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What could human ingenuity
achieve if living well

within planetary boundaries
became the central
innovation challenge of our
time?

Let’s unleash the boundaries of our creativity,
while respecting the boundaries of our planet:
Boundless innovation, within planetary boundaries.




Foreword

A good life for all within planetary boundaries is arguably the central
challenge of our times, demanding “boundless innovation and creativity”, as
put forward in this timely WRF Position Paper.

It argues for a shift in current innovation efforts, from a focus on producing
market goods more efficiently towards reconfiguring wider provisioning
systems and thus lowering baseline demand and enabling absolute
reductions in resource use. By raising the bar considerably, this paper
challenges our thinking and mindsets, posing important questions that
warrant deep reflection and discussion.

| first encountered the lead author, Emanuele Di Francesco, in 2020 when
he published Circular Conversations, which featured insightful interviews
with world sustainability leaders, while using imaginative and colourful
artworks to engage our attention. | felt privileged when invited to write a
piece that would challenge younger researchers to address contentious
topics related to the circular economy.

My resulting article, Beyond Circularity: Do we Need to Shrink and Share
drew attention to the urgent need to rebalance resource consumption
between the rich and poor - an issue of global ethics (Ness, 2020). This had
been highlighted in the 1990s by the International Factor 10 Club, founded
by Friedrich Schmidt-Bleek (1993) and including other luminaries such as
Ernst von Weizsacker and Walter Stahel. Notably, Schmidt-Bleek was the
Honorary President of the World Resources Forum (WRF). Meanwhile,
circularity led to my own passion in ‘sufficiency’, avoiding demand for
resources while ensuring wellbeing for all within planetary limits. Hence, we
can find a strong synergy between intertwined threads, culminating in this
Position Paper.

This brings us to the paper's compelling proposition, that sufficiency can
serve as the normative and analytical foundation for an innovation paradigm
around wellbeing for all. In this regard, the inspirational words of Inés Costa
spring first to mind: “a sufficiency strategy is smart and intelligent due to the
laws of thermodynamics that we can't contradict, while stimulating
innovation”. Using the metaphor of a set of piano keys, imposing limits by
the number of keys did not restrict our ability to create unlimited musical
innovation. In the same vein, she added “we should stop thinking of
planetary limits as constraints, but rather as guidelines, frontier conditions,
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and starting points” (WRF, 2023). Similarly, the paper notes that we should
“respect ecological limits as creative boundaries”.

While not denying the importance of innovation at the product or technology
level, the emphasis is on how these elements may be inter-connected and
integrated to influence holistic systems-level change. Rather than single,
specialised outputs, the focus is on how artefacts or elements may
contribute to wider and distributed provisioning systems with multiple nodes
and purposes, enabling more services to be delivered per unit of
infrastructure. Thus, via polycentric governance, different groups may
innovate, test, and adapt without awaiting top-down direction: coalitions of
actors rather than isolated agents.

Adapting systems theory that encompasses connecting various elements
towards a common purpose in a synergistic way, this thinking is applied to
innovation, with sufficiency as the overarching driver and ambition. Coupled
with viewing innovation through a sufficiency lens, this may be the unique,
thought-provoking contribution of this paper that challenges current
approaches.

How might the vision for ‘boundless innovation within sufficiency boundaries’
be applied to a sector, using the built environment as an example? Within
present policy-settings that encourage building more but greener and more
efficiently, we find innovations involving green steel, green concrete, and
use of biomaterials and timber. Even the so-called Building Breakthrough
(IEA, 2024) largely relies upon doubling energy efficiency and tripling the
use of renewables. Arguably, this is not a breakthrough, but more of the
same.

On the other hand, shifting the policy-settings to sufficiency compels us to
reconsider how much we build, for whom, what, and where — as Mamphela
Ramphele urged in a 2023 WRF webinar (WRF-IRP, 2022). Consistent with
her passionate pursuit of equity in the built environment and beyond, the
notion of allocating top-down remaining carbon budgets according to
UNFCCC fair-share principles — reaffirmed by the International Court of
Justice (ICJ, 2025) — forms the basis of the innovative Zero Carbon for All
tool (WSL, 2025). Country-level carbon budgets may be downscaled to
cities, sectors, and even individual buildings, thus imposing a top-down limit
on construction. This may stimulate innovation, firstly, by meeting needs with
innovative online services while avoiding new builds and associated upfront
embodied carbon, and secondly by encouraging creative and adaptive use
of existing vacant space — where the carbon has already been spent.
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From my experience, sufficiency-driven innovation in the built environment
is encapsulated in the creative repurposing of a disused water pumping
station in Seoul, Korea, by architect Lee So-jin in 2012, to create the Yun
Dong-ju Literature House that pays tribute to the Korean poet and martyr. A
former water tank was converted to form a peaceful garden, while another
is used as a theatre: pitch black, except for a narrow ray of light penetrating
the darkness, this harsh interior recalls the poet's final days while
languishing in prison (Ness, 2021).

Notably, this innovation did not arise in isolation. Demonstrating the need for
system-level change, it was within the context of a Seoul-wide theme of ‘Soul
of the City’ that highlighted examples of regeneration of existing buildings to
Suit new purposes.

Prof. David Ness

Adelaide University
Co-Founder & President, World Sufficiency Lab
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Opening Perspectives'

We are crossing seven out of nine planetary boundaries. We are indebting

future generations, financially, by depleting Nature and by using our natural
resources irresponsibly. This is simply wrong. Apparently, we humans are
the most intelligent species on this planet. It is high time to prove it. More
than an economic or a technological choice, this is an ethical choice.

Our economy, championed by industrialised nations, is wasteful and unjust.
GDP compass might provide a good base for high quality of life, but it is not
guaranteeing a good quality of life. It might be a good compass for the health
of the economy, but it is not a good compass for the health of the society.
Above a certain level providing for a high quality of life, there are other things
which matter most. The level of democracy, fairer, inclusive and more equal
society, access to education and health, care for elderly, youth, homeless,
a sense of safety and security, quality of environment, readiness to
cooperate on global level to address common challenges like climate
change, and more. This is why efforts around beyond GDP concept, about
wellbeing, are so important. Increasingly wellbeing is becoming, and will
inevitably become, also the compass for the health of the economy.

We must complement efficiency with sufficiency optic, decarbonisation with
dematerialisation policies and provide missing attention to demand-side
solutions. We must introduce in policy debates essential question of equity
and fairness, pointing to those crossing planetary boundaries through
excessive resource use. Sufficiency-driven innovation, exploiting on human
ingenuity with purpose, is an important contribution helping us adjusting the
current compas to the future we want.

Janez Potoénik, Co-Chair UNEP International Resource Panel

 All statements, including the Foreword and Opening Perspectives, are provided in personal capacity and do
not reflect the views of any organisation.
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This report arrives at exactly the moment we need it most. It cuts through

to ask the only questions that matter: how do we meet human needs within
planetary boundaries, and how do we make that possible? And for me as a
practitioner, whose work aims so mobilise business as well as cross sector
collaboration, | ask how do we ignite the power of creativity and drive across
business to tackle this mission?

By reframing sufficiency as a design principle rather than a constraint, it
opens the door to the kind of systemic, provisioning-level transformation and
innovation practice our economies and communities urgently need. | see
this work as a critical enabler, strongly support it and look forward to
exploring how we can operationalise sufficiency-driven innovation across
sectors, institutions and geographies — turning its insights into the
foundations of a resilient, fair and thriving wellbeing economy for all.

Hege Saebjornsen, Global Circular, Sustainability and Systems Change

Leader and Practitioner

The message in this report corroborates and move forward findings from

Hot or Cool Institute's recent report "A Climate for Sufficiency". With growing
resource constraints and the fast-shrinking carbon budget to stay under
1.5C, we are squeezing ourselves into an uncomfortable corner where our
environmental targets are beginning to compete with meeting key societal
needs. Sufficiency as an approach ensures that we stay within planetary
guardrails while also buttressing social resilience. The framework for
sufficiency driven innovation offered in this paper moves forward that
realisation in an operational direction for sufficiency.

Lewis Akenji, Managing Director Hot or Cool Institute
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Contemporary society is obsessed with innovation. We are expected to be

innovative as individuals, as workers, as citizens. Every aspect of life is
required to be dynamic, to evolve constantly. The same logic applies to
organizations. Companies must innovate to outcompete rivals and sell more,
while governments are urged to innovate in order to design better policies
and boost national or regional “innovation capacity.” Innovation is almost
always framed as inherently positive, as the pathway to a brighter future. But
innovate for what? And what kind of innovation, exactly?

Our fixation on the new, the groundbreaking, the disruptive often obscures
a more fundamental question. Why do we want innovation in the first place?
The irony is that we are not, in fact, innate innovators. Most of the time, we
are not searching for novelty or devising radically new ways of doing things.
Most of the time, we are carers. We wake up in the morning and take care
of our bodies, preparing breakfast, taking a shower. We take care of our
children, our relationships, our friendships, our communities.

