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ABSTRACT

Limiting global warming to 1.5°C requires extensive socioeconomic and technological transformations. With
approximately two-thirds of global greenhouse gas emissions linked to household consumption, reducing
demand-side emissions through low-carbon lifestyle changes is critical. While major emissions hotspots and high-
impact consumption changes are known, a cross-country prospective analysis of their emissions reduction po-
tential has been missing. This study quantifies the avoided greenhouse gas emissions from 47 consumption
changes across five diverse European countries. We assess how socioeconomic and technological changes in-
fluence emissions reduction potentials by comparing such potentials in a baseline year (2015) with those in 2030
and 2050 under a sustainable development scenario. Our findings highlight that the most effective mitigation
options involve reducing conventional vehicle use, decarbonizing household heating, and shifting to predomi-
nantly plant-based diets. Though country-specific variation exists, we observed that the emissions reduction
potentials of many consumption changes evolve proportionally to technological changes. Behaviors involving
direct fossil fuel combustion, such as car travel or fossil-fueled heating, remain largely unabated by technological
shifts without lifestyle change, thus increasing in relative mitigation potential. Changes relying on electricity
substitution, such as switching to a heat pump, were most dependent on systemic decarbonization. These insights
demonstrate which household-level actions consistently offer high emissions mitigation potential and which are
more sensitive to broader system changes. Our results provide a clearer understanding of how individual climate
change mitigation actions intersect with long-term industrial decarbonization strategies, supporting more tar-
geted policymaking for demand-side climate change mitigation.

1. Introduction

the possible contributions of lifestyle change (Creutzig et al., 2018).
However, growing evidence indicates that industrial decarbonization

Restricting global warming to a 1.5°C level is essential for main-
taining a safe living space for humanity (Armstrong McKay et al., 2022;
Ripple et al., 2024; Rogelj et al., 2018). The 2015 Paris Agreement
aimed to limit global warming to well below 2°C, with efforts to stay
within 1.5°C (UNFCCC, 2016). With limited time to reduce greenhouse
gas (GHG) emissions and maintain the 1.5°C target (Lamboll et al., 202.3;
Riahi et al., 2022), mitigation efforts must be urgently accelerated across
both industrial and household domains. Emissions mitigation pathways
typically emphasize industrial technological development, neglecting
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alone will not suffice to limit global temperature increase to 1.5°C or 2°C
without requiring carbon dioxide removal (Cap et al., 2024; de Koning
et al., 2016; van Sluisveld et al., 2016; van Vuuren et al., 2018). As a
result, more attention has recently been given to demand-side changes.
In this paper, we understand demand-side or lifestyle changes as
changes that reduce or shift consumption, or reduce the emissions in-
tensity of consumption, e.g., through lower energy demand or waste,
often leading to lower carbon footprints.

A robust evaluation of the carbon footprint reduction potential of
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lifestyle changes is essential for identifying the most effective options
and integrating them into mitigation pathways. Yet, as interest in
demand-side strategies has grown, it has become clear that quantitative
data on the climate change mitigation potential of lifestyle changes re-
mains limited, leaving policymakers and citizens with insufficient
guidance for informed decision-making (Rogelj et al., 2018). This gap
prompted an increase in research aimed at evaluating the effectiveness
of various lifestyle changes in reducing emissions. Numerous studies
employing life cycle assessment (LCA) and input-output analysis (I0A)
methodologies emerged to quantify these impacts (Ivanova et al., 2020).

Because most 1.5°C-compatible scenarios require simultaneous
supply- and demand-side transformations (Riahi et al., 2022; van Vuu-
ren et al., 2018), the emissions reduction potentials of lifestyle changes
are inevitably influenced by broader socioeconomic and technological
developments. In the limited studies where lifestyle and technological
change are explored together, such as dietary transitions (Bryngelsson
et al., 2016) or electric vehicle adoption (Mendoza Beltran et al., 2020),
the reduction potentials of lifestyle changes were found to be strongly
influenced by technological assumptions beyond the scope of the life-
style intervention. In recognition of the influence of industrial trans-
formation on product or service system emissions, prospective LCA
emerged to enable emissions assessment under varying technological
scenarios. In advanced models, technological developments and effi-
ciency gains are systematically applied to sectors based on scenarios
from integrated assessment models (see Sacchi et al. (2022), for
example). This approach enables specific lifestyle choices, such as
driving an electric or conventional vehicle, to be evaluated not only
under existing mainstream production systems but also in future con-
texts in which the changes are expected to be deployed at scale. How-
ever, product-LCA-based approaches are subject to truncation errors
from system boundary choices, which may omit some upstream or
downstream processes and associated emissions (Ward et al., 2018).

A similar integration of technological scenarios into assessments of
lifestyle changes spanning the entire household consumption in a
country has not been widely implemented, particularly within IOA
frameworks. Prospective assessments of multiple lifestyle changes that
account for adjusted emissions intensities from technological trans-
formations remain limited. Prominent examples include a global-scale
study (Girod et al., 2014), and regional assessments for the European
Union (Costa et al., 2021), Sweden (Morfeldt et al., 2023), and Denmark
(Bjorn et al., 2018). However, these analyses primarily evaluate com-
binations of lifestyle and technological changes needed to meet climate
targets rather than examining how the mitigation potentials of lifestyle
changes evolve over time. Consequently, a gap remains regarding pro-
spective analyses that systematically explore how the emissions reduc-
tion potentials of multiple household lifestyle changes develop over time
under different technological or socioeconomic scenarios. Addressing
this gap is important for understanding the dynamic interaction between
consumption changes and broader socioeconomic and technological
transitions, ultimately informing more effective climate change miti-
gation strategies at national and regional scales.

Emissions should be reduced most rapidly within high-emissions
countries to ensure a just climate transition (Chancel, 2022). The Eu-
ropean Union (EU) has some of the most ambitious policies to address
climate change in the world (Dupont et al., 2024), namely the net-zero
emissions commitments by 2050 in the European Green Deal (European
Commission, 2021), but also some of the most carbon-intensive lifestyles
(Ivanova et al., 2016). This makes the EU a compelling case study for
examining how the mitigation potentials of lifestyle changes evolve over
time. Variations in income, infrastructure, economic structure, and
urban form lead to substantial differences in carbon footprints both
between and within European countries (Gill and Moeller, 2018; Har-
dadi et al., 2021; Ivanova et al., 2017; Ivanova and Wood, 2020; Jaccard
et al., 2021; Ottelin et al., 2019). Thus, pathways to emissions reduction
will necessarily vary both within and between EU countries.

To address the gap in understanding how the emissions reduction

409

Sustainable Production and Consumption 59 (2025) 408-421

potentials of lifestyle changes applied to all households in a country
evolve under changing conditions, we assess various lifestyle changes in
five EU countries in 2015, 2030, and 2050, accounting for technological
and socioeconomic transformations aligned with a 1.5°C mitigation
scenario. We aim to provide a clearer understanding of how individual
climate change mitigation actions intersect with long-term industrial
decarbonization strategies, supporting more targeted policymaking for
demand-side climate change mitigation. While these scenario results
apply to the EU region, the results can be relevant to similar high-income
countries, and can also demonstrate a methodological contribution to be
applied to other countries.

