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Abstract

Purpose Demand-side interventions, including food waste prevention, are widely promoted as means to reduce the environ-
mental impacts of food systems. Life Cycle Assessment is central to quantifying these benefits, yet assessments often rely on
substitution assumptions, while other behavioural and economic responses remain weakly addressed. This study examines
how Life Cycle Assessment practitioners understand, consider, and address rebound effects in food-system assessments,
using food-waste prevention as a salient example.

Methods An online survey was conducted among Life Cycle Assessment practitioners working with food-system and food-
waste-related assessments (n7=79). The survey combined quantitative questions on familiarity, perceived importance, and
current practice with open-ended questions capturing motivations, barriers, and reasoning. Quantitative responses were
analysed descriptively, and qualitative responses were analysed thematically to identify recurring patterns and explanatory
themes.

Results and discussion Rebound effects were rated as moderately important but were rarely included in quantitative model-
ling. Practitioners did not exclude rebound effects because they were considered irrelevant, but because conditions for cred-
ible inclusion were often lacking, including data limitations, high uncertainty, limited procedural guidance, and insufficient
interdisciplinary capacity. In contrast, substitution assumptions implemented via system expansion are routinely applied
despite comparable uncertainty. This suggests an asymmetric treatment of substitution assumptions and rebound effects in
applied food-system Life Cycle Assessment practice, where uncertainty functions as a selective gatekeeper rather than a
consistent criterion for inclusion or exclusion.

Conclusions The findings indicate a structural misalignment between the recognised relevance of rebound effects and their
practical treatment in food-system Life Cycle Assessments. Addressing this misalignment requires clearer methodologi-
cal guidance on how rebound mechanisms relate to commonly applied substitution assumptions and how uncertainty can
be handled more consistently when Life Cycle Assessment is used to inform food-system policies, mitigation targets, and
intervention prioritisation.

Keywords Environmental assessment - Food waste prevention - Sustainable consumption - Expert survey - Behavioural
effects - Demand-side interventions - Uncertainty

1 Introduction consumption is lost or wasted worldwide, representing

a major inefficiency in resource use and highlighting the
Agrifood systems account for a substantial share of global  potential benefits of avoiding unnecessary food production
greenhouse-gas emissions, amounting roughly to one-third  (FAO, 2014; UNEP, 2021). In response, policy frameworks,
of the total emissions (Crippa et al. 2021). At the same  particularly within the European Union (EU), have intensi-
time, more than one-third of food produced for human  fied efforts to reduce food waste through legally mandated
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monitoring, reduction targets and prevention measures
(European Commission 2020, 2023). Within this policy
landscape, Life Cycle Assessment (LCA) plays a central
role: it is the recommended method for assessing environ-
mental impacts in the EU and provides the methodological
foundation for the Product Environmental Footprint frame-
work (European Commission 2021).

LCA studies have frequently shown that food-waste pre-
vention and reduction can avoid substantial environmen-
tal burdens embedded in upstream production, processing
and transport, and can reduce downstream emissions from
waste management (Albizzati et al. 2021; Beretta and Hell-
weg 2019; Eriksson et al. 2025; Salemdeeb et al. 2017).
These estimated benefits typically rely on the assumption
that avoided food waste leads to avoided production of an
equivalent quantity of food, an assumption commonly oper-
ationalised through system expansion in food-waste LCA
studies (Corrado et al. 2017; Laurent et al. 2014; Caldeira
et al. 2019). This approach provides a practical means of
representing the environmental savings from waste preven-
tion interventions, having become a common practise, even
when the empirical basis for such production adjustments
remains limited due to rigidities in food supply chains and
the complexities of agricultural and retail planning (Cal-
deira et al. 2019; Ranundeniya et al. 2025). While food-
waste prevention provides a particularly clear example of
demand-side intervention within food systems, similar sub-
stitution assumptions and modelling conventions are com-
monly applied across food-system LCAs, including studies
of dietary change, and product substitution (Mazac et al.
2023; Payro et al. 2024; Taherzadeh and Kanemoto 2022).

In parallel, a growing body of research highlights that
other behavioural and economic responses may also arise
when food waste is avoided and that these responses can
carry considerable environmental implications. For exam-
ple, households may re-spend money saved from reduc-
ing waste or altering diets on other goods or services or
adjust consumption patterns in ways that influence environ-
mental outcomes (Chitnis et al. 2013; Grabs 2015; Lekve
Bjelle et al. 2018; Sundin et al. 2022). At broader system
levels, changes in demand can affect prices, trade flows
or production volumes (Hegwood et al. 2023; Thiesen et
al. 2008). These behavioural and market-mediated adjust-
ments, collectively referred to as rebound effects, are well
documented in energy and resource-efficiency research but
remain comparatively underexplored in food-system assess-
ments, including but not limited to food-waste prevention
(Druckman et al. 2011; Greening et al. 2000; Sorrell and
Dimitropoulos 2008). Growing evidence, nevertheless, sug-
gests that rebound effects associated with food-waste pre-
vention may substantially offset expected environmental
benefits. Reported magnitudes vary widely: income-driven
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rebounds from surplus-food redistribution were shown to
offset 31-90% of potential climate benefits (Sundin et al.
2022, 2023, 2025); macroeconomic adjustments (i.e. how
markets and the wider economy adjust in response to an
intervention) were estimated to reduce net greenhouse-gas
savings by around 38% (Albizzati et al. 2022); price-driven
consumption rebounds were suggested to offset 53-71%
of expected benefits (Hegwood et al. 2023); and combined
substitution and income effects in peer-to-peer food sharing
were estimated to offset up to 94% of environmental gains
(Meshulam et al. 2021). Despite this body of evidence,
rebound effects are rarely considered in applied LCA, creat-
ing a gap between empirical insights and current practice.

Methodological guidance on whether and how rebound
effects should be addressed in LCA remains limited. Attri-
butional LCA, which dominates food-system assessments,
typically applies system boundaries and modelling con-
ventions that do not explicitly represent behavioural or
systemic feedback (Ranundeniya et al. 2025). This can
increase the likelihood that mitigation benefits are overes-
timated when rebound effects are omitted from assessments
(Sala et al. 2023). Consequential LCA can, in principle, rep-
resent broader system changes but is less commonly used
in food-waste studies and requires more demanding data,
modelling and interpretative choices (Corrado et al. 2017).
Some scholars further caution that incorporating rebound
mechanisms without robust behavioural or economic data
may introduce new uncertainties (Sorrell and Dimitropou-
los 2008). As a result, methodological debate remains frag-
mented, and it is unclear how practitioners interpret these
expectations in their applied work.

