 645.
17See, for example: Christoph Schreuer, ‘The concept of expropriation under the ETC and other investment protection treaties’ [2005] 2 Transnational Dispute Management, 1, p 5; Wil D Verwey and Nico J Schrijver, ‘The taking of foreign property under international law: a new legal perspective?’ [1984] 15 Netherlands Yearbook of International Law, 3; UNCTAD, Series on Issues in International Investment Agreements: Taking of Property (2000), pp 4, 41; W Kühn and U Wiegel, ‘The application of international law and treaty provisions by arbitrators’ [2003] 4 The Journal of World Investment, 451.
18UNCTAD, Series on Issues in International Investment Agreements: Taking of Property (2000), p 20.
19For some literature dealing with the issue of expropriation see, inter alia, Jörg Kammerhofer, International Investment Law and Legal Theory: Expropriation and the Fragmentation of Sources (Cambridge University Press 2021); V Lowe, ‘Regulation or expropriation?’ [2002] 55 Current Legal Problems, 447; Steven Ratner, ‘Compensation for expropriations in a world of investment treaties: beyond the lawful/unlawful distinction’ [2017] 111 American Journal of International Law, 7; Peter D Isakoff, ‘Defining the scope of indirect expropriation for international investments’ [2012] 3 The Global Business Law Review, 189.
20As will be seen in our analysis, however, such broader policy changes have often been met (and will be) successfully by findings that the policies are within the broad regulatory (‘policing’) powers of government, thus not expropriatory, thus not commanding compensation to be legal.
21For instance, in public international (investment) law, when private property is taken or affected by the state it is an accepted principle of law that compensation is due. See: David Collins, An Introduction to International Investment Law (2nd edn, Cambridge University Press 2023), p 29.
22The term ‘eye for an eye’, in the earlier Hammurabi Code as well as in Mosaic law is quite literally proportional: When there is punishment: ‘Anyone who injures their neighbour is to be injured in the same manner’, and similarly when ‘damages’ are metered out to be paid by the offender to an owner whose asset has been harmed.
23‘Civil government, in so far as it is instituted for the security of property, is in reality instituted for the defence of the rich against the poor, or of those who have some property against those who have none at all’, Adam Smith (1775–76), An Inquiry into the Nature and Causes of the Wealth of Nations, Book V, Part II, Of the Expense of Justice (Liberty Classics, Oxford University Press 1976, 1979), p 715.
24An interesting literature narrates and analyses how rights – acknowledged by others – emerge in frontier conflict settings, such as in the North American west (land rights and mining claims) and the Amazon frontier. Mining claims illustrate well how the rights and their protection can come about as collective action (and emerging government), in the sense that individual miners would find themselves without protection. A collection of essays is found in Michelle R Garfinkel and Stergios Skaperdas, The Political Economy of Conflict and Appropriation (Cambridge University Press 1996).
25A modern contribution that emphasizes this problem of liberalization, especially through financial channels is Raghuram G Rajan and Luigi Zingales, Saving Capitalism from the Capitalists: Unleashing the Power of Financial Markets to Create Wealth and Spread Opportunity (New York: Crown Business 2003).
26See, for example, highlighting the link between individualism and western liberalism: Kenneth Pennington, The Prince and the Law, 1200–1600: Sovereignty and Rights in the Western Legal Tradition (University of California Press 2023).
27Parliament of the Republic of South Africa, Amendment of Section 25 of the Constitution, www.parliament.gov.za/project-event-details/285; Reuters and Tim Cocks, S. African law change plan to allow land expropriation fails to pass (7 December 2021), www.reuters.com/markets/commodities/safrican-law-change-plan-allow-land-expropriation-fails-pass-2021-12-07/.
28There are, however, international treaties, conventions and declarations that do not include property as a human right as the result of Cold War politics.
29Helen Mountfield, ‘Regulatory expropriations in Europe: the approach of the European Court of Human Rights’ [2002–03] New York University Environmental Law Journal, 136, p 140. We do not go into detail on the literature of what constitutes a fair or sufficient compensation.
30Aida Grgic et al, The Right to Property under the European Convention on Human Rights, Council of Europe (2007), pp 5–6.
31European Court of Human Rights, Guide on Article 1 of Protocol No. 1 to the European Convention on Human Rights (31 August 2022), p 32. See cases: Alfa Glass Anonymi Emboriki Etairia Yalopinakon v. Greece, § 36; Pálka and Others v. the Czech Republic, § 62.
32The Holy Monasteries v. Greece European, Court of Human Rights Application Nos 13092/87 and 13984/88 Judgment of 9 December 1994.
33David Collins, An Introduction to International Investment Law (2nd edn, Cambridge University Press 2023), p 39.
34Peter Cameron, International Energy Investment Law: The Pursuit of Stability (Oxford University Press 2021), para 1.32.
35Factory at Chorzów, Permanent Court of International Justice (1927). In this chapter, we do not discuss these differences regarding law and unlawful expropriation.
36Christoph Schreuer, ‘The concept of expropriation under the ETC and other investment protection treaties’ [2005] 2 Transnational Dispute Management, 14, p 2.
37Parkerings-Compagniet AS v. Republic of Lithuania, ICSID Case No. ARB/05/8; Compañiá de Aguas del Aconquija S.A. and Vivendi Universal S.A. v. Argentine Republic, ICSID Case No. ARB/97/3 (formerly Compañía de Aguas del Aconquija, S.A. and Compagnie Générale des Eaux v. Argentine Republic).
38Ledi Bianku et al, ‘Right to Property in the Context of Article 1 Protocol 1 to the European Convention on Human Rights and Freedoms’ (June 2021), p 17.
39See the case law of the European Court of Human Rights, for example, Megadat.com SRL v. Moldova (2008), §§ 62–63; Bimer S.A. v. Moldova (2007), § 49; Rosenzweig and Bonded Warehouses Ltd. v. Poland (2005), § 49; Capital Bank AD v. Bulgaria (2005), § 130; Tre Traktörer Aktiebolag v. Sweden (1989), § 53. See also: Aida Grgic et al, The Right to Property under the European Convention on Human Rights, Council of Europe (2007), p 5.
40Sporrong and Lönnroth v. Sweden (1982).
41Peter Cameron, International Energy Investment Law: The Pursuit of Stability (Oxford University Press 2021), para 6.77.
42Sempra Energy International v. The Argentine Republic, ICSID Case No. ARB/02/16.
43BayWa r.e. Renewable Energy GmbH and BayWa r.e. Asset Holding GmbH v. Spain, ICSID Case No. ARB/15/16.
44Técnicas Medioambientales Tecmed, S.A. v. The United Mexican States, ICSID Case No. ARB (AF)/00/2.
45Metalclad Corporation v. The United Mexican States, ICSID Case No. ARB(AF)/97/1.
46German Federal Government, Ending coal-generated power, www.bundesregierung.de/breg-en/service/archive/kohleausstiegsgesetz-1717014.
47Clean Energy Wire and Carolina Kyllmann, German coal region brings phase-out forward to 2030 but refires lignite short-term (4 October 2022), www.cleanenergywire.org/news/german-coal-region-brings-coal-phase-out-forward-2030-refires-lignite-short-term; Reuters, Germany’s cabinet approves accelerated coal exit by 2030 in western state (2 November 2022), www.reuters.com/business/energy/germanys-cabinet-approves-accelerated-coal-exit-by-2030-western-state-2022-11-02/.
48Gesetz zur Reduzierung und zur Beendigung der Kohleverstromung (Kohleverstromungsbeendigungsgesetz – KVBG) 8 August 2020.
49For a discussion of the three stages of phasing out see: Clean Energy Wire and Julian Wettengel, Spelling out the coal exit – Germany’s phase-out plan, www.cleanenergywire.org/factsheets/spelling-out-coal-phase-out-germanys-exit-law-draft.
50Achim Hagen, Niko Jaakkola and Angelika Vogt, ‘The interplay between expectations and climate policy: compensation for stranded assets’ [2019], IAEE Energy Forum, p 30.
51BVerfG, Judgment of the First Senate of 6 December 2016 – 1 BvR 2821/11.
52BVerfG, Order of the First Senate of 29 September 2020 – 1 BvR 1550/19.
53Wet van 11 December 2019, houdende Regels voor het produceren van elektriciteit met behulp van kolen (Wet verbod op kolen bij elektriciteitsproductie [Prohibition of coal in electricity production]), Staatsblad van het Koninkrijk der Nederlanden, Jaargang 2019, 493 (19 December 2019).
54European Commission, State Aid SA.54537 (2020/NN) – Netherlands: Prohibition of coal for the production of electricity in the Netherlands [2020], para 13.
55Ibid, para 13.
56Ibid. In a state-aid twist, the General Court overturned this decision, but it did not address whether the payment constituted state aid or not in Judgment of 16 November 2022, Netherlands v Commission, T-469/20, EU:T:2022:713 and pending before the Court of Justice in C-40/23 P – Commission v. Netherlands (Appréciation de compatibilité d’une mesure non qualifiée d’aide d’État).
57See more on this interplay in an international investment setting and stressing the importance of proportionality: Benedict Kingsbury and Stephan W Schill, ‘Public law concepts to balance investors’ rights with state regulatory actions in the public interest: The concept of proportionality’, in Stephan W Schill (ed), International Investment Law and Comparative Public Law (Oxford University Press 2010).
58Aida Grgic et al, The Right to Property under the European Convention on Human Rights, Council of Europe (2007), p 12.
59Beyeler v. Italy [GC], §§ 108–114.
60Helen Mountfield, ‘Regulatory expropriations in Europe: the approach of the European Court of Human Rights’ [2002–03] New York University Environmental Law Journal, 146.
61OECD, International Investment Law: A Changing Landscape, a companion volume to International Investment Perspectives, Chapter 2.
62Peter Cameron, International Energy Investment Law: The Pursuit of Stability (Oxford University Press 2021), para 6.75.
63For some literature dealing with this concept of the state’s police powers and the concept of expropriation or taking, see inter alia, D Benjamin Barros, ‘The police power and the takings clause’ [2003] 58 University of Miami Law Review, 471; Joseph L Sax, ‘Takings and the police power’, in Richard A Epstein (ed), Constitutional Protection of Private Property and Freedom of Contract (Routledge 2013); Ben Mostafa, ‘The sole effects doctrine, police powers and indirect expropriation under international law’ [2008] Australian International Law Journal, 267; Noam Zamir, ‘The Police Powers doctrine in international investment law’ [2017] 14 Manchester Journal of International Economic Law, 318.
64See more on this: OECD, International Investment Law: A Changing Landscape, a companion volume to International Investment Perspectives, p 47; Ian Brownlie, Public International Law (6th ed, Oxford University Press 2003), p 509; M Sornarajah, The International Law on Foreign Investment (5th ed, Cambridge University Press 2021).
65Peter Cameron, International Energy Investment Law: The Pursuit of Stability (Oxford University Press 2021), para 6.89.
66Bard Harstad and Gunnar Eskeland, ‘Trading for the future: signaling in permit markets’ [2010] 94(9–10) Journal of Public Economics, 749.
67Occidental Exploration and Production Co. v. Ecuador, Award, 1 July 2004, at 80–92.
68Award, 29 December 1989, 23 Iran-United States Cl. Trib. Rep.378.
69Lauder (U.S.) v. Czech Republic (Final Award) (3 September 2002).
70European Court of Human Rights, Jahn and others v. Germany (2004, Grand Chamber).
71Methanex Corp. v. United States of America, final award 3 August 2005.
72Ethyl Corporation v. The Government of Canada (1997).
73Ulrike Deutsch, ‘Expropriation without compensation: the European Court of Human Rights sanctions German legislation expropriating the heirs of “new farmers”’ [2019] German Law Journal.
74Federal Constitutional Court, The Groundwater Case, Judgment of 15 July 1981, 58 BVerfGE 300, paras 330–331.
75Rechtbank Den Haag, RWE and Uniper v. the Netherlands (Ministry of Climate and Energy), ECLI:NL:RBDHA:2022:12628 (RWE), para 5.16.3.
76Anne O Krueger, ‘The political economy of the rent-seeking society’ [1974] 64(3) The American Economic Review, 291.
77Finn E Kydland, and C Prescott Edward, ‘Rules rather than discretion: the inconsistency of optimal plans’ [1977] 85(3) Journal of Political Economy, 473; Bard Harstad and Gunnar Eskeland, ‘Trading for the future: signaling in permit markets’ [2010] 94(9–10) Journal of Public Economics, 749.
78Gunnar S. Eskeland, ‘A presumptive pigovian tax: complementing regulation to mimic an emissions fee’ [1994] 8(3) The World Bank Economic Review, 373.
79Hans-Werner Sinn, ‘Public policies against global warming: a supply side approach’ [2008] 15 International Tax and Public Finance, 360.
80Bard Harstad and Gunnar Eskeland, ‘Trading for the future: signaling in permit markets’ [2010] 94(9–10) Journal of Public Economics, 749.
81Dallas Burtraw et al, ‘The effect on asset values of the allocation of carbon dioxide emission allowances’ [2002] 15(5) The Electricity Journal, 51.
82Rechtbank Den Haag, RWE and Uniper v. the Netherlands (Ministry of Climate and Energy), ECLI:NL:RBDHA:2022:12628 (RWE), para 5.17.3.
83Ibid; and Rechtbank Den Haag, Uniper and Utilities Center Maasvlakte v. the Netherlands, ECLI:NL:RBDHA:2022:12653.
84Rechtbank Den Haag, RWE and Uniper v. the Netherlands (Ministry of Climate and Energy), ECLI:NL:RBDHA:2022:12628 (RWE), para 5.16.
85Ibid, para 5.19.3.
86Ibid, para 5.17.3.
87Ibid, para 5.20.
88Ibid, para 5.19.1. As we write these lines, the legal strength and/or the extent of this argument for non-compensation is being tested. RWE and Uniper appealled this judgment by the Hague District Court. On January 2025, the Hague Court of Appeal heard both parties and a decision is expected in 2025 or 2026.
89Mark Carney and Bank of England, Breaking the tragedy of the horizon – climate change and financial stability, Lloyd’s of London (29 September 2015).
90Body of Knowledge on Infrastructure Regulation, Stranded Costs, https://regulationbodyofknowledge.org/glossary/s/stranded-costs/.
91What’s Stranded Cost? (3 February 1999), https://web.archive.org/web/20100104092419/http://home.earthlink.net/~tpco/stranded.html.
92Emily Hammond and Jim Rossi, ‘Stranded costs and grid decarbonization’ [2016] 82 Brooklyn Law Review, p 646.
93Frederick Van der Ploeg and Armon Rezai, ‘Stranded assets in the transition to a carbon-free economy’ [2020] 12 Annual Review of Resource Economics, 281, p 289.
94Timothy J Brennan and James Boyd, ‘Stranded costs, takings, and the law and economics of implicit contracts’ [1997] Journal of Regulatory Economics, 11, 41; Emily Hammond and Jim Rossi, ‘Stranded costs and grid decarbonization’ [2016] 82 Brooklyn Law Review, p 647.
95Frederick Van der Ploeg and Armon Rezai, ‘Stranded assets in the transition to a carbon-free economy’ [2020] 12 Annual Review of Resource Economics, 284.
96Ibid.
97Ibid, 282.
98Ibid, 283.
99BloombergNEF, Fossil fuel divestment: a $5 trillion challenge (26 August 2014); MarketWatch and Wallace Witkowski, Global stock market cap has doubled since QE’s start (12 February 2015), www.marketwatch.com/story/global-stock-market-cap-has-doubled-since-qes-start-2015-02-12.
100Mark Carney and Bank of England, Breaking the tragedy of the horizon – climate change and financial stability, Lloyd’s of London (29 September 2015).
101Christophe McGlade and Paul Ekins, ‘The geographical distribution of fossil fuels unused when limiting global warming to 2 °C’ [2015] 517 Nature, 187.
102Bård Harstad, ‘Buy Coal! A supply side approach to climate policy’ [2012] 120(1) Journal of Political Economy, 77.
103Frederick Van der Ploeg and Armon Rezai, ‘Stranded assets in the transition to a carbon-free economy’ [2020] 12 Annual Review of Resource Economics.
104Regulation (EU) 2020/852 on the establishment of a framework to facilitate sustainable investment, and amending Regulation (EU) 2019/2088 (OJ [2020] L 198/13).
105Christos Karydas and Anastasios Xepapadeas, ‘Pricing climate change risks: CAPM with rare disasters and stochastic probabilities’ [2019], CER-ETH Economics working paper series 19/311.
106See, for example, Mark Carney and Bank of England, Breaking the tragedy of the horizon – climate change and financial stability, Lloyd’s of London (29 September 2015).




16 Rising Tides, Rising Justice: Navigating the Intersection of Climate Mitigation and Energy Justice
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16.1 Introduction

The energy transition, driven in large part by the political consensus reached by the Paris Agreement and the need to decarbonize the energy sector to mitigate climate change, demands a thorough reevaluation of how to address the challenges posed by the Anthropocene. The necessary large-scale disruptive changes of the energy transition extend beyond the decarbonization of energy services. They are characterized by a sociocultural shift, driven by increased environmental awareness, technological progress and gradually more liberalized markets. This modernization of the energy sector entails a transformation toward more sustainable, distributed and overall smarter energy systems that place a greater emphasis on demand-side actors and technological solutions.1 Consequently, the energy transition encompasses the simultaneous decarbonization,2 decentralization,3 digitalization4 and democratization5 of energy services.6

Such a broad understanding of the energy transition, which extends well beyond the narrow focus on decarbonizing energy technologies, is echoed in the European Union’s (EU) ambition for a fair, competitive and green transition to climate neutrality by 2050 and beyond.7 This approach not only recognizes energy technologies as essential tools for decarbonization but also critically examines their potential to either reinforce existing inequalities or distribute benefits more equitably, especially to marginalized communities.

After an extensive ‘predevelopment’ and ‘take-off’ period,8 the energy transition in the EU has entered the phase of ‘acceleration’, which has been described as a breakthrough in structural developments and an accumulation of interrelated sociocultural, economic, ecological and technological changes.9 However, the question of how the transitional phase of ‘acceleration’ can be governed and supported by law remains largely unanswered and open for scholarly discussion.10 A significant threat to delaying or impeding the EU’s energy transition stems from its disruptive magnitude, as it seeks to decarbonize a sector traditionally heavily reliant on fossil fuels. This transformation poses a risk, potentially exacerbating existing deficiencies and introducing new challenges as the transition unfolds.11

The European Commission aims to alleviate these existing and emerging adverse societal impacts by pursuing a ‘gradual’,12 ‘just’,13 ‘inclusive’14 and ‘socially fair’15 transitional approach. However, the Commission’s strategy falls short in articulating how it intends to achieve the ambitious and pathbreaking climate targets essential for the energy transition and effective climate change mitigation, while simultaneously ensuring that ‘no one is left behind’.16

The concept of ‘energy justice’ aims to bridge this gap by guiding the energy transition toward more just and socially accepted outcomes. Energy justice has received increasing attention worldwide and has penetrated into a multitude of disciplines, including social sciences, policy and law.17 This chapter sets out to explore the concept of energy justice within the context of the far-reaching requirements of the Anthropocene. It seeks to assess whether the notion of justice can effectively guide the energy transition, or whether profound compromises and trade-offs are unavoidable, potentially undermining justice in the process.

The chapter is structured as follows. Section 16.2 provides an overview of the current conceptualization approaches of energy justice in the social sciences. This is conducted through a review of scientific literature on the origin and definition of energy justice and its implications for the governance of technological solutions in the energy sector. Section 16.3 analyses the capacity of energy justice in steering and accelerating the energy transition toward socially accepted energy services. This analysis delves deeper into the role of economic efficiency, technological solutions, and the overall need for an overhaul of EU energy regulation. Section 16.4 explores the inherent trade-offs that energy justice encounters in the context of the energy transition, including how to navigate unavoidable injustices.


16.2 Defining energy justice and its role in the Anthropocene

While environmental and climate justice are rooted in the anti-establishment and activist movements of the United States through the 1970s, energy justice emerged as a predominantly academic concept in the 2010s.18 While the aforementioned concepts of justice share the common ambition of bridging the climate change discourse with human rights and a wider array of justice concerns, energy justice was intentionally separated to address justice matters pertaining to energy technologies in a more strategically impactful manner and with greater conceptual rigour.19 As such, energy justice also arose as a critique of environmental and climate justice and their failure to be translated into policy.20 Today, scholarship describes energy justice as the ‘primary driver’,21 ‘overall raison d’être’,22 and ‘main trigger of energy law in the 21st century’.23 Related concepts such as ‘energy democracy’24 and ‘sustainable energy democracy’25 are also emerging from the energy justice debate in academia.

Sovacool and colleagues describe energy justice as ‘a global energy system that fairly distributes both the benefits and burdens of energy services, and one that contributes to more representative and inclusive energy decision-making’.26 As an emerging concept, energy justice still lacks a uniformly accepted definition – both conceptually and substantively. Energy justice has been described in various ways, including as a conceptual, analytical or decision-making tool,27 a theory,28 an idea,29 an objective,30 an agenda31 or a theoretical instrument.32 Three possibilities have emerged for conceptualizing the notion of energy justice: (1) framing it as a triumvirate of tenets;33 (2) defining ten ‘energy justice principles’;34 and (3) abandoning pursuit of a fixed definition altogether.35

1. Justice tenets: Most commonly referred to in literature is the triumvirate of tenets.36 While there is an ongoing debate as to how many tenets are inherent to energy justice,37 the three predominantly agreed upon are: distributive justice,38 recognition justice and procedural justice.39 Distributive justice examines the fair allocation of burdens and benefits within the energy system, focusing on ‘who receives what’.40 Recognition justice aims to ensure a fair representation of those affected, questioning ‘who is misrepresented’.41 Procedural justice emphasizes equal access to decision-making processes and is commonly linked to public participation, asking ‘who decides’.42 Conceptually, the triumvirate of tenets has been considered particularly useful as an analytical tool, which has the potential to aid legal decision-making in highlighting injustices and gaining clarity on how energy justice issues are framed.43 The tenets critically evaluate energy policy and existing legal frameworks by offering an analytical framework, with justice dilemmas at the forefront.44

2. Energy justice principles: This conceptualization defines energy justice according to so-called energy justice principles. Initially, eight principles were introduced,45 which were later extended. Today, they encompass the following ten principles: availability, affordability, due process, good governance,46 sustainability, intragenerational equity, intergenerational equity, responsibility, resistance and intersectionality.47 Despite not being principles in a legal sense, this framework enlists the values that are inherent to the energy sector and highlights public interests that legal decision-making should take into account. The framework’s conceptual understanding as a decision-making tool can assist policy makers, regulators and the judiciary, but also consumers and businesses, to make more informed and equitable energy choices.48

3. Abandoning the pursuit of a fixed definition: Some scholars consider that energy justice, as a workable notion in practice, must be capable of answering to local particularities and differences.49 Given that states greatly vary in their historical fossil-fuel dependencies, infrastructures, energy mix and socio-economic circumstances,50 energy justice responses require a tailored approach that takes the contemporary societal environment and political-economic landscape into account.51 Hence, beyond a universal energy justice framework, more nuanced interpretations must exist that respond to justice issues on all legal and regulatory scales of the energy sector to ensure that the multifaceted character or energy regulation and its societal consequences are sufficiently addressed.52

While none of the conceptualization approaches have avoided criticism,53 many of them are complementary and mutually reinforcing.54 This synergy becomes particularly relevant as climate change has raised increasing interest in socio-technical solutions to existing and continually evolving energy problems. However, research has demonstrated that these technological solutions are marked by the possibility of unfairness and injustice.55 Low-carbon technologies are often seen as essential for accelerating decarbonization and addressing energy challenges, yet there are concerns that their roll-out and integration could lead to newly arising injustices and perpetuate existing inequalities. Hence, it is crucial to fully recognize and assess the intricate relationship between energy technologies and their societal impacts when navigating the path toward decarbonizing energy services. This includes considering the role of low-carbon technologies within the context of other existing and emerging infrastructures, spatial considerations, socio-economic underpinnings and (democratic) decision-making processes.56 Ultimately, technological systems, such as energy systems, must always be viewed as intrinsic parts of broader social systems.57

The urgency of the energy transition in the era of the Anthropocene, driven by the imperative for extensive decarbonization and socially accepted energy services, presents an important opportunity to delve deeper into the potential and shortcomings of the interrelation of justice and energy technologies, as well as their capacity to drive transformative change.58 This leads to the fundamental question of whether energy justice can guide energy regulation in aligning energy technologies with societal values, while also considering the constraints posed by the challenges of the Anthropocene when striving for justice. This question will be explored in the following sections, first examining the guidance the energy justice can provide to energy regulation, before turning to the boundaries and limitations of a just transition.


16.3 Energy justice: exploring opportunities and imperatives

In the last decade, the field of energy law has been described as having undergone an ‘ethical turn’,59 generating a fresh impetus for the pursuit of energy justice on a global scale. Within the context of EU law, three notable developments exemplify the growing social consciousness of EU energy policy and the need of energy justice to inform the energy transition and the management of energy technologies. These developments not only highlight the evolving nature of EU energy regulation but also emphasize the increasing recognition of social concerns shaping energy policies within the EU. By exploring these developments, a deeper understanding can be gained of the potential that energy justice holds in aligning the regulation of energy technologies with the needs of the Anthropocene and broader societal values.