2. Literature review

Consumption-based emissions accounting, used to calculate carbon
footprints, attributes supply chain emissions to final consumers based on
the rationale that emissions are driven by consumption of goods and
services (Tukker et al., 2020). Environmentally extended multiregional
input-output (MRIO) analysis links the final consumption of goods and
services to their associated life cycle environmental impacts. In these
models, the global flows of goods and services are integrated with na-
tional environmental emissions accounts, enabling the attribution of
local production impacts to global consumption patterns. Input-output
analysis has been widely used to assess the carbon footprints or total
embodied emissions of household consumption patterns (Hertwich and
Peters, 2009; Ivanova et al., 2016; Jones and Kammen, 2011; Tukker
etal., 2016) and any changes in emissions resulting from past changes to
consumption patterns over time (Steen-Olsen et al., 2016; Wood et al.,
2020).

Recently published research on the mitigation potential of household
consumption changes has identified that, on average, the most effective
strategies include reductions in individual motorized travel, air travel,
the use of fossil-based energy in households, and the intake of animal-
based products in diets (Ivanova et al., 2020; Koide et al., 2021b; Vita
etal., 2019; Wynes and Nicholas, 2017; Wynes et al., 2018). This has led
to an estimated reduction potential of 40-70% of total emissions from
household lifestyle changes within domains such as mobility, housing,
and nutrition (Creutzig et al., 2022), although this value may be lower
for Europe when calculated with an IOA model (Moran et al., 2020).

MRIO models can represent adjustments to consumption, technol-
ogy, and emissions intensity, which can be affected when households
adopt a new consumption pattern (Wood et al., 2018). Carbon footprints
calculated with MRIO models can be compared across products and
regions, and with dynamic scenario models, these comparisons can also
be made over time (Duchin et al., 2016). The input-output approach thus
enables the calculation of global direct and indirect effects of changes to
household consumption over time without truncation errors from
setting system boundaries for a limited product-service system.

Although I0A-based studies of carbon footprints provide an inter-
nally consistent comparison of diverse lifestyle interventions and allow
for scenario construction, prospective IOA remains limited to a few
studies. These studies primarily focused on industrial technological
change (Budzinski et al., 2023; Cap et al., 2024; de Koning et al., 2016;
Duchin and Lange, 1994; Gibon et al., 2015; Wiebe et al., 2018; Wilting
et al., 2008). To date, no prospective IOA studies have focused specif-
ically on lifestyle changes and assessed a wide range of demand-side
changes across multiple domains and countries. Given that lifestyle
changes are likely to occur alongside broader decarbonization efforts,
this gap in the literature is particularly noteworthy.

Beyond the missing prospective dimension in the climate change
mitigation potential of lifestyle changes, other challenges remain in
developing country-specific and individual-level recommendations for
lifestyle transitions.

First, global or regional averages can obscure important variations
between countries. Differences in socioeconomic or technological
context make it difficult to generalize emissions reduction potentials
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from one country to another, and divergent development trajectories
can widen or narrow initial differences (Fricko et al., 2017; O’Neill et al.,
2017; Riahi et al., 2017; van Vuuren et al., 2017). While several country-
level studies have examined national footprints and the mitigation po-
tential of lifestyle changes (Carlsson Kanyama et al., 2021; Jones and
Kammen, 2011; Koide et al., 2021a; Lekve Bjelle et al., 2018; Salo et al.,
2021), comparative investigation across countries remains limited.
Nonetheless, existing studies reveal some differences. For instance,
housing changes were found to be relatively more important in Europe
compared to the global average (Guan et al., 2025), and switching to
renewable grid electricity was the most effective lifestyle change in
Japan, compared to giving up a car in Finland (Koide et al., 2021b).

Second, emissions reduction potentials are rarely reported both as
general population averages and values for only those individuals for
whom a change is relevant. The former is useful for identifying high-
impact interventions at scale, while the latter is better suited to guid-
ing individual decision-making. Both are important data points for
policymaking, as the impact of a lifestyle change can vary greatly based
on expenditure patterns (Carlsson Kanyama et al., 2021; Guan et al.,
2025), yet the highest-impact changes on average should be prioritized
within national emissions mitigation strategies.

In sum, an assessment of population-level emissions reductions
across countries in a current and future scenario across countries and
over time is essential for developing a systematic approach to promoting
widespread demand-side change, as required to meet the goals of the
Paris Agreement.

3. Methods
3.1. Scoping countries and consumption change options

We selected Germany (DE), Spain (ES), Hungary (HU), Latvia (LV),
and Sweden (SE) from the 27 European Union (EU27) countries based
on differences in socioeconomic characteristics, consumption levels, and
the energy mix (Figs. S1-S2). Income, household size, heating degree
days, and electricity mix drive variation in household carbon footprints
(Ivanova et al., 2017). Household final demand in EXIOBASE ranged
from €4 998 (HU) to €19 630 (SE) per capita in 2015 basic prices
(Fig. S2a), and average emissions intensities of final demand in Hungary
and Latvia were double those of Sweden in 2015 (Fig. S2b). The coun-
tries capture geographic variation in heating demand, with heating
degree-days in 2024 ranging from 4 798 in Sweden to 1 429 in Spain,
while Germany and Hungary align closely with the EU average of 2 698,
and Latvia falls between Sweden and the average (Eurostat, 2025).
Household size ranged from 2 persons in Germany to 2.5 in Spain in
2015 (Eurostat, 2022b). Germany, Spain, and Latvia obtained most of
their electricity from fossil-fuel sources in 2015, compared to a nearly
completely renewable and nuclear mix in Sweden (Fig. 2c). Distance
traveled by individualized motorized transportation also varied, with
over 10 000 km per capita traveled on average per year in Sweden and
Germany, and under 7 000 km per capita per year in Latvia, Hungary,
and Spain (Fig. S2d). Diets varied the least across countries, with 5-6 kg
of animal products purchased per person per week (Fig. S2e).

The consumption changes considered in this study originate from a
literature review by Vadovics et al. (2024), which identified lifestyle
change options across the domains of mobility, housing, nutrition, and
leisure most relevant to the five countries studied. Both investment-
focused (e.g., installing solar panels) and behavioral (e.g., adopting a
plant-based diet) consumption changes were considered.

3.2. Modeling approach and data collection

Modeling household consumption changes in an MRIO model re-
quires formulating a set of parameters that represent a simplified version
of these changes within one or more of the four MRIO model compo-
nents. The MRIO model components include direct intensity matrix of
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emissions coefficients F, representing the GHG emissions per unit of
industrial output; technical coefficients matrix A, representing the pro-
duction recipe of industries per unit of output; vector of final demand of
households ynn, representing the total household consumption in a
country; and vector of direct household emissions fynp, representing the
emissions generated directly by households in a country (Miller and
Blair, 2009).

