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Abstract
It is now well established that the demand side can contribute substantially to climate change
mitigation thus increasing the solution space. The recent IPCC synthesis report for the first time
explicitly reflected this class of solutions. Here, we provide an overview of an unique set of 22
review papers published in the focus issue of Environmental Research Letters. We also extract a key
set of insights, ranging from the varied but rapidly evolving literature to demand-side mitigation
potential, relevance for well-being, and consistent categorization of options across end-use sectors.
We find that demand-side approaches to climate change mitigation supplement exclusively
technology-focused supply side solutions and, in many cases, comprise system-wide effect
contributing to well-being and planetary stability. Review studies cover macro-economics,
well-being, and sustainable development goals on the metric side, and investigate
consumption-based individual options, urban strategies, transport, building, and food sector
potentials, but also the role of the circular economy, material efficiency, and digitalization.
Demand-side measures can be categorized into avoid, shift, and improve approaches. Several
additional reviews systematically investigate psychological and social approaches and initiatives to
foster climate change mitigation. We finally outline important gaps and questions to be tackled in
the coming years.

In this editorial, we synthesize a special issue and
the findings from 22 systematic reviews on cli-
mate change mitigation that identify and scrutinize
demand-side solutions for climate changemitigation.
These reviews provide a comprehensive overview of
the current state of research in this vital area, helping
to shape and substantiate themost recent IPCC report
(Skea et al 2022, Creutzig et al 2022b). Demand-side
climate change mitigation is increasingly recognized
as essential for achieving ambitious climate targets,
supplementing supply side solutions firmly embed-
ded in climate stabilization scenarios. This collection
of reviews is particularly timely, given the pressing
need to address these targets, but also considering
the potential benefits of demand-side solutions for
society. These solutions not only help in reducing
greenhouse gas (GHG) emissions but also offer ser-
vices that increase well-being and are consistent with

broader planetary stability goals, such as reduced land
use.

The demand-side of climate change has always
been implicit in economic and social science research
on climate change mitigation, but until recently has
not been explicitly covered and quantified in assess-
ment on climate solutions. A review synthesized how
the 5th IPCC assessment report provided cases and
examples on demand-side climate change mitiga-
tion in various chapters (Creutzig et al 2016). In a
community wide effort, an outline of the scope of
demand-side climate changemitigationwas explored,
highlighting the categorization of demand-sidemeas-
ures into avoid, shift, and improve (ASI) approaches
(Creutzig et al 2018). We will see that this simple ASI
categorization recurrently appears in this focus issue.

In this editorial, we discuss the review papers
in 5 clusters. First, we start with an overview of
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the literature base. It begins with a discussion on
‘History and Narratives’, providing context and back-
ground on the evolution of demand-side mitig-
ation. This is followed by an exploration of the
‘Political Economy’, assessing the influence of vari-
ous stakeholders and economic factors. The next
section, ‘Economics of Transitioning’, delves into
the financial and economic implications of adopting
demand-side strategies. Additionally, the ‘Geography’
section aims to address regional disparities and the
unique challenges faced by different areas in imple-
menting these strategies. Through these clusters, the
editorial aims to provide a comprehensive under-
standing of demand-side climate change mitiga-
tion, setting the stage for the detailed reviews that
follow.

1. The literature on demand-side solution
evolves rapidly, and evenmore so than the
climate change solution literature in
general

A thorough analysis of the literature of demand side
of climate change mitigation first requires a map
of the literature and an accompanying definition of
which part of the literature does so. The review titled
‘Reviewing the scope and thematic focus of 100 000
publications on energy consumption, services and
social aspects of climate change: a big data approach
to demand-side mitigation’ (Creutzig et al 2021) does
so and presents a comprehensive review of literature
on energy consumption, services, and social aspects
of climate change. The review is based on a big lit-
erature data approach and focuses on demand-side
mitigation.

The authors used a two-pronged approach to
gather data. First, they used a top-down search query
that yielded around 30 000 results. They then asked
domain experts to identify five of the most important
papers in their specific field relevant to demand, ser-
vices, and social aspects of mitigation. Interestingly,
over 50% of these papers were not discovered by the
top-down query.

To address this, the authors developed 27 search
queries that investigated aspects of the issue list in
much more detail. These queries found 63 847 doc-
uments, of which 34% (21 913 documents) were also
identified by the top–down search query. This means
that expert queries identified two-thirds of docu-
ments not yet obtained by the top-down query, high-
lighting the important role of domain-experts in
deriving search queries. The overall growth of the lit-
erature outperforms the overall literature on climate
change solutions.

The authors then used topic modeling, an unsu-
pervised machine learning technique, to explore the
content of the studies in their queries, identifying four

key clusters: policy, housing, mobility, and food/con-
sumption. The mobility literature, specifically, sheds
light on the significant role of transport in climate
change mitigation, emphasizing the need for shifts
in transport modalities and improved urban infra-
structure to reduce dependency on personal vehicles.
This insight is crucial in understanding how changes
in mobility patterns can significantly contribute to
reducing GHG emissions and enhancing urban sus-
tainability. The housing literature emphasizes invest-
ments and refurbishment by homeowners, but also
social and collective action, while the food/consump-
tion literature points to the importance of behavioral
change and its dynamic interactionwith social norms.
These clusters suggest that demand-side solutions can
significantly improve public health. The centrality of
the policy cluster within these findings underscores
the critical role of political actions in integrating
and enhancing the effectiveness of various demand-
side approaches. This comprehensive analysis maps
the underlying epistemic communities, demonstrat-
ing the interconnectedness of these areas of study in
the broader context of demand-side climate change
mitigation.