16.3.1 The role of energy justice in resource scarcity

As a sector historically rooted in the use of fossil fuels, economic regulation has been traditionally relied upon to guide energy regulation in its efforts to manage energy as a scarce resource.60 Today, the prevailing view of the European Commission is that economic efficiency serves as a primary mechanism for maximizing consumer welfare and ‘the most efficient means of ensuring affordable energy prices’.61 Since the 1990s, EU energy regulation has therefore been predominantly concerned with economic integration and market liberalization to move a state-controlled energy sector toward an increasingly competitive and integrated internal energy market.62 Market-based mechanisms have been heavily relied upon as a method to facilitate the most economically efficient allocation and distribution of energy resources. After two centuries of industrialization, the conversion of this economic system into a climate-neutral market economy poses a major challenge.63

Historically, a narrow understanding of economic efficiency as an optimal allocation of available resources to maximize welfare has resulted in the prevalence of fossil fuels, with a low-carbon economy and renewable energy technologies being a secondary concern for energy regulation.64 Fossil fuels are considered low-cost, and, because of that, economically efficient, as negative externalities such as CO2 emissions and climate impacts are not accounted for as part of the price.65 Moreover, network operators, as managers of natural monopolies, are bound by economic efficiency.66 Investments in the expansion of energy infrastructure is often considered economically inefficient and are closely monitored by the natural regulatory authorities.67 This has led to substantial shortcomings in infrastructure investment and grid capacity in many member states such as the Netherlands, Spain, Germany, Poland, Bulgaria and Ireland.68 As a consequence, electricity networks across the EU are failing to serve the integration of renewable energy sources and other low-carbon technologies today.69 Despite the focus on economic efficiency and the acceptance that it leads to affordable energy services, the increasing number of vulnerable EU citizens that live in energy poverty further contribute to the disillusionment of the promise of neo-liberal energy policies.70

However, when a social market economy, such as the EU, transitions toward climate neutrality, the objective must be a sustainable social market economy, where economic growth and environmental quality are high, and where governmental institutions can finance redistributive and social policies.71

By embracing the concept of energy justice, the approach to energy regulation as a means of managing resource scarcity can be reevaluated and reframed. Energy justice centres energy regulation around the notion of ‘justice’, treating energy as a good and service.72 The contemporary understanding of the concept of ‘justice’ is synonymous with ‘fairness’, and particularly fair social structures that lead to a fair distribution of goods and services.73 As a ‘merit good’, that is a good or service that society agrees should be accessible to all regardless of income, energy is closely linked to the ideals of social justice and economic equity.74 According to social justice theory, such a ‘primary good’ defines questions of justice as those relating to the distribution of rights and liberties, powers and opportunities, and income and wealth.75 Social and economic justice, therefore, relate to rights of access and affordability, with a heightened responsibility of the state to guarantee fair distribution of energy as a merit or primary good and service.76

While economic regulation is not entirely contradictory to this approach, energy justice allows the negative externalities of a narrow application of economic efficiency to be highlighted. As a framework aimed at addressing a fair energy distribution, energy justice becomes a crucial tool for legislators and the judiciary in reevaluating both the physical allocation of energy as a scarce resource and the equitable share of benefits and responsibilities. The concept also goes further by outlining the complexities of justice that go beyond material inequalities and highlighting inequalities in process and representation.77 Energy justice, therefore, transcends and complements economic efficiency by encompassing concepts that have historically been difficult to quantify within economic frameworks and market-based regulation, including sustainability and social justice.


16.3.2 Energy justice as an accelerator of the energy transition

While EU law promotes the integration of renewable and new-energy sources, there is a risk of new injustices arising from the challenge of decarbonizing the energy sector.78 Often, these injustices and risks can be associated with both the deployment and prohibition of energy technologies.79 Both responses are characterized by risks of environmental harm: While the importance of renewable energy sources for climate change mitigation is undisputed, it is also important to recognize the diverse ecological risks associated with their implementation. For instance, both onshore and offshore wind-energy systems have exhibited adverse ecological effects, including noise pollution, shift of species migration patterns and harm to wildlife.80 Hydropower has been repeatedly called out to be a major contributor to the deterioration of aquatic ecosystems in EU member states,81 while carbon capture and storage technologies raise concerns regarding soil and ocean acidification.82 Many of these harms are spatially and socially unevenly located with marginalized and vulnerable populations at higher risks.83 Additionally, these climate considerations often come with social trade-offs such as high unemployment rates in coal-intensive regions, which once were the backbone of national economic growth.84

Therefore, the energy transition presents a complex risk-risk trade-off between climate change mitigation, environmental harm and societal considerations. On the one hand, there is a looming threat of catastrophic environmental damage due to global warming, while on the other hand, the widespread adoption of renewable energy technologies, aimed at managing climate risks, also creates significant environmental and societal challenges. Striking a balance between these risks is a crucial aspect of sustainable energy and climate policy.

The Anthropocene era highlights a significant shift in this trade-off, placing greater emphasis on climate change mitigation, including justifying intervention on massive scales in global physical, chemical and biological Earth systems to counterbalance climate change.85 The role of regulation is to guide technology and innovation toward outcomes that are aligned with societal needs, as unchecked innovation – or innovation for the sake of innovation – can carry significant or unknown costs to the environment and human health.86 Therefore, while prioritizing technological advancements is crucial to address the challenges of the Anthropocene, innovation must ensure an acceptable level of environmental and public health risks.

In this context, energy justice provides an overarching framework that extends beyond the narrow regulation of specific energy technologies or network industries. In its pluralist approach, it promotes cross-sectoral governance and connects economic, societal, technical and environmental considerations. Energy justice assesses energy technologies within a system-wide focus that allows them to be valued at full cost.87 Technology is always mediated by social practices, institutions and systems, and must therefore be guided by regulatory frameworks that align energy technologies with societal needs.88

Energy justice plays an important role in enabling a more informed assessment and effective management of the risk-risk trade-off between climate and environmental concerns. It highlights the economic, societal and environmental costs associated with energy technologies and decision-making processes in a broader sense. It acts as a safeguard to prevent the emergence of new and unnecessary costs for the environment and society. Energy justice emphasizes transparency and accountability within legislative and judicial decision-making processes and strives to achieve a more equitable distribution of environmental costs. Moreover, the transition toward low-carbon energy systems can also be viewed as an embodiment of energy justice, whether as an act of fairness toward future generations or as a recognition of fundamental spatial and historical injustices underlying the climate change issue.89


16.3.3 The overhaul of energy regulation as an opportunity for justice

The energy transition requires a complete review and overhaul of energy regulation. It has become clear that the envisioned low-carbon energy sector, relying on renewable sources and new technological solutions, is largely incompatible with the traditional market structures of large, centralized producers supplying energy to passive end-consumers.90 Rather, the energy transition encompasses the simultaneous decarbonization, decentralization, digitalization and democratization of the energy sector, all of which require significant technological, structural and social transformations of the current market structure. Such a transition brings about substantial changes to the roles and responsibilities of market actors and encourages increasing market participation of consumers.

The European Commission’s Fit-for-55 (2020) initiative is a driving force behind the EU’s energy transition by setting increasingly tight climate targets to achieve net-zero emissions in the EU by 2050.91 These objectives are reflected in far-reaching legislative packages of the European Commission introducing extensive amendments to EU energy law to reflect the new realities of a decarbonized, digitalized and decentralized energy sector.92

However, these transformative developments and the disruptive magnitude of the energy transition threaten to create new legal inconsistencies and exacerbate existing ones.93 If left unmitigated, these regulatory tensions will ultimately result in adverse societal consequences and a reduced social acceptability of the transition, leading to delays in the energy transition by causing setbacks in the integration of renewable energy sources and the phase-out of fossil fuels.

The EU Electricity Regulation codifies the significance of a ‘just transition’ by recognizing the ‘social and economic impacts of the clean energy transition’.94 This understanding is mirrored by the Commission’s acknowledgement of the modernization of the energy sector as a ‘unique opportunity to reduce systemic inequality’.95 The European Commission emphasizes the importance of a ‘socially fair’96 transition that ensures that ‘no one is left behind’97 and guarantees ‘access to energy for all, tackling energy poverty at its roots and protecting vulnerable consumers’.98

However, the amendments to EU energy law do not fully align with the level of inclusiveness envisioned by the European Commission. It remains unclear how a ‘gradual’ and ‘progressive’99 transition aligns with the increasingly tighter and ambitious EU climate objectives and the need to accelerate decarbonization. Both the EU Electricity Directive and Regulation are important regulatory instruments governing the EU energy transition.

However, while the EU Electricity Regulation emphasizes the importance of a just transition, it constrains the concept to the challenges arising within current ‘coal and carbon-intensive regions’ and the reskilling of the workforce in line with the European Social Model.100 Moreover, the energy justice focus of the EU Electricity Directive is predominantly restricted to the protection of vulnerable consumers living in energy poverty.101 This demonstrates that the EU’s approach to energy justice is often limited to seeking a minimum standard for combatting social exclusion and marginalization but does not encompass a broader whole-of-economy approach to a just transition.

Justice concerns related to the EU energy transition are extensive and complex. In the context of technology, justice concerns include exclusionary attributes of existing and emerging technological solutions. For instance, the integration of electric vehicles (EVs) and solar panels, which, despite their environmental and social importance, can exacerbate socio-economic disparities.102 These technologies create a threat of shifting costs from more affluent households, which can readily adopt and benefit from these technologies, to poorer ones, which cross-subsidize the resulting additional costs imposed on the energy system as a whole.103 In those situations, less affluent households find themselves more often in passive consumer roles, that is consumers who do not actively participate in and benefit from decentralized energy systems, further widening the gap between the wealthy and the poor.

The energy transition extends beyond questions of hardware choices for energy technologies. As I have discussed, economic efficiency alone provides little insight into how the costs and benefits of the energy transition should be distributed in society. Shifting to a low-carbon economy requires regulation to ensure that the societal costs, risks and benefits of this transition are distributed in a just and equitable manner.104 Energy justice allows for a normative engagement with these factors from the perspective of citizens and consumers.105 As an overarching concept, energy justice centres energy regulation around the notion of ‘justice’, offering a unifying framework to help resolve regulatory tensions around a common objective. Serving as an instrument for legal and judicial decision-making, energy justice supports a fair energy transition by fostering progress toward more inclusive and equitable energy services.


16.4 Navigating the boundaries of energy justice

While holding significant promise, from a legal perspective, energy justice does not exist without criticism. The following section delves into the notion of energy justice as a guiding concept for the energy transition, exploring the boundaries of its promises and the inherent trade-offs it must navigate. It also assesses the constraints of energy justice in terms of its potential to instigate positive change and the possible extent to which society might have to tolerate injustices.


16.4.1 Energy justice as a value trade-off

While energy justice aims to offer answers to regulatory tensions, energy justice is not free from tensions within itself. The various justice tenets and values carry inherent trade-offs. For instance, intragenerational equity (justice within a generation) and intergenerational equity (justice between generations) do not always harmoniously coexist, but carry difficult trade-offs.106 The previously highlighted risk-risk trade-off between climate change mitigation, environmental protection and justice is a complex challenge to reconcile. This includes the risk of turning the energy transition into a ‘justice transition’ without sufficient regard for the drastic measures required for effective climate change mitigation.

This is exacerbated by the fact that energy injustices are not always characterized by clear-cut scenarios with immediate ‘winners’ and ‘losers’.107 Instead, they exist in a complex web of interconnected issues, wherein addressing one injustice may inadvertently give rise to another. This contributes to the intricacy of identifying individual justice concerns and effectively addressing and regulating them in practice.

The EU and national governments often face the responsibility of navigating highly complex and often obscure trade-offs, as they aim to promote and safeguard energy justice. Questions include whether and how should a single (or a few) generation(s) of energy consumers bear the entire costs of the energy transition? It also creates a new discourse around accountability and responsibility of the state, market actors and consumers. It raises fundamental questions about the alignment of energy regulation with public interests, prompting a debate of who benefits from the energy transition and who bears the burdens of the negative externalities and social costs of decarbonizing energy services. There is a risk that this framing may centre energy justice predominantly around discussions of injustice and unsustainability rather than emphasizing a positive conception of justice and sustainability.108 This, in turn, can trigger more radical political opposition and instrumentalization of injustices, rather than a meaningful debate around how to create future-proof energy services.109 It becomes evident, then, that the implementation and discourse of energy justice is intensely political.110 Simultaneously, due to its abstract legal character, energy justice provides few safeguards against politicization for short-term political agendas – as will be further discussed later. As such, the effectiveness of energy justice, as a guiding legal instrument for the energy transition, invariably reflects the values and norms of the society within which it is applied.


16.4.2 Energy justice as an obligation to act?

Reflecting on energy justice within the context of the Anthropocene also questions the extent to which it demands not just the removal of injustices but also proactive efforts to establish justice. In other words, does energy justice encompass an obligation to act? Energy justice and related concepts, such as environmental justice, emerged from the discussion of how individual action can positively contribute to climate change mitigation,111 and how resource depletion can be redefined as an injustice to future generations, carrying a duty to address it.112 However, this discussion is ultimately a legal one.

Governmental mitigation responsibilities have been repeatedly challenged before national courts of the EU with increasing success.113 In several member states, the debate is gradually shifting to discuss the role of fossil-fuel producers and their obligations to mitigate climate change.114 However, at the consumer level, the prevailing policy interventions primarily involve ‘nudging’,115 such as providing incentives for the implementation of energy-efficiency measures or the integration of renewable energy technologies. These policy measures promote certain societal norms without imposing legal obligations.116

As a concept emerging from the social sciences, energy justice largely lacks explicit legal implementation and application in the EU. In comparison, the related concept of a ‘just transition’ has been integrated into secondary legislation117 and is now embodied in Article 4 of the EU Electricity Regulation.118 However, this inclusion confines its applicability solely to the realm of the Regulation itself, limiting its integration as an overarching concept of EU energy law. It can therefore not inform more integrated cross-sectoral governance that encompasses economic, technological, and environmental decision-making more broadly. Consequently, for energy justice to fully realize its potential as a guiding concept, there is a need for its formal inclusion into overarching EU Treaty law.119 However, in such cases, energy justice must be understood as a concept of general orientation for legislative or judicial decision-making. It can therefore, by definition, not reach a state of fulfilment.120 As an abstraction lacking absolute implications, its justiciability is greatly limited – except in situations where governmental actions grossly neglect considerations of justice.121

Consequently, energy justice, as a legal concept of EU law, cannot be relied upon to impose legal obligations to demand positive change in response to climate change. As an interpretative framework for legislative and judicial decision-making, it requires further concretization through more specific legislation and case law to give rise to legal obligations in narrower contexts.


16.4.3 How much injustice is acceptable?

As much as energy justice has the potential to guide the energy transition toward more equitable and socially acceptable energy decision-making, certain injustices are unavoidable. This is not merely a result of the intricate nature of identifying and rectifying energy injustices without inadvertently giving rise to new ones; it is also attributable to the unavoidable prioritization of climate change mitigation over other societal and environmental costs.

That certain injustices must be tolerated was also put forward in the Opal judgment of the Court of Justice of the EU (CJEU).122 In that case, the Court held that, while EU member states are required to take each other’s and the interests of the EU into account in energy decision-making, this consideration does not confer an absolute right.123 In other words, certain negative consequences for other member states and the EU through national energy decision-making must be accepted in line with national competences. The judgment applies on an institutional level governing interactions between the EU and its member states. However, it raises the question of where the line is drawn between having to tolerate injustices and the risk of infringing upon each other’s interests.

While being strongly rooted in economic efficiency, EU energy regulation has increasingly focused on the protection of vulnerable consumers to mitigate the negative externalities of market-based mechanisms. With 41 million EU citizens living in energy poverty, and a concerning upward trend, the 2019 amendments to the EU Electricity Directive have imposed on member states the requirement to monitor and address their vulnerable citizens.124 Although EU law refrains from defining energy poverty, it delegates this task to member states, allowing them to delineate vulnerable citizens based on the intricacies of their national circumstances, energy technologies and infrastructure.125 Despite this broad discretion, EU law provides exemplary criteria for member states to consider.126 Besides economic factors such as low income and high energy expenditure, the Directive also lists criteria such as age and health.127 The Commission Recommendation on energy poverty further includes factors such as climate, gender and ethnic background to consider when assessing the realities of vulnerable citizens.128

It becomes evident that EU energy regulation recognizes the protection of citizens living in energy poverty as a threshold of injustice. Once this threshold is exceeded, regulatory responses may be triggered. In these instances, EU law also permits public intervention to deviate from market-based mechanisms, such as the price-setting of electricity supply.129 This approach aligns with the understanding that energy poverty not only equates to economic challenges but also results in social exclusion and the inability to access a minimum standard of living.

Beyond energy poverty, however, EU energy regulation does not foresee interference with market-based mechanisms. On the contrary, the costs associated with the energy transition, including rising costs of passive energy consumption, are seen as an impetus to encourage consumers to resort to energy-efficiency measures or other technological solutions, such as solar panels and EVs, to reduce their energy bills and decarbonize energy services. While safeguarding the most vulnerable from negative market dynamics is crucial, it is noteworthy that the existence of injustices also serves as a pivotal driver for the energy transition, incentivizing its acceleration. In these circumstances, the ambition of consumers to overcome injustices becomes its own catalyst for achieving energy justice.


16.5 Conclusion

This chapter has explored the concept of energy justice against the far-reaching consequences of the Anthropocene and the need to mitigate climate change. It has examined the effectiveness of energy justice in guiding the energy transition while acknowledging the inevitable need to seek trade-offs and navigate unavoidable injustices.

It has become evident that energy justice holds significant promise in steering the energy transition toward more inclusive and equitable legislative and judicial decision-making. Energy justice can function as a complementary framework alongside economic regulation by embracing a whole-of-economy approach. It considers broader aspects, such as procedural and recognition justice, that are not easily addressed through traditional market-based mechanisms. An essential aspect of energy justice also lies in its capability to highlight negative externalities of energy technologies. When these are addressed, they bolster the acceptance of the energy transition by aligning regulation with societal needs. However, it is crucial to recognize that while low-carbon technologies are integral to decarbonization efforts, their roll-out and integration can inadvertently lead to newly arising injustices, particularly if they reinforce existing inequalities or marginalize vulnerable groups. This underscores the need for energy justice to ensure that the transition remains inclusive and equitable across all levels of society. Ultimately, energy justice creates a dialogue around the risk-risk trade-offs between environmental harm and climate change. It therefore prompts a broader exploration of the risks involved, cultivating a better understanding of the implications of different energy technologies and regulatory strategies.

However, the complexities surrounding energy injustices often obscure their practical resolution, making their regulation challenging and increasing the risk of political instrumentalization in the absence of legal safeguards. This includes the threat of reframing the energy transition primarily as a justice transition. Moreover, while energy justice plays an essential role in exposing injustices, its abstract legal nature significantly limits its justiciability and enforceability. This limits the effectiveness of energy justice as a legal instrument to legally impose significant positive change. In certain instances, tolerating energy injustices becomes an unavoidable necessity and may even act as a catalyst of the energy transition. Nevertheless, protecting the most vulnerable energy consumers from social exclusion must remain an important priority of energy regulation.

Ultimately, energy justice has the potential to serve as an important legal instrument and overarching objective, propelling the acceleration of the energy transition toward socially acceptable energy services. Its practical effectiveness, however, is impacted by a multitude of factors, including political influence, legal and judicial discretion, and the motivation of consumers to move away from injustices.
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17 Promethean Dreams: Intellectual Property and Climate Change in the Anthropocene

Matthew Rimmer


17.1 Introduction

Over the past few decades, international climate negotiations have hosted debates over intellectual property, technology transfer and climate change.1 Developed nations – along with technology developers – have demanded high standards of intellectual property protection and enforcement in respect of clean technologies. Mid-tier countries have called for better intellectual property licensing mechanisms, as well as a system of better climate finance. Developing countries have expressed concerns about the lack of climate finance to secure clean technologies. Such nations have called for wholesale reforms of intellectual property – especially in terms of intellectual property flexibilities – in order to better achieve climate action and sustainable development. Least Developed Countries (LDCs), Small Island States, and countries vulnerable to climate change have called for clean technologies to be openly shared and dedicated to the public domain. Given such divisions, international climate negotiations have struggled to reach a consensus on intellectual property and technology transfer between developed nations and developing countries, least developed nations, and nations vulnerable to climate change and global warming.

This chapter is part of a collection looking at climate technology and law in the Anthropocene. The Anthropocene is a term used to describe the most recent time period in Earth’s history when human activity started to have a significant impact on the planet’s climate and ecosystems.2 The debate over intellectual property and climate change has gone through a number of phases and iterations. There have been historical moments where there has been intense interest in the topic. The academic literature has sought to document some of the key hotspots in this debate. There was a notable debate over technology transfer in the negotiations leading up to the formation of the United Nations Framework Convention on Climate Change 1992.3 Likewise, there has been a swirling discussion around the TRIPS Agreement 1994, and its implications for intellectual property and climate change.4 The Kyoto Protocol 1997 featured detailed discussions over technology transfer.5 There was a fierce contest over intellectual property and climate change in the run-up to the Copenhagen Accord 2009.6 There was also a major donnybrook over intellectual property and climate change in the discussions over the Paris Agreement 2015.7 There have been ongoing discussions over intellectual property and climate change in the climate conferences following the Paris Agreement 2015.8 As part of its time-setting, this chapter will focus on recent history – looking at the climate conferences in the early 2020s in Glasgow (COP26),9 Sharm el Sheikh (COP27),10 and Dubai (COP28).11

This chapter will focus on the debate over intellectual property, technology transfer and climate change in these international climate conferences in the 2020s. It should also be acknowledged that the geopolitical debate over intellectual property, technology transfer and climate change has played out in multiple arenas. Key stakeholders have engaged in a dizzying array of forum-shifting in debates over intellectual property and climate change.12 The international climate talks have had a long-running thread of discussion about climate law and technology – particularly looking at intellectual property and associated issues of finance.13 The international trade regime of the World Trade Organization has hosted debates over intellectual property and climate change in the TRIPS Council.14 The World Intellectual Property Organization has a longstanding interest in technology transfer – and has increasingly looked at facilitating transactions in respect of environmentally sound technologies.15 The United Nations Development Programme has an increasing interest in climate law and technology – particularly with the focus on access to clean energy and climate action in the United Nations Sustainable Development Goals 2015.16 The proliferation of bilateral and regional trade agreements has also led to the creation of new fora in which to consider the intersection of intellectual property and climate change.17 There has been a similar dynamic in other areas of intellectual property regulation – such as in global issues of access to essential medicines and internet freedom.18

This chapter will investigate some key distinctive approaches and discourses to dealing with intellectual property and climate change in modern geopolitics. Section 17.2 explores the growth of litigation over intellectual property and clean technologies. Section 17.3 will focus upon the approach of international institutions to intellectual property and climate technologies. In Section 17.4, we look at the positions of key nation states over intellectual property and climate change. Sectioin 17.5 focuses on non-state actors. It considers industry perspectives in respect of intellectual property – both from renewable energy companies and the fossil fuel industry. It explores the contributions of civil society – particularly in relation to intellectual property and climate change. Section 17.6 highlights UN Secretary-General António Guterres’ call for a common agenda – which involves renewable energy technologies being treated as ‘global public goods’, free of intellectual property restrictions. The conclusion reviews the competing discourses over climate technology at the climate conferences of the early 2020s.


17.2 Intellectual property litigation over clean technologies

While negotiations have been taking place over intellectual property and climate change at the international climate conferences, there has been major litigation in respect of intellectual property and clean technologies in the courts. In particular, there has been a major dispute over electric batteries between two South Korean companies; a major patent dispute over wind turbines; and a trade secrets misappropriation matter involving Sinovel and the United States government. There has been increasing intellectual property litigation over clean technologies, renewable energy and energy efficiency.19 In the field of patent law, there have been conflicts over patent ownership of electric batteries, hybrid cars, wind technologies, solar energy and climate-ready crops. There have also been disputes under other regimes of intellectual property. There have been design law disputes over electric trucks. In the field of trademark law, there has been debate over the use of green trademarks, eco-labels and certification systems. Under consumer law, there have been class actions and regulatory intervention over greenwashing by companies. Increasingly, clean technology companies have also taken action to protect confidential information and trade secrets against rivals and competitors. There have been trade disputes between the United States and China over intellectual property and climate change. It is worthwhile discussing some recent examples of intellectual property disputes in depth.


17.2.1 LG Energy Solution Ltd v. SK Innovation Co

In the field of trade secrets, there was a major dispute between two South Korean electric battery companies in the United States courts.20 In April 2019, LG Chem (a chemical company which holds LG Energy as a subsidiary) filed an EV battery trade secret misappropriation suit against SK Innovation with the International Trade Commission. LG alleged that SK had misappropriated LG’s trade secrets by hiring over 100 former LG employees, including 70 engineers.21 LG alleged that these former employees disclosed confidential information during the recruitment process and downloaded confidential documents from LG’s database.

In September 2019, SK Innovation lodged an EV battery patent infringement suit with the International Trade Commission against LG Chem. LG filed a counter claim against SK Innovation over the EV battery patent technology.

In February 2020, the International Trade Commission accepted LG Chem’s demand for a default judgment against SK Innovation over destruction of evidence in the trade secrets case.

In February 2021, the United States International Trade Commission (ITC) issued a ruling, finding that SK Innovation had misappropriated the trade secrets of its competitor LG Chem in violation of Section 336 of the Tariff Act of 1930.22 The ITC determined that the appropriate remedy was: ‘(1) a limited exclusion order prohibiting the entry of certain lithium ion batteries, battery cells, battery modules, battery packs, and components thereof; and (2) cease and desist orders directed to respondents.’23 The ITC held that the remedial orders would expire ten years from their issuance, and cover the trade secrets that LG identified.

LG Chem was triumphant at the ruling.24 Jong Hyun Kim, CEO of LG Energy Solution commented: ‘SKI’s total disregard of our warnings and intellectual property rights gave us no choice but to file this case and we are grateful to the International Trade Commission for protecting our innovations and significant economic investments in the United States.’25 The executive added: ‘As a global leader and technology innovator, we will further strengthen the protection of intellectual property rights going forward.’26

In April 2021, the ITC handed down a preliminary ruling in favour of SK Innovation in a patent suit on lithium-ion battery technology filed by LG.

In April 2021, LG Chem and SK Innovation reached a settlement to resolve the two-year trade dispute – just before a presidential review deadline. According to news reports, SK Innovation agreed to pay LG Energy Solution, a wholly owned subsidiary of LG Chem Ltd, 2 trillion won ($1.8 billion) in cash and royalties.27 The companies agreed to end all litigation in the United States and South Korea and not raise further lawsuits against each other for ten years.