The method of modeling lifestyle or consumption changes by
modifying an MRIO model used here was first developed by Wood et al.
(2018) and used to model lifestyle change by Vita et al. (2019) and
Moran et al. (2020). The core of our approach consists of the same
method of imposing changes on individual model components to create
an adjusted MRIO model. Household lifestyle changes can be modeled
by changing expenditure on product categories, such as in Wood et al.
(2018) and Moran et al. (2020). Vita et al. (2019) expanded on the
method of Wood et al. (2018) by calculating food and household energy
layers to ensure equivalent service provision in some lifestyle changes.
We similarly calculated our own food and household energy layers and
extended this method to include household shelter and mobility service
provision. For consumption change options involving a physical limit or
modal shift, these layers were used to calculate the change factors to
impose on the MRIO model components. An overview of our method is
presented in Fig. 1.

For each consumption change in our dataset, we collected values
from literature and public datasets to define the magnitude of each
consumption or demand change for each of the MRIO model compo-
nents in each country. Most data on passenger mobility were collected
from various Eurostat databases (Furostat, 2022a, 2022¢, 2023c). Data
for food supply and waste were taken from FAO (2023) and Gustafsson
et al. (2013). Direct emissions and household energy use for various
purposes were split for each country following household direct emis-
sions data from OECD (2023), household energy balances from Eurostat
(2023a), and detailed electricity use data from the Odyssee Database
(Enerdata, 2023). From these data sources and those outlined in

Consumption change option data collection and input definition
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Fig. 1. Methodology for consumption change option data collection and
parameterization for applying changes to the EXIOBASE and scenario input-
output tables for years 2015, 2030, and 2050.
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Supporting Information Sections 1-5, a set of change factors repre-
senting the change in demand or consumption from a lifestyle change
was defined for each of the 200 product categories in ypp, 22 emissions
types in 200 product categories in F, 3 emissions types in fysn, and the
intermediate inputs of 200 product categories in A. A detailed expla-
nation of the methodology for parameterizing each lifestyle option is
presented in Supporting Information Sections 1-5. The change factors
derived for each component of the 47 options in each country are
available in Supplementary Data 1-4.

Changes to the final demand vector were the most common type of
change resulting from our lifestyle changes. For example, Switch to
renewable electricity involved eliminating household demand for fossil-
based electricity and increasing demand for renewable electricity rela-
tive to the initial demand and amount of fossil-based electricity.

Most options involving household energy or mobility affected both
household final demand and direct household emissions. For instance,
replacing a conventional vehicle with public transportation involved a
modal shift from conventional vehicle to public transportation,
involving the same service provision measured in passenger-kilometers.
Final demand for public transportation would increase relative to the
starting distance traveled by public transportation and the new demand
displaced from conventional vehicles, and direct emissions from
households would be reduced by the share related to vehicle travel.
Similarly, for replacing a gas boiler with a heat pump, household de-
mand for fossil fuel heating products decreased and demand for elec-
tricity increased to maintain the same level of thermal comfort.
Household direct emissions thus decreased by the proportion related to
household space heating.

Shifts in household final demand were also reflected in the technical
coefficient matrix for some consumption changes. In these cases, we
assumed changes to household final demand would also involve a
complete and immediate backwards cascade through the production
system to fulfill altered consumer preferences. For instance, a shift to a
vegan diet entailed a reduction of animal products and an isocaloric
replacement with plant-based alternatives. Here, we also adjusted the
technical coefficients for ‘Hotel and restaurant services’ to mirror the
new diet, as animal food products were no longer an intermediate
requirement for restaurant services.

In rare cases where consumer demand would theoretically shift the
emissions of industries as a result of consumer preference, such as a shift
to organic produce consumption, we modeled the change in the direct
intensity matrix of emissions coefficients to represent these effects.

For each option, we modeled the upper limit of possible emissions
reduction of each option, representing full uptake of the option across
the entire relevant population in each country. Where the consumption
change represented explicit partial completion or penetration, such as
reducing space heating temperature by 2°C, moving 50% closer to work,
or reducing floor space to 30 m? per capita, the change factors were
scaled to reflect a fixed partial completion of this change based on the
scaled value or the share of the population above or below the threshold
each year (see Supplementary Data 5).

3.3. Calculating household carbon footprints with multiregional input-
output analysis

Our model was developed using the EXIOBASE 3.8.2 MRIO model as
a baseline for 2015 (Stadler et al., 2021; Stadler et al., 2018). EXIOBASE
provides a resolution of 200 product categories, with comprehensive
country-level resolution for the European Union, the focus for this
analysis. Scenario models based on EXIOBASE developed in a previous
study (Cap et al., 2024) were used for 2030 and 2050. These scenario
models were developed from the Shared Socioeconomic Pathway 1
narrative of sustainable development compatible with a 1.5°C warming
trajectory (SSP1-RCP1.9) (Riahi et al., 2017; Rogelj et al., 2018), but
excluding explicit household change. These scenarios included a greater
share of renewables in the electricity mix, industrial decarbonization
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from electrification and emissions reduction technologies, an increase in
gross domestic production from greater productivity and economic
structure shifts, and changes to household consumption from increased
income. Overall, these “background system” changes decreased the
emissions intensities of nearly all production processes. More method-
ological details about this scenario construction are described in Cap
et al. (2024).

Our analysis of carbon footprints included all major greenhouse
gases (COy, CH4, N2O, SFg, HFCs, and PFCs). IPCC AR6 global warming
potentials with a 100-year time horizon (GWP100) were used to char-
acterize the GHG emissions values to COz-equivalents (COze) (IPCC,
2022).

The household carbon footprint can be calculated following the
Leontief model for demand-driven consumption-based accounting
(Leontief, 1970; Miller and Blair, 2009) (Eq. 1):

en = 1Q(FLyy, +£,,, ) @

Where ey, is the sum of direct and indirect emissions attributed to
household final consumption in a country; matrix of characterization
factors Q is used to convert individual GHG emissions values to CO»-
equivalents; F is the direct intensity matrix of emissions coefficients; L =
(I-A)~!is the Leontief inverse matrix or total requirements matrix per
unit of final demand, with A as the technical coefficients matrix and I an
identity matrix of the corresponding size; yp, is a vector of final demand
of households in a country; f, is the vector of household direct emis-
sions for a country; and 1 is an all-ones vector used for summation.

The emissions reduction potential of each consumption change Aepp
was calculated as the difference between the household carbon footprint
without interventions and the household carbon footprint with the
intervention applied (Eq. 2):

@

The emissions reduction potential was normalized by the country
population of the corresponding year n to arrive at a per-capita value
(Eq. 3):

epe = Aepp 0! 3

,
Aepy = €nn —€nn

After calculating the emissions reduction potential relative to the
baseline footprint, we used the thresholds established by Wynes and
Nicholas (2017) to classify the options into high-medium-low cate-
gories: 5% of average footprint reduction for high-impact, 1-5% for
medium-impact, and less than 1% for low-impact.

