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Despite broad scientific consensus on the urgent need to rapidly 
reduce greenhouse gas emissions, the question of how to achieve this 
remains contested. Existing proposals emphasize either supply-side or 
demand-side strategies, yet conceptual integration between the two is 
rare. This article develops a typology for climate change mitigation 
research by distinguishing two key dimensions: the primary entry point 
of intervention (supply-side vs. demand-side) and the dominant scope of 
intervention (individual vs. systemic). Within this typology, we identify 
four research perspectives – techno-innovation, individual decision- 
making, industrial transformation, and embedded lifestyles – and 
compare them in terms of their problem framings, disciplinary origins, 
forms of intervention, policy proposals, and target actors. Our typology 
shows that while mitigation strategies have become more diverse, they 
still tend to prioritize either supply-side or demand-side interventions, 
rather than integrating them as complementary pathways for social- 
ecological transformation. To address this gap, we propose three 
promising research directions: provisioning systems, sufficiency corri
dors, and social-ecological practices. These directions (1) analyze pro
duction and consumption as coupled systems, challenging the 
traditional supply-demand dichotomy; (2) frame climate change miti
gation not only as a technological challenge but also as a call for absolute 
reductions in production and consumption; and (3) pursue trans
formative change on a systemic level, moving beyond the cumulative 
effects of individual decisions by emphasizing collective, rules-based 

interventions.

1. Introduction

There is overwhelming consensus in interdisciplinary climate 
research on the need for immediate and sustained reductions in GHG 
emissions, but strategies for achieving this remain contested [1,2]. 
Mainstream strategies for climate change mitigation mainly focus on 
“greening” the economy, for example, through more efficient technol
ogies and the expansion of low-carbon energy supply. However, a sub
stantial “emissions gap” persists between implemented policies and the 
reductions needed to meet the 1.5 or 2 ◦C targets [3]. Strategies to 
reduce emissions by changing energy demand, alongside technological 
carbon dioxide removal and geo-engineering, are gaining increasing 
attention [1]. At the same time, the phase-out of fossil fuels and other 
emissions-intensive sectors remains highly contested at both the inter
national level [4] and in national and regional climate politics [5–7].

In interdisciplinary climate research, an important dichotomy re
volves around supply-side and demand-side climate change mitigation 
(hereafter: supply-side and demand-side mitigation) strategies [8–12]. 
In this dichotomy, supply-side strategies target the supply of energy and 
emissions-intensive goods and services (e.g., fossil fuels, meat products) 
primarily through technological innovation and shifts toward low- 
carbon technologies, while demand-side strategies focus on energy 
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demand, mainly through behavioral change [13]. With the escalating 
climate crisis, and the growing recognition that rapidly and sufficiently 
reducing GHG emissions through technological solutions alone is 
infeasible [14–16], more radical and systemic strategies have been 
proposed from both demand-side and supply-side perspectives.

A new wave of demand-side research challenges the dominant focus 
on technological solutions by framing demand-side mitigation – focused 
on energy service demand (e.g., reducing travel need, minimizing heat
ing and cooling needs through building design, or lowering material 
consumption through sharing and repairing) rather than just energy 
demand (e.g., liters of gasoline, kilowatt-hours of electricity) [17] – as a 
strategy to directly reduce the total amount of energy and materials 
needed [16–20]. At the same time, research on systemic supply-side 
mitigation strategies has diversified [22–25] but has received compar
atively less attention in interdisciplinary climate research [1]. These 
new “supply-side climate policies” [26] differ substantially from 
efficiency-centered and technology-driven strategies and emphasize the 
mandatory restriction of emissions-intensive sectors. In so doing, they 
fundamentally challenge incumbent power relations and entrenched 
carbon lock-ins [6,10,27,28].

In sum, while research on both supply- and demand-side mitigation 
strategies has become increasingly diverse, the respective research 
communities have – to the best of our knowledge, given the absence of 
systematic studies on their interaction – largely developed separately 
and rarely engage with or learn from one another. At the same time, the 
dichotomous use of the concepts and strategies – although understand
able given diverse academic origins and/or strategic considerations – 
obstructs a more holistic understanding of transformative change and 
the development of effective interventions [29]. This article therefore 
broadens the scope of demand- and supply-side mitigation research and 
outlines research directions that move beyond this dichotomy. The aim 
of the article is twofold. First, there is an analytical aim to differentiate 
and structure diverse mitigation strategies – within a heterogeneous and 
rapidly evolving body of literature – to better understand their distinct 
framings of the climate crisis and forms of intervention. By doing so, the 
article provides guidance for researchers in positioning relevant con
tributions and identifying which framings are best suited to address 
specific research questions or problems. Second, there is a strategic aim 
to integrate different mitigation strategies in order to develop more 
systemic and transformative interventions. Rather than opting for sup
ply- or demand-side strategies, we argue for integrating both in their 
systemic forms to reduce energy and resource use in absolute terms, 
while simultaneously addressing well-being and transition concerns 
among affected communities and vulnerable groups.

The article is structured as follows: In Section 2, we provide details 
on our methodology. Section 3 then serves as a brief discussion and 
clarification of important terms (e.g., supply and demand, production 
and consumption, efficiency and sufficiency) that are often conflated or 
used interchangeably in interdisciplinary climate research. In Section 4, 
we typologize mitigation strategies along the entry point (supply-side or 
demand-side) and scope of intervention (individual or systemic). We 
outline one research perspective for each quadrant and compare them in 
terms of their specific forms of intervention, key policies, and target 
actors. Based on this comparative discussion, Section 5 introduces three 
research directions that move beyond the supply-demand dichotomy. 
Section 6 concludes.

