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Summary

This Horizon Scanning report addresses emerging issues influencing sustainable consumption and
production in Europe over the coming decades. Recognising rapid changes in global supply chains,
digital platforms, social practices, and geopolitical conditions, the report seeks to identify early
signals of change that may drive systemic transformations. It highlights the accelerating pace of
innovation and the shifting societal dynamics challenging existing environmental policies and
governance frameworks, emphasising the need for anticipatory and integrated policy responses.

The report explores emerging issues on consumption through the lens of human behaviour,
neuroscience, and market dynamics, revealing how digital environments and the attention economy
intensify consumption patterns, sometimes fostering addictive behaviours and excess. It unpacks the
acceleration of product lifecycles, driven by technological advances and changing competitive
pressures, alongside growing ethical and environmental concerns about unchecked innovation in
areas such as artificial intelligence, biotechnology, and space travel. The report draws attention to
the widening gap between innovation speed and regulatory capacity, with potential related risks of
undermining sustainable development goals.

Production-related emerging issues include Europe's quest for strategic autonomy in critical raw
materials and technological sovereignty, the impact of large tech companies as market super-
entities, and the integration of digital and biotechnologies into life and industry. The report discusses
challenges in balancing deregulation with environmental safeguards, addressing rising inequalities,
and managing systemic risks linked to rapid technological and societal change. It stresses the benefits
of breaking down silos between production and consumption policies through systemic approaches
to support the development of more resilient and circular economies.

The participatory methodology involved a broad stakeholder engagement through workshops and
expert consultation, which led to the identification of eight emerging issues reflecting societal,
technological, economic, and environmental dimensions.



1 Introduction

Europe’s transition to sustainable consumption and production is facing several uncertainties. Global
supply chains, digital platforms, social practices and geopolitical conditions are changing at a speed
and scale that challenge established policy assumptions. At the same time, environmental limits are
tightening, societal expectations are shifting and new technologies are redefining how people
consume, produce and interact with material resources. In this context, understanding what may
emerge next becomes essential for achieving a sustainable future in consumption and production.

This Horizon Scanning report aims to identify and explore emerging issues that could shape, or are
already shaping, Europe’s consumption & production landscape in the coming decades. The report is
not about predicting the future it maps a set of emerging issues whose further trajectories remain
uncertain but potentially consequential for achieving sustainable consumption and production. An
anticipatory environmental policy knows about these changes where new pressures may arise, and
where opportunities for more sustainable pathways could emerge, the earlier policy action is
possible.

1.1 Why is it important to scan the horizon?

Horizon scanning helps institutions identify early signs of change that may not yet be visible in
existing research or policy debates. This is particularly important for sustainable consumption and
production, as many developments that will shape future patterns - technological shifts, behavioural
changes, new business models or geopolitical dynamics - can emerge gradually and outside
established monitoring and attention.

By recognising such early signals, policymakers can better understand how new dynamics may
influence consumption and production patterns, challenge existing assumptions or create
opportunities for new forms of action. This perspective supports forward-looking policymaking by
highlighting areas where current strategies may still have gaps and where emerging developments
could either hinder or support progress toward long-term sustainability goals.

Regular horizon scanning within the EEA provides a structured way to broaden the analytical
perspective. Thus, across the Eionet network and its member countries, emerging developments
with potential future relevance are identified early and collaboratively.

1.2 Sustainable consumption and production

Consumption and production systems are central drivers of environmental degradation and climate
change, posing profound risks to human health, prosperity and the planet’s life-support systems. The
European Environment Agency (2025) emphasises that incremental improvements are insufficient
and that structural transformation across key consumption and production systems such as energy,
mobility, food, industry and the built environment is necessary, as these account for a substantial
share of global resource use and environmental pressures. Fundamental sustainability transitions are
therefore essential to prevent the most severe environmental and climate impacts.

These pressures occur in a context of already extensive human transformation of the planet.
Globally, an estimated 75% of terrestrial and 66% of marine environments have been significantly
altered by human activities, contributing to biodiversity decline and increasing pressure on planetary
boundaries (Bengtsson et al., 2018). At the same time, consumption remains highly unequal:
overconsumption in affluent societies contrasts with unmet needs elsewhere, reinforcing social
inequalities and concentrating environmental pressures.

Sustainable consumption and production (SCP) represent core principles in environmental
governance that seek to meet human needs and improve well-being while minimising environmental
impacts across the entire life cycle of products and services. Recognised since the Rio Earth Summit
(1992) and embedded in the Sustainable Development Goals (SDG 12), SCP continues to evolve in
response to rapid technological, social and political change.



In the European Union, SCP is deeply integrated into policy frameworks aimed at aligning economic
activity with environmental limits, social well-being and long-term competitiveness. Recent supply-
chain disruptions, geopolitical tensions and dependencies on critical raw materials have
strengthened the link between SCP, strategic autonomy and resilience. New visions of industrial
development such as Industry 5.0, which emphasised human-centricity, resilience and sustainability,
and more recently the Clean Industrial Deal reflect this shift and guide Europe’s industrial
transformation under the European Green Deal and the digital transition.

Consumption and production systems themselves are changing. Consumption practices are shaped
not only by income and preferences, but increasingly by digital environments, behavioural design and
socio-cultural dynamics. These can reinforce overconsumption, create new vulnerabilities, or amplify
inequalities. Production systems, meanwhile, face pressures from resource scarcity, climate goals,
technological innovation and global competition, requiring new approaches to efficiency, circularity
and industrial sovereignty.

To address these challenges, the EU has expanded its policy toolbox. The European Green Deal
provides the overarching framework for a climate-neutral and resource-efficient economy. The
Circular Economy Action Plan (CEAP) promotes material efficiency and waste prevention, supported
by measures such as the Ecodesign for Sustainable Products Regulation (ESPR), Digital Product
Passports and restrictions on destroying unsold goods (Blot, 2025; European Commission, 2024). The
Omnibus package modernises consumer law through the Right to Repair Directive, bans on
misleading environmental claims and transparency requirements for product durability. Strategic
autonomy has been further strengthened through the Critical Raw Materials Act, which sets targets
for domestic sourcing, processing and recycling of key materials.

While SCP is a well-established concept in policy and research, the context in which it operates is
evolving rapidly. Technological innovation, digitalisation, social change and geopolitical uncertainty
are creating new challenges, risks and opportunities for advancing SCP. This Horizon Scanning report
aims to identify some of the developments that are shaping future consumption and production
systems and explore pathways toward a more sustainable future.

1.3 Horizon scanning approach

Change rarely happens all at once. It often begins with small signs - early indications that the world
around us may be moving in a new direction. These signs or signals can be subtle and need not only
to be identified but also interpreted within the horizon scanning process. Because terminology
related to change is used differently across disciplines, this project clarifies how these terms are
understood (see figure 1). In line with recent EEA and ETC horizon-scanning work, signals may come
from many different sources of information and are viewed as early signs of change. Their relevance
emerges through interpretation and discussion, where they are linked to their potential impact on
sustainable consumption and production - impacts that may be either positive or negative. Through
this interpretive process, some signals may develop into what this report refers to as emerging issues
- topics that offer a glimpse into a possible future and could become important for sustainable
consumption and production policy. By identifying such developments and their implications at an
early stage, institutions and policymakers gain a time advantage and can address these evolving
issues more proactively.



Figure 1: Definition of terms used in EEA-Horizon Scanning
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The horizon scanning process for this report used a structured methodology consisting of three main
steps (see Figure 2):

1. Framing: The framing phase aims to structure the scan and determine where to look for
information indicating potential change.

2. Scanning: The scanning phase involves collecting and analysing data from various sources
of information to identify early signals of change (weak signals).

3. Sensemaking and assessment: The sensemaking and assessment process involves
evaluating and prioritising the identified signals, for example by clustering them. During
this phase, the gathered signals are examined from a broad perspective to ensure they are
interpreted in terms of their environmental significance. The resulting insights are then
translated into policy-relevant emerging issues.

Figure 2: The horizon scanning process
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Step 1: Framing

During the framing phase, the scope of the scan is defined. This involves identifying the project's
central issue or research question and selecting relevant data sources.

This year's scan focused on identifying emerging developments relevant to sustainable consumption
and production in Europe. To structure the scanning process, a systems map was developed (see
Figure 3). The goal was to acknowledge the broader global context of STEEP (social, technological,
economic, environmental, and political) developments influencing Europe, thereby striving to cover a
wide spectrum of potential drivers of change. Finally, while the scan looked across many domains,
information were only considered relevant when they could be connected to sustainability issues in
production and consumption. Various sources were used to inform the scan, including mainstream
media, news outlets, the arts, blogs, conferences and social media, as well as traditional scientific
channels.

To support the horizon scanning process, the Foresight Strategy Cockpit (FSC) tool was used. The FSC
enables users to collect and organise raw data on a central platform. This information can then be
linked together to form weak signals in a standardised format, providing the basis for further
analysis.

Figure 3: Overview of the search field
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Step 2: Scanning

A wide range of sources was used, including academic papers, journals, news articles, blogs, forums,
foresight reports, and social media. The input from the core ETC team was enriched by the
contributions from EEA and Eionet experts. To support this, the scanning team provided a structured
survey to guide participants in collecting environmentally relevant information. Participants were
encouraged to collect information from one or more domains in the systems map and to explain why
they considered it novel and relevant.

The scanning exercise yielded a total of 138 pieces of information, which were categorised as
consumption-, production-, or context-related. Based on this material, the project team identified 72
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weak signals. These were compiled into a catalogue and shared with participants to inform
discussions at the first sense-making workshop.

Figure 4: Overview of the identified weak signals
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Step 3: Sensemaking and assessment

This phase of horizon scanning usually involves participatory workshops and expert discussions to
improve the understanding of potential developments and their implications. In this project, two
such workshops were organised.

The first workshop focused on evaluating signals selected by the core team and grouping them into
thematic clusters. Participants highlighted signals they found particularly interesting and identified
connections between them, creating a set of clusters as candidates for emerging issues. In total, the
workshop resulted in 13 such clusters. Building on these results, the project team conducted further
desk research and grouped the results into 8 issues for the next phase of the process.

The second workshop centred on these eight issues. Participants were invited to propose creative
ways in which the issues and their underlying signals could evolve into radical and sustainable
futures, and to reflect on the role of policy in this process. This plenary discussion, involving experts
from diverse fields, provided a deeper understanding of the eight emerging issues presented in this
report. After the workshops, the project team refined and developed the issue clusters and their
associated signals, which are presented in the next section.
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2 Consumption - Between addiction, extremes, and reinvention

2.1 Introduction

Consumption is a defining feature of modern society, shaping identities, economies, and finally the
environment (Svitacova, 2025; MOTOKI and SUGIURA, 2017). At its core, consumption is inherently
linked to the fulfilment of basic human needs. Abraham Maslow’s hierarchy of needs states that
individuals must first satisfy physiological requirements such as food, shelter, and safety before
aspiring to higher-order needs like belonging, esteem, and self-actualisation. In this framework,
consumption is not merely an economic act but a fundamental aspect of human survival and well-
being (Brainz Magazine, 2025). Modern interpretations of Maslow’s theory suggest that needs are
often pursued simultaneously and are shaped by cultural and individual contexts, highlighting the
complexity of consumption behaviour (McLeod, 2025; Ferigato and Souza, 2022; Ward and Chiari,
2008), as reflected, for example, in the consumer behaviour model developed by Kotler and Keller
(see Figure 5).

Figure 5: Model of consumer behaviour

Consumer Psychology
+ Motivation

Marketing Stimuli Other Stimuli * Perception Buying Decision Process Purchase Decision
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Source: adapted from Kotler & Keller (2006) Marketing management from (Ward and Chiari, 2008)

Stemming from survival and necessity, consumption is deeply entwined with the brain’s reward
system. Neuroscientific research indicates that shopping and the acquisition of goods activate the
mesolimbic dopamine pathway, releasing dopamine and other so-called “reward hormones,” such as
serotonin and endorphins (Mailrelay, 2025). This neurochemical response is not limited to the act of
purchasing; even the anticipation of ownership can elicit pleasure. The reward system is further
implicated in the pursuit of status, belonging, and distinction - goods become symbols of social
integration or markers of differentiation, reinforcing individual and group identities (Dubois and
Ordabayeva, 2015; Weinstein, 2023). The psychological satisfaction derived from consumption can,
however, tip into compulsion. The same neural mechanisms that reward beneficial behaviours can, if
overstimulated, foster addictive patterns of consumption, mirroring the dynamics of substance
addiction. This is particularly evident in compulsive shopping, where the pursuit of pleasure or relief
from negative emotions overrides rational decision-making (Campanella, 2024).
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Box 1: Overview of "reward hormones" and their role in consumption

Role of reward hormones

Dopamine is often called the “feel-good” hormone, but its true function is more nuanced: it
encodes motivation, anticipation, and the learning of reward cues. In non-food consumption
contexts, dopamine is central to behaviours like shopping, gambling, and digital media use. For
example, the anticipation of a reward such as finding a bargain while shopping, winning a bet, or
receiving a social media notification triggers dopamine release in the brain’s mesolimbic pathway.
This not only produces pleasure but also reinforces the behaviour, making it more likely to be
repeated. The same neural circuits that respond to food rewards are activated by these alternative
rewards, explaining why behaviours like shopping or gambling can become compulsive or even
addictive in some individuals.

Serotonin is central for mood regulation, impulse control, and social behaviour. In the context of
consumption beyond food, serotonin helps modulate the satisfaction and contentment derived
from activities such as shopping, socialising, or engaging in hobbies. Low serotonin levels are
associated with impulsivity and compulsive behaviours, which can manifest as excessive shopping
or risky gambling. Conversely, activities that boost serotonin like positive social interactions,
exposure to sunlight, or engaging in meaningful hobbies can reduce the urge for compulsive
consumption by promoting a sense of well-being and emotional stability.

Endorphins are endogenous opioids that act as natural painkillers and mood enhancers. They are
released in response to consuming certain foods, especially those high in sugar or spice, providing
a mild euphoria and immediate gratification. This effect can drive individuals to seek out such
foods for comfort, sometimes leading to patterns of emotional eating.

Oxytocin is best known for its role in social bonding, trust, and empathy. Its influence extends far
beyond food, shaping how we experience and value social consumption such as group activities,
shared experiences, and even collaborative shopping. Oxytocin is released during positive social
interactions, physical affection, and shared achievements, enhancing the emotional reward of
these experiences. For instance, shopping with friends, attending events, or participating in group
hobbies can all trigger oxytocin release, making these activities more rewarding and reinforcing
social bonds. Oxytocin also interacts with dopamine pathways, amplifying the motivational
salience of social rewards and increasing the likelihood of repeating these behaviours.

Sources: (Baskerville and Douglas, 2010; Bromberg-Martin et al., 2010; Korb et al., 2020; Kriger, 2024; Love,
2014; Petersson and Uvnas-Moberg, 2024)

Recognising these biological underpinnings helps explain why consumer behaviour often resists
purely rational or sustainability-based appeals. However, consumption is not shaped by
neurochemistry alone. It is also embedded in continuously changing social structures, cultural
expectations, and consumption infrastructures - whether analogue or digital. Social milieus, shaped
by evolving socioeconomic conditions, lifestyles, and value orientations, influence what is perceived
as desirable, appropriate, or status-enhancing. From this perspective, consumption is more than the
satisfaction of needs; it is also a social practice. In line with Bourdieu’s theory of social distinction,
consumption serves as a symbolic marker of identity and class and contributes to the reproduction of
social hierarchies through the display of cultural and economic capital (Mont and Power, 2010).

These socially embedded patterns are nowadays increasingly mediated by digital systems that
reshape how goods are presented, evaluated, and purchased. Platform economies, algorithmic
personalisation, artificial intelligence—driven marketing, and influencer-based advertising integrate
commercial content into everyday social interaction. In doing so, they intensify reward-based
mechanisms and normalise continuous consumption. Research shows that algorithmic feed
personalisation and variable reward structures activate dopamine-related processes (Clark and Zack,
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2023), while online platforms heighten impulse buying through psychological and marketing stimuli
in e-commerce environments (Wang and Chapa, 2022). As a result, contemporary consumption is not
only socially and psychologically anchored but also permanently connected, accelerated, and
algorithmically shaped by advances in the digital world. Research shows that current digital business
models significantly influence consumer behaviour and environmental outcomes. Although
digitalisation offers opportunities to support sustainable consumption, existing digital systems are
largely designed to stimulate engagement and purchasing rather than to align with sustainability
goals, and may therefore encourage over-consumption (Gossen and Lell, 2023).
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2.2 Emerging issues on consumption

2.2.1 Addicted by design: how the desire to consume is generated on the web

Online platforms are increasingly shifting from simple
marketplaces to behaviour-shaping environments.
Whether large e-commerce portals, social networks,
streaming services, or emerging creator platforms -
they all pursue a goal that largely remains invisible
in the background: to keep users engaged for as
long as possible and to generate actions towards
more consumption.

The current situation is characterised by a high
degree of professionalisation in the mechanisms.

Major platforms developed multi-dimensional

ecosystems that combine entertainment, social

interaction, information, advertising, and direct
purchasing functions. These platforms do not merely
aim to respond to users’ interests; they seek to actively
stimulate desires by using advanced techniques such as
artificial intelligence (Al), real-time behavioural analysis and immersive interface design to strongly
capture the users' attention.

This business model represents a deeper structural shift in the digital economy. Platform design
increasingly revolves around predicting, influencing, and monetising behaviour, transforming human
experience into a source of economic value. As Zuboff (2018) argues in her theory of surveillance
capitalism, these systems are not primarily designed to meet human needs but to maximise
engagement and profit - often by exploiting psychological vulnerabilities and converting user activity
into behavioural data that fuels further manipulation.

A wide range of design patterns, such as infinite scrolling, personalised recommendations and playful
user interfaces, are developed to trigger reward responses and prolong screen time. A study by
Mathur et al. (2019) uncovered 1,818 manipulative interface designs - commonly called "dark
patterns" across thousands of e-commerce sites, illustrating how such tactics are widely deployed
across the digital marketplace. These techniques can significantly reduce consumer autonomy and
are particularly effective at steering decisions without conscious awareness (Zac et al., 2025).

Dark-pattern dynamics are increasingly extending from interface manipulation toward automated
manipulation. It is becoming clear that not only platform design, but automated systems themselves
are now shaping digital consumer environments - and may become a significant policy concern in the
coming years. According to the Bad Bot Report, automated traffic exceeded human traffic for the
first time in 2024, accounting for 51% of all web activity, with malicious bots alone generating 37% of
global traffic. Such bots distort prices, product availability and trend indicators, creating artificial
signals of demand and popularity that can steer consumer choice (Imperva, 2025).

The impact of these systems is not the same for everyone. Research shows that young people,
especially adolescents and young adults, are particularly vulnerable to persuasive design and
algorithmic manipulation due to their ongoing cognitive development and heightened sensitivity to
social stimuli (UNICEF, 2021). Low-income users may also be especially susceptible to manipulative
digital marketing, as economic vulnerabilities and limited digital literacy make it harder to resist
aggressive pricing tactics and hyper-personalised promotions (Witte, 2024). In both cases, digital
systems exacerbate existing social and economic inequalities by directing consumption pressure
towards those with fewer resources.
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The European Union has already begun to respond to these developments. The Digital Services Act
(DSA) introduces, for the first time, clear rules for how large platforms must assess and mitigate risks
such as manipulative interface designs (Official Journal of the European Union, 2022). The Digital
Markets Act (DMA) addresses the market power of dominant platforms that shape much of today’s
digital environment (Chiarella, 2022). In traditional consumer protection, the Unfair Commercial
Practices Directive (UCPD) continues to prohibit misleading or aggressive marketing practices
(European Parliament, 2005). Since 2023, these instruments have been complemented by new policy
initiatives. The European Parliament has warned of “addictive” digital design and called for stronger
safeguards (European Parliament, 2023), while the European Commission is preparing a Digital
Fairness Act that would directly target manipulative interface practices (European Parliament,
forthcoming). The recently adopted Al Act also addresses certain forms of Al-driven manipulation for
the first time, including systems that may exploit individual vulnerabilities or behavioural patterns
(European Parliament and of the Council, 2024).