The study concludes that while the generic
search of the ‘chapter’ queries is good at identi-
fying the overall topics, expert domain quer-
ies find a high amount of additional literature
(41 934 documents), making expert search queries
and knowledge important for identifying in-depth
literature.

A complementary, ‘Systematic review of the
evidence on decoupling of GDP, resource use and
GHG emissions, part I: bibliometric and concep-
tual mapping’ (Wiedenhofer et al 2020) investig-
ates the literature on how macro-economic met-
rics relate to climate change mitigation. The system-
atic map and review scrutinizes the empirical liter-
ature on decoupling, focusing on the observed rela-
tionships between economic growth (approximated
as GDP growth), resource use decoupling (materi-
als, energy), and impact decoupling for GHG emis-
sions on the national to global scale. The authors
aim to understand the development of the relevant
research streams, their conceptual and methodolo-
gical approaches, and limitation, identifying three
focal areas: energy flows and energy conversion chains
in socio-economic systems, a more comprehensive
perspective asserting that materials and energy are
necessarily interlinked, and a stream based on data
obtained from material and energy flow analysis.
The authors find that decomposition and regres-
sion analyses (28%) and econometric time-series ana-
lyses (24%) are the most prevalent methods used
in the studies. They also find that 46% of the ana-
lyses are single-country analyses, with China lead-
ing with 157 analyses, followed by the USA with 31
analyses.
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The results implicate that future work should
focus on comprehensive multi-indicator long-term
analyses, conceptually grounded on the fundamental
biophysical basis of socio-economic activities, incor-
porating the role of global supply chains as well as
the wider societal role and preconditions of economic
growth. The authors also suggest that understand-
ing the interdependencies between economic growth
and resource use and/or emissions is crucial, an area
where demand-side measures play an important role.

2. Demand-side mitigation is an essential
and relevant strategy to achieve climate
goals especially in the mid-term until 2050

What is the overall scope and potential of demand-
side solutions for climate change mitigations? In a
review study in Nature Climate Change, aligning
and quantitatively synthesizing the findings of this
focus issue, FelixCreutzig et al comprehensively assess
demand-side mitigation strategies for climate change
and their impacts on well-being (2022a). The study
categorizes these strategies into ASI options across
various end-use sectors and identifies their aggreg-
ate mitigation potentials. The findings indicate that
demand-side options can reduce sectoral emissions
by 40%–70%until 2050, with largely beneficial effects
on well-being: 79% of these impacts are positive, 18%
neutral, and only 3% negative, emphasizing that such
strategies not only aid in climate mitigation but also
enhance various aspects of human well-being.

A systematic review of macro-economic factors,
such as GDP, and their effect on GHG emissions
substantiates the relevance of demand-side meas-
ures for achieving the goals of the Paris agreement.
Specifically, ‘A systematic review of the evidence on
decoupling of GDP, resource use andGHG emissions,
part II: synthesizing the insights’ provides a compre-
hensive review of the relationship between economic
growth and various resource-use and emission indic-
ators (Haberl et al 2020).

The authors conducted a qualitative synthesis of
strategies and policy recommendations by drawing a
random subsample of 15% from 835 articles, yield-
ing 125 articles for further qualitative content syn-
thesis. They used definitions of green growth and
degrowth to interpretatively map the 125 papers.
Articles were classified as ‘green growth’ if their fram-
ing aimed at absolute or relative decoupling without
impeding economic growth. Articles were classified
as ‘degrowth’ if their framing explicitly challenged
the primacy of economic growth over the (absolute)
reduction of resource use and emissions. Papers not
meeting these criteria were classified as ‘others’.

The review reveals that most observed decoup-
ling is relative (less GHG emissions per unit of
GDP) but not absolute (reduced GHG emissions).

However, several countries display absolute decoup-
ling, including a reduction in consumption based
emissions (Quéré et al 2019, Lamb et al 2021). While
there can be optimism on accelerating decarboniza-
tion in the energy sector due to low cost renewables
(Creutzig et al 2023), Haberl et al rightly emphas-
ize that demand-sidemeasures, focused on improving
well-being, while keeping energy use and GHG emis-
sions low, are key to maintain the feasibility of keep-
ing temperatures below 2 ◦C. Another review in this
focus issue (see also below) proposes that the devel-
opment of well-being approaches of mitigation path-
ways should be a new research direction (Saujot et al
2020). They suggest that the concept of lifestyle is a
pivotal notion for such research, which will contrib-
ute to improving the assessment of pathways in terms
of desirability, and thus feasibility.

In this light, Haberl et al also argue that GDP
may be becoming an increasingly irrelevant measure
of welfare, as it was only loosely coupled with well-
being in OECD countries over the last 40 years. They
suggest that GDP should be replaced or at least com-
plemented by measures of wellbeing and planetary
health. The question of how a good life for all on the
planet can be organized within the planet’s environ-
mental limits may be more important than the extent
to which GDP can be decoupled from resource use or
emissions.

Demand-side measures are not only effective but
also align well with sustainable development goals
(SDGs) and the corresponding well-being dimen-
sions, a key insights of the review ‘Demand side
climate change mitigation actions and SDGs: liter-
ature review with systematic evidence search’ (Roy
et al 2021) (see also (Creutzig et al 2022a) for a
comprehensive well-being assessment). Similar to
Ivanova et al, Roy et al categorize various demand
side actions into the ASI categories. The ‘Avoid’ cat-
egory includes actions aimed at avoiding the demand
for high-emission intensive services; actions in the
‘Shift’ category help in substituting demand for high-
emission intensive services with low/no intensive
ones; and ‘Improve’ category actions are aimed at
improving the energy/emission intensity of a service
type.