2. Methodology

Our contribution aims to analytically distinguish and structure 
diverse mitigation strategies, while strategically integrating more sys
temic ones that have received less attention in climate policy. To this 
end, we combine a typology approach [30,31] with a narrative review 
[32]. This allows us to map existing research perspectives and outline 
research directions with the potential to bridge the supply-demand 
divide. We followed a three-step process (see [33] for a similar 

methodological approach). In a first step, based on extensive exchange 
among the co-authors and discussions with colleagues, we developed a 
simple conceptual framework of mitigation strategies based on two axes: 
the primary entry point of intervention (supply-side or demand-side) and 
the dominant scope of intervention (individual or systemic). With regard 
to the latter, the categories ‘individual’ and ‘systemic’ seek to capture 
differences in the underlying understanding of how transformation oc
curs: either through the cumulative effect of individual decisions (in
dividual) or through structural changes across society (systemic) [34]. 
In addition, they also reflect differences in the binding nature of miti
gation strategies: low-binding, incentive-based interventions (individ
ual) or high-binding, collective-rules-based interventions (systemic) 
[35,36]. This resulted in a 2 × 2 matrix (Table 1), designed to facilitate 
the identification of research perspectives and investigate concrete dif
ferences and fault lines.

In a second step, this conceptual matrix guided our narrative liter
ature review, aimed at developing a typology of research perspectives 
and exploring the problem framing, academic origins, forms of inter
vention, policy proposals, and target actors within these perspectives. A 
narrative review approach is “particularly useful for exploratory reviews 
that seek to synthesize insights from a variety of perspectives and dis
ciplines“ [32]. Since the research perspectives, often rooted in different 
disciplines, do not necessarily use the same terms and concepts – or may 
use them differently – systematic and predefined search strings were 
considered less useful. Our aim was therefore not to conduct a system
atic review, but rather to typologize the literature on supply- and 
demand-side mitigation strategies, synthesizing key publications, terms, 
and authors. According to Jaakkola [30], a typology “classifies con
ceptual variants as distinct types” to provide “a more precise and 
nuanced understanding of a phenomenon or concept, pinpointing and 
justifying key dimensions that distinguish the variants” [23]. The ty
pology thus fills the conceptual 2 × 2 matrix with four distinct research 
perspectives (see Section 4). These are ideal types characterized by 
distinct features but encompassing varying degrees of homogeneity 
within the associated bodies of research.

Finally, in a third step, we outlined three non-exhaustive research 
directions that move beyond the supply-demand dichotomy – provi
sioning systems, sufficiency corridors, and social-ecological practices – 
and discuss how these perspectives advance our understanding of 
mitigation strategies. We select these three directions because they (1) 
challenge the conventional supply-demand dichotomy; (2) frame 
climate change mitigation not only as a technological challenge but also 
call for direct, absolute reductions in production and consumption vol
umes; and (3) target the systemic level, moving beyond both the cu
mulative effects (aggregation) of individual decisions and the 
limitations of low-binding, incentive-based interventions.

3. On supply and demand, production and consumption, 
efficiency and sufficiency

Different research communities and authors in interdisciplinary 
climate research frequently refer to supply-side and demand-side stra
tegies, but their meanings are often unclear or ambiguous. This ambi
guity increases due to the entanglement with other important terms in 
the mitigation literature, which are sometimes used interchangeably. In 
this section, we provide a brief introduction into two of these 
entanglements.

A first entanglement refers to the terms production and consumption 
which are often used interchangeably with supply and demand. In con
ventional economics, supply and demand describe behaviors under 
varying conditions: demand is understood as the willingness and ability 
to procure a good or service, while supply is associated with the will
ingness and ability to provide that good. In basic theories and models, 
these behaviors are influenced by factors such as prices, production 
costs, available resources, and income levels [37], while more complex 
models and theories also consider the effect of norms, habits, 
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institutions, power relations, and legacies [38,39]. In contrast, produc
tion and consumption can be understood as activities involving the 
quantities and qualities of goods and services that are actually produced 
and consumed [34]. Importantly, in specific economic interactions, 
many actors function as both producers and consumers, depending on 
the particular section of the economy under consideration. For example, 
individuals act as private consumers while also supplying labor, and 
firms not only supply goods and services but also demand them for their 
operations. While we neither claim that these economic definitions of 
demand-supply and production-consumption are the only valid ones, 
nor endorse the oversimplified assumptions about behavior and society 
often associated with these concepts (e.g., rationality, perfect competi
tion, linearity), we find it useful to distinguish between demand-supply 
as behavioral tendencies (or entry points for intervention) and 
production-consumption as actual quantities and qualities (or outcomes). 
This distinction also clarifies that the quantitative reduction and quali
tative transformation of production and consumption are outcomes of 
the interaction between supply and demand.

A second entanglement comprises efficiency and sufficiency. Suffi
ciency measures aim to avoid, limit, or reduce the excessive production 
and consumption of goods and services, particularly those associated 
with harmful or emissions-intensive activities, while delivering well- 
being [33,40]. Efficiency measures, in contrast, focus on reducing 
resource and energy use as well as environmental impacts for the same 
(or even increased) production and consumption levels [41–43]. Effi
ciency measures may reduce energy use and emissions in relative terms 

(per unit of output), but not necessarily in absolute terms. In the current 
academic debate, sufficiency measures are often associated with 
demand-side or consumption-based strategies [18,44]. Because of this 
conflation, the entry point is frequently directed toward final consumers 
[45]. Contrary to this trend, some argue that sufficiency measures are 
equally applicable – and indeed necessary – for supply-side behavior, for 
example, through incentives and regulations for producers and sectors 
[6,27,46]. At the same time, efficiency measures are often discussed as 
supply-side interventions [47], but they are also influenced by demand, 
for example, through consumer preferences for more sustainable alter
natives of the same product [48,49] or through consumer acceptance of 
circular economy offerings [50]. Limiting sufficiency to demand-side 
and efficiency to supply-side strategies is therefore unwarranted.