At the national level, several governments are moving in the same direction. France has launched
regulatory initiatives to address addictive platform design and protect minors from manipulative
online environments, while the Netherlands is exploring policy options to curb harmful digital design
practices and strengthen protections for vulnerable users. These efforts signal a broader European
trend towards recognising digital interface design not merely as a technical or commercial issue but
as a matter of public interest (Arcom, 2024; Dutchreview, 2023).

From the environmental policy side, EU initiatives aimed at fostering more sustainable consumption
patterns have largely focused on improving product efficiency, labelling and consumer awareness
(ETC CE, 2023; UNEP, 2024). However, another effective starting point could lie further upstream —in
the architecture of the digital platforms - where consumers’ purchasing desires and impulses are
actively shaped. Addressing these dynamics within digital consumption environments could
therefore become a crucial step toward tackling the systemic drivers of unsustainable demand.
Despite this growing landscape of regulations and initiatives, a clear challenge remains: digital
platforms are evolving far faster than existing policy frameworks might be able to adapt. Emerging
technologies such as generative Al, social-commerce ecosystems, and behaviourally adaptive
interfaces enable new forms of influence that do not fit neatly into current regulatory categories or
legal definitions. The sections below examine and provides additional content on these emerging
developments, and how they are reshaping consumer behaviour in digital environments.

Shopping platforms 2.0 - how Gen Al and behavioural analytics are used to keep generating new
consumer desires

In today's digital consumption landscape, algorithms are not only responding to consumer demand,
but they are also increasingly generating it. The latest generation of shopping platforms employs
generative artificial intelligence (GenAl) - Al systems capable of creating personalised text, images,
and recommendations - combined with behavioural analytics to predict and influence purchasing
decisions. By continuously analysing user interactions, preferences, and emotional cues, these
systems can anticipate emerging desires and actively shape them before they are consciously
formed.

Digital systems monitor user behaviour, such as scrolling speed, click hesitation and time of day, to
infer users’ emotional states and anticipate their needs. For instance, late-night app activity may
result in recommendations for sleep aids, while brief pauses on fitness-related content could lead to
offers of supplements or home gym equipment. “For You” feeds tailor content not only to past
behaviour, but also increasingly to inferred emotional vulnerabilities, such as loneliness, anxiety, or
low self-esteem, offering products as quick emotional fixes.

18



Retailers are increasingly using real-time adaptive advertising that tests dozens of ad variants
simultaneously. These systems detect when a user’s attention wavers and respond instantly by
displaying a 'limited-time' offer or a social proofing nudge, such as 'Only 3 left!', to encourage a
purchase. Some platforms even experiment with mood detection via smartphone sensors, using
factors such as ambient light, typing speed or motion data to tailor content and adverts even more
precisely. Generative Al is breaking down language barriers in online shopping. Instant translation
and cultural adaptation make websites, adverts, and product recommendations feel personal and
familiar, regardless of where users are located. This creates a seamless sense of inclusion and trust,
encouraging people to explore and buy from platforms across the world. Gamification is another
powerful dimension of influence in digital commerce. Platforms increasingly integrate game-like
mechanics like points, rewards, challenges, and quizzes to heighten engagement and encourage
purchases. Studies show that gamification in e-commerce effectively boosts user interaction and
loyalty, especially among younger demographics. Rather than reflective browsing, users participate
in playful, emotionally engaging experiences that subtly redirect their behaviour toward more
frequent visits and purchases.

Certain shopping platforms use personalised recommendation engines and behavioural pricing
models to create the illusion of free browsing, when in fact every product, image, and price point is
curated continuously by algorithms. In many cases, users are targeted with time-sensitive flash sales
based on how likely they are to make impulsive purchases, shaping not just what they buy, but also
when and why. In addition, automated bots are increasingly carrying out ‘denial of inventory’
attacks, in which products are automatically placed in shopping baskets but not purchased. This
creates artificial scarcity, which further reinforces impulsive buying reactions — a mechanism that is
particularly evident in flash sales and low-priced trend products.

This shift raises critical concerns for sustainable consumption. As our desires become increasingly
shaped by systems designed for engagement and conversion, we may lose awareness of our own
preferences. This can fuel overconsumption and normalise wasteful behaviour.

Further reading and sources:

e How Shein and Temu'’s algorithms are transforming the world of ecommerce
e How GEN Al is using emotions to dramatically change CTV ad effectiveness

e Addicted to Temu? The psychological traps fuelling addiction

e What is hyper-personalization?

e Retail’s Al dilemma: smarter, faster, but still missing the human touch?

e Gamification Best Practices and Examples

e Behavioural pricing: What it is, Strategies & Free Examples

e Smarter Bots and Bigger Risk

Influencers of the trivial — how influencers on social media drive over-consumption

Influencer marketing has become a powerful tool in digital commerce, especially for promoting
products. On the popular digital platforms, micro-influencers and celebrities alike regularly showcase
new products, inexpensive gadgets, beauty hacks, or other shopping recommendations in short,
engaging videos. The format blurs the line between authentic personal recommendations and paid
advertising, with the influencer's curated and apparently desirable lifestyle serving as the main
selling point.

These promotions often capitalise on short-lived trends from seasonal decorations to niche kitchen
appliances that are designed to go viral and encourage impulse purchases without regard for long-
term value. Algorithms play a crucial role in this by amplifying influencer content based on
engagement signals such as likes, shares and viewing time.
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However, recent studies show that these engagement signals are increasingly being distorted by
automated bots. The Bad Bot Report showed that campaigns are sometimes dominated by over 80%
bot traffic, which artificially inflates click counts, video views and like patterns. This makes a product
or trend appear more viral and desirable than it actually is, tempting users to make purchases
(Imperva, 2025).

Once a user interacts with a product video, the platform displays a whole series of similar content,
further enhancing the perceived appeal of the item. This feedback loop can create a sense of social
proof: if ‘everyone’ in your feed is buying the same LED face mask or mini waffle iron, it must be
worth having.

Various companies use these kinds of influencer campaigns, sometimes coordinating them in such a
way as to flood social media with nearly identical content within a short period of time. In many
cases, these are inexpensive, mass-produced items that are functionally indistinguishable from well-
established products. The value proposition lies less in quality than in novelty, aesthetics, or
perceived exclusivity.

Live stream shopping is a recent trend that has become particularly popular in Asia and is spreading
rapidly to Western markets. Influencers present products in real time, offering limited-time
discounts, playful competitions and interactive chats to engage the audience. This format creates a
sense of urgency and collective enthusiasm, often prompting viewers to buy without fully
considering whether they need the product.

Further reading and sources:

e Influencer Trends That Are Driving Marketing Success in 2025

e The Dark Side of Social Media Influencers

e Trending towards overconsumption: The role of social media in shaping Swedish Gen Z’s
buying patterns Understanding the Impact of TikTok's Recommendation Algorithm on User

Engagement
e Live-stream shopping’s impact

Embedded commerce - how streaming, gaming and media are becoming shops

The lines between entertainment, information and retail are increasingly blurring. Streaming
platforms, gaming environments, recipe and even news websites are becoming direct sales channels
as well as sources of content. This creates a 'see now, buy now' dynamic where purchasing
opportunities are seamlessly integrated into users' leisure or learning activities, often limiting the
need for conscious decision-making and comparing options.

On most platforms, shoppable videos enable viewers to click on displayed items and purchase them
instantly. For example, a cooking tutorial may display on-screen links to every ingredient and tool
used, while a home makeover video may feature clickable furniture and décor that lead straight to
the checkout page. These integrations remove the friction of searching for a product, turning
curiosity into immediate consumption.

Gaming platforms take this concept further by blending real-world spending with virtual
environments. Branded virtual items and 'skins' are available for purchase and are often tied to real-
world marketing campaigns. While some in-game purchases are purely cosmetic, they still trigger the
same psychological reward mechanisms as buying a physical product, especially when coupled with
limited-time availability or exclusivity. In certain cases, game events are explicitly designed around
product launches, effectively transforming play into a form of shopping.

Even traditional media has embraced the trend of embedded commerce. Articles, blogs or chats
often contain affiliate links to online retailers, particularly the largest and most omnipresent ones.
Serious journalistic content is frequently featured alongside advertisements - sometimes disguised as
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legitimate news. Lifestyle content often incorporates product recommendations into narratives,
blurring the line between editorial and advertising.

The integration of direct purchasing options into other thought processes, such as playing, cooking,
informing, reading, etc., reduces the time for critical consideration, leading to potentially poorly-
considered purchases that may not be used after all.

Further reading and sources:

e How YouTube Shopping Is Revolutionizing E-commerce

e Understanding the Economics of In-Game Assets

e Fortnite Collaborations: A Marketing Masterstroke Redefining Brand Partnerships
e Affiliate Marketing Blog Posts

Relevance for environmental policy
Addictive design in digital platforms presents an ambivalent challenge for sustainability governance:

On the one hand, the same tools that currently fuel overconsumption - Al-driven recommendations,
gamified interfaces, and seamless purchasing - could be redirected to promote sustainable choices.
For example, public policy could require or incentivise platforms to highlight refurbished or circular
economy products by default, make ecological impacts visible before purchase, or use social nudges
to encourage repair, sharing, and reuse. In this sense, digital environments hold significant potential
to amplify positive behavioural change at scale.

On the other hand, the dominant use of these design features today pushes consumers toward
frequent, impulsive purchases of low-cost, short-lived goods, accelerating resource depletion, waste
generation, and pollution. Without clear governance, such digital architectures risk amplifying the
current impacts on natural resources.

To make matters worse, automated bots are increasingly distorting consumption patterns. Effective
guidelines are needed to ensure that data-based indicators such as search trends, price dynamics and
stock levels are reliable, enabling consumers to make informed decisions.

For policymakers, the ambivalence lies in recognising that digital platforms are not neutral spaces.
Effective sustainability governance may therefore require transparency rules, ethical design
standards, and accountability mechanisms to ensure that platform design aligns with long-term
environmental objectives.

How things might develop — a speculative glimpse into the future

In a potential future, consumption no longer takes place on screens, but in the mind: neural
connections enable Al companions to whisper tailor-made desires directly into people's thoughts,
so that buying feels more like remembering than deciding. People don't just buy items, they
subscribe to changing identities for their specific life stages and desires - a weekend hiking
package, a package for young parents, or a kit for a minimalist lifestyle. Al influencers accompany
people's lives like high priests of novelty, staging improvements to their personalities, illustrated in
AR, where shopping, entertainment and social belonging merge into a continuous performance.
Companies that sell sustainability also take advantage of the system, showing consumers their
lives in a world of eco-friendly products and services. But this world is highly addictive, people
can’t stop optimising their new selves. In addition, there have been incidents of brain hackers
manipulating people's minds. This generates resistance: underground networks train pirate Als to
sow doubt or force pauses in order to interrupt the rhythm of new desires. Society vacillates
between the thrill of smooth identity upgrades and the stubborn insistence of some to reclaim the
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right to choose without Al influence - not only what they buy, but also what they believe and who
they want to be.

2.2.2 The privilege of pollution - Spotlight on unequal consumption

In recent years, discussions about sustainable consumption
w Cco, have intensified - yet much of the public debate still
Co, quietly assumes that everyone contributes to
environmental harm in similar ways. In reality,
consumption is becoming increasingly unequal. While
some parts of the population don’t have the financial
resources for consumption or experiment with low-
impact lifestyles, other groups continue to expand
their ecological footprint through frequent travel,
luxury consumption, intensive digital services and
rapidly replaced convenience goods. This gap reflects
what several scholars describe as a “privilege of
consumption”: the ability of wealthier individuals and
countries to externalise the environmental costs of their
lifestyles onto less advantaged populations. High-income
groups not only consume more but also remain largely insulated
from the social and ecological consequences of overshoot, creating what environmental
justice research calls “impact inequalities” - systematic disparities in who uses planetary
resources, and who bears the resulting harm (Dickinson, 2022).

Recent data show how extreme these disparities have become: The richest individuals and
households are responsible for a disproportionate share of environmental damage. According to a
new study published 2025 in Nature Climate Change, the world’s wealthiest 10% are responsible for
65% of global warming since 1990, measured through their cumulative emissions and their
contribution to rising heat extremes and droughts (Schéngart et al., 2025; Tandon, 2025). The study
defines this group as individuals earning more than €42,980 per year and shows that if everyone on
the planet had emitted at the same level as this top 10%, global temperatures would already have
risen by 2.9°C since 1990 instead of the observed 0.61°C.

These inequalities reflect not only differences in income, but also in lifestyles and investment
patterns. High-income groups tend to have more car-based mobility, larger living spaces, frequent
long-distance travel and more carbon-intensive diets. Their environmental impact is further
magnified by wealth-based investments in fossil fuels, aviation, and other carbon-intensive sectors,
extending their emissions beyond personal consumption. (Schéngart et al., 2025).

Research on other demographic groups shows similar patterns: men's per capita emissions tend to
be higher, mainly due to their transport and dietary habits, whereas women are more likely to
engage in lower-carbon behaviours, such as using public transport or following diets containing more
plant-based food (Osorio et al., 2024). Younger generations tend to profess stronger pro-
environmental values, but these attitudes can be hindered by structural barriers, such as high
housing costs, inadequate public transport infrastructure and the limited availability of affordable,
sustainable goods (Jeppsson and Schiller, 2024).

Policy responses have struggled to reflect these disparities. Market-based instruments such as
carbon taxes and emissions trading can exacerbate income inequality when implemented without
complementary redistribution measures, as they impose disproportionate burdens on low-income
households while having minimal impact on excessive consumption among wealthy households.
However, research shows that well-designed redistribution policies and targeted transfer schemes
can help offset these adverse distributional effects (Bettarelli et al., 2024). Zachmann et al. (2018)
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warned in 2018 that without addressing distributional effects, “there is a real possibility that
decarbonisation policies will face a political backlash.”

This chapter explores developments that show how different social groups contribute very
differently to environmental impact, and why future climate policies will need to find new ways to
address unequal consumption.

Rising visibility on consumption of the super-rich - is guilt-free living possible?

Over the past decade, an increasing number of studies have examined the link between wealth and
environmental impact — from analyses of global carbon distribution to detailed behavioural studies —
and confirm a clear connection between extreme wealth and environmental damage. Large-scale
analyses such as the report ‘Climate Equality: A Planet for the 99% (Khalfan et al., 2023) and
Chancels' dataset ’Global Carbon Inequality 1990-2019" (Chancel, 2022) show that the richest 10% of
the world’s population are responsible for 48% of global emissions, while the bottom 50% contribute
only 12%. The carbon footprint of the wealthy is shaped not only by their personal lifestyles —
frequent long-haul flights, multiple residences — but also by their investment portfolios from
investments in carbon-intensive industries (Gore, 2021; Nielsen et al., 2024a; Dabi et al., 2022).

The implications of the consumption of the super-rich stand in stark contrast to the ecological
footprint of the majority of the world's population, which contributes little to total emissions but is
exposed to the greatest climate risks. Oxfam’s Carbon Inequality Kills report reveals, for instance,
that the emissions from the wealthiest 1% have already led to trillions in economic losses, extensive
crop failures, and millions of resultant deaths (Alestig et al., 2024). The extreme emissions disparities
create cascading effects throughout society, with climate impacts falling disproportionately on
already marginalised groups. Women and girls, Indigenous Peoples, people living in poverty, and
other groups experiencing discrimination are particularly disadvantaged by climate breakdown, while
the richest have the wealth and power to protect themselves from it (Khalfan et al., 2023).

What is changing is not only the scope of research on this topic, but also the public visibility of
consumption among the super-rich. Social media, celebrity news and investigative journalism have
brought private jets, superyachts, luxury travel and exotic holiday homes into the spotlight of global
attention and moral debate. Jeff Bezos' wedding in Venice in 2025 — with dozens of high-profile
guests arriving by private jet — became a prime example in the media of the conflict between climate
awareness and the lifestyle of the super-rich. This visibility has led to increased public awareness,
with luxury consumption increasingly viewed by some as morally unjustified and environmentally
harmful (Gore, 2021). However, this attention has not led to systemic restrictions on these
environmentally damaging luxury activities. This not only leads to direct emissions, but also indirectly
shapes norms and expectations in a way that makes low-carbon living seem less attractive or less
prestigious. Constant reporting on this lifestyle normalises high consumption standards through
conspicuous consumption and status signalling, leading to an underestimation of the environmental
impacts (Moorcroft et al., 2025).

Several obstacles contribute to the persistence of these inequalities. It has been observed that
individuals with significant financial resources can exert significant political influence, some
contributing to shaping climate-related decisions via lobbying, political donations and influences on
the media.. (Srivastav and Rafaty, 2023).

The growing research and visibility of the environmental impacts of super-rich consumption points to
a clear target for policy action: taxes on private flights, luxury goods and multiple property ownership
could drastically reduce emissions from this social group. However, climate measures that specifically
target high-emission lifestyles are politically sensitive and face strong resistance. Minal Pathak et al.
(2025) identified three key constraints: lack of political will due to fear of public resistance, power
structures within society, and resistance of the elites to changing the status quo. When proposed
policies are perceived as intrusive or punitive, they are seen by some as threats to personal freedom.
Yet supporters argue that focusing on luxury emissions is essential for fairness and climate justice.
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Without targeted measures, there is a risk that the environmental privileges of the rich and the
environmental consequences will remain untouched, while the rest of the population faces
increasingly stringent environmental regulations (Wallace and Welton, 2023).

Further reading and sources:

e Climate equality: a planet for the 99%

e The world’s wealthiest 10% caused two thirds of global warming since 1990

e Carbon inequality in 2030 Per capita consumption emissions and the 1.5°C goal

e Carbon billionaires The investment emissions of the world’s richest people

e Carbon inequality kills

e The Bezos wedding was a study in disingenuous billionaire behaviour

e Understanding and improving the carbon capability of the wealthiest people in the UK
e Political Strategies to Overcome Climate Policy Obstructionism

e What Has Been Done to Reduce Luxury Consumption? A Global Review

e Taxing Luxury Emissions

Gender-specific consumption

There has been an increase in recent years in the number of publications on gender-specific
environmental behaviour, with more countries, behaviours and methodological approaches (Piao and
Managi, 2024). Many studies reach the same conclusion: women tend to emit significantly less CO,
and are more committed to sustainable consumption than men. For example, a study of France by the
Grantham Research Institute at the London School of Economics (LSE) and the Centre for Research and
Analysis of Social and Economic Policies (CREST) shows that women's CO, emissions from food and
transport are 26% lower than those of men. This is primarily due to men's higher consumption of red
meat and greater use of cars. Even when men and women have similar incomes, employment
situations, and basic consumption needs, women’s emissions remain substantially lower - pointing to
cultural and behavioural differences, such as dietary choices and transport habits, rather than purely
economic factors, as the main drivers of the gap (Berland and Leroutier, 2025).

The results are remarkably consistent across all activities. Cross-national analyses using representative
data from 37 countries confirm that women, regardless of their cultural background, generally report
stronger environmentally friendly values and behaviours such as recycling, waste reduction and
closeness to nature (Piao and Managi, 2024). In environmental psychology, this is often explained by
gender-specific socialisation and norms: women are more likely to be encouraged to engage in
community-oriented and caring behaviour, while male identities are often associated with
consumption-intensive behaviours such as driving and meat-rich diets (Chard et al., 2024).