The review finds that most of these demand
side mitigation actions showed positive linkages with
SDGs 7 (Affordable and Clean Energy), 9 (Industry,
Innovation, and Infrastructure), and 11 (Sustainable
Cities and Communities), highlighting the import-
ance of looking at the longer term in a sustainabil-
ity context, such as the performance of green build-
ings and the rebound effect of energy efficiency.
Demand side actions to be effective enough need a
systemwide embedding. For optimizing the mitig-
ation actions, the interconnectedness across sectors
is important. For example, demand side mitigation
actions in the transport sector are highly dependent
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on city planning and infrastructure, as also emphas-
ized in novel technical estimates (Nachtigall et al
2023), and the construction sector is an integral part
of the building sector.

For the relevance of demand-side measures, Roy
et al suggest that a better understanding of the costs
and benefits of these solutions could facilitate higher
adoption. High upfront costs of low carbon options,
inadequate infrastructure, incorrect understanding
or low awareness regarding sustainable options, and
socio-cultural factors currently limit uptake.

However, there are also trade-offs, for example
at the interface between adaptation and energy
demand. The study ‘When adaptation increases
energy demand: a systematic map of the literature’
provides a comprehensive review of the literature
on the impact of adaptation measures on energy
demand (Viguié et al 2021), also investigating adapt-
ation actions that moderate energy demand.

The number and type of actions studied are very
heterogeneous across the studies. Among the many
adaptation alternatives considered, ‘better insulation’
and ‘use of shading devices/blinds’ stand out as most
frequently cited. Both appear and are quantified in
about a third of the papers. Approximately 65% of the
papers have a geographical resolution smaller than a
country (e.g. states, provinces, or cities), and only a
quarter (26%) rely on data at the country scale. Only
four articles quantify alternatives at the regional or
global scale.

The review finds that the choice of adaptation
pathways studied in the papers strongly depends on
the scale of the studies and the methodology used.
For instance, quantified alternatives are rare among
econometrics- or statistics-based papers. In contrast,
they are studied in almost half of the papers using
integrated or building energy models. It is more dif-
ficult to study the consequences of potential changes
in technology adoption or behaviors with economet-
rics models, which are by nature designed to analyze
the consequences of existing technologies and behavi-
ors. In somepapers, genericmeasures are studied (e.g.
‘better insulation’), whereas in other papers specific
actions are documented (e.g. ‘mixed mode ventila-
tion’). A direct comparison across the papers is there-
fore difficult.

3. Demand-side mitigation options vary
across end-use sectors and are consistent
with well-being

Key strategies include socio-behavioral change,
low-carbon infrastructure and service provision,
and rapid adoption of low-carbon technologies.
These can be broadly mapped into ASI categories.

Demand side options are multifaceted and reach
into every part of daily life. A wide array of different
aspects are covered in the focus issue. Here, we start

with considering an overview on consumption-based
options from an individual perspective, then specify
the urban contribution, followed by transport, build-
ing and food sector perspectives. This is the rounded
up by circular economy (CE), material efficiency and
digitalization specific reviews, exploring in each case
demand-side mitigation options.

The systematic review ‘Quantifying the poten-
tial for climate change mitigation of consumption
options’ investigates impacts of consumption options
on climate change mitigation, based on a compre-
hensive screening of consumption-based footprint
studies (Ivanova et al 2020). The study generated an
initial sample of 11 626 references from Scopus and
Web of Science. After removing duplicates and irrel-
evant studies, inter alia with the help of machine
learning methods, the final sample consisted of 53
relevant studies. It identifies 60 consumption-based
mitigation options, categorized in ASI categories, and
estimates their potential, as based in the literature,
withmedian and range values. The results can be seen
as global benchmark, and are, for example, reflec-
ted in the Technical Summary of the IPCC report on
climate solutions (Pathak et al 2022). A crucial next
step is to harmonize consumption-based options as a
function of income, culture, and spatial context.

Ivanova et al emphasize the importance of con-
sidering the full range of impacts of consumption
options, including impacts on commuting travel,
non-work travel, home energy use, and office energy
use. While options appear at individual scale, there
are multiple challenges, including technical, eco-
nomic, and institutional barriers. Overcoming these
barriers requires a combination of technological
innovation, policy intervention, and behavioral
change.

In the domain of transport, the options with the
highest mitigation potential include:

1. Living car-free, which has the highestmedianmit-
igation potential across all of the reviewed options
at 2.0 tCO2eq/cap, with a range between 3.6 and
0.6 tCO2eq/cap.

2. Reducing air travel. One less long return flight
may reduce between 4.5 and 0.7 (mean of 1.9)
tCO2eq/cap, while taking one less medium return
flight can reduce between 1.5 and 0.2 (0.6)
tCO2eq/cap. The two options have a median
reduction potential of 1.7 and 0.6 tCO2eq/cap,
respectively.

3. Shifting to less carbon-intensive fuel sources,
means, and modes of transportation.

In the context of food, the highest carbon savings
come from dietary changes, particularly the adoption
of a vegan diet with an average and median mitig-
ation potential of 0.9 and 0.8 tCO2eq/cap, respect-
ively. In housing, main options include investments
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into heat pumps, prosumer renewable energy systems
(including balcony solar for renters), and insulation
measures.