17.2.2 Siemens Gamesa Renewable Energy A/S. v. General Electric (GE)

There has been major litigation over patents and wind technologies between General Electric (GE) and Siemens Gamesa Renewable Energy A/S. GE has been a vocal advocate for strong protection of intellectual property rights in international climate negotiations. So, it is striking to see its positioning as a defendant in a case in which it is being sued for intellectual property infringement.

In 2020, Siemens Gamesa sued GE for patent infringement in Massachusetts over GE’s Haliade-X turbines. The judge ruled in September 2022 that Siemens Gamesa’s technology was a ‘key element’ of the turbines’ functionality.28 The judge banned GE from making and selling the turbines in the United States. However, the judge allowed GE to continue using the turbines in existing projects off the coasts of Massachusetts and New Jersey with royalty payments, noting the ‘rapidly developing climate crisis’, and the ‘thousands of jobs’ the projects have created.29 A jury had awarded Siemens Gamesa a royalty rate of US$30,000 per megawatt. Siemens Gamesa asked the court to triple the rate for the New Jersey project to US$90,000 per megawatt for total damages of US$109.3 million.

In the February 2023 case of Siemens Gamesa Renewable Energy A/S v. General Electric Co, District Judge Young reflected upon the dispute.30 The judge observed: ‘The issue before this Court requires it to scrutinize one small area of a particular battlefield between Siemens Gamesa Renewable Energy A/S (“SGRE”) and General Electric Co. (“GE”) who are locked in a global struggle for dominance in the lucrative and vitally important market to develop offshore wind turbines.’31 The judge chastised the two multinational companies for engaging in this extended patent conflict over essential technologies: ‘This struggle does nothing to advance the public interest of the people of the United States or any other nation.’32 The judge commented: ‘Indeed, [this litigation] inhibits efforts to combat climate change world-wide.’33 These comments are significant in the context of the international debates over intellectual property and climate change – especially given that some nations and companies have denied that intellectual property rights could act as a barrier to climate action. Here is an American judge complaining that intellectual property litigation is an impediment to the public interest in access to clean energy and to international climate action.

The judge called for a cooperative approach to intellectual property between the two companies: ‘It would be far, far better for these two corporate behemoths –consistent with antitrust requirements – to cross license their particular technological contributions and forge ahead with production in the global public interest.’34 The judge was exasperated about the need to adjudicate the ongoing dispute between the two parties: ‘In these premises, however, corporate self-interest appears to hold full sway, and this Court must do its duty.’35

The judge considered in this matter submissions from the two companies as to damages. The judge noted that the assessment


should take into account the change in the parties’ bargaining positions, and the resulting change in economic circumstances, resulting from the determination of liability—for example, the infringer’s likelihood of success on appeal, the infringer’s ability to immediately comply with the injunction, the parties’ reasonable expectations if the stay was entered by consent or stipulation, and so on—as well as the evidence and arguments found material to the granting of the injunction and the stay.36


The judge was frustrated by the submissions of the two parties, noting: ‘It is difficult to understand why GE would continue to use the infringing patent if the costs of designing around it are as low as it represents them to be.’ The judge observed: ‘The parties have made it incredibly difficult to find common ground on whether a design-around would or would not best serve the public’s interest’.37 The judge wondered: ‘What would this design-around mean for the public interest?’38 The judge observed: ‘These open-ended questions cause the Court to place SGRE and GE on roughly equivalent ground regarding their bargaining positions post-verdict.’39

The judge concluded: ‘What is indubitably clear is that, by permitting GE to proceed on two offshore wind turbine projects notwithstanding the general injunction earned by SGRE, this Court is conferring on GE, a patent infringer, a significant if incalculable economic advantage.’40 The judge observed: ‘GE will thus be able to build up relationships with reliable vendors and subcontractors, and work out supply chain issues – in short, gain the advantage of learning how to address that myriad of issues that become apparent only by actually building a project out.’41

In conclusion, the judge held:


In light of these considerations, as a result of GE’s obligation to meet the public interest as an infringer, joined with the fact that GE is now voluntarily infringing with the Court’s permission, this Court decrees it must pay, as to the Ocean Wind I carve out, $60,000 per M/W to compensate SGRE most fairly for the irreparable harm it is causing.42


Moreover, the judge ruled: ‘For each infringing Haliade-X wind turbine installed at Ocean Wind 1 Offshore Energy Project, GE shall pay SGRE a royalty consisting of $60,000 per megawatt of rated capacity within 30 days after the end of the month in which the Haliade-X wind turbine is installed.’43

In media reports, a GE Renewable Energy spokesperson lamented that the ruling ‘does not follow the jury’s verdict or account for today’s economic realities’.44 In March 2023, GE and Siemens Gamesa announced a settlement of the wind technology patent disputes in the United States and Europe.45 The highly critical comments of the judge most likely encouraged the parties to reach a settlement.


17.2.3 US Government v. Sinovel

In 2018, a United States court found that Sinovel, a manufacturer and exporter of wind turbines based in the People’s Republic of China, misappropriated trade secrets from AMSC, a US-based company formerly known as American Superconductor Inc.46 After an 11-day trial, a jury sitting in Madison, Wisconsin, convicted Sinovel Wind Group Co Ltd, doing business as Sinovel Wind Group (USA) Co Ltd (Sinovel), of conspiracy to commit trade secret theft, theft of trade secrets and wire fraud. Acting Assistant Attorney General Cronan commented: ‘Sinovel nearly destroyed an American company by stealing its intellectual property.’47 He observed that ‘this type of conduct, by any corporation – anywhere – is a crime, and won’t be tolerated’. US Attorney Blader added: ‘Today’s verdict sends a strong and clear message that the theft of ideas and ingenuity is not a business dispute; it’s a crime and will be prosecuted as such.’48

In sentencing, the court held that AMSC’s losses from the trade secrets appropriation exceeded US$550 million, and imposed the maximum statutory fine in the amount of US$1.5 million on Sinovel Wind Group LLC.49 The Court found that the parties settled the restitution amount, and imposed a year of probation until Sinovel paid the full restitution amount. Sinovel paid US$32.5 million to AMSC – of which US$25 million was paid within its year of probation. Sinovel was required to pay US$850,000 to additional victims within its year of probation.

Commenting on the sentencing, Acting Assistant Attorney General Cronan observed: ‘Rather than pay AMSC for more than US$800 million in products and services it had agreed to purchase, Sinovel instead hatched a scheme to brazenly steal AMSC’s proprietary wind turbine technology, causing the loss of almost 700 jobs and more than $1 billion in shareholder equity at AMSC.’50 Cronan warned: ‘As demonstrated by this prosecution, intellectual property theft poses a serious threat to American companies, and the Department of Justice is committed to aggressively investigating and prosecuting individuals and corporations who undermine American competitiveness by stealing what they did not themselves create.’51


17.2.4 Summary

For some time, there was debate as to whether there was any evidence of intellectual property rights being relevant to questions of access to clean technologies and renewable energy. These select case studies highlight that the topic of intellectual property and climate change is one in which there are massive conflicts, involving major companies and nation states. There have been serious matters of intellectual property infringements in the field of green technologies. There have also been concerns about intellectual property conflicts creating issues in respect of access to clean technologies and renewable energy. The question is not a simple one of whether intellectual property rights facilitate technology transfer, or create barriers to technology transfer. The relationship between intellectual property and clean technology is a complex and dynamic one, with various effects.


17.3 International organizations

There has been debate as to whether international institutions should develop and elaborate rules and norms on intellectual property and climate change in order to avoid legal conflicts and disputes. The UN Secretary-General António Guterres has encouraged renewable energy technologies to be treated as global public goods. The international climate conferences have hosted rolling debates on intellectual property and climate change – but have only agreed to text on technology transfer and climate finance, not intellectual property. The United Nations Framework Convention on Climate Change (UNFCCC) Climate Technology Centre and Network has been established to help accelerate research, development and deployment of clean technologies. The World Intellectual Property Organization has also held dialogues on intellectual property and climate change, and established the WIPO GREEN mechanism to help facilitate technology transfer. The TRIPS Council of the World Trade Organization has heard a range of views from nation states on the interaction between intellectual property and climate change. The United Nations Development Programme has established a network of accelerator labs to help incubate sustainable innovation, and promote the United Nations Sustainable Development Goals.


17.3.1 The UNFCCC

The debate over intellectual property and climate change during international climate talks has been inconclusive. During the discussions over the Paris Agreement 2015, India urged nation states to agree to language on intellectual property, finance and technology transfer in the agreement.52

Draft Article 56.3 of the negotiating text of 12 February 2015 considered a range of options.53 The first option highlighted means to assist technology transfer. There were four items under it. Item A called for developed countries to ‘provide financial resources to address barriers caused by intellectual property rights (IPRs) and facilitate access to and the deployment of technology, including inter alia, by utilizing the Financial Mechanism and/or the establishment of a funding window under the Green Climate Fund/the operating entities of the Financial Mechanism’.54

Item B wanted ‘an international mechanism on IPRs to be established to facilitate access to and the deployment of technology to [developing country Parties]’.55 Item C asked for ‘collaborative research and development, shareware, commitments related to humanitarian or preferential licensing, fully paid-up or joint licensing schemes, preferential rates and patent pools’.56 Item D recommended that


funds from the Green Climate Fund will be utilized to meet the full costs of intellectual property rights (IPRs) of environmentally sound technologies and know-how and such technologies will be provided to developing country Parties free of cost in order to enhance their actions to address climate change and its adverse impacts.57


The second option submitted that ‘Parties recognize that IPRs create an enabling environment for the promotion of technology innovation in environmentally sound technologies’.58 The third option, mooted by developed countries, was that ‘IPRs are not to be addressed in this agreement’.59 The fourth option was for ‘Developed country Parties to make available Intellectual Property (IP) through multilateral institutions as [a]‌ public good, through purchase of intellectual property’.60 In the end, neither the Paris Agreement 2015 nor its Adopting Decision included any text on intellectual property. There was simple, basic text on technology research, development and deployment.

Over the course of the international climate talks, a number of technology mechanisms and networks have been established. The UNFCCC Climate Technology Centre and Network released a paper on Climate Change Strategies in 2020.61 The executive secretary of the UNFCCC, Patricia Espinosa, considered the question of climate technology in the foreword to the document. She emphasized: ‘The full deployment of technologies to reduce greenhouse gas emissions and build resilience to the impacts of climate change is vital if we are to realise the vision of the Paris Agreement.’62 Espinosa called for a broad understanding of ‘climate technology’:


The term ‘climate technology’ covers a broader scope than many realise. In recent years, climate technologies have been deployed on an unprecedented scale around the globe. Certain renewable energy technologies are now competitive with fossil fuel options for electricity generation, and technology assessments and roadmaps developed by the CTCN and its partners help ensure that appropriate technology choices are made by governments and that enabling environments are in place to support domestic and international investment to scale-up their deployment.63


Espinosa noted that ‘the Financial and Technology Mechanisms of the Convention are collaborating to support the climate mitigation needs of developing countries’.64 Moreover, work was also under way on the deployment of climate technologies for adaptation: ‘Countries require the full support of the global community to strengthen their resilience to changing rainfall patterns and rising seas, enhance agricultural production and food security, and support the efforts of governments to meet the needs of their populations.’65 Espinosa called for the work of the Climate Technology Centre and Network to be expanded further: ‘We must collectively raise our ambition if we are to rise to the level of the challenge before us.’66 Espinosa concluded: ‘We need tomorrow’s technologies and innovation, but while also scaling up the deployment of those in existence today.’67

Dr Rose Mwebaza, the director of the Climate Technology Centre and Network, has discussed the importance of access to climate technology:


Technology can help us tackle some of the worst impacts of climate change. And innovation is the key to unlocking technology’s power to advance adaptation action. Innovation is critical to developed and developing countries alike. It is fundamental to sectors demanding creativity, ingenuity and ‘thinking outside the box’ to address the increasingly complex issues caused and exacerbated by climate change. 68


Nonetheless, Mwebaza observes that, although ‘[t]‌echnology is a recognized enabler of climate action for adaptation … we have yet to fully maximize its potential’.69 She emphasized: ‘Technology and innovation are needed to address the myriad considerations that go into planning for more sustainable cities, improving agricultural production and transforming food systems, building resilience in coastal communities, and protecting and conserving our dwindling water resources.’70

Mwebaza maintained that the Technology Mechanism played an instrumental role in supporting ‘all facets of technology innovation through technical assistance, capacity building and knowledge sharing’.71

In 2023, the First Global Stocktake at COP28 emphasized that ‘finance, capacity-building and technology transfer are critical enablers of climate action’.72 It noted, with concern ‘that current levels of climate finance, technology development and transfer, and capacity-building for adaptation remain insufficient to respond to worsening climate change impacts in developing country Parties, especially those that are particularly vulnerable to the adverse effects of climate change’.73

The First Global Stocktake underlined ‘the fundamental role of technology development and transfer, endogenous technologies and innovation in facilitating urgent adaptation and mitigation action aligned with achieving the goals of the Paris Agreement and sustainable development’.74 The First Global Stocktake highlighted ‘the persistent gaps and challenges in technology development and transfer and the uneven pace of adoption of climate technologies around the world’.75 The First Global Stocktake has established a ‘technology implementation programme’ to help address some of the outstanding challenges in technology transfer.76


17.3.2 The World Intellectual Property Organization

The World Intellectual Property Organization (WIPO) has been an arena of debate between member states over intellectual property, climate change and sustainable development for some time.

The WIPO set up WIPO GREEN to help facilitate technology transactions in respect of clean technologies. This institutional mechanism has seen modest activity in this respect. In 2023, the Director-General of the WIPO, Daren Tang, sought to emphasize the relevance of the institution to climate action. Tang observed: ‘In the past 10 years, this platform has grown to cover 130,000 technologies from over 140 countries, becoming the biggest green tech exchange matching platform that the UN offers today.’77 He recognized that it remains a challenge to ensure that these technologies ‘create impact on the ground’.78 Tang observed: ‘WIPO will continue to build innovation and tech transfer capabilities in member states so that tech transfer can lead to actual deployment on the ground, and homegrown innovation solutions can move from mind to market and be deployed and diffused across the world.’79

The WIPO released its Green Technology Book: Solutions for Climate Change Adaptation at COP27.80 In the book, Tang stressed: ‘As the UN agency for innovation, creativity and intellectual property (IP), WIPO is committed to supporting the development of green technologies and new innovative solutions in the fight against climate change.’81 Tang insisted that ‘the global IP system plays a critical role in ensuring that such solutions create impact’.82 Tang also argued that the global IP system ‘helps translate basic research into tangible climate change solutions, incentivizes public and private R&D investment into environmentally-friendly technologies and generates a vast treasure trove of information that is open and accessible to all’.83 However, Tang avoided the ideological debates in intellectual property law as to what approach would best help climate action and access to clean energy.

At COP27, the WIPO also participated in an International Trade Centre event on ‘Accelerating the Low-carbon Transition through Sustainable Inclusive Trade’.84 WIPO also co-organized the event ‘Advancing Paris Agreement Implementation and Climate Action through Innovation and Technology’.85

The WIPO published its Green Technology Book: Solutions for Climate Change Mitigation at COP28.86 The book emphasized: ‘Eighty percent of the technologies we need to achieve the 2030 climate goals are already on the market – with many more emerging.’87 The collection highlighted ‘technologies for lowering energy consumption, electrifying transport and enabling material efficiency’.88 The book maintains that ‘a well-functioning innovation ecosystem is underpinned by an efficient and fair intellectual property rights system, which in itself stimulates innovation and disseminates technology to global markets’.89

The focus of WIPO GREEN and the green technology books has been very much on voluntary licensing of intellectual property, and use of public domain technologies. Curiously, the WIPO has shied away from politics debates over substantive law reform in respect of intellectual property, sustainable development and climate change.


17.3.3 The World Trade Organization

The World Trade Organization (WTO) has been the host of some fierce debates over intellectual property and climate change.

There has been some debate about the application of the TRIPS Agreement to the topic of environmentally sound technologies in an age of climate change.90

In 2013, there was a major discussion on the TRIPS Council over intellectual property and climate change.91 There were two major discussions on the topic of intellectual property and climate change in 2013.92 The Government of Ecuador argued that intellectual property should help facilitate the transfer of environmentally ‘rational’ technology.93 This submission was supported by a number of other countries, such as Chile, Cuba and El Salvador. The BRICS/BASIC countries made submissions in respect of the need to make use of flexibilities under the TRIPS Agreement 1994 to tackle climate change and sustainable development. Developed countries, such as the United States, members of the European Union (EU), Switzerland, Japan, South Korea and Australia, maintained that there was a need for strong protection of intellectual property rights in respect of clean technologies. LDCs and nations vulnerable to climate change have pushed for environmentally sound technologies to be treated as global public goods. In 2014, there was a further debate in the TRIPS Council regarding the topic of intellectual property and climate change.94 However, there was little consensus among the nation states in the TRIPS Council as to an agreed approach to intellectual property, technology transfer and climate change.

In 2022, the WTO published a special world trade report on the topic of climate change and trade.95 The report asserts: ‘The protection and enforcement of intellectual property rights, as provided by WTO rules, is also essential to support innovation in environmental technologies while promoting the transfer of technology.’96 The report seems to assume that the TRIPS Agreement 1994 helps ‘ensure [a]‌ balanced framework for innovation and diffusion of climate adaptation technologies’ and ‘support[s] technology transfer to LDCs’.97 The report offers an anodyne account of the role of intellectual property in respect of clean technologies:


The [TRIPS Agreement] establishes a balanced framework for the innovation and dissemination of climate technologies for the mutual benefit of innovators and technology users, in particular through a range of tailored domestic measures concerning the governance of the intellectual property (IP) system for social and economic welfare. The IP system works in conjunction with international trade to facilitate knowledge transfers and diffusion of critical mitigation technologies, including through the effect of GVCs [global value chains] and knowledge spillovers, and trade in knowledge intensive goods.98


There is, however, very little recognition in the TRIPS Council debates between nation states as to whether the TRIPS regime is well adapted to dealing with climate change.99 The report fails to acknowledge that the technology transfer mechanism under Article 66.2 of the TRIPS Agreement 1994 has not been working very well for LDCs.

The WTO participated in a number of activities at Sharm El Sheikh in Egypt for COP27.100 WTO Director-General Ngozi Okonjo-Iweala argued that trade was critical in the global response to climate change.101 She observed: ‘We are advocating under the WTO for a global pricing framework, which will take into account the target we want of limiting the global temperature rise to 1.5 degrees, as agreed under the Paris Agreement.’102

In 2023, Okonjo-Iweala argued that developing countries should put in place ‘effective mechanisms in their domestic laws’ that allow them to use the TRIPS flexibilities to deal with the climate crisis.103 She commented: ‘With the impact of climate change on health becoming more evident, this is the time to get ready.’104 Okonjo-Iweala recognized: ‘As you all know, at the WTO we have also been grappling with sensitive issues around intellectual property (IP) and technology transfer.’105 She noted: ‘To solve problems in public health and the climate, breakthrough technologies must be incentivized, invented, developed and widely diffused.’106 In her view, ‘[i]‌nnovation and access must go together’.107 Okonjo-Iweala commented: ‘Governments have legitimate scope to intervene when necessary to protect the public interest.’108

The position of Okonjo-Iweala has been informed by geopolitical struggles in respect of IP, and public health during the COVID-19 crisis. It should be noted that, in the parallel of field of access to medicines, there was a proposal for a TRIPS Waiver from South Africa and India during the COVID-19 crisis.109 The Biden Administration was willing to support a TRIPS Waiver for vaccines.110 However, the EU, the United Kingdom and Switzerland opposed a TRIPS Waiver. In the end, the WTO could only agree on Ministerial Decision on the TRIPS Agreement 2022.111 This Decision allowed for further compulsory licensing of patents for the purposes of the export of COVID-19 vaccines.


17.3.4 The United Nations Development Programme

The United Nations Development Programme (UNDP) has also been interested in promoting sustainable innovation. The UNDP has set up a network of accelerator labs to help generate sustainable innovation, and facilitate the realization of the United Nations Sustainable Development Goals.112

The UNDP has been particularly interested in promoting ‘grassroots innovation that moves us toward a safer, more inclusive, and sustainable planet’.113 UNDP Administrator Achim Steiner has been seeking to develop a new policy on intellectual property: ‘Looking to the private sector, UNDP is developing a new policy on intellectual property rights to navigate constraints on our ability to engage with small and medium enterprises and start-up firms, and devising a tailored private sector partnership approach for fragile and crisis contexts.’114 Steiner has been engaging with the larger debate over whether intellectual property rights enhance or constrain sustainable innovation.115

Steiner has also advocated for ambitious climate action: ‘Global citizens want their leaders to transcend their differences, to act now and to act boldly to fight the climate crisis.’116 He emphasized: ‘We urge leaders and policymakers to take note, especially as countries develop their next round of climate action pledges – or “nationally determined contributions” under the Paris Agreement.’

It is notable that UNDP administrator Achim Steiner has often been much more radical in his solutions than some of his institutional leaders for the WTO, WIPO and the UNFCCC. As highlighted in the lead quote, Steiner has often advocated for the treatment of clean technologies as global public goods to be shared.


17.4 States

There has been a geopolitical debate as to whether intellectual property rights encourage research and development in relation to clean technologies. There has often been a divide between states on this issue. Developed nations, such as the US, Japan, South Korea and members of the EU, have argued that strong intellectual property rights protection is necessary to stimulate investment in the mid- to long-term development of clean technologies. However, many mid-tier nations have maintained that there should be greater access to clean technologies, subject to intellectual property rights protection. Developing countries have expressed concerns as to whether intellectual property rights create barriers to the dissemination of clean technologies. They have called for the use of intellectual property exceptions to enable the sharing of critical technologies for climate adaptation and mitigation. LDCs, Small Island States and nations vulnerable to global warming have argued that clean technologies should be placed in the public domain. Individual nations have been identifying intellectual property as a critical issue in national reports and assessments in respect of climate action.


17.4.1 The United States

Traditionally, the United States has taken a hard line on intellectual property during international climate talks, demanding that there be strong protection and enforcement of intellectual property rights in respect of clean technologies.117 The Trump administration asserted in a Special 301 Report in 2020: ‘Strong IP protection and enforcement are essential to promoting investment in innovation in the environmental sector.’118

The position of the United States has shifted under the Biden administration on the topic of intellectual property, climate change and trade. The Biden administration has taken a new approach to trade and the environment, and has sought to promote ‘Green Partnerships’, and to diffuse conflicts over intellectual property.119 Moreover, the United States government has also been willing to support a TRIPS Waiver in respect of vaccines during the COVID-19 crisis – perhaps showing a new approach to the role of intellectual property in respect of global challenges.120

In a 2021 speech, the new United States Trade Representative (USTR), Ambassador Katherine Tai, discussed her approach to ‘Greening U.S. Trade Policy’.121 She lamented: ‘For too long, the traditional trade community has resisted the view that trade policy is a legitimate tool in helping to solve the climate crisis.’122 Tai noted that such an approach was unhelpful: ‘But that dated line of thinking only perpetuates the chasm that exists between the lived experiences – and expectations – of real people on the one hand, and trade experts on the other.’123 Tai noted: ‘The intersection of environment, climate change, labor, and trade are key to our collective ability to compete, innovate, and create liveable wage jobs that will provide hope and opportunity for future generations and underserved communities.’124 She highlighted that there should be a strong connection between trade policy and climate action: ‘This is why I believe that trade policy is an essential and strategic part of the solution to these huge challenges.’125

Tai sought to promote United States clean technologies: ‘Together, we can foster U.S. innovation and the production of new technology, while promoting resilient renewable energy supply chains.’126 She emphasized: ‘This work has the potential to unlock new opportunities for U.S. companies who can help reduce emissions and adapt to climate change.’127 Tai insisted: ‘Our bold, collective action can create enormous new economic opportunities and good paying jobs for all Americans while building the industries of the future.’128

In April 2021, Tai had personally sought to resolve the intellectual property and trade dispute between SK Innovation and LG Solutions over electric batteries.129 She praised the parties for resolving their IP conflict: ‘I congratulate both companies for working through their significant differences to resolve this dispute, which builds confidence in their reliability and responsibility as suppliers to the U.S. auto industry.’130

Tai emphasized that the US would focus on climate justice: ‘We expect justice and equity to be on everyone’s agenda, and we welcome creative solutions to the massive challenges we face with the environment, with climate change, and trade as a whole.’131 She emphasized a desire for a cooperative diplomatic approach: ‘By engaging new – and all too frequently silenced – voices and encouraging fresh, collaborative thinking, we can forge consensus and find solutions that we never knew existed.’132

In 2023, the USTR released a Special 301 Report on Intellectual Property and Enforcement.133 The report maintained that ‘[s]‌trong intellectual property (IP) protection and enforcement are essential to promoting investment in innovation for a sustainable future’.134 In its view, ‘[s]uch innovation not only promotes sustainable economic growth and supports jobs, but also is critical to responding to environmental challenges such as climate change’.135 The report also highlighted the importance of public sector research into climate change and sustainability: ‘IP provides incentives for research and development in this important sector, including through university research.’136

In 2024, the USTR issued a communication to WTO members on Climate and Trade.137 The communication acknowledged: ‘Most [WTO members] recognize the urgent need to take action to mitigate greenhouse gas emissions and adapt to climate change in order to help ensure a safe future for families and communities, good paying jobs for workers, and a healthy planet for our and future generations.’138 The communication recognized that ‘significant work remains, and needs to be accelerated, if we are going to meet greenhouse gas (GHG) emission reduction targets and net-zero goals’.139 The communication commented: ‘Trade policy can play an important role in incentivizing decarbonization and reducing GHG emissions in our economies, spreading technological innovations that enable lower- or zero-emission production and transport, and greening international supply chains.’140

The United States Patent and Trademark Office (USPTO) has also highlighted the importance of intellectual property in respect of green energy inventions.141 Secretary of Commerce Gina Raimondo commented: ‘The Commerce Department is committed to creating new solutions that we need to overcome climate change and related global energy challenges of the future.’142 USPTO Director Kathi Vidal observed: ‘Our nation’s innovation community is playing a crucial role in devising creative solutions to the challenge of climate change.’143 She stressed: ‘Innovation in this field is critical to how we will live and prosper in the future.’144 The USPTO provided for expedited patent examination for the new categories of Climate Change Mitigation and Green Energy in the Patents for Humanity scheme.