Despite increasing attention to rebound effects in sus-
tainability and policy discussions, little is known about how
LCA practitioners understand them, whether they consider
them in food-related LCAs, or what prevents their inclu-
sion. Practitioner-focused surveys in adjacent areas have
shown that practical constraints often extend beyond what
is acknowledged in methodological literature, including
limited data availability, time pressures, software limita-
tions and uncertainty about appropriate system boundar-
ies (Backes and Traverso 2021; Olanrewaju et al. 2024).
However, it remains unknown if and how such or any other
challenges manifest specifically for rebound effects in food-
system LCAs. This gap is particularly relevant given grow-
ing expectations in recent EU research and funding calls
on food-system sustainability that rebound effects should
not only be acknowledged but, where feasible, explicitly
addressed in assessments of food-system interventions.

Building on this background, the aim of the present study
was to investigate how LCA practitioners working across
food-system assessments, including food-waste prevention
as a concrete example, understand rebound effects and how
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they approach them in applied work. The specific objectives
of the study were to examine: (i) practitioners’ familiarity
with rebound effects, (ii) whether and how they consider or
model such effects, (iii) the motivations behind inclusion
or exclusion, and (iv) the barriers and needs practitioners
identify. By providing empirical insight into how rebound
effects are interpreted and operationalised in practice, the
study clarifies the gap between policy ambitions and how
rebound effects are currently handled in applied LCA
practice and identifies areas where further methodological
development or guidance may be required.

2 Methods
2.1 Study design and overall approach

This mixed-methods study used a cross-sectional online sur-
vey to examine how LCA practitioners approach rebound
effects in food-system and food-waste-related assessments
and to understand why they include or omit them. The
study was descriptive and exploratory, reflecting the limited
prior empirical work on practitioners’ handling of rebound
effects and the aim of mapping current practice and barri-
ers rather than testing pre-defined hypotheses. Survey-based
approaches are well established in life cycle research as a
means of eliciting practitioner perspectives on methodologi-
cal challenges, implementation barriers, and interpretation
practices (Backes and Traverso 2021).

The survey combined quantitative items (closed ques-
tions on respondent characteristics, familiarity, current
practice, perceived importance and significance of rebound
effects, methods used, data challenges, and collaboration)
with qualitative items that captured respondents’ reasoning,
motivations, barriers and broader reflections (Supplemen-
tary Material). Combining closed and open-ended questions
allowed both descriptive analysis of general patterns and
deeper insight into how practitioners reason about uncer-
tainty, relevance, and feasibility, consistent with established
survey design principles (Dillman et al. 2014). The study
targeted practitioners conducting LCAs in food-related
domains, broadly defined to include food waste, food prod-
ucts, diets, or interventions that influence food-related
consumption or production. This broad scope reflects that
behavioural and economic rebound mechanisms relevant
to food waste prevention also arise across the wider food
system.

2.2 Survey development and piloting

The survey (Supplementary Material) was developed
as a complement to a semi-structured literature review

conducted within the WASTEWISE project (Deliverable
D2.2), which examined how environmental rebound effects
had been conceptualised and assessed in previous studies.
Because no existing survey instruments addressed rebound
effects in food-system LCAs, the questionnaire was devel-
oped specifically for this study, informed by relevant meth-
odological and empirical literature and refined iteratively
based on the researcher team’s expertise, following estab-
lished principles for survey design in sustainability and life
cycle research (Backes and Traverso 2021).

In line with established survey design principles, particu-
lar attention was paid to question clarity, logical sequencing,
and the balance between structured and open-ended items to
support both quantitative analysis and qualitative interpreta-
tion (Dillman et al. 2014). An initial draft was reviewed by
two food waste researchers to assess clarity, coverage and
alignment with the study aim. The survey was then pilot
tested with two LCA experts outside the research team (one
specialising in food waste and one in broader food systems).
Minor wording and functional adjustments were made based
on their feedback before the survey was launched. The final
questionnaire contained 24 questions, spanning multiple-
choice, Likert scale, and open-ended items (Supplementary
Material).

2.3 Recruitment strategy and sampling

The survey commenced in mid-April 2025 using the Neti-
gate (2025) online survey platform and remained open for
53 days. A convenience and snowball sampling strategy
was used, reflecting the absence of a central registry of food
system LCA practitioners. As no comprehensive sampling
frame or registry of food-system LCA practitioners exists,
the representativeness of the sample could not be formally
assessed. The questionnaire was disseminated through
the LCA Discussion List, the Swedish Life Cycle Centre,
and the WASTEWISE project’s communication chan-
nels (LinkedIn, Instagram, Facebook and X). In addition,
members of the WASTEWISE project consortium (based in
Finland, Italy, Romania, Spain, Sweden, and Switzerland)
shared the survey through professional LinkedIn networks
and LCA-focused groups. This approach aimed to reach
practitioners internationally across academia, consultancy,
industry, government and NGOs. Participation was volun-
tary, and no incentives were offered.

2.4 Data analysis
Quantitative data were analysed descriptively. Frequencies,
percentages, and summary statistics (means and standard

deviations where relevant) were used to summarise respon-
dent characteristics, familiarity with rebound effects, current
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practice, perceived importance, methodological approaches
and reported data challenges. No inferential analyses were
performed, as the objective was to describe current practice
rather than compare subgroups or test hypotheses.

Qualitative responses (Q11.2, Q18.2, Q22, Q23 and
Q24) were analysed thematically following the six-phase
approach by Braun and Clarke (2006). Coding was con-
ducted inductively, with meaning units identified and coded
response by response. Codes were iteratively reviewed and
grouped into themes that captured how practitioners justify
their quantitative ratings and choices, including their rea-
soning about relevance, scope, feasibility, uncertainty and
methodological fit. The analysis focused on both explicit
statements and reasoning provided by respondents, with
particular attention to how qualitative responses explained,
contextualised or problematised the quantitative findings.
Findings from the quantitative and qualitative analyses
were brought together during interpretation to contextualise
survey patterns and deepen understanding of practitioners’
reasoning.

2.5 Ethical considerations

The study involved no personal or sensitive data collection,
and no formal ethical board review was therefore required.
Participation was voluntary, and informed consent was
obtained before completing the survey. Respondents were
informed about the purpose of the study, the anonymity of
responses, data handling procedures and their right to with-
draw before submission. No IP addresses were collected.

3 Results
3.1 Respondent characteristics

A total of 79 practitioners answered the survey. The number
of respondents (n) varies between analyses because some
questions were displayed conditionally based on previous
responses and because not all participants completed the
entire questionnaire. The relevant sample size is reported
throughout the Results.

