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CARE project summary

CARE (Circular consumption Activities to tRansform households toward material Efficiency) aims to
empower consumer-citizens in European households in the transition to a circular economy (CE). The
objective of CARE is to transform a total of 100 households in five European countries (Finland, Norway,
Sweden, Germany, and Estonia) to circular model households. To achieve its aim, CARE will further
develop, test and validate two pilots related to two critical material flows: food and clothing. They both
have high potential for circularity at the household level. The CARE pilots will be implemented in five
regions — both urban and rural - that are part of the Circular Cities and Regions Initiative (CCRI): Tampere,
Asker, Gothenburg, Berlin, and Laane-Harju. The pilots are based on the practice-theoretical approach,
which goes beyond state-of-the-art by focusing on holistic, social and material aspects of everyday life
instead of individualistic and awareness-raising interventions. The pilots will contain both customized,
inclusive, and cost-free circular advisory services as well as food and clothing related interventions that
target changes in consumption practices. CARE will make a strong contribution towards accelerating fair,

inclusive and sustainable consumer-based transition to CE.
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Summary

The goal of the CARE project is to empower European households to reduce their environmental impacts
related to their food waste and their clothing consumption and use as a means to foster circular economy
(CE). To measure these environmental impacts and quantify improvements, a robust method for
environmental impact assessment for food waste and clothing consumption and use is necessary. For
this, this deliverable provides an overview of the respective environmental assessment and food waste

quantification methods used in relevant scientific literature.

This impact assessment review deliverable, conducted by experts from BOKU, IVL and TAU, is divided
into two parts. Part 1 gives an overview how environmental impacts of food waste and of clothing
consumption and use are quantified in literature. This was done through a systematic literature review.
Regarding food waste, the deliverable emphasises the importance of clear definitions and categorisations
for food waste quantification, recommending methods such as waste composition analysis and food
diaries for accurate measurements of food waste quantities. The majority of publications reviewed in the
literature screening used life cycle-based methods like LCA to assess the environmental impacts of food

waste.

Regarding clothing consumption and use, this deliverable highlights that only a few studies collect primary
data through surveys or interviews, with most relying on literature, statistics, or supplier data. While some
studies use literature based on surveys, the creation of specific questionnaires tailored to the study's
needs is uncommon. The report emphasises the importance of considering various factors in the
production stage of clothing items, as different environmental impacts are associated with factors like
fibre types, fabric production, wet processing, confectioning, and energy sources used in these

processes.

Part 2 provides an overview of assessment methods used in previous literature related to sustainable
well-being. By combining insights from a mapping review and a researcher workshop, it builds knowledge
that will contribute to selecting suitable indicators for assessing well-being effects in participating
households within the CARE project. The document highlights the multidimensional perspective required
for well-being assessments within the project, emphasising the need for indicators beyond hedonic well-

being. It acknowledges the absence of a single comprehensive sustainable well-being scale validated for
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food waste and sustainable clothing consumption contexts, leading to the adoption of a pragmatic

approach of combining indicators tested in other contexts.

Key implications from literature and workshops stress the significance of building on needs-based well-
being theory, considering multidimensional well-being, and using a combination of indicators, both
context-specific and general. The report addresses challenges in measuring sustainable well-being, such
as income level effects on sustainability evaluations and the recruitment criteria for CARE pilots. It also
discusses the potential need for country-specific well-being indicators and the importance of qualitative

data collection for insights into well-being effects.

Overall, the report serves as a valuable resource which will be used to understand and evaluate the
environmental and sustainable well-being impacts of CARE activities, offering insights, methodologies,
and considerations for researchers and practitioners in the field, particularly in the context of food waste

and textile consumption.

Glossary of abbreviations

CO2 eq Carbon dioxide equivalent
EU European Union

EoL End of Life

LCA Life cycle assessment

MFA Material flow analysis
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Disclaimer

The CARE project is funded by the European Union under Grant Agreement No. 101135141. Views and
opinions expressed are however those of the author(s) only and do not necessarily reflect those of the
European Union or the European Research Executive Agency (REA). Neither the European Union nor

the granting authority can be held responsible for them.

All intellectual property rights are owned by the CARE consortium members and are protected by the
applicable laws. Except where otherwise specified, all document contents are: “© CARE project - All

rights reserved”. Reproduction is not authorised without prior written agreement.

The commercial use of any information contained in this document may require a license from the owner
of that information.