3.4. Differentiating between average per-capita and subset-relevant
impacts

We present our primary results as the reduction potential of the
uptake of a consumption change at its theoretical maximum, distributed
across the entire population. Many changes are relevant for most in-
dividuals. For instance, the EU average for vehicle stock is approxi-
mately one car for every two individuals (Eurostat, 2021a, 2021b), and
only around 10% of Europeans avoid meat (Perez-Cueto et al., 2022).
Others may only be relevant for a small subset of the population, such as
those who own pets, drive SUVs, travel by airplane, or live in a building
suitable for solar panels. However, where changes to housing can be
expected to be distributed over all household members, this may not be
the case for shared vehicles.

We also assessed the emissions reduction potential of consumption
changes divided over only relevant individuals within the population for
comparison with the average per-capita impacts. Assumptions for the
percentage of the population eligible for certain changes are shared in
Supplementary Data 7.

For selected options, we also present emissions intensities for rele-
vant physical units to illustrate differences across countries and times, or
the outsized contributions from high levels of consumption. While
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expenditure, influenced by both altered consumption habits and po-
tential price changes. We estimated price changes based on 2015
EXIOBASE, calculating price changes as a percentage of the basic price
in a category (e.g., ‘Motor vehicles’; see Supplementary Data 6). We also
estimated the change in total household final demand from consumption
changes in addition to specific price changes for product categories.
We present estimates for changes in household expenditure but do
not calculate rebound effects. Extensive research exists on the varying
potential rebound effects associated with the adoption of low-carbon
consumption changes (Richter et al., 2024), and single actions will
rarely achieve 1.5°C-compatible emissions reductions. Instead, exten-
sive mitigation will require multiple changes, with financial savings

monetary units in an IO model serve as proxies for physical quantities,
converting these to physical units of service provision can provide a
clearer interpretation of individual-level deviations in carbon footprints
relative to national averages. We selected one lifestyle change per
domain that had high or medium impact across all countries and was
also theoretically linearly scalable. We also included Avoid Flying due to
the association with emissions and wealth inequality (Ivanova and
Wood, 2020).

3.5. Estimating financial effects from consumption changes

Shifts in lifestyle patterns can lead to changes in household

Avg. Avg. Avg.
red. red. red.
Consumption changes 2015 (%) 2030 (%) 2050 (%)
Replace car w/ cycling/walking M v A O]|224 A [] 26.5 A oV 34.3
Switch to an electric vehicle M ¥ AO 18.9 A w 23.7 A ) v 32.7
Replace car w/ public transit M veo 15.2 2, 24.6 o v 36.3
Reduce leisure/holiday driving M Va O 10.5 AO® 13.0 A @OV 17.3
Switch to a vegan diet N A0 @ 8.5 &9 8.5 &y 7.6
Switch to carpooling M \ 2 (o) 8.3 A9® 10.1 A @&V 13.4
Switch to a biomass boiler H | vA o 7.0 ) 4 o] 10.5 ) 4 o 14.6
Reduce animal-based foods N rON 6.8 A9 6.8 w9 6.0
Switch to a vegetarian diet N | AW 4.6 o 4.2 w 3.5
Avoid flying M N O 4.2 20 3.3 ® 1.8
Use renewable electricity H W o 3.5 v O 3.5 Lt 1.5
Avoid holiday driving M [ <®O 3.5 AW 4.4 AV 5.9
Reduce excess living space H [A® O 2.8 AVoO 5.4 w o 7.8
Avoid excess food consumption N | #® 3.3 V. 3.3 ® 3.1
Switch to a heat pump H |4 3.5 - o 13.0 - (e} 16.7
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Move closer to the workplace M | @& 2.2 2.6 K 3.5
Replace flights with bus M | ® O 1.9 #® 1.7 ] 1.0
Replace ruminant meat w/ white N [@&ov 1.9 v 2.0 o 2.0
Insulate the house H | ®© 2.0 . (o) 2.8 . /o) 3.6
Replace flights with train/bus M | ® O 1.7 ® 1.6 w 0.9
Install a solar thermal system H | % 2.0 w 3.3 w 3.8
Replace red meat with white N |#0V 1.6 ", 4 1.8 4 2.0
Replace flights with train M |40 1.5 ™ 1.3 ® 0.6
Work from home M | ® 1.4 f 1.6 ¥ 2.2
Replace other drinks with tap N | @® 1.3 ® 1.0 w 0.7
Buy fewer clothes and shoes L 4 1.4 ® 0.8 k4 0.4
Replace car with car-sharing M | @& 1.4 ® 0.9 L4 0.6
Use smart devices H | ®0 1.1 ) o) 1.6 ) o) 1.8
Replace short-haul flights M |40 0.8 ® 0.7 L3 0.4
Switch to efficient devices H |®#0 0.7 @ 0.8 L 0.6
Give up a big appliance H |® 0.6 & 0.7 3 0.5
Replace SUV with a smaller car M (® 0.5 & 0.7 4 0.9
Switch to LED lighting H |® 0.4 0.4 @ 0.3
Choose a smaller pet ®» 0.4 L3 0.3 k] 0.3
Repair ICT devices H |® 0.2 0.1 £ 0.0
Replace bottled water withtap N |® 0.3 0.2 &3 0.2
Use secondhand ICT devices H (® 0.2 0.1 ® 0.1
Reduce hot wateruse H |® 0.2 @ 0.3 L] 0.3
Use certified ICT products H |#@ 0.1 0.1 & 0.1
Switch to organic vegetables N |& 0.1 ® 0.1 @ 0.1
Switch to seasonal vegetables N |& 0.1 £ 0.1 K 0.1
Choose sustainable pet food 4 0.0 0.0 4 0.0
Share a big appliance H f : : : 0.0 : : : : 0.0 ’ : : : 0.0
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Fig. 2. Per-capita absolute carbon footprint reduction potential for 47 consumption change options in five EU countries in 2015, 2030, and 2050. The options are
presented in descending order based on the average per-capita reduction potential for the five countries in 2015. Carbon footprint reduction potential is expressed as
the reduction obtained compared to the GHG emissions that would have occurred without the consumption change in that year. Consumption changes are classified
into domains of Housing (H), Mobility (M), Nutrition (N), and Leisure (L). Avg. red. (%) refers to the average relative carbon footprint reduction across the five
countries. Bold and italic emphasis indicates high-impact options (>5%), italic emphasis indicates medium-impact options (1-5%), and regular text indicates low-
impact options (<1%).
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from some potentially funding others. By combining country- and year-
specific emissions intensities with household expenditure changes, po-
tential additional or avoided emissions can be estimated, though we
avoid calculating precise rebound effects to prevent misrepresenting the
impact of individual changes that are best considered as part of a
broader lifestyle transformation.

4. Results

4.1. High-, medium- and low-impact consumption changes across
countries and years

Across all five countries and scenario years, the majority of carbon
footprint reduction potential is concentrated in a few high-impact op-
tions (Fig. 2). Nearly all these options fall within the mobility domain:
Replace car with cycling/walking (1.0-1.4 tCOse 5-country average
emissions mitigation potential over the three scenario years), Switch to
an electric vehicle (0.9-1.2 tCO4e), and reducing driving distance through
Reduce leisure/holiday driving (0.5-0.7 tCO9e) or individual driving dis-
tance with Switch to carpooling (0.4-0.5 tCOqe). Replace car with public
transit (0.9-1.2 tCOz¢) also offered substantial emissions reduction po-
tential for four countries, although this option is not reported for Latvia
due to issues reconciling the physical public transportation data and
EXIOBASE. Switch to a vegan diet (0.2-0.5 tCO4e) also maintained high
emissions reduction potential over all countries and years studied.
Reduce animal-based foods (0.2-0.4 tCOze), equivalent to eating a ma-
jority (80%) vegan diet, was high-impact in all countries and years aside
from Latvia in 2015 (0.2 tCOze, 4% of footprint).