Some research suggests an emerging interest in policy linking gender equality with climate goals. For
example, Sweden’s Integrated Energy and Climate Plan incorporates gender considerations,
recognising the importance of women’s work and gender considerations in achieving sustainable
energy and climate outcomes (Kavya and Hultman, 2023). Meanwhile, the European Institute for
Gender Equality's (EIGE) Gender Equality Index 2024 continues to embed climate-relevant metrics into
its assessment framework (EIGE, 2024). At the international level, the UNFCCC's Gender Climate
Tracker advocates for the increased participation of women in climate decision-making
processes, signalling a deeper institutionalisation of the gender-climate nexus (UNFCCC, 2025).
Despite these advancements, most sustainable consumption policies remain gender-neutral -
overlooking women’s possible role in reducing emissions and missing the opportunity to amplify their
potential impact through gender-sensitive policy design.
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Further reading and sources:

e Determinants of pro-environmental behaviour: effects of socioeconomic, subjective, and
psychological well-being

e The Gender Gap in Carbon Footprints: Determinants and Implications

e Gender and cross-country differences in the determinants of sustainable diet intentions: a
multigroup analysis of the UK, China, Sweden, and Brazil

e Sweden's Integrated Energy and Climate Plan: An analysis

e Gender Equality Index 2024: Sustaining momentum on a fragile path

e Gender Mandates in Climate Policy

New environmental policy approaches targeting unequal consumption

Policies that don’t treat citizens as a homogeneous group of consumers, but aim to distinguish
between social groups with different environmental impacts are being developed. Traditional CO,
taxes and flat-rate energy surcharges have often been criticised for their regressive effects: They
place a disproportionate burden on average and poorer households, while doing little to curb
excessive consumption by groups that can easily absorb higher costs (Oswald et al., 2023). To
counteract this imbalance, often perceived as an injustice, policymakers and researchers are
increasingly using more detailed and targeted governance approaches that seek to balance citizens'
responsibilities and opportunities.

One form of governance that reflects this logic is data-driven differentiation, in which climate
policies are not applied uniformly to all citizens but are tailored to the social and structural
conditions of different household types. A prominent example is the Social Climate Council’s (2025)
“Persona Analysis 2.0” in Germany, which is designed to support the heat transition at the municipal
level. Using a micro-geographic dataset covering all residential buildings in the country, the tool
groups around 42 million households into sixteen fictional “personas” based on variables such as
energy source, property status, income, building type and construction year. These range from low-
income tenants in poorly insulated, oil-heated flats to affluent owners of modern, energy-efficient
homes. Each persona is evaluated in terms of its ability to implement climate measures, making it
possible to derive targeted and socially fair policy interventions. According to the Social Climate
Council, the persona analysis can already be integrated into standard GIS planning tools and is being
used as a support instrument in municipal heat-planning processes, though its practical uptake is still
emerging and varies locally. Persona analysis is a dynamic control tool that can be updated regularly
to reflect social changes.

A second approach focuses on differentiated pricing based on CO, budgets. In principle, this works
by keeping basic consumption affordable and making excessive consumption more expensive
(Oswald et al., 2023). Such a tiered CO, pricing system can be implemented in such a way that the
first units of heating, electricity or mobility remain inexpensive, but higher tariffs apply once basic
needs are exceeded. The German energy price brake for 2022-23 has piloted this principle at
national scale by capping the price for roughly 80 % of each household’s annual gas consumption at
12 cents per kWh (and 9.5 cents for district heating), while consumption above that quota was
charged at the full market price (BMWE, 2022). However, the German example also exposed moral
risks: because the relief transfer rose with the contractual unit price, suppliers had an incentive to
raise tariffs, and empirical evidence shows that some providers did indeed increase prices
significantly following the scheme’s introduction (Dertwinkel-Kalt and Wey, 2025). A related concept
is the system of individual CO, certificates, which has long been discussed in academia, whereby
every citizen receives an equal, tradable CO, budget. People with lower consumption could sell
unused certificates, while those with higher consumption would have to buy additional certificates,
thereby redistributing resources between consumers with different levels of environmental impact.
Although such systems have not yet been implemented on a large scale, there are some regional
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pilot projects. In Lahti, Finland, a personal emissions trading system for mobility was tested as part of
the CitiCAP project, in which citizens were given a weekly CO, budget for transport and those who
stayed within this budget were rewarded with free bus tickets or local services. In Germany, the
climate association SaveClimateEarth has proposed an eco-currency, a parallel currency based on
CO,, in which every citizen would receive a monthly ‘basic ecological income’ to cover their personal
carbon footprint. Goods and services would be labelled with ECO price tags reflecting their
emissions, and unused credits could be traded, making the system transparent and fair. With
technological advances, e.g. smart meters and CO, tracking apps, such approaches will become
increasingly feasible on a larger scale in the near future.

A third approach focuses on regulating the consumption of high-emission goods by making them
economically unattractive. One example is Singapore’s Certificate of Entitlement for vehicles: car
ownership is only possible with a time-limited licence purchased on the market, designed to keep the
number of cars low. Whether this is socially fair is debatable, as the regulation applies to all cars and
makes ownership difficult for low- and middle-income households, while wealthier groups can still
afford it. France has also acted in the aviation sector. In 2025, the government more than doubled
the solidarity tax on airline tickets, raising costs for all passengers but hitting premium flights and
private jets the hardest. The measure is aimed at luxury travel, though economy-class travellers are
also affected. By contrast, Norway’s higher registration taxes on large SUVs and other emission-
intensive vehicles are more socially balanced. They leave smaller and cheaper cars largely untouched
while discouraging the purchase of larger, CO,-intensive models that are mostly bought by wealthier
households. Taken together, these examples show that luxury regulation is gaining ground, but the
degree of fairness depends on whether the measures are applied broadly or targeted specifically at
high-end consumption.

Research shows that carbon reduction policies become significantly more effective - and fairer -
when they are distinguishing between social groups: Y. Oswald et al. (2023) found that luxury-
focused carbon taxation could reduce yearly global household emissions by 6% while simultaneously
reducing inequalities compared to uniform carbon taxes. Minal Pathak et al. (2025) note that while
there has been limited adoption of targeted policies addressing luxury consumption so far, a growing
number of countries are beginning to implement such measures, signalling increasing intent to
address this issue with greater urgency and ambition.

Further reading and sources:

e Luxury-focused carbon taxation improves fairness of climate policy

e Persona Analysis 2.0 (in German)

e Federal cabinet adopts brake on gas and electricity prices —important relief for consumers and
businesses

e Federal cabinet adopts brake on gas and electricity prices —important relief for consumers and
businesses

e Why “Energy Price Brakes” Encourage Moral Hazard, Raise Energy Prices, and Reinforce Energy
Saving

e ‘Ultra-cheap energy for every household’: could a different kind of tariff change everything?

e Personal Carbon Budgets

e Personal Carbon Trading (PCT) scheme for citizens in Lahiti

e Personal Carbon Trading of the Climate Currency ECO

e InSingapore, a certificate to own a car now costs $106,000

e Flight costs from France to rise as government more than doubles air tax

e The Norwegian CO2- differentiated motor vehicle registration tax
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Relevance for environmental policy

Uniform carbon pricing poses the risk of burdening those with lower impacts while leaving high-
emission lifestyles largely untouched. Research instead suggests adopting differentiated approaches,
such as luxury-focused carbon taxation, tiered pricing, and the targeted regulation of high-emission
goods. These approaches could reduce emissions more efficiently and distribute costs more fairly
(Oswald et al., 2023; Pathak et al., 2025). However, unequal consumption is entrenched in structural
barriers. At the same time, policies that are perceived as being socially unfair risk provoking a public
backlash and slowing down climate action. (Zachmann et al., 2018). Recognising and addressing
unequal consumption can therefore be increasingly understood not only as a matter of climate
justice, but as a condition for designing climate policies that work in practice and are publicly
accepted.

In the medium term, climate policy functions very differently than it does today. Real-time
monitoring of emissions through smart meters and personal carbon accounts has become routine,
and serves as a knowledge base that higher consumption automatically leads to higher costs.
Uniform taxes have been replaced by adaptive, Al-driven systems that distinguish between
necessary and luxury emissions and adjust prices accordingly. Activities such as private jet travel,
speculative real-estate transactions or frequent long-haul flights now trigger progressively higher
levies, while the revenue generated is redistributed as an annual carbon dividend that supports
low-income households and finances public low-carbon infrastructure. This transition was initiated
by a Europe-wide citizens’ assembly in which generative Al modelled the social, environmental and
economic impacts of different policy options. Citizens selected a package of measures and decided
to strengthen both climate action and social fairness. Such assemblies have now become an
integral part of policymaking, replacing parts of parliamentary negotiation and enabling broad
public participation in major political decisions. Policy measures are presented to large groups of
citizens in a transparent and evidence-based way, debated collectively, and then implemented by
elected representatives within the existing institutional framework.
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2.2.3 Between pointless and excessive: why some products seem more extreme today

In an age of increasingly complex consumer behaviour and

Co, accelerated product cycles, some consumers feel that
Co: o, some products are becoming increasingly pointless,
O, ) 06 excessive or simply more extreme. Paradoxically,
e 00 this development unfolds at the same time as a
P surge in sustainable, repairable, circular or

I”

otherwise “meaningful” products. Never before
has the market offered so many environmentally
conscious solutions — and yet, the shelves (and
online feeds) are also filling with hyper-novel,
- attention-grabbing or trivial items whose purpose
k ” is often unclear. The coexistence of both trends
] 4 makes the world of products feel more diverse, but
also more interchangeable and overwhelming than
ever before. Why, despite a growing focus on
sustainability, do seemingly pointless and excessive products
seem to multiply? What has changed — and why does the situation appear to be getting worse?

Innovation has long been regarded as a central engine of economic growth, social progress and
human welfare. Classical and neoclassical economic theory assumed a self-reinforcing cycle in which
technological development increased productivity, generated additional wealth and financed further
rounds of innovation (Smith, 1776; Solow, 1956; Grossman and Helpman, 1993). This model relied on
the assumption that firms would develop products in response to genuine societal needs and that
market competition would reward socially useful solutions.

Recent research increasingly questions this assumption. On the supply side, enterprises often reflect
investors' attention rather than genuine social needs (Dai and Qiao, 2025). On the demand side,
consumers often respond to novelty, convenience or status rather than social goals (Meissner et al.,
2024). As a result, innovation can expand rapidly without necessarily contributing to social welfare or
ecological sustainability.

At the same time, the question of whether a product is “pointless” or “excessive” is far from
straightforward - it is deeply perspective-dependent. Many innovations that appear excessive at first
glance address very real needs for specific user groups. This becomes particularly evident with
technologies that carry ambivalent effects. Peptide-based weight-loss injections, for example, can
deliver significant health benefits to individuals, while public debates oscillate between framing them
as “medical progress” or as “lifestyle accelerators” - debates that are further complicated by
environmental concerns surrounding their resource-intensive production. Similarly, robotic pets, Al
companions, or smart health gadgets may be viewed as valuable support tools by some, yet as
symbols of over-technologised consumption by others. The label “pointless” therefore rarely lies in
the product itself but emerges from the social context in which it is used.

This chapter, entitled ‘Between pointless and excessive: why some products seem more extreme
today’, addresses precisely this question: it highlights emerging developments that contribute to
products appearing more extreme today and illustrates some of the key drivers. The aim is to provide
a better understanding of why consumers are increasingly confronted with an overload of product
worlds - and what implications this has.

The speed problem: Acceleration of innovation and product life cycles

One major reason why many products appear more extreme, short-lived or excessive today lies in
the continuing structural acceleration of product life cycles. As Ciuriak (2024) argues, several deep
technological and economic forces have converged to shorten the time between conception,

development and market launch. The industrialisation of innovation through advanced R&D tools,
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machine learning and automated development environments makes it possible to design and iterate
products at a fraction of the former time and cost. At the same time, increasingly standardised
components allow firms to assemble complex goods more quickly, relying on interoperable building
blocks rather than bespoke design.

Digital platform markets such as Amazon, Apple or Alibaba add a further source of acceleration. Their
real-time data flows and global reach amplify competitive pressure, pushing suppliers to innovate
faster, cut costs and constantly refresh product assortments. This dynamic is intensified by China’s
rise as a technological power: hyper-competitive home markets create spillover effects that
accelerate product cycles globally, raising the pace of renewal across entire industries (Ciuriak, 2024).

For companies, the implications are significant. As products become obsolete more quickly, firms
must bring new items to market more frequently while recovering development costs in an
increasingly compressed timeframe. The risk of falling behind intensifies: even short delays in
sourcing, design or release can erode competitiveness. As a result, many firms orient their strategies
around speed rather than durability, long-term refinement or incremental improvement.

Digitalisation reinforces this shift. As Varzaru and Bocean (2024) show, digital tools do not merely
support innovation but fundamentally reshape it. Especially, Al will lead to profound implications as
its capabilities are now “doubling every three to five months” (Dominguez, 2025): development
cycles are expected to shrink dramatically, new product generations may emerge in monthly rather
than yearly intervals, and Al-driven optimisation will permeate every stage of the value chain, from
marketing and merchandising to engineering and supply-chain operations. In this environment,
competitive pressure intensifies sharply. Companies that fail to leverage Al effectively risk being
outpaced by faster, more adaptive rivals, a dynamic Dominguez describes as a coming phase of
“survival of the fittest”.

Further reading and sources:

e Innovation Acceleration and the Product Life Cycle

e Digital Transformation and Innovation: The Influence of Digital Technologies on Turnover
from Innovation

e How Al Will Transform Product Development, Speed to Market

The attention problem: spectacular products in digital and physical markets

A second development contributing to the perception of increasingly extreme or exaggerated
products is the growing influence of the attention economy not only online, but across the entire
physical retail landscape. In saturated consumer markets, products increasingly compete for visibility
rather than functional superiority.

This dynamic has long characterised digital environments, but recent studies show that the same
logic now also structures brick-and-mortar retail, packaging design and even product development
pipelines. According to Alexander and Varley (2025), physical stores increasingly rely on immersive,
theatrical and visually striking in-store experiences to differentiate themselves, using experiential
design elements and limited editions to attract attention in an overcrowded retail landscape.
According to Conway (2024), brands increasingly use bold flavours, unconventional formats and
striking packaging as a way to stand out in crowded retail environments and capture the attention of
overstimulated consumers.

At the same time, social media platforms are amplifying these trends by turning products into
cultural performances. TikTok’s viral shopping mechanisms particularly trends such as
#TikTokMadeMeBuylt can turn trivial items, from LED gadgets to novelty kitchen tools, into global
phenomena within days. Users post short videos showcasing products they've purchased, often
because they were promoted on the platform, and the hashtag serves as a collective label for these
impulse buys. Crucially, the hashtag also introduces a playful displacement of responsibility: by
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saying that “TikTok made me buy it,” users humorously acknowledge that they may not have needed
the item, while framing the purchase as something the platform - not they - initiated. In this way, the
phrase operates as a light-hearted admission that the buyer is aware the purchase was unnecessary,
yet TikTok’s influence is presented as the decisive factor. This ironic outsourcing of agency makes
impulsive or excessive consumption socially acceptable.

The rise of Al-generated influencers such as Spanish virtual model Aitana Lépez further accelerates
this logic without being a real person. Aitana, a 25-year-old Al model made by The Clueless agency,
earns thousands monthly through sponsored content and product endorsements, showing how
virtual figures can rival human influencers in engagement and monetisation.

Also, products are becoming more spectacular: Oversized Stanley mugs, hyper-pigmented snacks, or
visually exaggerated beauty devices are designed to catch the eye both on shelves and on screens.

Further reading and sources:

e Retail futures: Customer experience, phygital retailing, and the Experiential Retail Territories
perspective

e Flavour Trends and Innovation: Classic Flavours with Strongest Staying Power

e TikTok made me buy it: How to use the trend to boost sales

e Aitana Lopez: The model earning 4,000 euros per month... created by Al

The ethical problem: Is innovation advancing to extremes without having meaningful guardrails?

A growing body of research suggests that innovation is progressing in areas where ethical oversight,
societal debate and regulatory frameworks cannot keep pace. As Bashiir (2025) argues, emerging
technologies particularly in fields such as Al, biotechnology and data-intensive systems are being
developed and deployed far more rapidly than ethical reflection or institutional evaluation can occur.
This points to a structural problem: innovation is increasingly optimised for efficiency and growth
rather than for human autonomy or societal well-being.

The acceleration of innovation widens this governance gap. Technologies driven by Al,
neurotechnology and consumer electronics evolve faster than ethical deliberation, standard-setting or
democratic oversight. Existing regulations primarily focus on narrow aspects, such as data protection
or basic product safety, without addressing deeper questions of purpose, necessity, influence, and
power. As a result, ethically problematic products reach the market faster than institutions can assess
or mitigate their risks. Across several product domains, the pattern remains consistent: rapid
innovation unfolds in the absence of strong ethical guidelines, producing products that may be
profitable or spectacular but nonetheless carry significant social or environmental risks.

Concerning Al, for example, many experts are warning of dystopian consequences if Al is not regulated.
Former Google manager Mo Gawdat predicts that as early as 2027, our world could enter a 15-year
dystopian phase caused by Al, triggered not by malicious machines but by our reckless use of
technology without an ethical compass, which could lead to job losses, social unrest and alarming
destabilisation of society. Products such as emotional Al companions or hyper-personalised gadgets
are entering the market without significant control, even though there is growing concern that they
rely on people's loneliness, thus blurring the line between support and manipulation. Indeed, the EU's
Al law has ambitions to promote ‘human-centric’ Al, yet key provisions have been weakened in the
name of competitiveness (Todorova et al., 2023).

In biotechnology, ethically sensitive developments are emerging across multiple fronts. High-profile
projects such as the creation of genetically re-engineered or “revived” animals (e.g., Colossal
Biosciences’ de-extinction efforts) have sparked debates about animal welfare and the use of funds
that could otherwise go to protecting the current biodiversity, but they represent only one facet of a
broader dilemma. Advances in gene editing, synthetic biology and enhancement-oriented bioimplants
increasingly blur the lines between therapy, optimisation and experimentation. As discussed further
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in section 5.2.3, implants and bio-augmentation technologies raise additional concerns about bodily
autonomy, long-term safety and commercialisation of biology.

In space travel, too, the development phase of high-profile projects such as nuclear reactors or a hotel
on the moon moves forward with an unclear level of consideration of the possible ecological
consequences for the environment on Earth and in space. The absence of internationally adopted
ethical guardrails in these frontier domains highlights a broader governance limitation: innovation is
advancing faster than society’s ability to decide what kinds of futures it is willing - or unwilling - to
accept.

Further reading and sources:

e Ethical Considerations in Emerging Technologies: Balancing Innovation and Morality

e The World Will Enter a 15-Year Al Dystopia in 2027

e The EU’s Al Power Play: Between Deregulation and Innovation

e Intimacy on Autopilot: Why Al Companions Demand Urgent Regulation

e Reviving the Dire Wolf? A Case Study in Welfare Ethics, Legal Gaps, and Ontological
Ambiguity

e Neuralink’s brain-computer interfaces: medical innovations and ethical challenges

e Race to build nuclear reactor on moon raises galaxy of legal questions

e Potentially Colassal Mistake: The Environmental Ramifications of De-Extinction

e Between hype and hope: De-extinction is a tool, not a panacea for the biodiversity crisis

The environment problem: innovation outpacing environmental policy regulation

The rapid acceleration of innovation is creating a growing mismatch between technological
development and the capacity of environmental governance to respond. Innovation cycles unfold in
months, while regulation, climate policy and biodiversity protection evolve over years. As a result,
technology-driven consumption increases far faster than the systems meant to contain ecological
harm. Even when individual products become more energy- or resource-efficient, overall
environmental pressure continues to rise because production volumes expand more quickly than
efficiency gains - a dynamic known as the rebound effect. The system still rewards novelty,
disposability and continuous consumption rather than durability, repairability or sufficiency.

This mismatch becomes visible in several emerging domains: Space tourism, for example, produces an
outsized carbon footprint. A single space passenger can generate up to 100x the CO, emissions of a
long-haul flight. Rockets such as SpaceX’s Falcon 9 emit around 28,000 tonnes of CO, per launch,
releasing soot into the upper atmosphere with a warming effect nearly 500 times greater than ground-
level emissions. And beyond CO,, rocket launches inject pollutants high into the atmosphere — black
carbon soot and nitrogen oxides with disproportionate warming effects and even risks to the ozone
layer (Diab, 2024). Those enormous environmental costs are caused by a still small group of specialised
companies and clients, but are meant to be externalised to the public. What happens when space
tourism becomes mainstream?