The mitigation potentials strongly depend on
income, as high-income households fly much more
and have different consumption patterns. Affluent
households not only have more potential to decar-
bonize their lifestyles, but also more responsibility
and more capacity (Nielsen et al 2021).

Demand-side solutions are particularly relevant
in cities, an insight relevant also for the upcoming
special report on cities and climate change in Seventh
Assessment Cycle of IPCC. The review ‘Climate
change mitigation in cities: a systematic scoping of
case studies’ provides an in-depth analysis of urban
mitigation solutions and their potential for GHG
abatement (Sethi et al 2020).

The study identifies demand-side management
solutions, including peak shaving or shifting, energy
efficiency measures, and retrofitting buildings, as
the most frequently investigated interventions. These
solutions are crucial for local climate mitigation.
Sethi et al emphasize the active role of local gov-
ernments in leading urban climate solutions, either
through regulations or partnerships with private or
non-governmental actors. Findings suggest that a
mix of market mechanisms, user incentives, sub-
sidies, and voluntary measures in cooperation with
non-governmental actors is crucial for local climate
mitigation.

The study finds that technology-based interven-
tions are more prevalent, with 80% of urban climate
solutions being technologically driven. However, it
also highlights the importance of combining tech-
nological and social experiments to expand and
upscale mitigation efforts in urban systems. The
highest mitigation values are observed in buildings
with net-zero emission buildings (105%), transport-
ation with E-mobility (94%), and waste with waste
to energy (87%). However, the performance of cer-
tain climate policies, such as the deployment of cool
roofs, can vary significantly depending on location.
Many of the case studies originated in Europe and
China. Crucially, Sethi and colleagues also find that
the scale of intervention controls mitigation poten-
tial at two levels. Interventions with smaller abso-
lute scope demonstrate greater marginal mitigation
potential than more system-wide interventions. The
review concludes that urban climate research requires
a fusion of disciplinary knowledge to better utilize
quantitative and qualitative data on how cities could
respond to global warming.

The review titled ‘Determinants of low-carbon
transport mode adoption: systematic review of
reviews’ focuses on the factors that influence the
adoption of low-carbon transport modes (Javaid
et al 2020). The authors conducted a systematic
review of literature reviews, categorizing them into

meta-analysis or traditional reviews. They extrac-
ted information across these different review types,
differentiating between quantitative and qualitative
studies. The data extraction process involved two
steps: extracting information and judging the quality
of information.

The study identified around 75 reviews that ful-
filled all the necessary conditions. Thematically, most
review studies are linked to infrastructure factors (59
reviews), whereas social factors are lacking in most
cases (only 11 review studies). Individual-level factors
are also relatively well represented with 32 reviews
dealing with these factors. Most of the reviews cover
studies from North America, Europe, and Australia.
Only 20% of the reviews contain at least one study
from Asia or Africa.

From an individual, social, and infrastructure
perspective, the study finds that all three dimen-
sions unambiguously interfere with mode choice.
Individuals are most motivated to shift modes if they
are well-informed, if personal norms match low-
carbon mode use, and, most importantly, if they
perceive to have personal control over decisions.
Perceptions about common travel behavior (descript-
ive social norms), especially if supported by perceived
normative beliefs of others (injunctive norms), are
highly influential to support mode shift.

However, the overall margin of shift as induced
by individual and social settings remains limited.
Instead, the infrastructure factors explain large differ-
ences in mode choice. New shared mobility modes,
and teleworking and shopping, add a long tail to
modes chosen, but are no game changer. The study
concludes that a transition to low-carbon mobil-
ity requires low-carbon infrastructure, which lever-
ages enthusiastic individuals’ concerns and empowers
them for mode change, and that address safety con-
cerns prevalent especially in cities of theGlobal South.
Themode shift to low-carbon option can then be sus-
tained and enhanced by social influence in the form
of collective social norms.

A more detailed issue is mobility patterns, and
in particular the case of avoiding commuting alto-
gether by teleworking, an issue that gained increased
traction with COVID-19. Accordingly, ‘A systematic
review of the energy and climate impacts of telework-
ing’ provides a comprehensive investigation of the
impacts of teleworking on energy consumption and
climate change (Hook et al 2020). The study gen-
erated an initial sample of 11 626 references from
Scopus andWebof Science. After removing duplicates
and irrelevant studies, the final sample consisted of 39
relevant studies. Themajority of the studies (26 out of
39) suggest that teleworking leads to a net reduction
in energy use and/or emissions, with only five stud-
ies finding a net increase. These benefits largely res-
ult from the elimination of the commute, reductions
in congestion, and reductions in office-based energy
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consumption. A related review, not in this focus issue,
suggests that travel related rebound effects can con-
sume up to one fifth of the emission savings, which
still clarifies that telecommuting is largely beneficial
to the environment and climate change (Hostettler
Macias et al 2022).

Hook and coauthors emphasize the importance of
considering the full range of impacts of teleworking,
including impacts on commuting travel, non-work
travel, home energy use, and office energy use, point-
ing out that the potential for energy and emission
reductions through teleworking is often overlooked in
climate policy. They conclude that overcoming barri-
ers to telecommuting requires a combination of tech-
nological innovation, policy intervention, and beha-
vioral change.