The prevalence of mobility changes in the highest impact categories
can be attributed to both the substantial contribution of transportation
to household footprints in the countries studied (an average of 31% in
2015, increasing to 39% in 2050, see Fig. S1), and the large share of
personal vehicle emissions within transportation emissions. The share of
emissions related to personal vehicle mobility within total household
transportation emissions ranged from 63% (Sweden) to 79% (Spain,
Hungary) in 2015, which increased to between 70% (Latvia) to 95%
(Hungary) of emissions in 2050 under our scenario assumptions
(Fig. S1). The share of food in the total household footprint ranged from
14% in Germany to 25% in Sweden in 2015, with the share remaining
similar in all countries over time aside from Latvia (from 21% to 39%)
(Fig. S1).

Consumption changes involving holiday travel patterns, such as
Avoid flying, Avoid holiday driving, and the various options involving a
modal shift from airplanes to ground transportation, were associated
with medium-level impact for most countries and years at the general
per-capita level (Fig. S3). Other medium-impact options related to
mobility include reducing commuting travel by working from home,
moving closer to work, or downsizing to a smaller vehicle. The nutri-
tional changes Switch to a vegetarian diet, Avoid excess food consumption,
and Avoid food waste at home also offered medium levels of emissions
reduction over all countries and years.

Eleven of the options would each reduce emissions on a per-capita
level by less than 1% in each of the selected countries and years, indi-
cating that these options individually have a small emissions mitigation
potential for the EU. These options, starting with Choose a smaller pet, are
presented in descending order in Fig. S3.

4.2. Variation of consumption change impacts across years

Changes to production systems caused the absolute emissions
reduction potential for many consumption changes to decrease from
their 2015 values in 2030 and 2050. The decarbonization of the elec-
tricity system through an increasing share of renewable sources and
carbon capture and storage caused the changes related to electricity use
to decrease. Use renewable electricity decreased from a maximum
reduction potential of 0.7 tCOze in Germany in 2015 to below 0.05
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tCO2e in all countries in 2050, aside from Hungary (0.1 tCO-e in 2050).
In 2030, the transitioning grid still allowed for this change to have at
least a 4% carbon footprint reduction in Germany, Spain, and Hungary
(Fig. S3). Install solar panels decreased in impact by an average of 70% in
all countries aside from Latvia, where the reduction potential doubled
from 0.1 tCOze to 0.2 tCO2ze (corresponding to a 1% to 7% potential
decrease in average carbon footprint). In Latvia, the increased emissions
mitigation potential for this change was driven by reduced demand for
distribution and trade services for grid electricity proportional to self-
production. Despite an emissions intensity reduction of more than
80% for this sector in all five countries in the background scenario,
Latvia’s remained at least twice as high as the other four.

Changes involving a modal shift from air to ground transportation
also decreased in absolute reduction potential over each country and
year. In the countries with the highest level of flight distance traveled
(Germany and Sweden), flight travel made up an average of 19% of the
household mobility footprint in 2015, which decreased to 5% in 2050
due to the emissions intensity reduction for air travel in the scenario
model (Fig. S2d). This was due to the ambitious aviation decarbon-
ization pathways outpacing the general decarbonization from greater
productivity and industrial decarbonization for bus and rail outlined in
the SSP1-RCP1.9 scenario in 2030 and 2050 (Cap et al., 2024).

The emissions mitigation potential of several housing interventions
increased over time, driven by evolving consumption patterns, struc-
tural changes to industries, or a combination of both. Switch to a heat
pump was the consumption change most positively influenced by tech-
nological transformations. Although initially only a high-impact inter-
vention in Spain and Hungary, its emissions reduction potential
increased in all countries on both an absolute and relative level. The
most pronounced change on an absolute level was for Germany, where
the reduction potential rose from 0.1 tCOze in 2015 to 1.0 tCOze in both
2030 and 2050, although the doubling of reduction potential from 0.5 to
1.0 tCOze resulted in a slightly larger relative footprint reduction in
Hungary. The absolute emissions reduction for Switch to a biomass boiler
decreased by 0.1 tCOqe in Germany and Latvia, remained constant in
Sweden and Spain, and increased by 0.2 tCOze in Hungary. The biomass
production industry remained relatively unchanged compared to the
evolving electricity mix in each country, resulting in a more stable
reduction potential over time, but making biomass boilers less effective
for emissions mitigation than heat pumps in the long term. Changes
related to reducing fossil fuel use for space heating, such as Lower the
room temperature, Install a solar thermal system, and Insulate the house, had
a similar absolute reduction potential in each country over time,
translating to an increased relative mitigation potential as footprints
decreased over time. Other options targeting electricity-saving mea-
sures, like using smart devices or more efficient appliances, averaged
lower absolute and relative emissions reduction potentials.

The emissions reduction potentials of the three options involving the
elimination of conventional vehicles generally converged to similar
values within a country by 2050, as the decarbonization of public
transportation and electricity systems increased the relative effective-
ness of this option. This was not the case for Latvia, where reductions in
household direct emissions in the 2030 and 2050 scenarios (Fig. S1) led
to a comparatively lower mitigation potential for these options relative
to other countries. However, the emissions reductions from changes to
mobility relative to other measures, such as reducing fossil fuel use for
household heating, were influenced by the contribution of mobility to
each country’s carbon footprint and the share of mobility-related direct
emissions in household footprints.

Diets were more similar across countries than mobility patterns, so
the reduction potentials for dietary changes across countries converged
over time. The emissions intensities of animal products decreased over
time due to technological changes implied in SSP1-RCP1.9, such as
overall efficiency improvements and targeted technical and structural
changes to reduce non-CO; emissions (Frank et al., 2019), causing the
dietary changes to mitigate relatively fewer emissions in future years
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than the baseline year. This led to the options involving a reduction in
meat and/or other animal products decreasing in absolute terms in all
countries. Switching to a vegan or majority plant-based diet remained
high-impact options over time as total carbon footprints decreased at a
similar rate.

Some consumption changes with relatively small emissions reduc-
tion potentials maintained a consistent relative contribution across
countries over time, while others declined both in absolute terms and as
a share of the overall household carbon footprint. Interventions that
primarily reduced electricity use through technological improvements,
such as Switch to LED lighting or Switch to efficient devices, declined in both
absolute and relative impact, reflecting the reduced marginal benefit of
these changes under a decarbonized background system. Changes that
reduced direct fossil fuel combustion by households, such as Work from
home or Use smart devices, or those that lowered upstream agriculture
emissions, such as Switch to organic vegetables, also had a small impact,
but kept a constant or increasing relative contribution to overall
household carbon footprint reduction across scenario years. Sufficiency-
oriented options such as Buy fewer clothes and shoes decreased on an
absolute level due to background system decarbonization, but also on a
relative level due to these product categories decarbonizing faster than
unmitigated household fossil fuel combustion.