4. Mapping research perspectives along the entry point and 
scope of intervention: toward a typology of current mitigation 
strategies

In this section, we classify mitigation strategies along the entry point 
(supply-side or demand-side) and scope of intervention (individual or 
systemic) (Fig. 1). We outline one research perspective for each quad
rant and then discuss the research question or problem it addresses, its 
disciplinary origin, specific forms of intervention, associated policies, 
and target actors. This separation along the supply-demand and 
individual-systemic axes reflects general tendencies and does not imply 
clear-cut boundaries as overlaps exist both in theory and practice. 

Table 1 
Conceptual 2 × 2 matrix of climate change mitigation strategies.

Entry point of intervention

Supply-side Demand-side

Scope of intervention Individual Aggregation of individual supply-side decisions; low-binding, 
incentive-based interventions

Aggregation of individual demand-side decisions; low-binding, 
incentive-based interventions

Systemic Structural changes across the supply-side; high-binding, collective- 
rules-based interventions

Structural changes across the demand-side; high-binding, collective- 
rules-based interventions

Fig. 1. Research perspectives along the entry point of intervention (x-axis: supply-side or demand-side) and the scope of intervention (y-axis: individual or systemic).
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Nonetheless, we consider this typology a useful tool for navigating the 
heterogenous and rapidly evolving mitigation literature.

4.1. Techno-innovation perspective

Techno-innovation is the most influential supply-side research 
perspective [1]. It is associated with improving energy efficiency and 
shifting toward low-carbon or renewable-based technologies and inputs 
– primarily wind and solar but also nuclear energy and hydropower – to 
mitigate climate change. Techno-innovation strategies are typically 
based on cost-effectiveness and target the behavior of businesses, aiming 
to improve existing technologies and promote low-carbon innovations 
without questioning growth in production and consumption [51]. 
Additionally, they often rely on the extensive deployment of negative- 
emissions technologies [52,53].

Many strategies within the techno-innovation perspective are rooted 
in environmental economics, favoring market-based instruments to 
incentivize the cost-effective uptake of low-carbon technologies [54,55]. 
These instruments (e.g., carbon pricing) are designed to “internalize” 
the environmental and social costs of carbon emissions or other envi
ronmentally harmful substances. By doing so, they aim to create eco
nomic signals to incentivize corporate behavior toward low-carbon 
innovation and resource efficiency. The techno-innovation perspective 
frequently relies on derisking strategies [56] and favors economic in
struments – and sometimes voluntary agreements – over command-and- 
control regulation [54,57].

4.2. Individual decision-making perspective

The individual decision-making perspective focuses on the potential 
of individuals to drive demand-side change through their consumption 
choices, assuming that the cumulative (aggregated) effects of these in
dividual choices can shift economic systems toward more climate- 
friendly outcomes [58–60]. Rooted in neoclassical (behavioral) eco
nomics, this perspective traditionally investigates the effects of price 
incentives, such as taxes on petroleum or meat, but increasingly in
corporates interventions beyond purely economic costs and benefits to 
encourage climate-friendly behavior [58]. These interventions, often 
referred to as “nudging”, aim to subtly influence the context in which 
decisions are made, for example, by implementing climate-friendly 
default settings (e.g., for electricity tariffs), communicating social 
norms, using subconscious cues (priming), or enhancing the salience of 
climate-related information on products [58,61,62]. Similar to the 
techno-innovation perspective – though now applied to the demand side 
– these incentives aim to alter individual choices without directly 
eliminating options or significantly changing economic incentives 
[63,64].

Research also highlights individual interventions beyond mere con
sumer choice. Mostly rooted in psychology, these approaches address 
individual behavioral change across various settings, such as work
places, local communities, social movements, and political engagement 
as citizens and voters [65,66]. As such, the individual decision-making 
perspective examines individual perceptions and values, and how 
these relate to varied responses to financial incentives or policies – a 
phenomenon referred to as behavioral plasticity [67–69]. More recently, 
behavioral approaches have also emphasized the importance of target
ing the actual environmental impact of individual behaviors (e.g., 
avoiding flying and car use, reducing meat and dairy consumption) and 
addressing personal carbon footprint inequality when designing eco
nomic and regulatory interventions [66,70].

4.3. Industrial transformation perspective

The industrial transformation perspective represents research and 
strategies calling for systemic changes in production systems that go 
beyond technological innovations and business incentives. These 

emerging “supply-side climate policies” [10] are primarily proposed by 
political scientists, political economists, and sustainability transition 
scholars [22,26,71,72]. They challenge the effectiveness of carbon 
pricing [73] and the dominant focus on innovation [74], advocating 
instead for system-wide reductions in production and the phase-out of 
fossil fuels. Similar suggestions have been introduced as exnovation, 
decline, post-growth, sunset or destabilization policies [71,74–76]. 
Beyond phasing out of fossil fuels, research also emphasizes the 
degrowth of other emissions-intensive sectors, such as the livestock 
[24,77,78] and automotive industries [6,79]. Policy instruments for 
such industrial transformations include laws and standards [80], tech
nology bans (e.g., on internal combustion engine cars or gas boilers 
[81,82]), credit guidance [56,83,84], and moratoria on fossil fuel 
extraction [85–87]. Other approaches involve establishing local fossil 
free zones [88] and promoting an international fossil fuel non- 
proliferation treaty [89,90].