In reality, the overwhelming majority of our time is spent not on innovation,
but on maintenance and care, preserving what already exists rather than
creating something new that disrupts it. The obsession with innovation does
not primarily benefit ordinary people. It is a mechanism rooted in endless
capitalist accumulation, one that favors a minuscule wealthy elite while
generating environmental destruction and social despair. What we urgently
need is a different way of conceptualising creativity. One that restores a
proper balance between innovating and caring, and recognises care not as
a barrier to wellbeing, but as its very condition.

Mario Pansera, Director Post-Growth Innovation Lab
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For years | have been struck by how often our economies misprice what

truly matters. The most resilient, resource-light, future-aligned innovations
are frequently undervalued—not because their contribution is marginal, but
because our prevailing narratives and metrics fail to recognize their worth.
We reward throughput rather than service, novelty rather than need
satisfaction, scale rather than wellbeing. This creates what | have long
thought of as an uncertainty penalty: the more an initiative challenges the
dominant, high-resource logic, the more likely it is to be discounted. Yet
these are precisely the innovations we need most. As Benjamin Graham’s
old allegory of Mr. Market reminds us, price is not value—and in a world
overshooting planetary boundaries, our valuation gaps are becoming
existential.

This World Resources Forum Position Paper is a serious enquiry into
sufficiency-driven innovation, drawing on multiple disciplines to ask
questions that mainstream innovation and business models have long
avoided: What do we innovate for? How do we recognize value when it is
created through less, rather than more? Which business models thrive when
resource demand is no longer the engine of growth?

By examining provisioning systems, demand reduction, and emerging forms
of enterprise, the paper highlights the limitations of current valuation
methods, which too often overlook durability, shared use, and long-term
resilience. These questions deserve careful attention, because answering
them is essential to building a coherent framework for innovation—one that
aligns economic value with real wellbeing and planetary stability.

Jorge Laguna-Celis, Director UNEP One Planet Network
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Executive Summary

Innovation is widely regarded as the engine of economic progress, expected to deliver
higher productivity, competitiveness and growth. This view is often built on an abstraction:
it treats innovation as detached from the biophysical systems on which all economic activity
depends. Stable climates, functioning ecosystems, fertile soils and reliable water cycles
are often treated as “externalities”, while they are the material foundations of long-term
prosperity. When innovation accelerates material and energy use beyond planetary limits,
it ultimately undermines the very conditions it is meant to improve.

Today’s economic systems already exceed multiple planetary boundaries while failing to
secure wellbeing for many. The dominant innovation paradigm—focused on technological
novelty, efficiency gains and market expansion—optimises high-throughput systems
rather than transforming them. Efficiency improvements are repeatedly offset by rebound
effects, access to essential services remains uneven, and new technologies often intensify
material demand instead of reducing it. If long-term economic resilience and social
wellbeing are the objective, the central challenge is no longer how to innovate faster, but
how to innovate differently.

This position paper argues for a fundamental shift in innovation logic. Its core premise is
a simple one: innovation should focus on redesigning provisioning systems so that human
needs can be met with radically lower resource use and more equitable access. This logic
aligns with the concept of sufficiency, which is at its core about delivering human needs
while avoiding demand for resources. From an innovation perspective, sufficiency is not
about individual lifestyle restraint, behavioural nudging, or sacrifice. It is a design principle
for achieving high levels of wellbeing within ecological limits.

Building on this premise, the report calls for—and makes first steps towards—a framework
for sufficiency-driven innovation (SDI). It shifts attention away from individual products,
firms and technologies towards the infrastructures, institutions and social arrangements
that determine how much energy, material stock and spatial footprint societies require in
the first place. This framework requires changes in what innovation aims to achieve (the
objectives), what is to be innovated (the focus), and who can deliver such innovation (the
agents).

In a first attempt to operationalise this conceptual shift, the paper proposes five principles
for SDI at the provisioning system level: multi-functionality, resource lightness, ecological
limits as creative boundaries, multi-accessibility, and collective governance. These
principles effectively represent a first sketch of innovation principles for designing
provisioning systems that deliver human wellbeing within planetary boundaries.

SDI is here presented as a strategic response to major environmental, social and
economic challenges which characterize the present and foreseeable future. As such, its
potential is assessed through four major arguments from macroeconomic, environmental,
social and business points of view. The report concludes by outlining an agenda for
research, experimentation and policy action to advance this transformation.
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SDI reframes common understandings of both sufficiency and innovation. Rather than
falling into the false dichotomy of sacrifice vs. progress, speed vs. slowness, technology
vs. anti-technology, this work calls for renewed curiosity and enthusiasm for unleashing
human creativity and collaborative work towards the grand challenge of our times:
delivering human wellbeing while respecting the physical limits of planet Earth.
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Introduction

1.1.  Economic systems overshoot planetary boundaries while
failing to meet universal human needs

Over the past century, global economic systems have expanded at an unprecedented
pace. Rising material extraction, energy use, population growth, and technological
capability have driven a 19-fold? increase in global GDP since 1900. This expansion has
been tightly coupled with physical throughput: global energy use has risen more than 14-
fold, and material extraction has increased nearly4-fold since 1970 alone.

This expansion, however, has not translated into universal human wellbeing?.
Contemporary societies face a dual and increasingly pressing crisis. On the one hand,
ecological systems are being destabilised at a planetary scale. On the other, substantial
segments of the global population remain unable to meet basic human needs. Material-
driven growth has progressed beyond the Earth’s biophysical limits, while failing to secure
a decent standard of living for all and driving widening inequalities.

The planetary boundaries framework provides a robust scientific lens to assess this
imbalance. The most recent assessments (see Planetary Health Check, 2025) indicate
that seven of the nine planetary boundaries have already been transgressed, placing the
Earth system in a zone of increasing instability and risk. Climate change, biosphere
integrity loss, land-system change, freshwater disruption, biogeochemical flows, novel
entities, and ocean acidification are all operating beyond safe limits. This erosion of the
planet’s life-support systems threatens not only ecosystems but also economic stability,
food security, public health, and long-term productivity.

Material extraction lies at the core of this crisis. Global material use now exceeds 100
billion tonnes per year, four times more than in 1970, and is projected to reach 160 billion
tonnes by 2060 if current economic patterns continue (see UNEP IRP’s 2024 Global
Resource Outlook). The extraction and processing of materials account for 55% of global
greenhouse-gas emissions, up to 40% of particulate-matter health impacts, 90% of water
stress, and 90% of biodiversity loss. The total mass of human-made materials already
exceeds global biomass (Elhacham et al., 2020), and humanity now uses natural
resources approximately 1.7 times faster than the planet’s biocapacity can regenerate.

2 See World Economic Outlook (IMF,2020)

3 See ‘Eradicating poverty beyond growth: report of the Special Rapporteur on Extreme Poverty and Human Rights,
Olivier de Schutter. UN Human Rights Council”
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Figure 1. The patterns of rising resource use

Rising resource use is today not primarily driven by population growth, but by patterns of
affluence and consumption. Between 2015 and 2022, the global domestic material
consumption* increased by 23.3%, while per capita consumption grew by 14.8%. A small
share of the global population accounts for a disproportionate share of material use, while
billions of people remain underserved. In 2022, 15 countries consumed 72% of resources.
Furthermore, the top 25% living in countries with the highest material footprint per capita
consume 52% of the world’s resources. High-income countries currently use six times
more materials per capita than low-income countries (Global Resource Outlook, 2024).

Overconsumption in high-income contexts coexists with widespread deprivation
elsewhere. Despite unprecedented levels of global resource extraction, and overall rising
of global living standards, 8.2% of the world population still experience hunger, 1 in 10
people live in extreme poverty, and billions lack access to safe drinking water, sanitation
and hygiene (see 2025 UN SDG Progress Report). Up to 3 billion people worldwide
struggle to afford a place to live, and 1.12 billion live in slums or informal settlements
without basic services.

This coexistence of ecological overshoot and unmet human needs reveals a dysfunction
in contemporary provisioning systems. They are simultaneously environmentally
unsustainable and socially ineffective.

66

The coexistence of ecological overshoot and unmet human
needs reveals a dysfunction in contemporary provisioning
systems.

4 Domestic material consumption (DMC) measures the total amount of materials directly utilized within an economy,
excluding the raw-material equivalent of traded products. It accounts for domestic material extraction plus the physical
balance of material imports and exports.
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1.2. Why current understandings of innovation fall short

Historically, innovation (from the Latin innovare, meaning “to renew”) referred broadly to
processes of social, institutional, or political renewal or change. Over the course of the 20™
century, however, innovation became increasingly aligned with technological novelty,
market competitiveness, and economic growth (see Godin, 2008).

Modern innovation systems reflect this narrow framing. Research and development
agendas often prioritise technological breakthroughs and commercial scalability. Success
gets measured through indicators such as patent counts, R&D expenditure, venture capital
investment, and the pace of product launches. These metrics reward novelty and market
expansion, without considering societal outcomes or ecological stability.

As a result, innovation is largely embedded within and reinforces high-throughput
economic systems. Business models mostly rely on accelerated product cycles, planned
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obsolescence, and market expansion as means of maintaining competitiveness. Efficiency
improvements frequently trigger rebound effects (see Jevons, 1865; Sorrell, 2009), where
resource savings are offset by increased consumption or expanded service provision.
Innovation focuses predominantly on individual products and technologies rather than on
the broader system through which essential human needs—such as housing, mobility,
nutrition or healthcare—are met (O’Neill et al., 2018). As a result, many innovations
increase material throughput and energy use even when they appear more efficient at the
unit level.