Most respondents worked in academia (n=52; 66%)), fol-
lowed by industry (n=11; 14%), consultancy (n=9; 11%),
and government (n=4; 5%) (Fig. 1A). This distribution
indicates that the survey responses predominantly reflect
research-oriented perspectives rather than those of com-
mercial consultancy. Because the survey was disseminated
primarily through academic and professional networks
using convenience and snowball sampling, this distribution
should not be interpreted as representative of the wider LCA
practitioner community.
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Respondents represented a broad range of experience
levels: 29 respondents (37%) had 0-2 years of experience
conducting LCAs, 21 (27%) had 3-5 years, 11 (14%) had
6-10 years, and 17 (22%) had more than 10 years (Fig. 1B).
Overall, the respondent sample was somewhat skewed
toward those with fewer years of experience, which is rel-
evant when interpreting results related to methodological
familiarity and established modelling routines.

Experience with food-related LCAs varied. Thirty-eight
respondents (48%) had conducted LCAs related to food sys-
tems, 31 (39%) had worked with food waste-related LCAs,
and 26 (33%) had not previously conducted food-related
assessments. Attributional LCA was the most used method,
52 (66%). In addition, 27 respondents (34%) reported using
process-based LCA, 12 (15%) consequential LCA, and 10
(13%) hybrid approaches (Fig. 1C). The dominance of attri-
butional practice among respondents is important to note,
as many of the views reported later in the survey, particu-
larly concerns about scope and methodological fit, should
be interpreted in this context.

Most respondents were based in Europe (85%), with
smaller shares in Asia (8%), North America (4%), Africa
(3%) and South America (1%). This distribution likely
reflects the European composition of the research consor-
tium and its professional networks through which the survey
was disseminated. The regions where respondents primar-
ily conducted LCAs showed a similar pattern. Academic
backgrounds were diverse but dominated by engineering
22 (56%) and environmental or sustainability science 22
(56%) (Fig. 1D). Smaller groups had training in agronomy,
food systems or nutrition 10 (26%), economics or policy
studies 3 (8%), and social sciences 2 (5%). The limited rep-
resentation of economics and behavioural sciences may be
relevant given their importance for understanding rebound
mechanisms.

3.2 Familiarity, current practice and perceived
importance

3.2.1 Familiarity with rebound effects

Familiarity with rebound effects varied widely among
respondents, with the average familiarity score being 2.72
(SD=1.59) (n="79). Twenty-six respondents (33%) fell into
the “Not familiar” group, while the remaining respondents
were distributed across moderate and higher familiarity lev-
els: 9 respondents (11%) selected “2”, 12 (15%) selected
“3”, 20 (25%) selected “4”, and 12 (15%) selected “Very
familiar” (Fig. 2A). This variation indicates that respon-
dents differed considerably in how familiar they were with
rebound effects, although a larger share reported being “not
familiar” than “very familiar”.
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Fig. 1 Distribution of respondents by (A) primary sector of employ-
ment, (B) years of experience conducting LCA studies, (C) primary
LCA approach used, and (D) academic training background. Values
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Fig.2 Panel A shows respondents’ familiarity with rebound effects on a five-point scale (1 =Not familiar, 5=Very familiar; n=79). Panel B shows
how often respondents had considered including rebound effects in an LCA study (n=44). Values represent counts of respondents

3.2.2 Consideration of rebound effects in practice

Whether respondents had considered including rebound
effects in their LCA studies varied. Among the 44 respon-
dents who answered this question, 16 (36%) reported that

they had never considered including rebound effects, 8
(18%) reported rarely, 15 (34%) reported sometimes, and
5 (11%) reported always (Fig. 2B). As the question asked
specifically about considering the inclusion of rebound
effects, the responses reflect how often practitioners had
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actively reflected on whether rebound effects should be inte-
grated into an LCA, rather than whether they had actually
modelled them. The results, therefore, indicate that while a
small share of practitioners had always at least considered
rebound effects during study design or scoping, a substantial
share had neither considered nor included them.

3.2.3 Perceived importance of rebound effects

Respondents generally considered rebound effects to be
of moderate importance in LCA studies. For food-system
LCAs, the mean rating was 3.39 (SD=1.21) on a five-point
scale (1=Not important, 5=Very important; n=44). Rat-
ings for food-waste LCAs followed a similar pattern, with a
slightly lower mean of 3.25 (SD=1.26). These results indi-
cate that respondents, on average, perceived rebound effects
as potentially relevant, even though, as shown above, rela-
tively few had routinely considered including them in their
own work.

3.3 Reasons for not including rebound effects

Among respondents who reported (n=41) that they did not
include rebound effects in their LCA studies, several reasons
were frequently reported (multiple-choice question). The
most common barriers were a lack of standardised meth-
ods (n=25; 61%) and a lack of reliable data (n=21; 51%)
(Fig. 3). A considerable share also pointed to methodological

or practical challenges, including perceiving rebound effects
as outside the scope of LCA (rn=15; 37%), not being sure
how to include them (n=12; 29%), which points to uncer-
tainty not only about data but also about operational proce-
dures, and finding the work too complex or time-consuming
(n=10; 24%). Some respondents noted that rebound effects
were not relevant to their particular case studies (n=11;
27%) or that clients or stakeholders did not request their
inclusion (n=7; 17%). A smaller group indicated a lack of
awareness of the concept (n=5; 12%), and a few selected
“other” (n=3; 7%), referring to uncertainty about method-
ological fit or attributional LCA boundaries.

These results suggest that barriers to including rebound
effects stem from both methodological and practical con-
straints, with uncertainty about appropriate approaches and
limited data availability being the most prominent factors.

3.4 Collaboration and capability gap

Collaboration with disciplines relevant to modelling
rebound effects was limited. Among the 39 respondents
who answered this question, six (15%) reported collaborat-
ing regularly with economists or behavioural scientists, 11
(28%) collaborated occasionally, and a majority, 21 (54%),
indicated that they would like to collaborate but currently
do not. Only one respondent indicated no collaboration
and no perceived need for it. When considered alongside
the limited representation of economics and social science

Barriers to including rebound effects (n = 41)

Lack of standardised methods -

Lack of reliable data -

Outside LCA scope

Not sure how -

Not relevant for case -

Too complex/time-consuming -

No stakeholder request -

Unaware of concept -

o -

10 20

30 40 50 60

Share of respondents (%)

Fig. 3 Barriers to including rebound effects in LCA studies. Values represent percentages of respondents selecting each barrier (n=41); multiple

selections were possible
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backgrounds noted in Sect. 3.1, these findings suggest a
structural capability gap: practitioners perceive rebound
effects as relevant and express interest in drawing on behav-
ioural and economic insights, yet often lack access to the
expertise and data needed to do so.