All CARE consortium members are also committed to publish accurate and up to date information and
take the greatest care to do so. However, the CARE consortium members cannot accept liability for any
inaccuracies or omissions nor do they accept liability for any direct, indirect, special, consequential or

other losses or damages of any kind arising out of the use of this information.
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1. Part 1: Household food waste and domestic
clothing consumption and use

1.1. Introduction on household food waste and domestic
clothing consumption and use

The production of food consumes energy and valuable resources (e.g., water, land), which results in
environmental impacts, such as (among others) global warming, acidification or eutrophication. If food is
thrown out, the valuable resources and energy needed for its production are wasted. It is estimated that
one third of global food produced is not consumed, but instead ends up as food waste (Gustavsson et
al., 2011). Scherhaufer et al. (2018) estimate that in about 88 Mt of food are wasted in the EU, which
result in a global warming potential of 186 Mt CO2 eq. SDG subgoal 12.3 aims to halve per capita food
waste from retailers and consumers by 2030 (SDG12 2022). With households being responsible for 53%
of total food waste in the European Union (FUSIONS 2016), reducing household food waste avoids

environmental impacts and contributes to sustainability and circularity.

The textile and clothing sector is widely acknowledged as one of the most environmentally harmful
industries on a global scale. It is linked to substantial greenhouse gas emissions, extensive water usage,
pollution from chemicals and microplastics, and a growing amount of waste stemming from both the
production and consumption of clothing (Niinimaki et al., 2020). Additionally, the use phase (e.g.,
washing, ironing, tumble drying of clothing) contributes to clothing-related environmental impacts
(Allwood et al. 2006). With increased speed of fashion cycles (Kleinhiickelkotten et al. 2018) global
clothing production and consumption are on the rise. This results in an increasing number of textiles being
disposed of and increased clothing-related environmental impacts. To counteract this, the EU strategy
for sustainable and circular textiles proposes the circular use of clothing (e.g., donating, re-use) or
measures to prolong the clothing use phase (e.g., repair) (European Commission 2022). Consumers
decide both whether and how many new textiles they buy and which ones they buy (e.g., durable
materials, sustainable production) (Gwozdz et al., 2017). Furthermore, they also decide how to use, how

long to use and how to discard their clothing (Gwozdz et al., 2017). Therefore, consumers can directly
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influence their clothing-related environmental footprint and thus reduce environmental impacts and

contribute to circularity and sustainability.

CARE addresses these issues by working together with households by providing incentives and
opportunities for households to change their current consumption practices towards circularity and reduce
their environmental footprint. This is done through strategies to reduce household food waste and
changes in clothing consumption patterns. As part of the CARE project, the consumption-related
environmental footprints of the households are assessed. Then, the changes in the household
environmental impact through the CARE interventions are quantified as well. The aim of this deliverable
is to provide a review of existing impact assessment methods and actions in the context of food and
clothing. For this, a systematic literature review was conducted. The systematic literature on food waste
was conducted by University of Natural Resources and Life Sciences, Vienna (BOKU) and the systematic
literature review on textiles was conducted by IVL Swedish Environmental Research Institute (IVL). The
results are presented in the following chapters. The goal of D1.1 is to give an overview of how
environmental impacts of food waste and clothing consumption and use were evaluated in literature. For
this, the data collection methods (e.g., food waste quantification) and methodological specifications of
the conducted LCAs (e.g., functional unit, system boundaries, allocation, impact assessment categories)

were assessed and compared through a systematic literature review.

1.2. Materials and methods

A systematic literature review was conducted to identify methodologies to environmentally assess
household food waste behaviour and clothing consumption. Scientific literature was screened for the
methodologies used to quantify food waste and clothing consumption as well as their respective

environmental impacts.

1.2.1. Review of food waste quantification and environmental assessment

The aim of this literature review is to identify methods used in scientific literature to quantify the amounts
of food waste and assess the food waste-related environmental impacts. The questions to be answered

in the review concerning household food waste were:
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e What methods are available for quantifying food waste?

e Which of these methods are suitable for recording food waste in households?

e How (e.g., into which waste streams) is food waste categorised?

e What methods are available for assessing the environmental impact of food waste?

e How do these methods differ in their framework specifications (e.g., system boundaries, functional

unit, impact category)?
o What is a useful functional unit in LCAs of food waste?
o What primary data needs to be collected from households in the project?
e What type of impact assessment methods should be included?