The USPTO has been enthusiastic about the Patents for Humanity scheme. Attorney adviser Edward Elliott of the USPTO has argued: ‘Patents for Humanity seeks to recognize innovators of all types by celebrating their varied contributions to our common goal: bringing prosperity to every corner of the globe.’145 The Patents for Humanity Act of 2022 (US) has entrenched the system. However, in the view of this scholar, the Patents for Humanity scheme has not had much more than a symbolic impact thus far.146 The regime seems to be a public relations exercise rather than a structural, substantive measure to improve green innovation. The regime does little to ultimately change incentives for intellectual property owners to share clean technologies.

In a speech to the APRA-E Energy Innovation Summit, Kathi Vidal maintained: ‘Patents are the primary vehicle used by our universities, our government labs, our big companies, and our startups, and our individuals to turn new inventions and technologies into commercial products and entirely new industries.’147 She stressed: ‘We must do this in the clean-energy space.’148 She maintained that the ‘U.S. patent system has been the main driver of our economy for centuries, and at the USPTO we want it to power the new technologies aimed at the reduction of greenhouse gas emissions.’149 Vidal promised that the USPTO would expedite the examination of clean and green energy technologies: ‘If you have a technology that could have a positive impact on the climate, you can file a petition to have an expedited examination of your patent application.’150 She suggested: ‘To all of you involved in the next generation of clean energy technologies, you can look to the U.S. Patent and Trademark Office as your partner in developing your technologies into products and systems that will change the trajectory of our energy future.’151


17.4.2 The EU

The European Commission has been pursuing a Green Deal. There has been discussion as to whether the EU Green Deal will involve the development of a Green Intellectual Property Policy.152 There has long been debate as to whether the EU needs a Clean Technology Directive in intellectual property law, policy and practice.153

The European Patent Office has commissioned extensive research on intellectual property and climate change.154 The European Patent Office has published detailed intellectual property landscapes in respect of patents, trademarks and other forms of intellectual property, and has sought to provide a new classification for climate mitigation technologies in its patent regime.155 The European Patent Office has argued that technology transfer need not be obstructed by intellectual property rights.156

In the course of climate negotiations, the EU has denied that intellectual property rights serve as a barrier to access to clean technologies.157 The EU has questioned the need for specific intellectual property flexibilities to tackle the problem of climate change.158

The EU opposed the proposal for a broad TRIPS Waiver for access to essential medicines during the COVID-19 crisis.159 Instead, the EU argued for voluntary licensing and clarified compulsory licensing in respect of essential medicines.160 In the end, there was a Ministerial Declaration on the TRIPS Agreement 2022, which allowed for the compulsory licensing of patents to facilitate the export of essential medicines.161 No doubt the EU would also oppose a similar proposal for a TRIPS Waiver in respect of clean technologies to tackle the climate crisis. The EU has already opposed much more modest proposals for broader intellectual property flexibilities for clean technologies in the TRIPS Council.162

It is a paradox that the EU is a great innovator in respect of clean technologies, but it is reluctant to transfer such technologies, without strong intellectual property protection.

In 2023 and 2024, European scholars writing in GRUR International have argued that the EU could realign intellectual property law with objectives in respect of the environment, climate change and sustainable development.

At an administrative level, Giorgio Spedicato has suggested that patent offices can play a new and more decisive role in promoting environmentally sustainable innovation.163 He commented:


While it is true that there are other public authorities and bodies tasked with steering technological innovation towards environmental sustainability, and perhaps they can prevent unsustainable innovations from reaching the market more effectively than patent offices themselves, it is also true that the challenges posed by climate change and environmental degradation require the active commitment of all parties to be effectively addressed.164


At a policy level, Reto Hilty and Pedro Henrique Batista have explored the potential and limits of patent law to address climate change.165 The scholars conclude: ‘If patent legislation needs to be improved, international coordination, involving as many states as possible, including those from which the required technologies originate, is crucial to making a reasonable impact.’166

Josef Drexl has further considered the responses of intellectual property and competition law to the challenges of climate change.167 He observed: ‘To achieve better results in terms of ecological sustainability, the law should indeed be designed with sufficient flexibility to allow account to be taken of the specific market failures that characterize green innovation.’168

Lodewijk Van Dycke has considered whether there is a need to reconsider patent terms for clean technologies: ‘Patents typically last for 20 years but, for climate-related technologies, this is arguably too long.’169 The scholar maintained that there was a need to ‘maximise technology spread and climate change mitigation, in order to minimise temperature rises and the catastrophic consequences of unmitigated global warming’.170


17.4.3 Other developed countries

A number of other key developed countries – which have holdings in intellectual property – have expressed a reluctance to shift their maximalist position on intellectual property rights. As Enrico Bonadio has observed, ‘it is believed that a global protection of IPRs creates a certain and reliable normative context in which private companies are encouraged to transfer their proprietary information and technologies across different countries’.171


17.4.3.1 Switzerland 

Switzerland has traditionally taken a maximalist stance on intellectual property protection and enforcement. Switzerland has told the TRIPS Council: ‘In our view, the IP system plays a key role in the promotion, encouragement and dissemination of green energy technologies and can thus make a positive contribution in the fight against climate change.’172

In its fifth national communication under the UNFCCC, Switzerland maintains: ‘Alongside public sector activities, the Swiss private sector plays an important role in terms of technology transfer.’173 Switzerland insists: ‘In many fields of environmentally sound technologies, Swiss companies are leading in the development, diffusion and implementation of state-of-the-art solutions and pursue climate-related activities in the order of several billion CHF per year, supported by the Swiss export promotion agency Business Network Switzerland.’174 However, there have been no concessions in respect of intellectual property flexibilities by Switzerland.


17.4.3.2 Japan 

Japan has robustly called for strong protection of intellectual property rights at international climate conferences. At the TRIPS Council, the delegation of Japan maintained that intellectual property protection formed a solid and stable foundation for direct investment in environmentally sound technologies.175 The delegation of Japan maintained that the international frameworks for intellectual property rights were well-balanced. The delegation of Japan disputed the arguments of developing nations that the current intellectual property regime undermined technology transfer – including in respect of green technologies. The Japan Patent Office has collaborated with WIPO GREEN to facilitate technology transfer in respect of clean technologies.176


17.4.3.3 Australia 

A Labour government replaced a right-of-centre Coalition government in Australia in 2022. At COP27, the new Albanese government vowed to ‘demonstrate our potential as a renewable energy superpower and the opportunities of green trade partnerships’.177 It promised to ‘contribute to an effective global response to climate change and support the international community to achieve the goals of the Paris Agreement’.178 Australia’s Minister for Climate Change and Energy, Chris Bowen, maintained at COP27 that there was a need for climate finance: ‘We have a moral imperative and driving need for our institutions to work with countries across the developed and developing world not only to reduce emissions but respond to a changing climate and its economic impact on [our] nation.’179 The Australian government has made notifications to the WTO of technology transfer in respect of climate-related technologies. However, it has not introduced specific law reform in respect of intellectual property to facilitate climate action and sustainable development.


17.4.3.4 Canada 

The Government of Canada has sought to develop databases of patented inventions related to climate technologies.180 Canada has developed specialized resources for clean technology businesses on how to leverage intellectual property.181 Canada has established a patent collective focused on clean technologies called the Innovation Asset Collective.182 There has been discussion about whether Canada needs to reform its intellectual property laws to promote a circular economy and climate action.183


17.4.4 BRICS nations (Brazil, Russia, India, China, South Africa)

Mid-tier nations in the BRICS grouping – such as Brazil, Russia, India, China and South Africa – have played an important role in the debate over intellectual property and climate change. India, in particular, has been vocal in negotiations over intellectual property, climate finance and technology transfer. A BRICS High Level meeting on climate change in 2022 highlighted the need for ‘the reinforcement of adaptation and the delivery and urgency of developed countries’ commitments to provide credible, adequate, predictable, timely, new and additional financial support and technology transfer to developing countries.’184


17.4.4.1 India 

India’s 2022 Long-Term Low-Carbon Development Strategy addresses intellectual property, technology transfer and climate finance.185 In its executive summary, India emphasized that ‘India cannot deploy low-carbon climate technologies at a significant scale unless a facilitative global technology transfer regime is in place, and the incremental and associated costs of these technologies are met by international climate funds’.186 India argued: ‘A collaborative international mechanism needs to ensure that barriers, such as intellectual property rights, are lowered by developed countries to facilitate technology transfer from developed to developing countries.’187 India is committed to advancing common sustainable development goals: ‘However, it also emphasizes that international cooperation is necessary to support developing economies through finance, technology and win-win strategies.’188

In the body of the analysis, India elaborates upon the need for progress on research, development and deployment of low-carbon climate technologies:


Through engagement with multilateral platforms, India will seek to increase access to low-carbon technologies, including solar photovoltaics, offshore wind equipment, LED bulbs, efficient air conditioners, low-carbon iron and steel manufacturing technologies, biofuels and hydrogen technology. India will aim to stimulate markets for clean energy technologies emerging in India, with investment pathways developed in accordance with international best practices for research, innovation, and manufacturing in this field.189


India expressed concerns about the lack of adequate and sufficient climate finance: ‘In the absence of a roadmap for climate finance, India and other developing countries will face serious constraints in achieving the climate goals in subsequent updates to NDC.’190 India argued that there was a need to better track climate finance: ‘Therefore, it is India’s view that the global climate regime should track progress not just on climate mitigation efforts, but on the delivery of international climate finance to developing countries.’191

As one of the sponsors of the TRIPS Waiver proposal during the COVID-19 crisis, India suggested that a similar proposal may be needed to address climate change: ‘India also notes the example of the COVID-19 pandemic where the advantages of setting aside the intellectual property rights regime, particularly to meet global challenges, became very evident.’192 India suggested: ‘Such an approach if adopted at the global level will promote research and innovation relevant to climate action.’193

Krishna Ravi Srinivas has commented that the relationship between intellectual property, sustainable development and climate action is a ‘complex conundrum’.194 He has suggested that like-minded countries could explore options to enable the transfer of clean technologies. He has argued that open sourcing green technologies as ‘global public goods’ would be an option worth exploring.


17.4.4.2 South Africa 

In respect of the implementation of the Paris Agreement 2015, South Africa has argued that ‘climate technologies need to flow, without hiding behind the issue of intellectual property rights’.195 South Africa has insisted: ‘The Green Climate Fund needs to make the technology transfer possible and concrete through a dedicated window.’196 South Africa has also recommended: ‘More resources should be dedicated to enhance the efforts and operationalisation of the Climate Technology Centre and Network in accelerating the transfer of environmentally sound technologies for low carbon and climate resilient development in developing countries.’197 South Africa has stated:


It is crucial that the operating entities of the financial mechanism support developing countries’ actions to tackle climate change, and should ensure predictable, sustainable and adequate resources for the funds that are supporting climate action, in particular the Global Environment Facility Trust Fund, the Green Climate Fund and the Adaptation Fund.198


During the debate over COVID-19, South Africa and India proposed a TRIPS Waiver to help accelerate the provision of essential medicines.199 There has been parallel discussion by South Africa and India as to whether there should be a TRIPS Waiver to tackle other global issues – such as climate change, biodiversity loss and depletion, and sustainable development. A number of scholars have wonder whether a TRIPS Waiver model would be useful in respect of encouraging climate action through waiving intellectual property rights to clean technologies.200

Caroline Ncube from the University of Cape Town contends that ‘IP plays a critical role as one of multiple regulatory systems seeking solutions in the highly dynamic and insecure contexts of the climate emergency, uneven global development and pandemics, requiring timely and comprehensive normative development’.201 She reflected: ‘Pandemic prevention and preparedness are critically important, considering the very real possibility of other large-scale health emergencies, endemics and pandemics, which will be accelerated and amplified by the climate crisis and conflict.’202


17.4.4.3 China 

China has invested heavily in clean technologies, renewable energy and energy efficiency.203 China has also accumulated intellectual property holdings in the field of green technologies.204 Chen Zhou observes that ‘China has a crucial role to play in climate geopolitics’.205

China has argued in the TRIPS Council that ‘IPRs should contribute to, but not become a barrier to, the transfer and dissemination of environmentally rational technologies’.206 Moreover, China has observed that ‘nothing in the TRIPS Agreement prevents its existing flexibilities from its application to the environmentally rational technologies’.207

For its part, China has been embroiled in complex intellectual property and trade disputes with the United States in the field of clean technologies and renewable energy.208 There has been considerable resentment in the United States government and industry about the Sinovel case – in which the trade secrets of American Superconductor in respect of wind technology were misappropriated. Peter Drahos has reflected: ‘US multinationals fear China’s stance on intellectual property and continue to partner with the US Government in pressuring China to do more to protect foreign intellectual property monopolies.’209


17.4.4.4 Brazil 

Historically, Brazil has been a key actor in geopolitics in respect of international intellectual property. Brazil has deployed the threat of compulsory licensing to provide access to essential medicines.210 Brazil has also been interested in mechanisms to expedite the examination of green patents to promote a circular economy.211 In the wake of the Bolsonaro era, Brazil is in the process of reorientating its position on intellectual property and climate change. Lula, the new president, told the COP27 summit that Brazil would take concerted climate action.212 Moreover, he emphasized that Brazil would seek to redress deforestation, and promised better protection of indigenous communities and their lands and territories and associated cultural heritage.


17.4.4.5 Russia 

At the BRICS meeting in 2022, Russia maintained that it was adhering to the principles of the UNFCCC and the Paris Agreement 2015.213 Russia submitted:


Russia is working on a radical restructurisation of the Russian industry and energy sectors, with 45% of Russia’s energy balance already stemming from low-emission energy sources, including nuclear power generation. The Russian Federation intends to increase the utilization of associated gas, implement a large-scale program of ecological modernization and energy efficiency in all sectors of the economy. Russia is creating the infrastructure for the production of hydrogen to be used as a raw material and energy carrier.214


But in practice, as recognized by the World Bank, the Russian Federation has been a promoter of fossil fuel industries.215 Russia has shown a scofflaw approach to intellectual property during the war in Ukraine.216 As such, Russia has not made a substantive contribution to the debate over intellectual property and climate change.


17.4.5 Developing countries (Group of 77)

The Group of 77 – representing developing countries – has called for further progress in terms of access to clean technologies and sustainable innovation. On behalf of the Group of 77, Senator Sherry Rehman, the Federal Minister for Climate Change of Pakistan, addressed such concerns in a speech at a leadership dialogue for ‘achieving a sustainable and inclusive recovery’.217 She reflected:


We must re-think our patterns of consumption and production. We can produce with greater respect for nature. We can stop the pollution of our lakes, rivers, and oceans. We can produce more with less water, and without dangerous chemicals. Technology transfers and technical assistance are key to achieve these goals.218


Rehman maintained that ‘recovery efforts should also address the widening technology and digital gap that exists between the developed and developing countries’.219 She observed: ‘Without equal access to innovative and clean technologies, the current digital divide may become the new face of development divide.’220 She emphasized that ‘we must work towards promoting the alignment of business practices with the SDGs and the UNFCCC and its Paris Agreement’.221

The South Centre is an intergovernmental organization which represents developing countries. The South Centre has a long history of engagement with the topic of intellectual property and climate change. In a 2012 research paper,222 Martin Khor commented that many proposals in respect of intellectual property and climate change had been stymied in international negotiations.


While the developing countries have advocated new technology mechanisms in the UNFCCC framework and called on ‘thinking outside the box’ on IPRs, the developed countries inside the UNFCCC by contrast have generally continued to maintain that respect for a strong IPR regime is necessary for innovation and for the transfer of technology to developing countries. The proposals … have not been acceptable to the US or EU, which deny that IPRs constitute a barrier to technology transfer. For the developed countries, which own most of the patents on climate-related technologies, maintaining the normal situation regarding IPRs is a matter of having advantage in economic competitiveness.223


As a result, it has been difficult to achieve consensus on the inclusion of decision text dealing with the topic of intellectual property, climate change, and technology transfer.

Carlos Correa – the current executive director of the South Centre – highlighted the importance of intellectual property in the organization’s statement at COP27.224 Correa observed: ‘Climate change action is not possible without wide and timely access to technologies.’225 He provided a reminder that ‘an effective fulfillment of the developed countries’ obligations in this regard is indispensable’.226 Deeming current models of technology transfer to be insufficient, Correa recommended that ‘a suitable international regime for the appropriation and transfer of cutting-edge technologies needs to be put in place’.227 Correa maintained that such a regime ‘should ensure that green technologies are treated as “public goods” and facilitate patent-free green technology transfers and dissemination through UNFCCC and other mechanisms’.228 Correa observed: ‘Such a regime should move away from a purely market-based approach and be rather based on the principles of cooperation and solidarity.’229 In such a vision, Correa is calling for intellectual property relating to green technologies to be treated as public goods – which are freely available for sharing.

In a discussion paper for the South Centre, Livia Regina Batista has further explored the inter-relationship between intellectual property, public health and access to climate-related technologies.230 She observed: ‘Fast-tracking programs put in place by national patent offices to accelerate the process of granting a patent on COVID-19-related medicine/vaccines have not assimilated the main criticisms regarding the previous experience on climate-related technologies and does not represent a solution for a wider dissemination of technologies.’231 Batista commented: ‘Considering broader access to climate-related technologies as a public health issue will link it to human rights rhetoric and allow us to address climate change in a hard law framework.’232

The Third World Network have been influential in framing the debate over intellectual property, technology transfer and climate change. The late Martin Khor was a catalyst for raising the profile of this topic.233 In 2022, the Third World Network emphasized that questions around intellectual property, technology transfer and climate change were unresolved.234 The Third Network observed that


promoting economic diversification hinges on the equitable and fair resolution of other issues within the multilateral climate change, trade, and other regimes such as the transfer and development of environmental sound technologies, the provision of intellectual property rights flexibilities with respect to the needed technologies, the reflection of the principles of common but differentiated responsibilities (CBDR) and of Special and Differential Treatment (SDT) for developing countries, the provision of new, additional and adequate finance for mitigation, adaptation, economic diversification, and loss and damage.235


The Third World Network observed that ‘addressing the twin development and climate change challenge requires an integrated approach to, inter alia, trade policy, economic diversification, the development of productive capacity, environmental policy, investment policy, intellectual property policy, among others’.236 The Third World Network argued: ‘This approach should ensure that the overall development approach is “climate-friendly”, alleviate poverty, achieves development, and improves standards of living while adapting to and mitigating climate change.’237


17.4.6 LDCs, Small Island States, and countries vulnerable to climate change

LDCs have been seeking to establish an agenda at the climate negotiations in respect of the topic of technology transfer.238 A 2021 briefing paper for negotiators for LDCs highlights a number of key issues. The briefing paper notes that ‘the importance of transfer and local adaptation of technologies for sustainable development is widely acknowledged, as is the need for public incentives to support technology transfer for the poorest countries’.239 The briefing paper laments the lack of progress in this field: ‘Despite these commitments, limited progress has been made over the past 10 years in effectively delivering technology transfer to LDCs.’240 It also highlights the lack of proper debate on access to climate technologies during the international climate discussions: ‘Furthermore, there has been little mention of trade aspects of technology transfer in climate negotiations or of climate technologies in trade deliberations and negotiations on technology transfer.’241 The briefing paper concludes:


The slow progress on delivering on technology transfer commitments for LDCs in both trade and climate negations means that they have reduced capability to respond to climate change and maintain and expand market access in an era of increasing environmental regulation, such as the imminent introduction by some countries of carbon border adjustment measures.242


In the climate arena, the briefing paper comments that ‘the delivery of developed countries’ commitments on climate finance, including funding for technology transfer, and the flow of funds to LDCs is a major outstanding issue in the negotiations’.243 It highlights continued problems with LDCs getting sufficient climate finance: ‘The link with finance is particularly important for LDCs – especially the need for increased funding to support technology development and transfer, and capacity-building to develop proposals to access funding.’244 The briefing paper demands better representation of LDCs in the Technology Mechanism: ‘The CTCN Advisory Board does not have a specific and consistent slot for LDCs, which the group has argued should change.’245 Moreover, ‘ensuring the representation of technology coordinators, as well as negotiators, on the board (to support information-sharing and any presentation of concerns) will also be discussed’.246

In the trade sphere, the briefing paper highlights that the mechanisms for technology transfer under the TRIPS Agreement 1994 have been ineffectual:


The specific challenges faced by LDCs are recognised in Article 66.2, which creates a legal obligation for developed countries to encourage technology transfer to LDCs through incentivising national enterprises and institutions to transfer technology. However, there is limited evidence of this happening in practice, and the reporting system put in place for Article 66.2 implementation has not been sufficiently rigorous to promote actual transfers.247


The briefing paper recommends:


Discussions on the implementation of TRIPS Article 66.2 and deliberations under the WGTT (the Working Group on Transfer of Technology), the CTE (the Committee on Trade and Environment) and the TESSD (Trade and Environment Sustainability) initiative could provide additional avenues to address concerns related to trade and the transfer of climate change mitigation and adaptation technologies.248


Small Island States and countries vulnerable to climate change have highlighted the need for access to climate adaptation and climate mitigation technologies. At the COP26 Glasgow Climate Conference, Prime Minister of Barbados Mia Amor Mottley made an impassioned speech on behalf of Small Island States.249 She was concerned about the lack of climate finance: ‘Failure to provide this critical finance and that of loss and damage is measured in lives and livelihoods being lost in our communities.’250 She questioned the ethics of the situation: ‘It is immoral and unjust.’251 Mottley’s advocacy was designed to elevate questions of global finance to a higher political level.252 At the subsequent climate conference at COP27, Mottley criticized industrialized nations for failing to help the developing world deal with the impacts of the climate crisis.253 Mottley is very much of the view that there should be climate finance to enable research, development and deployment of clean technologies in Small Island States.

Small Island States and associate members were disappointed that COP28 was concluded, without the presence of their representatives.254 The Alliance of Small Island States observed: ‘It is not enough for us to reference the science and then make agreements that ignore what the science is telling us we need to do.’255


17.5 Non-state actors

Non-state actors – including business, civil society and indigenous communities – have also been key players in international climate conferences.256 Such groups have also joined the debate over intellectual property, climate finance and technology transfer.


17.5.1 BINGO – business and industry group organizations

Business and industry groups have often expressed a position, which has been called Prometheanism by the political scientist John Dryzek.257 Dryzek has noted: ‘Prometheans have unlimited confidence in the ability of humans and their technologies to overcome any problem – including environmental problems.’258

At the international climate talks, industry groups and associations have often pushed for stronger protection of intellectual property rights associated with clean technologies. Martin Khor commented: ‘Business associations in developed countries have demanded that their governments do not make concessions on IPRs in the climate negotiations.’259 For instance, the International Chamber of Commerce has maintained that ‘Intellectual Property Rights (IPR) are vital in the development and diffusion of new and existing technologies for combating climate change’.260

Law partner Alison Bryce considered the role of intellectual property in the COP26 discussions at Glasgow.261 She commented: ‘Events like COP26 in Glasgow … are an example of a modern push for collaboration in this field.’262 Bryce reflected: ‘In order to alleviate the impact of modern society on the environment, global IP frameworks will be required to work collaboratively.’263

There has been alarm among civil society groups about the infiltration of international climate conferences by fossil fuel industry representatives at COP26264 and COP27.265 There has been heavy criticism of the United Arab Emirates using its position as host of the COP28 summit to engage in greenwashing.266 There has been a discussion of the need for greater transparency in identifying fossil fuel lobbyists at climate conferences,267 though Amy Westervelt has observed that it is insufficient to merely identify fossil fuel lobbyists.268 There have been calls for an exclusion of fossil fuel interests from international climate events – much like there have been rules against tobacco interference in the sphere of public health.269 There were complaints about the presence of a record number of fossil fuel lobbyists and climate denialists at the COP28 talks,270 and climate scientists have lamented that COP28 was a ‘tragedy for the planet and our future’ and a ‘dream outcome’ for the fossil fuel industry.271


17.5.2 Civil society

In international climate talks, there has long been discussion of public policy options of public domain dedications of technology for climate adaptation and climate mitigation. In particular, there has been discussion of options such as technology transfer, public sector licensing, patent pools, compulsory licensing and public domain dedications.272 Civil society has played an important role in raising such issues in international climate talks. However, there has been concern about civil society being sidelined and marginalized at COP26,273 COP27274 and COP28.275

Climate youth leader Greta Thunberg expressed her concerns about whether the international climate conferences were sufficiently inclusive. She observed that the inequitable vaccine distribution during the COVID-19 crisis would disadvantage many from attending the COP26 event.276 Thunberg expressed her concerns about the COP26 process: ‘We need immediate drastic annual emission cuts unlike anything the world has ever seen.’277 She lamented the technocratic bent of the conference: ‘The people in power can continue to live in their bubble filled with their fantasies, like eternal growth on a finite planet and technological solutions that will suddenly appear seemingly out of nowhere and will erase all of these crises just like that.’278 Thunberg observed: ‘All this while the world is literally burning, on fire, and while the people living on the front lines are still bearing the brunt of the climate crisis.’279 She has since published a collection called The Climate Book – which collects a variety of climate solutions espoused by climate activists and scholars.280

The Climate Action Network (CAN) has long called for a flexible approach to intellectual property rights.281 CAN has called for a declaration to enable intellectual property sharing:


Recognizing that climate change is a planetary emergency, the patents and related intellectual property mechanism should be guided by an International Declaration on Climate Technologies and IPRs from the UNFCCC COP or COP/MOP that all possible policy avenues to accelerate research, development, demonstration and diffusion of climate-friendly technology, should be explored, including the use of all flexibilities, exceptions and limitations in international and national patent and related intellectual property rules, as well as innovative uses of intellectual property mechanisms, licensing practices, and alternative modes of innovation such as open source approaches.282


CAN maintained: ‘The declaration should state that all countries will refrain from using unilateral measures, financial or political (such as trade sanctions or withdrawal of trade preferences), against countries that exercise patent and related intellectual property flexibilities, exceptions and limitations.’283 They recommended that such a declaration should be jointly adopted by the UNFCCC, the WTO and WIPO.