Al gadgets and data-intensive services have a significant hidden environmental footprint that is
growing at a rapid pace. The size of Al models has grown from 1.5 billion parameters in 2019 (GPT-2)
to over 2 trillion in 2025 (LLaMA-4). The computing power required for training is now doubling
approximately every five months. According to Greenpeace and the Oko-Institut (2025), global
electricity demand for Al calculations will be eleven times higher in 2030 than in 2023. Data centres in
the US alone are expected to consume more electricity than the country's entire cement, steel and
chemical industries combined. What challenges for sustainable energy systems will that bring? The
role of the user is becoming increasingly significant. A study shows that some Al tools require for the
same prompts more energy than others, or that more complex prompts generate more CO, emissions
than simpler queries, due to the additional computational workload they demand.
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Across these sectors, the pattern is consistent: innovation advances faster than environmental
regulation, accelerating consumption and ecological pressure while governance systems remain too
slow to respond. This widening mismatch is becoming one of the central challenges for sustainable
consumption in the decades ahead.

Further reading and sources:

e Billionauts’ space tourism and Mars fantasies need to be pulled back to Earth
e Environmental impacts of artificial intelligence (in German)
e Some Al Prompts Can Cause 50 Times More CO2 Emissions Than Others

The governance problem: Is innovation outpacing sustainable consumption governance?

The accelerating pace of technological development has created a structural mismatch between
innovation and governance. Recent research on artificial intelligence shows that the development of
increasingly powerful and autonomous systems is advancing far faster than society’s ability to assess,
regulate or control them. While companies invest heavily in expanding the capabilities of Al, only a
very small share of research focuses on safety, long-term risks or societal impacts (Bengio et al., 2024).
This imbalance has resulted in what several scholars describe as a widening regulatory gap: high-risk
technologies can now be developed and deployed with limited oversight, weak institutional
coordination and strong commercial incentives to act quickly rather than responsibly (Gruetzemacher
et al., 2023).

The problem is not limited to individual products but reflects a deeper temporal misalignment.
Innovation cycles now operate in months, while ethical frameworks, legal norms and democratic
procedures evolve over years. Walter et al. (2024) describe this as a systemic governance lag in which
traditional oversight mechanisms are no longer able to keep pace with technological acceleration. As
a result, the dominant norm has shifted from “regulate before deployment” to “deploy first, requlate
later”, a reversal of the precautionary principle that shaped earlier high-risk industries such as nuclear
energy or biomedicine.

Further reading and sources:

e Managing extreme Al risks amid rapid progress

e An International Consortium for Evaluations of Societal-Scale Risks from Advanced Al

e Managing the race to the moon: Global policy and governance in Artificial Intelligence
regulation

Relevance for environmental policy

Although today’s environmental policies address emissions, recyclability and product safety, they
were designed for a world of slower and more utilitarian product cycles. They do not fully capture
the environmental impact of increasingly “pointless” or “excessive” products whose rapid turnover
and novelty-driven design accelerate resource use and waste. As products become shorter-lived and
more attention-driven, their footprint expands in ways that existing frameworks overlook because
they focus on how products are produced, not why. For environmental policy, this reveals an
emerging blind spot: future governance may need lighter but more strategic approaches such as
transparent impact disclosures for trend-driven products, incentives for long-lived and modular
design, and the promotion of sufficiency-oriented narratives that reframe value around longevity and
relevance rather than constant novelty and spectacularity.
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How things might develop — a speculative glimpse into the future

In a possible future, consumption, production and inspiration merge almost completely: as soon as
people feel a desire for something or are inspired by algorithms to develop a new desire
generative design software design a tailor-made product in seconds, which manufacturers produce
directly at home using sophisticated 3D printing systems. Even high-quality branded items are
created in almost real time. Trends change every minute, and it is becoming increasingly difficult
to develop a style at all. In many households, personalised, high-quality branded products with no
resale value are piling up. The second-hand market has collapsed, and even with a professionally
designed presentation, it is difficult to gain visibility in the flood of new products. At the same
time, psychological pressure is growing: the constant expectation to keep up and remain visible is
leading to a new pattern of stress that experts are already describing as Adaptive Consumption
Fatigue (ACF). The mountains of waste are growing. Thanks to new recycling technologies and high
raw material prices, recycling is at least working better and better, providing reasonably
inexpensive raw materials that are directly absorbed into the production of the flood of new
products.
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2.2.4 Unseen pioneers for a post-consumerist culture

Sustainable consumption is still high on the agenda in
Europe. Consequences of decades of mass consumption
are increasingly visible, such as the problems for the
environment and health caused by microplastics or
(2 § y o

ﬁ‘) )\? other endocrine disrupters such as bisphenol A.

While mainstream buying habits are evolving,

Ve
fuellgd by |nnoyat|on and' regulatory action, there
COMMUNITY remains a persistent tension between entrenched
consumerist values and the emergence of new,

E i post-consumerist attitudes. This field of tension is
) | growing due to the strong focus of big tech
-
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companies on pushing consumerism.

In this context, diverse consumer groups are
motivated by markedly different drivers. Some pursue
sustainability out of deep-seated values and holistic
worldviews; others are prompted by health, convenience, or
social trends. However, these diverse models - often in urban settings - are increasingly connected.
Meanwhile, economic pressures, declining trust in institutions, and growing dissatisfaction are
eroding even committed organic consumption. Although consumers remain willing to buy organic
products, inflation has reduced spending power, and markets have not fully recovered. In 2023,
many EU households traded down to discounters or retailer own-labels, and much of the subsequent
growth reflected higher prices rather than higher volumes - showing that organic demand remains
fragile under current economic conditions (Willer et al., 2025; Holdstock, 2024). Despite that,
retailers play a huge role in providing offers of sustainable products.

The LOHAS (Lifestyle of Health and Sustainability, see Box 2) segment would be the first group to
consider when searching for sustainable lifestyles. However, the group still is not mainstream and
only represents a minority of European consumers, estimated at 13 to 19 percent of adults. Despite
the limited size of the group, they have significant market relevance, as LOHAS consumers are
typically affluent, well-educated, and values-driven, seeking products and services that align with a
holistic worldview - ranging from organic food and natural personal care to green energy, ethical
fashion, and ecotourism. The movement is often critiqued for emphasising “green” consumption
over systemic change, potentially reinforcing existing consumption patterns rather than challenging
them (Townsend, 2025). Historically, the LOHAS group has skewed toward affluent, Western
populations, raising concerns about its accessibility and relevance to more diverse or less affluent
groups.

Box 2: Definition of the consumer segment LOHA

The term LOHAS, which stands for "Lifestyles of Health and Sustainability," was first coined in
1999. The origin of the term is closely linked to the work of Conscious Media, who founded the
LOHAS Journal in the United States. Their efforts built upon earlier research into a group known as
"Cultural Creatives," a concept introduced by sociologist Paul H. Ray and psychologist Sherry
Anderson in their 2000 book, The Cultural Creatives: How 50 Million People are Changing the
World ((Ray and Anderson, 2001). While Ray and Anderson did not coin the term "LOHAS"
themselves, their research identified the values and behaviours that would come to define the
LOHAS demographic (New Zealand Trade & Enterprise, 2008).

The recognition of LOHAS as a significant consumer segment began in the early 2000s. The Natural
Marketing Institute (NMI) played a pivotal role in this process, initiating systematic LOHAS
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consumer research in 2001. This marked the period when LOHAS started to be formally studied
and recognised as a distinct and influential consumer segment (Natural Marketing Institute, 2008).

Other consumers - especially younger generations - are prompting individuals and communities to
seek alternative approaches to consumption, often outside the mainstream. Following a Lifestyle
survey by Euromonitor Gen Z in Europe, for instance, is a leading force in recommerce, with 31
percent planning to buy more second-hand goods in 2024, reflecting a growing preference for more
sustainable, durable, and less material-intensive lifestyles (Stephen Dutton, 2024). These shifting
motivations create fertile ground for pioneering actors and niche movements that reimagine
prosperity beyond material accumulation. Gen Alpha, while still young, is being raised in an
environment where LOHAS values are normalised and expected. They are considered pragmatic,
authenticity-driven, and likely to demand even more innovative, inclusive, and regenerative solutions
as they mature (Jain, 2024).

As the following sections will show, diverse groups of pioneers have been experimenting with new
practices of sustainable consumption - from prosumer energy models to degrowth communities,
dietary shifts, and mindful digital habits - offering glimpses of how post-consumerism might take
shape in future, considering the newest developments.

Digitalisation and prosumerism

Prosumerism is defined as the fusion of producer and consumer roles (Ritzer, 2015). The concept is
not new and is considered as a step towards a more post-consumerist culture. However,
prosumerism is also deeply intertwined with progresses in digitalisation. Recent developments in Al
and other digital tools are empowering individuals to participate in production and innovation.
Broadband is bridging rural-urban divides, blockchain is democratising energy markets, and open-
source and DIY initiatives are fostering grassroots creativity. Al-powered platforms enable highly
personalised experiences, allowing individuals to customise products and services to their
preferences. This has led to increased engagement, satisfaction, and a greater willingness among
consumers to participate in co-creation and feedback processes (Shoib and Hermawan, 2025).

A key related trend is the rise of "prosumer capitalism," where unpaid or underpaid prosumers
generate value for companies, often without traditional labour protections or compensation. This
shift is seen as both revolutionary and potentially exploitative, as it blurs the lines between
production and consumption and changes the nature of labour and value creation. This tendency is
offsetting the assumption that prosumption is or should be a building block of a post-consumerism
culture. However, prosumption could be a significant building block when organised in a sustainable
way (Scaraboto and Fischer, 2024; Zilinskaité, 2025).

Energy prosumption is rapidly evolving, with new business models (peer-to-peer trading,
aggregators, energy-as-a-service) and policy frameworks (net metering, net billing) supporting
household and industrial prosumers. Motivations include environmental concern, energy
independence, and cost savings, while barriers include financial constraints, lack of information, and
regulatory challenges (Siksnelyte-Butkiene et al., 2023). One example are the remote Highland
villages of Scotland, where fibre-optic broadband and renewable energy systems are turning once-
isolated crofts into self-sufficient models. Growing interest from buyers desiring energy
independence and digital connectivity is driving a boom in the off-grid estate market. Government
grants for micro-hydro systems, heat pumps, and insulation are enabling rural properties to flourish,
while fibre-optic connections help close the digital gap. However, as more buyers arrive in the area,
the challenge of balancing local community preservation with accommodating newcomers
intensifies. The Highlands are swiftly transforming into a living laboratory, where renewable energy,
advanced technology, and rural living are redefining standards for sustainable, off-grid lifestyles
(Local Energy Scotland, 2025).
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Relatedly, peer-to-peer blockchain-based energy trading is an innovation that supports the
integration of distributed renewable energy sources, enhances transparency, and empowers
consumers. Recent research and pilot projects demonstrate technical feasibility through blockchain
platforms using smart contracts and tokenisation (a security process that replaces sensitive data,
such as credit card numbers or personal information, with a unique, non-sensitive identifier called a
token). However, challenges remain in regulatory adaptation, scalability, and market adoption
(Vishwakarma et al., 2024).

Further Reading:

e Top 10 consumer trends shaping up in 2025
e 2025 Digital Consumer Trends

e What's a Prosumer and Are You One?

e The Digital Consumer of 2025

Post-growth / Degrowth communities / Global Ecovillages

While comprehensive, nation-wide degrowth remains mainly non-existent, several cities and regions
have implemented degrowth-inspired policies with measurable positive outcomes. These initiatives
focus on reducing resource throughput, enhancing social equity, and improving quality of life.

Paris, for example, has emerged as a prominent European city actively integrating the principles of
the well-being economy and post-growth/degrowth thinking into its urban policy and development
strategies. It has achieved a reduction in water consumption by over 20% per resident over the past
two decades, with the trend accelerating in the 2020s. Energy use per capita has also declined,
thanks to building retrofits, public transport investment, and policies discouraging car use (Florentin,
2019).

Copenhagen emphasises lifestyle habits that promote slower ageing, including diets rich in grains and
vegetables, frequent sauna use, and cycling-friendly environments. The strong intrinsic motivation
for longevity can effectively align with sustainability goals, presenting opportunities to identify and
develop activities and products that simultaneously support slower ageing and sustainable living
(Morales, 2024).

The City of London’s ambition to become fully circular by 2040 represents a transformative step
towards sustainability. A circular economy focuses on reducing waste, reusing materials, and
recycling resources to create a closed-loop system. This approach not only minimises environmental
impact but also fosters innovation and economic resilience. By embedding circular principles in major
construction projects and urban management, London aims to significantly reduce waste and
improve resource efficiency. If London successfully transitions to a fully circular economy, it could
serve as a blueprint for other European cities. The economic potential of circular markets in Europe is
immense (Davies-Dennis, 2025).

The well-being economy (WE) paradigm, which prioritises human and ecological well-being over
material growth, has gained significant traction in Europe and beyond in recent years. Scotland’s
approach is notable for its explicit integration of wellbeing indicators into the core of government
policy and budgeting. Rather than focusing solely on GDP growth, the Scottish Government has
adopted a multidimensional framework that measures progress through health, equality,
environmental sustainability, and community vitality. This shift is reflected in the country’s National
Performance Framework, which guides all major policy decisions and resource allocations. For
example, the government has introduced targeted investments in mental health, affordable housing,
and green infrastructure, all justified by their expected impact on collective wellbeing rather than
their contribution to economic expansion (Fioramonti et al., 2022; Tim Thorton, 2024).

Several ecovillages in Europe are at the forefront of the post-consumerism movement, offering living
laboratories where resource sharing, collective ownership, and sustainable practices replace
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individualistic, consumption-driven norms. By fostering solidarity economies, participatory
governance, and minimal ecological footprints, these communities want to demonstrate that well-
being and fulfilment can be decoupled from material accumulation and market dependency. While
ecovillages offer compelling models of sustainable living and community resilience, they are not
without significant limitations (Grubbs, 2025). Despite their emphasis on self-sufficiency in food,
energy, and resource management, most ecovillages remain dependent on external supply chains for
certain goods and services, such as medical supplies, specialised building materials, digital
technology, and some staple foods that cannot be locally produced year-round (Bruehwiler et al.,
2025). Nonetheless, the strength of ecovillages lies in their ability to innovate, adapt, and foster
social cohesion and local resilience. Their practices in shared governance, resource pooling, and
collective action can help buffer against external shocks and inspire broader systemic change (Bolino,
2025).

Further reading:

e Eco-Villages: Real Estate’s Green Frontier in 2025
e Qutcomes from the Assembly of the Degrowth movement
e The Role of Ecovillages in a New Digital Culture

Flexitarians, climavores, and the mainstreaming of novel proteins

A notable and accelerating trend in contemporary food consumption is the rise of flexitarianism - a
dietary approach characterised by a conscious reduction, but not total elimination, of animal
products (Southey, 2024; Innova Market Insights, 2025). Unlike the LOHAS segment, which is strongly
guided by holistic sustainability and personal values, flexitarians are typically motivated by a
pragmatic blend of health benefits, culinary enjoyment, convenience, and moderate environmental
considerations (Hellstern et al., 2024). Recent European surveys indicate that the proportion of
flexitarians has surged in the past two years, especially among urban professionals and young
families who aspire to balance culinary tradition with modern innovation (Good Food Institute,
2024).

Closely allied with flexitarians are the climavores - individuals whose food choices are driven
primarily by the desire to minimise their climate impact. Unlike strict vegetarians or vegans,
climavores are motivated by specific environmental outcomes rather than fixed dietary rules, often
substituting lower-impact animal products (such as poultry or mussels) for red meat, or opting for
locally produced, seasonal foods (Paul Behrens, 2025). Both flexitarians and climavores are open to
food innovation, showing a readiness to try plant-based and microbial proteins, and are considered
drivers the mainstreaming of alternative proteins (Miditer, 2023).

Technological advancements are rapidly reshaping the alternative protein landscape. Al-driven
protein discovery and molecular modelling now enable the identification and engineering of plant-
based proteins that closely replicate the taste, texture, and nutritional profile of animal-derived
foods (Dean Sherry, 2024). Leading food technology companies are leveraging precision fermentation
and microbial protein production to develop scalable, sustainable protein sources with minimal
environmental impact. For instance, recent breakthroughs have allowed for the commercial
production of animal-free dairy and egg proteins using engineered microbes, as well as the expansion
of mycoproteins derived from fungi (Nielsen et al., 2024b; Jeon et al., 2025). The deployment of Al-
optimised fermentation processes in bioreactors is accelerating efficiency, reducing costs, and
improving sensory properties, thereby making these novel foods more accessible to a broader
consumer base (Priyadharshini et al., 2025).

Despite these advances, deep-rooted cultural attachments to meat, health warnings against ultra-
processed food, as well as food neophobia (the reluctance to try unfamiliar foods) and specific
sensory expectations, continue to hinder the widespread adoption of novel protein sources. Insect-
based proteins, for instance, face persistent consumer resistance in Western Europe, largely due to
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the so-called “yuck factor” with recent market studies confirming acceptance rates below 30% across
most demographic groups (Monaco et al., 2024).

Another emerging theme in contemporary food consumption is the adoption of waste-less diets,
which prioritise minimising food waste at both household and community levels. This approach is
increasingly recognised as a central pillar in sustainable eating, complementing trends like
flexitarianism and climavore behaviour.

Further reading:

e Plant-based revolution - why flexitarian eating is trending in 2025
e From flexitarian to climatarian new diet trends influencing menus
e Top-protein trends in 2025

e The alt-protein project keeps growing and so does its impact

Digital detox and mindful technologies

A digital detox is a conscious, temporary withdrawal from digital devices such as smartphones,
computers, and especially social media platforms to reduce stress, restore psychological balance, and
reconnect with the physical world and real-life relationships. This practice can take many forms, from
complete abstention for a set period (such as a weekend retreat or vacation) to more moderate
approaches, like restricting device use to certain hours of the day or establishing device-free zones
within the home. The underlying rationale for digital detox is increasingly supported by research
showing that excessive digital engagement is linked to a range of negative outcomes, including
heightened anxiety and depression, disrupted sleep patterns, social isolation, and information
overload. By stepping back from constant connectivity, individuals can regain control over their
digital habits, alleviate mental strain, and foster more meaningful offline interactions (Ramadhan et
al., 2024).

Recent trends in Europe illustrate the complex relationship between digital engagement and
sustainable consumption. For example, the notable decline in social media users in Switzerland has
the potential to influence both sustainable and unsustainable consumption patterns. On one hand,
social media has served as a powerful platform for promoting circular brands, sustainable lifestyles,
and conscious consumer choices, amplifying the reach of environmental campaigns and grassroots
movements. A reduction in users may diminish the visibility of these messages, potentially slowing
the momentum toward more sustainable behaviours. On the other hand, social media has also been
a driver of fast consumption trends, encouraging impulse buying, fast fashion, and overconsumption
through influencer culture and targeted advertising. The decline in social media engagement could
therefore present an opportunity to rethink how consumption habits are shaped, opening space for
more balanced, intentional, and mindful channels that support sustainability goals rather than
undermine them (Esposito et al., 2023).

Shifts in digital device ownership among younger generations further highlight changing attitudes
toward technology use. In Finland, a recent survey commissioned by telecom company DNA revealed
a significant drop in smartphone ownership among young children: only about a quarter of 5- to 6-
year-olds and 58% of 7-year-olds now own a phone, marking a sharp decline from previous years.
This trend reflects evolving parental concerns about the potential harms of early and excessive
smartphone use, including its impact on attention, social development, and well-being. Despite the
decrease in personal device ownership, many children still access digital content through friends’
devices, with around 30% using phones only under parental supervision. DNA recommends that
parents continue to maintain boundaries and supervise digital use for younger children, emphasising
the importance of mindful technology engagement from an early age.