The literature review was conducted in February 2024. The data sources for the food waste-related
literature review were Web of Science and Scopus. Additional literature from Google Scholar was also
included in the review to close any knowledge gaps. Only scientific literature was reviewed. Grey literature
was excluded from this literature review. There were no restrictions based on the publication date for the
selected literature and the geographical scope of the studies. A graphical overview of the literature review

process is shown in Figure 1.
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}

Step 1: Step 2:
Collect publications on HH food waste Extract publications on food waste
and its environmental impacts guantification and environmental
assessment
!

Search key words:
* “food waste” AND
*  “household” OR “consumer” OR “domestic” AND *
* “life cycle” OR “environmental impact” OR
“environment” OR “sustainable” OR “PEF” or

Abstract screening

“footprint” OR “emission” AND Literature sample:

* “assessment” OR “quantification” OR “evaluation” 50 publications on environmental assessment of
OR “analysis” AND food waste

*  “minimize” OR “prevent” OR “reduce” AND 23 publications on food waste guantification

*  NOT “behaviour”

v

v Step 3:

Screen the selected publications for the

quantification and assessment methods
used

The search resulted in a sample of 350
publications

Figure 1: Graphical overview of the literature screening process for the literature review on the
quantification and environmental assessment of food waste

First, relevant publications on life cycle-based environmental assessment of household food waste were
identified. Publications on household food waste reduction and assessment of its environmental impacts
were of special interest for this review. The keywords for identifying relevant literature are shown in Figure
1.

The literature search on Web of Science delivered 300 publications and the Scopus search delivered 280
publications. The database exports were then imported into Citavi and double entries were removed. This
resulted in a total of 350 papers for further analysis. Then, publications thematically not relevant for the

review were excluded from the sample. This included papers on the following topics:

e Consumer attitudes or food management practices resulting in food waste

e Energy generation from food waste, life cycle assessment (LCA) of food waste management
practices and waste management systems or studies on the general end of life (EoL) treatment of
food waste
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e Studies on food waste in industry and retail (e.g., shipment policies, post-harvest losses)

e Food security or malnourishment

e Packaging (e.g., food packaging waste, how food packaging affects food waste generation)

e Studies on food waste prevention in general, without any environmental assessments

e Food waste in general (e.g., composition)

e Food waste-related economic or social assessments without consideration of environmental aspects

Thematically not relevant publications were identified through a manual abstract screening of all
publications. Publications only focusing on the quantification of food waste were also included in the
literature review to identify methods for food waste quantification. As previously mentioned, additional
publications obtained from Google Scholar were also included to close knowledge gaps (14 publications).
This resulted in a final sample of 50 publications on environmental assessment of household food waste
and 23 publications on food waste quantification. These publications were then screened for their food
waste quantification methods, environmental impact assessment methods, assessment scope, system
boundaries, environmental impact indicators, food waste quantification methodology and the different

food groups analysed.

1.2.2. Review of domestic consumption and use of clothing

The goal of this literature review is to gain knowledge on how the domestic consumption and use of
clothing has previously been modelled in life cycle assessment (LCA). The main questions used in this
review were:

e What is a useful functional unit in LCAs of domestic clothing consumption and use?

e How should data be collected, to model domestic clothing consumption and use?

e What primary data needs to be collected from households in the project?

o What life cycle phases of the clothing should be included in the system boundaries?

o What type of impact assessment methods should be included?
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The overall aim is to identify literature relevant for future work to be done in the CARE project. The goal
is to provide input to the goal and scope of the LCAs to be done in WP 1. Figure 2 shows the basic outline
of a clothing item’s life cycle and highlights (grey box) the activities that primary data will be collected for
within the CARE project.

Raw material
extraction

l

Upstream clothing

production
|

/ Retail

Consumer purchasing -
] S

iy

Consumer use phase = e

* Laundry < S
) “1 o v

* Mending IS o
* Rental = 0
\ | = E/
v Iz =

Clothing £ 8

End-of-Life

Figure 2: The basic outline of a clothing item’s life cycle. The processes where primary data will
be collected in the future LCAs within the CARE project are included in the grey box

This study is limited to the domestic consumption and use of clothing. This means that textiles such as

reusable diapers, curtains and bedsheets have been excluded from the scope of this literature review.