3.5 Data challenges and needs

Respondents highlighted several data-related challenges
that hinder the inclusion of rebound effects in LCA. Among
the 39 respondents who answered this question, the most
frequently selected issues were the lack of behavioural data
(n=23; 59%) and the lack of primary data (n=22; 56%), fol-
lowed by uncertainty in system-wide impacts (n=18; 46%)
and limited availability of suitable market or economic data
(n=15; 38%). A further 15 respondents (38%) pointed to
the absence of consensus on appropriate methods, and 15
(23%) noted the lack of tool or software integration. Fewer
respondents identified time constraints or the complexity of
interpreting rebound effects as key challenges (n=5; 13%).

Respondents also expressed interest in using suitable
behavioural or economic datasets for rebound modelling
if such datasets were available. Among the 39 respondents
who answered this question, the average likelihood of using
such data was 3.87 (SD=1.07) on a five-point scale (1 =Not
at all likely, 5=Very likely). This suggests that the lack of
existing datasets is a significant barrier, rather than a lack of
demand or willingness to use them.

3.6 Motivations for including rebound effects

Among the respondents who answered the question on
motivations for including rebound effects (n=44), half
(50%) selected “I have never included rebound effects in
my LCA studies”. The remaining respondents, those who
had included rebound effects at least once, reported sev-
eral motivations for doing so. The most frequently selected
motivations were to make assessments more accurate or
comprehensive (n=13; 30%) and to capture real-world
system behaviour more accurately (n=11; 25%). A similar
share (n=12; 27%) noted an interest in exploring potential
unintended consequences of interventions. Smaller propor-
tions selected advancing the field (n=5; 11%), responding
to policy or stakeholder demand (n=4; 9%), or personal
academic interest (n=6; 14%). No respondents cited recent
methodological advancements as a motivation. These
results, therefore, reflect motivations among practitioners
with at least some experience integrating rebound effects
into their LCA work.

3.7 Types of rebound effects considered

Respondents who had considered rebound effects in their
LCA work (n=19) reported a range of mechanisms (mul-
tiple-choice question). Income-driven rebounds (additional
consumption enabled by money saved) were selected most
frequently (n=11; 58%), followed by price-driven rebounds
(changes in consumption due to price shifts) (n=8; 42%)
and technological rebounds (increased total use following
efficiency improvements) (n=7; 37%). Substitution effects
(shifts toward other products or services) (n=5; 26%), time-
related rebounds (changes in activity patterns due to altered
time use) (n=5; 26%), and behavioural or moral licensing
effects (less sustainable behaviours that “offset” prior pro-
environmental actions) (n=4; 21%) were also reported.
Transformational or systemic rebounds (longer-term struc-
tural or behavioural shifts) were selected by 5 (26%) respon-
dents. Only a small share chose “I don’t know” (n=2; 11%)
or “Other” (n=3; 16%), suggesting that most respondents
were able to classify the mechanisms they had considered.

3.8 Approaches used to estimate rebound effects

Respondents who had attempted to estimate rebound
effects (n=21) reported using a wide range of estimation
approaches, including different data sources, modelling
logics, proxy measures (multiple-choice question). The
most commonly selected options were the use of primary
data (n="7; 37%), literature-based values (n=6; 32%), and
input—output analysis (n=6; 32%). Smaller shares reported
using expert judgement (n=35; 26%), econometric model-
ling (n=4; 21%), market modelling (n=4; 21%), scenario
analysis (n=4; 21%), proxy indicators (n=3; 16%) or
behavioural modelling (n=2; 11%). Overall, the responses
suggest that practitioners apply a range of approaches,
likely reflecting differences in study scope, data availability,
and the specific rebound mechanisms under investigation.

3.9 Methods and tools

Respondents reported using a wide range of methods to
account for rebound effects in LCA (n=18). No single
approach dominated in this multiple-choice question. Some
reported using attributional LCA (n=2; 11%) or attributional
LCA with system expansion (z=3; 17%), while others used
consequential LCA (n=4; 22%), hybrid LCA (n=3; 17%),
or environmentally extended input—output modelling (n=2;
11%). A smaller number reported using system dynamics
modelling (n=1; 6%), agent-based modelling (n=2; 11%),
or econometric modelling (n=2; 11%). The largest share
(n=7; 39%) indicated that they do not use any specific
method for assessing rebound effects. This variety suggests
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that practitioners draw on methods aligned with their disci-
plinary background and study context, rather than relying
on a single established approach.

By contrast, software use was dominated by a few tools
(multiple-choice question; n=18). SimaPro and Excel were
the most commonly used (n=10; 56% ecach), followed by
openLCA (n=35; 28%) and Brightway2 (n=2; 11%). Only
two respondents had ever encountered built-in functionality
for modelling rebound effects, and none had used such func-
tionality. This indicates that current LCA software provides
little explicit support for incorporating rebound effects.

3.10 Qualitative insights from open responses

The open-ended responses provided explanatory insight
into how practitioners reasoned about their quantita-
tive ratings and choices regarding rebound effects. Rather
than introducing entirely new concerns, responses largely
clarified why rebound effects were considered moderately
important yet rarely included in practice. Five interrelated
themes were identified.

3.10.1 Theme 1: Multi-dimensional data inadequacy as a
dominant bottleneck

Respondents described data-related barriers in varied and
nuanced ways, extending beyond a simple absence of a
certain type of data. In addition, the open-ended responses
highlighted limitations in data reliability, consistency, time-
liness, accessibility, and relevance, as well as uncertainty
about how available data could be meaningfully operation-
alised within LCA models. Several respondents emphasised
the lack of appropriate economic or behavioural parameters,
for example, noting:

The detail of demographic data on purchase and con-
sumption is really needed to enable us to do this.

Others highlighted challenges related to data quality and
representativeness, stressing the need for it:

Reliable and representative data at the consumer level,
and an easy way to integrate it in LCA models.

Concerns were also raised about the consistency and cur-
rency of available datasets, including the use of outdated or
highly aggregated economic data that were perceived as ill-
suited for analysing rebound effects in specific food-system
contexts. In addition, some responses indicated that data
challenges were not limited to access, but also to use, with
uncertainty about how behavioural or economic data should
be translated into LCA-relevant modelling choices:

@ Springer

It’s not just the data challenge; it’s also about knowing
how to use this data and combine it within the LCA
framework.

Taken together, these responses indicate that practitioners
face a layered data problem: even when data exist, they may
be inaccessible, outdated, inconsistent, poorly aligned with
typical LCA system boundaries, or difficult to operation-
alise. This helps to explain the frequent exclusion of rebound
effects in practice, despite their perceived relevance.

3.10.2 Theme 2: High uncertainty and limited
predictability of rebound effects

Many respondents described rebound effects as diffi-
cult to assess due to high levels of uncertainty related to
behavioural, economic, and systemic dynamics. Several
emphasised that rebound mechanisms are hard to predict,
particularly when they involve changes in consumer behav-
iour or monetary re-spending, and that this uncertainty com-
plicates quantification efforts.