Mindful technologies, like digital tools and platforms, intentionally designed to promote self-
awareness, intentional use, and well-being are, despite the above-mentioned developments, gaining
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traction. These technologies aim to encourage users to reflect on their digital habits, set healthy
boundaries, and prioritise meaningful offline experiences (Lew et al., 2025). Consumers - especially
younger generations - are adopting these technologies to manage stress, improve focus, and foster
healthier digital habits. While research supports their effectiveness for stress reduction and well-
being, challenges remain around sustained engagement, scientific validation, and ethical concerns.
The sector is expected to continue expanding, with increasing integration into daily life, workplaces,
and educational settings, but ongoing scrutiny and research are needed to maximise benefits and
address limitations (Macrynikola et al., 2024).

Further reading:
e What digital detox and do you need one
e Digital 2025 Switzerland
e Fewer young children in Finland own smartphones telecom survey shows

Relevance for environmental policy

Unseen pioneers in sustainable consumption present new opportunities and risks for environmental
policy. Their prosumer-led models and shifting lifestyles can cut emissions, reduce resource and
water use, and support biodiversity through innovation in energy, agriculture, and eco-village
communities. Yet these advances also risk driving overconsumption, pollution, and waste particularly
as digital technologies expand, raising concerns about e-waste and unsustainable product cycles. To
unlock benefits and manage impacts, policy needs to regulate prosumer exploitation, ensure fair
digital platforms, and promote mindful technology use through digital detox initiatives and design
standards against addictive features. Tackling manipulative advertising and incentivising platforms
that foster ecological awareness are crucial. In parallel, environmental policy initiatives could
encourage public debate on the meaning of prosperity and quality of life, reflecting on the
frameworks needed for a more sustainable future grounded in sufficiency and agency.

How things might develop — a speculative glimpse into the future

In a speculative future, unseen pioneers for a post-consumerist culture are quietly catalysing
change by embracing alternative digital and social practices, though their path to mainstream
acceptance remains fraught with tension. While the digital countermovement characterised by
regular detoxes such as “screen-free Sundays” gains discreet momentum amongst networked
communities, powerful economic incentives and prevailing geopolitical narratives act as strong
counterforces to its widespread adoption. Eco-village models, once marginal and experimental,
begin to scale as viable alternatives for sustainable living, yet uneven success across regions
exposes stark disparities and sometimes sharpens social tensions between thriving enclaves and
those left behind. At the same time, protein transitions driven by environmental concerns and
food innovation are on the cusp of mainstreaming, potentially serving as a new axis for identity,
status, and progress. However, the political rhetoric of many governments, shaped by global
uncertainty and resurgent nationalism, often obstructs rather than accelerates these
transformative practices. In this landscape, tomorrow’s “digital settlers” and “regenerative
communities” navigate a patchwork world, setting precedents for new lifestyles and norms that
hint at broader transitions, but remain embattled by the dominant consumerist paradigm.
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3 Production - Strategic Autonomy for Europe?

3.1 Introduction

Production in Europe is not a new phenomenon and is certainly not an emerging issue; it has been
around for a long time, at least since the Industrial Revolution, with the invention of large-scale
production using steam machines. We are now in the middle of the so-called fourth industrial
revolution, which is characterised by digitalisation and cyber-physical systems. The alternative term
“Industry 4.0” is also frequently used to denote this phase.

The environmental and social challenges shifted with the different industrial revolutions, and with
this, environmental legislation changed, or more accurately, adapted to the shifting pressures on the
environment. Only in the 1990s, between the second and third industrial revolutions, did
sustainability emerge as an integrating principle between the environment, economy, and social
well-being, as guiding principles.

Table 1: Overview of the industrial revolutions

Phase Key Environmental Impacts Key Societal Challenges

First Coal pollution, deforestation, Slave trade, urban crowding, poor labour
water pollution conditions, child labour, social upheaval

Second Fossil fuel expansion, toxic waste, |[Labour unrest, inequality, public health
infrastructure impacts crises, political change

Third Nuclear/electronic waste, Job loss, digital divide, privacy concerns

continued emissions

Fourth Renewable shift (reduced Job transformation, inequality, ethical
emissions — critical raw material dilemmas, governance lag, high pace of
needs), e-waste, smart tech change
impacts

Source: own compilation

The evolution of production in Europe is now at a crossroads, shaped by the different phases of
industrialisation, the imperatives of sustainability, and the realities of global interconnectedness. On
the one hand, we see a global trend to more libertarian and autocratic “governance”, while in
Europe, sustainability is seen as a cornerstone. However, pressure is high to keep that flag of
sustainability up while maintaining competitiveness and autonomy in such turbulent times.

A possible fifth industrial revolution is already knocking on the door, being potentially triggered by
new sources of energy (e.g., fusion reactors), general artificial intelligence, breakthroughs in
quantum computing, and ultimately, increased access to space (Kraaijenbrink, 2022).

However, the European Commission introduced its own definition towards a sustainable, human-
centric and resilient industry (see Box 3). Innovation and emerging technologies play a central role in
this context. Advances in artificial intelligence, digitalisation, material science, and biotechnology
promise new pathways for enhancing resource efficiency, circularity, and waste reduction within
production processes.

However, this technological progress also brings new challenges: the pace of innovation often
outstrips governance capabilities, raising risks of unintended socio-ecological consequences, while
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the rebound effect can erode environmental gains by driving up overall production and consumption
levels.

Box 3: Definition of Industry 5.0 by the European Commission

The European Commission introduced the concept of Industry 5.0 in its strategic foresight and
research agendas already in 2020, notably in the report “Industry 5.0: Towards a sustainable,
human-centric and resilient European industry.” The EU positions Industry 5.0 as a necessary
evolution, aligning industrial transformation with the European Green Deal, digital transition, and
social fairness objectives.

Key aspects of the EU’s definition:

- Human-centricity: Industry 5.0 ensures that technology serves people. It empowers workers,
values their skills and creativity, and prioritises well-being and inclusion.

- Sustainability: The approach encourages sustainable production processes, circular economy
principles, and responsible use of resources to address environmental challenges such as
climate change and resource scarcity.

- Resilience: Industry 5.0 promotes adaptability and robustness in industrial systems, enabling
them to withstand disruptions like pandemics, geopolitical tensions, and supply chain shocks.

Industry 5.0 was not intended to replace Industry 4.0 but to complement and extend it. The
Commission saw it as a way to ensure that the twin green and digital transitions deliver benefits
for people and the planet. It is closely linked to Horizon Europe research priorities, guiding funding
and initiatives towards projects that balance technological advancement with ecological and
societal considerations.

In this regard, Industry 5.0 marks a shift away from technology- and efficiency-centred
understandings of industrial revolutions, such as Industry 4.0, towards a framework that explicitly
embeds sustainability, human-centricity and resilience as core objectives of industrial
development.

Source: adapted from: (European Commission, 2021)

Recent shifts in societal values and the economic power concentration among dominant technology
companies significantly influence production dynamics. Tech giants have evolved into super-entities
that not only develop innovative products and services but also shape consumer preferences, supply
chains, and regulatory environments. Their expansive ecosystems integrate hardware, software, and
digital platforms that drive material and resource flows at an unprecedented scale. This
concentration of power raises critical questions about strategic autonomy, governance, and the
ethical dimensions of technological deployment in production systems.

Horizon scanning for production therefore necessitates a holistic and anticipatory approach that
encompasses the interplay between technology, market structures, value systems, and policy
frameworks. It aims to identify weak signals and emerging issues that could either accelerate the
transition to sustainable production or entrench unsustainable trajectories.
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3.2 Emerging issues on production

3.2.1 Renaissance of mining in Europe

Europe has a rich history of mining, encompassing a wide
® range of raw materials including fossil fuels (coal, oil,
o¥0 natural gas), construction materials (sand, gravel),

ﬁ g @ g metals (iron, copper, gold, silver, lead, zinc), and
ol

more recently, critical and rare earth elements.

Politically, Europe is strongly focused on securing
critical minerals for the clean energy transition.
However, it remains heavily reliant on imports,
particularly for minerals such as copper, nickel, and
aluminium. This dependency exposes the sector to
financial, price, and geopolitical risks, which can
disrupt supply and slow the energy transition. The
European Union (EU), through the Critical Raw
Materials Act (CRMA), has set ambitious targets for
domestic extraction, processing, and recycling of essential
materials by 2030, aiming to reduce dependency on imports
and enhance economic resilience (Mariev and Islam, 2025; Regueiro and Alonso-Jimenez, 2021).

As a logical consequence, mining activities on European territory is experiencing a sort of
renaissance. This is not only true for critical raw materials, but also access to sand and gravel for
construction, and more recently, fossil fuels. The current trade war and global conflicts are increasing
pressure on extraction activities, while less productive mines may be operated longer or new mines
opened.

The United Kingdom’s Critical Minerals Strategy exemplifies how this ambition is also a strong
strategic focus outside of the EU, with the aim of maximising domestic production, rebuilding mining
skills, and fostering a circular economy for critical minerals to support the green industrial revolution.

Extraction of natural gas in the North and Baltic Sea

A significant recent development is the joint German-Dutch gas extraction project in the Wadden
Sea. This project, led by the Dutch company One-Dyas and supported by the German government,
targets the NO5-A gas field, a cross-border reservoir in the North Sea. The initiative is part of a
broader European strategy to enhance domestic gas production in response to geopolitical shifts,
notably the reduction of Russian gas imports following the war in Ukraine. The project aims to
extract between 4.5 and 13 billion cubic meters of gas over several years. However, it faces
substantial environmental and legal scrutiny due to its proximity to the ecologically sensitive Wadden
Sea. Environmental groups, such as Environmental Action Germany (DUH), have raised concerns
about potential risks to marine biodiversity and the threat of accidents and emissions. In October
2025, Greenpeace Germany and the Netherlands staged an at-sea protest using floating islands and
boats to physically block installation of the platform, with banners calling for “No New Gas” and
emphasising climate and ecosystem risks. Greenpeace and allied organisations urge the EU to ban all
new fossil fuel infrastructure projects, warning of negative precedents for climate policy and energy
transition justice.

As Europe accelerates its decarbonisation agenda, CCS has emerged as a critical technology for
reducing industrial CO, emissions. The North and Baltic Seas, with their extensive networks of
depleted oil and gas fields, might be suited for large-scale CO, storage. Depleted gas fields offer
geological security, having trapped hydrocarbons for millions of years, and benefit from existing
infrastructure that can be repurposed for CCS. However, the business case for CCS in Europe remains
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challenging. Even when leveraging existing infrastructure, the cost of capturing, transporting, and
storing CO, frequently exceeds current carbon price benchmarks, such as those set under the
European Emissions Trading System (ETS). For instance, the average ETS certificate price hovers
around €80 per tonne, while CCS costs, including for transport from distant sources, can be
significantly higher, often requiring substantial government subsidies, direct funding, or state-aided
incentives for most projects to remain commercially viable. Estimates indicate up to €140 billion in
public support may be needed for projects already in the pipeline, and financing gaps of €10 billion
persist for announced CCS projects through 2030 (Fl6er et al., 2025; euronews, 2025). Despite the
fact that the cost gap is narrowing due to technological advancements and economies of scale, as of
2025, most projects are only viable on market incentives alone (Ainvest, 2025; euronews, 2025).

Further reading and sources:

e Germany agrees joint gas extraction project Netherlands wadden sea

e Northern Lights - the world’s first cross-border CO» transport and storage facility
e Top-5 oil and gas-sector trends that are active in 2025

e Deep trouble - The risks of Offshore Carbon Capture and Storage

Mining activities on European territory

In March 2025, the EU Commission published a list of selected strategic projects in the EU under the
CRMA, and in June 2025, for projects outside the EU. The EU’s mining initiatives are heavily focused
on critical minerals, including lithium, nickel, cobalt, copper, graphite, and rare earth elements. These
are essential for battery production, renewable energy technologies, and advanced manufacturing.
The European Commission has selected 47 strategic projects within the EU to secure and diversify
access to these raw materials.

The current major players in Europe are Portugal (copper, zinc, and lithium), Finland (copper), the
Czech Republic (Lithium), and Spain (lithium, cobalt, tungsten, nickel, and rare earth elements).

Major projects launched or advanced in 2025 include Anglo American’s Sakatti copper operation in
Finland, the Cinovec lithium project in the Czech Republic, and the Rovina gold-copper project in
Romania.

Further reading and sources:

e From Portugal to Finland here are Europes next mines
e Ten global issues to shape mining and metals markets in 2025

New mining technologies

The digital transformation and renewable energies play a central role in innovations in mining
technologies. Al and machine learning are supporting geological data analysis, improving mineral
discovery rates by 20—-30% and, by doing so, reducing exploration timelines and costs (Davies et al.,
2025).

Autonomous trucks, drills, loaders, and even underground robots now operate with minimal human
intervention, guided by artificial intelligence (Al) and real-time sensor data. These machines increase
productivity, reduce downtime, and enhance safety by keeping workers out of hazardous
environments. Over 60% of mining operations utilise Al-powered automation for real-time decision-
making, from optimising haulage routes to adjusting drilling parameters based on geological
feedback (Nguyen, 2025).

Recent developments in quantum sensing are increasingly applied in the mining field, offering
extremely high sensitivity and precision in subsurface exploration. Quantum sensors can detect
minimal fluctuations in magnetic and gravitational fields, enabling geologists to identify and map
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mineral deposits with far greater accuracy than traditional methods. These sensors can be used in
airborne and ground-based platforms, accelerating data collection and reducing the need for
explorative drilling. For example, diamond-based quantum magnetometers now provide full tensor
magnetic gradiometry, generating high-resolution, multi-dimensional maps that reveal ore bodies’
structure and orientation, even at significant depths. The integration of quantum sensors with Al-
driven data analysis further enhances real-time decision-making, allowing for rapid interpretation of
complex geophysical data. This technology enables the discovery of previously undetectable deposits
and supports less invasive explorations (GQl, 2025).

In this context, digital twins play an increasingly important role. Digital twins are virtual replicas of
actual physical mining assets. They enable remote monitoring, simulation, and optimisation of
mining operations, reducing the need for on-site personnel and allowing for rapid response to
changing conditions. Digital twins also facilitate predictive maintenance and risk assessment, further
enhancing operational resilience (Tunnicliffe, 2024).

Box 4: Digital twins

A digital twin is a virtual representation of a physical object, process, or system that uses real-
time data and models to simulate, analyse, and optimise its behaviour over its lifecycle. This
concept includes continuous data exchange between the virtual and the physical, enabling
predictive capabilities and informed decision-making (European Commission, 2025a, 2025b).

The European Union sees digital twins as key to advancing sectors like personalised healthcare,
urban management, and climate resilience. Initiatives such as the Virtual Human Twins for
health and the flagship Destination Earth (DestinE) project aim to create accurate and integrated
digital models to inform science, policy, and innovation. Substantial funding, such as the €1.3
billion allocation from the Digital Europe Programme for 2025—-2027, underscores this
commitment. The EU promotes digital twins for their potential to accelerate research, support
evidence-based decisions, and drive the development of resilient and innovative ecosystems
(European Commission, 2025b, 2025a).

Another technological innovation in mining is centred on in-situ leaching. This method injects
chemical solutions into the ground to dissolve and extract rare earths, minimising surface disruption.
Innovations in solvent extraction and membrane technologies are improving separation efficiency
and reducing toxic byproducts.

Further reading:

e List of Top 10 Best Mining Technology Companies in 2025

e New developments in the mining industry in 2025

e Fleet space ai start-ups partner to build quantum sensor mineral exploration pipeline/
e Lithium-mine-rare-earth-mining-process-2025-trends

Technological innovations to decrease dependence on critical raw materials

The global transition to renewable energy is a cornerstone of efforts to mitigate climate change and
achieve sustainable development. However, the rapid deployment of renewable technologies such as
solar photovoltaics, wind turbines, and green hydrogen systems has intensified demand for critical
raw materials, including rare earth elements, lithium, cobalt, and platinum group metals (IRENA,
2023).
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Recent research has focused on enhancing the material efficiency of renewable energy technologies.
In the solar sector, advances in photovoltaic (PV) cell design have reduced the quantity of silicon and
silver required per watt of output, while maintaining or improving efficiency. Similarly, wind turbine
manufacturers have optimised blade and generator designs to minimise the use of rare earth
elements without compromising performance (Wang et al., 2023).

Also, substituting critical raw materials with more abundant or sustainable alternatives is intensively
researched. In wind energy, researchers are developing ferrite-based magnets and hybrid designs
that reduce or eliminate the need for rare earth elements (Carrara, S et al., 2025). In battery
technology, there is a shift towards chemistries that rely less on cobalt and nickel, such as lithium
iron phosphate (LFP) and sodium-ion batteries (Phogat et al., 2025).

Green hydrogen, produced via the electrolysis of water using renewable electricity, is widely
regarded as a key enabler of deep decarbonisation, particularly in hard-to-abate sectors. However,
conventional electrolyser technologies, such as Proton Exchange Membrane (PEM) systems, rely on
scarce and expensive noble metals like platinum and iridium. Recent peer-reviewed studies have
highlighted significant progress in the development of Anion Exchange Membrane (AEM)
electrolysers, which use non-noble metal catalysts. These systems offer a more economical and
scalable pathway for green hydrogen production, although challenges remain in terms of durability
and long-term stability. Solid Oxide Electrolysis Cells (SOECs) represent another promising
innovation, leveraging high temperatures and waste heat to achieve superior energy efficiency and
reduced CO2 emissions. SOECs are particularly well-suited for industrial applications and are being
piloted at scale in several countries (Bekaert, 2025; Mohsen et al., 2026)

Hydrogen fuel generation from photoelectrochemical (PEC) water splitting is widely recognised as
one of the most promising and sustainable forms of energy production. PEC water splitting leverages
solar energy to drive the chemical reaction that splits water into hydrogen and oxygen, using
semiconductor photoelectrodes to absorb sunlight and generate the necessary charge carriers. This
process is attractive due to its potential for high solar-to-hydrogen (STH) conversion efficiency and its
ability to produce clean hydrogen fuel with minimal environmental impact. Tandem PEC cells are
designed to maximise solar energy utilisation by stacking multiple photoabsorber layers, each
optimised for different parts of the solar spectrum. This configuration allows for more efficient light
absorption and energy conversion compared to single-junction cells. Recent research has
demonstrated that such tandem systems can achieve STH efficiencies up to 30%, and the integration
of selective oxidation of organic waste (e.g. glycerol, glucose) at the anode can further enhance the
economic and environmental value of the process (Sherman et al., 2021; Businesswire, 2025).

Solar thermochemical water splitting (STWS) and photocatalytic water splitting (PC) are two
innovative approaches for producing hydrogen directly from water using solar energy, offering the
potential for sustainable, low-carbon fuel production. Both methods differ fundamentally from the
more established photovoltaic-electrochemical (PV-EC) and photoelectrochemical (PEC) technologies
in their mechanisms, maturity, and commercial prospects. STWS utilises concentrated solar power to
achieve high temperatures (often above 800°C), driving multi-step chemical cycles such as the sulfur-
iodine or metal oxide cycles to split water into hydrogen and oxygen. Recent advancements include
the development of robust reactor materials and high-efficiency solar concentrators, with some
systems achieving optical efficiencies up to 91% and cycle efficiencies as high as 60% under optimal
conditions. However, STWS faces significant challenges, including the need for durable materials that
can withstand repeated high-temperature cycling, complex reactor designs, and the integration of
reliable solar heat sources. These factors currently limit its commercial readiness, keeping it largely in
the research and development phase. Photocatalytic water splitting employs semiconductor
materials that, when illuminated by sunlight, catalyse the direct splitting of water. Recent
breakthroughs include the development of visible-light-responsive photocatalysts, Z-scheme systems
for improved solar spectrum utilisation, and scalable photocatalyst sheets.(Yusuf et al., 2025)
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Further reading:

e Manufacturing high temperature electrolysis pilot production soec
e Sodium-ion batteries 2025
e Thyssenkrupp nucera and Fraunhofer ikts open first SOEC pilot production plant

Liquid air storage as a cost-effective solution for long-term energy storage

Massachusetts Institute of Technology (MIT) and Norwegian University of Science and Technology
(NTNU) researchers have evaluated Liquid Air Energy Storage (LAES) as a clean, long-duration
solution for grid-scale electricity storage. LAES stores power by liquefying air and releasing it to
generate electricity when needed. Their model suggests that LAES could be economically viable in
regions with aggressive decarbonisation targets, providing a lower-cost alternative to lithium-ion
batteries and pumped hydro. Financial incentives and policy support could further enhance its
viability as the demand for long-term energy storage increases(Cetegen et al., 2025).