The literature for the review was selected via two different search queries using the Web of Science and
Science Direct databases in February 2024. The methodology is divided into two parts: Query 1 and
Query 2. The reason for the dual queries is that after Query 1, we saw that there was a very limited
number of articles that fit the criteria. To gain more insight on the modelling and data collection of

domestic use of clothing, another query (Query 2) with broader exclusion criteria was added.
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Query 1

In the first identification step, the query (LCA OR "life cycle assessment" OR "life cycle analysis") AND
("household textiles" OR "textile consumption" OR "household textile waste" OR "textile reuse" OR
("laundry" NOT detergent)) was used. The Web of Science search generated 34 articles and the Science
Direct search delivered 513 articles, the latter limited to only include literature reviews and research
articles. These publications were then exported to Endnote and six duplicates were identified, resulting

in an initial sample of 544 articles.
The exclusion criteria for Query 1 were:

e Studies excluding the use phase of textiles or presenting the use phase aggregated with the other

life cycle phases

e Studies that do not include household consumers (this means that studies on textile use in hotels and

hospitals are excluded)
e Studies not following LCA or material flow analysis (MFA) methodology

The first round of screening was done by checking abstracts and titles and any additional duplicates not
identified by Endnote were removed. This resulted in a preliminary sample of 58 articles. The articles in
the preliminary sample were then imported into Rayyan and assessed based on their methodology using
the same exclusion criteria as for the initial screening. Any additional duplicates identified were also

removed. This resulted in a final sample of 15 articles.
Query 2

The query ("apparel use" OR clothing OR textiles) AND ("LCA modelling" OR "life cycle assessment")
AND ("consumer behavior" OR "consumer behaviour") was used and generated 18 articles via Web of
Science and 329 via Science Direct (research articles and review articles). Six duplicates were identified
in Endnote, resulting in 344 articles in the initial sample for Query 2. To limit the work burden in the initial
sample screening, any duplicates in relation to Query 1 were also identified (n=92). The resulting initial

sample for screening was 298 articles which was imported into Rayyan.
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As we deemed the exclusion criteria for Query 1 too limited, the exclusion criteria for Query 2 were limited
to:

e Studies not including the use phase of clothing

This resulted in 30 articles, of which two were duplicates that were not previously identified by Rayyan.
The preliminary sample thus resulted in 29 articles. The methodology of these articles was then screened,
resulting in a final sample of 20 articles. The methodology for selecting the articles for the review is
illustrated in Figure 3.

f Query 1 O\ / Query 2 \

Searching databases | | Articles removed before screening Searching databases |, | Articles removed before screening
n=547 Duplicates (n=6) n=347 Duplicates (n=49)
Screening Articles excluded due to exclusion criterions Screening Articles excluded due to exclusion criterions
n=544 (n=486) n=298 (n=269)
Assessment Articles excluded due to exclusion criterions Assessment Articles excluded due to exclusion criterions
| [
n=58 (n=43) n=29 (n=9)
Included studies Included studies
n=15 _l,/// n=20

Final sample
n=35

Figure 3: The outline of the methodology applied to identify the publications on clothing
consumption and use to be included in the review

1.3. Food waste review

1.3.1. Publication year

The number of publications on quantification and environmental impact assessment of food waste per
year is shown in Figure 4. Articles on environmental assessment of food waste published between 2010
and 2024 were reviewed. Only nine out of 50 of these articles were published prior to 2017. Thus,
systematic research on food waste-related environmental assessments has only been expanded

recently. The majority of publications on environmental assessment of food waste were published
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between 2017 and 2022. This indicates an increased interest and growing importance of this research

area.

As for food waste quantification, the publication dates of the selected articles range from 2013 to 2023.
In the literature sample, this area of research has taken off in 2020, as an increase in publications is seen

then. This increase continues up to the year of 2023.

14

A 0 ”‘||||”|

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

number of publications
— —
ESN D o] o N

N

H publications on environmental impacts H publications on food waste quantification

Figure 4: Number of publications on quantification and environmental impact assessment of
food waste per year

1.3.2. Geographical scope

As shown in Figure 5, the geographical scope of the majority of articles on environmental impact
assessment was Europe: United Kingdom (ten articles), the entire European Union (eight articles), Spain
(four articles), Sweden (three articles), Denmark (two articles), Norway (two articles), Greece and the
Netherlands (one article each). Asia is represented by China (five articles) and Japan (one article). The
scope of the North American articles is either USA (six articles) or Canada (two articles). Five articles

assessed the environmental impacts of food waste on an international scope. This means, that food
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waste environmental impacts were either assessed in multiple countries simultaneously, or they were

assessed on a global scale.