CAN has canvassed a range of intellectual property flexibilities – including:


	a.patent pools and related concepts such as patent libraries;

	b.joint research initiatives;

	c.compulsory or non-voluntary licensing;

	d.patent buy-outs;

	e.segmented/parallel markets;

	f.parallel imports;

	g.patent exclusions;

	h.differential patentability requirements;

	i.open-source licensing;

	j. prize funds;

	k.rules on open access to publicly funded technologies.284


CAN supported ‘the use of alternatives that may require limited or temporary modifications of international intellectual property rules’.285

The Open Access movement has also proposed Open Science models for sharing climate innovation, data and knowledge. Catherine Stihler – the CEO of Creative Commons – argued at COP26 that climate research could not be put behind paywalls.286 She emphasized ‘the importance of open data and open science in providing the evidence base and action required to achieve net zero and mitigate the impact of climate change’.287 Stihler concluded that ‘if [the world’s leaders] truly want to tackle this emergency, they will recognise the importance of open access to climate research and data so that we can all share the knowledge to take action to save our planet’.288

Indigenous communities have also called for stronger recognition of indigenous intellectual property and traditional knowledge in light of the impacts of climate change and global warming upon culture heritage.289 Indigenous communities and climate justice groups complained that COP28 was ‘business as usual’.290


17.6 Our common agenda

There has been a growing movement to treat clean technologies as global public goods. Knowledge Ecology International have argued that there should be a treaty on global public goods.291 UN Secretary-General António Guterres himself has come to the view that intellectual property barriers to access to clean technologies should be removed. He has argued that renewable energy technologies need to be treated like global public goods.

Guterres seems to have become increasingly exasperated by the lack of progress on intellectual property, technology transfer, and climate finance. He has been concerned that stalemates and impasses at international climate conferences have been costly.

In 2021, the Secretary-General released the Our Common Agenda report.292 A key part of the report was a call for nations – large and small – to protect the global commons and deliver global public goods. The report observes: ‘Certain public goods have long been acknowledged as being global in nature, in that they cannot be adequately provided by any one State acting alone and they concern the welfare of humanity as a whole.’293 The report maintains:


Despite this, the multilateral system is not yet geared for the strategies, investments or solidarity needed, leaving all of us vulnerable to crises, such as in global public health, demonstrated by COVID-19, in the global economy and financial system, as in the 2008 financial crisis and current COVID-19 shock, and in the health of our planet, resulting in the triple planetary crisis of climate change, biodiversity loss and pollution we now face.294


Guterres’ speeches at COP26 and COP27 could be analysed in terms of their discourse and rhetoric. In 2022, the Secretary-General emphasized: ‘Renewable energy technologies, such as battery storage, must be treated as essential and freely-available global public goods.’295 He commented: ‘Removing obstacles to knowledge sharing and technological transfer – including intellectual property constraints – is crucial for a rapid and fair renewable energy transition.’296

At COP27, Guterres warned: ‘We are on a highway to climate hell with our foot still on the accelerator.’297 He called for the development of ‘a historic Pact between developed and emerging economies – a Climate Solidarity Pact’.298 In his view, it would be ‘a Pact in which all countries make an extra effort to reduce emissions this decade in line with the 1.5-degree goal’.299 Guterres envisaged ‘a Pact in which wealthier countries and International Financial Institutions provide financial and technical assistance to help emerging economies speed [up] their own renewable energy transition.’300 He called for ‘a Pact to end dependence on fossil fuels and the building of new coal plants – phasing out coal in OECD countries by 2030 and everywhere else by 2040’.301 Guterres hoped for ‘a Pact that will provide universal, affordable, sustainable energy for all’.302 He asked for ‘a Pact in which developed and emerging economies unite around a common strategy and combine capacities and resources for the benefit of humankind’.303 He declared: ‘Humanity has a choice: cooperate or perish.’304 And he suggested: ‘It is either a Climate Solidarity Pact – or a Collective Suicide Pact.’305

In 2023, Guterres renewed his call for greater access to renewable technologies.306 In a video message to a session of the International Renewable Energy Agency, he stressed: ‘Only renewables can safeguard our future, close the energy access gap, stabilize prices and ensure energy security.’307 Guterres articulated a Five-Point Energy Plan for a just transition. First, he emphasized that ‘we must remove intellectual property barriers and treat key renewable technologies, including energy storage, as global public goods’.308 Second, Guterres said that we ‘must diversify and increase access to supply chains for raw materials and components for renewables technologies, without degrading our environment’.309 Third, he said that ‘decision-makers must cut the red tape, fast-track approvals for sustainable projects worldwide and modernize grids’.310 Fourth, Guterres emphasized that ‘energy subsidies must shift from fossil fuels to clean and affordable energy’ and ‘we must support vulnerable groups affected by this transition’.311 Fifth, Guterres called for climate finance – ‘public and private investments in renewables should triple to at least $4 trillion dollars a year’.312

At the closing of COP28, Guterres observed: ‘COP28 occurred at a decisive moment in the fight against the climate crisis – a moment that demands maximum ambition both in the reduction of greenhouse gas emissions and climate justice.’313 He noted: ‘To those who opposed a clear reference to a phase out of fossil fuels in the COP28 text, I want to say that a fossil fuel phase out is inevitable whether they like it or not.’314 Guterres concluded: ‘The era of fossil fuels must end – and it must end with justice and equity.’315

The Summit of the Future in September 2024 is intended to address intellectual property, scientific progress and sustainable development.316 Guterres is hopeful that the Summit of the Future will help facilitate ‘unlocking finance for climate action and development’.317

This vision needs to be translated into a policy agenda, and implemented at the international and national levels. The call for a removal of intellectual property barriers will need to be taken up by key international institutions – such as the UNFCCC, the WTO, the WIPO and the UNDP – as well as nation states and key non-state actors. No doubt intellectual property owners will be resistant to any proposal, which impacts upon their intellectual property rights.318


17.7 Conclusion

This chapter has explored the raging debate over intellectual property and climate change at recent international climate conferences. In spite of the growing urgency for climate action, the topic of intellectual property and technology transfer has been subject to prevarication and procrastination. There have been deep divisions between key actors as to whether there should even be any text on intellectual property at international climate conferences. In the meantime, there are growing conflicts and disputes between private actors over intellectual property and clean technologies. The climate conferences at COP26, COP27 and COP28 have failed to resolve longstanding differences around intellectual property and climate change. There remain concerns about whether the Technology Mechanism and the Finance Mechanism are adequate to facilitate research, development and diffusion of clean technologies. There have also been some nascent initiatives to encourage cooperative and collaborative approaches to the sharing of intellectual property in respect of clean technologies. Given the difficulties of reaching a consensus on a TRIPS Waiver during the COVID-19 crisis, it is doubtful that there will be a comprehensive agreement on intellectual property and clean technologies. The United Nations Secretary-General António Guterres has called for the treatment of renewable energy and other green technologies as ‘global public goods’, free from intellectual property restrictions.
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18 Climate Technologies and International Trade Law: Tensions and Opportunities
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18.1 Introduction

The lack of ambition in climate action over the short run and the ease with which countries pledge their carbon-neutral targets for the year of 2050 and even for 2060 can be explained, in our view, by the expectation of today’s policy makers that they can escape responsibility in 30 years’ time or by their presumption that magical technologies allowing an effective and affordable green transition will be available in due course. This presumption does not look realistic, as, for instance, in the energy sector it can take 30 to 40 years for technologies to become mature or commercially available.1 It means that for some breakthrough technologies to be available by 2050, there should already be signs of their existence and workability.

The climate goals set by the Paris Agreement clearly require a rapid and transformative change in climate mitigation and adaptation technologies. Technology and access to technology were highlighted in the Sixth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC) as critical enablers for accelerated climate action.2 Technologies that are in high demand for climate policy are, for instance, those needed for carbon capture and storage and for hydrogen production (electrolysis and fuel cells). Technological solutions for energy storage to make use of electricity generation from renewable-energy sources are also very important. The race for the development of these technologies is under way, and those countries that maintain the lead will benefit the most from future net-zero economic growth.

For climate goals, many necessary technologies are already in place.3 This is particularly true of the energy sector (for example, photovoltaic panels and wind turbines), road transport (hydrogen fuel cells and e-car batteries), construction (sustainable insulation materials) and agriculture (seeds of well-adapted crops and varieties). To contain climate change before it is too late, there is a need to accelerate the scale-up of technologies which are already available or which are close to being deployed at scale. This means that technology deployment policies are vital.4 Trade measures, including tariff policies, carbon pricing and regulations, and subsidies, are a critical part of technology deployment policies. They can promote both the generation of technologies by technology-producing countries and the diffusion and adoption of technologies by technology-importing countries.5

This chapter examines the adequacy of international trade law for meeting the need for technological transformation necessitated by the climate goals of the Paris Agreement. It explores the current role of trade policy, including the linkages with international trade law, in the diffusion of technologies for climate change abatement and resilience, and identifies related gaps. It also discusses potential ways of strengthening the interface between international trade law and climate technologies for their rapid and wide diffusion.

In discussing climate technologies, this chapter applies the definition used in the United Nations Framework Convention on Climate Change (UNFCCC) regime, where climate technologies are those technologies that help to reduce greenhouse gas emissions, on the one hand, and adapt to the adverse effects of climate change, on the other.6 Such technologies can consist of hardware (equipment and products), software (processes associated with production and use of hardware) and ‘orgware’ (the organization needed for the adoption and diffusion of technology).7 Further, this chapter follows the terminology suggested by the IPCC relating to technology deployment, diffusion and transfer. Accordingly, technology deployment is ‘the act of bringing technology into effective application, involving a set of actors and activities to initiate, facilitate and/or support its implementation’.8 Technology transfer is defined as ‘the exchange of knowledge, hardware and associated software, money and goods among stakeholders, which leads to the spread of technology for adaptation or mitigation’.9 The spread of technology is referred to as technology diffusion. At the same time, in the context of international climate policy, technology transfer is usually understood in a narrower sense – as the purposeful diffusion of climate-related technologies to developing countries.10

The remainder of this chapter is organized as follows. Section 18.2 highlights the latest developments in policies promoting climate technologies and the role of trade and trade measures in climate technology generation, diffusion and transfer. Section 18.3 explores the linkages of climate technology policies with the rules of the World Trade Organization (WTO) and assesses if these rules are fit for purpose. Section 18.4 discusses prospects for accelerating the dissemination of climate technologies through the elimination of tariff and non-tariff barriers to trade in environmental goods and services, and cooperation between the international trade and climate regimes.


18.2 Latest developments in policies promoting the development of climate technologies, their diffusion and transfer


18.2.1 Subsidy race for promotion of climate technologies

Realizing the importance of climate technologies for a sustainable future, countries are taking measures to promote their renewable-energy and low-carbon manufacturing. The biggest economic powers, such as the United States (US), European Union (EU), China and India, are spending billions of dollars on renewable-energy subsidies and other support for industrial decarbonization. Besides subsidies to its domestic producers, countries also impose local-content requirements11 and some other conditions for foreign direct investment to support or even enforce technology transfer.12 These measures are part of industrial policy, which is not new and was used in the past for the industrialization of postcolonial countries. Today, we witness a return to the massive use of industrial policy, but this time for decarbonization.

One of the most prominent examples of green industrial policy measures is the US Inflation Reduction Act (IRA) adopted by the US Congress in August 2022.13 This law is meant to support the US leadership in clean technology through securing US$370 billion in investment (mainly subsidies) in order to lower renewable-energy costs for families and small businesses and boost development of clean energy solutions in every sector of the economy. In particular, it aims to stimulate R&D and commercialization of leading-edge technologies, such as carbon capture and storage and clean hydrogen. Moreover, buyers of new electric cars will receive a tax break (‘the clean vehicle credit’) of up to US$7,500.14 The IRA is expected to reduce US economy-wide greenhouse gas emissions by at least 40 per cent by 2030.

However, as with many other green industrial policy measures, IRA contains elements of trade protectionism in the form of local-content requirements, which are particularly designed to target Chinese products. For instance, to be eligible for the clean vehicle credit, a car must have undergone final assembly in North America, which is defined as the US, Puerto Rico and the US’ two closest regional trade agreement partners: Canada and Mexico. There is also a requirement that a certain percentage of the critical minerals used to make batteries are to be sourced in North America or must come from countries with which the US has a free trade agreement, starting with 40 per cent by 2024 and rising to 80 per cent by 2026. This excludes providers not only from China but also from the EU, with which the US does not have a free trade agreement.15 The US could have provided non-discriminatory subsidies, which would be more effective and less trade distorting. However, subsidies without local-content requirements likely would not garner sufficient domestic political support to be enacted.16

The EU is also pursuing a green industrial policy, which has been significantly expanded since the adoption of the European Green Deal in 2019. The ‘Fit For 55’ legislative package for the implementation of the Green Deal contains a number of green industrial policy elements, including the revision of the EU emissions trading scheme (ETS) with an expanded Innovation Fund. In 2020–22, the EU adopted a post-COVID recovery plan with its Recovery and Resilience Facility, the ‘REPowerEU’ plan to diversify away from Russian energy supplies as a reaction to Russia’s invasion of Ukraine, the ‘NextGenerationEU’ Green Bonds, and the Green Deal Industrial Plan announced in 2023, with proposals for a Net-Zero Industry Act, Critical Raw Materials Act and European Hydrogen Bank as its key components.

The EU Green Deal Industrial Plan was announced in response to the US IRA and aims to boost Europe’s green industry.17 Like the US, the EU plans to rely on local-content requirements to ensure that at least 40 per cent of the bloc’s demand for clean technology is produced domestically by 2030. It also sets targets for technologies deemed necessary to decarbonize the bloc’s economy, a move aimed at preventing the EU from deepening its reliance on third countries, such as China. Among the technologies designated as ‘strategic’ are solar photovoltaic, onshore and offshore wind, battery and storage, heat pumps and geothermal energy, electrolysers and fuel cells, biomethane, carbon capture and storage, and grid technologies. The EU also aims to localize the bloc’s supply of critical minerals and boost renewable-hydrogen production and imports. It further plans an adaptation of EU state-aid rules through exemptions from state-aid notification for hydrogen and electric-vehicle sectors and tax breaks for green investments in strategic sectors to counteract the adverse effects arising from the US IRA.

Moreover, driven by the 2050 carbon-neutrality goal that requires tightening the emissions cap under the EU ETS, the EU has adopted legislation on a carbon border adjustment mechanism (CBAM), placing restrictions on embedded emissions in a range of imported products.18 Under the CBAM, carbon fees paid through the purchase of emission allowances for each tonne of carbon dioxide from the production of imported products are expected to stimulate emission reductions and adoption of climate technologies in affected industrial sectors of EU trading partners. In addition, revenues from the sale of emission allowances can potentially be earmarked to support transfer of technology to third countries in order to accelerate the reduction of carbon emissions abroad.19

Promotion of climate technologies has also become a subject of several bilateral and regional initiatives. In December 2022, the G7 countries announced the launch of a climate club.20 The G7 climate club aims, among other things, to increase climate policy-related cooperation and partnerships, particularly with developing countries on technology transfer and capacity building. How it will be realized in practice remains to be seen. The G7 climate club contrasts with another idea promoted by the US in trade with the EU. In October 2021, the US initiated negotiations for a global arrangement on steel and aluminium aimed at banning dirty and dumped steel and aluminium from the US and the EU markets. While the US proposed this deal to the EU as the next step toward its removal of import duties on EU steel and aluminium, it promised to keep the arrangement open for all countries committed to ‘market orientation and reducing trade in high carbon-steel and aluminum products’.21 It is therefore not clear whether this arrangement will co-exist or merge with the G7 climate club. There is currently a lack of detail on the arrangement itself and the actual state of the bilateral negotiations. However, given the crucial role of production methods and electricity sources in decarbonization of steel and aluminium, technology cooperation and mutual recognition of production standards are likely to play a central role in the implementation of the deal.

Green industrial policy has been crucial for the generation of new clean technologies in some countries, as it helped to drive down the costs of these technologies. The case of China is illustrative. China’s industrial policy has not only led to a considerable increase in the deployment of climate technologies (especially renewable-energy technologies) in China itself, but has also brought global benefits through cost reductions that enable other countries to decarbonize more cheaply and quickly.22 At the same time, green industrial policy is seen as controversial and contrary to a fair-market approach, which may lead to greater efficiency and innovation in the long run.23 One example of inefficiency is related to export restrictions. Governments impose export restrictions on critical raw materials, such as natural graphite, cobalt and lithium, to be used in the production of batteries to store electricity from renewable-energy sources. These export restrictions then hinder the expansion of climate-friendly production in other countries.24 Also, it is not clear how successful the imposition of costs on embedded emissions in imports by the EU CBAM will be in terms of creating a stimulus for third countries to increase the deployment of low-carbon technologies. The CBAM may fail to achieve this goal if its implementation causes resource reshuffling, whereby foreign companies deploy emission-reduction technologies only at those installations which export to the EU, while increasing exports from carbon-intensive installations to countries not imposing carbon restrictions.


18.2.2 Challenges of climate technology transfer and diffusion

While some countries have made huge progress in the deployment of climate technologies, many others are lagging behind. Climate technologies are not distributed equally among countries, as countries differ in their investment, policy support and innovation capabilities, and also in the availability of infrastructure to make use of technologies. The latter affects technological diffusion.25 Access to climate technologies by all requires technology transfer (including legal rights to reproduce technology) from countries where these technologies are available, and large investment in infrastructure for technology adoption.26

Enabling access to climate technologies also requires market facilitation and finance. One of the key barriers discussed in the UNFCCC relates to enabling environments for technology diffusion. Enabling environments consist of ‘resources and conditions’ generated by various structures (for instance, regulatory frameworks) and institutions.27 Research highlights the importance of appropriate domestic legislation and policy frameworks promoting climate technologies, and specifically the importance of such regulatory incentives as carbon pricing and low-carbon standards.28 Yet, the debate on the definition and role of enabling environments is far from being settled in the UNFCCC context. For developed countries, enabling environments should focus exclusively on markets, while developing countries consider this approach as too limiting and emphasize local capacities regardless of their relation to markets.29

Insufficient financing and investment are also discussed as barriers to clean technology development and diffusion. The picture, however, is more nuanced when considering the allocation of current finance and investment flows. According to the 2021 State of Climate Technologies report, ‘the climate tech market is a rapidly maturing asset class’.30 However, at present, financial and investment flows are skewed toward the transport and mobility sector, with fewer resources flowing into other sectors.31 In terms of geographical distribution, the US is leading for venture capital going to climate tech startups, followed by Europe and China.32

Intellectual property rights (IPRs) are often seen as a barrier to technology transfer, especially in the UNFCCC context. However, the literature is ambivalent on this question, emphasizing a dual role of IPRs as both incentives and obstacles.33 For instance, patent systems have been found to have a positive effect on research and development and to facilitate innovation in certain sectors.34 At the same time, research also alludes to the proliferation of patents as a barrier to technology transfer.35 In practice, however, suppliers of technology may still be willing to give up on their IPRs if the benefits to a technology supplier with investment in a foreign country outweigh the potential threat of losing competitive advantage provided by IPRs. For instance, access to the large Chinese market has become sufficient motivation for wind-energy companies from the EU to transfer their technologies to the joint ventures they establish with Chinese firms.36

In the UNFCCC context, IPRs are one of the most polarized debates, where developed countries consider strong domestic IPR regimes as a precondition for technological innovation, whereas developing countries view them as ‘a manifestation of the technological hegemony of the developed world’ and the unwillingness of developed countries to share technologies.37 As is the case with several other items on the UNFCCC agenda, progress in finding a common ground on IPRs has been close to nil, and politics has so far prevailed over evidence-based discussions.

Last, geopolitical tensions and rivalries among major economies can also have a significant impact on clean technology transfer. However, the degree and scope of this impact remain debated, for instance in relation to renewable energy.38 The US-China trade disagreements are the most illustrative of the nexus between geopolitics (or, rather, geoeconomics39) and (climate) technology. The competition of those two countries for global technological leadership has been described as ‘a bilateral tech war’.40 Technology transfer is at the heart of this. In constant rivalry on innovation-driven economic development with the US and other developed countries, China has been practising ‘forced technology transfer’ by forcing foreign firms investing in China to transfer technologies. This is done through various restrictions and discrimination on foreign investment.41 Partly for this reason, the US started a trade war with China by raising tariff rates on Chinese products in 2018; and initiated an IPR-related dispute against China at the WTO, which was followed by a case against China filed by the EU.42

The challenges to climate technology diffusion and transfer are, therefore, numerous. Furthermore, these challenges are a highly politicized subject in the UN climate change negotiations, as developed and developing countries mostly disagree on what hinders climate technology transfer and diffusion, and what support is required for developing countries in this respect.


18.3 Linkages with trade law

As discussed earlier, national policies and legislation play a pivotal role in technology development and transfer. However, access to technology also depends on international cooperation and agreements, including those related to trade. International trade law helps to address regulatory diversity, overcome unnecessary trade barriers and promote investment in climate technologies.43


18.3.1 WTO rules applying to green industrial policy measures

Industrial policies aimed at promoting climate technologies are constrained by WTO rules on subsidies. If such policies foresee local-content requirements (LCRs), they also come into tension with WTO non-discrimination rules, particularly the national treatment principle under the General Agreement on Tariffs and Trade (GATT) and the Agreement on Trade-Related Aspects of Investment Measures (TRIMs). That LCRs are illegal under these rules was confirmed in WTO disputes on several occasions.44 However, it is not clear whether LCRs can be justified under environmental or security exceptions. This issue has never been addressed in WTO jurisprudence. In our view, the mix of economic (promoting domestic industries) and environmental (fighting climate change) motives behind such measures as the US IRA is likely to make it difficult to defend LCRs under environmental exceptions to GATT rules.

At the same time, whether LCRs used for the promotion of climate and other environmental technologies should be allowed under WTO law is not straightforward. Although LCRs can bring short-term benefits for domestic clean technology industries and increase public support for renewable energy, they are not considered to be an effective instrument for the promotion of a green economy.45 Nevertheless, the calls for the temporal accommodation of LCRs under WTO law through the adoption of waivers (that is, temporal permissions) might be considered in those cases, where these measures are effective in scaling up climate technologies.46

TRIMs rules also pose obstacles for the technology-related requirements imposed on investors under some national foreign direct investment regimes. Such requirements often include preferential treatment to foreign investors with advanced technology and know-how, as well as various requirements attaching to imported technologies in the interest of the importing country.47 Illegality of such requirements under WTO law can potentially become an issue in the context of cooperation on mitigation outcomes under Article 6 of the Paris Agreement. In the past, the issue of inconsistency with TRIMs provisions was raised in connection with Clean Development Mechanism (CDM) projects under the Kyoto Protocol. These projects were supposed to contribute to sustainable development in the host country by, among other things, facilitating the transfer of technology. The adoption of LCRs, therefore, was the perfect solution to achieve the development goals of CDM, but, at the same time, it constituted a prohibited performance requirement under TRIMs rules.48 Negotiations and clarifications on this point are, therefore, urgently needed, including the assessment of the possibility of ‘technology transfer’ as an essential requirement for investing in green industrial sectors.

But even without LCRs, many industrial policy measures are in tension with WTO subsidy rules. Subsidies provided by governments to producers associated with climate technologies are actionable, that is, they can either be challenged in the WTO dispute settlement or countervailed unilaterally. This is because such subsidies may create adverse effects for the industries of other countries. Moreover, such subsidies are often viewed as ‘green protectionism’ which is affordable only for rich countries.49

Even though support schemes for renewable energy raise questions about fair competition and efficiency, it is subsidies for fossil fuels that create a major obstacle to the deployment of climate technologies.50 In contrast to renewable-energy subsidies, fossil-fuel subsidies are not captured by WTO subsidy rules. Fossil-fuel subsidies are generally provided to energy consumers across the board, making it difficult to meet the specificity requirement for a subsidy to be captured by WTO disciplines. It is, therefore, widely acknowledged that the rules contained in the WTO Agreement on Subsidies and Countervailing Measures adopted in the era of fossil-fuel promotion cannot be used for the purpose of green transition.51

The deficiency of WTO subsidy rules, as well as uncertainty about the outcome of WTO disputes, push other countries to act unilaterally against foreign subsidies. As a result, subsidies provoke counter-subsidies and countervailing measures, whereby countries are engaged in levelling the playing field for their domestic producers unilaterally, through the imposition of countervailing duties. The US has the most developed practice of countervailing duties, whereas the EU has, until recently, used a multilateral approach to responding to foreign subsidies through complaints in the WTO dispute settlement system. The EU was one of the first countries to bring a dispute over renewable-energy support measures to the WTO.52 However, the multilateral track has failed to address competitiveness concerns arising from the green subsidy race. The WTO adjudicative bodies have been unable to decide whether feed-in-tariff schemes constitute a subsidy in the first place, to say nothing about their effects on trade. This failure of adjudication coupled with the currently handicapped dispute settlement process due to the dysfunctional appellate review have pushed the EU to follow the US example in taking justice into its own hands by imposing countervailing duties.53 However, the use of countervailing duties by the EU can, itself, be controversial under WTO rules. Contrary to the usual practice, the EU plans to countervail in cases of subsidies provided by one country to companies registered in another country.54 Countervailing transnational subsidies is a new phenomenon and it is not entirely clear whether the WTO subsidy rules apply where the subsidizing entity is not within the territory of the member whose goods are allegedly being subsidized.55

All these issues highlight the need for reform of WTO subsidy rules, for instance through adding a specific exemption for subsidies supporting climate technologies in the Agreement on Subsidies and Countervailing Measures. However, such an amendment would effectively require the consensus of WTO members, which is unlikely to happen in the foreseeable future due to the current crisis of multilateral negotiations at the WTO and the increasing geopolitical antagonism.