Moreover, dominant innovation paradigms tend to privilege high-tech, capital-intensive
solutions while marginalising social, institutional, and organisational forms of innovation.
Cultural narratives surrounding start-ups, digital platforms and high-tech disruption
celebrate speed, convenience and scale, reinforcing a view of innovation as primarily
commercial and technological. Access to the benefits of innovation is mediated by market
mechanisms, meaning that technological advances do not automatically translate into
equitable or universal provision. They reveal an innovation logic that optimises within
existing socio-technical systems rather than interrogating the sustainability of those
systems themselves. Consequently, traditional frameworks for innovation—grounded in
competitiveness, technological progress and economic expansion—are increasingly
inadequate for guiding societies toward pathways that respect planetary boundaries while
ensuring that human needs are met for all.

66

Traditional frameworks for innovation—grounded  in
competitiveness, technological progress, and economic
expansion—are increasingly inadequate for guiding societies
towards pathways that respect planetary boundaries while
ensuring that human needs are met for all.

1.3. The missing piece: sufficiency as an innovation logic

In recent years, the concept of sufficiency has (re-)emerged as a critical concept in
sustainability debates. The Sixth Assessment Report of the Intergovernmental Panel on
Climate Change (IPCC) defines sufficiency as “a set of policy measures and daily practices
that avoid demand for energy, materials, water and land while ensuring wellbeing for all
within planetary boundaries” (IPCC, 2022). The growing recognition of the concept has
enabled the development of more mature discussions and initiatives fostering the role of
sufficiency policies and everyday practices for environmental and social sustainability.
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The Rise of Sufficiency on the International Agenda

Over the past few years, a growing body of research and policy work has managed
to bring sufficiency to the forefront of international sustainability debates. A key
milestone in this regard was the inclusion of a definition of sufficiency in the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change
(IPCC). The incorporation of this concept into the IPCC assessment process
followed sustained efforts by researchers working on demand-side mitigation and
sufficiency policies, notably including the work of climate mitigation scientist Yamina
Saheb, who have emphasised the importance of sufficiency alongside efficiency
and renewable energy as a third pillar of decarbonisation strategies (Saheb, 2021;
Saheb et al., 2022).

These efforts have contributed to advancing sufficiency from a marginal concept in
ecological economics and sustainability debates toward a more explicit policy
framework. In particular, research has highlighted how infrastructure, institutional
arrangements, and policy design shape everyday practices and resource demand,
shifting the focus away from purely individual behavioural change toward structural
interventions that enable low-resource lifestyles.

France has been an important testing ground for such approaches. The concept of
energy sufficiency (‘Plan de la sobriete energetique’) was introduced in 2022, when
the French Minister for Energy Transition Agnés Pannier-Runacher presented a
plan to reduce energy consumption in France by 10% by 2024. Organisations such
as ADEME and the Negawatt association have developed influential transition
scenarios that demonstrate how energy demand reduction, changes in mobility
systems, building use, and consumption patterns can play a central role in achieving
deep decarbonisation while addressing social inequalities.

Building on these foundations, initiatives such as the World Sufficiency Lab
(WSL)—co-founded by Yamina Saheb, David Ness and Samuel Grzybowski—have
emerged to consolidate research and policy efforts around sufficiency as a
governance framework for sustainability transitions. Amongst others, the WSL'’s
initiative Zero Carbon for All explore the implications of sufficiency for equitable
carbon budgets and global resource rebalancing, highlighting the strong social
justice dimension embedded in sufficiency approaches.

A complementary strand of research has explored the implications of sufficiency for
sustainable development pathways in specific sectors. Work on the built
environment and urban development, for instance, has highlighted the
importance of sufficiency-oriented demand-side strategies in achieving climate
goals and reducing resource use (see Ness, 2023). These contributions emphasise
that addressing the climate crisis requires reconsidering assumptions about growth,
consumption and the scale of infrastructure development.

Another important contribution has emerged from research on sustainable
lifestyles and fair consumption spaces. The report A Climate for Sufficiency: 1.5-
Degree Lifestyles (Hot or Cool Institute, 2025) demonstrates how lifestyle-related
emissions must decline dramatically—by more than 80% in high-income countries—
to remain compatible with the Paris Agreement targets. It builds upon the concept
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of a “fair consumption space” (Akeniji et al., 2021), defined as the safe and just
zone between an environmental ceiling and a social floor, within which human
wellbeing can be achieved without exceeding planetary limits. The analysis
highlights the dual challenge of reducing overconsumption among affluent
populations while ensuring that those currently below minimum living standards can
achieve dignified living conditions (Hot or Cool Institute, 2025).

Thanks to the growing recognition of the concept, the implications of how sufficiency can
be embedded in policies and practices have been advanced in several fields, including
energy, buildings, and fashion. However, sufficiency has so far been only marginally
operationalised as a foundational logic guiding innovation itself. In the business and
innovation literature (see Gossen and Niessen, 2024), sufficiency has been found to be
mostly framed through externally-oriented strategies—such as sufficiency-promoting
product design, communication, or marketing interventions—that aim to influence
consumer behaviour, while leaving the high-resource business logic largely intact.

At its core, sufficiency is not about individual frugality or sacrifice. It is a framework for
rethinking how societies organise the provision of essential goods and services within
ecological limits. It shifts attention from maximising output to meeting human needs
effectively and equitably, and from expanding markets to designing provisioning systems
that deliver wellbeing for all with minimal resource use.
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At its core, sufficiency is a framework for rethinking how societies
organise the provision of essential goods and services within
ecological limits.

Approaching innovation through the lens of sufficiency fundamentally changes the
questions being asked. Instead of asking how existing products can be made more efficient
or how consumption can be redirected toward greener alternatives, sufficiency-driven
innovation asks which needs must be met, for whom, and through which combinations of
technical, social, and institutional arrangements. Demand reduction becomes a design
challenge rather than an economic threat.

This perspective aligns with emerging research on sustainable provisioning and decent
living standards, which demonstrates that meeting human needs globally does not require
ever-increasing material consumption (see, e.g., O’Neill et al., 2018; Millward-Hopkins et
al., 2020; Rao & Min, 2018). Rather, it depends on how effectively and equitably
provisioning systems are structured. Many of the most promising sustainability strategies
rely less on technological breakthroughs than on system redesign and collective
governance.

SID therefore moves the debate beyond the false dichotomy between technological

optimism and narratives of sacrifice. It suggests that innovation can expand human
capabilities while simultaneously reducing environmental pressures, provided it is guided
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by different objectives and success criteria. This position paper argues that sufficiency can
serve as the normative and analytical foundation for a new innovation paradigm actors.

The Argument in a Nutshell

Given that,

global economic expansion is structurally tied to rising material throughput;
efficiency gains have stalled and rebound effects often erase the
environmental benefits of technological progress;

resource extraction drives most climate, biodiversity and health impacts;
vast ecological overshoot coexists with deprivation and unequal access to
needs satisfaction;

and, innovation, as currently practiced, reinforces rather than resolves
these dynamics;

Societies need a new innovation paradigm, which deliberately reduces systemic

demand, reconfigures provisioning systems, and directs technological and
institutional creativity towards meeting human needs within planetary boundaries.
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A Framework for Sufficiency-Driven
Innovation

The previous chapter outlined the main parameters of the current innovation arena, which
ultimately show a disconnect between the ecological and social challenges we are facing
and the logic behind mainstream understandings and implementation of innovation. In this
chapter we aim to bridge this disconnect and provide a conceptual space for aligning what
we require for long-term prosperity on this planet and how innovation might become a
powerful lever to achieve it.

Building a framework for SDI starts from reconsidering the assumptions that shape what
innovation is supposed to achieve (the ‘objectives’), what it targets (the ‘focus’), and who
is responsible for and capable of driving it (the ‘agents’). This shift clarifies that innovation
must aim at wellbeing within planetary boundaries, focus on transforming the provisioning
systems that determine resource demand and wellbeing outcomes, and rely on
coordinated coalitions rather than isolated actors®. Together, they redefine the purpose,
scope and governance of innovation.

Reframing Reframing
Objectives Agents
Innovation serves Innovation targets Innovation is driven by
human needs within provisioning systems, not coordinated coalitions,
ecological limits. individual products. not isolated actors.

] | —

=

e
~

VS

Reframing Innovation

Figure 3. The three foundational shifts of SDI

2.1. Reframing the objectives of innovation: what is
innovation for?
In mainstream innovation theory and policy, innovation is primarily framed as a driver of

technological progress, productivity growth, and market competitiveness. These objectives
reflect an underlying assumption that innovation’s primary contribution is to stimulate

5 The focus on coordinated coalitions does not want to underplay the fundamental role that single individuals, small
groups and organisations have historically played to make initial breakthroughs in a number of fields, ranging from
science to human rights and arts. Rather, it wishes to highlight the need for multi-stakeholder collaboration and shared
agendas to drive change at scale.
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economic growth and enhance the capacity of firms and nations to compete in global
markets (Schumpeter, 1942; OECD, 2010). While these aims have historically driven
significant technological development, they are increasingly misaligned with today’s
ecological and social realities.