All countries are represented more or less equally in food waste quantification literature sample. These
articles focused on Europe (UK, Spain, Sweden, Denmark, Lithuania, Czech Republic, Croatia, Germany,
Greece, ltaly, the Netherlands, Poland, Switzerland, Turkey or the entire EU), Asia (China, Japan, Korea,
Vietnam), North America (USA, Canada), South America (Chile) or the Middle East (Iran). One

publication deals with food waste quantification on an international level.
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Figure 5: Geographical scope of the selected publications on food waste
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1.3.3. Categorisation of food waste

Food waste is an important topic in research. While there is no universal definition for the term food waste
(FUSIONS 2014a), the majority of publications analysed as part of this literature screening refer to the

same common definitions of food waste:

e FAO (2013) defines food waste as food appropriate for human consumption which is being discarded,

whether or not it is already expired or spoiled.

o FUSIONS (2014a) defines food waste as food and inedible parts of food which were removed from

the supply chain to be recovered or disposed of.

e Gustavsson et al. (2013) lists the definition of food waste as food products which are fit for

consumption but are discarded instead.

The consensus of these definitions is that food waste is food that is not consumed but disposed of.
Household food waste is generated during storage (e.g., the expiry date was exceeded), meal preparation
(e.g., cutting parts of vegetables) or leftovers from eating (FUSIONS 2014b). There is no universal
classification system for food waste categorisation (FUSIONS 2014b). Barker et al. (2023) list multiple

options for food waste categorisation, which are shown in Table 1.
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Table 1: Options for food waste categorisation (Barker et al., 2023)

Avoidability

Degree of processing

Food waste generation

phase

Food group

Avoidable food waste

Unavoidable food waste

Potentially avoidable food waste

Unprocessed or minimally processed foods

Products extracted from natural foods (e.g., oils, fats, sugar)

Processed foods (e.g., canned products)

e Ultra-processed foods (e.g., candy, ready meals)
This definition is based on the NOVA Food Classification system (Monteiro et al. 2016)

e Preparation and serving

e Consumption

e Storage

For example: e Meat

e Vegetables e Seafood

e Drinks e Sweets

o Bakery o OQil

e Ready meals e Condiments
e Dairy e Staple foods
e Eggs e Cereals

e Fruit e Other

The maijority of publications differentiate between avoidable and unavoidable food waste. Avoidable food

waste consists of food, that could have been eaten at one point, while unavoidable food waste consists

of inedible portions of food (Massow et al., 2019). 24 publications focus on the environmental impacts of
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avoidable food waste. The environmental impacts of avoidable and unavoidable food waste are

calculated separately in 18 studies. Eight publications also differentiate partially avoidable food waste.

A small number of publications only differentiated between cooking waste, leftovers of cooked dishes,
untouched food as well as tea leaves and coffee grounds. Other publications also distinguish between
processed and unprocessed food waste or between opened and unopened packaging and non-packaged
food.

Food group-based waste categorisation is the most popular in the sample. However, there are different
levels of aggregation. Some publications differentiate between different types of meat (e.g., beef, pork,
poultry), while others consider meat as a single food waste stream. This is also the case for fruits and
vegetables. Some publications also aggregate fish and meat or dairy and eggs to one single food waste

category, while others assess these food groups as individual waste streams.

When categorising food waste by food group, FLW Protocol (2016a) recommends using standard codes
for food products, such as the codes provided by the Codex Alimentarius General Standard for Food
Additives (GSFA) system or the United Nations’ Central Product Classification (CPC) system. WRAP
(2009), which was referenced by multiple publications in the sample, used the following classification for
their food waste assessment:

e Meat and fish

e Dairy and eggs

e Fresh vegetables and salads

e Fresh fruit

o Processed vegetables and salads

e Processed fruit

o Bakery

e Staple foods

e Oil and fat

e Meals (home-made and pre-prepared)
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e Drinks

o Condiments, sauces, herbs and spices
e Cake and desserts

e Confectionery and snacks

e Other

1.3.4. Quantification of food waste

A total of 73 publications were screened for their methods used to quantify food waste. This included 50

publications on the environmental assessment of food waste and the additional 23 publications

specifically focusing on food waste quantification. Figure 6 shows the identified food waste quantification

methods and in how many publications they were used. The advantages and disadvantages of the