Some respondents reflected on the inherent limits of pre-
dicting food-related behaviour, noting that rebound effects
linked to food consumption may differ from other sectors,
while financial rebounds remain especially uncertain:

I believe regarding the amount of food consumed,
rebound effects are more limited compared to other
sectors because the amount of food people can eat does
not change that drastically from day to day. Regarding
money that becomes available, it is hard to predict.

Others highlighted uncertainty related to how savings might
translate into different consumption choices, which may not
necessarily lead to higher environmental impacts:

It could also be that people just go for more expensive
food products, which don’t necessarily have higher
impacts, e.g., organic products.

Uncertainty was also linked to limited knowledge of under-
lying mechanisms and difficulties in mapping impacts:

I am unaware of the specific mechanisms for rebound
effects in food waste, more familiar on a food system
level. There are high uncertainties, but nonetheless, it
can be significant.

Some respondents emphasised behavioural unpredictability
and the proliferation of possible scenarios, which can lead
to ambiguous results despite substantial analytical effort:
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I feel like we can never precisely assess consumers’
behaviour, so one challenge is that we often come up
with several possible scenarios that all might tell a dif-
ferent story. So, at the end of the day, it might be a lot
of additional work without a clear message.

These responses indicate that uncertainty is not limited to
data gaps but also reflects fundamental challenges in pre-
dicting behavioural and economic responses, contributing
to hesitation about quantitatively incorporating rebound
effects in LCA.

3.10.3 Theme 3: Context- and goal-dependence of
rebound relevance in LCA

Many respondents emphasised that the relevance of rebound
effects depends strongly on the goal, scope, and context of
the LCA study. Rather than viewing rebound effects as uni-
versally applicable, practitioners framed their importance as
conditional on the type of intervention assessed, the analyti-
cal scope, and the decision context.

Several responses highlighted cost differences between
alternatives as a key contextual factor, noting that rebound
effects become particularly relevant when interventions
affect consumer expenditure:

If comparing options that do not have the same costs,
they are very important. If costs are the same for all
alternatives, then it is not so important.

Others linked rebound relevance explicitly to study scope,
describing that including rebound effects would entail a
shift from product-focused assessments toward broader
consumption or system perspectives. Several respondents
contrasted attributional and consequential approaches,
suggesting that rebound effects are more relevant in con-
sequential, prospective, or system-level analyses than in
conventional product LCAs:

I think in prospective LCAs, e.g., regarding the pro-
tein transition, rebound effects could be important and
should be considered. For conventional, attributional
LCAs, they seem out of scope.

It definitely has more relevance for consequential and
large-scale LCAs than for single product LCAs.

Respondents also described contextual variation across
intervention types and system settings, including dietary
shifts, food-waste prevention, and household consumption:

In the context of dietary shift, for instance, we could
imagine that if people eat healthier, they might have
better health (so a positive rebound effect in this case).
In the context of avoiding food waste, I think it is even
more relevant, as avoiding food waste is often synony-
mous with saving money.

Households are a hotspot due to the rebound effect.

Several responses emphasised that rebound effects are diffi-
cult to generalise across geographical, political, or industrial
contexts, reinforcing their context-specific nature:

Rebound effects can be very dependent on the context
(geographical, political, industrial), so I believe it is
tricky to produce a generic database.

Finally, some respondents framed rebound relevance in
relation to broader system-level or sustainability goals, indi-
cating that rebound effects matter particularly when assess-
ments aim to address wider economic or environmental
limits:

It is important, but as always in LCA, it depends on the
goal of the study. It is important if we want to assess
the broader effects on the economic system.

This evaluation would be very important in a wider
scopeto give reliefto the strained planetary boundaries.

Taken together, these responses indicate that practitioners
do not reject rebound effects as irrelevant, but instead situ-
ate their relevance within specific analytical purposes,
methodological choices, and system contexts, particularly
when LCAs aim to inform policy, consumption-level deci-
sions, or system-wide sustainability outcomes.

3.10.4 Theme 4: Procedural, knowledge, and capacity
constraints in operationalising rebound effects

Many respondents emphasised that challenges related
to rebound effects extend beyond data availability or rel-
evance and relate to limited procedural guidance, lack of
standardised methods, and insufficient expertise to opera-
tionalise rebound effects within LCA frameworks. Several
responses pointed explicitly to the absence of standards
or agreed-upon methodological approaches. Others high-
lighted uncertainty about ~ow rebound-related data should
be used and integrated into LCA models, even when data
might be available:
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Most LCA experts probably do not know which data
to use and how to use it within the LCA framework.
More guidance on this would probably help!

Several respondents referred to limited familiarity with
the rebound concept itself, particularly among early-career
practitioners, indicating a knowledge and training gap:

I’m not well aware, as I have started studying LCA
only recently.

Capacity constraints were also described in terms of disci-
plinary boundaries and expertise, with respondents noting
that rebound effects require a multidisciplinary approach,
including economic and behavioural knowledge that many
LCA practitioners do not possess:

Representing correctly rebound effects, as they depend
on many factors — behavioural, economic, etc. — in
which, as an LCA expert, I don’t have expertise.

Several responses explicitly called for clearer method-
ological alignment and practical examples to support
implementation:

Method alignment: clearly stating in which cases
which method should be applied, how and which data
sources to use and how to use the results.

Finally, some respondents linked the need for guidance to
the strong context-dependence of rebound effects, arguing
that this further increases the need for structured frame-
works and tools:

Rebound effects can be very dependent on the context
(geographical, political, industrial), so I believe it is
tricky to produce a generic database. It is then impor-
tant to produce a framework, methodology and tools
to take it into account.

These responses indicate that rebound effects are not only
constrained by data and uncertainty, but also by limited
methodological guidance, uneven familiarity with the con-
cept, and a lack of interdisciplinary capacity within current
LCA practice.

3.10.5 Theme 5: Rebound effects as relevant for
interpretation, trade-offs, and decision support

Several respondents emphasised that rebound effects mat-

ter not only as a modelling challenge, but because they
influence how LCA results should be interpreted and used.

@ Springer

Rebound effects were described as important for avoiding
overestimation of environmental benefits, identifying trade-
offs and burden-shifting, and improving the relevance of
LCAs for decision-making.

Some respondents explicitly framed rebound effects as
necessary to obtain more accurate estimates of environ-
mental mitigation, warning that omitting them may lead to
overly optimistic conclusions:

Important to capture potential trade-offs in calcula-
tions for environmental savings to have more accu-
rate estimates on environmental mitigation due to
attempted improvements within the food systems. So
that we do not overestimate their impacts.

Others stressed that ignoring rebound effects can reduce the
effectiveness of food-system interventions or shift impacts
elsewhere:

Solutions to food systems problems which do not
account for potential rebounds are rendered less
effective.