Further reading:

e Using liquid air grid scale energy storage

Relevance for environmental policy

The renaissance of mining in Europe is a direct response to strategic objectives of autonomy,
resilience, and competitiveness, prompted by global supply-chain disruptions, increased demand for
critical raw materials, and geopolitical uncertainties. Environmental policy needs to address a dual
challenge: securing essential minerals and minimising ecological impact. Initiatives such as the Critical
Raw Materials Act set ambitious targets for domestic extraction and recycling, aiming to reduce
import dependencies while enhancing economic resilience. However, mining revival risks severe
consequences for sensitive ecosystems particularly as activities expand to previously protected or
marginal territories where biodiversity and water resources are highly vulnerable.

Technological advances - Al-driven exploration, digital twins, and quantum sensing - promise more
efficient and less invasive operations, yet do not fully eliminate the risk of depletion, pollution, and
irreversible damage. Local opposition is intensifying ("not in my backyard"), highlighting the
importance of well-balanced financial retributions, strict social and environmental standards, and
inclusive governance. Urban mining and circular economy models mitigate dependency but remain
niche, unable to substitute raw extraction at needed volumes for the energy transition. The systemic
consideration of mining impacts is rising: water quality, remediation costs, and participatory
regulation are increasingly embedded within policy frameworks.

Within this new context, environmental policy should seek to pivot towards robust safeguards for
sensitive areas, transparent, participative decision-making, integrating circularity as a core objective,
and supporting alternative material innovations. Only by ensuring mining remains a last resort
applied when all regenerative and circular options are exhausted can Europe reconcile strategic
autonomy with its sustainability ambitions.

How things might develop — a speculative glimpse into the future

Looking ahead, the trajectory of mining in Europe reflects deep uncertainties stemming from
shifting geopolitics, technological dependencies, public resistance, and uneven regulatory
enforcement. Should external supply become increasingly unreliable, Europe may witness a
further revival of mining, often at the expense of fragile local ecosystems. This could result in
heightened environmental conflicts, polarised societies, and a pronounced tension between
national priorities and pan-European standards.
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The accelerated adoption of digital mining technologies such as automation, quantum sensors, or
digital twins could reduce some environmental pressures, but may also mask impacts or shift risks
elsewhere, especially if regulatory oversight lags behind technological innovation. Urban mining
might scale up, partially relieving classical mineral extraction, especially if legislative and market
incentives favour closed-loop systems and secondary resource recovery. Stricter mining codes,
coupled with well-designed compensations for affected communities, could reduce nimby
reactions and foster broader acceptance.

Sensitive ecosystems remain at particular risk: irreversible damage may occur where extraction
priorities override conservation, notably as water quality and resource depletion intensify. Should
other political or economic priorities dominate, environmental aspects may be sidelined,
exacerbating local resistance and conflict. In a more hopeful scenario, Europe advances towards a
truly circular economy, with stringent policy frameworks ensuring mining as a last resort, robust
support for alternative materials and designs that avoid extraction, and strong public participation
shaping strategic choices. However, the path remains fraught with uncertainty; the balance
between strategic autonomy and high-impact extraction will hinge on the interplay of regulation,
innovation, and societal values.
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3.2.2 Too big to be ignored? The big tech companies as super-entities

Silicon Valley has long been synonymous with technological
innovation, entrepreneurship, and the rise of global giants that
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economies, and politics. These IT megastructures, however,

are largely controlled by private companies, transcend national
boundaries and raise questions of accountability, security and public oversight. From an
environmental and SCP perspective, the dominance of IT megastructures offers the opportunity to
optimise resource use, improve supply chain efficiency, and support sustainable practices such as
predictive maintenance, smart grids, and closed-loop manufacturing through digital systems and
data-driven decision-making. However, the IT megastructure also brings with it environmental
challenges, such as the energy consumption of data centres, the huge amount of e-waste or the
environmental impact of mining rare materials (MacLean, 2024).

Another problem is the monopolisation of IT technologies whose primary interest is not necessarily
environmental protection. The reliance on complex, privately controlled digital IT monopolies raises
guestions about the extent to which these can be politically controlled at all, as platform giants have
grown into a sort of 'parastates' with unprecedented power, geographic reach and sufficient
influence to challenge and influence national policies (Graef and Bostoen, 2025; Azadeh Akbari,
2025).

For example, some of these companies have been deeply involved in political processes, from
influencing elections to providing data analytics to government agencies. The culture and politics of
these companies often reflect the libertarian and disruptive ethos that characterised their early
ventures. This has led to both innovation and controversy, as their platforms have become
battlegrounds for debates over privacy, free speech, and regulation.

Digital ecosystem integration and influence on consumer behaviour-Data is the new currency

Big tech companies use ecosystem integration to lock in consumers and shape their preferences. By
offering interconnected products and services such as seamless integration between smartphone,
computer, watch and smart home devices, these firms create environments where consumers are
incentivised to remain within a single brand's ecosystem. This integration allows companies to collect
vast amounts of data, which they use to predict and influence consumer preferences. Marketing
strategies are increasingly data-driven, leveraging insights from user behaviour to tailor offerings,
target advertisements, and even nudge consumers toward certain choices. Social networks and peer
influence further amplify these effects. The social media platforms shape consumer behaviour by
promoting trends, facilitating influencer marketing, and generating social proof through user-
generated content. The result is a homogenisation of preferences and a powerful ability to steer
consumption patterns at scale (See section 2.2.1) (Hardcastle et al., 2025; Sporl-Wang et al., 2025).
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Further reading:

e The Influence of digital marketing and social media marketing on consumer buying
behaviour
e The power of social media in the decision-making

Dominance and influence of monopolistic structures on European companies

According to the Synergy Research Group (2023), Amazon Web Services (AWS), Microsoft Azure, and
Google Cloud together hold over 80% of the European cloud infrastructure market. IDC reports
(2023) estimate that over 92% of European enterprises use cloud services, with more than 70%
relying primarily on US-based providers. The European Commission’s Data Market Monitoring Tool
(2023) highlights that most of the top 20,000 European companies by revenue use either AWS,
Azure, or Google Cloud for at least some of their core digital operations, including data storage,
server hosting, and business applications.

Finance, Retail, Manufacturing, Healthcare, and Government are sectors where reliance is
particularly high, especially for data storage, analytics, and application hosting.

The increasing dependence of European companies and governments on a handful of Silicon Valley
tech giants - those mentioned above plus Apple and Meta - has become a focal point of academic,
policy, and public discourse in recent years. This debate has intensified as the digital economy
expands, with these companies dominating not only software and cloud services but also the physical
infrastructure of data centres.

Digital sovereignty - defined as the EU’s ability to control its digital infrastructure, data, and
technological future - has become central to EU policy, especially as digitalisation and environmental
sustainability (the "twin transitions") are pursued together. The EU’s push for digital sovereignty is
reflected in legislative initiatives like the Digital Services Act (DSA), Digital Markets Act (DMA), and Al
regulation, which aim to secure control over digital resources and reduce dependence on non-EU
technology providers (Hulko et al., 2025; Tom Wheeler, 2025). Digital technologies, when governed
by EU-centric rules, can support efficient resource management and decarbonisation strategies,
potentially accelerating the green transition (Celeste and Dominioni, 2023). However, increased
digitalisation, if not carefully regulated, can lead to higher energy consumption and greater
exploitation of rare natural resources, undermining environmental goals. The EU has begun to
address this with principles for sustainable digital products and services, but current frameworks are
still developing and sometimes lack coordination. The ambition for digital sovereignty sometimes
conflicts with environmental objectives, as rapid technological development may prioritise control
and competitiveness over sustainability. The EU’s evolving approach now seeks to integrate digital
and green agendas more closely, but practical implementation remains challenging (Victorio et al.,
2024; Renda, 2021)

Think tanks have highlighted the risks of market concentration, warning that the dominance of a few
firms can stifle innovation, limit consumer choice, and undermine Europe’s strategic autonomy. On
the other hand, the scale and sophistication of Silicon Valley’s digital infrastructure have enabled
European businesses to access cutting-edge technologies, such as artificial intelligence, big data
analytics, and cloud computing, at relatively low cost and with high reliability. This has driven
productivity gains, operational efficiency, and accelerated digital transformation across industries
(Yao et al., 2025).

However, the disadvantages and risks associated with this dependency are substantial and
increasingly recognised in policy and academic discourse. The dominance of a few tech giants allows
them to engage in practices that stifle competition, such as self-preferencing, exclusive agreements,
and aggressive acquisitions of potential rivals (Jim Osman, 2024).
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This creates high barriers to entry for European competitors and locks businesses into proprietary
ecosystems, reducing their bargaining power and flexibility. Big Tech’s control over vast amounts of
data gives them a significant competitive edge but also raises serious privacy concerns. The ability to
collect, analyse, and monetise user data at scale can lead to privacy erosion, data misuse, and a lack
of transparency in how personal information is handled. Changes in platform policies, algorithms, or
pricing structures can have immediate and significant impacts on smaller companies, affecting their
visibility, revenue, and long-term viability. While Big Tech drives much of the world’s technological
progress, their market power can paradoxically suppress broader innovation. By acquiring or copying
emerging competitors, they can stifle the development of disruptive technologies that might
challenge their dominance. The platforms and services provided by Big Tech companies shape global
communication norms and influence political discourse. Their ability to set the terms of digital
engagement can clash with national interests and democratic values, raising concerns about the
erosion of cultural sovereignty (Jim Osman, 2024; Chlore Teevan and Raphael Pouye, 2024).

Further reading:

e Market Intelligence for Emerging IT & Cloud

e Tech sovereignty and a new EU foreign economic policy

e Big Tech’s Overpowering Influence: Risks To Markets And Your Money
e The EU’s Trillion Dollar Gap in ICT and Cloud Computing Capacities

Political influence of the Big Tech companies

As discussed already in the previous section, the political influence of major technology companies
has grown significantly over the last two decades, as these firms extend their reach into sectors
including finance, media, and public policy. Originating from a network of influential founders and
early employees, this interconnected group has spun out numerous successful companies and
cultivated a culture where entrepreneurs support each other’s ventures and shape public discourse
through various platforms. Their ideological perspective often emphasises libertarian principles such
as market-led solutions, scepticism of government regulation, and prioritisation of innovation
without heavy precautionary measures (Khanal et al., 2025; Cohen, 2025).

Key figures from these tech circles have become prominent political actors, most particularly in the
US, with varying ideological positions. Some advocate deregulation and reduced bureaucracy, while
others support more centrist or pro-regulatory stances, illustrating ideological diversity despite
coherent founder influence. Notably, the acquisition and governance of major online platforms have
enabled these individuals to shape debates over free speech, platform moderation, and public
conversation at scale. The rise of tech billionaires as political influencers has sparked widespread
debate about the proper role of private companies within democratic societies. Scholars and critics
argue that the vast wealth and control these corporations exercise over information infrastructures
allow them to circumvent traditional democratic mechanisms and wield disproportionate influence
over policies, public opinion, and societal norms. The lobbying efforts, financial backing of political
candidates, and ability to steer discourse through digital platforms underscore the complex
relationship between digital capitalism and governance (Hancock, 2025; Hana Ivanhoe, 2025).

Governments and civil society actors face pressing challenges in ensuring that the power of these
companies is adequately scrutinised and balanced against democratic values, given their substantial
role in shaping political processes both domestically and internationally. Transparent regulation,
public accountability, and ongoing debate about the technological influence on democracy are
viewed as essential responses to these developments (Coroado, 2023; Aytac, 2024).
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Further reading:

"The paypal-mafia" is taking over Americas government
e The paypal mafia
e Tech oligarchy imperils democratic information flows

e The rising political power of silicon valley
e Big tech vs red-tech the diminishing of democracy in the digital age

Green or not green — that is the question

The energy consumption of Silicon Valley’s tech giants is immense, primarily due to their vast data
centre operations. The tech industry, with Silicon Valley at its core, is responsible for approximately
7% of global emissions. Data centres, which are critical to the operations of major tech companies,
consume around 70 billion kWh of electricity annually. The rapid expansion of artificial intelligence
(Al) and cloud computing has further increased energy demands. The demand for energy in data
centres is projected to grow at 19% annually through 2029, reaching 260 terawatt-hours (TWh)
(Shirin Ghaffary, 2024).

Most big tech companies publish annual sustainability or ESG (Environmental, Social, and
Governance) reports, outlining their environmental goals and progress.

- Google has matched its energy usage with 100% renewable energy since 2017 and aims for
carbon-free operations by 2030. However, the energy demands of Al and data centres have
led to a recent rise in emissions, prompting a shift toward more reliable carbon removal
methods

- Amazon has pledged to reach Net Zero by 2040, investing in clean energy and electric
vehicles. It claims to have achieved its clean electricity target ahead of schedule, though
critics question the reliance on carbon credits and renewable energy certificates (RECs)

- Microsoft aims to be carbon negative by 2030 and to remove all historical emissions by 2050.

Despite these commitments, Big Tech faces criticism for greenwashing using marketing to exaggerate
sustainability efforts while continuing practices that contribute to environmental harm. A study by
the Centre for Sustainability and Excellence found that while many companies employ sustainability
professionals, only a minority produce comprehensive sustainability reports, suggesting a gap
between public claims and actual practices.

The use of carbon offsets and RECs is particularly controversial, as these mechanisms may not result
in real emissions reductions (Readfearn et al., 2024; Greenfield, 2023). The rapid growth of Al and
cloud computing further complicates sustainability, as these technologies require vast amounts of
energy. Balancing innovation with genuine environmental responsibility remains a significant
challenge.

Big tech's role in the energy transition is double-edged. On one hand, their investments in clean
technology and influence over consumer behaviour position them as potential leaders in promoting
sustainability. On the other hand, their scale and market power demand greater transparency,
accountability, and regulatory oversight to ensure that sustainability commitments translate into
real-world impact.
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Further reading:

e The role of US-big-tech-companies in the energy transition

e Google Amazon and the problem with big-techs climate claims

e Tech-mecca unveiling the latest data-centre trends in silicon valley
e Technology-environmental impact

Relevance for environmental policy

The ascent of big tech companies as super-entities has considerable implications for environmental
policy, reshaping both the terrain of environmental governance and the practicalities of sustainable
production and consumption. These digital conglomerates wield vast influence over resource flows,
supply chain optimisation, and consumer behaviour, but their activities also introduce environmental
challenges including skyrocketing energy consumption by data centres, increased e-waste, and
extensive mining of rare materials for device production. Their market dominance and cross-sector
integration can amplify positive impacts through investments in clean technology and the adoption
of predictive systems for environmental management. Nevertheless, such benefits are tempered by
risks: self-reported sustainability claims often verge on greenwashing, and monopolistic control over
platforms stifles innovation, curtails regulatory oversight, and entrenches consumption-driven
values.

Environmental policy thus faces a dual challenge. On one hand, there is potential to harness big
tech’s infrastructure and data-driven solutions for sustainable outcomes; on the other, there is an
urgent need for tighter regulation, transparency, and cross-sectoral accountability. The EU stands out
as a frontrunner, with robust anti-trust enforcement, pro-competitive policies, and an evolving
regulatory framework such as the Digital Markets Act and the European Green Deal to restrain
monopolies, protect consumer rights, and foster open-source innovation. The future success of
environmental policy will rest on exhaustive monitoring, clear targets for energy use and emissions,
limiting manipulative data practices, and addressing the immense lobbying power these super-
entities possess. Failure to adapt would risk undermining Europe’s strategic autonomy, exaggerating
energy demand for digital infrastructure, and eroding democratic spaces critical for forward-looking
climate action.

How things might develop — a speculative glimpse into the future

Looking ahead, the trajectory of big tech super-entities presents a markedly uncertain landscape
for environmental policy and sustainability. Should European regulatory momentum falter, one
plausible scenario is heightened reliance on privately-controlled digital ecosystems, prompting a
surge in energy demand - possibly backed by fossil sources if renewables stumble - placing
sustainability targets ever further out of reach. In the absence of effective policy levers, the
orchestrated manipulation of consumer choices via Al could accelerate unsustainable
consumption and entrench monopolies over essential digital and environmental services.

Another scenario imagines the rise of libertarian tech-focused politicians in the EU, empowered by
public faith in technologically-driven solutions, yet further removing environmental governance
from democratic oversight and transparency. Platform integration would deepen, with Al
anticipating and nudging user decisions, turning consumers into passive actors with limited agency
over sustainability choices. Environmental policy risks being marginalised, particularly if lobbies
and CEOs wield disproportionate power, eroding not only regulatory effectiveness but also public
trust in policy priorities.

Conversely, a more hopeful prospect emerges if the EU continues its pioneering role in curbing
tech monopolies and championing consumer protection. Stronger anti-monopoly regulations,
prioritisation of open-source solutions, and data justice initiatives could offset the negative
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impacts, encouraging participatory digital cultures and incentivising sustainability by design. If
regulatory innovation can keep pace, a harmonised digital and ecological strategy may emerge,
reducing Europe’s strategic dependencies and supporting competitive, green transitions globally.

However, if policy fragmentation sets in, whether due to external shocks, technological disruption,
or political inertia, a complete breakdown of environmental policy effectiveness could ensue, with
super-entities dwarfing state power and democratic mechanisms, ushering in an era defined by
opaque decision-making and unchecked ecological risk.
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3.2.3 When tech becomes life: from bio-servers to brain links
The convergence of artificial intelligence (Al) and biotechnology
marks a transformative epoch in science and medicine. There
are unprecedented possibilities and speed of innovation that
N is rapidly reshaping our understanding of life and health.
) ? At its core, Al-biotechnology convergence refers to the

O synergistic integration of advanced computational
methods such as machine learning and deep learning
% — with the biological sciences, including genetics, molecular
nd : : ! biology, and bioengineering. This interdisciplinary fusion

enables the analysis and manipulation of complex

biological data at scale, facilitating breakthroughs that
‘ were previously unattainable through traditional research
@ approaches alone (Parvin et al., 2025; Holzinger et al.,
2023; Gomes et al., 2024).

The driving force behind these innovations is a constellation of
pioneering companies and research institutions. Neuralink has achieved significant milestones in
implantable BCls, including successful human trials and substantial investment, signalling robust
confidence in the technology’s future. Kernel and Emotiv are advancing non-invasive and portable
brain-recording technologies, broadening the accessibility and practicality of BCls. Tech giants such as
IBM and Google DeepMind are leveraging Al to revolutionise drug discovery, diagnostics, and
computational biology, while leading academic institutions - MIT, Stanford, UC Berkeley, and Harvard
- continue to push the boundaries of interdisciplinary research and innovation (Sahu, 2025; Lavazza
et al., 2025).

However, the rapid pace of progress brings with it profound ethical and regulatory challenges. The
handling of sensitive neural and biological data raises critical concerns about privacy and security.
Issues of consent, autonomy, and the potential for algorithmic bias demand rigorous oversight to
ensure equitable and just outcomes. Furthermore, the integration of computational and biological
systems challenges traditional notions of human identity and moral status, necessitating robust
ethical frameworks and adaptive regulatory standards, such as those being developed in the
European Union’s Al Act (Federico and Trotsyuk, 2024; Mirakhori and Niazi, 2025). In combination
with quantum technologies, even further advancements can be thought of, merging technology and
living systems even more (Sabina Jeschke, et al., 2023) .