While this perspective highlights the need for the active phase-out of 
fossil fuel technologies, sectors, and practices, recent literature also 
emphasizes major political-economic barriers to this transformation, 
largely rooted in capitalist structures and associated “questions of social 
power and distribution” [91]. These barriers stem primarily from the 
entrenched power of incumbent fossil fuel companies [92–94] and the 
social impacts of energy transitions on workers in impacted industries 
[95–98]. This has given rise to calls for just transition frameworks, for 
example, in coal phase-out plans [99,100], the restructuring of the 
automotive industry [96,101,102], and the protein transition [103]. 
Amid growing conflicts and backlash against mitigation efforts, the in
dustrial transformation perspective links the phase-out of fossil fuels and 
related industries to active industrial, social and labor market policies to 
enhance legitimacy and acceptance for structural transformations 
[96,104]. The transformation of the welfare state to address these 
challenges is of particular importance here [105–107], alongside in
dustrial policy and green economic planning to actively steer trans
formative change toward low-carbon industries [6,84,108–110]. 
Furthermore, many political economy analyses challenge private 
ownership of energy- and emission-intensive companies, identifying it 
as a major obstacle to structural transformation, and propose alterna
tives such as commons-public partnerships [111]. Similarly, feminist 
approaches highlight that just transitions require a redistribution of 
capacities from productive to reproductive sectors, placing greater 
emphasis to unpaid care work for both people and ecosystems [112].

4.4. Embedded lifestyles perspective

Unlike individual strategies for demand-side mitigation, the 
embedded lifestyles perspective bridges “socio-behavioural, infra
structural and technological domains” [18] to emphasize the systemic 
embeddedness of individual activities and lifestyles. The avoid-shift- 
improve (ASI) framework, initially developed in transport studies 
[113] and now widely adopted in interdisciplinary climate research, has 
become particularly influential for analyzing demand-side strategies 
from such a systemic angle. It structures interventions along a hierarchy 
of avoiding emissions-intensive activities (e.g., reduced travel demand), 
shifting activities to low-carbon technologies, services or practices (e.g., 
transitioning from individual motorized to active and public mobility, or 
from animal-based to plant-based proteins), and improving existing 
technologies and activities (e.g., replacing internal combustion engines 
with electric vehicles) [18]. The core argument is that by changing de
mand, it is possible to maintain service delivery and well-being while 
simultaneously reducing overall resource use and emissions [18]. As 
such, the embedded lifestyles perspective explicitly targets absolute re
ductions in energy and material use through demand-side, yet systemic, 
interventions [9,114,115].

Related research on sufficiency – developed partly independently 
from the ASI framework – deepens and substantiates the focus on 
avoiding emissions-intensive lifestyles and reducing consumption levels 
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of high consuming classes, while securing well-being [116]. The 
embedded lifestyles perspective embeds individual behavioral changes 
(e.g., dietary shifts, adopting active mobility, avoiding air travel) within 
deeper transformations of infrastructures, urban settlements, and eco
nomic and regulatory systems [9]. Consequently, research from this 
perspective emphasizes the need for policy mixes [117] and identifies 
institutional actors, such as spatial planners and policymakers, as 
important transformative change agents [118].

4.5. Comparative discussion

This section compares the research perspectives with respect to their 
specific forms of intervention, associated policies, and target actors 
(Table 2).

In terms of forms of intervention, mitigation strategies range from 
individual to systemic. While especially the latter have become 
increasingly differentiated in recent years, this differentiation has 
resulted in a more distinct emphasis on either supply-side or demand-side 
mitigation strategies. These emphases have often emerged as critical 
responses to dominant research perspectives that traditionally focus on 
individual-level interventions aiming for the cost-effective, incentive- 
driven change of technology and behavior (i.e., techno-innovation and 
individual decision-making perspectives). For example, the growing 
focus on systemic demand-side solutions [9,21] reflects a reaction to the 
techno-innovation dominance in the IPCC literature [114]. As re
strictions on and avoidance of energy supply were often deemed politi
cally infeasible, energy demand has been left as the only viable entry 
point for avoiding or reducing energy and resource use [119]. Within this 
debate, interventions to improve and shift can be associated with both 
supply-side and demand-side measures, whereas interventions to avoid 
are largely limited to demand-side change (embedded lifestyles 
perspective). The dominance of the techno-innovation perspective has 
therefore also hindered the exploration of more systemic supply-side 
mitigation strategies. These strategies target both production volumes 
(and the relentless growth in production) and the composition of pro
duction [77]. Accordingly, the entry points for an industrial trans
formation perspective lie within the political-economic systems 
themselves – including working conditions, accumulation strategies, 
and capitalist ownership structures – as well as within sectoral supply 
chains that currently obstruct the restriction and avoidance of energy 
supply and emissions-intensive production [26,78,120].

With regard to mitigation policies [121], economic instruments (e.g., 
carbon pricing, subsidies, tax cuts) and voluntary agreements have 
predominated within the techno-innovation perspective. This is notable 
given that early successful environmental policies – including at the 
international level – were mainly associated with command-and-control 
instruments, such as regulatory standards and bans (e.g., the phase-out 
of ozone-depleting substances under the Montreal Protocol or environ
mental improvements in frontrunner countries like Sweden [72,122]). 
However, with the Kyoto Protocol, and alongside neoliberal restruc
turing, market-based incentives became the primary policy recommen
dation [123]. While these incentives have reduced energy use and 
emissions per unit of output, they have been less successful in the ab
solute and system-wide reduction of energy use and emissions at the 
necessary speed and scale [14,73]. Cap-and-trade systems, offering a 
fixed and declining number of emission certificates, are said to provide 
greater certainty regarding actual emission reductions [121]. They link 
regulatory interventions (cap) with market-based incentives (trade), 
positioning them at the interface of individual and systemic supply-side 
policies – provided that certificate caps are steadily reduced and prices 
consistently rise as planned [117,124].