4.3. Variation of consumption change impacts across countries

Due to the differences in baseline living space and household energy
use for heating and electricity, the emissions reduction potential of
Reduce excess living space varied by country. It remained a high-impact
option in Germany in all years, even as absolute emissions reduction
decreased from 0.6 tCOe in 2015 to 0.4 tCO-e in 2050. In contrast, its
impact increased in Hungary (from 0.1 tCO-e to 0.4 tCO2e) and in Latvia
(0.0 tCOge to 0.1 tCO9e) as average living area per capita increased
beyond 30 m?. In Spain and Sweden, the mitigation potential remained
stable at medium-impact levels. Lower the room temperature increased to
a high-impact option for Germany and Hungary driven by a high initial
reliance on fossil fuels for space heating, which remained largely un-
mitigated in the background scenario. In Sweden, where emissions from
household space heating were initially relatively low, reducing room
temperature was nearly as effective in mitigating emissions as the
installation of a heat pump. Use renewable electricity and Install solar
panels offered effectively no mitigation potential for Sweden in any year.

Reducing household use of heating and mobility fuels (such as Switch
to public transport or Switch to a heat pump) had nearly equivalent miti-
gation potentials in both Hungary and Germany in 2050. This contrasts
with the case in Sweden or Spain, where mobility-related changes could
mitigate at least 40% of household emissions options in 2050, while
changes related to heating and living space could contribute a maximum
of 15% (Spain) and 3% (Sweden) to total footprint reduction.

4.4. Variation of reduction potential between per-capita and
individualized footprints

The emissions reduction potential for the average affected individual
can be much higher than the average per capita for selected consump-
tion changes (Fig. 3). Some emissions-intensive behaviors are practiced
by a smaller subset of the population, so the greater reduction potential
from ceasing these practices is derived from the larger associated
starting footprint. Replace SUV with a smaller car had a low overall
impact at a country level due to the small overall share of SUVs in
vehicle fleets but increased by the largest factor on average across all
options (from 15 in Germany to 40 in Latvia). Only a fraction of the
population commutes with a motor vehicle, so attributing the savings to
commuters for Work from home increased the impact by a factor 3.4 to
5.8. Scaling total emissions reduction of Avoid flying by only those who
fly resulted in a mitigation potential 2.5-4.4 times greater than on a per-
capita level. When considered per pet, the emissions savings from
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Fig. 3. Emissions reduction potential for selected consumption changes in
2030, divided by the total population (per capita) or the total relevant share of
the population (per rel. indiv.). Countries are indicated by the ISO2 code: DE:
Germany, ES: Spain, HU: Hungary, LV: Latvia, SE: Sweden.

reduced demand for pet food for Choose a smaller pet would be similar to
an average individual undertaking a dietary change, such as Reduce
animal-based foods in Germany, Latvia, and Sweden, and Switch to a
vegetarian diet in Spain and Hungary. Although the impact of pet diets is
comparable to that of humans, full adoption of this consumption change
would still only reduce the total footprint by less than 1% in each
country (Fig. 2). In contrast, Install own solar panels increased its emis-
sions reduction potential by 1.6 (Hungary) to 5 (Germany) times when
calculated for only those individuals living in a building suitable for
solar panel installation. For this option, the increased reduction poten-
tial is not linked to a higher starting carbon footprint from above-
average participation in emission-intensive practices.

The emissions intensities of the physical service provision of each
consumption change decreased over time for all practices and countries
(Fig. 4). However, the changes associated with direct household emis-
sions, such as Reduce excess living space and Replace car w/ cycling/
walking shown in Fig. 3 decreased less than those with only indirect
emissions. While aviation emissions decrease in later scenario years,
individuals with above-average flight activity may continue to have
disproportionately high footprints — potentially exceeding the 1.5°C
target with flight emissions alone. Assuming per capita carbon footprint
targets of 2.4 tCOqe for 2030 and 0.6 tCOqe for 2050 (Cap et al., 2024),
an individual could exceed the 2030 target by a round-trip flight from
Frankfurt to Sydney, and the 2050 target with a round-trip flight to
Tokyo. Emissions associated with additional housing are less drastic, but
an additional 30 m? per capita in Germany would constitute over one-
fourth of the per-capita target in 2030, and nearly the entire target in
2050.

4.5. Financial effects of consumption changes

Nearly all changes affect total final demand expenditure (Fig. 5). The
extent of financial impact varied widely — for 19 of the changes studied,
total final demand expenditure did not increase or decrease by more
than 1%. Due to the large contribution of mobility to emissions and total
final demand, the changes with the largest potential emissions reduction
also have the largest financial effect. Replace car w/ cycling/walking
reduced final demand expenditure by an average of 7% across all years
and countries studied. This varied across countries, ranging from an
average of 14% reduction in Latvia to 3% reduction in Sweden. The
three changes involving less meat consumption offered the most finan-
cial savings after giving up a car. Switch to a heat pump was associated
with a final demand expenditure increase in 2015 for Germany,
Hungary, and Latvia and negligible effects in Spain and Sweden, but
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Fig. 4. Emissions intensities per corresponding physical unit for consumption changes in 2015, 2030, and 2050. a-d, Emissions intensities associated with (a) Switch
to a vegan diet, (b) Avoid flying, (c) Replace car w/ cycling/walking and (d) Reduce excess living space. Corresponding physical units can be found in Fig. S2a for (a),

Table S13 for (b), Fig. S2d for (c) and Fig. S2f for (d).

gradually evolved to small financial savings over time. Fewer options
would increase financial expenditure than reduce it, with only six
changes increasing average expenditure across years and countries by
more than 1%. Replace car w/ public transit would increase final demand
expenditure by an average of 8% across all countries and years, ranging
from 1% in Spain and Hungary to 15% in Germany and 17% in Sweden,
when accounting for vehicle, fuel, and maintenance-related expenses
represented by household final demand. Assuming a moderately priced
electric vehicle, Switch to an electric vehicle would also increase overall
expenditure by 1-4%. All options involving a modal shift from flights to
ground transportation were also associated with an increase in final
demand.

5. Discussion
5.1. Comparison with literature

The consumption changes identified as high-impact over all coun-
tries and years in this study include several actions involving consider-
able changes to conventional vehicle mobility, including modal shifts
and absolute reduction, and adoption of a vegan or plant-based diet. The
high-impact options identified here were also noted as the most effective
consumption-based emissions mitigation measures by Ivanova et al.
(2020) in a systematic review. In many countries and years, reducing
household demand for fossil fuels for space heating or overall demand
for living space would offer medium to high levels of emissions reduc-
tion, confirming the amounts of emissions mitigation from sustainable
shelter options in the EU (Vita et al., 2019). However, the overall
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reduction potential depended on the initial use of fossil fuels for space
heating and the electricity mix in each country. Compared to [vanova
et al. (2020) and Vita et al. (2019), we present lower estimates for
emissions reduction from Use renewable electricity due to assumptions
about the previous electricity mix. Although the household contribution
to emissions reduction from this consumption change may decrease over
time, this is not due to a decline in its absolute effectiveness, but rather
because utility providers, rather than households, are implementing this
change.