They should be evaluated in both cases to avoid
burden-shifts.

Several responses highlighted the role of rebound effects
in capturing trade-offs, cascading impacts, and interactions
across categories or system components:

Assessing the rebound effects in FW by category may
affect the other categories either directly or indirectly;
therefore, this assessment may help in balancing some
trade-offs.

Respondents also linked rebound effects to broader eco-
nomic and behavioural dynamics, particularly those related
to savings and re-spending:

I believe that in both cases [broader food system and
food waste studies] they are very important as con-
sumers will use money for something else.

I think rebound effect should always be explored as
much as possible, but even more so in the case where
there is a clear effect on economic savings, as this
might often result in spending in alternative impactful
categories (e.g. end consumers saving money on food
and spending it on travelling by plane and holidays).

Some respondents situated rebound effects within wider
system transitions and sustainability goals, noting their
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relevance for socio-economic impacts, policy support, and
absolute sustainability perspectives:

It has a large socio-economic impact, majorly under-
studied in literature.

If there were a demand for policy decision support
in putting prices on and paying for non-marketed
services.

This reflects the view that rebound effects become par-
ticularly relevant when LCAs are used to support policy
decisions that involve valuing environmental or social
externalities.

Finally, a few responses pointed to the potential for both
negative and positive rebound effects:

I think it could be interesting to look into the positive
rebound effect, life health impacts, or think of ways to
make sure the message is that it’s better to reduce food
waste than the alternative.

These responses indicate that practitioners view rebound
effects as important for interpreting LCA results, under-
standing trade-offs and unintended consequences, and
ensuring that food-system interventions and policies are not
evaluated in isolation from their wider economic, behav-
ioural, and environmental effects.

However, some respondents also noted that rebound
effects were sometimes addressed through discussion or
interpretive framing rather than through quantitative inclu-
sion in LCA models, consistent with the quantitative finding
that a notable share of respondents reported not using a spe-
cific method to assess rebound effects. For example:

Rebound effects should be part of interpretation and
discussion.

Overall, the qualitative findings help explain the quanti-
tative pattern observed in Sect. 3.2-3.6, where rebound
effects were rated as moderately important but were rarely
considered or included in practice.

4 Discussion

This study surveyed LCA practitioners working on food-
system LCAs, including food-waste prevention as a key
example, to examine how rebound effects are understood,
considered, and addressed in applied LCA practice, and to
identify the motivations, barriers, and needs shaping their
inclusion. The results indicated that rebound effects are not

absent from practice because practitioners dismiss them,
but because the conditions for their credible inclusion are
often lacking. While rebound effects were rated as moder-
ately important, practitioners treated their inclusion as con-
ditional on study goals and scope and were constrained by
multi-dimensional data inadequacy, high uncertainty, lim-
ited predictability, and a lack of procedural guidance and
interdisciplinary capacity. At the same time, respondents
emphasised that rebound effects matter for result interpreta-
tion, identifying trade-offs, and avoiding overestimation of
the environmental benefits of mitigation measures.
Building on these findings, a central and somewhat para-
doxical pattern emerging from the survey is that rebound
effects are not excluded from applied food-system LCAs
because practitioners consider them irrelevant, but because
they are perceived as too uncertain to be quantified credibly.
This stands in contrast to other assumptions that are rou-
tinely modelled despite comparable or even greater uncer-
tainty. For example, food-waste LCAs rely on substitution
assumptions that are typically implemented via system
expansion or avoided burden approaches that credit waste
prevention with avoided upstream production (Caldeira
et al. 2019). Yet, the coupling between reduced consump-
tion and reduced production is weak and indirect in real
food systems. Even where reduced demand can be plausi-
bly assumed, avoided production represents a further and
substantially stronger assumption, as food-system supply
does not respond proportionally or immediately to marginal
changes in demand (Rutten 2013; World Bank 2012). Food
supply chains are characterised by perishability, contractual
arrangements, buffering through storage and trade, and pol-
icy interventions, all of which dampen or delay production
responses to marginal demand changes (Chauhan etal. 2021;
De Boni et al. 2022). Small variations in consumer demand
are often amplified and distorted upstream due to inventory
buffering and forecasting lags, a phenomenon known as
the bullwhip effect (Lee et al. 1997), rather than triggering
immediate production adjustments. Perishable food supply
chains also face short shelf lives and demand uncertainty,
complicating stock management and limiting responsive-
ness (Weber et al. 2023; Zhang and Mohammad 2024). As a
result, short- to medium-term reductions in food purchases
may be absorbed through alternative outlets, exports, price
adjustments, or increased availability elsewhere rather than
translating into reduced primary production (Liu et al. 2025;
Rutten 2013; World Bank 2012). Nevertheless, avoided pro-
duction is frequently modelled as if reduced demand auto-
matically translates into avoided production, as reviews of
waste and waste-prevention LCAs show that environmen-
tal benefits are driven by such avoided production effects,
while methodological choices related to substitution (e.g.,
marginal versus average data, displaced technologies,
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substitution rates) are among the dominant sources of result
variability and uncertainty (Laurent et al. 2014).

At the same time, uncertainty is a long-recognised char-
acteristic of LCA (Huijbregts 1998). Sources of uncertainty
arise from uncertainty of the underlying data, data gaps,
model structure, scenario assumptions, and system bound-
ary choices, and increase as assessments extend across
space, time, and indirect causal chains (Huijbregts et al.
2001). Rather than being treated as grounds for exclusion,
such uncertainty is typically managed through uncertainty
analysis, scenario analysis, sensitivity testing, and transpar-
ent reporting, with the understanding that LCA provides
decision support rather than precise prediction (De Bruijn et
al., 2002; Finnveden et al. 2009; Igos et al. 2019). The sur-
vey results are consistent with this broader understanding:
practitioners did not reject rebound effects in principle, but
emphasised uncertainty as a challenge that must be weighed
against relevance, feasibility, and interpretability. This posi-
tion is consistent with foundational LCA literature, which
explicitly recognises demand—supply responses, economic
feedback, and rebound effects as conceptually relevant con-
sequences of efficiency and prevention measures, while also
acknowledging that uncertainty increases as system bound-
aries are expanded across time and causal chains (Finnve-
den et al. 2009).