A sufficiency perspective requires a reorientation of innovation objectives. Rather than
serving market expansion, innovation should primarily contribute to meeting essential
human needs within planetary boundaries. This shift implies redefining what counts as
success. Conventional indicators—such as GDP contribution, patent counts, R&D
intensity, or rates of product diffusion—offer little insight into whether innovation reduces
ecological pressures or improves equitable access to essential services. SDI, instead,
shifts the focus on outcomes as absolute demand reduction, affordability, accessibility and
wellbeing. Innovation processes are evaluated by their capacity to stabilise or lower
material and energy throughput while improving the quality and reliability of need-fulfilling
services.

This also challenges the effectiveness of efficiency-only approaches. While efficiency
improvements are valuable, they do not guarantee reductions in total resource use due to
the occurrence of rebound effects. Sufficiency goes beyond “doing more with less” towards
asking what level of service is actually needed and how it can be provided with the lowest
possible resource demand. Ultimately, innovation is never neutral: the goal it pursues and
the metrics by which it is judged actively shape socio-technical systems.
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Sufficiency goes beyond “doing more with less” towards asking
what level of service is actually needed and how it can be
provided with the lowest possible resource demand.

2.2. Reframing the focus of innovation: what is being
innovated?

A second core shift concerns the focus of innovation. Conventional innovation systems
focus primarily on individual products, technologies, or processes, typically developed and
deployed by firms. This product-centred perspective has shaped how innovation is
measured and financed. Most importantly, if the objective is to deliver wellbeing within
planetary boundaries, this framing misses the target.

High levels of resource use are not the result of inefficient products alone. These are in
fact embedded in provisioning systems, which are the interconnected configurations of
infrastructures, technologies, institutions, social norms, and economic relationships
through which societies meet essential needs such as housing, mobility, nutrition and
energy (O’Neil et al.,, 2018). It is provisioning systems that determine not only how
resources are used, but how much is required in the first place (see approach in the UNEP
IRP’s 2024 Global Resource Outlook).

Reframing the focus of innovation therefore means shifting attention from isolated products
to the design and transformation of provisioning systems. This shift from product to system
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is essential for achieving absolute reductions in resource use®. Product-level efficiency
improvements are often offset by system-level dynamics such as induced demand, scale
effects, or infrastructure lock-in. By contrast, innovations that reconfigure provisioning
systems can permanently lower baseline demand while maintaining or enhancing
wellbeing (Millward-Hopkins et al., 2020).
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Reframing the focus of innovation means shifting attention from
isolated products to the design and transformation of
provisioning systems.

The limitations of product-oriented innovation are evident across key sectors. In transport,
for example, more efficient or electrified vehicles do little to address congestion, land use,
or the material intensity of car-dependent infrastructures. Similarly, improving the energy
performance of individual buildings or using more sustainable building materials does not
resolve systemic drivers such as rising floor area per capita (see David Ness, 2020). In
both cases, sufficiency outcomes depend less on better devices than on system-level
redesign, which includes urban planning, shared infrastructure, cultural norms and
governance arrangements

As numerous scholars in sustainability transitions have argued, problems such as high
transport emissions or excessive energy demand cannot be solved solely by improving
technological devices; they require reconfiguring the socio-technical systems in which
these devices are embedded (Geels, 2002; Kohler et al., 2019). Transformative change
arises not from isolated innovations but from coordinated alterations in technologies, user
practices, regulations, cultural meanings, and business models (Geels, 2011). Shifting the
focus of innovation to provisioning systems enables us to rethink how needs are met and
wellbeing is delivered.

If the focus is on the system, what’s the role of product, service

and technology innovation?

The emphasis on provisioning systems in this paper should not be interpreted
as a dismissal of product-, service- or technology-level innovation. On the
contrary, innovations in materials, technologies, products and industrial
processes remain fundamental drivers of sustainability transitions.
Improvements in energy technologies, digital tools, materials science, and
product design, for instance, have enabled many of the environmental gains
achieved to date and will continue to play a critical role in reducing
environmental pressures.

The argument developed here is therefore not that product innovation is
unimportant, but that its impacts depend strongly on the systems within which
it is embedded. Technologies are introduced, used and scaled within

8 Important work in this regard has been conducted in the research strand of product-service systems (see, e.g.,
Tukker, A. & Tischner, U., 2006)
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provisioning systems composed of infrastructures, institutions, business
models, cultural norms and patterns of demand. These broader
configurations shape how technologies are deployed, how intensively they
are used, and how they ultimately affect resource consumption and wellbeing.

A systemic perspective therefore complements rather than replaces product-
level innovation. It encourages asking additional questions alongside
technological improvement: how innovations interact with infrastructures and
social practices; whether they reinforce existing demand patterns or help
reshape them; and how they influence the overall scale and organisation of
resource use.

At the same time, transforming provisioning systems is rarely within the reach
of a single innovator. Firms may develop technologies or products, but wider
system change emerges through the interaction of many elements—policies,
infrastructures, institutions, business models, and social practices.
Recognising this complexity does not diminish the role of individual
innovators, but highlights the importance of systems thinking when
designing, introducing and scaling innovations aimed at delivering wellbeing
within planetary boundaries.

2.3. Reframing the agents of innovation: who are the
innovators?

Dominant innovation narratives portray innovation as the outcome of individual actors—
entrepreneurs, firms or disruptive start-ups—brining new technologies to market. Rooted
in Schumpeterian economics, this agent-centric view positions innovation as a process
driven by competition, intellectual property, and market leadership (Schumpeter, 1942).
This model is poorly suited to address sustainability challenges—such as climate change,
biodiversity loss, water scarcity and widening social inequalities—embedded in complex
socio-technical systems.

SDI requires a fundamentally different understanding of who the agents of innovation are.
If provisioning systems are the true locus of innovation, then no single actor—firm, inventor
or consumer—can drive their transformation alone. Transforming these systems requires
coordinated action cross multiple stakeholders and institutions, making innovation
inherently collective rather than individual (despite the fundamental role that individual
champions can play thanks to their disruptive thinking and action).
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If provisioning systems are the true locus of innovation, then no
single actor—firm, inventor or consumer—can drive their
transformation alone.

From this perspective, innovation emerges through coalitions of actors. Public authorities,
firms, civil society organisations, communities, and users all play distinct and
complementary roles. Public institutions are central in setting boundary conditions, defining
collective goals, investing in shared infrastructures, and shaping regulatory and planning
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activities. Their role is particularly important because many sufficiency-oriented
innovations cannot emerge through market mechanisms alone.

Grassroots innovation, on the other hand, shows how local, citizen-led projects can
experiment with and pioneer social practices and institutional arrangements that reduce
resource demand while improving access. Finally, rather than competing on individual
innovations, firms are called to contribute as partners within collaborative networks that
redesign service-provisioning systems. Firm-level innovation becomes embedded within
broader governance frameworks which set and pursue ecological and social goals.

Reframing the agents of innovation as collective and distributed has significant implications
for innovation policy and research. It calls for approaches that enable multi-actor
experimentation, shared infrastructures, long-term coordination, and institutional
learning. SDI represents a collective project requiring new forms of cooperation and
shared agency.

2.4. 5 Principles of sufficiency-driven innovation

Having delineated three major conceptual pillars of SDI, we are now in the position to
explore what principles might shape how this innovation model is designed, evaluated and
governed. This section presents a first, exploratory attempt to conceptualise such
principles. They are not intended as a closed or exhaustive framework, but as orienting
principles that may structure future research, experimentation and policy engagement.

Each principle operates at the level of provisioning systems, rather than individual products
or technologies, and addresses a distinct dimension of how societies can meet human
needs within planetary boundaries. While this work does not deny the importance of
innovation at the product or technology level, it recognises that this must be embedded
into a deeper understanding of how provisioning systems work and how they are affected
by new products or technologies. The principles articulate what it means to innovate for
wellbeing with less material throughput, less energy demand, and less ecological pressure,
without compromising access, quality and satisfaction.
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Figure 4. The principles of SDI

Multi-functionality

A core principle of SDl is the deliberate design of provisioning systems that deliver multiple
functions through shared infrastructures, spaces, and services. Multi-functionality refers to
the capacity of a single system to deliver several distinct functions, thereby reducing the
need for multiple resource-intensive alternatives. It is grounded in the insight that human
needs can often be met more effectively and with far fewer material resources when
systems are designed to support multiple functional pathways rather than single,
specialised outputs’.
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Human needs can often be met more effectively and with far
fewer material resources when systems are designed to support
multiple functional pathways rather than single, specialised
outputs.

At the level of provisioning systems, multi-functionality shifts innovation away from single-
purpose configurations towards arrangements that allow infrastructures and spaces to
serve different needs across time, user groups, and social contexts. Multi-functional spatial
design can significantly reduce energy use, embodied carbon and land consumption by
maximizing the utility of existing structures rather than expanding built environments
(Kennedy et al., 2014; UN ESCAP, 2011).