In contrast, Switch to an electric vehicle was less affected by changes in
the background system than a heat pump. Driving an electric vehicle had
fewer emissions than a conventional vehicle across all three scenario
years. Previous research has also indicated that the GHG emissions
during the use phase of electric vehicles are almost always lower than
those from fuel combustion in conventional vehicles within the EU
(Faria et al., 2013; Moro and Lonza, 2018). However, our estimates do
not include impacts from the alternative drivetrain and battery. Esti-
mates of emissions embedded in battery manufacturing vary widely, but
a lithium-ion battery produced in a baseline European context would
add approximately 2 tCOze GHG emissions over the lifetime of the
electric vehicle (Kelly et al., 2020). These emissions are expected to
decrease in the 2030 and 2050 scenario years due to widespread in-
dustrial emissions reduction initiatives. Nevertheless, the overall emis-
sions reduction potential of this consumption change would decrease
with the inclusion of battery-related emissions, particularly when
compared to switching to public or active transportation modes.

While the impact of changes to aviation was comparable to those in
other studies on a distance (Ivanova et al., 2020; Ivanova et al., 2018)
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Fig. 5. Percent change in total per-capita household final demand expenditure after implementing a single consumption change for years 2015, 2030, and 2050.
Consumption changes are classified into domains of Housing (H), Mobility (M), Nutrition (N), and Leisure (L).

and relative (Guan et al., 2025; Hu et al., 2019) basis, the overall
contribution of reduced aviation to total carbon footprint reduction re-
mains relatively small compared to vehicle mobility. Our analysis
focused on the major greenhouse gases covered by the Kyoto Protocol,
which excludes non-CO;, effects from fuel combustion at high altitudes.
These non-CO; effects could increase the global warming impacts of
aviation emissions by 1.7-3 times (Lee et al., 2021; Lee et al., 2010).
Additionally, our 2030 and 2050 scenarios also accounted for a 70%
reduction in global aviation emissions between 2015 and 2050, as
required for a 1.5°C pathway (Gidden et al., 2019). The shift to more
sustainable fuels and the adoption of efficiency measures improved the
relative positioning of aviation compared to other transportation modes,
while public transportation systems decarbonized more slowly due to
their already lower emissions baseline from electricity use in the refer-
ence year. Aviation emissions may also be marginally underestimated in
some countries in EXIOBASE due to the attribution method for inter-
national bunker fuels (Rasul et al., 2024; Schulte et al., 2024; Stadler
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et al., 2018). However, despite the EU’s aspirations to reach net-zero
CO, emissions from aviation (van der Sman et al., 2021), these emis-
sions are categorized as international bunker fuels and are therefore
excluded from the emissions reduction measures under the Nationally
Determined Contributions of the Paris Agreement. Even when consid-
ering the upper limits of climate impacts from non-CO; emissions, the
potential reductions from eliminating aviation would be lower than
those from phasing out internal combustion engine vehicles for personal
travel. Thus, the overall potential for reducing aviation emissions seems
less promising compared to domestic ground transportation, especially
given that the latter is a larger source of emissions.

5.2. Limitations and future research needs

Despite the strengths of MRIO models, several challenges remain
when modeling diverse lifestyle changes. To illustrate, modeling rooftop
solar PV in an MRIO model highlights some limitations inherent to the
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MRIO approach. The aggregated representation of product categories
allows only rough estimates of the additional material burdens and
financial investments. Hybrid I0-LCA models may be able to capture the
effects of changing background systems with greater foreground system
detail possible than in an MRIO model alone. MRIO models are not
designed to model the self-production of electricity or the provision of
electricity from one household to another. Additionally, the use of basic
prices, as is common in MRIO modeling, can obscure important financial
factors such as subsidies or price differences relative to the grid mix.
Country-level estimates will be too broad to inform geographically tar-
geted policy interventions, which would require solar irradiation or
building stock estimates. In this case, subnational studies would be
valuable for guiding localized policy design (Heinonen et al., 2020).
While these limitations are particularly pronounced for rooftop solar PV
modules, these limitations apply to most consumption changes modeled
here to some degree.

Financial effects can influence the level of individual uptake of
consumption changes, leading to an overall adoption rate lower than the
theoretical potential. However, our approach calculated the change in
final demand in basic prices while only considering limited price effects
from consumption of a functionally different product, but not any other
policies that may stimulate the uptake of low-carbon consumption
changes through decreasing the household financial burden. Other
MRIO-based studies accounted for feasible uptake rates for individual
options (Moran et al., 2020; Vita et al., 2019). Consumption changes
associated with more financial commitment may face barriers to uptake
(Vadovics et al., 2024). However, it is also possible that options asso-
ciated with financial savings could lead to re-spending, reducing the
overall emissions mitigation potential. Financial savings do not neces-
sarily indicate high potential uptake, as households can be slow to adopt
energy-saving measures, even when these measures offer financial
benefits over the lifetime of the product (Bertoldi, 2022). Constructing
portfolios with different uptake rates of each consumption change and
the effects of re-spending can explore the different levels of individual
lifestyle change necessary to satisfy emissions reductions toward the
1.5°C target.

One of the drawbacks of modeling consumption changes at the
maximum theoretical potential is that even if it is theoretically possible
for a change to be made by most of a population, it may not be desirable
for widespread adoption. For instance, European biomass resources are
limited, and biomass boilers are associated with particulate matter
emissions that are detrimental to human health (Las-Heras-Casas et al.,
2018; Priedniece et al., 2022). In this case, a combination of different
household heating technologies may offer heating emissions reduction
with lower drawbacks (Palomba et al., 2020). Similar constraints and
considerations may apply to several of the consumption changes
examined in this study. Future research should explore the potential
effects of implementing combinations of these practices across a
population.

Our research focused on the effects of changing household con-
sumption patterns, but excluded the emissions effects of final demand by
governments, nonprofits serving households, and gross fixed capital
formation. The carbon footprint of government expenditure in EXIO-
BASE was estimated at 7% +/— 3% globally in 2007 (Ivanova et al.,
2016), but public services can be as high as 19% in countries with a large
welfare state (Ottelin et al., 2018). Accounting for capital goods used by
industries leads to higher household carbon footprint estimates
(Sodersten et al., 2018). Accounting for the emissions from public
infrastructure used by households, such as roads and buildings, as well
as capital goods can provide better insight into the hidden emissions
linked with household lifestyle change, and provide more accurate
pathways to emissions reduction in line with the Paris Agreement target.