identified methods are listed in Table 2.
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Figure 6: Identified food waste quantification methods and the number of their application in the

literature sample
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Food waste can be quantified through weighing with a weighing device (e.g., a scale). When weighing
containers, the weight of the empty container must be taken into account (FLW Protocol 2016b).
Weighing provides accurate data on food waste quantities. However, food waste weighing comes with
effort and costs (e.g., for purchasing a scale, for logistics if the measurement is required at more than
one location). The selection, calibration and proper use of the weighing device are key for an accurate
data collection (FLW Protocol 2016b). In the literature sample, weighing was used to quantify food waste
at hotels, restaurants or canteens (Beretta and Hellweg, 2019; Qian et al., 2022). Only one study
(Manczarski et al., 2023) used this method for the quantification of household food waste (e.g., weighing
the household’s organic waste bins). Through weighing, only the total quantity of waste was measured.
The waste composition was not assessed through this method. Instead, the food waste composition was
taken from secondary data sources. Self-weighing of the food waste by the households is also possible.
This is usually done in combination with a food diary (Abeliotis et al., 2015; Barker et al., 2023; Novakova
et al., 2021).

The volume of food waste can be assessed through calibrated containers, water displacement or visual
assessment. Then, the assessed volume is converted to weight. For this, density factors are used, which
may lead to inaccuracies in the data collected (FLW Protocol 2016). In the literature sample, households
were asked to take photographs of their food waste in the form of a photographic food diary (as an
extension of a food diary). Two studies use these photographs to estimate the weight of household food
waste (Barker et al., 2023; llakovac et al., 2020). This is done by estimating the volume of the food waste
and then calculating its weight with data from the FAO/INFOODS Density Database.

Waste composition analysis is a method used to physically separate, weigh and categorise the individual
food waste streams. The individual waste components are sorted and weighed. This way, very detailed
food waste data can be collected. Food waste can be sorted into specific food categories (e.g., meat,
vegetables). Other options for sorting categories (e.g., unopened vs. opened packaging). However, waste
composition analysis is not suitable for all food waste streams. For example, materials which are poured

down the drain are not captured by waste composition analysis (FLW Protocol 2016b).

FUSIONS (2014b) recommends a waste composition analysis in combination with a food diary to quantify
household food waste. Waste composition analysis is the third most popular method to assess household

food waste in the literature sample. The household waste is picked up and then separated into different
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food waste categories, which are then weighed (Edjabou et al., 2016; Massow et al., 2019). household
food waste can also be collected separately from the other household waste (e.g., in paper bags or in
labelled plastic bins for each household) (Adelodun et al. 2021; Bernstad Saraiva Schott and Andersson

2015). Then, the separately collected food waste was picked up for the composition analysis.

Another option for food waste quantification by the households is the diary method. In diary research, the
participants maintain a daily log of their food waste (FLW Protocol 2016b). In addition to the amount of
food waste, other information, such as the type of food waste and reason for its disposal can be recorded.
Furthermore, food waste that is disposed of via the sewer, home composed or fed to animals can also
be captured this way (WRAP 2009). The food waste can be quantified through direct weighing, item
counts (e.g., five apples) or volume-based measurements (e.g., with a measuring cup). Food diaries also
provide the opportunity to collect qualitative data on food waste (e.g., the participant’s views on food
waste) (FLW Protocol 2016b). In the literature sample, four publications (Abeliotis et al., 2015; Giordano
et al., 2022; Leverenz et al., 2021; Novakova et al., 2021) used the diary method to quantify household
food waste.

In the context of household food waste, surveys can be used to collect data on food waste generation,
food waste separation habits and food waste disposal practices. The key characteristic of surveys is, that
their questioning is structured. The questionnaire can be directly distributed to the respondents or
administered by an interviewer. For the purpose of food waste quantification, surveys are ideally used in
combination with other methods (e.g., weighing, waste composition analysis, diary method) (FLW
Protocol 2016b). In the literature sample, surveys are the second most popular method to assess
household food waste quantities. In some publications, surveys were used in combination with other
methods (e.g., weighing, waste composition analysis, diary method) (Adelodun et al., 2021; Giordano et
al., 2022; Qian et al., 2022). Surveys can also be used to select a representative sample of participants
(Adelodun et al., 2021; Barker et al., 2023; Edjabou et al., 2016). For this, the socio-demographic
characteristics of the potential participants were assessed and a representative sample was selected on
this basis.