The integration of Al and biotechnology has major consequences for both sustainable and
unsustainable production. These technologies can greatly improve resource efficiency and lower
environmental impacts in sectors such as agriculture, pharmaceuticals, and manufacturing. Al-
supported biotechnological applications can raise crop yields while reducing the use of water,
fertilisers, and pesticides, and advances in synthetic biology and precision fermentation can deliver
bio-based materials and medicines with smaller carbon footprints. At the same time, high energy use
for Al, the sourcing of scarce biological materials, and additional waste from short-lived biotech
products can all undermine sustainability. This convergence therefore brings both opportunity and
responsibility: to use these technologies to support sustainable production and consumption while
limiting environmental damage and resource inequity (Li et al., 2025; Wheeler, 2025; Kumari et al.,
2025; Holland et al., 2024; Agrawal et al., 2023; Galaz et al., 2021; Nishant et al., 2020).

Further Reading:

e The path to biotechnological singularity: Current breakthroughs and outlook

e Artificial Intelligence and Posthumanism: A Philosophical Inquiry into Consciousness,
Ethics, and Human ldentity

e Synthetic biology a game-changer for economic sustainability security and resilience
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e How manufacturing with ai can drive a sustainable future

Bio-computers and organic computing

Bio-computers represent a paradigm shift in computational technology, utilising living cells, often
human neurons, as the fundamental processing units. Recent breakthroughs include the launch of
the CL1 by Cortical Labs, the world's first biological computer for sale, which harnesses the
computational power of human neurons to form ever-learning neural networks. This approach,
sometimes referred to as organoid intelligence (Ol), is expected to deliver faster decision-making,
continuous learning, and greater energy efficiency compared to traditional silicon-based computers.

Further reading:

e Human Brain Cells on a Chip for Sale
e Biocomputing

e Living cellular computers

e Storing data in DNA

Brain-Computer Interfaces (BCls) and brain-tech links

Brain-computer interfaces are systems that enable direct communication between the brain and
external devices, translating neuronal activity into actionable commands. Recent advances include
both invasive and non-invasive BCls. Neuralink's N1 implant, for example, uses ultra-fine electrode
threads to capture neural signals, allowing users to control digital devices with their thoughts.
Synchron's "stentrode" offers a minimally invasive alternative, inserted via a vein in the neck, and is
designed for scalability and ease of use. Breakthroughs in this field include the restoration of speech
for patients with conditions such as ALS, with systems capable of translating brain signals into speech
with up to 97% accuracy. The integration of Al and ultrasound-powered implants has also enabled
real-time, personalised pain relief without the need for batteries or wires. These technologies are not
only transforming the lives of individuals with severe disabilities but are also being explored for

applications in gaming, space exploration, and cognitive enhancement.
Further reading

e Brain-computer interface
e Brain-computer interfaces: a powerful tool for scientific inquiry
e Neuralink and other advances

Biological micro-sensors

Biological micro-sensors have changed medical diagnostics and patient monitoring significantly.
Quantum sensors, such as optically pumped atomic magnetometers and nitrogen-vacancy centres in
diamond, offer unprecedented spatial resolution for applications like brain imaging and single-cell
spectroscopy. Microelectromechanical systems (MEMS) and nanosensors are now integral to
continuous health monitoring, enabling real-time tracking of vital signs, glucose levels, and even the
detection of cancer biomarkers.

Further reading

e Single cell spectroscopy
e Cancer biomarkers
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The Role of Artificial Intelligence in Biotechnology

Al is increasingly central to the advancement of biotechnology. In drug discovery, machine learning
algorithms analyse vast datasets to identify promising drug candidates, significantly reducing the
time and cost of development. In genomics, Al enables the interpretation of complex genetic data,
facilitating precision medicine tailored to individual genetic profiles. Notably, DeepMind's AlphaFold
has revolutionised protein structure prediction, a breakthrough with profound implications for drug
development and disease understanding. Al also enhances the accuracy and speed of diagnostics,
from medical imaging to wearable health devices, and is being used to improve the precision of
gene-editing technologies such as CRISPR.

Further reading:

e Revolutionizing molecular design

e Microbial technologies enhanced by artificial intelligence

e Advances in artificial intelligence envisioned technologies for protein and nucleic acid
research

Relevance for environmental policy

Technologies bridging biology and digital systems such as bio-computers, brain-computer interfaces
(BCls), and Al-powered diagnostics herald a paradigm shift in production and consumption with
profound implications for environmental policy. These technologies promise new efficiencies: Al can
optimise resource management, biotech can enable circular production, and smart health monitoring
can reduce unnecessary medical interventions, theoretically supporting sustainable development
goals. However, the speed and complexity of such innovations consistently outpace the usual
cadence of regulatory development, resulting in a governance gap where environmental risks quickly
accumulate.

Central to policy relevance is the dual-edged nature of these techno-biological systems. On the
positive side, Al-driven solutions and biotechnological advances could revolutionise environmental
monitoring and impact mitigation, leading to substantial reductions in waste, emissions, and
resource overuse. For instance, precision agriculture or predictive maintenance in manufacturing can
drastically cut excess input use. Effective environmental policy could harness these capabilities by
introducing mandatory impact assessments for new tech deployments and requiring transparent
reporting of resource and energy footprints across production chains.

Yet the same systems amplify novel risks. Increased dependency on data-intensive technologies may
drive unsustainable energy demand, while biotech innovations, if under-regulated, could introduce
unforeseen hazards ranging from the ecological consequences of synthetic organic materials to
privacy and security concerns in brain-linked technologies. Moreover, unequal access to such tools
risks deepening social divides, with affluent users and producers disproportionately able to benefit or
opt into lower-impact lifestyles, reinforcing environmental injustice. Without robust standards for
ethical testing, consent, and data protection, the sector also faces major threats of misuse - including
potential manipulation of populations via neuro-devices, or the commodification of human biology at
odds with ecological well-being.

Consequently, environmental policy needs to evolve rapidly to remain fit for purpose. Frameworks
are needed that proactively integrate technological foresight, ethical safeguards, and differentiated
impact regulation. Policies should ideally not only require environmental and social impact
assessments for emerging bio-digital applications but also establish strict guidelines on access,
transparency, and safety, balancing the drive for innovation against the imperative of ecological and
social equity.
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How things might develop — a speculative glimpse into the future

Projecting current drivers into the future, one envisions a society where the distinction between
‘the biological’ and ‘the technological’ is increasingly blurred redefining both environmental
challenges and governance opportunities. In this context, neural links, bio-computers, and real-
time physiological sensors proliferate through health, industrial, and consumer domains, making
personalised optimisation of everything from diets and mobility to environmental exposures
potentially routine.

Yet, this acceleration carries ambivalent effects. The technologically “enhanced” enjoy extended
capacities such as superior decision support, nearly frictionless access to services, and personal
environmental dashboards powered by continuous biofeedback and Al analytics. For this group,
environmental footprints can be dynamically managed and minimised, as self-regulating homes
and bodies close feedback loops for energy, water, and material use. Wealthy users, armed with
access to the latest mind-linked systems and biotechnological upgrades, find themselves operating
in “eco-privileged” bubbles engineered for resilience and sustainability.

Meanwhile, divides sharpen. Those unable or unwilling to adopt advanced brain-tech may be
excluded from techno-driven sustainable benefits, leading to “ecological class” splits with growing
visibility. The digital/biological gap is not just social but environmental: only some can afford, or be
programmed for, the optimised, ultra-low impact lifestyle. Security risks deepen, with brain tech
and biological data targets for hacking or manipulation, inadvertently externalising environmental
and social harm if mishandled.

Policy failures in such a world are severe: without proactive and anticipatory frameworks for
safety, privacy, and equitable access, unintended consequences proliferate. Ecological disasters
could result from ill-understood biotech releases or mass digital manipulation. Environmental
values themselves may erode if human experience is overtaken by neuro-marketing and real-time
desire engineering, decoupling judgment from planetary limits.

Alternatively, with agile, ethically grounded governance, these technologies could catalyse a
rebalancing: distributed sensor networks and participative brain-linked policy processes might
foster collective ecological awareness and radically transparent sustainability monitoring, making
citizens co-designers of their own environmental futures. This hopeful scenario, however, depends
on bold regulation, public debate, and permanent vigilance as “life itself” is rendered
computational, and environmental stewardship becomes inseparably entangled with the digital-
embodied self.
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3.2.4 Deregulation: weakening (environmental) policy & political institutions vs. opportunity to
make it better

Deregulation is re-emerging as a powerful, but deeply
ambivalent, force shaping production systems and
-G'e environmental governance in Europe and beyond
@G" e e (Regulating for the planet: OECD Regulatory Policy
y Outlook 2025, 2025). On the one hand, calls to "cut
red tape" are framed as essential to strengthen

§ competitiveness, accelerate innovation and support
SUSTAINABILITY . " .

the green and digital transitions (Matti Gurreck,

L

@? TECHNQLIBERTARIANS 2025; CERRE, 2024). On the other hand, rolling back,
weakening or selectively "simplifying" rules risks
eroding environmental standards, undermining
institutional capacity and opening new avenues for

regulatory capture in key production sectors (Bureau,
2024). This tension between competitiveness-driven
deregulation and rule-based sustainability is increasingly
visible in current debates on industrial strategy,
digitalisation and climate policy (Draghi, 2024). See also section
3.2.2 where we discussed the influence of Big Tech Companies.

In the EU, the post-2024 policy debate has shifted towards a stronger emphasis on competitiveness
and industrial renewal, with flagship initiatives such as the Clean Industrial Deal, the Green Deal
Industrial Plan and the Competitiveness Compass explicitly promising to streamline regulation and
reduce administrative burdens for industry (European Commission, 2019; Renewable Energy
Institute, 2025). Official documents and advisory reports propose "simplification" and "better
regulation"” as ways to unlock investment, speed up permitting and remove perceived obstacles to
deployment of clean technologies and critical infrastructure. Yet environmental NGOs and parts of
the research community warn that under the banner of competitiveness, key elements of the
European Green Deal and social protections risk being diluted, delayed or hollowed out. The debate
around the Omnibus and related packages illustrates how horizontal deregulatory moves can ripple
across product, consumer and environmental legislation in ways that are difficult to anticipate ex
ante (Jessen, 2025; Bertram, 2025).

International organisations stress that the quality, not just the quantity, of regulation is decisive for
the green transition. The OECD's recent Regulatory Policy Outlook underlines that both regulatory
gaps and over-complex rule-sets can hinder decarbonisation, innovation and investment, calling for a
"green lens" in all phases of rule-making rather than blanket deregulation. From this perspective,
indiscriminate rollbacks risk locking in high-emission pathways, weakening incentives for cleaner
production and reinforcing incumbent interests in carbon-intensive sectors. At the same time, overly
fragmented or cumbersome regulation can fuel political backlash, strengthen deregulatory coalitions
and create opportunities for narratives that depict environmental rules as inherently anti-growth
(OECD, 2025).

Against this backdrop, deregulatory initiatives cannot be read simply as technical "streamlining"; they
function as strategic interventions in the distribution of power, responsibility and risk across societies
and ecosystems. The weak signals that follow explore how deregulation manifests in concrete
arenas: from sector-specific rollbacks and industrial policy packages to digital governance reforms,
changing permitting regimes and evolving roles of expert institutions. Together, they illuminate how
pressures to loosen or reshape rules may weaken environmental policy and political institutions, but
also under which conditions re-regulation, adaptive governance and more democratic regulatory
innovation could emerge as counter-trends and opportunities to "make it better".
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Techno-libertarianism and the primacy of growth

Techno-libertarian and growth-centric narratives advocate minimal constraints on emerging
technologies, emphasising self-regulation, experimental "regulatory sandboxes" and rapid scaling of
digital business models. This perspective has gained significant traction among influential business
leaders and policymakers in recent years. Central to this worldview is the conviction that economic
growth and technological innovation should take precedence over regulatory constraints, including
those designed to protect the environment (Aydin and Yardimci, 2024). This approach is exemplified
by the deregulatory agendas promoted by protagonists such as those described in section 3.2.3, who
have advocated for dismantling bureaucratic structures in favour of unfettered market and
technological expansion.

Critics argue that this orientation can accelerate environmental harms through increased energy
demand, resource-intensive data infrastructures and opaque algorithmic systems that externalise
ecological and social costs. In response, alternative visions highlight the need for robust, anticipatory
regulation to curb the concentration of power, protect digital commons and align Al and platform
governance with socio-ecological goals (Graef and Bostoen, 2025; Bietti, 2021). In addition, critical
voices highlight the risks of unchecked datafication, such as the erosion of privacy, the rise of
precarious gig work, and the consolidation of power by global tech giants. These concerns have led to
the emergence of alternative discourses within European politics, including calls for "platform
socialism" and "techno-statist" approaches that advocate for stronger regulation, digital commons,
and the protection of social rights in the digital age (Térnberg, 2023; Yasmin Afina and Marjorie
Buchser, 2024).

The period of 2024-2025 has seen a marked intensification of this trend, particularly in the United
States. The Environmental Protection Agency (EPA) has enacted what it describes as the "biggest
deregulatory action in U.S. history”, rolling back dozens of regulations related to energy production
and environmental protection. These actions are justified on the grounds of lowering costs,
revitalising industries, and empowering states, but they have also significantly weakened federal
oversight of environmental standards (US EPA, 2025).

Globally, the influence of techno-libertarianism is evident in the push for deregulation in various
sectors, often justified by the need to boost economic growth and reduce bureaucratic hurdles.
Critics argue that this focus on growth comes at the expense of environmental sustainability, as the
relaxation of regulations can lead to increased pollution, resource depletion, and the externalisation
of environmental costs. The techno-libertarian vision, while fostering innovation and economic
dynamism, thus poses significant risks to the integrity of environmental governance (Isabel Oakes,
2024; Zhang and Zhou, 2025; Riemens, 2024).

In Europe, the debate around techno-libertarianism and economic growth has become increasingly
complex, reflecting both the promises and the perils of digital transformation. As Western European
societies transition into what scholars call "platform societies", the ideological landscape has
fractured along new lines. On one side, proponents of platform neoliberalism champion the
commodification of data and the expansion of digital markets as engines of economic growth, often
echoing the techno-libertarian ethos that prioritises innovation, deregulation, and minimal state
intervention. This perspective is particularly visible in party manifestos and policy proposals that
frame digitalisation as a means to enhance competitiveness and streamline public services,
reinforcing the primacy of growth as a political objective (Guglielmo, 2025).

The resulting ideological divides are not merely about technology, but about the broader direction of
economic and social policy - whether digitalisation should serve the interests of capital and growth or
be harnessed for more equitable and democratic ends.
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Further reading:

e What Project 2025 means for Big Tech

e Return-techno-libertarians

e The Rise of Techno-authoritarianism

e The left in platform societies: New opportunities for progressive digital politics
e Beyond Al futurism: A socio-ecological vision for Al

The role of critical science in environmental policy

Deregulatory pressures are also reshaping the relationship between science, expertise and
environmental policy. Weakening of environmental agencies, relaxation of assessment obligations
and politicisation of scientific advice can marginalise precautionary approaches and sideline high-
impact, low-probability risks in policy debates (Reins and Ala-Lahti, 2025). At international climate
negotiations, challenges to scientific consensus and efforts to reframe fossil-fuel phase-out as
"unsupported by science" show how deregulatory agendas can appropriate uncertainty to delay or
dilute binding commitments (EMEA, 2023).

At the same time, critical scientific voices caution that consensus-oriented processes may underplay
systemic risks and distributional impacts, pointing to the need for more plural and reflexive science-
policy interfaces. This contested role of science in regulatory design and rollback becomes a key
arena where future trajectories of production, environmental protection and democratic legitimacy
are negotiated (Steinebach et al., 2025; Hai, 2025).

Critical science plays a vital role in scrutinising and refining the scientific consensus, ensuring that
policy decisions are robust and inclusive of diverse perspectives (Suazo-Galdames et al., 2025).
However, the challenge lies in balancing the inclusion of alternative viewpoints with the need to
prevent the manipulation of science by vested interests. The current environment, marked by
deregulatory pressures, has made it increasingly difficult for critical science to maintain its influence
in policy debates, as economic and political considerations often take precedence over scientific
evidence (Pe’er et al., 2025).

Another phenomenon is that experts are increasingly falling silent (silencing effect) for fear of hate
messages. The role of social media is key in this regard. Researchers are gradually withdrawing from
certain research areas and prefer to work on topics that are less socially controversial (Egelhofer et
al., 2024; Schug et al., 2024; Zimmermann et al., 2024).

Further reading:

e Political extremism creates ‘climate of anxiety’ for scientists
e Silencing science tracker

e The silencing effect and the effect of silence

e Science hostility: What we know and what we can do about it

Extremist Politics

The weakening of environmental policy and political institutions is also shaped by the rise of
extremist politics on both the far right and far left. However, as mentioned earlier in the subsection
on technolibertalism, the libertarian vision also has extreme viewpoints (Please see first subsection
of chapter 3.2.4).

Far-right and fascist movements have increasingly incorporated environmental rhetoric into their
platforms, often to support exclusionary and nationalist policies. The ideology of eco-fascism, which
blames overpopulation particularly by non-European groups for environmental degradation, has
been linked to violent acts and the justification of xenophobic policies (Alistair Wlash, 2022; Gareiou
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et al., 2024). The historical roots of eco-fascism, notably in Nazi Germany, continue to influence
modern far-right movements, which sometimes co-opt environmental issues to promote
exclusionary and supremacist agendas (Alistair Wlash, 2022; Cassidy Glen Thomas, 2025). This
exploitation of environmental concerns for political ends further complicates the landscape of
environmental governance, as it diverts attention from genuine sustainability efforts and can
undermine the legitimacy of environmental policy (Elaina Hancock, 2022).

On the opposite end of the spectrum, far-left and anarchist groups advocate for radical changes to
environmental policy, emphasising decentralisation, community-based governance, and the
dismantling of capitalist structures (Rodriguez-Pose et al., 2025). These groups critique the
prioritisation of profit over ecological health and call for alternative systems that they consider would
be more equitable and sustainable. Direct action, protests, and civil disobedience are common tactics
used to draw attention to environmental destruction and to pressure governments and corporations
to change their policies (Dablander et al., 2025). While these approaches differ fundamentally from
those of the far right, they share a scepticism towards existing political institutions and regulatory
frameworks. Both extremes, in their own ways, challenge the legitimacy and effectiveness of
mainstream environmental governance, contributing to a climate of polarisation and institutional
fragility (Coffé et al., 2026).

Further reading:

e EU rollback on environmental policy is gaining momentum, warn campaigners

e Europe’s hard right is pushing the continent’s climate consensus hard. The response so
far is tepid

e Stalling, straining, severing, shallowing, simulating: how politicization can negatively
affect sustainability transformation

e Radical political economics: principles, perspectives, and post-capitalist futures

e Marxian ecology and sustainable human development

e The politics of social-ecological justice and the paradox of economization

The Role of Al in Environmental Governance: Promise and Peril

Artificial intelligence (Al) is rapidly transforming the landscape of environmental policy and
governance. Its analytical capacity, scalability, and predictive power have opened new frontiers for
managing ecological complexity. Governments and institutions increasingly integrate Al into climate
modelling, resource management, and sustainability reporting (Guo et al., 2025; Feng et al., 2026).
Yet, the same technologies present profound ethical, social, and environmental risks that demand
critical policy attention (Le Goff, 2025; Machen and Pearce, 2025).

Al can support environmental policy in the following ways:

1. Monitoring and prediction. Al-driven satellite analysis and sensor networks enable near-real-
time tracking of deforestation, pollution, and biodiversity loss, complementing traditional
data collection and enhancing accountability (Niki Wilson, 2024; Tan et al., 2025).

2. Decision support. Machine learning models improve the precision of climate projections and
disaster forecasts, informing adaptive infrastructure planning and carbon markets
(Khourdajie, 2025).