7 See, e.g., Ness & Xing, 2017 for an application in the built environment.
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Multi-functionality thus reduces material duplication by increasing the number of needs
satisfied per unit of infrastructure. Furthermore, it also enhances adaptability and
resilience. Systems designed to accommodate multiple uses are better able to respond
to demographic change, economic disruption, or climate-related shocks. A multi-functional
building, for instance, can be repurposed more easily than a highly specialised one,
reducing both demolition waste and the need for new construction. In this sense,
multifunctionality supports long-term stability in resource use by encouraging design
choices that remain valuable under a variety of future conditions.

Resource Lightness

Resource lightness constitutes a core principle of SDI. Rather than starting from assumed
levels of demand, resource lightness begins by questioning how demand is produced.
Urban form, infrastructure layout, institutional rules, and cultural norms often determine
resource use more decisively than technological performance. Designing for resource
lightness therefore means intervening at structural levels to prevent unnecessary demand
from arising in the first place.

66

Designing for resource lightness means intervening at structural
levels to prevent unnecessary demand from arising in the first
place.

In mobility systems, for example, resource lightness is achieved not through marginal
improvements in vehicle efficiency but through the creation of urban and regional systems
that reduce the need for car travel altogether. Integrated public transport, walkable
neighbourhoods, safe cycling infrastructures and digital coordination platforms can
dramatically reduce material stocks associated with vehicles, parking structures and road
networks.

Across domains, the largest reductions in resource use emerge not from marginal
efficiency gains but from system reconfiguration, such as housing models that lower floor
area requirements through shared amenities, and food systems that reduce transport,
storage, and surplus production. It is important to realise that reductions in resource use
need to be assessed across the life-cycle of systems and with a long-term perspective in
mind, rather than on the basis of a single product. Resource lightness is a design strategy
for high-quality, low-demand provisioning. It challenges the assumption that high resource
throughput is a necessary condition, and shows that wellbeing can be delivered through
materially-lean and functionally-rich systems.

Respect ecological limits as creative boundaries

The dominant logic of innovation treats environmental considerations as externalities to be
quantified, mitigated or offset once products or services have already been established.
SDI, instead, integrates ecological limits into the very fabric of innovation practice. It
demands ex-ante considerations of systemic consequences, including rebound effects,
cross-sectoral spill-overs, and long-term material lock-ins. This anticipatory stance aligns
with recent work in sustainability science and responsible innovation, which emphasises
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the need to assess the desirability, viability and systemic coherence of innovations before
they become entrenched in infrastructures and routines (Stilgoe et al., 2013)

Planetary boundaries become creative parameters that stimulate new ways of thinking
about how human needs can be met within the biophysical reality of the Earth system,
providing directionality. It clarifies which forms of innovation are socially legitimate and
which are incompatible with collective wellbeing. Embedding ecological limits in early
design phases therefore prevents path dependencies that lock societies into resource-
intensive systems.
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Planetary boundaries become creative parameters that stimulate
new ways of thinking about how human needs can be met within
the biophysical reality of the Earth system.

Treating ecological limits as creative boundaries invites experimentation with
fundamentally different configurations of provisioning system. Designers, engineers,
policymakers and communities are encouraged to search for alternatives that achieve
wellbeing outcomes through low-resource strategies. This challenge can lead to
unexpected forms of creativity, and enable a more imaginative understanding of
innovation, which values ingenuity, adaptability, and relational thinking over throughput
and speed.

Multi-accessibility

Multi-accessibility® captures a central distributive dimension of SDI: the capacity of a single
provisioning system to serve diverse users and needs through differentiated access
pathways, without expanding material stocks. Contemporary provisioning systems are
characterised by significant underutilisation of resources across time, space, and function.
These latent capacities create an opportunity to satisfy a wider range of needs with fewer
physical resources if systems are designed such that multiple user groups can access
them at different times, in different ways, and for different functions.

Multi-accessibility seeks to unlock this latent capacity by shifting innovation from
ownership-based models to dynamic access models. What matters is not who owns an
asset, but how reliably and fairly people can access the services it provides. These access
models must be designed so that diverse population groups—across income, time
availability, physical ability or social roles—can rely on the same infrastructures through
differentiated access pathways.

8 The term multi-accessibility is used deliberatively to distinguish this principle from conventional notions of accessibility,
which typically focus on whether individuals or groups can access a service. Multi-accessibility instead emphasises the
capacity of a single provisioning system to serve multiple users and needs through differentiated access pathways,
without expanding material stocks.
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These differentiated access pathways may be temporal (different times of use), functional
(different services from the same space), spatial (zones for different groups), or economic
(e.g. variable pricing, capped tariffs, or priority for basic needs). Unlike parallel
infrastructures that segregate users by income or status, multi-accessibility leverages
common systems that serve everyone while preserving ecological limits.The core point is
to enable a single resource stock to support multiple groups and uses, intensifying
utilisation and lowering aggregate material demand. Instead of just requiring more
infrastructure to create fairness, societies require better designed access pathways that
unlock the full potential of existing assets.
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Instead of just requiring more infrastructure to create fairness,
societies require better designed access pathways that unlock
the full potential of existing assets.

Collective governance and ‘commoning’

As sufficiency operates at the level of provisioning systems, it cannot be realised through
individual choice or firm-level strategies alone. It requires collective governance
arrangements that enable shared responsibility, coordination, and long-term stewardship
of common resources.

Collective governance recognises that many infrastructures essential to sufficiency—
transport networks, energy systems, water services, housing, digital platforms, public
space—derive their value from shared use and interdependence. Treating these
systems as commons shifts innovation away from short-term extraction towards care,
maintenance, and collective benefit.
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Treating these systems as commons shifts innovation away from
short-term extraction towards care, maintenance, and collective
benefit.

‘Commoning’, in this context, refers to the ongoing processes through which public
institutions, firms, and communities co-design rules, allocate access, and detemrine
responsibilities. A key insight from sustainability transitions research is that systemic
change often arises from polycentric governance—multiple centres of decision-making
that interact through cooperation, conflict and experimentation (Ostrom, 2010; Jordan et
al., 2018). Polycentric systems distribute authority across scales and actors, allowing
different groups to innovate, test solutions and adapt without waiting for top-down direction.

For SDI, this flexibility is crucial: it allows local communities to experiment with low-
resource solutions, enables municipalities to develop innovative regulatory frameworks,
and positions national governments to set ecological limits and long-term strategies.
Polycentric governance thus nurtures the institutional diversity and adaptability required
for provisioning systems to evolve within planetary boundaries
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Collective governance also fosters the social learning processes necessary for sufficiency
to take root. When communities participate in co-designing mobility systems, energy
cooperatives, repair networks or local food systems, they develop new understandings of
value, sufficiency, and interdependence. This cultural dimension of governance is often
overlooked but is vital for sustaining systemic changes in behaviour and expectations.

Five Principles of Sufficiency-Driven Innovation

Create multiple functional pathways from a single resource
stock. Increases utility per unit of material by enabling one
system, space, or infrastructure to perform several
functions, reducing duplication without expanding stocks.

Multi-functionality

Minimise system-level demand at the source. Reshapes
provisioning systems so that essential services require
less material and energy in the first place, focusing on
avoiding demand rather than optimising supply

Resource Lightness

Use planetary ceilings to shape innovation pathways.
Ecological Limits as  provides directionality by treating ecological limits as
Creative Boundaries  positive design constraints that steer innovation towards
long-term viable configurations.

Create multiple access pathways to a single resource
stock. Enables diverse users to rely on shared systems
through differentiated access arrangements, as a key step
towards equity in service provisioning.

Multi-accessibility

Enable shared stewardship of provisioning systems.
Establishes the governance conditions through which
shared infrastructures are co-managed, adapted, and
sustained via polycentric, participatory institutions.

Collective Governance

2.5. Relationship to other sustainable innovation frameworks

SDI does not emerge from a vacuum. Over the past decades, innovation research and
policy have increasingly recognised that technological novelty and productivity gains do
not automatically deliver ecological sustainability or human wellbeing. The SDI framework
builds on this evolving and rich body of work while aiming to contribute to the
conceptualisation and implementation of an innovation logic that achieves absolute
demand reduction of natural resources while improving wellbeing. In this sense, it
integrates and extends key insights from several influential frameworks, while proposing
its own principles and narrative.
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Dematerialisation and the Factor 10 Agenda: The dematerialisation agenda,
developed by Friedrich Schmidt-Bleek®, remains one of the most influential attempts to
quantify and guide reduction and rebalancing in resource use. Through concepts such
as the “ecological rucksack” and MIPS (Material Input per unit of Service), Schmidt-Bleek
articulated the need for industrial economies to reduce material throughput by an order of
magnitude while preserving service satisfaction. He argued that they must reduce material
throughput by a factor of 10 while maintaining or improving service satisfaction. MIPS
placed the service — not the product — at the centre of analysis and showed how material
intensity must be assessed across entire life cycles, including hidden flows and upstream
burdens. This work remains a key building block for any attempt to align innovation with
planetary boundaries while improving service satisfaction and equitable use of
resources. Sufficiency-driven innovation builds directly on this foundation.