5.3. Policy implications

Because of the concentration of emissions reduction potential in
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relatively few high-impact changes, the assumptions about household
penetration are critical to assessing the likely rather than theoretical
contribution of lifestyle changes to overall emissions mitigation. Our
emissions reduction estimates for consumption changes assume full
adoption of known technologies across the population, representing the
maximum potential and serving as an upper limit for carbon footprint
reduction. A carbon footprint reduction of at least 30% could be ach-
ieved in 2015 in the countries studied here by complete (100%) popu-
lation uptake of a vegan diet, flight avoidance, and replacement of a
conventional vehicle with an electric vehicle, public transport, or active
transportation (Fig. S3). This reduction potential would increase in later
scenario years. Supporting consumption changes with green public
procurement initiatives that set higher emissions reduction standards
than the market for dietary interventions (Smith et al., 2016), vehicle
fleets and buildings (Lewis et al., 2023), can reduce carbon footprints of
government services and contribute to making lifestyle changes more
accessible for households.

The grid decarbonization modeled in 2030 and 2050 scenarios did
not have the same effect on all technologies involving electrification. Of
the options studied, Switch to a heat pump was the most sensitive to
changes within the economy and industry. In this case, the heat pump
efficiency along with the overall efficiency of the current heating system
and electricity system determine the effectiveness of this intervention
(Bayer et al., 2012; Kozarcanin et al., 2020). Even in Germany, a country
heavily reliant on fossil fuels for residential space heating, rapid
installation of heat pumps and expansion of renewable energy can be
one of the most effective approaches to reducing national fossil fuel use,
without compromising the electrification of industrial processes and
mobility (Altermatt et al., 2023). Switching from a natural gas boiler can
also encourage a transition to electric cooking hobs, which may be
particularly relevant in countries like Latvia and Hungary, where the
quantities of fossil fuels used for cooking are comparable to those used
for water heating (Eurostat, 2023b). In this way, we demonstrate the
joint importance of structural improvements and individual consump-
tion change in achieving large emissions reductions.

Our results for 2030 and 2050 reflect deep industrial decarbon-
ization, but also rising incomes, which increase demand for mobility and
thermal comfort. As a result, consumption changes targeting household
fossil fuel combustion, particularly in mobility, contribute more to both
absolute and relative carbon footprint reductions compared to the
baseline year. Rising household incomes are likely to drive increases in
vehicle ownership and travel distances in the EU (Ivanova and Wood,
2020; Lekve Bjelle et al., 2018; Steen-Olsen et al., 2016). Additionally, in
many countries, increased income can lead to larger living spaces and
higher household energy demand, which will constitute a substantial
share of future carbon footprints if left unabated.

Our technological assumptions reflect the industrial transformations
necessary to limit global temperature rise to 1.5°C, but current actions
make a 2.7°C or 3°C scenario more likely (Climate Action Tracker, 2025;
Hausfather and Peters, 2020). As our 2015 lifestyle change reduction
potentials reflect a present-day system without additional decarbon-
ization efforts, the results from this year can be interpreted as repre-
sentative of a future in which current trends continue. Mobility-related
lifestyle changes would remain among the most critical interventions
even if progress on industrial decarbonization and renewable energy
stalls. Addressing fossil fuel use for space heating and animal product
consumption also remain high-impact actions on average, regardless of
background system changes. EU consumption-based emissions have
decreased by 19% between 2007 and 2016 (Wood et al., 2020). Based on
our 2015 reduction potential results, our analysis indicates that a similar
level of emissions reduction could be realized with a combination of the
top three mobility interventions. Supporting a mobility transition, as
outlined in the European Green Deal, is essential to preventing the un-
mitigated increase of mobility footprints beyond current levels.

Communicating households’ role in climate change mitigation
pathways will be essential for reaching the high levels of uptake
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necessary for EU emissions reduction. All changes may be essential for
certain households at different moments in a mitigation pathway.
Emphasizing the joint responsibility of household change together with
industrial decarbonization can reinforce how some changes, such as
installing a heat pump, are most effective with joint household and in-
dustrial action. Changes involving technological substitution that
replicate an industrial transition, such as switching to a renewable
electricity contract, will need to be de-emphasized when industrial
decarbonization materializes. While sufficiency-oriented changes may
offer fewer marginal returns over time, these actions are still essential
for reaching the drastic emissions reductions necessary for the Paris
Agreement (Wiese et al.,, 2024), and should be communicated as
important complements to high-impact changes.

6. Conclusions

Through a prospective MRIO analysis, this study provides new in-
sights into mitigation potentials for consumption changes across mul-
tiple countries and years against a background of ambitious industrial
decarbonization. By applying a consistent methodology to model life-
style changes across diverse countries over time, we demonstrate that
variations in mobility patterns, housing and heating systems, and overall
industrial efficiency can influence the mitigation potential of similar
interventions, even within the same region. We found that transitioning
away from internal combustion engine vehicles, fossil fuels for home
space heating, and animal products in diets offer the most potential for
emissions reduction regardless of industrial decarbonization. Other
changes, such as reducing demand for electricity use in the home
through various efficiency measures, are also valuable, but their relative
importance declines with a low-carbon electricity system. Comparing
general per-capita effects with those individualized for a relevant share
of the population also highlights that changes with high individual-level
impact, such as reducing flying or installing solar PV panels, are
important for individuals to pursue but may have a limited potential to
reduce emissions on a national level. However, our findings also indicate
that, even under assumptions of decarbonization within the aviation
sector, long-haul flights can generate emissions that approach per-capita
carbon footprint budgets compatible with a 1.5°C pathway.

Our work has several implications for demand-side climate change
mitigation policy. First, direct household fuel use for transportation and
space heating can be mitigated only to a limited extent through struc-
tural efficiency improvements that do not involve households, as indi-
cated by their increasing share in carbon footprints over time. If these
emission sources continue to rise with higher incomes, as historically
observed, they will constitute the majority of a household carbon foot-
print in most EU countries. The mitigation potential of addressing these
emissions sources increases most over time relative to any other source
of household emissions. This finding underscores the urgency of EU
policy initiatives aimed at achieving net-zero household heating and
transportation by 2050.

Continued focus on each industry’s 1.5°C-aligned mitigation
pathway is crucial to achieving the emissions reduction potentials
modeled in this study. In particular, we indicate the urgency of elec-
tricity mix decarbonization in maximizing the emissions mitigation
potential from the introduction of heat pumps. While we do not observe
that a more sustainable background system has a noticeable effect on the
emissions reduction potential of switching to electric vehicles, our
analysis was limited to the effects from use-phase emissions. When ac-
counting for all upstream emissions including battery production, a shift
to public transportation may offer a clearer pathway to individual
emissions reduction from personal mobility.

In the future, the emissions mitigation potential of these consump-
tion changes taken in parallel is an important line of research to better
understand the relationship between the financial effects of consump-
tion changes as well as any synergies from practices undertaken
together. Furthermore, the potential uptake rates and optimal mix of
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different practices in light of other tradeoffs need to be explored. The
substantial emissions mitigation potential from demand-side changes,
both now and in the future, reinforces the role these changes can play in
contributing to climate change mitigation. However, the level of emis-
sions mitigation realized depends on the interplay of consumer uptake,
changes to emissions intensity via sustainable development of agricul-
ture, industry, and service sectors, and any rebound effects from finan-
cial savings.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.spc.2025.08.018.
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