3. Optimisation and innovation. Companies and public agencies use Al to manage energy grids,
design circular economy systems, and reduce supply-chain emissions. Emerging evidence
links Al adoption with higher rates of environmental innovation (Keith J. Benes et al., 2024).

However, Al’s environmental potential is constrained by its material and political footprint. Large-
scale Al training consumes enormous energy and critical minerals, contributing to indirect carbon
emissions and new resource dependencies. Moreover, algorithmic opacity allows corporations and
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states to deploy Al-based reporting tools that present misleading impressions of sustainability - a
phenomenon increasingly described as algorithmic greenwashing. The concentration of Al
capabilities in a few private actors heightens risks of data capture, technocratic decision-making, and
erosion of democratic oversight (He and Wang, 2025).

Al’s integration into environmental governance also reshapes human cognition and civic
participation. Overreliance on algorithmic analysis can narrow interpretive diversity and weaken the
public’s capacity for critical environmental reasoning - a form of cognitive drift identified in recent
cognitive science research. This drift risks disconnecting citizens from ecological consequences,
undermining long-term sustainability awareness (Helal et al., 2025; Zhai et al., 2024).

Further reading and links

e Algorithmic greenwashing (Definition)
e Smart cities, stupid citizens: how urban Al is undermining human agency

Relevance for environmental policy

Deregulation has re-emerged as a defining force in contemporary global and European
environmental governance, fundamentally reshaping how production systems are steered and how
ecological and social risks are distributed across populations and natural systems. Proponents frame
regulatory simplification as essential to enhance competitiveness, attract investment and accelerate
the deployment of clean technologies particularly renewable energy infrastructure and circular
economy innovations. However, this process simultaneously risks eroding established environmental
safeguards, diminishing enforcement capacity and creating new pathways for regulatory capture
within carbon- and resource-intensive sectors, including fossil fuel extraction, industrial chemicals
production and intensive agriculture.

The central tension emerges most acutely in ongoing debates surrounding industrial strategy and the
green transition. Contemporary simplification packages and "better regulation" initiatives present a
genuine dilemma: their stated objective of reducing bureaucratic complexity could theoretically
streamline pathways to sustainability, yet the risk remains significant that core elements of climate
policy, biodiversity protection and chemicals regulation become diluted or indefinitely postponed if
such measures lack robust environmental anchoring. This dynamic reflects a deeper governance
challenge - the question is not whether regulation should exist, but rather which specific rules are
removed, which are strengthened, and fundamentally, whose interests those rules ultimately serve.

Regulatory frameworks increasingly operate at multiple scales simultaneously. Complex provisions
designed to address transboundary pollution, persistent chemicals or migratory species can become
unwieldy and fragmented, slowing implementation. Conversely, overly simplified rules may fail to
capture critical environmental thresholds or distributional impacts. The evidence suggests that
outcome-oriented frameworks, which integrate environmental objectives from their inception -
rather than bolting sustainability concerns onto existing deregulatory agendas - offer a more
promising approach. Where deregulatory efforts primarily focus on reducing industry compliance
burdens without simultaneously addressing structural lock-in to fossil infrastructures, persistent toxic
substances, or energy-intensive digital systems, such measures are likely to reinforce high-emission
pathways and undermine long-term socioeconomic and ecological resilience.

Strategically targeted streamlining presents an alternative: accelerating permitting procedures for
renewable energy installation and grid modernisation while simultaneously tightening safeguards in
sectors posing irreversible ecological damage, offers both enhanced policy effectiveness and greater
political legitimacy among constituencies concerned with environmental integrity.

Current narratives promote corporate self-regulation, regulatory sandboxes and rapid scaling of
experimental systems. Critical analysis reveals, however, that this orientation systematically
externalises ecological and social costs through accelerating electricity demand for data
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infrastructure, intensified resource extraction for computing systems and opaque algorithmic
decision-making that resists democratic scrutiny. Environmental policy institutions should therefore
seek to confront the reality of powerful digital "super-entities"- multinational technology
corporations wielding asymmetric market influence - that simultaneously enable important
sustainability transitions whilst destabilising others through concentrated control of critical
infrastructure. This requires cross-cutting policy approaches that integrate climate governance,
industrial regulation, competition law and digital standards into coherent frameworks rather than
treating them as separate domains.

Deregulation simultaneously alters the role and status of scientific expertise in environmental
decision-making. Relaxed environmental assessment obligations, politicisation of expert advisory
processes and the strategic mobilisation of scientific uncertainty can marginalise precautionary
approaches, particularly where low-probability but high-consequence ecological risks are involved.
Additionally, consensus-oriented science-policy interfaces may systematically underestimate
systemic and distributional risks affecting vulnerable populations. Critically, scientists working on
contested topics increasingly experience professional harassment and political pressure, creating
perverse incentives that discourage frank engagement with uncertainty and dissent.

Observable polarisation reinforces perceptions of institutional fragility and ineffectiveness, creating
political space for both wholesale deregulation and authoritarian alternatives to democratic rule-
making. Environmental policy in this context becomes inseparable from defending democratic spaces
for collective norm-setting, ensuring that regulatory innovation remains grounded in transparency,
inclusive participation and socio-ecological justice rather than narrowly conceived growth
maximisation or state security prerogatives.

How things might develop — a speculative glimpse into the future

The trajectory of deregulation over the coming decade could push environmental governance
towards multiple divergent futures, ranging from selective erosion of protections to more
experimental and participatory forms of regulatory innovation.

In one plausible scenario, competitiveness imperatives and techno-libertarian ideologies
consolidate their dominance over industrial and digital policy-making, progressively normalising
"deploy first, regulate later" approaches whilst treating environmental rules primarily as
investment signals rather than as binding ecological constraints. Streamlined permitting processes,
broad categorical exemptions and cursory environmental impact assessments would accelerate
infrastructure and technology deployment, but at considerable cost: rising greenhouse gas
emissions, intensified resource extraction from increasingly marginal ecosystems, mounting
ecosystem degradation and growing public distrust as environmental harms and distributional
inequities become visible to affected populations. Within such a world, dominant technology and
industrial corporations could evolve into quasi-regulatory actors, effectively establishing de facto
standards governing supply chain operations, data flows and consumer behaviour through
proprietary digital platforms and Al-driven optimisation systems. Environmental governance would
progressively migrate into corporate management systems, voluntary corporate reporting
schemes and algorithmic risk-scoring systems, with democratically accountable public authorities
relegated to responding to crises after they occur and managing reputational consequences. The
combination of formally weakened regulatory oversight, concentrated market power and
algorithmic opacity would render it extremely difficult for ordinary citizens, smaller enterprises or
local public authorities to contest environmental decisions affecting their territories or well-being,
thereby deepening existing asymmetries of information access and political influence. In more
extreme instantiations of this pathway, continuing policy fragmentation coupled with systematic
under-funding of environmental agencies could precipitate partial institutional collapse in
enforcement capacity, permitting high-impact activities - ranging from intensive fossil fuel
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extraction to risky biotech experiments involving genetically modified organisms - to proceed with
minimal critical scrutiny or independent verification.

A second, more ambivalent development pathway would see "smart deregulation" emerge as a
dominant policy narrative, with governments experimenting with regulatory sandboxes, adaptive
licensing regimes and performance-based environmental standards expressly designed to align
technological innovation with ecological sustainability objectives. Within this trajectory,
deregulation and regulatory renewal unfold as simultaneous processes: certain legacy regulations
would be simplified or consolidated to reduce administrative complexity, whilst new cross-sectoral
obligations addressing climate mitigation, biodiversity protection and circular material flows would
be introduced specifically targeting critical value chains, energy-intensive digital infrastructures
and financial system operations. Success in this pathway would depend critically upon whether
such adaptive regulatory frameworks receive adequate institutional resources, maintain
protection from capture by regulated industries and operate continuously informed by systematic
monitoring - potentially including Al-assisted environmental intelligence systems that augment
rather than substitute for human judgment and democratic deliberation. Should this balance be
achieved, regulatory systems could become considerably more agile and anticipatory, reducing
governance time-lags and enabling earlier institutional responses to emerging ecological risks and
technological hazards.

A more transformative yet politically demanding future pathway would build upon current
widespread backlash against opaque deregulatory packages, algorithmic forms of greenwashing
and perceived democratic deficits in environmental governance. In this scenario, civic movements
mobilised around environmental protection, local municipalities and critical scientific communities
prove capable of reframing policy debate from the dichotomy of "fewer versus more regulations"
towards the substantively different question of "who regulates what activities, serving whose
interests, operating within which ecological boundaries?" Citizen assemblies, participatory
foresight exercises and experimentally developed community charters begin meaningfully
influencing rule-making processes at national and EU levels, particularly in high-impact sectors
including energy-intensive data centre operations, agri-food production and biotechnology
research. Over time, this pathway could yield a differentiated governance architecture wherein
core ecological safeguards aligned with planetary boundaries become non-negotiable across all
jurisdictions, whilst implementation modalities are collectively designed through deliberation with
affected communities and stakeholders. Regulatory authority would become distributed across
multiple governance levels whilst maintaining core environmental integrity.

These optimistic developments remain contingent rather than predetermined. If economic
stagnation, cascading geopolitical crises or sophisticated disinformation campaigns further erode
public confidence in institutions, deregulatory and extremist political forces may powerfully
reinforce each other, together portraying environmental institutions as simultaneously
economically destructive and democratically illegitimate. Under such conditions of institutional
crisis, governments could invoke emergency deregulation, framed as a crisis management
necessity, thereby circumventing longer-term sustainability commitments. Intimidation and
persecution of scientists and civil society advocates would intensify, driving knowledgeable
professionals out of contested policy arenas. The resulting political economy would be
characterised by dramatically shrinking institutional space for critical scientific inquiry, weakened
mechanisms constraining high-risk innovation, and deepening ecological insecurity affecting
vulnerable populations most severely.
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4 Policy at several crossroads

Europe’s systems of consumption and production are in flux. While the topic per se is not new and
several political programs already address the sustainability of our consumption patterns and means
of production, digital platforms, shifting geopolitical realities, technological innovation, and evolving
social practices are transforming the landscape at a pace and scale that challenge established policy
assumptions.

This horizon scanning exercise highlights a world where our current decisions can have widely
differing impacts on the sustainability of our future. The “crossroads” metaphor represents the
challenge ahead: society and policymakers are making decisions that will shape our environment and
sustainability for decades to come. To help us look ahead, this chapter highlights six areas explored in
the report where upcoming decisions, as well as their potential trade-offs, are considered particularly
critical for our society and our ability to become sustainable.

4.1.1 Digitalisation and artificial intelligence

Digitalisation and artificial intelligence (Al) are fundamentally transforming Europe’s economic,
social, and environmental landscape. These technologies influence everything from environmental
policy to daily consumption patterns, offering both opportunities for sustainability and risks of
entrenching unsustainable behaviours. The rapid integration of Al into decision-making processes
challenges existing governance frameworks and raises new ethical, social, and environmental
questions.

Europe’s digital future could enable sustainable consumption and production through transparent,
accountable Al and digital platforms. Alternatively, unchecked digitalisation may exacerbate
overconsumption, deepen inequalities, and create new environmental risks. The outcome depends
on governance, sustainability standards, and the ability to balance innovation with societal values.

Overview of decision areas identified Potential trade-offs
Prioritising antitrust against digital super- Breaking monopolies to foster competition, but
entities risking slowing Al innovation critical for

environmental modelling.

Balancing digitalisation with privacy Enhancing efficiency but potentially
compromising individual privacy.

Regulating product innovation Stricter oversight can mitigate risks but may
hinder technological advancement.

Supporting grassroots innovation Focusing on small-scale solutions may dilute
resources from large-scale projects with
possibly greater beneficial impacts on the
environment.

Related emerging issues and weak signals explored in the report
e Emerging Issue: The Role of Al in Environmental Policy — See 3.2.1

= Weak Signal: Al-driven environmental modelling and monitoring tools are emerging but
face challenges in transparency and accountability.
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e Emerging Issue: Addicted by Design — See 2.2.1

=  Weak Signal: Manipulative interface designs and algorithmic manipulation drive
overconsumption and reduce consumer autonomy.

o Emerging Issue: Unseen Pioneers — See 2.2.4

=  Weak Signal: Grassroots innovators and small-scale digital solutions are often overlooked
but could offer scalable sustainability benefits.

e Emerging Issue: New Mining Technologies — See 3.2.1

=  Weak Signal: The digital transition increases demand for critical raw materials, spurring
new mining technologies with uncertain environmental impacts.

4.1.2 Addressing inequalities

Socio-economic inequalities remain across Europe, including access to sustainable consumption and
production options. Those remaining disparities undermine the just transition to sustainability and
threaten social cohesion. Addressing those inequalities requires the further development of
integrated policy responses that consider both social and environmental dimensions.

Europe could move towards greater equity in consumption and production, and thus ensure that all
citizens benefit from sustainability transitions. Failing to support just transitions could mean a
deepening of inequalities, with more privileged groups able to maintain unsustainable lifestyles and
vulnerable populations facing increased risks due to climate change.

Overview of decision areas identified Potential trade-offs

Prioritising targeted policies for equity Promoting social stability may require
significant economic restructuring.

Balancing market freedom and regulation Deregulation can spur innovation but may
increase inequality.

Integrating social and environmental policy Holistic approaches are complex but necessary
for systemic change.

Related emerging issues and weak signals explored in the report
e Emerging Issue: The Privilege of Consumption — See 2.2.2

= Weak Signal: High-emission lifestyles remain concentrated among privileged groups,
resisting policy interventions.

e Emerging Issue: Too Big to Be Ignored — See 3.2.2

=  Weak Signal: Market concentration exacerbates inequalities in access to sustainable
products and services.
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e Emerging Issue: Deregulations — See 3.2.4

= Weak Signal: Deregulatory trends risk undermining protections for vulnerable
populations.

o Emerging Issue: Unseen Pioneers — See 2.2.4

=  Weak Signal: Early adopters of sustainable lifestyles are shaping new norms, though their
impact remains limited.

4.1.3 Strategic autonomy and global trade

Europe’s pursuit of strategic autonomy - especially in critical raw materials and digital infrastructure -
intersects with global trade dynamics and environmental sustainability. The drive for self-sufficiency
must be balanced with the realities of global interdependence and the imperative to protect
environmental resources.

Europe is looking for its position at the balance between prioritising resource security and
technological sovereignty, and maintaining strong environmental protections and global cooperation.
The path taken will contribute to Europe’s role in the global economy and its environmental legacy.

Overview of decision areas identified Potential trade-offs
Balancing resource security vs. environmental Building infrastructure reduces dependency but
integrity may increase ecological impacts.
Balancing innovation speed and sustainability Accelerating innovation can boost

competitiveness but risks unsustainable
resource use.

Aligning digital sovereignty with sustainability Integrating digital and environmental
governance is crucial but may lead to conflicting
priorities.

Related emerging issues and weak signals explored in the report
e Emerging Issue: Building Own Infrastructure, Dependence on Critical Raw Materials — See 3.2.1

=  Weak Signal: Increased mining activities in Europe raise environmental and social
concerns.

e Emerging Issue: Minimising Dependence on Al Infrastructure from Big Tech — See 3.2.2

=  Weak Signal: Efforts to develop European Al infrastructure face high costs and technical
barriers.

e Emerging Issue: Renaissance of Mining — See 3.2.1

= Weak Signal: Revival of mining industries may conflict with circular economy goals.
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¢ Emerging Issue: Deregulation — See 3.2.4

= Weak Signal: Deregulatory trends may undermine environmental safeguards in pursuit of
autonomy.

4.1.4 Social practices and behavioural changes

Changing social practices and behaviours are central to achieving sustainable consumption and
production. The tension between reducing consumption, fostering market growth, and promoting
innovation is a persistent challenge. Digital platforms and social norms play a critical role in shaping
these behaviours.

In response, Europe is putting actions in place to foster a culture of sufficiency and innovation for
sustainability, but unsustainable lock-ins and consumption patterns remain. The overall direction
taken will depend in part on the effectiveness of policies to incentivise behavioural change and the
role of digital tools in supporting, or undermining, these shifts.

Overview of decision areas identified Potential trade-offs
Promoting sufficiency while maintaining focus Reducing consumption may conflict with
on economic growth growth objectives.

Supporting behavioural change Incentivising sustainable practices requires

persistent policy effort.

Leveraging digital tools for change Digitalisation can support or undermine
behavioural shifts.

Related emerging issues and weak signals explored in the report
e Emerging Issue: Field of Tension- Less Consumption, Market Growth, Innovation

=  Weak Signal: Societal pushback against overconsumption is growing, but market
incentives still favour growth.

e Emerging Issue: Addicted by Design — See 2.2.1
=  Weak Signal: Digital platforms reinforce consumption habits through persuasive design.
¢ Emerging Issue: Unseen Pioneers —See 2.2.4

=  Weak Signal: Early adopters of sustainable lifestyles are shaping new norms, though their
impact remains limited.

4.1.5 New and increasing systemic risks

Emerging technologies and the increasing interconnections between sectors create new or deeper
systemic risks. The use of digital tools in virtually every sector, medicine, food production, transport,
media, education, entertainment, construction etc, is the epitome of this increased complexity and
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interdependency. As a result, the speed and scale of technological changes challenge the ability of
governance systems to anticipate and manage risks in certain areas.

Proactive governance and adaptive management that include anticipatory assessments are essential
to navigate these uncertainties. Europe’s ability to anticipate and manage current and upcoming
systemic risks will determine whether emerging technologies are able to support or instead
undermine sustainability.

Overview of decision areas identified

Potential trade-offs

Regulating emerging technologies in the early
stages of development

Deploying and reinforcing adaptive governance

Oversight can mitigate risks but may hinder
beneficial innovation.

Anticipatory approach such as foresight

methods are needed but require institutional
capacity and public engagement.

Applying the precautionary principle may slow
progress but protect against environmental
impacts.

Balancing precaution and progress

Related emerging issues and weak signals explored in the report
e Emerging Issue: Emerging Technologies Without Meaningful Guardrails - See 2.2.3

=  Weak Signal: Technologies are deployed with minimal oversight, increasing the risk of
unintended consequences.

e Emerging Issue: The Deregulation Threat — See 3.2.4
=  Weak Signal: Deregulatory trends may erode safeguards against systemic risks.

e Emerging Issue: The Speed Problem - Acceleration of Innovation and Product Life Cycles — See
2.2.3

=  Weak Signal: Fast innovation cycles challenge the ability of governance systems to keep
pace.

4.1.6 Integration of production and consumption policy

The integration of production and consumption policy - sometimes referred to as “prosumption” - is
increasingly recognised as essential for sustainability. Traditional policy silos are ill-equipped to
address the interconnectedness of modern systems that bridge production and consumption.

Europe is putting strategies in place to move towards integrated, circular systems that align
production and consumption for sustainability, although unsustainable lock-ins remain. The outcome
will depend in part on political ability to break down silos and strategically embrace systemic
thinking, thus renewing some of the more conservative structures that remain.
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Decision areas identified

Potential trade-offs

Balancing policy integration and sectoral

autonomy

Managing market concentration

Promoting policies that encourage prosumption

Holistic approaches can deliver systemic
benefits but may face resistance from
established interests.

Addressing super-entities can foster
competition but risks disrupting established
supply chains.

Empowering consumers as producers can drive
innovation but may challenge regulatory
frameworks.

Related emerging issues and weak signals in the report

Emerging Issue: Prosumption — See 2.2.4

Weak Signal: The blurring of boundaries between producers and consumers creates new
opportunities and challenges for policy integration.

Emerging Issue: Too Big to Be Ignored — See 3.2.2

Weak Signal: Market concentration in both production and consumption spheres

complicates policy responses.

Emerging Issue: Between Pointless and Excessive - Why Some Products Seem More Extreme
Today —See 2.2.3

Weak Signal: The proliferation of extreme products reflects deeper systemic issues in

production and consumption patterns.
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