Post-Growth Innovation: Post-growth innovation challenges the structural coupling
between innovation and economic growth that underpins dominant science, technology,
and innovation systems (see the seminal book by Pansera and Lloveras, 2025). Post-
growth innovation redefines the purpose and orientation of innovation, by grounding it on
care, durability, commons governance, and the satisfaction of fundamental human needs
within ecological limits. Innovation is understood as a collective, political, and institutional
process, not merely a technological one, requiring democratic deliberation over what
should be innovated, for whom, and to what end. The need to democratise science,
technology and innovation systems, including within organisations, through more
participatory and deliberative forms of governance is a key message of this research field
(see, e.g., Pansera & Fressoli, 2021; Robra et al., 2023). This work envisions what
innovation without growth means, what it can achieve and how its process should be
designed.

Frugal Innovation: Frugal innovation refers to approaches that seek to deliver
affordable, accessible, and resource-efficient solutions under conditions of scarcity or
constraint. Frugal innovation emphasises simplicity, modularity, and the elimination of
unnecessary features in order to provide essential services at significantly lower cost and
material intensity (Radjou, Prabhu and Ahuja, 2012; Weyrauch and Herstatt, 2017). Rather
than optimising existing high-resource products, frugal innovation rethinks design from the
ground up, often relying on local knowledge and context-specific solutions. Examples
include low-cost medical devices, decentralised energy systems, and simplified mobility
solutions that deliver core functionality with minimal resource input. While the primary
motivation of frugal innovation has often been affordability and market inclusion, its design
logic — “doing more with less” — is aligned with the principle that high levels of functionality
can be achieved with significantly reduced material and financial resources.

Mission-Oriented Innovation: Mission-oriented innovation policies frame innovation
as a directional, systemic, and publicly-guided process aimed at addressing complex
societal challenges (see “Mission Economy: A Moonshot Guide to Changing Capitalism”,
Marianna Mazzucato, 2020). Missions are not individual R&D projects, but coordinated
portfolios of activities that mobilise multiple sectors, actors, and disciplines around clearly

° See, e.g., “Factor 10 Ecological Rucksacks and MIPS” (Schmidt-Bleek, 1994), “The Story of Factor10 and MIPS”, and
“The Earth: Natural Resources and Human Intervention” (Schmidt-Bleek, 2009).
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defined public objectives. Mission-oriented policies actively shape and create markets,
using public institutions to set direction, coordinate experimentation, and align investments
across the innovation chain. Central features of this approach include cross-sectoral
coordination and the development of new governance and evaluation frameworks
centred on public value rather than short-term efficiency metrics. This perspective aligns
closely with a provisioning-system view of innovation, in which societal outcomes depend
on how services are organised and accessed rather than on isolated technological
advances.

Circular Economy: Circular economy innovation promotes strategies such as product
life extension, reuse, remanufacturing, repair, and regenerative material cycles. It
challenges “take-make-dispose” models by slowing, narrowing and closing material
flows. Within this broader landscape, the “Performance Economy” articulated by Walter
R. Stahel shifts the focus from selling products to delivering performance and service
outcomes over time. Performance-based models retain responsibility for assets throughout
their life cycle, creating incentives for durability. Value creation is decoupled from sales
volume and instead linked to asset stewardship, long service life and high utilisation.
Circular economy innovation, however, per se does not guarantee reductions in total
resource use if material stocks continue to expand. As such, circular innovation is effective
only when it contributes to structural change in how societies organise provisioning
systems (see Global Resource Outlook 2024). This is where sufficiency and circularity may
overlap (Saheb, 2021).
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The Case for Sufficiency-Driven
Innovation

Sufficiency-driven innovation responds to structural failures in today’s economic,
environmental, social, and business systems. High-throughput models generate fragility
rather than resilience, ecological overshoot rather than stability, inequality rather than
inclusion, and short-term value rather than durable prosperity. This chapter sets out the
case for sufficiency-driven innovation across four complementary dimensions:
macroeconomic stability, environmental integrity, social wellbeing, and business
viability. These arguments demonstrate that sufficiency is a strategic response to the
current challenging conditions for ensuring progress and prosperity.
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Figure 5. The arguments for SDI

3.1.  The macroeconomic argument: resilience through lower
throughput

Contemporary economies are structurally exposed because they depend on ever-growing
material and energy flows to sustain growth, employment, and fiscal stability. Sufficiency-
driven innovation offers a macroeconomic strategy for reducing these vulnerabilities by
lowering baseline demand for materials and energy, and potentially enabling a more
efficient capital allocation, while maintaining high levels of wellbeing.

Over the past two decades, global markets for energy, minerals and agricultural
commodities have become more unstable, driven by the overlapping pressures of
geopolitical competition, supply chain concentration, climate impacts and environmental
degradation. Research on the material footprint of industrialised economies demonstrates
that even highly efficient countries remain dependent on large, geographically
concentrated flows of fossil fuels, metals and biomass (Wiedmann et al., 2015).
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Sufficiency-driven innovation reduces this exposure by structurally lowering the demand
for material stocks and flows. When an economy requires fewer resources to deliver its
core services, it becomes less vulnerable to price spikes, supply shortages or geopolitical
leverage. Lower demand translates directly into greater macroeconomic insulation.
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When an economy requires fewer resources to deliver its core
services, it becomes less vulnerable to price spikes, supply
shortages or geopolitical leverage.

Mainstream strategies for managing resource risks emphasise efficiency, diversification,
substitution or green industrial policy. While important, these strategies share a limitation:
they stabilise economies within high-throughput systems rather than transforming the
systems themselves. Efficiency improvements at the product or firm level often reduce
costs and thereby stimulate consumption, while diversification of supply often rearranges
dependencies rather than eliminating them. By contrast, sufficiency-driven innovation
strengthens resilience by reducing baseline demand. Macroeconomic resilience arises not
from doing the same things more efficiently, but from needing less to achieve the same or
better levels of wellbeing.

High-throughput economies are also highly capital-intensive. They rely on large,
underutilised stocks of buildings, vehicles, machinery, and infrastructure that require
continuous reinvestment. Sufficiency-driven innovation shifts investment from expanding
physical stocks toward improving utilisation, multifunctionality, shared access, and service
coordination. This reduces capital lock-in, improves allocative efficiency, and frees
resources for care, education, adaptation, and long-term innovation.

What does sufficiency-driven innovation mean for economic

growth?

SDI does not assume any particular growth path. Its core purpose is not to
increase economic output but to redesign provisioning systems so that
societies can meet essential needs with far lower resource use while
improving wellbeing and equity. Whether such transformations lead to
positive, zero or negative GDP growth is not predetermined. It depends on
the interaction of several economic, social and environmental variables.

In standard macroeconomic theory, long-term output is shaped by
productivity dynamics, labour participation, technological change and
investment patterns. Sufficiency can influence these channels in diverse
ways: scaling down high-throughput sectors may reduce activity in some
areas, while expanding labour-intensive, service-rich and regenerative
sectors may raise employment and local value creation. The
macroeconomic outcome depends on how these shifts balance out.

Empirically, the historical record shows a tight coupling between GDP and
resource use. Over the past 50 years, global GDP has increased more than
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fourfold, while material extraction has tripled (UN International Resource
Panel, 2019). Evidence for large-scale absolute decoupling—reducing total
resource use while GDP continues to rise—remains limited (Haberl et al.,
2020). This suggests that growth-oriented innovation alone cannot reconcile
human development with ecological stability.

SDI therefore opens a different horizon. Economic growth, if it occurs,
becomes a contingent outcome rather than an imperative. Some sectors—
repair, maintenance, retrofitting, public mobility, care, education, digital
coordination, regenerative agriculture—may expand under a sufficiency
agenda, while others tied to high material throughput may contract™. The
relevant comparison is thus not with today’s GDP levels but with the future
trajectories of economies that embrace sufficiency versus those that
continue along resource-intensive paths. A sufficiency-aligned economy may
ultimately exhibit lower material consumption and slower output expansion,
but higher resilience, more stable employment structures, and improved
wellbeing.

3.2. The environmental argument: absolute demand reduction
is required to stabilise Earth systems

The triple planetary crisis of climate change, biodiversity loss and pollution are driven
primarily by the scale of resource use. Relative improvements in efficiency cannot stabilise
Earth systems when overall demand continues to grow. Research shows that rising
material demand systematically outpaces efficiency gains, meaning that total
environmental pressures continue to increase even as individual products become cleaner
or more efficient (see, e.g., Haberl et al., 2020).

SDI directly targets this root cause. By redesigning provisioning systems to reduce
demand for material-intensive infrastructures and prevent avoidable consumption, it
enables absolute reductions in resource use across extraction, production, use, and
post-use stages. This systemic intervention reduces environmental pressure across
multiple planetary boundaries simultaneously.

Lower throughput also reduces the environmental risks of the green transition itself.
Accelerated electrification, renewable energy deployment and digitalisation require critical
minerals, land, water and energy infrastructure. If pursued through a high-throughput
model, the green transition can generate new environmental pressures and geopolitical
tensions over materials. Sufficiency reduces these pressures by designing provisioning
systems that lower total demand for energy and materials, making decarbonisation and
restoration more feasible. This tackles the drivers of environmental problems, rather
than attempting to mitigate impacts after they have been created.