As concerns about the effectiveness of economic instruments have 
grown [73,117,125], recent supply-side climate policies increasingly 
call for command-and-control instruments (e.g., bans and moratoria) to 
curb fossil-fuel extraction, supply, and related production [126]. As 
such, the industrial transformation perspective complements support for Ta
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innovation and low-carbon technology with a stronger focus on green 
economic planning, exnovation, and phase-out policies [127]. It also 
emphasizes the integration of such phase-out policies with industrial, 
labor and (eco-)social policies to achieve more transformative and 
equitable outcomes as well as greater acceptance among affected com
munities and workers [128–130]. The embedded lifestyles perspective 
similarly advocates for the combination of policy options, including 
policy mixes [131] and policy sequencing [132]. These include eco
nomic instruments, regulatory standards (e.g., building codes, perfor
mance standards), behavioral policies (e.g., green defaults), but also 
spatial planning interventions (e.g., infrastructure development, street 
space reallocation), which are less emphasized in other perspectives 
[18,117].

Finally, in terms of target actors, the perspectives range from 
addressing individuals – mainly as (producer) companies or consumers, 
but also as voters, citizens and individuals embedded in socio-economic 
and material structures – to institutional actors, including policymakers, 
spatial planners, workers, unions, and affected communities. The 
techno-innovation perspective primarily targets companies and busi
nesses, aiming to subtly steer investment toward (green) technological 
innovation and away from fossil fuels, especially through derisking 
[133]. Similar individual in focus, the individual decision-making 
perspective addresses actors mainly as consumers making informed 
decisions, based largely on their economic preferences [134]. Conse
quently, much of this literature focuses on how consumers can be 
encouraged to accept higher carbon prices [135–137].

The state appears as an important actor in both individual-centered 
perspectives, but is mainly construed as a neutral, non-partial entity 
enabling informed choices, ‘competitiveness’, and level playing fields 
for companies and consumers, for example, through facilitating carbon 
markets. In contrast, systemic perspectives, particularly the industrial 
transformation perspective, attribute a more active and direct role to the 
state. Phase-out polices and other command-and-control interventions 
require strong state capacities to plan and coordinate such interventions 
[6,33,110]. However, this literature also emphasizes the political- 
economic barriers to more progressive state involvement due to its 
entanglement with fossil capital [10] and other entrenched power 
complexes [92]. Therefore, the state itself is not seen as a homogenous 
actor but a contested terrain, where incumbent structures and the very 
functions of the modern capitalist state (e.g., through its reliance on 
economic growth) impede systemic change [10,138,139]. Networks and 
coalitions of actors are therefore recognized as vital for coordinating 
action and transforming institutional barriers [10,138]. Within this 
framework, the industrial transformation perspective places specific 
emphasis on workers and affected communities as transformation actors 
[6,95,140]. The embedded lifestyles perspective shares the focus on 
networks, coordinated action, and actor coalitions for implementing 
policy mixes and transforming infrastructures but places less direct 
emphasis on identifying specific actors. Instead, it highlights the com
plex system configurations that shape lifestyles [117].

While both systemic perspectives broaden the range of actors – such 
as municipalities, social movements, international alliances 
[90,96,141–143] – they still largely overlook intermediary actors (e.g., 
traders, processors, retailers), or assign them exclusively to either the 
demand or the supply side [47,126,144]. This dichotomy obscures the 
crucial role of supply-chain intermediaries in linking production and 
consumption systems – a key factor in understanding barriers to trans
formation, for example in the agri-food sector [28,145].

5. New research directions beyond the supply-demand 
dichotomy

The comparison above highlights the richness, diversity, and 
complementarity of existing approaches for investigating supply-side 
and demand-side mitigation options. However, in focusing on either 
the supply-side or the demand-side as the primary entry point, all 

perspectives have critical blind spots when exploring pathways for 
transformative change. In this section, we therefore introduce research 
directions that hold the potential to advance or inform transformative 
mitigation strategies. We introduce three such directions – provisioning 
systems, sufficiency corridors, and social-ecological practices – and 
describe how they move beyond supply-demand dichotomies. Subse
quently, we discuss common reference points shared by these research 
directions.

5.1. Provisioning systems perspective

Provisioning systems are social-ecological systems, processes, and 
relations through which societies consume, produce, and distribute the 
goods and services to meet their needs and wants. As such, they mediate 
biophysical resource use (e.g., energy use) and social outcomes (i.e., 
human (un)well-being) [146]. Provisioning systems encompass material 
aspects (e.g., infrastructure, technology, manufacturing) and societal 
aspects (e.g., institutions, policies, labor/care relations) [147,148]. As a 
concept, provisioning systems are broader than traditional economic 
production systems, as they include both market-based, commodified, 
and monetized as well as non-market-based, un− /de-commodified, and 
non-monetized activities necessary to organize livelihoods [34,147].

The dominant problem framing highlights that “consumption out
comes depend on the system by which a good or service is provided 
[which] in turn is shaped by the nature of the good itself and the context 
in which both production and consumption, and the connections be
tween them, are situated” [149]. This framing highlights the need to 
understand the “unique political economy” of each commodity or ser
vice [148] and to unpack the systemic factors that determine who gets 
what, how, and why [149]. The provisioning systems perspective ac
knowledges that energy supply and demand (as well as associated be
haviors and practices) are embedded in wider societal contexts, 
including material infrastructures, economic and regulatory systems as 
well as labor relations [150–153]. For example, applying a provisioning 
systems perspective, Staritz et al. [154] challenge the conventional view 
that price-making is an objective, market-driven process. They show 
how critical raw material extraction and consumption are closely 
intertwined within a broader socio-ecological context, where price- 
making is shaped by the dominance of financial actors, power strug
gles, social relationships, institutions, and the physical realities of 
mineral commodities. Focusing on food provisioning, Bayliss and Fine 
[149] examine how profit-driven food production requires practices like 
land grabbing and commodity speculation as well as advertising and 
widespread retail outlets to push consumption. At the same time, con
sumers experience pressures both to eat and to diet, developing specific 
cultural patterns around food consumption. Investigating the political 
economy of car dependence through a provisioning systems perspective, 
Mattioli et al. [79] show how car-dominated, high-carbon transport 
systems are co-determined by the interests of the automotive industry, 
the provision of car infrastructure, the political economy of urban 
sprawl, and cultures of car consumption (see also, [96]).