The study ‘A map of roadmaps for zero and low
energy and carbon buildings worldwide’ provides
a comprehensive overview of global efforts towards
achieving zero and low energy and carbon buildings
(ZLECB) (Érika Mata et al 2020). It maps and classi-
fies 117 roadmaps, policies, and plans from 37 coun-
tries. The majority of the documents focus on more
developed regions (76% or 325 documents), includ-
ing Europe subregions, USA & Canada, and Australia
& New Zealand. Only 4% of the documents have
global coverage.

Themost frequent types of documents are recom-
mendations made by researchers and academics to
inform policymakers and performance assessment
case studies done to establish design practices or
prove the efficiency of demonstration projects. The
policy objectives include increasing the energy effi-
ciency of new and existing buildings and appliances,
encouraging energy distribution companies to sup-
port emission reduction from the building sector, tar-
geting attitudes and behavior change, and substitut-
ing fossil fuels (FF) with renewable energy sources
(RES).

As key demand-side measures, the review spe-
cifies the need for effective building design, efficient
technical systems, on-site production from RES, and
low impactmaterial choices to achieve low energy and
carbon during a building’s lifecycle. Mata and col-
leagues identify evidence gaps and clusters, suggest-
ing areas for future research and potential for syn-
thesis via full systematic reviews and emphasize the
need for a comprehensive understanding of current
efforts, including whichmeasures work and which do
not, to avoid wasting funding and resources.

As an accompanying review, ‘Systematic map of
determinants of buildings’ energy demand and CO2

emissions shows need for decoupling’ provides a
systematic mapping of the literature on determin-
ants of energy demand and CO2 emissions from
buildings (Mata et al 2021). The authors identify
376 relevant studies and highlight gaps in terms
of the studied variables, geographical scope, and

methodological approach. The study confirms that
worldwide, income, energy price, and outdoor tem-
perature are unequivocal drivers of buildings’ energy
demand and CO2 emissions, followed by other indic-
ators of scale such as population or heated floor area.
The authors emphasize that decoupling from rising
wealth levels has not been observed, which will con-
tinue to challenge reductions in energy use and CO2

emissions from buildings in line with climate targets.
In terms of demand-side climate change mitiga-

tion, the study suggests that macroeconomic policies
focusing on the impacts of income, energy price, pop-
ulation, and growing floor area are needed in com-
bination with technical policy to reduce the impact
of outdoor climate. The authors argue that a com-
prehensive understanding of the key factors behind
buildings’ energy use can serve as a basis to define the
policy actions most suited to drive the decarboniza-
tion of the building sector.
Food stands out as where the largest demand-side

potential for GHG emission reduction is located, par-
ticulary in diet shift from meat to plant-based diets
(Creutzig et al 2022a). Correspondingly, the review
‘Climate change mitigation through dietary change: a
systematic review of empirical and modeling studies
on the environmental footprints and health effects of
‘sustainable diets’ is another important contribution
to this focus issue (Jarmul et al 2020).

The review systematically investigates the role of
dietary changes in climate change mitigation. The
authors highlight that the global food system con-
tributes 21%–37% of global GHG emissions, and its
impact on the environment is expected to increase
substantially by 2050, largely due to population
growth and dietary change, particularly in rapidly
transitioning economies.

The study identifies the adoption of diets with low
environmental impact, often referred to as ‘sustain-
able diets’, as an important climate change mitiga-
tion strategy. These diets are typically high in plant-
sourced foods and low in animal-sourced and pro-
cessed foods. The review found that switching to ‘sus-
tainable diets’ results in an average 25.8% reduction
in GHG emissions, with vegan diets leading to the
largest reduction (approximately 70.3%). However,
it also noted an increase in water use associated
with these diets. The research is based on 18 stud-
ies, encompassing 412 measurements, and highlights
the substantial potential for dietary changes to con-
tribute to climate change mitigation and improve
health outcomes. The relationship between food sys-
tems and climate change is bi-directional, and climate
change is currently affecting yields of crops and live-
stock products and is projected to continue to do so in
the future. Hence, demand-side options, such as diet-
ary shifts, can also help to better allocate scarce land
resources to human nutrition. Overall, changes in
consumer behavior, specifically dietary choices, but
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also food waste reduction, can contribute to mitigat-
ing climate change at a highly relevant scale.

What can the CE contribute to climate change
mitigation? ‘Saving resources and the climate? A sys-
tematic review of the CE and its mitigation poten-
tial’ provides a systematic review of the literature on
the CE and its potential for climate changemitigation
(Cantzler et al 2020). The authors conducted a com-
prehensive literature review, identifying 3244 studies
initially, of which 341 (10%) were deemed relevant
based on specific mitigation references. The studies
were then synthesized and categorized based on sec-
tor, geography, resolution, and CE principles.

The document discusses the challenges of syn-
thesizing themitigation potential of the studies due to
the use of different baselines, metrics, and indicators.
There is a lack of standardization in the understand-
ing and application of the CE concept, leading to a
wide array of measures under the CE umbrella. While
the CE concept may serve as a communication tool
to accelerate policy action, there is a need for trans-
parency and clarity in its use to avoid confusion and
ensure effective climate change mitigation efforts.
Material efficiency is a key CE strategy, relating to

demand-side change also within industry. ‘Material
efficiency strategies to reducing GHG emissions asso-
ciated with buildings, vehicles, and electronics—a
review’ presents an extensive review of strategies to
enhance material efficiency and reduce GHG emis-
sions (Hertwich et al 2019). The authors find that
material efficiency could reduce GHG emissions by
12%–21% in the construction sector, 26%–31% in
the vehicle sector, and 14%–53% in the electronics
sector.