18.3.2 WTO rules on protection of intellectual property

Protection of intellectual property that, as mentioned earlier, has an impact on both the development (innovation) and transfer of technology is regulated by WTO rules to the extent it affects trade. These rules are contained in the WTO Agreement on Trade-related Aspects of Intellectual Property Rights (TRIPS). The effects of these rules in the case of technology development and in the case of technology transfer differ. For the former they act as a stimulus, because they impose an obligation to maintain a minimum level of intellectual property protection and enforcement of IPRs,56 whereas for the latter they can constitute a barrier.

Thus, the system of intellectual property protection is built on a vital trade-off between the need to stimulate innovation by protecting the competitive advantage of the inventor, on the one hand, and the access to inventions in the public interest, on the other. It is true that patent protection and the rights of patent holders restrict a free flow of climate technologies, preventing others from making, using or selling the invention without permission. At the same time, the TRIPS Agreement contains provisions encouraging technology transfer, albeit without enforcement. For instance, in setting the objectives, TRIPS Article 7 states: ‘The protection and enforcement of intellectual property rights should contribute to the promotion of technological innovation and to the transfer and dissemination of technology.’ Further, in support of technology transfer, TRIPS Article 66(2) imposes an obligation on developed countries to promote and encourage technology transfer to least-developed countries (LDCs). Yet, this obligation is of a vague and recommendatory nature, whereas the rest of TRIPS’ rules are not supportive of it.

Attempts have been made by WTO members to work out an implementation mechanism for technology transfer from developed to developing countries, including regular monitoring and reporting requirements.57 This mechanism has failed to produce tangible results so far.58 On the contrary, developed countries often use the possibility of including ‘grant-back’ clauses (which are not prohibited) in licensing agreements, thereby preserving control and avoiding competition with their licensees in case of the development of a superior product at a later stage.59

The need to accelerate climate technology transfer calls for introducing flexibilities in the TRIPS Agreement.60 The main instrument for such flexibility could be compulsory licensing, which can be provided in the case of patent protection under the TRIPS compulsory licence provision (Article 31). Compulsory licensing entitles the government to issue a licence for a certain patented technology without the consent of the holder of the patent but subject to certain conditions and adequate compensation to the patent holder.61 The problem is that a compulsory licence can only be given for the supply in the domestic market and cannot be used for export.

A solution to this limit could be the adoption of a waiver for exports related to environmental technology under compulsory licensing. Similar waivers have been adopted by WTO members for the exports of medicines and COVID-19 vaccines, allowing exports of these products to developing countries under compulsory licensing.62 The effect of such a waiver on climate technology transfer will depend on the availability of already-existing infrastructure in technology-receiving countries that will be able to facilitate an increase in manufacturing capacity.63 The adoption of such a waiver requires political support in WTO member countries producing these technologies, which is very hard to get, as the experience to date with adopted waivers shows.


18.4 Opportunities to promote climate technology transfer within the international trade system

Given that reforms of the international trade regime take time, finding ways to expeditiously facilitate access to climate technologies without changing international trade rules seem more pragmatic.


18.4.1 Eliminating barriers to trade in environmental goods and services

Removal of trade barriers to environmental goods and services (EGS) is a feasible way forward. Without requiring changes in the text of the WTO Agreement, a deal among countries on elimination of tariff and non-tariff barriers for EGS would support the achievement of the countries’ Nationally Determined Contributions under the Paris Agreement and their resilience to climate change. This is because the list of EGS subject to removal of trade barriers might include renewable-energy equipment, energy- and resource-efficient goods and services, drought-resistant crops, early-warning weather systems, water-conservation and storage systems, and other goods and services vital to the development and diffusion of climate technologies. Liberalization of trade in this category of goods and services would facilitate development, transfer and diffusion of climate technologies by reducing their price and hence improving their affordability.

It should be noted, however, that because of a simultaneous increase in the energy consumption resulting from trade, the net effect for climate change mitigation from liberalization of trade in EGS would not be that big. This would enable only a 0.58 per cent reduction in carbon emissions relative to the baseline in 2030.64 Yet, this strategy is still worth pursuing to facilitate mitigation, and especially resilience to climate change impacts.

The idea of liberalizing trade in EGS is not new. Attempts to negotiate an agreement among WTO members on eliminating tariffs on environmental goods were made in the past but failed.65 They failed primarily because of a disagreement among negotiating parties over products to be included in the list subject to tariff elimination, as there was no consensus on the definition of an environmental good.66 Environmental goods do not represent a separate category of products in the Harmonized System of tariff nomenclature used as a reference for customs clearance. Moreover, many of these goods are dual-use goods, which means that they can be used for both environmental and non-environmental purposes, resulting finally in free trade for everything.67 For many WTO members this is unacceptable, as the aim to get access to foreign environmental technologies by some countries does not necessarily match with the aim to get market access for domestic environmental goods by others.68 Given that mainly rich countries produce technologies, poorer countries are afraid that the liberalization of EGS trade will not deliver any gain to them.69

The increasing sense today that the WTO could and should do more to support climate action creates momentum for relaunching the negotiations on liberalization of EGS trade with the extended content of the deal that might also include non-tariff barriers and environmental services, and the extended number of participating WTO members.70 Once a critical mass of participants in terms of the market share in EGS is achieved, the duty-free commitments of participants could be extended to all WTO members, including those which did not participate in the agreement.71 A highly contentious debate on the definition of EGS could be avoided by ensuring that EGS in the interest of developed countries and those in the interest of developing countries are included in the list in equal proportions.

A number of recent institutional and political developments seem to be favourable to the revival of negotiations on EGS at the WTO. First, the 2022 edition of the Harmonized System Nomenclature of the World Customs Organization includes new commodity codes specific to technologies that use solar energy and energy-efficient light-emitting diodes. It can be seen as a significant step toward facilitating negotiations on removal of trade barriers for climate technologies.72 Second, discussions on EGS are currently gaining traction at the WTO within the Trade and Environmental Sustainability Structured Discussions (TESSD) held in a group of 75 WTO members. Although plurilateral, these discussions may lead to a deal that can be extended to all WTO members. Third, progress in liberalization of EGS has been achieved under regional trade agreements (RTAs).73

Some RTAs already include commitments to liberalize trade in EGS. An example worth mentioning is the 2013 free trade agreement between New Zealand and Taiwan, which covers the elimination of all tariffs on 132 environmental goods immediately upon the entry into force of the agreement, as well as the movement of businesspersons involved in the supply of environmental services. The 2022 free trade agreement between New Zealand and the UK goes even further by eliminating tariffs on 293 environmental goods, which is the largest list agreed upon so far. However, these commitments to eliminate tariffs on environmental goods are of a non-binding character because they are part of trade and sustainable development chapters (as opposed to chapters on trade in goods and services) that are not subject to dispute settlement mechanisms under the agreements. Discussions to change the traditional practice to make provisions of trade and sustainable development chapters legally enforceable are currently under way, at least in the EU.74

As the conclusion of RTAs automatically leads to the removal of tariffs on environmental goods by the very nature of these agreements requiring the elimination of tariffs (at least for industrial goods) in trade among the parties,75 the main focus of EGS negotiations under RTAs should be on the elimination of non-tariff barriers. Negotiations on non-tariff barriers under RTAs should particularly cover the use of anti-dumping and countervailing duties, which often makes the elimination of tariffs useless. For example, anti-dumping and countervailing duties imposed on imports of solar panels and wind turbines make up 100 per cent of the value of these products.76 RTA negotiations can also address the problem of diversity of climate technology standards, which is particularly in the interest of developing-country parties to the WTO, as they are most affected by challenges of standard compliance. RTAs can also be useful for the liberalization of trade in environmental services, which are a necessary supplement to the movement of environmental goods and therefore essential for the diffusion of climate technologies.

Finally, to achieve a breakthrough in the liberalization of trade in EGS, EGS negotiations need to include the issues of technology transfer and technical assistance in connection to EGS production. This would make such negotiations more attractive for developing countries that struggle to understand the benefits from promoting trade in EGS. As the experience under RTAs shows, developing countries can be interested in strengthening technology transfer and capacity building by means of grants, development funds or other financial instruments.77 Financial assistance to developing countries and producers from these countries is also needed to support their compliance with sustainability standards and development of a well-functioning domestic quality infrastructure system.78


18.4.2 Increasing cooperation with the international climate regime

Technology development and transfer have been an important element in the UNFCCC regime. Under the Convention’s Article 4.1(c), all parties have a commitment to ‘promote and cooperate in the development, application and diffusion, including transfer’ of climate mitigation technologies. In addition, the Convention mandates Annex II parties to provide new and additional financial resources, ‘including for the transfer of technology’, as well as technology assistance to developing countries to enable them to implement the Convention: Articles 4(3) and 4(5).

The Kyoto Protocol integrated and enhanced the provisions of the Convention on technology development and transfer. For instance, as a step beyond the Convention, the Protocol covers both mitigation and adaptation technologies: Article 10(c); clarifies and strengthens the scope of the commitment under Article 4(1)(c); and emphasizes ‘environmentally sound technologies’ as opposed to just any technologies.79 Technology development and transfer is tied to the provision of financial resources. Yet, these resources, provided through the Global Environmental Facility and the Special Climate Change Fund, are minuscule.80

Another element of the Protocol’s infrastructure, which was relevant to technology transfer to developing countries while the Kyoto Protocol was still important, was the CDM. According to UNFCCC data for projects registered in the project pipeline by 2010, 30 per cent of all projects, accounting for 48 per cent of estimated emission reductions, involved technology transfer.81 No official assessments are available for the projects registered after that year.

Technology work under the UNFCCC received a new impetus with the establishment of the Technology Mechanism in 2010.82 The Mechanism consists of two bodies – the Technology Executive Committee (a policy arm) and the Climate Technology Centre and Network (CTCN) (an implementation arm). The Committee is responsible for providing policy guidance to countries on climate technology actions. Consisting of 20 experts from developed and developing countries, it meets several times a year and prepares regular reports for the COP. The Technology Executive Committee conducts its work through task forces, which include committee members and representatives of civil society, the private sector, international organizations and academia.83 The CTCN aims at the implementation of climate technology projects through providing expert assistance to developing countries, knowledge exchange and strengthening stakeholder collaboration. It largely relies on donor contributions, limiting the funding available for project implementation.

The Paris Agreement elevated the importance of the technology theme in the overall climate change regime through its creation of the Technology Framework to guide the already established Technology Mechanism (Article 10).84 Although this Article can be seen as strengthening the workstream on technology development and transfer, its provisions do not contain binding commitments and are mostly worded in a vague language.85 The Technology Framework was given further substance through subsequent rule development finalized in 2018. It now operates under the principles of ‘coherence, inclusiveness, results-oriented approach, transformational approach, and transparency’86 and focuses on innovation, implementation, enabling environment and capacity building, collaboration and stakeholder engagement, and support.87 Although not binding on the technology side, the Paris Agreement fares better on the accountability side compared to previous treaties: technology, and in particular ‘the effectiveness and adequacy of the support provided to the Technology Mechanism’88 is part of the Global Stocktake, providing for a regular review of progress and increase of ambition.89

An important part of the technology workstream under the UNFCCC is the process of identifying national technology needs through Technology Needs Assessments. More than 90 developing countries have conducted this process between 2009 and 2017.90 They identified a wide range of climate technologies as essential. On the climate mitigation side, prioritized technologies for instance include: solar PV, hydropower, mass rapid transit road or rail systems, new agricultural practices such as fertilizer dosing and irrigation techniques, as well as technologies related to forest conservation, afforestation, reforestation and forest rehabilitation and restoration. On the adaptation side, countries identified needs in the following technologies: dykes and floodwalls, sprinkler and drip irrigation systems, drought-resistant crop varieties, rainwater harvesting, water storage and catchment, as well as technologies related to coastal protection, wetland restoration, and natural-disaster prevention, such as early-warning systems.91 These technologies are already available; it is their diffusion to developing countries that is missing.

This overview of technology provisions and governance under the UNFCCC and Paris Agreement demonstrates that the international climate regime has developed several important elements to facilitate the transfer of climate technologies to developing countries, including the bottom-up process of identifying technology needs, institutional structures for policy guidance, knowledge exchange and technical assistance, and provisions on financing. However, these can hardly be described as substantiated and impactful. Relating to the topic of the chapter, the discussions under the Technology Mechanism have not so far addressed the role that international trade law plays in the successful development and transfer of climate technologies. More generally, there has been little discussion of the nexus between climate technologies and trade law in the negotiations, except IPRs, owing – no doubt – to underlying political and economic disagreements about many dimensions of technology development, diffusion and transfer. It is fair to say that the international climate regime in its current form is deeply inadequate to the challenge of inducing a large-scale development and transfer of climate technologies.

Against this inadequacy, what are the needed reforms and how feasible are they? The topic could be introduced into the work of the Technology Executive Committee to initiate a series of thematic dialogues or workshops and other events. However, this is only a hypothetical possibility as the charged nature of the surrounding debate would not allow for a productive discussion within the already polarized climate change regime. Given that international trade, including in climate technologies, is under the scope of the WTO and not the UNFCCC, any work in this direction should involve strengthening cooperation between these two international regimes.

The UNFCCC through its Technology Executive Committee and the WTO through its Committee on Trade and Environment (CTE) could establish a cooperation platform. This platform would form a working group responsible for the development of a facilitation mechanism on technology transfer in support of the goals of the Paris Agreement. The CTE is in charge of enhancing policy coordination and understanding of the relationship between trade and environment policies, and cooperation between the WTO and multilateral environmental agreements, including the UNFCCC. CTE staff members have gained valuable expertise from assisting the negotiations on an environmental goods agreement. This expertise can be used for joint work on climate technology transfer with the UNFCCC. Moreover, a UNFCCC-WTO cooperation on technology transfer can be extended to include the World Intellectual Property Organization (WIPO). The model for such cooperation is provided by joint work between the World Health Organization, WIPO and the WTO on public health, intellectual property and trade, which was instrumental in improving access to COVID-19 vaccines, therapeutics, diagnostics and other health technologies.92


18.5 Conclusion

Rapid and wide technological transformation is critical to achieve the climate goals set by the Paris Agreement. Given the urgency of climate action and the considerable time lag between invention and commercialization of a technology, the main effort should be directed at the deployment and transfer of already-existing climate technologies for their global diffusion. As technology deployment and transfer policies rely to a large extent on trade measures, in this chapter, we explored the linkages between climate technology deployment and transfer and the international trade regime.

Industrial policy measures aimed at scaling up climate technologies are in tension with WTO non-discrimination and subsidy rules. These measures are either challenged in WTO dispute settlement or counteracted unilaterally through the imposition of countervailing duties. At the same time, support measures that encourage fossil-fuel production, slowing progress with the deployment of climate technologies, are not captured by WTO subsidy rules. Moreover, existing flexibilities in the WTO rules on the protection of IPRs are not sufficient to accelerate transfer of climate technologies to developing countries, where these technologies are unavailable. Overall, our conclusion is that the current state of international trade law is not fit to address the challenge of rapid technological transformation necessary to achieve climate goals. However, changing the regime is deemed politically infeasible, at least for the foreseeable future.

Therefore, we propose ways in which climate technologies can be promoted within the international trade system without amending its rules. This discussion is based on our pragmatic considerations of what is possible to achieve in the context of current geopolitical and geoeconomic rivalries and the state of WTO negotiations. The first option we discuss relates to the elimination of trade barriers for EGS, both in the multilateral and preferential trade. Momentum exists for relaunching the negotiations of a plurilateral agreement that could cover not only a removal of tariffs for environmental goods but also non-tariff barriers to EGS. Liberalization of trade in EGS would reduce the price and increase affordability of climate technologies, speeding up their deployment and diffusion.

We also discuss how climate technology transfer can be facilitated through trade- and climate-regime cooperation. This could take the format of a cooperation platform established by the UNFCCC Technology Executive Committee and the WTO CTE, and involve WIPO. Such a platform can be modelled after the example of joint work between the World Health Organization, WIPO and WTO on public health, intellectual property and trade.
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19 Debating the Architecture of the International Climate Regime and its Potential for the Regulation of Technology

Alberto Quintavalla and Leonie Reins


19.1 Introduction

The starting point of the present chapter is a technological dilemma that is typical of the Anthropocene: technology is seen as a potential solution to climate change, but it is also associated with greenhouse gas (GHG) emissions, with environmental harm and with danger to human health. Climate change technology is developing rapidly, and its impacts are profound and diffuse, which calls for transboundary regulation. At the same time, regulators are finding it difficult to remain abreast of technological progress.1 The key regulatory challenges of the Anthropocene become evident from a headline that CNBC ran in February 2023: ‘After Mexican government cracked down on solar geoengineering, startup lets off balloons in Nevada.’2 The US startup had launched balloons that contained 10 grams of sulfur dioxide in order to conduct various solar geoengineering tests. Sulfur dioxide can negatively affect the ozone layer, leading to acid rain and harm to human health. The Mexican government had cracked down on this use of balloons, and the startup, which at the time was based in Mexico, responded by moving across the border to the US, where it could continue its geoengineering testing activities. Such experiments, if their scale is sufficiently large, can affect several states or even the entire planet. As the CNBC story shows, national regulation is likely to prove impotent in such instances. What of international law? Although the number of regulations and treaties in the field has increased, key legal challenges of the Anthropocene remain: ‘It is hard to ignore the fact that IEL [international environmental law] remains unable to achieve deep structural reforms because it lacks normative ambition at a time when precisely as high as possible a level of such ambition is urgently required’.3 The norms of international environmental law are path dependent,4 and a normative shift is needed if the law is to prevent humanity from encroaching on planetary boundaries.5 In 2014, the United Nations admitted that ‘environmental legislation has failed to protect the basic structure and integrity of the Earth’s ecosystems’.6 Non-state actors, such as the headlined startup company, are beginning to shape a domain that has traditionally been state-centric, at least insofar as lawmaking is concerned (see Section 19.2.2).

This chapter is an attempt to answer the following question: Is the current architecture of international climate and environmental law suitable for the regulatory problems that climate-related technologies pose? In this research inquiry, ‘climate-related technologies’ follows and adapts the definition used in the United Nations Framework Convention on Climate Change (UNFCCC) regime which is encompassing of all the various technological applications associated with climate change in both a positive (that is, aimed to the reduction of GHG emissions or to the adaptation of the adverse effects)7 but also in a negative sense (leading to an increase of GHG emissions). We begin our answer to this question by examining the architecture of international climate and environmental law and its usefulness for the regulation of the technologies in question. We also evaluate current and mooted initiatives that are aimed at strengthening and adapting that architecture, namely the Global Pact for the Environment, the Earth Charter, Earth System Law and the proposal for a Framework Convention for the Regulation of New Technologies. What emerges from our analysis is that although the general tools of international law should suffice in theory, and although most of the contemporary regulatory attempts have overlooked the need for accommodating climate-related technologies, the Paris Agreement has attempted to fill this gap by covering – to a certain extent – this aspect. Hence, the current architecture of international climate law is mostly reliant on the Paris Agreement when it comes to addressing the issue of climate-related technology and has not yet reached its full potential, including because the architecture is structured around the principle of state sovereignty. This having been said, the initiatives that we examine have yielded valuable proposals for amendments that are tailored to the regulatory problems of the future.


19.2 The architecture of contemporary international climate and environmental law

The main features of international climate and environmental law, its architecture, and its strengths and weaknesses have been covered extensively in the literature.8 The aim of this section is to examine the suitability of that body of law for the regulation of climate-related technologies. The issues that those technologies pose were outlined in the preceding section. We begin by advancing several arguments for the adequacy of the current architecture of the law; thereafter, we present arguments that point to the opposite conclusion.


19.2.1 Why is the current architecture of international climate and environmental law suitable for the regulation of new climate technologies?

International climate and environmental law has been dubbed the ‘laboratory of international law’.9 In international-law circles, the discipline is seen as flexible, ‘new’ and ‘emerging’.10 Brown Weiss noted in 1993 that the development of international environmental law entailed the adoption of almost 3,000 multilateral, bilateral and regional treaties. Those treaties, moreover, are underpinned by myriad rules and principles from general public international law. If one were to adopt a purely quantitative perspective on the matter, one would be bound to conclude that the new discipline has met with resounding success. However, in actuality, the proliferation of laws carries the risks of operational inefficiency11 and fragmentation. However, fragmentation is not necessarily indicative of substantive deficiencies. First, the fragmented framework of international climate and environmental law mirrors the fragmented environmental challenges that institutions had to overcome at the time when most of the relevant treaties were promulgated.12 Second, fragmented domains are not always more difficult to manage legally,13 nor does fragmentation necessarily lead to inconsistency;14 in fact, a harmonized fragmented regulation can be a more effective means of attaining some environmental objectives.15 The benefits and the drawbacks of fragmentation should, therefore, be identified not in the abstract but in specific contexts (see Section 19.3).

Many treaties refer to the foundational principles of climate and environmental law, which are included in the UNFCCC and the Rio Declaration. Those principles are intimately connected to technological regulation. We cover four such principles here, namely precaution, sustainable development, common concern and equity. First, the precautionary approach is said to have ‘grown in profile and authority and in its general implications for the governance not only of science and technology but of wider social issues’.16 There are numerous approaches to the codification of that principle, and each approach has different implications for its legal standing and weight.17 Wiener identified three such approaches: ‘(i) authorization to take policy measures despite uncertain risk, (ii) obligation to take policy measures to address uncertain risk, and (iii) shifting the burden of proof (of safety or of acceptable risk) to the proponent of the activity’. The precautionary principle features in more than 50 international agreements18 as well as in national19 and regional20 regulations. One general criticism that has often been levied at the precautionary principle is that it hampers technological development and innovation. Wiener, conversely, took the view that ‘in the case of climate policy, precaution would largely be applied to restrict old technologies, such as fossil fuels and deforestation’.21 It is at least arguable that the precautionary principle incentivizes innovation by forcing companies to identify new ways of making technology safer.

Second, the principle of sustainable development can also guide the regulation of climate- and environment-related technologies. Similarly to ‘precaution’ the term ‘sustainable development’ has many meanings, and its legal status has evolved over time.22 It was first defined in the Brundtland Report,23 and it was originally intended to reconcile the notions of economic, social and environmental development. Technology can both imperil sustainable development and accelerate progress toward its attainment, as recognized in, for example, the Sustainable Development Goals.24 In theory, a sustainable-development approach to regulation would enable the various economic, social and environmental impacts of technology to be harmonized.

Third, ‘common concern’ has been described as ‘the basis for international initiatives to regulate the application of geo-engineering technologies’,25 and it can become relevant to many of the other technologies that this book covers.26 In brief, the common-concern-of-humankind principle ‘encompasses aspects of the global environment that [are worthy of protection] by virtue of their significance and the need for collective action’.27 The aspects in question cannot be addressed by individual states – collective and coordinated responses28 that account for common but differentiated responsibilities are needed.29 Although the principle does not give rise to any specific duties to engage in or to refrain from particular courses of conduct, it has been interpreted to ‘[narrow] the freedom of action of states even in cases where their conduct has not affected the sovereign rights of other states’.30 Therefore, the scope of the principle of common concern extends beyond the prohibition on cross-border harm.31 If this reasoning is transposed to the context of the regulation of technology, then, in theory, one could conclude that, even if climate and environment-related technologies are only deployed on the national level and even if their effects are restricted accordingly, there is still an obligation to consider their broader influence on the global environment and the climate and to seek cooperation between states – the ‘emphasis is on an equitable approach to cooperation and burden-sharing’.32 Article 4(1) UNFCCC, which outlines the commitments of the parties to that convention, contains several references to cooperation, which concern, among other things, funding, insurance and technological transfer.