Proxy data can be used if waste measurement is not practically feasible. These data can include national
food waste data, food waste data for a specific sector or food waste data older than the assessment

scope (FLW Protocol 2016b). Most of the reviewed publications, especially the publications mainly
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focusing on the environmental assessment of food waste, did not collect any primary data and only used
secondary data instead. The most common sources for secondary data in the sample were:
o Food waste statistics (e.g., FAO data, especially FAO food balance sheets, EU data)

e National databases (e.g., the Spanish database on food consumption and waste, the Chinese

statistical yearbook, statistical data from US governmental organisations)

e Literature (e.g., data from WRAP reports, scientific literature)
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Table 2: Advantages and disadvantages of the food waste quantification methods identified
through literature screening (FLW Protocol 2016b)

Weighing

Assessing
the waste

volume

Waste
composition

analysis

Food diaries

Surveys

Proxy data

Review report on impact assessment

Accurate measurements

Little uncertainty about
data

inventory

Can be cheaper than weighing

Accurate measurements

“Real time” records of food waste

Captures waste that is disposed of in
the drain, fed to animals or home
composted

Collecting qualitative information is
possible

Low costs
Easy collection of useful additional

information  (e.g., respondent’s
knowledge on food waste)

Low costs

GA No. 101135141

Funded by
the European Union

High effort

Costs (e.g., for scale or for time
required)

Requires density factors to convert
the volume to weight, which may
lead to data inaccuracies

Costs
High level of expertise needed

Not suitable for certain waste
streams (e.g., material poured down
the drain)

Risk that participants do not
document all of their food waste

Risk that participants report incorrect
food waste measurements

Social desirability bias

Risk of unreliable responses by the
participant

Respondent may give responses
that they think are desired

Should not be used as the only
method to quantify food waste

Less accurate
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1.3.5. Environmental assessment of food waste

A total of 50 publications were screened for the methodology used for the environmental assessment of
food waste. As a result, an overview of the system boundaries, assessment methods and functional units

used was created. This is further elaborated in the following subchapters.

1.3.5.1. System boundaries

Figure 7 shows the system boundaries used for the environmental impact assessment of household food
waste. Eight publications calculated the cradle-to-gate impacts associated with food waste. These studies
did not take into account the food waste disposal and focused mainly on dining facilities, retail stores or

final food consumption. Only one of these eight studies was on household food waste.

Most publications took into account the entire life cycle of food waste (cradle-to-grave). Nine of these 30
publications focused on household food waste. The remaining cradle-to-grave publications assessed
food waste impacts on the following levels: food service sector, food production, retail, municipality,

national, global or an individual food product (e.g., ready meals).

The three gate-to-gate studies were conducted for retail, the food supply chain or on a global level. Five
publications used the system boundary cradle-to-consumption. This means that all environmental
impacts from resource extraction up to the consumption of the food were considered. These cradle-to-
consumption studies mainly focused on households or dining facilities. One study assessed only the
consumption-phase environmental impacts associated with food waste and one study calculated only the

EoL impacts of food waste management.
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Figure 7: System boundaries for the environmental impact assessment of food waste

1.3.5.2. Environmental assessment methods

The identified environmental methods were grouped into five categories: life cycle-based methods,
economic methods, hybrid methods, mathematical methods and statistical methods. Figure 8 shows how
often the respective environmental assessment methods were used in the literature sample. Some
studies used more than one single method and combined methods to broaden the scope of their

assessment.
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m life cycle based = economic m mathematical = statistical = hybrid

Figure 8: Number of publications in which the respective environmental assessment method
was used for food waste

In the literature sample, 41 out of 50 studies used life cycle-based methods to assess environmental
impacts of food waste. About half of them (22 publications) used LCA. Most LCA-studies in the literature
sample conducted classic LCAs in accordance with ISO 14040/14044. Some studies conducted hybrid
LCAs or combined LCA with other methods (e.g., life cycle costing (LCC), linear programming,
environmentally extended input-output matrix, global equilibrium model). With the exception of three

studies, the scope of all LCAs was cradle to grave.