The potential for GHG reduction in the construc-
tion sector is mainly due to the reduction in the use
of concrete and steel, which are the most emission-
intensive materials. In the vehicle sector, lightweight
design, car sharing, and longer vehicle lifetimes could
significantly reduce emissions. In the electronics sec-
tor, the extension of product lifetimes, and the reuse
and recycling of components, could lead to significant
emission reductions.

Hertwich and colleagues emphasizes the import-
ance of policy interventions to promote material effi-
ciency. The potential for emission reductions through
material efficiency remains often overlooked in cli-
mate policy. Hence, material efficiency strategies
should be integrated into the broader framework
of climate policy to achieve significant emission
reductions.

On consumer side, it has been long speculated
that digitalization provides efficiency gains in end
use. The review titled ‘Digitalization of goods: a sys-
tematic review of the determinants and magnitude
of the impacts on energy consumption’ provides a
comprehensive review of the impacts of digitalization
on energy consumption (Court and Sorrell 2020),

focusing on five categories of goods or services
that have been digitalized: e-publications (books,
magazines, and journals), e-news, e-business, e-
music, and e-videos and games. The study employs
a systematic review methodology, including a com-
prehensive search of literature, screening of titles and
abstracts, full-text screening, and data extraction. The
search phase generated an initial sample of 12 849 ref-
erences, which after removing duplicates and irrelev-
ant studies, resulted in a final sample of 31 relevant
studies.

The review identifies several examples of potential
energy savings due to digitalization in specific tech-
nologies. For instance, in the case of e-publications,
there’s a notable reduction in energy consumption
compared to physical books, depending on user
behavior and device efficiency. Similarly, digitaliz-
ation in music and news industries shows a trend
towards energy savings when compared to tradi-
tional media formats. These savings are context-
dependent and vary based on factors like device usage,
energy sources, and the displacement of non-digital
activities.

4. Behavioral and social interventions and
initiatives to reduce GHG emissions

Another set of reviews in the focus section com-
plements demand-side mitigation options with
a view on behavioral and social interventions
and approaches—society perspectives—on climate
change mitigation, revealing the relevance of under-
standing motivations and rationalities of people both
as consumers and as social actors and citizens.

The review titled ‘Effectiveness of behavioral
interventions to reduce household energy demand: a
scoping review’ provides a comprehensive review of
behavioral interventions aimed at reducing house-
hold GHG emissions (Composto and Weber 2022).

The authors have conducted a scoping review
of 584 empirical papers. The most studied beha-
vioral interventions are providing timely feedback
and reminders (258 papers) and making informa-
tion intuitive and easy to access (246), followed by
communicating a norm (158). Electricity use is the
most studied target behavior (439 papers), followed
by investments in energy efficiency (94), choice in
mode of transportation (41), choice of energy source
(17), and buying carbon offsets (4).

Similar to other reviews in these focus issue,
the authors categorize behavioral changes into three
types: ASI. Avoid responses are examined in the
most papers (415 papers), followed by shift (112)
and improve (77) responses. 72 of the 584 papers
included an economic incentive; the choice architec-
ture interventions of reframing consequences (26%)
and setting proper defaults (24%) aremost frequently
combined with an economic incentive. The authors
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also discuss the methodological aspects of the studies
reviewed, noting the presence of publication bias and
the need for larger sample sizes, random assignment,
control groups, and field applications. They also high-
light the need for future research to routinelymeasure
longer-term impacts of interventions.

Another review and meta-analysis, titled ‘Meta-
analytic evidence for a robust and positive association
between individuals’ pro-environmental behaviors
and their subjective wellbeing’ (Zawadzki et al 2020),
explores the relationship between individuals’ pro-
environmental behaviors and their subjective well-
being. Such behaviors, which are crucial for reducing
carbon emissions, can have a significant impact on
people’s daily lives. The review investigates whether
and how individuals’ pro-environmental behavior
is related to subjective wellbeing, and whether pro-
environmental behaviors can be promoted in a way
that protects and promotes individuals’ subjective
wellbeing.

The review finds that fostering pro-
environmental behaviors among individuals can be
a key strategy for reducing GHG emissions. The
relationship between pro-environmental behavi-
ors and subjective wellbeing is positive and robust.
This implies that individuals who engage in pro-
environmental behaviors tend to experience higher
levels of subjective wellbeing. The authors suggest
that this relationship may be due to the meaning-
fulness of pro-environmental behaviors. Specifically,
behaviors that are consciously decided and clearly
meaningful at the time of performance, such as
sustainable purchase decisions, are associated with
higher levels of subjective wellbeing. Similarly, indic-
ators of subjective wellbeing that reflect personal
meaning, such as a sense of ‘warm glow’ or eudai-
monic happiness, are also strongly related to pro-
environmental behavior.

The authors point outs that policymakers can
leverage this relationship to design ‘win-win’ sus-
tainability programs that not only positively impact
the environment but also enhance people’s sub-
jective wellbeing. It may be beneficial to emphas-
ize how pro-environmental behaviors can enhance,
rather than detract from, people’s subjective well-
being to maintain public engagement with pro-
environmental programs or policies. Future stud-
ies could test which strategies are most effective
in emphasizing the meaning of pro-environmental
behavior, and to make people aware of the benefi-
cial effects of pro-environmental actions on subject-
ive wellbeing.