0 See, e.g., Sufficiency Manifesto by Negawatt.
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3.3. The social argument: equity and shared wellbeing for
increased social cohesion

SDI aims to address many of today’s most pressing social challenges: widening
inequalities, declining social cohesion, escalating cost-of-living, and uneven access to
essential services. The central social argument is that SDI enables societies to meet core
human needs with fewer resources while improving fairness, accessibility, and social
cohesion.

Current high-throughput systems generate unequal outcomes and create social
segmentation. Those with higher consumption capacity can secure comfort, mobility,
space and health, while others are exposed to precarity, overcrowding and energy poverty.
SDI can reverse this pattern through the creation of shared, resource-light systems
designed to provide stable, dignified access for all groups. It can also be seen as a living-
standards strategy, enabling reliable access to mobility, shelter, comfort, nutrition and
care without dependence on unsustainable levels of private consumption.

In most cases, communities with lower income bear a disproportionate share of
environmental harms: pollution, noise, unsafe mobility, energy poverty, poorly insulated
housing, and exposure to climate hazards. These burdens are directly linked to resource-
intensive infrastructures and consumption patterns. However, they may be mitigated by
lowering overall material throughput and redirecting investment toward shared, high-
quality services. Reducing the physical scale of consumption systems translates directly
into reduced social and environmental burdens, particularly for vulnerable populations.

Finally, decades of individualised consumption have weakened the capacity of
communities and public institutions to coordinate collective action. Large-scale societal
transformations — climate mitigation, adaptation, biodiversity restoration — require strong
public institutions and social trust. SDI has the potential to restore this capacity as it
emphasises collective governance, public value and shared responsibility (see, as an
example, experience of Sunlabob). This fosters a sense of empowerment and shared
purpose.

Is sufficiency only relevant to high-income countries?

In short: no. This is a widespread misunderstanding of both sufficiency and
development.

Sufficiency is about meeting human needs and delivering wellbeing while avoiding
demand for materials, energy, land and infrastructure. This logic is valid in any
country, at any income level, even if the starting point starkly differs across
contexts.

In many low- and middle-income countries, unmet needs in housing, mobility,
energy, water, healthcare and care services require additional material investments.
Sufficiency does not deny this. On the contrary, it provides a framework for ensuring
that new provisioning systems are designed from the outset to be resource-light,
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multifunctional, accessible and resilient, rather than locking societies into the high-
throughput, high-cost models that have driven ecological overshoot elsewhere.

Interestingly, countries that are not yet locked into resource-intensive provisioning
systems have, in principle, greater freedom to innovate at the system level. This
creates opportunities for leapfrogging: building compact cities, shared mobility
systems, adaptive housing, decentralised energy and multifunctional public
infrastructures without first passing through decades of inefficient material
accumulation.

In high-income countries, SDI can address overconsumption and underutilised
assets. In lower-income contexts, it can support shared development, improved
access and resilience, without reproducing structurally unsustainable pathways.
SDI is not a privilege of wealthy societies, but rather a universal innovation logic for
societies that seek to meet human needs and build prosperity within ecological
limits.

3.4. The business argument: future-proof value creation

Businesses today operate in an environment of unprecedented resource volatility due to
a variety of factors including commodity and energy price spikes, critical mineral shortages,
supply chain bottlenecks, and tightening environmental regulations. Companies that rely
on high material throughput, long global supply chains or energy-intensive operations are
particularly exposed. Sufficiency can represent a strategic tool to reduce dependence on
material inputs and energy-intensive supply chains. Companies that shift from selling high-
volume products to providing resource-light services, shared infrastructures or durability-
and repairability-based offerings depend less on volatile

Sufficiency models also support creating stable, long-term value. Service-based
offerings, maintenance ecosystems, and access models generate predictable revenue
streams, strengthen customer relationships, and reduce lifecycle costs. Firms compete on
reliability and performance rather than novelty and volume.These models are well aligned
with costumers’ preferences for affordability and durability.

The transition to a low-carbon, resource-light economy will inevitably create winners and
losers. Companies heavily invested in material-intensive infrastructures, single-use
product lines, or high-throughput business models face rising risks of regulatory
restrictiveness (e.g., carbon pricing, durability requirements, reporting obligations),
technological lock-in, asset devaluation, and reputational damage. When the focus is
shifted to long-lived assets and service-based models, companies have fewer stranded
assets and more future-proof strategies.

The business argument for SDI is pragmatic and strategic:
companies that need fewer resources, face fewer shocks, produce longer-lasting value,
reduce their exposure to regulatory and material risks, and build deeper customer trust are
more likely to thrive in the decades ahead.
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What’s the future of businesses when consumer demand slows
down?

Across advanced economies, multiple macroeconomic pressures are converging
in ways that are likely to structurally lower consumer demand over the coming
decade. High debt levels, rising housing and energy costs, demographic ageing,
persistent inflation in essential goods, and growing economic uncertainty linked to
climate impacts and geopolitical instability are already constraining discretionary
spending. At the same time, policy efforts to accelerate consumption as the primary
growth lever are facing diminishing returns, while ecological and material constraints
increasingly limit the feasibility of demand expansion as a systemic strategy.

In this context, SDI may offer a counter-cyclical competitive advantage. Rather
than depending on ever-increasing volumes, these models are designed to perform
under conditions of stable or declining aggregate demand. Through the provision of
solutions that are more affordable and durable, sufficiency-oriented firms can gain
market share even when overall consumption stagnates. When consumers become
more cautious, in fact, they may develop a preference to favour products and
services that last longer and reduce replacement costs. However, the wide
availability of cheap and unsustainable products on the market may work against
this, merely due to product price, regardless of its quality, durability and
sustainability.

In periods of demand contraction, companies that reduce material intensity and
focus on long-term service relationships can outperform volume-dependent
competitors, whose margins erode rapidly when sales slow. From a strategic
perspective, sufficiency thus becomes a defensive and offensive strategy at once:
defensive by reducing exposure to demand volatility, and offensive by capturing
customers seeking resilient, fair and cost-effective solutions. Under conditions of
slowing demand, SDI may become a unique selling proposition, to retain customers,
stabilise revenues, and gain market share.

The 4 Arguments in a Nutshell

Macro-economic SDI lowers structural exposure to resource volatility and
geopolitical shocks, creating more resilient and stable
economies.

Environmental SDI delivers the absolute reductions in material and

energy throughput required to remain within planetary
boundaries and restore ecological stability.

Social SDI embeds fairness and reliable access into provisioning
systems, improving affordability, reducing inequalities and
strengthening social cohesion.

Business SDI enables durable, low-risk, future-aligned business
models that stabilise revenues, reduce input vulnerabilities
and build long-term trust with customers.
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Future Directions and an Agenda for
Action

This report proposes an overall logic and first principles for SDI. Building upon this work
and operationalizing the concept across sectors, scales and governance settings, requires
strengthening the analytical foundations of the model, but most importantly experimenting
with real-world system redesign, and embedding sufficiency into innovation policy
frameworks. Below are some steps for an actionable pathway from concept to impact.

At the same time, advancing SDI requires opening a broader public, educational and
professional debate. New innovation logics take shape through dialogue, critical reflection,
and shared learning across fields, disciplines, sectors, and governance levels. Making the
concept visible, discussing its implications, and exposing it to open dialogues are essential
steps for building understanding, ownership, and long-term institutional commitments.
Forums for exchange—bringing together policymakers, researchers, practitioners,
industry actors and civil society—play an important role in catalysing this process by
connecting emerging experiments, consolidating knowledge, and helping translate new
ideas into actionable pathways.

4.1. Advancing the Knowledge Base

Sufficiency-driven innovation opens a new field of inquiry that is still analytically
underdeveloped. Future research should therefore concentrate on making sufficiency
measurable, assessable, and comparable, without reducing it to narrow indicators.

A first priority is therefore the development of metrics and indicators that capture whether
provisioning systems deliver wellbeing with lower resource demand. Existing sustainability
metrics focus on efficiency, emissions, or productivity, but they do not reveal whether
demand is being reduced or whether access is improving. Sufficiency-oriented indicators
could include material stocks per capita, levels of shared-use infrastructure,
multifunctionality of buildings and services, access pathways across income groups, and
alignment with ecological ceilings.

A second priority is the creation of assessment frameworks that evaluate innovation
through a sufficiency lens. Current tools such as technology readiness levels or cost—
benefit analysis are poorly suited to assessing whether an innovation reinforces high-
throughput systems or contributes to long-term resource reduction. Sufficiency-oriented
assessment would ask different questions: Does this innovation reduce total demand?
Does it prevent rebound effects? Does it lock in material-intensive infrastructures? Does it
improve equitable access? Such frameworks are essential for guiding public funding,
philanthropic investment, and innovation portfolios.

Finally, more work is needed on the dynamics of sufficiency transitions. This includes
understanding how sufficiency-oriented practices emerge, how they interact with
incumbent systems, and how infrastructural, cultural, and regulatory lock-ins can be
overcome. Comparative research across sectors, regions, and cultural contexts is

WRF Position Paper | Boundless Innovation, Within Planetary Boundaries 39



particularly valuable, as it can reveal diverse pathways to low-demand provisioning rather
than a single universal model.