A further key insight emerging from these findings is that
the limited inclusion of rebound effects cannot be explained
solely by uncertainty but reflects deeper boundary tensions
within LCA practice. As most respondents primarily work
with attributional LCA, this highlights a structural tension:
attributional LCA is designed to describe shares of environ-
mental burdens associated with a product or activity, rather
than to trace behavioural or economic consequences of
change (Brander and Wylie 2011; Schaubroeck et al. 2021).
Nevertheless, in food waste-prevention LCAs, as discussed
above, substitution effects are routinely modelled through
system expansion or avoided burden approaches, implic-
itly assuming that reduced consumption leads to avoided
upstream production. In addition to being subject to sub-
stantial uncertainty, such assumptions are consequential
in nature, and yet, they have become normalised within
applied attributional practice, creating a modelling practice
in which consequential assumptions are embedded without
being explicitly acknowledged as such (Brander and Wylie
2011; Schaubroeck et al. 2021; Weidema et al. 2018). More-
over, they are often treated as fechnical modelling choices
rather than as behavioural or economic hypotheses (Laurent
et al. 2014; Caldeira et al. 2019). Where rebound effects dif-
fer is that they make behavioural and economic causality
explicit, thereby exposing the limits of attributional system
boundaries more directly. The survey responses suggest
that practitioners are aware of this asymmetry and navigate
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it pragmatically: substitution effects are included because
they fit within established conventions, tools, and practi-
tioners’ educational backgrounds, whereas rebound effects
are excluded because their inclusion would require cross-
ing methodological, disciplinary, and boundary assump-
tions that attributional LCA is not well equipped to handle,
particularly in the absence of established interdisciplinary
collaboration. This structural constraint is further reinforced
by the highly standardised nature of LCA practice. Practi-
tioners typically work within established frameworks such
as ISO 14,040/44, ILCD, or PEF guidelines, which provide
structured guidance on system modelling and uncertainty
analysis but offer little explicit direction on how rebound
effects should be identified or integrated.

In the absence of such guidance, including rebound
effects may be perceived as moving beyond standard-com-
pliant practice, helping to explain why respondents repeat-
edly emphasised the lack of a standardised approach despite
LCA itself being a highly standardised method. In prac-
tice, this steers methodological choices toward approaches
that are already embedded within LCA conventions, while
more integrative alternatives remain peripheral. Hybrid
approaches that link LCA with food system or optimisa-
tion models have been used in some cases to explore sys-
tem-level scenarios, such as dietary shifts or food-waste
avoidance, and are better suited to represent complex sup-
ply—demand relationships than simplified consequential
approaches; however, such approaches remain relatively
rare and resource-intensive in applied LCA practice (von
Ow et al. 2020). This disciplinary imbalance also echoes
broader patterns in LCA practice, where social and behav-
ioural dimensions have historically been less developed and
less systematically integrated than environmental aspects,
a tendency reflected in the comparatively slower and frag-
mented uptake of Social Life Cycle Assessment in agri-food
LCAs (Tragnone et al. 2022). In this context, system expan-
sion is already a tolerated methodological compromise
in attributional food-waste LCAs where rebound effects
reveal, rather than introduce, the boundary tensions that this
compromise entails (Brander and Wylie 2011; Weidema et
al. 2018). Rebound effects thus act as a stress test for attribu-
tional LCA boundaries, exposing tensions that substitution
modelling has largely been allowed to bypass rather than
resolve.

Income-driven rebound effects arising from re-spending
of monetary savings represent a comparatively direct and
conceptually well-defined consequence of, for example,
food waste prevention or dietary change, particularly at the
household level. When food waste is reduced, or dietary hab-
its shift from, for example, meat-based to plant-based foods,
households may spend less on food purchases, generating
disposable income that may be reallocated to other goods
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Fig. 4 Conceptual decomposition of assumptions embedded in food-
waste LCA modelling scenarios, illustrating where rebound effects and
substitution effects sit along the causal chain. The figure shows one
example of successive responses following a food-waste prevention
intervention (L0), including reduced food waste (L.1), fewer food pur-
chases and associated cost savings (L2), income-driven re-spending of
monetary savings on other goods and services or retained as savings
(L3), and assumed demand- and supply-side responses in the form of

and services with their own environmental footprints (Grabs
2015; Lekve Bjelle et al. 2018) or retained as savings. Unlike
substitution-driven production responses, which depend on
complex and often opaque market dynamics, re-spending
behaviour is grounded in established economic principles
and can, in principle, be approximated using observed con-
sumption patterns or average expenditure profiles (Chitnis
et al. 2013). The relevance of such rebound effects has long
been recognised in LCA methodology, where increased eco-
nomic activity following efficiency gains is understood to
partially offset initial environmental benefits, even though
quantification remains uncertain (Finnveden et al. 2009). To
put it more clearly, income-driven rebound effects operate
through direct re-spending of monetary savings on exist-
ing goods and services, whereas substitution effects rep-
resent assumed supply-side responses to reduced demand.
Although both mechanisms involve uncertainty in how

Direct
foreground effect

First-order
behavioural/
economic
response

----- Rebound effect
_____ Substitution effect

Second-order
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reduced demand and avoided production (L4). Income-driven rebound
effects arise from direct behavioural responses and occur earlier in the
causal chain, whereas substitution effects depend on more distant and
uncertain market-mediated adjustments between reduced demand and
avoided production, typically represented through system expansion
or avoided-burden approaches. The figure does not represent a sce-
nario-modelling workflow or prescribe a particular system boundary

demand changes propagate through the system, the for-
mer is behaviourally proximate while the latter depends on
market-mediated adjustments between reduced demand and
avoided production that are more distant and uncertain in
real food systems (Rutten 2013; World Bank 2012) (Fig. 4).
In the present study, several respondents explicitly identified
household-level rebound effects as conceptually relevant,
yet still highlighted substantial barriers to their inclusion,
including limited data availability, methodological guid-
ance, and concerns about added complexity. Open responses
also highlighted a layered data problem: even when poten-
tially relevant behavioural or expenditure data exist, they
are often too aggregated, outdated, inaccessible, or difficult
to operationalise within common LCA data structures. This
pattern suggests that income-driven rebound effects are not
excluded because they are conceptually remote, but because
they sit uncomfortably with prevailing modelling boundaries
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and conventions in attributional LCA. Paradoxically, effects
that are behaviourally proximate and grounded in observ-
able re-spending patterns remain marginal in practice, while
substitution effects, which are dependent on more distant
and opaque supply-side assumptions, are routinely imple-
mented in food-waste LCAs (Fig. 4).