In a shift of gear, the review titled ‘Is working
less really good for the environment? A systematic
review of the empirical evidence for resource use,
GHGemissions and the ecological footprint’ provides
a comprehensive review of the relationship between
working time reduction (WTR) and environmental

impacts (Antal et al 2021). The authors conducted a
systematic review of the literature, including full-text
screening, citation snowballing, and coding based on
pre-developed criteria. The review identified 15 fully
relevant research articles, which were then critically
appraised and synthesized.

The document discusses the empirical literature
on working time, resource use, and emissions, with
a focus on country-level studies that use economet-
ric approaches to investigate the relationship between
aggregate working time and environmental indic-
ators. The review found that while WTR can lead
to reduced GHG emissions and resource use, the
outcomes are highly context-dependent. The envir-
onmental benefits of WTR are primarily through
decreased incomes and consumption expenditures.
However, the study also notes significant variations
in results due to different methodologies and indicat-
ors used across studies, making it challenging to draw
definitive conclusions.

The desire for status can drive unsustainable con-
sumption, but also motivate acquiring energy sav-
ing goods and services. The review titled ‘Status
consciousness in energy consumption: a system-
atic review’ explores the relationship between status
and energy consumption, and how this relation-
ship can be leveraged for climate change mitiga-
tion (Ramakrishnan and Creutzig 2021). The authors
conducted a comprehensive review of existing pub-
lished work that links status to household consump-
tion decisions and behavior across all end-use sec-
tors. They screened 2662 papers and fully reviewed 53
papers that complied with their criteria.

The review identified 23 distinct theories, with
the literature most frequently referring to Veblen’s
theory of conspicuous consumption. The authors
also detailed estimations of status-related energy con-
sumption and identified studies that quantitatively
relate status to energy-saving behavior or decisions,
and studies that relate status to increased emissions.
Status can explain up to 20% change in consumption
levels or the willingness-to-pay for carbon reducing
consumption.

Interestingly, the authors found thatmajor status-
related consumption decisions, such as for housing
and big cars, are hardly captured by the literature
that relates status consumption to energy use and
GHG emissions. This is a considerable gap in the
literature, omitting major sources of status-related
decisions with high carbon footprint.

The paper concludes that framing energy-saving
behavior as high status is a promising strategy for
emission reduction. Progressive taxation of status
items, such as floor space and vehicle size, can effect-
ively internalize the positional externalities and signal
social undesirability, but also reduce emissions.

The review titled ‘Lifestyle changes in mitigation
pathways: policy and scientific insights’ systematically
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investigates the relevance of demand-side measures
from individual, social, and infrastructure perspect-
ives regarding GHG emission reduction (Saujot et al
2020).

The authors argue that changes in lifestyle, driven
by individual and societal choices, can create the
necessary space for a feasible supply-side decarbon-
isation within a 1.5 ◦C emission budget without
the need for negative emissions. This implies that
demand-side measures, such as changes in consump-
tion patterns and behaviors, can significantly contrib-
ute toGHGemission reduction. The review also high-
lights the importance of policies that influence future
lifestyles, their cost-effectiveness, their consequences
on well-being, and their legitimacy. Most of the path-
ways reviewed do not satisfactorily investigate these
aspects. Human and social sciences have a lot to say
about understanding changes in lifestyles, including
their drivers (e.g. household life-cycle, values), con-
straints (e.g. infrastructure lock-in, social norms),
and the dynamics at play.

The study also acknowledges the political nature
of mitigation pathways and argues that this should
not preclude lifestyle changes from consideration in
pathway development. Saujot and colleagues believe
that most changes related to technologies and to
the socio-technical system are not value-neutral and
that acknowledging this can help in developing more
effective and acceptable mitigation strategies.

The study ‘Movements shaping climate futures: a
systematic mapping of protests against FF and low-
carbon energy (LCE) projects’ provides a compre-
hensive analysis of protests against both FF and LCE
projects (Temper et al 2020). It finds that place-based
movements are successful in curbing both FF andLCE
projects, with over a quarter of projects encountering
social resistance being shelved, suspended, or delayed.
The research highlights that LCE projects are almost
as conflictive as FF projects, with 30% of FF conflicts
and 26% of LCE projects being high intensity. Both
project types particularly impact vulnerable groups
such as rural communities and Indigenous peoples,
with Indigenous peoples involved in 58% of the cases
analyzed.

Among LCE projects, hydropower was found to
be particularly socially and environmentally dam-
aging, leading to mass displacement and large-scale
ecosystem transformation. Incidents of repression
or violence against protesters and land defenders
occurred in one third of cases, with violent responses
most common in hydropower, biomass, pipelines,
and coal extraction conflicts. Ten percent of all cases
involved the assassination of activists.

The study also highlights ‘sacrifice zones’ in both
the FF and the emerging LCE economies. These zones
are areas disproportionately affected by environ-
mental hazards and polluting activities due to indus-
trial, extractive, or infrastructural projects. Specific

examples include regions affected by coal mining, oil
and gas extraction, and hydraulic fracturing. These
areas often face significant environmental degrada-
tion, health risks, and social and economic impacts.
The study highlights that these sacrifice zones are fre-
quently located inmarginalized communities, under-
scoring issues of environmental justice and inequal-
ity. The review also identifies the claims and demands
coming from project-impacted communities for a
socio-environmental justice approach in building
low-carbon futures. The data suggests that the energy
transition and decarbonization risk producing simil-
arly unequal social burdens unless there is a deeper
transformation of the energy system, informed by
engagement and co-design with communities on
the energy futures they want. Without community
engagement and co-design in shaping energy futures,
the transition to LCE may reproduce the social
inequalities seen in the FF economy.