Rather than establishing a dichotomy between supply-side techno
logical change and the reduction of energy demand, the provisioning 
systems perspective frames production and consumption as coupled 
systems across various sectors [20,155]. It highlights how, under certain 
political-economic conditions, industries are driven to continuously 
expand production, thereby creating demand (and wants) that often 
exceed actual needs [156,157]. At the same time, consumers interact 
with these underlying material, economic, and social structures through 
their behavioral tendencies (demand), which are shaped by routines and 
cultures that have developed around specific commodities and services 
[149,158].

The provisioning systems perspective offers a variety of systemic 
entry points for transformative change, both on the demand-side and 
supply-side as well as along various phases of establishing and sustain
ing provisioning systems. For example, Schaffartzik et al. [152] 
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differentiate five such phases of provisioning systems development 
(groundwork, investment and construction, operation, maintenance, 
and dissolution), each with unique implications and opportunities for 
intervention. In the groundwork phase, land appropriation and legal 
changes lay the socio-political foundation, often displacing local pop
ulations, offering early intervention opportunities to prevent long-term 
damage. The investment and construction phase locks in material 
commitments, with protests, labor actions, and legal challenges poten
tially stopping irreversible changes. The operation and use phase comes 
with the highest resource consumption and pollution, where various 
activities can target halting harmful activities. Maintenance prolongs 
system life, allowing divestment or policy shifts as critical intervention 
points. Finally, obsolescence and dismantling leave lasting environ
mental and social legacies, where reclamation and corrective justice 
campaigns seek to mitigate – and potentially correct – long-term im
pacts. Each phase provides specific moments for intervention and 
resistance to transform rather than reproduce current provisioning 
systems.

5.2. Sufficiency corridors perspective

The concept of corridors, which has gained recognition in the latest 
IPCC report [159], offers another framework for addressing excessive 
energy and resource use while ensuring human well-being – potentially 
spanning both production and consumption spheres [160]. Corridors 
define minimum standards for a good life and maximum limits on the 
use of natural and social resources [161]. Corridors can be understood as 
the space between these two boundaries, with the goal of gradually 
narrowing this space over time. This is achieved by raising the floor to 
universally ensure the satisfaction of human needs, while simulta
neously lowering the ceiling to limit wasteful or harmful overproduction 
and overconsumption. This idea recognizes that sustainability is not just 
about making things more efficient but about deciding what kinds of 
production and consumption should be prioritized (e.g., luxury versus 
essential production and consumption).

A corridor perspective frames the research problem as one of dis
tribution and inequalities, emphasizing that social-ecological crises “are, 
at their core, distributional crises, where excess and deprivation, over
shoot and shortfall are interconnected” [160]. This approach criticizes 
the prevailing focus on technology, highlighting that such strategies 
overlook the deeper issue of inequality. It seeks to shift the focus from 
decoupling growth from resource use to addressing the unequal 
contribution to and distribution of environmental impacts, the unequal 
access to resources needed for protection against these impacts, and 
ensuring fair resource access for all. Closely related to the question of 
who gets what, how, and why (see Section 5.1), a corridors perspective 
highlights the need to think about the distribution of, for example, 
“space, available time, and financial capital” [162]. Among others, the 
application of corridors has been explored in areas such as residential 
space [163], the development of green public spaces [164], information 
and communication technologies [165], fashion and textiles [166], as 
well as urban mobility [167].

Initially, the concept has been developed as consumption corridors 
that “describe a space between minimum consumption standards that 
provide every individual with the ability to live a good life, and 
maximum consumption standards that keep individuals from consuming 
in quantities or ways that hurt others' chances to do the same” ( [168], 
see also, [162,169]). However, research on consumption corridors is 
rooted in a tradition of “strong sustainable consumption governance” 
which considers the distinction between production and consumption 
“partly artificial” [170] and focuses on consumption-production systems 
(e.g., [171,172,173]). Nevertheless, the literature on consumption cor
ridors tends to foreground the consumption side, aligning with a broader 
trend in the sufficiency literature, where sufficiency is rarely applied to 
production [119]. From a systemic perspective, however, integrating 
consumption and production corridors is crucial to challenge growth- 

oriented political economic systems. Bärnthaler and Gough [27] have 
therefore introduced the concept of production corridors to complement 
the focus on consumption in reaching sufficiency (see also [174]). They 
differentiate between essential production, excess production, and in- 
between production to conceptualize production corridors as dynamic 
spaces between social-ecological floors and ceilings. As a research 
agenda, sufficiency corridors then aim to integrate the production and 
consumption sphere as a “space between a floor of meeting needs and a 
ceiling of ungeneralizable excess” [160].

A sufficiency corridors perspective aims to integrate key insights 
from the embedded lifestyles perspective (from which the concept of 
consumption corridors emerged) and from the industrial transformation 
perspective (which underpins the idea of production corridors). For 
example, while the former is particularly concerned with structurally 
embedded lifestyles, high-energy consumers, co-benefits, and the po
litical and socio-cultural renegotiation and reconfiguration of need 
satisfiers, the latter places greater emphasis on questions of ownership, 
macro-financial regimes, critical and unnecessary labor, and industrial 
policy, and is more strongly anchored in green economic or eco-socialist 
planning debates — although both share a strong focus on equity and 
eco-social policies [105,175,176]. As a — yet largely unrealised — 
research agenda, sufficiency corridors would seek to bridge these de
bates and entry points through the shared objective of raising social 
floors and lowering ceilings, exploring implications for alliance build
ing, new transformation narratives, and strategic interventions.