Fourth, the principle of (intergenerational) equity means, in essence, that ‘all generations – past, present, and future – are partners in caring for and using the Earth’.33 That principle is codified in the UNFCCC, the UNESCO World Heritage Convention, and the Convention on Biological Diversity. It is also included as a commitment in various other international treaties.34 It has been said to inhere in the notion of sustainable development35 and to be ‘one of the tenets of international law on sustainable development’.36 Evidently, the emphasis lies on the implications of sustainable development for intragenerational and intergenerational equity. Brown Weiss wrote of three global contexts that have shaped the principle, which correspond almost exactly to the premises from which this chapter (and even this entire book) proceeds, namely, the ‘(1) the transition from the Holocene Epoch to the Anthropocene; (2) the exploding effects of measures taken or not taken in one place on other places; and (3) the rapid development of information and communications technology’.37 The link between the principle and technology is obvious: the choices that the present generation makes about the deployment or non-deployment of certain technologies will shape the lives of future generations. Therefore, a straightforward interpretation of the principle of intergenerational equity would require decision-making to account for the interests of future generations. The focus should not be on ‘predicting’ the future but on affording future generations the flexibility that they will need ‘to achieve their own goals’.38

There is more to the architecture of contemporary climate regulation than principles. For example, according to Article 4 of the Paris Agreement, ‘In order to achieve the long-term temperature goal … Parties aim … to undertake rapid reductions … so as to achieve a balance between anthropogenic emissions by sources and removals by sinks of greenhouse gases in the second half of this century’. The use of negative emission technologies is thus implicitly recognized.39 The Paris Agreement does not stipulate particular means or technologies to be employed because that agreement accords with the principle of state sovereignty in international cooperation on climate change (see the Preamble to the UNFCCC).40 Nevertheless, the treatment of the temperature target in Articles 2 and 4 of the Agreement reflects an ‘implicit recognition of the need for negative emission technologies’.41

Furthermore, the development of the concepts of technology transfer and development in the history of the UNFCCC and in its architecture holds considerable promise, at least as a matter of theory.42 Cooperation on the governance of technology, as a general matter, has featured in Article 4.5 of the Convention since 1992. The establishment of the Technology Mechanism43 (TM) in 2010 was a key milestone in the process of its operationalization.44 Institutionally, the TM is built around two bodies: the Technology Executive Committee (TEC), the policy body which consists of 22 experts on technology who represent both developed and developing countries,45 and the Climate Technology Centre and Network (CTNC), the implementation arm providing technical assistance, and which enhances access to information and knowledge, and fosters collaboration.46 Despite being separate bodies, consultation and cooperation is guaranteed through joined activities and areas of work, for example on the role of Artificial Intelligence in climate mitigation and adaptation.47

The next milestone was the inclusion of Article 10 in the Paris Agreement of 2015.48 It provides for ‘technology matters in unprecedented detail’,49 and is the first standalone Article on this issue.50 It has been criticized for its reliance on ‘the existing infrastructure’ of the TM, which ‘has been slow to come into full operation’.51 Article 10.3 states that ‘[t]‌he Technology Mechanism established under the Convention shall serve this Agreement’. This provision entrenched the mechanism and had ‘the effect of elevating [its] basis … in the UNFCCC hierarchy’52 from a COP decision to a treaty provision.53 Furthermore, Articles 10.1 and 10.2, which create ‘soft obligation[s]’,54 provide for broader international cooperation on technology. Article 10.4 establishes the Technology Framework, which is intended to supply ‘strategic guidance’55 to those who are involved in the TM, thus improving the alignment between the operations of the TEC and CTNC.56 As Krause noted, the Framework also ‘addresses fragmentation in the UNFCCC technology process’.57 Article 10.5 reflects an ‘explicit focus on the earlier part of the technology cycle’, including collaborative approaches to research and development and access to technology for the contracting parties that are developing countries. Articles 10.5 and 10.6 explicitly link the technology mechanism to climate financing and the Financial Mechanism of the Convention. Developing countries had long wished58 for such a link to be created, but their pleas were resisted by developed states. The text is nevertheless ambiguous, and it ‘does not provide clear guidance towards the level of support to be provided’.59 Article 10.6 specifies that technology development and transfer are included in the global stocktake, which improves accountability.60 On the whole, Article 10 ‘provides a sense of direction rather than of action’.61 Despite its strong language, the commitments that it engenders are not to the attainment of concrete results but only to the observance of certain forms of conduct;62 ‘it does not mention specific countries [and] does not mention numbers or indicators’.63

The partial implementation of Article 10 PA through the Technology Framework (TF), which was adopted in 2018 in Katowice,64 was also an important achievement in the effort to enhance technology transfer and development.65 The adoption decision stresses that the ‘[t]‌he long-term vision for technology development and transfer shared by Parties relates to the importance of fully realizing technology development and transfer in order to improve resilience to climate change and reduce greenhouse gas emissions’.66 The TF is intended to perform a ‘strategic role’67 to that end, and the guiding principles of ‘coherence, inclusiveness, results-oriented approach, transformational approach and transparency’ are to be embraced.68 The ‘focused areas of action’69 of the TF are as follows: ‘(a) Innovation; (b) Implementation; (c) Enabling environment and capacity-building; (d) Collaboration and stakeholder engagement; (e) Support’.70

It has been argued that this new mechanism has the potential to facilitate the transformation that is needed if the Paris target is to be met. Obviously, the success of this endeavour will also depend on the extent to which other actors engage with the TM71 and political will.72 Rimmer concluded that only a ‘modest amount of progress’ has been achieved so far. This rate of progress reflects the funding and other resources that have been allocated to the mechanism.73 According to Minas, the TF has ‘refocused the UNFCCC technology bodies on contributing to the achievement of the ambitious Paris Agreement goals’,74 which exemplifies ‘the utility of “supreme body” decision making as a flexible and timely means of updating international environmental law’.75 However ‘despite some positive steps, exactly how the TM can contribute to transformational take-up of environmentally sound technologies remains an open question’.76 The same holds true of the TF:77 ‘[its] effectiveness and utility will depend on how seriously the parties translate them, into action and build on these in the future’.78

It can be concluded from the foregoing that international climate and environmental law is structured around principles and concrete legal provisions that could, in theory, allow the regulatory challenges of Anthropocene technology to be overcome. However, this theoretical possibility is yet to manifest in legal reality, a point on which we propose to expound in the next section.


19.2.2 Why is the current architecture of international climate and environmental law not suitable for the regulation of new climate technologies?

Closer scrutiny of the current international-law framework reveals few causes for optimism. The reasons are manifold, and they have been discussed extensively in the literature.79 Here, we focus on a single line of argument that is particularly germane to technology. The extent to which international environmental law, as a fragmented and state-centric regime,80 can meet new challenges promptly is increasingly being called into question.

The current architecture of international environmental and climate law is fragmented. Fragmentation makes it more difficult to manage relationships between different environmental-law regimes, such as the one that governs climate change and the one that regulates the preservation of biodiversity. It also hampers efforts to structure relationships between environmental and non-environmental law, as exemplified by the interplay between the regulation of the climate and that of trade.81 Inconsistencies and overlaps between norms are thus likely to occur in consequence of fragmentation.82 The history of environmental law has witnessed several attempts to develop more comprehensive regulation. The first such initiative was the 1972 Conference on the Human Environment.83 It was followed by similar endeavours,84 the most recent of which we describe in Section 19.4. For now, it should suffice to say that the difficulties that fragmentation creates can be overcome through the adoption of a more global perspective to regulation.85 Such a shift would necessitate a departure from the state-responsibility approach, that is, from the practice of resolving environmental issues that are of common concern through negotiation or specific agreements. However, such a reorientation either may never take place or would take a lot of time.

Moreover, international environmental law has thus far been of very limited effectiveness in the context of its potential application to relationships between states and individuals. The prominence of non-state actors, such as transnational corporations, has given rise to important concerns about the architecture of the law.86 For instance, many commentators have inquired whether international corporations should be held accountable in the jurisdictions in which they are based for their actions in host states. The answers to questions of this kind are of fundamental import because it is transnational corporations that play a prominent role in the development and deployment of climate-related technologies, especially when the latter have a negative impact on climate change. In fact, transnational corporations not only have the necessary financial and technical resources for being at the forefront of climate-related technologies but can also optimize technology transfer throughout their supply chain.87 Hence, transnational corporations have started to be considered as key actors on par with states when it comes to addressing the issues arising from climate-related technologies.88 However, despite the lively discussions of the current state of the art, concrete solutions are yet to emerge.

Last, the regulation-of-technology problem that international law faces is not merely one of reining in non-state actors – the enforcement of international environmental law in certain jurisdictions is also lacklustre. This deficiency can be traced to the operation of the principles of absolute territorial sovereignty and permanent sovereignty over natural resources – their cumulative operation means that state consent is key for successful interstate cooperation and, ultimately, for the effectiveness of litigation. Moreover, the problem of collective action is particularly pronounced in the context of global environmental issues such as climate change.89 In principle, all states should cooperate to resolve such issues. In international law, however, there is a tension between the need to ensure that all states are involved and the desire to formulate effective obligations that each state should bear.90 The Kyoto Protocol exemplifies this trade-off very clearly. Differentiation is a potential mitigation strategy, in that acknowledging that states may bear different degrees of responsibility would increase the likelihood of agreements being negotiated successfully.91 However, it should be evident from the foregoing that the accommodation of new climate technologies into the architecture of modern climate law would be neither straightforward nor bound to succeed.


19.3 Potential solutions

The successes of contemporary international law in the regulation of climate-related technologies have been few and far between. Despite the promise of some of its features, the international legal architecture still exhibits several significant deficits, and it does not appear to be especially conducive to the development and deployment of new technologies. Several recent initiatives in international environmental law have highlighted promising approaches to tackling some of these problems. We discuss these regulatory initiatives and evaluate their potential for regulating climate-related technologies in the subsections that follow.


19.3.1 The Earth Charter

The Earth Charter is an international declaration that originated from a large and participatory consultation process. That process was designed to produce a sustainable global society in which environmental protection, human rights, economic justice and peace would be recognized as interdependent objectives.92 This document, which was published in 2000, can be interpreted as a civil-society response to the various calls for proposals on drafting norms supporting the transition to sustainable development from the preceding decades. Notably, the 1987 United Nations World Commission on Environment and Development urged the development of a new charter for the transition to a more sustainable future,93 and similar calls were circulated in the run-up to the Earth Summit in Rio de Janeiro in 1992.94

The preparatory work behind the declaration has attracted considerable scholarly attention.95 The Charter was the outcome of a five-year (1995–2000) global consultation process that unfolded under the guidance of the Earth Charter Commission.96 The Commission was tasked with integrating all of the information that had been collected in the course of the consultations into a document that would command global consensus. This decision was driven by the notion that the pursuit of sustainable development in the 21st century must be animated by principles that are genuinely common to all. Likewise, the Earth Charter was intended to become a soft-law instrument that offers an ethical framework for the transition to a just and sustainable world.97

The resultant document reflects a non-anthropocentric perspective and integrates concepts of intergenerational, intragenerational and interspecies justice.98 Its Preamble states, ‘it is imperative that we, the peoples of Earth, declare our responsibility to one another, to the greater community of life, and to future generations’.99 The vision and the principles of the Earth Charter are therefore holistic, in that environmental protection is taken to be tightly intertwined with social justice, institutional transparency and accountability, and active and inclusive public participation. Moreover, there is strong correspondence between the principles and values of the Earth Charter and the principles and values of conventional international law treaties and other (binding) instruments.100

It is mostly for these reasons that some commentators have drawn parallels between the Earth Charter and Agenda 21, arguing that the former can follow the trajectory of the latter by becoming soft law.101 The endorsement of the Earth Charter has already been discussed at some international-law fora. For instance, the President of South Africa referred to the Earth Charter during the opening session of the 2002 World Summit for Sustainable Development, and some national governments and local authorities have initiated the process of endorsing it.102 UNESCO also offered its political support at its 32nd General Conference in 2003, where it urged states ‘to recognize the Earth Charter as an important ethical framework for sustainable development’.103 However, despite some official mentions in the early years, the Earth Charter gave way to another regulatory initiative (the Global Pact for the Environment) that the following subsection will discuss in more detail. Hence, the Charter cannot yet be fully considered a soft-law instrument of international law and enjoys only some degree of authority by virtue of its drafting process and the strong grounding of the final text in international law.

Evidently, the Earth Charter can play a (limited) role in the regulation of climate technologies. The text of Principle 7(c), after acknowledging the critical role of technology in tackling anthropogenic environmental impacts, urges the ‘[p]‌romot[ion of] the development, adoption, and equitable transfer of environmentally sound technologies’. The focus is thus on transferring technology for the benefit of society. Technological risks, conversely, play a secondary role – at most, they are subsumed into the precautionary principle (Principle 6 in the Charter).

Despite the positives, the usefulness of the Earth Charter as a source of ethical guidance for institutions is circumscribed by its standing in international law. Its main strength is also its main drawback – it has not been endorsed officially by the international community, it is not legally binding and it is not soft law yet. At the time of writing, the United Nations General Assembly had not adopted it formally. Consequently, it is difficult to see a future in which the Earth Charter improves the regulation of climate technology at the international-law level. Furthermore, the Charter does not refer to climate change. The drafters refrained from pinpointing individual environmental problems such as freshwater scarcity or deforestation. Instead, the Charter promotes an ethical framework for transitioning to a sustainable world and for addressing all environmental challenges, which makes it difficult to draw on the document in order to formulate ad hoc provisions on climate change technologies.


19.3.2 The Global Pact for the Environment

The Global Pact for the Environment is intended to serve as a generic and binding instrument that combines principles of international environmental law and human rights law. Its development has been marred by numerous difficulties, which is unsurprising in the light of its ambitions. The most obdurate obstacle by far has been the need to consolidate the principles of international environmental law and to complement them with references to human rights law.

The drafting process was initiated by environmental-law experts under the aegis of the Environment Commission of the French thinktank Club des Juristes.104 Once it was finalized in 2017, the Global Pact attracted considerable attention at the international level. As a response, the General Assembly adopted the Towards a Global Pact for the Environment Resolution. It called for the preparation of a report by the UN Secretary-General on gaps in international environmental law and on the means of plugging them.105 This report could have laid the foundation for the adoption of the Global Pact for the Environment. The Resolution stated that the Secretary-General’s report would be discussed by an ad hoc open-ended Working Group, which would inquire into ‘the scope, parameters and feasibility of an international instrument, with a view to making recommendations, which may include the convening of an intergovernmental conference to adopt an international instrument, to the Assembly during the first half of 2019’. The General Assembly published the Secretary-General’s report,106 which noted that collating all principles of international environmental law into a single document would represent genuine progress107 and thus generated momentum for the adoption of a binding treaty. However, this momentum abated after the publication of the recommendations of the Working Group – states preferred a political declaration over a treaty.108 Accordingly, Resolution 73/333 of the UN General Assembly confirmed that a political declaration would be issued.109 The Resolution stated that the United Nations Environment Assembly should


prepare, at its fifth session, in February 2021, a political declaration for a United Nations high-level meeting, subject to voluntary funding, in the context of the commemoration of the creation of the United Nations Environment Programme by the United Nations Conference on the Human Environment, held in Stockholm from 5 to 16 June 1972.


The Global Pact for the Environment did not meet the expectations of its drafters. All of their preparatory work had been directed at the production of a treaty, but it ultimately yielded a political declaration. On a more positive note, that political declaration referred to the right to a healthy environment, which may have contributed to the recognition of that right in Resolution 48/13 of the Human Rights Council and in a Resolution of the UN General Assembly.110 Therefore, the potential of the Global Pact for the Environment depends mostly on the support of states and on the type of document (treaty, declaration or general framework) that will further build on the Pact.111

It is important to note that commentators were highly sceptical of the lofty ambitions of the Pact from the outset.112 For instance, the integrated approach that it reflects has been questioned because environmental challenges are thought to be too diverse for a one-size-fits-all solution to be viable.113 Moreover, some have argued that the fragmentation of international environmental law may make it more flexible and adaptive and thus more suitable for the management of variegated issues and innovations.114 These scholarly opinions indicate that the principal aim of the Pact should not have been the production of integrated legislation but improvements to the efficacy of international environmental law. In this context, it has been suggested that integrating the human rights architecture into the principles of international environmental law may be a desirable development.115 Alternatively, the Global Pact for the Environment can become an umbrella treaty that summarizes the various principles of international environmental law without specifying their content. In that case, the focus would need to shift to the relationships between the various instruments of international law in this domain. As we note in the next subsection, the relationships in question are vaguely defined, and international environmental law remains highly fragmented.116 Finally, it is important to note that technology was not entirely overlooked in the course of the development of the Global Pact for the Environment – the political declaration of the United Nations Environment Assembly emphasizes the prominent role of technology in the implementation of environmentally friendly policies and in the pursuit of sustainable development.117


19.3.3 Earth System Law

Earth System Law (ESL) is a new legal discipline that can complement or even replace international environmental law.118 Kim and Kotzé defined that discipline as ‘an innovative legal imaginary that is rooted in the Anthropocene’s planetary context and its perceived socio-ecological crisis. Earth system law is aligned with, and responsive to, the Earth system’s functional, spatial and temporal complexities; and the multiple Earth system science and social science-based governance challenges arising from a no-analogue state in which the Earth system currently operates’.119 The underlying assumption is that a planetary systems-based Earth Law can result in a revision of international law, as traditionally conceived, which would account for fresher perspectives on global and transnational law. At the same time, ESL also calls for a re-examination of both mainstream and critical perspectives on environmental law. In its most mature phase, ESL would produce a conception of law that is ‘more responsible for the complexities of the Earth System’, that is to say, it would be an ‘Earth-centred law for governance by and for all living beings from a planetary systems perspective’120 and thus also address fragmentation.

Some authors have argued for the constitutionalization of international environmental law121 or the establishment of a basic norm, along with a governance framework that would support it. Such a development would oblige all the relevant actors across the globe to consider planetary boundaries as limits that must not be exceeded by any polluting activity or by any form of environmental harm.122 ESL is considered to be a particularly suitable approach to the effectuation of a normative shift that would prevent humanity from encroaching on the planetary boundaries because it addresses the need for ‘connectivity’123 not only between different branches of law but also between the social and the natural sciences; it thus accounts for the Earth-system-thinking perspective on these problems.124

The role of technology has received some attention in ESL scholarship, too. Kotzé and Kim note that ‘[t]‌he regulation of technological interventions to enable new futures might become a key focus of law, requiring law to also embrace a forward (instead of mostly backward)-looking perspective’.125 In other words, they acknowledge the role that technology plays in the pursuit of gains in environmental protection and draw attention to the manner in which the law should be drafted if it is to conduce to such gains. Accordingly, ESL is be perceived as a paradigm in which the socio-technical-ecological system can be subsumed.126 Here, it is important to note that many regard sovereignty as a significant impediment to the practical realization of an ESL. It is for this reason that some scholars of Earth system governance limit themselves to arguing for improvements in the coordination of the current system rather than exhorting states to adopt a new global treaty.127


19.3.4 International Framework Agreement on Scientific and Technological Innovation and Regulation

The idea behind the International Framework Agreement on Scientific and Technological Innovation and Regulation (FASTIR) was originally formulated by Kenneth W. Abbott. He proceeded from the premise that some technological innovations have the ‘potential to create significant health, safety and environmental risks and/or to pose significant social, cultural and ethical challenges, even as they promise significant benefits’.128 Several of the technologies that are discussed in this book obviously possess such properties. Abbott recommended a general institutional framework with two main elements: an international framework convention (as in international environmental and climate law, for example, the UNFCCC) and a ‘set of international institutions and procedures to coordinate, steer and facilitate national action, which would be established by and operate under the authority of the framework convention’.129

Abbott drew on the current practice of accounting for non-state actors in framework conventions. Consequently, he suggested integrating three levels of governance into the new regime. The three are the ‘traditional’ international state-to-state level; a ‘transgovernmental level’, which focuses on the design and implementation of cross-national rules and is populated by ‘executive agencies and officials, legislative bodies and legislators, and other units and individuals within national governments’;130 and a ‘transnational’ level. The last level would leverage the cross-fertilization that results from relationships between societal actors and organizations (private actors and non-governmental organizations) that ‘have stakes in the issues of concern and can contribute to effective legal and policy responses’ and which operate across borders.131 The actors at this last level ‘produce the innovations to which law must respond, are most knowledgeable about those innovations, and have the authority, access and information to produce meaningful compliance with legal rules on a day-to-day basis in the lab or factory’.132 At the same time, they represent the constituencies that are affected directly by innovations (workers, consumers and those who suffer the consequences of environmental degradation) and are ‘representatives of the larger (transnational) society concerned with the social, cultural and ethical implications of innovations’.133

Abbott identified institutional arrangements that reflect the centrality of information problems in the technological domain134 as well as (concrete) general provisions, possible host institutions, treaty bodies, procedures, means of steering national regulatory systems, good regulatory practices and a mechanism for transgovernmental dialogue that could be included in his proposed convention.135 The details are beyond the scope of this chapter. More generally, according to Abbott, three of the principal functions of FASTIR would be highly salient to regulation. First, ‘it would establish the “pacing law with science and technology” problem as a legitimate issue of international concern, while providing structures for ongoing international cooperation’.136 Therefore, it would not apply to specific technologies or include substantive provisions. Instead, in the spirit of a framework convention, it would contain overall objectives, principles, general commitments and ‘institutions and procedures to coordinate, steer and facilitate national legal and policy actions’.137 Second, ‘protocols’, ‘annexes’ and other subsidiary instruments would be promulgated ‘when conditions become ripe for concrete international action’. These instruments would address specific technologies and cross-cutting issues. Therefore, regulation would be incremental.138 Third, mechanisms for communication and for gathering and sharing knowledge about emerging technologies would be created, as would ‘forms of dialogue and deliberation designed to produce deeper understanding of the risks, benefits and social and ethical implications of those innovations’.139

Abbott’s proposal for an International Framework Agreement on Scientific and Technological Innovation and Regulation is built on the model of existing framework conventions, but some of its features are adapted to the specificities of the regulatory problem at hand. For instance, Abbott did not take the term ‘international action’ to refer to the regulation of particular technologies at the international level – he took the view that such regulation would not be ‘a realistic option’ because of the weakness of international law (see also Section 19.3).140 Furthermore, he recognized that the negotiations for a framework convention would involve ‘some of the same problems of delay and cost as any treaty process’.141 At the same time, he posited that ‘the framework convention model is explicitly designed to be initially less demanding and easier to negotiate, while facilitating more detailed incremental and adaptive rule-making over time, as better information on risks and benefits is obtained’.142 Experience with the UNFCCC and the subsequent Paris Agreement appear to confirm this observation.

The benefits of this approach that Abbott identified generally coincide with the advantages of international cooperation. He argued that ‘international arrangements might facilitate speedier and better designed national legal and policy responses, especially in states with limited regulatory capacity’.143 He also expressed a preference for ‘international action to coordinate national law and policy’144 and for ‘steering national actions in desirable directions’145 over regulation and conventional international law. This shift would result in international action becoming more uniform, more efficient, more effective, more legitimate and more closely aligned with the public interest in both form and substance.146 Addressing ‘inconsistent or inappropriate national responses’147 would boost trade,148 improve international collaboration149 and enhance the uniformity of the application of the precautionary principle. The incentives that lead states to over- or under-regulate150 would be managed more efficiently. The Prisoner’s Dilemma151 and the related concern about a race to the bottom in environmental and climate protection would also be addressed.152 As Abbott put it, ‘The incentives to under-regulate are enhanced when a technology creates negative trans-border externalities, passing some of the costs to others’.153 According to him, the adoption of a FASTIR-like approach would eliminate these undesirable tendencies.

Since Abbott’s proposal operates on three levels of governance, it would be possible for international action to keep pace with scientific and technological innovation:154


legal and policy institutions require early warning of significant innovations; information on new technologies and their potential benefits, risks and other impacts; means of assessing unclear data; even some degree of prediction. In all these areas, more information is better than less, and multiple social, cultural and ethical perspectives are more valuable than unitary, possibly myopic ones.155


Due to different ‘risk cultures, social relations, legal and regulatory systems, levels of development [and] capacities’,156 the passage of traditional international regulation or the harmonization of controversial technologies or innovations is generally ‘very unlikely [or] inappropriate’.157 A FASTIR-like approach would encourage the exchange of information, assessments and cultural viewpoints when the more aggressive pursuit of uniform regulation is likely to prove counterproductive.158

To summarize, the most obvious drawback of the FASTIR approach is that it resembles the UNFCCC and the Paris Agreement too closely – in the last analysis, it is based on the same (flawed) international-law architecture. This is so despite Abbott’s emphases on ‘steering’ rather than ‘regulating’ and on the potential emergence of new avenues for collaboration and cooperation between states and other stakeholders – it remains the case that the three layers of governance can easily be replicated under the current structure of international climate and environmental law.


19.4 Concluding remarks: The architecture of international law and the regulation of technology in the Anthropocene

Our objective here was to assess the capacity of international law, with its current architecture, to regulate climate-related technologies. To that end, we explained why the law may be adequate in theory and why it might be inapt in practice. The Paris Agreement has attempted to fill this gap by covering – to a certain extent – this aspect. Hence, the current architecture of international climate law is mostly reliant on the Paris Agreement when it comes to addressing the issue of climate-related technology and has not yet reached its full potential. The proposition that the architecture of international environmental and climate law is fragmented159 and state-centric commands widespread acceptance. As the balloon example on which we drew initially demonstrates, the structure of the modern law is typified by a plurality of specialized regimes, rules and institutions that govern the relationships between states, international organizations, and the environment.160 Despite not being a negative feature per se, this structure makes the regulation of climate-related technologies more difficult from an international-law perspective.

The options we discussed in Section 19.3 are useful starting points for prospective solutions. The legal scholars who participated in their formulation assumed roles that were not limited to strengthening and developing the law as presently structured. Some devised wholly novel concepts because they took the view that international environmental law, in its current form, is unlikely to withstand the pressures that are likely to bear on it in the near future. These new concepts reflect the need for the study of law and governance to account for findings from other domains of science. For instance, the literature on planetary boundaries may serve as a new theoretical foundation for a law that protects the environment more effectively – some have argued that ESL should become a new legal discipline. Such a discipline would provide a more holistic perspective on contemporary environmental challenges.161

The literature is highly theoretical because the academics in question are aware that their proposals can only bear fruit in the distant future.162 The principle of sovereignty remains an insurmountable obstacle to such developments because the creation of a supranational institution that protects planetary boundaries and the development of new legal disciplines can only result from exercises of political will on the part of governments, which have thus far hesitated to engage in radical action.163 For this reason, most modern authors continue to focus on incremental improvements in the coordination of fragmented regimes, rules and institutions.164
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20 Thinking about Technology Transfer beyond Development

Morag Goodwin


20.1 Introduction

The basic premise of this chapter is that if the Anthropocene is to usher in a revolution in legal relations (or any other kind of relations), we will need to move beyond paradigmatic ways of thinking that have defined the past several centuries. There are by now many works arguing for the need to overcome the binaries of modern European thought (human vs non-human, nature vs culture, and so on).1 The aim here is to contribute to this literature by drawing attention to one of the key binaries that structures contemporary global relations. The suggestion is that the organizing category of development that separates states into developed and developing plays a profoundly important, but neglected, role in negotiations in relation to climate change. I will attempt to illustrate this by reference to the failure of states to deliver on repeated commitments to international technology transfer.

Technology transfer, if it is to work to enable humankind to stay within two degrees of warming, will necessarily involve the diffusion of ‘green’ technology2 to low-income countries of the Global South. Yet technology transfer has a longer history as a battleline between former colonizers and Third World states.3 This chapter aims to provide some of that context as a necessary frame for reconceptualizing relations. If we want to understand why it is so difficult to achieve our stated goals, we need to be clearer about what we need to change.