What can we learn from the arts for sufficiency-driven

innovation?

Discussions on innovation are often framed in technological or scientific terms.
However, transformative shifts in how societies produce, consumer and organise
provisioning systems also depend on culture, imagination and collective narratives.
Throughout history, the arts have played an important role in shaping how societies
understand change, value resources, and imagine alternative futures.

Artistic practices can help reveal aspects of sufficiency that are difficult to capture
through analytical frameworks alone. Visual arts, literature, music, architecture and
design often explore themes such as limits, balance, interdependence, and the
relationship between humans and the material world. By translating abstract
concepts into sensory experiences, artistic work can make visible concepts as the
flows of materials, the fragility of ecosystems, or the excesses of consumer cultures.

The arts can also challenge dominant assumptions about progress and innovation.
Where conventional innovation narratives emphasise expansion, speed and scale,
artistic perspectives may foreground care, restraint, repair, and attention to the
qualities of place and material. Doing so, they open space for alternative imaginaries
of prosperity and wellbeing that align more closely with sufficiency principles.

Artistic experimentation may therefore complement scientific and technical
innovation in several ways. It can help reshape cultural narratives around
consumption and progress, create new aesthetic and social values, and make
complex sustainability challenges more accessible to wider audiences.

Exploring the intersection between art and sufficiency-driven innovation remains
largely uncharted territory. Future initiatives could investigate how artistic practices
might contribute to innovation processes, from visualising alternative provisioning
systems to fostering public dialogue and collective imagination about living well
within planetary boundaries.

4.2. From theory to practice: experimentation and coalitions

Sufficiency-driven innovation can only mature through experimentation in real-world
settings. Because sufficiency operates at the level of provisioning systems, innovation is
necessarily collective, place-based, and iterative.

Cities and regions are powerful arenas for experimentation. They concentrate resource
demand, infrastructure, governance capacity, and everyday experience of housing,
mobility, energy, and services. Urban and regional authorities can act as system
integrators, using land-use planning, building codes, public procurement, transport policy,
and social infrastructure to test sufficiency principles at scale. Adaptive reuse of buildings,
multifunctional public spaces, low-demand mobility systems, shared amenities, and energy
demand reduction programmes are already being tested in many contexts. What is missing
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is a coherent sufficiency lens that connects these experiments into a shared learning
agenda.
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Cities and regions are powerful arenas for experimentation. They
concentrate resource demand, infrastructure, governance
capacity, and everyday experience of housing, mobility, energy
and services.

Equally important are multi-stakeholder coalitions that bring together public authorities,
utilities, businesses, cooperatives, civil society organisations, and communities.
Sufficiency-driven innovation depends on coordinated action across actors who rarely
collaborate within conventional innovation models. Coalitions can pilot new forms of
shared infrastructure, access-based business models, financing mechanisms that reward
demand reduction, and governance arrangements rooted in collective stewardship. These
coalitions matter because they demonstrate the institutional feasibility of sufficiency. They
showcase how responsibilities can be distributed, how costs and benefits can be shared,
how risks can be managed, and how long-term stewardship can be sustained. They also
build political and social legitimacy as they provide a tangible demonstration that
sufficiency is a practical and attractive pathway to meeting needs more effectively.

4.3. Embedding sufficiency into innovation policy frameworks

For SDI to move beyond isolated experiments, it must be embedded into the directionality
of innovation policy and governance. This begins with establishing clear purpose.
Innovation policy today largely equates success with competitiveness, scaling, and market
creation. A sufficiency-oriented approach redefines success around reduced demand,
equitable access, and long-term system viability. This can be operationalised through
sufficiency-oriented missions focused on systemic redesign, such as reducing car
dependency, expanding adaptive reuse in the built environment, or lowering peak energy
demand.

Regulatory frameworks must also be aligned with resource-light provisioning. Many
existing rules implicitly favour high-throughput systems. Reforming these frameworks to
enable demand reduction is a precondition for sufficiency-driven innovation to scale. Public
funding and procurement represent additional high-leverage tools. Innovation funding can
prioritise system-level pilots, experimentation zones, and long-term learning platforms
rather than stand-alone technologies. Procurement criteria can reward durability,
modularity, shared use, and low-demand configurations, thereby reshaping markets from
the demand side.

Finally, sufficiency requires institutional capacity for collective governance.
Policymakers need skills in co-design, participatory processes, and system-level
coordination. Supporting these capacities ensures that SDI becomes embedded in
institutions rather than depend upon isolated ‘champions’.
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Conclusion

Sufficiency-driven innovation reframes the purpose of innovation for a world defined by
ecological limits and persistent social inequalities. Today’s central challenge is not to
accelerate production, but to redesign the systems that meet human needs so they operate
within planetary boundaries while improving wellbeing and fairness. This position paper
has proposed a first framework for doing so, clarifying the objectives, object, agents and
principles required to realign innovation with these conditions.

Across sectors and geographies, there is growing evidence that low-resource, high-
wellbeing provisioning systems are not only possible but already emerging. What remains
fragmented, however, is the trajectory. Turning isolated experiments into systemic
transformation requires new metrics that capture sufficiency, new assessment
frameworks that distinguish demand reduction from efficiency alone, new governance
models, and innovation policies that provide clear directionality toward resource-light,
wellbeing-heavy futures.

The next phase is collective advancement. Sufficiency-driven innovation must be refined
through research, tested through place-based experimentation, and strengthened
through coalitions that bring together public institutions, cities, businesses, communities
and researchers. This is an agenda for learning by doing: building evidence, adapting
principles to context, and demonstrating how sufficiency can be operationalised across
diverse cultural, economic and institutional settings.

The pathway to sustainable and equitable futures lies in harnessing human creativity to
reduce unnecessary demand, strengthen collective capacities, and design provisioning
systems that enable people to live well within the limits of the Earth.

This paper marks a beginning: a strategic agenda to be developed, tested and scaled
through sustained collaboration and targeted investment. For those seeking to shape the
next generation of innovation—resilient, fair and ecologically grounded—sufficiency-
driven innovation offers a compelling and actionable foundation.
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Glossary

Accessibility

The ability of individuals or groups to obtain reliable, affordable and adequate access to
essential services such as mobility, housing, energy, food or healthcare. In this report,
accessibility refers to system-level conditions that enable or constrain need satisfaction.

Circular economy innovation

Innovation focused on maintaining the value of materials and products through reuse,
repair, remanufacturing and recycling. The term is used in this report as a reference point
for approaches centred on material loop closure.

Collective governance

Forms of governance in which multiple actors—public institutions, communities, civil
society and private entities—participate in the shaping, management and stewardship of
shared infrastructures and resources.

Commons / Commoning

Commons refers to shared resources managed collectively for mutual benefit.
Commoning denotes the social processes through which stakeholders establish and
maintain shared rules, responsibilities and practices for managing such resources.

Dematerialisation

A reduction in the quantity of material inputs required to provide a given service or
function. The concept originates from work on material intensity and factor reduction
strategies (e.g., Schmidt-Bleek).

Equity

Fair access to essential services and opportunities across social groups, ensuring that
differences in income, status or ability do not determine the ability to satisfy basic human
needs.

Mission-oriented innovation

Innovation guided by explicit, goal-directed missions defined by public institutions,
typically aimed at addressing societal challenges through coordinated, cross-sectoral
action.

Multi-accessibility

The capacity of a single provisioning system or resource base to serve diverse user
groups through differentiated pathways—temporal, spatial, functional or economic—
without requiring additional material stock.

Multi-functionality

The property of a product, space, building or infrastructure to perform multiple distinct
functions. In this report, multifunctionality is understood as a design characteristic that
increases utility per unit of resource.

Planetary boundaries

Scientifically defined limits in Earth-system processes within which human societies can
safely operate (Rockstrom et al., 2009; Steffen et al., 2015).
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Post-growth innovation
Innovation frameworks that do not use economic growth as an evaluative criterion and
focus instead on meeting social needs within ecological limits.

Provisioning systems

Socio-technical systems that provide essential services such as mobility, housing, food,
energy, health or communication. They encompass infrastructure, institutions, cultural
norms, technologies and material stocks.

Rebound effect

An increase in consumption resulting from efficiency improvements that lower the cost or
effort of using a product or service. The rebound effect can occur at the behavioural,
economic or systemic level.

Resilience
The ability of systems to maintain essential functions and continue to meet human needs
when exposed to shocks, disturbances or long-term stresses.

Resource lightness

A system-level characteristic in which the provision of essential services requires
relatively low material and energy throughput. Resource lightness refers to structural
drivers of demand rather than to the efficiency of individual components.

Sufficiency

A set of policy measures and daily practices that avoid demand for energy, materials,
water and land while ensuring wellbeing for all within planetary boundaries” (IPCC,
2022).

Sufficiency-driven innovation

Innovation directed at redesigning provisioning systems so that needs can be met with
substantially lower resource use, while ensuring equitable access and maintaining or
improving wellbeing for all.
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