5.3. Social-ecological practices perspective

Finally, a third, influential research perspective, rooted in sociology, 
focuses on practices as the main intervention unit, for example, sharing 
practices, shifting to plant-based diets, reducing the size of living space, 
car use or air travel [116]. Social practices are active integrations of 
materials (e.g., infrastructure, built environment), meanings (e.g., cul
tural norms and conventions, rules), and competences (e.g., skills, 
knowledge) [177–179]. They are not individual actions but socially 
shared patterns of routinized behavior that involve both human activity 
and the material world, connecting individual and societal levels of 
activity [180]. Hence, like provisioning systems, they are material, 
socio-cultural, and political-economic phenomena — although most 
practice theories would benefit significantly from a deeper engagement 
with political economy — shaping how we live, produce, and consume.

A social-ecological practices perspective has emerged as a critique of 
the influential ABC (Attitude-Behavior-Choice) model, which is central 
to the individual decision-making perspective [181]. This model as
sumes that social change depends on attitudes (A), which drive behavior 
(B) that leads to choices (C). By placing too much emphasis on indi
vidual choice, this model neglects the broader social, political, cultural, 
and material contexts that shape everyday practices. A social-ecological 
practices perspective shifts the problem framing from individual choices 
(as emphasized in the individual decision-making perspective) and ef
ficiency improvements (central to the techno-innovation perspective) 
toward understanding how energy is used as part of everyday social 
practices, rather than as an isolated technical issue ([182], see also, 
[183]). It challenges the view that efficiency is purely about delivering 
more services with less energy, arguing instead that such approaches 
obscure how societal norms and rules, material arrangements, and in
frastructures drive energy demand and supply. Climate change mitiga
tion strategies thus require a deeper understanding of how social- 
ecological practices evolve and shape energy use.

Social practice theory focuses on how both supply and demand are 
interwoven in everyday practices. Rather than viewing production and 
consumption as separate processes, it sees them as mutually constitutive 
within social-ecological practices. For example, Shove and Trentmann 
([179], see also, [184]) discuss how infrastructure-practice (re)config
urations can support alternative resource supply systems and signifi
cantly reduce consumption. They emphasize the need for specific 
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infrastructures (e.g., to support prosuming practices), new institutional 
models that move away from volume-based business models, and 
network-dependent appliances to facilitate resource reuse in low-carbon 
practices. Additionally, they highlight the importance of changing the 
relationships between social practices and networks (e.g., around com
fort and convenience) and between consumers and producers (e.g., 
consumer involvement in the provisioning process, which may require 
more time and new skills as well as localized production).

A social-ecological practices perspective offers a variety of entry 
points for transformative change that span production (supply) and 
consumption (demand) spheres [178]. In terms of materials, changes in 
technology and infrastructure – such as expanding public transport 
networks or transiting to solar energy systems – can reshape both pro
duction (how energy services are generated and distributed) and con
sumption (how energy services are used at home or in transport). In 
terms of meanings, socio-cultural shifts in the perception of needs – such 
as redefining “luxury” as sustainable living or experiencing high-impact 
behaviors like flying or meat consumption as increasingly out of step 
with social norms – can reduce demand for resource-intensive products 
and services and alter how goods are produced and marketed. Finally, in 
terms of competences, the development of new skills and knowledge – 
like navigating shared, multi-modal transport systems or adopting 
energy-saving habits at home – is crucial for consumers and producers to 
enable and reproduce low carbon and material practices. Importantly, 
since practices are ongoing integrations of materials, meanings, and 
competences, transformative interventions must go beyond isolated 
changes in these elements. They must also focus on breaking and (re-) 
making the connections between them, as well as changing how 
different practices – such as leisure, care, and mobility – interlock 
[178,185].

5.4. Common reference points

The discussion above highlights that the presented research di
rections share common reference points, which could serve as a foun
dation for future research on climate change mitigation and help 
identify interconnected entry points for transformative change.

First, the three perspectives analyze production and consumption as 
coupled systems, where consumption is rooted in production and vice 
versa. They acknowledge that consumption is also an induced outcome 
of growth- and productivity-driven production sectors that, among 
others, channel long working hours and labor-productivity gains into 
increasing consumption [186], drive consumption through practices like 
advertising and planned obsolescence [187,188], and are controlled by 
those who own and manage the means of production under certain 
political-economic conditions [189,190].

Second, the three perspectives share a common understanding that 
focusing mitigation strategies primarily on more efficient and low- 
carbon technologies and practices is insufficient. Achieving the neces
sary absolute reductions in production and consumption levels also re
quires changes in political-economic framework conditions. Hence, in 
coupled systems, transformative interventions have to complement 
efficient and renewable technologies with strategies aimed at avoiding 
the use of energy and other resources. These ‘avoid strategies’ need to 
target both the consumption and production of fossil fuels and 
emissions-intensive sectors, rather than being limited to either demand- 
side or supply-side mitigation. Relatedly, the three perspectives are 
concerned with how specific (energy) services (e.g., mobility, nutrition, 
housing) – framed as social outcomes (provisioning systems), specific 
kinds of consumption and production (sufficiency corridors), or social- 
ecological practices – can be achieved with less material and energy 
input, while ensuring high levels of well-being [8,191].

Third, the three perspectives share a systemic understanding of 
transformative change – that is, they address change beyond the cu
mulative effects of individual decisions, whether by consumers or 
companies, and recognize the need for collective-rules-based 

interventions. Accordingly, these research directions emphasize the 
critical role of material infrastructure [192,193], political economy and 
labor relations [91,96], political institutions and regulations [139], and 
shared social-ecological practices [184,194] in comprehensively un
derstanding the interplay between supply-side and demand-side miti
gation strategies. This systemic focus does not imply that individual 
decisions should be neglected, especially when they have significant 
emissions implications (e.g., flying, cruise vacation, meat consumption). 
Rather, it highlights that the barriers to transformative change are not 
primarily rooted in a lack of information, consumer acceptance, or in
centives, but in the unequal distribution of power and resources, the 
resistance of incumbent actors, and entrenched society-nature relations 
[28,92,195].