Last but not least, a review on ‘Limiting food
waste via grassroots initiatives as a potential for cli-
mate change mitigation: a systematic review’ focuses
on the role of grassroots initiatives in reducing food
waste and therebymitigating climate change (Mariam
et al 2020). From a quantitative perspective, the study
found that grassroots initiatives have the potential to
reduceGHGemissions by 4.3%–8.2%of the food sec-
tor’s emissions. This reduction is equivalent to 0.3%–
0.6% of total global emissions. The study also found
that these initiatives could potentially reduce food
waste by 30%–46%.

From a qualitative perspective, the study high-
lights the importance of grassroots initiatives in fos-
tering a culture of sustainability and reducing food
waste. These initiatives often involve local communit-
ies and individuals, and they can have a signific-
ant impact on social norms and behaviors related to
food consumption and waste. By engaging individu-
als and communities in efforts to reduce food waste,
these initiatives can help shift consumption patterns
and social norms in a more sustainable direction.
Moreover, they can also contribute to the develop-
ment of infrastructure and systems for reducing food
waste, such as food sharing platforms and community
gardens. Thus, grassroots initiatives can have signific-
ant impacts not only at the individual and community
levels but also in terms of broader social and infra-
structural changes.

5. Outlook

We here present a comprehensive overview of 22
review papers on demand-side climate change
mitigation, highlighting the significant poten-
tial of demand-side approaches to complement
technology-focused solutions, and emphasizing their
contribution to well-being and planetary stability.
This systematic and extensive reviews underscore the
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essential role of demand-side strategies in achieving
climate goals, particularly in the context of the Paris
Agreement’s objectives. By choosing to aggregate a
complete focus issue with systematic reviews and
meta-analysis, we here synthesize crucial evidence
relevant to understanding of demand-side mitiga-
tion’s role in climate change efforts.

Forward looking, we suggest that research on
demand-side climate solutions should fill gaps in the
when, who, how, and where.

When: studying history and narratives can reveal
how various societies and cultures have historically
implemented practices akin to demand-side climate
mitigation and when they shifted away. By examin-
ing historical lifestyles, consumption patterns, and
social norms, researchers can identify instances where
communities naturally engaged in low-impact liv-
ing, resource conservation, or sustainable practices.
Historical examples can provide insights into success-
ful implementation strategies, the role of cultural val-
ues in shaping consumption, and the potential for
societal adaptation. For example, traditional lifestyles
in the Amazonian rainforest strived for harmonywith
ecosystems and biodiversity and, while impossible to
transfer tomodern lifestyles, can provide guidance on
strategies andmindsets. Historical narratives can also
show at what junctures human societies moved away
from sustainable to non-sustainable practices.

Who: studies on the political economy of demand-
side measures are crucial for understanding how eco-
nomic and political structures, power relations create
role models, influence lifestyle choices and consump-
tion patterns. They shed light on the vested interests
that may create a social hierarchy and interdepend-
ence that resist changes promoting sustainable living,
offering insights into the dynamics that impede the
adoption of climate-friendly lifestyles. Key examples
include the FF industry, but also intermediate indus-
tries, such as suppliers for car manufacturers. Studies
may help to identify barriers and develop strategies to
overcome resistance from entities benefiting from the
status quo.

How: the design of the ‘how of the transition’ in
demand-side solutions for climate change requires
an interdisciplinary, full-system perspective. This
involves coordinating various elements such as eco-
nomic incentives, regulatory frameworks, socio-
cultural changes (including the influence of religions
and identities), and the role of physical infrastruc-
tures and the built environment. Such an approach
needs to be sequenced and coordinated, transcend-
ing the scope of individual disciplines or sometimes
collaborative disciplinary approaches. Investigating
these complex interactions in a controlled setting is
challenging if not impossible, but research from a
systems’ view is nonetheless needed. Technosphere

concepts, such as automobility, digitalization, and
energy systems, may be in the center of these investig-
ations. This necessitates more collaborative research
across disciplines to understand and implement
effective demand-side solutions.

Where: the systematic reviews in this focus issues,
similarly to other reviews and systematic maps on,
for example, cities (Lamb et al 2019), is unambigu-
ous in that studies on the Global South are miss-
ing. Also, in global south rural density and interde-
pendence of cities and rural geographies and interde-
pendence of formal and informal economies deserve
a special attention to avoid uncontrolled penetra-
tion of unsustainable practices among new consumer
groups. However, as developing countries are still
urbanizing and growing in terms of economic activit-
ies, studies are urgently needed that explore and sub-
stantiate howdemand for better services can be provi-
sioned and satisfied, bringing low emissions together
with high quality of life.
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Sandvall A 2021 Systematic map of determinants of
Buildings’ energy demand and CO2 emissions shows need
for decoupling Environ. Res. Lett. 16 055011

Nachtigall F, Wagner F, Berrill P and Creutzig F 2023 The built
environment and induced transport CO2 emissions: a
double machine learning approach to account for residential
self-selection (arXiv:2312.06616v1)

Nielsen K S, Nicholas K A, Creutzig F, Dietz T and Stern P C 2021
The role of high-socioeconomic-status people in locking in
or rapidly reducing energy-driven greenhouse gas emissions
Nat. Energy 6 1011–6

Pathak M, Slade R, Pichs-Madruga R, Ürge-Vorsatz D, Shukla P R,
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