This chapter will suggest how development as a structuring global paradigm has determined the legal space within which we understand or facilitate technology transfer. The aim of this chapter is not to speak to legal frameworks directly; this is done in other parts of this book. My purpose instead is to draw attention to the structuring frameworks that underpin the choice for certain legal tools and make them seem natural. There is, of course, nothing natural about the choice to frame technology transfer as individual property rather than to see it as the outcome of a particular Lockean view of human relations. Likewise, the choice to view technology transfer through a development lens individualizes state responsibility and positions Third World states as supplicants rather than partners. We know a lot about how to transfer technology successfully and yet it is not happening, despite the undoubted and increasingly desperate self-interest in doing so. Karen Mickelson, in discussion with Usha Natarajan, suggested that ‘[a]‌t its essence, the environmental question challenges the ways we have heretofore understood our relationships with each other and with the world’.4 I will argue that while this insight is undoubtedly true, the practice of international relations instead suggests that we remain stuck in old ways of thinking, of which development is a paradigmatic example.


20.2 Technology transfer and climate change

The core of the United Nations Framework Convention on Climate Change (UNFCCC) framework, adopted by all states in 1992 and reaffirmed on multiple occasions since, is the commitment to limit the amount of greenhouse gases in the atmosphere. The development of this global consensus on the need to prevent ‘dangerous anthropogenic interference with the climate system’ thus began to take shape in the last decade of the 20th century.5 The Convention was supplemented in 1997 by the Kyoto Protocol, which imposed legally binding limits on the Global North (Annex I countries) to reduce their greenhouse gas emissions.6 In 2015, states signed the Paris Agreement. This Agreement marked a new sense of urgency. However, while it signalled the desire to keep global average temperatures at a mere 1.5 °C above pre-industrial levels, this was to be achieved by measures that also enabled states to live up to their promises of sustainable development.7

Technology – notably green technology – is at the heart of mainstream mitigation and adaptation moves. As the 2000 Intergovernmental Panel on Climate Change (IPCC) expert report noted, ‘the state of the environment today is the result of the technological choices of yesterday. Similarly, the state of the environment in the 21st century will be determined largely by the technologies we choose today.’8 International technology transfer – the sharing of hardware, software and ‘orgware’ – is thus widely understood to be crucial to achieving the goals of mitigation and adaptation agreed in the UN Framework.9 According to the UNFCCC website: ‘Developing and transferring technologies to support national action on climate change has been an essential element from the beginning of the UNFCCC process.’10 Indeed, as the Sixth IPCC Assessment Report, in its headline statements, baldly provides, ‘Finance, technology and international cooperation are critical enablers for accelerated climate action.’11 Yet, most green technologies are protected by the patents of a handful of countries, notably Japan, South Korea, the United States and Germany.12 Although there is agreement on the fact that technology is essential to meeting the UNFCCC targets, Third World states, on the whole, do not have the resources – financial, technological, institutional – to be able to develop the necessary technologies within the timeframe laid down by planetary boundaries. While the majority of technology transfer takes place between the countries that develop the technology, that is North–North, achieving the goals of mitigation and adaptation demands technology transfer from countries and companies that develop them to those that do not.

This awareness of the key enabling role of technology transfer has been translated into the legal provisions of the UN Framework.13 Art 4(1)(c) of the UNFCCC requires the Parties to ‘Promote and cooperate in the development, application and diffusion, including transfer, of technologies, practices and processes that control, reduce or prevent anthropogenic emissions of greenhouse gases.’14 Art 4(5) further emphasizes the responsibilities of Annex I and Annex II countries to ‘take all practicable steps to promote, facilitate and finance, as appropriate, the transfer of, or access to, environmentally sound technologies and know-how to other Parties, particularly developing country Parties’.15 Agenda 21, of the same year, set out a vision of sustainable development, including on the importance of technology transfer to realizing it. Chapter 34 of Agenda 21 is directed toward the cooperation necessary to achieve technology transfer, with a focus on partnerships between North and South and between public and private actors.16

The 1997 Kyoto Protocol re-stated the centrality of technology transfer and the commitments made in the UNFCCC. Art 10(c) requires all Parties to: ‘Cooperate in the promotion of effective modalities for the development, application and diffusion of, and take all practicable steps to promote, facilitate and finance, as appropriate, the transfer of, or access to, environmentally sound technologies, know-how, practices and processes pertinent to climate change, in particular to developing countries’.17 This chapter of this same Article obliges Parties to take account of ‘their common but differentiated responsibilities.’ Taken together, Uddin concludes that the Article ‘was intended to ensure the transfer of environmentally-sound technologies in a full manner’.18 The Kyoto Protocol was followed up by a set of recommendations on technology transfer at COP4 in Buenos Aires in November 1998, which laid down criteria for effective technology transfer.

The 2007 Bali Action Plan, ten years after the Kyoto Protocol, introduced four basic pillars to address climate change, the third pillar of which was ‘enhanced action on technology development and technology-transfer supporting actions on mitigation and adaptation’.19 Yet more elements were added to achieve the requirements of technology transfer under the UNFCCC with the Technology Transfer Framework created under the Marrakech Accords of COP7 in 2010.20 This Framework established the Technology Mechanism, comprised of two bodies: the Technology Executive Committee and the Climate Technology Centre and Network.21 Parties are given support to identify their technology needs through a ‘technology needs assessments’ process and, since 2010, countries have been encouraged to develop technology action plans, which are to be concrete implementation plans based on the identified technology priorities.22 Under Art 10(4) of the Paris Agreement, Parties recommitted themselves to the development of clean technologies and to the international technology transfer of that technology to achieve shared climate goals.

These commitments to support Third World states in achieving technology transfer through financial and technical means are arguably complemented by the principle of common but differentiated responsibility (CBDR). This emphasis on equity in international environmental law has often been understood as a sui generis moment in international law, a unique recognition of our shared fate on this one planet.23 Included in the Rio Convention under Principle 7, much has been made of CBDR as heralding a paradigm shift and as moving toward a more equitable world order. Sand has described the principle of CBDR as acknowledging ‘the breakdown of traditional egalitarian fictions and [as representing] the emergence of a new legal polycentricity’.24 As Toope notes, while the Rio Declaration is a non-binding instrument, the process of development of the Rio text was itself formal and represented a consensus. As such, Toope sees the principle as generating a set of expectations and as an emerging norm.25 Winkler and Rajamani suggest that it ‘permeates [the] balance of responsibilities between countries’ across the UNFCCC as a whole.26 Shapovalova has gone further, suggesting that it could be seen as the ‘cornerstone principle of the international climate change regime’.27

Yet, it is not clear what the principle refers to – even more so since Paris.28 Moreover, CBDR did not satisfy any of the Parties at Rio. For Global North states, for example the US, it was important to emphasize that the new principle did not create any legal obligations. For the states represented by the Group of 77, the principle was a long way from the firm commitment to redistribution that they had sought.29 Despite this, Shapovalova suggests that the new incarnation of CBDR agreed at Paris (what she calls CBDR-RC+) has overcome the divisions created by bifurcating states according to their historical responsibility for climate change and now has widespread support across states.30 Where the Rio Declaration was clear on responsibility – even if it did not lead to any hard legal obligations – the modification of the principle under the Paris Agreement, whereby it is to be implemented ‘in the light of different national circumstances’, suggests that the notion of differentiated responsibility, albeit duly repeated, means even less than it did before.31 While Shapovalova sees Paris as a welcome development toward a common responsibility, what it arguably does is shift the emphasis from historical responsibility for climate change to the ability to pay for it now.32 That is, it shifts the emphasis from differentiated responsibility to a common one. As such, this a-historical move, with its focus on the present, removes the key notion of responsibility from the principle of CBDR.33

In sum, states have repeatedly acknowledged the necessity of international technology transfer within the climate change framework, at the same time that they have committed themselves to the idea of CBDR. But the reality has not lived up to the rhetoric. Instead, the actual promises made are very limited and relate largely to creating mechanisms to help states identify suitable green technologies and to support them in negotiating access to it.34 Each new accord or protocol repeats the commitment to international technology transfer and is then followed by expert reports and academic papers that analyse the extent to which, and the reasons why, those commitments have not been met in practice.35 Similar reports are produced on the nature of the financial commitments actually realized as opposed to promised.36 Progress is widely acknowledged to be slow and with mixed results.37 As noted in the introduction, many expected that climate change and the shared threat that it represents would be a game-changer in international relations. Yet it has not proved to be so, despite the overwhelming self-interest of the North in mitigating climate change. The next section considers why this is understood to be the case.


20.3 Barriers to North–South technology transfer

The failure of North–South green technology transfer is, as this chapter is arguing, part of, or bound up with, broader questions of North–South geopolitics. However, much of the literature on climate-related technology transfer chooses to focus on technical barriers or on the moral/political difficulties of cooperation around global public goods, such as the environment.38 We shall consider them in brief here.

It is difficult to ascertain with any degree of certainty – despite the various mechanisms that have been established – how much climate-relevant technology has been successfully transferred. This was the conclusion of the IPCC Working Group III on mitigating climate change almost 20 years ago and there has been no update.39 Its report lists many technical barriers to the transfer of environmentally sound technologies, ranging from ‘lack of confidence in unproven technologies’ to a ‘general lack of support for an open and transparent international banking and trading system’.40 The absorptive capacity of low-income countries – the ability to adapt and integrate transferred technologies to the technical and social context – is also understood to be a significant technical barrier.41

However, the biggest barrier, according to research by the UNFCCC, to the adoption of green technologies in both mitigation and adaptation is financial.42 Low-income countries cannot pay the full market value for access to these technologies. That this would constitute a significant barrier to achieving the goals of the UNFCCC was clear at the outset: an attempt was made to address this challenge under Art 4(3) of the UNFCCC, which obliges ‘the developed country Parties and other developed Parties included in Annex II’ to ‘provide new and additional financial resources to meet the full costs incurred by developing country Parties in complying with their obligations’.43 The phrasing ‘new and additional’ was intended to ensure that wealthier countries did not simply shift funding from existing Official Development Assistance (ODA) budgets.44 The same Article provides that Annex II countries shall provide such financial resources as are necessary to meet the costs for developing countries of enacting the implementing measures, including for technology transfer. Art 4(5) of the Convention, as noted earlier, also requires Annex II Parties to ‘take all practicable steps to promote, facilitate and finance, as appropriate, the transfer of, or access to, environmentally sound technologies and know-how to other Parties, particularly developing country Parties’. Yet, as Uddin notes, all these provisions leave much open to interpretation, of course – for example, over what constitutes an ‘incremental cost’, what is ‘necessary’ and, indeed, what is ‘practicable’ or ‘appropriate’.45

The financing of technology transfer under the UNFCCC is facilitated by the Global Environmental Facility (GEF), working since 1991, and the Green Climate Fund (GCF), more recently established in 2015.46 A 2016 UNFCCC report states: ‘Since 1991, the GEF has supported developing countries to implement more than 800 projects with mitigation technology transfer objectives through over USD 5 billion of funding and USD 40 billion of co-financing.’47 While this sounds impressive, recent research by Oxfam suggests that the figure of US$100 billion, promised by rich countries in 2009 each year to support adaptation and mitigation, seems only to have been met this year (2023). Moreover, the actual figure is much lower, given – as Oxfam reports – that much of the financing is either not new, that is, it is siphoned off from regular development financing, or it constitutes a loan to be repaid with interest rather than a grant.48 In addition, it is not clear what part of this general climate financing is reserved for technology transfer, although studies suggest that most climate financed projects claim to involve some element of technology transfer.49

That financing is understood to be the key barrier to green technology transfer is, in part, due to the costs created by intellectual property rights (IPR). While IPR are not the only costs – assisting Third World countries in developing the necessary absorptive capacity, for example, also represents a significant cost – IPR does significantly increase the cost of accessing the best green technology.50 One of the reasons is that the availability and supply of environmentally sound technologies is controlled by private actors, who must be persuaded of the benefit of sharing their assets. It is difficult for states to compel corporations to share their private property; instead, they must pay sufficient financial incentives in order to persuade them to do so.51

That wealthy states have shown themselves as yet unwilling to perform this task is ascribed by Kaul to the predominant market-centred policy approach. Such an approach entails that states are not seen (and do not see themselves) as best placed to solve such problems.52 However, this claim is arguably belied by the commitments to financing and facilitating technology transfer. If states believe that the market is best placed to respond to climate change, why do they continue to come together to make bold commitments? Another answer is the tragedy of the commons, under which states feel no obligation to act. Yet, they do feel obliged to make commitments, and they appear to accept, in principle at least, the notion of common but differentiated responsibilities for global warming. Similarly, while the coordination challenge is indeed enormous,53 it is not an insurmountable one, as the 1987 Montreal Protocol on CFCs (chlorofluorocarbons) demonstrated. Here, successful international cooperation on international technology transfer has been able to avert serious stratospheric depletion.54 The unwillingness on the part of the Global North to make good on commitments to fund and facilitate technology transfer in response to climate change must arguably be located elsewhere.

At the time of the Bandung conference in 1955, and during the high point of the Third World movement in the 1960s and 1970s, the environment was understood as a bargaining chip that the Third World held in their negotiations over the transition to a more equitable international order.55 While the Third World could not insulate itself from the environmental problems created by the North, the reverse was also true. However, this sense of being trapped on a shared planet has not, despite the optimism, led to real commitment to a sense of being part of a single humanity or to a more just world order. Instead, it has led to a stalemate, which is the status quo. Just as the fact of climate change has not been able to shift the entrenched pattern of relationships, neither has the principle of CBDR.

The next section considers why this might be so by suggesting a basis for the embedded pattern of relationships between North and South that is proving itself to be so enduring – even perhaps to the point of shared disaster.


20.4 The development paradigm

The suggestion here is that ‘development’ is a fundamental organizing principle of global relations. In order to make good on that claim, it is important to explain what I mean by development.


20.4.1 Development for the developing

Development has many meanings and there are many critical accounts that have done excellent work in unpacking it. The opening page of Escobar’s 1995 modern classic Encountering Development begins with Harry Truman’s 1949 inaugural address as US President, in which he, according to Escobar, ‘initiated a new era in the understanding and management of world affairs’.56 In his address, Truman laid out a division of the world. There were those, more than half of the world’s population, that were living in ‘misery. Their food is inadequate, they are victims of disease. Their economic life is primitive and stagnant. Their poverty is a handicap and a threat both to them and to more prosperous areas’.57 The other part of the world, led by ‘peace-loving peoples’, did not live in desperation because they possessed the modern scientific and technological knowledge that was the key to prosperity and peace. Truman’s vision was to see, in the words again of Escobar, ‘the American dream of peace and abundance be extended to all peoples of the planet’58 – and, of course, to see Communism vanquished. Truman’s vision rapidly became the orthodoxy, adopted by the institutions of the United Nations and the countries of the West. It remains a powerful organizing concept of contemporary relations.

Truman’s notion of development positioned half the world in one fell swoop as under-developed, in contrast to the rest that had already achieved development. This dichotomy of under-developed and developed saw the Third World defined by what it lacked in comparison to the West.59 The shared understanding of what developing countries lack has shifted over the decades of the 20th century, from the lack of civilization and statehood under colonialism to the lack of industrialization and material goods, education systems and health care, good governance, the rule of law and, more recently, access to justice. The red thread running through these shifts has been the belief that what developing countries lack is the ability to achieve these markers of civilization on their own. While these notions were the product of a particular moment in time – namely the end of the Second World War and the beginning of the Cold War – they drew on previous Western categorizations of the world. The civilized of the colonial era became the developed, the possessor of advanced technological knowledge and the beneficiary of industrially produced abundance. The barbarians and the not-fully-human of the pre- and colonial period became the miserable subjects of 20th-century under-development.60

The development discourse that emerged in this period had one crucial difference, however: whereas the colonial subject could only be slightly improved by the benefits of proximity to the enlightened colonizer, the subject of the Third World could be brought into the light. That is, the poverty and backwardness of the Third World subject could be overcome by modernization, that is, technology. This discourse of development was to create consumers and solve the problem of the poor through the work of Western intervention, its largesse and charity, and through the expertise of an industry of development consultants and practitioners that grew up to meet this need.61 This optimism of the 1950s and 60s gave way to disillusionment in the 70s and 80s, as the promised development failed to materialize. This pattern of energy and optimism followed by disappointment and despair has since been repeated several times,62 with the discourse of development demonstrating sufficient flexibility so as to be capable of renewal as circumstances change: disillusionment leads to a new wave of optimism, as the next generation redefines development so as to, apparently, address the causes of the failures of the past. Economic development becomes a human-rights-based approach; law and development becomes the rule of law; industrial development becomes sustainable development; and so on.63 We are trapped in this pattern of renewal and disappointment because the underlying paradigm of development does not change. Being ‘developing’ entails constantly trying to attain a moving target, as development is expanded to incorporate new standards of civilization, such as the rule of law, good governance, gender equality, indigenous rights, wildlife protection, and so on. In this way, development has become a key mode of global governance that regulates the behaviour of Third World states.64 This is the case notwithstanding the decolonization of the Global South in the 1960s and 70s and the regular proclamation of the sovereign equality of all states.

One of the reasons that ‘development’ has become such a powerful global narrative is its ‘colonization of reality’.65 Development, in the words of Escobar, ‘became a powerful instrument for normalizing the world’;66 that is, for attempting to design the world in the image of the West. Development has been so successful as a global discourse because it was adopted and internalized by so many countries. The process of developing has seen decolonized states subject themselves and their populations to a near constant cycle of through-going interventions and austerities in the name of modernization. Integration into the market economy was similarly accepted as the only path available.67

Through the crisis of the law-and-development movement,68 the shifts of economic orthodoxy,69 the charting of development as a site of social struggle rather than of academic or policy theorizing, and the production of critical accounts of development with the rise of new forms of ethnography, the othering of the developed–developing binary has nonetheless remained. The shift to the language of ‘sustainable development’, which is not explored here, is easily accommodated within the existing paradigm of development and does not challenge it: the burden of delivering development in a sustainable manner falls on individual states, regardless of how broadly one seeks to define sustainability.70


20.4.2 Technology transfer in the context of development

The belief in the technological superiority of the West predates Truman’s speech. Technology was both a means of colonization and a justification for the oppression of ‘backward’ societies. However, technological knowledge was at the heart of Truman’s vision of development, and he acknowledged the moral imperative to share that knowledge. He stated: ‘I believe we should make available to peace-loving peoples the benefits of our store of technical knowledge in order to help them realize their aspirations for a better life.’71 Since this promise, technology transfer has been a faultline of a development-structured world.

The failure by the 1970s to realize Truman’s pledge to share technological know-how saw Third World states begin to use international fora to demand international technology transfer.72 In the call for a New International Economic Order (NIEO), Third World states put their case for an equitable international system, which necessarily included ‘[g]‌iving to the developing countries access to the achievements of modern science and technology, and promoting the transfer of technology and the creation of indigenous technology for the benefit of the developing countries in forms and in accordance with procedures which are suited to their economies.’73

This demand was fleshed out in the follow-up General Assembly Resolution that laid down a programme of action for the establishment of the NIEO.74 The first point of action was to be the negotiation of an international code of conduct for the transfer of technology. Forty years and multiple drafts later, the negotiation process was suspended, and it remains so. According to Blakeney, the main source of disagreement was between the Group of 77 and the Group B countries (the Western, industrialized nations) as to the legal effect of the document: while Group B countries wanted a ‘mutually acceptable set of guidelines or standards’, the Group of 77 had little faith in the goodwill of these states and would accept only a legally binding agreement.75 The Group of 77’s position is expressed in the twelfth paragraph of the draft document’s preamble, which states that ‘an international legally binding instrument is the only form capable of effectively regulating the transfer of technology’.76 This disagreement ensured that the negotiations for a treaty went nowhere, just as the NIEO was stillborn.

In place of a regulatory approach to technology transfer – in which there is an intervention in the market to rectify inequalities between the technology owner and the recipient (such as a legally binding treaty) – instead a free market approach – in which the focus is creating the market conditions for the transfer of technology – triumphed.77 The principal feature of a free market approach is the reliance on the protection of private rights to technology based on intellectual property laws. Direct intervention in the content or nature of technology transfer transactions is excluded, except where such transactions would violate principles of competition law by reason of their market-distorting effects and/or by their use of unreasonable restrictive trade practices. The suspense over whether or not a code of conduct could be agreed to ended in the negotiation of the Trade-Related Aspects of Intellectual Property Rights (TRIPS) agreement in the Uruguay Round and the pressure on the Global South to adopt its binding rules.78 International technology transfer on a scale large enough to create a more just global economic order remains in the realm of promise.

In place of the rules on technology transfer sought by Third World states, Western powers agreed instead to the 1986 UN Declaration on the Right to Development.79 This Declaration, in Art 1, proclaimed development to be a human right. While there has been much discussion over the nature of this new human right,80 one undoubted feature was that it enshrined sovereignty as the basis of development. Whereas Truman had laid out a moral responsibility of the US to provide the means for the development of all states, the Right to Development located that responsibility instead with states, regardless of their economic position. The Declaration grants a right to all individuals and states to development, but the only identifiable duty-holder is states themselves; that is, where an individual has the right to development, it is a right – as with all other human rights – against their own state. The Right to Development states the importance of international cooperation necessary to make a right to development substantively meaningful but provides neither a right to it nor a framework for achieving it. As such, it does not provide the changes to the economic order essential to achieving anything like equity, justice or, indeed, development. Instead, what substituting the Right to Development for an NIEO arguably achieved in practice was to absolve the Global North of any responsibility for suffering caused by global economic practices of those outside their own borders, by limiting obligations to individual states while retaining the right to dictate the terms of existence to Third World states via the conditions under which international credit and access to the global economic system will be granted.81 Seen in this light, the shift in the Paris Agreement from CBDR as an acknowledgement of historical responsibility for global warming to a responsibility for each state to address the consequences of climate change according to their own national circumstances looks considerably less surprising.

The Truman address and the Declaration on the Right to Development bookend a trajectory of ‘development’, whereby the underlying impulse as described by Escobar remains unchanged, but where the locus of responsibility for achieving development shifted decisively from the North to the Global South. It is this development paradigm sketched here – in which Global South states must not only attempt to close the gap between North and South as defined by Northern states and institutions, but in which they must also accept the responsibility for their failure to do so – that forms the context for discussions about actions to address climate change. Global South states have the formal acknowledgement of sovereign equality that came with decolonization and independence, but without the underlying paradigm change that is necessary to lead to any meaningful notion of equality.


20.5 Moving away from ‘development’: concluding remarks

The development paradigm is one in which the Global South is understood as inferior and thus as in need of Northern interventions; it is a relationship not of equal partners in solving global challenges but of charity. While sovereignty posits a formal equality between states, the development paradigm undermines that equality. However, sovereign equality has not been able to shift the development paradigm described earlier. In the words of Dinah Shelton, ‘[t]‌raditional international law largely reflects ideas that protect entitlement’.82 That is, international law protects gains if they were ‘justly’ acquired at the time of acquisition, which means that it protects the status quo in terms of the distribution of wealth and privilege under the principle of the equality of states. Similarly, Mason-Case and Dehm note that ‘emissions are embedded in, reflect, and reproduce social relations’.83 They cite Anna Grear as suggesting that climate injustice is a ‘manifestation of a structural pathology in which law is central’.84 Climate change is, they suggest, inextricable from the unfinished business of decolonization, which leads them to call for reparations as the only way to create a bottom-focused redress. I concur with their analysis but would caution that, if development remains a core organizing principle of global governance, there can be little expectation that reparations will move us beyond the entrenched patterns of behaviour. Sovereignty cannot be a means of overcoming ‘development’. Rather, the promise of sovereignty – realized formally – has been used to escape responsibility for both past and continuing injustices.

What this means in practice, post-Paris, is that, in place of solidarity, climate change negotiations have fostered new forms of competition between states in the Global South for special vulnerability status and for access to a created scarcity of access to technology. Where some states are positioned as winners that will benefit from recognition of their vulnerability, others are losers, for example ‘African’ states.85 In place of the facilitation of technology transfer that the UNFCCC promises, Third World states are instead responsible for ensuring that they drive the process of technology transfer, identifying the best technology for the purpose, acquiring the necessary absorptive capacity to make it work, and seeking the financial support to cover the cost.86 When they fail, the development doctrine entails that they bear both the material and moral burden of coming up short.

How might we move away from development as a practice of global governance? And what might be the role of (international) law therein? If technology transfer is to work to help all states achieve the goals laid down in Paris, it arguably needs to be based on a spirit of partnership born out of generosity – generosity not in the sense of largesse but in the sense of loving generosity that underpins true friendship.87 This type of partnership, in my reading, is at the heart of the 2022 Bridgetown Agenda – the latest in a long line of initiatives put forward by Third World states to demand a more equitable world order – which calls, inter alia, for new global partnerships to realize technology transfer.88 Moreover, such partnerships in the area of technology transfer can have knock-on effects, such as enabling the creation of indigenous innovation systems.89 This would not only contribute to a more equitable global economic system but also be to the benefit of all, as this technology can also be shared, whether South–South or South–North.

What, then, of the role of (international) law in achieving this? International law can, in principle, be a mechanism through which a more just world order is institutionalized; the Montreal Protocol shows that it is possible for shared goals to be achieved fairly. However, international law is, as Shelton and others note, deeply implicated in the injustices of the current order90 and, thus, in itself is unlikely to be a vehicle for overcoming those injustices. As such, it cannot be the starting point. Instead, a new way of thinking is necessary – albeit that it may be institutionalized through a new international law. Law, however, is not the answer.

I have suggested here that ‘development’ is a governance practice, a way of ordering the world, that has fundamental implications for the ability of everyone on the planet to live the best life they can live. It also has serious implications for our ability to achieve the goals of the UNFCCC. In her ground-breaking work on social relations in the Anthropocene, Haraway has described whiteness as a mode of being that has brought the world to the brink of destruction: whiteness as a ‘worlding practice premised on the commitment to endless growth and vastly unequal well being’.91 I am not yet sure what the relationship of this ontological whiteness is to development as a paradigm – whether they are different ways of describing the same phenomenon or distinct manifestations of the same paradigm. Either way, the work of critical Anthropocene scholars, such as Haraway, confirm that it is more important than ever that we excavate and take seriously the underpinning normative structures of this world if we are to create a better one upon a shared and future Earth.
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