6. Conclusion

In recent years, the body of climate change mitigation literature has 
become increasingly diverse, with a growing emphasis on either supply- 
side or demand-side strategies. In this article, we have developed a ty
pology of these strategies, clustering four research perspectives based on 
the entry point of intervention (supply-side or demand-side) and the 
scope of intervention (individual or systemic). These perspectives are: 
techno-innovation, individual decision-making, industrial trans
formation, and embedded lifestyles. We discussed each perspective in 
terms of its problem framing, academic origin, forms of intervention, 
key policies, and target actors. While dominant problem framings – and 
the corresponding forms of intervention and policies – mainly target 
individual consumers and companies (as reflected in the techno- 
innovation and individual decision-making perspectives), we also 
observe a dynamic research landscape emphasizing systemic mitigation 
strategies. These systemic perspectives address both supply-side (in
dustrial transformation perspective) and demand-side interventions 
(embedded lifestyles perspective). The embedded lifestyles perspective 
has effectively highlighted the importance of reducing and avoiding 
energy and resource use in absolute terms, rather than merely improving 
efficiency. However, equating the need for reduction and avoidance 
solely with demand-side mitigation is unwarranted. The emerging in
dustrial transformation perspective emphasizes systemic supply-side 
strategies that target production volumes (and profits) and therefore 
require stronger forms of collective-rules-based intervention to address 
the underlying capitalist political-economic systems – including work
ing conditions and ownership structures – that drive continuous growth 
in both production and consumption.

Despite the richness and complementarity of these research per
spectives, they generally fail to actively overcome the supply-demand 
dichotomy, resulting in persistent blind spots. In the final section of 
the article, we therefore introduced three research directions that 
explicitly aim to transcend this dichotomy. These perspectives – provi
sioning systems, sufficiency corridors, and social-ecological practices – 
share three key features: first, they analyze production and consumption 
as coupled systems; second, they agree that climate change mitigation 
requires not only more efficient and low-carbon technologies and 
practices but also an absolute reduction in production and consumption 
levels, alongside a focus on (energy) services; and third, they emphasize 
a systemic understanding of change, moving beyond the cumulative 
effects of individual decisions to collectively reshape infrastructures, 
political and economic relations, and shared practices. As such, these 
perspectives provide a foundation for future research on climate change 
mitigation and open new entry points for alliance building and trans
formative change.
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[122] A.K. Bergquist, K. Söderholm, H. Kinneryd, M. Lindmark, P. Söderholm, 
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[154] C. Staritz, B. Tröster, A.N. Wojewska, Price-making in provisioning systems and 
social-ecological transformation? The cases of the electric vehicle metals copper, 
cobalt, and lithium, Sustain. Sci. Pract. Policy 20 (1) (2024) 2327667.

[155] J. Vogel, J.K. Steinberger, D.W. O’Neill, W.F. Lamb, J. Krishnakumar, Socio- 
economic conditions for satisfying human needs at low energy use: an 
international analysis of social provisioning, Glob. Environ. Chang. 1 (69) (2021) 
102287.

[156] L.I. Brand-Correa, G. Mattioli, W.F. Lamb, J.K. Steinberger, Understanding (and 
tackling) need satisfier escalation, Sustain. Sci. Pract. Policy 16 (1) (2020) 
309–325.

[157] J. Steinberger, G. Guerin, E. Hofferberth, E. Pirgmaier, Democratizing 
provisioning systems: a prerequisite for living well within limits, Sustain. Sci. 
Pract. Policy 20 (1) (2024) 2401186.

[158] B. Fine, Debating production-consumption linkages in food studies, Sociol. Rural. 
44 (3) (2004) 332–342.

[159] IPCC, Climate Change 2022: Mitigation of Climate Change, Cambridge University 
Press, Cambridge, 2022.

[160] R. Bärnthaler, When enough is enough: introducing sufficiency corridors to put 
techno-economism in its place, Ambio 53 (7) (2024) 960–969.

[161] U. Brand, B. Muraca, E. Pineault, M. Sahakian, et al., From planetary to societal 
boundaries: an argument for collectively defined self-limitation, Sustain Sci Pract 
Policy 17 (1) (2021) 264–291.

[162] M. Sahakian, D. Fuchs, S. Lorek, A. Di Giulio, Advancing the concept of 
consumption corridors and exploring its implications, Sustain. Sci. Pract. Policy 
17 (1) (2021) 305–315.

[163] S. Lorek, J.H. Spangenberg, Identification of promising instruments and 
instrument mixes to promote energy sufficiency [Internet], in: EUFORIE - 
European futures for Energy, Efficiency, 2019. Available from: https://sites.utu. 
fi/euforie/wp-content/uploads/sites/182/2019/05/649342_EUFORIE_D5.5.pdf.

[164] M. Sahakian, M. Anantharaman, What space for public parks in sustainable 
consumption corridors? Conceptual reflections on need satisfaction through social 
practices, Sustain. Sci. Pract. Policy 16 (1) (2020 Dec 10) 128–142.

[165] M. Guillen-Royo, Applying the fundamental human needs approach to sustainable 
consumption corridors: participatory workshops involving information and 
communication technologies, Sustain. Sci. Pract. Policy 16 (1) (2020) 114–127.

[166] K. Vladimirova, Consumption corridors in fashion: deliberations on upper 
consumption limits in minimalist fashion challenges, Sustain. Sci. Pract. Policy 17 
(1) (2021) 102–116.

[167] K.J. Dillman, M. Czepkiewicz, J. Heinonen, B. Davíðsdóttir, A safe and just space 
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