Several limitations of this study should be acknowl-
edged when interpreting the findings. As responses were
not analysed by the LCA approach, references to attribu-
tional or consequential practice are interpretative rather
than based on direct subgroup comparisons. A further
limitation concerns the potential influence of cognitive and
social biases on responses. Although none of the respon-
dents explicitly stated that rebound effects were excluded
because their inclusion might weaken overall mitigation
results or undermine the perceived credibility of the assess-
ment, this absence should not be interpreted as evidence
that such considerations play no role in practice. The sur-
vey was not designed to elicit or probe motivated reason-
ing, implicit preferences for favourable outcomes, or other
forms of desirability bias, and respondents may have been
reluctant to articulate such motivations even if they were
present. Consequently, the study cannot assess whether con-
cerns about result directionality influence the treatment of
rebound effects, and this represents an important limitation
of the survey instrument. Further, the survey sample was
dominated by respondents working in academia and based
in Europe, which likely reflects the survey dissemination
strategy but may limit the generalisability of the results to
consultancy-led or industry-driven LCA practice, where
time constraints, client demands, and modelling conven-
tions may differ. However, the lack of reliable statistics on
the overall composition of LCA practitioners makes it dif-
ficult to assess the representativeness of the sample relative
to the broader practitioner population. Although the survey
captures a broad range of experience levels, a substantial
share of respondents had relatively limited years of practice,
which may influence familiarity with rebound effects and
confidence in methodological experimentation. Moreover,
the study relies on self-reported perceptions and practices
rather than direct analysis of published LCA models or case
studies. As such, the results reflect how practitioners reason
about rebound effects and uncertainty, rather than how these
issues are operationalised in specific modelling exercises.
Future research could therefore complement the present
findings with a systematic review of published food-system
LCA studies to examine the extent to which rebound effects
are currently addressed in practice and to compare reported
modelling approaches with the barriers and methodological
needs identified by practitioners in this study. Finally, the
focus on food systems and food waste LCAs means that the
findings may not be directly transferable to other sectors,
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although many of the identified tensions, particularly those
related to uncertainty, system boundaries, and system-
response assumptions, are likely relevant beyond the food
domain. Collectively, these findings both confirm and extend
the existing literature on LCA. Consistent with prior meth-
odological work, the results reaffirm that rebound effects
are conceptually relevant, context-dependent, and challeng-
ing to quantify due to data and uncertainty constraints and
lack of standardised methodological guidance (Finnveden
et al. 2009; Vivanco and van der Voet 2014). However, the
contribution of this study lies in revealing how these chal-
lenges are experienced and managed in applied practice.
Rather than reflecting conceptual disagreement or lack of
awareness, the limited inclusion of rebound effects emerges
as a structural misalignment between recognised relevance
and practical feasibility, in which uncertainty functions as a
selective gatekeeper and modelling limitations are pragmat-
ically displaced into interpretation. This reframing shifts the
focus from whether rebound effects belong in LCA to how
institutional, procedural, and disciplinary constraints, such
as software and database structures, prevailing modelling
conventions, and limited expertise, shape which system-
response mechanisms are treated as modellable in practice.
Future research should build on these findings by examin-
ing whether perceptions and practices differ systematically
across practitioner groups, such as by employment sector,
disciplinary background, years of LCA experience, or meth-
odological approach (e.g. attributional versus consequential
LCA). Such analyses could help identify where method-
ological guidance, training, or interdisciplinary collabora-
tion are most needed. Future studies could also complement
survey-based research with interviews or focus groups to
explore practitioners’ reasoning, experiences, and method-
ological decision-making in greater depth.

The asymmetric treatment of substitution assumptions
and rebound effects has important implications for how
food-system LCAs, particularly those assessing food-waste
prevention and other consumption-side interventions, are
interpreted and used in decision-making. Such studies are
frequently applied to support policy targets, prioritise inter-
ventions, and communicate mitigation potentials, often
with an emphasis on quantified environmental benefits.
When substitution effects are embedded quantitatively in
results while rebound effects are addressed only qualita-
tively or deferred to limitations, an epistemic asymmetry
is created: quantified impacts tend to be perceived as more
robust and decisive than qualitative caveats, even when
uncertainty is comparable (Finnveden et al. 2009; Sala et
al. 2023). The survey results indicated that practitioners are
aware of this risk, repeatedly highlighting concerns about
overestimation, trade-offs, and the need for careful interpre-
tation. However, in the absence of standardised methods,
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data, or procedural guidance for modelling rebound effects,
interpretation becomes the primary mechanism for manag-
ing this imbalance. This places a disproportionate burden
on narrative framing, transparency, and reader literacy to
contextualise results that practitioners themselves recognise
as conditional. Therefore, mitigation estimates from food-
waste LCAs may appear more definitive to external audi-
ences than practitioners themselves consider them to be,
emphasising the need for greater consistency in how uncer-
tainty associated with substitution assumptions and rebound
effects is treated and communicated when LCAs are used to
inform policy and sustainability strategies.

Taken together, these findings highlight the need for
clearer methodological and procedural guidance in LCA
practice. These priorities arise directly from the challenges
and needs identified by practitioners in both the quantita-
tive and qualitative survey findings, including clarifying (i)
when different types of rebound effects should be considered
in relation to the study goal and scope, (ii) how assump-
tions underlying both substitution and rebound mechanisms
should be documented and communicated transparently,
(iii) how uncertainty associated with substitution assump-
tions and rebound effects should be handled and commu-
nicated consistently, and (iv) which assessment approaches
are appropriate for different rebound mechanisms and study
objectives. Addressing these aspects could support more
transparent and consistent treatment of substitution assump-
tions and rebound effects and help reduce the asymmetric
treatment of these effects in food-system LCAs.

5 Conclusions

The findings of the present study revealed a misalignment
that is structural rather than conceptual, rooted in capac-
ity, guidance, and boundary conventions rather than in
disagreement about relevance. Practitioners navigate this
gap by prioritising modelling choices that are compatible
with existing tools, data structures, and conventions, even
when these choices rely on highly uncertain assumptions
about demand-supply responses and avoided production.
Importantly, the survey indicated that practitioners are not
unwilling to engage with rebound effects or to collabo-
rate across disciplines to do so; rather, such collaboration
remains uncommon, with institutional, procedural, and
capacity constraints cited. This structural constraint is fur-
ther reinforced by the highly standardised nature of LCA
practice, where existing frameworks provide little guidance
on how rebound effects should be integrated, contributing to
their continued exclusion from quantitative modelling. As a
result, uncertainty functions as a selective gatekeeper: sub-
stitution assumptions that align with established modelling

conventions and often strengthen estimated mitigation out-
comes are widely accepted and routinely embedded quan-
titatively in LCA results, while rebound effects, such as
income-driven rebounds that have the potential to offset
mitigation outcomes, despite being well established in prin-
ciple, are commonly excluded from modelling and deferred
to qualitative discussion or interpretation. In this sense,
rebound effects occupy a structurally constrained position
in applied LCA practice, being normatively recognised as
important, yet systematically excluded from quantitative
assessment. The findings highlight the need for future meth-
odological guidance on how substitution assumptions and
rebound effects can be handled consistently to avoid asym-
metric treatment of uncertainty and to support robust and
transparent interpretation of mitigation potentials when
food-system LCAs are used for decision-making.
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