All life cycle-based environmental assessments which did not perform the four mandatory steps of LCA
were summarised under the term “footprint method”. This also includes studies which use emission
factors from LCAs and multiply them by the process input values. Footprint methods were applied in 18
publications. With the exception of one study, all of them calculated the food waste-related carbon
footprint. The water footprint of food waste was calculated in two studies. Footprints concerning land use,
eutrophication and acidification were only found in one publication. Most of the footprints were calculated

either for cradle-to-grave, followed by cradle-to-gate.
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While the vast majority of publications used life cycle-based methods for environmental assessment of
food waste, other methods were identified as well. However, these were only used once or twice on
average in the entire food waste literature sample. These methods include cost-benefit analysis,
equilibrium modelling and life cycle costing (LCC). These methods mainly focus on economic aspects,
such as costs of food waste (e.g., costs of waste collection and disposal, cost of personnel time for waste
management) (Mattsson et al., 2018), macroeconomic rebound effects of food waste prevention (Albizzati
et al., 2022), the impact of price changes along the food supply chain on food waste generation (Cattaneo
et al., 2021) as well as internal and external costs (e.g., market price, externalities of pollutants or
transport) (Albizzati et al., 2021). To quantify environmental impacts, these methods were only applied in

combination with a life cycle-based approach like LCA or the footprint method.

Besides economic methods, statistical and mathematical methods like the Bayesian belief network,
system dynamics modelling, linear programming and multi-layer substance flow analysis were also
identified. These studies assess the relationship between socioeconomic key variables (e.g., household
income, household size, education level) and food waste generation (Song et al., 2018), socioeconomic
impacts of different food waste management options (Parsa et al., 2024), the nutritional and economic
costs of food loss and waste along the supply chain (Vazquez-Rowe et al., 2020), as well as the

implications of food waste strategies on biomass, energy and nutrient cycles (Hamilton et al., 2015).

Hybrid methods, which are a combination of environmental, economic, statistical or mathematical models,
were identified as well. These include a ranking method, based on combined monetary and environmental
indicators (Dreyer et al., 2019), a counterfactual environmental footprint analysis quantifying the impact
of food loss and waste reductions (Osei-Owusu et al., 2022) and an environmentally extended input-
output analysis. The environmentally extended input-output analysis is used to assess the environmental
impacts of changes in food waste (Read et al., 2020; Read and Muth, 2021; Usubiaga et al., 2018) or to

assess the rebound effect of customer emission reduction measures (Albizzati et al., 2022).
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1.3.5.3. Functional unit

The functional units identified in the food waste literature sample are shown in Table 3. Half of the
assessed publications used a functional unit based on the amount of waste (e.g., total amount of national
food waste, average amount of food waste per person). Eight publications based their assessment on
the functional unit of the management of one unit of food waste. A food consumption-based functional
unit (e.g., consumption of one unit of food) was used in five publications. This took into account the
amount of food waste per unit of consumed food. Ten publications used a food production-based
functional unit (e.g., one unit of food produced, total national amount of produced food, one unit of a
specific product). Again, this took into account the amount of food waste per unit of produced food. Three
studies based their functional unit on the calorie content of food. The functional unit would either be the
amount needed to meet the calorie requirement of an average person or simply one calorie of food. One
study defined the functional unit as the total amount of avoided national food waste. Three studies used
to functional units in their assessment: one waste management-based and one food production-based

functional unit.
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Table 3: Overview of identified functional units used for the environmental assessment of food

waste
Amount of Total amount of food waste (either on national level, city 26
food waste . I .
level, in retail or in food service)
Average amount of food waste per person and year
Average amount of food waste per household and year
Amount of food waste per meal
Amount of avoided food waste
Waste Management of one unit of food waste 8
management
Food One unit of food consumed 5
consumption
Total food consumption (on a national level)
Food Production of one unit of food 10
production
One unit of a certain product (e.g., a ready meal, fruits and
vegetables)
Calorie uptake . .
Average calorie requirement of one person (per day or per
year)
Food waste Total amount of avoided national food waste 1
reduction
. . Funded b care
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1.3.5.4. Impact categories

Regarding the environmental impact categories, 43 out of 50 publications assessed the greenhouse gas
emissions or carbon footprint, which is referred to as global warming potential in Figure 9. This highlights
the importance of global warming potential in regards to the environmental impact assessment of food
waste The second most used impact category is water use, which was used in 21 studies. The impact
categories land use, eutrophication, acidification, resource use, energy use, ecotoxicity, photochemical
ozone formation, human health and particulate matter were each used between 9 and 13 times in the

literature sample.

Three studies assessed nutrient-specific indicators Niu et al. (2022) assessed the nitrogen footprint and
phosphorus footprint (in combination with carbon footprint and water footprint) of edible food waste in
selected Chinese provinces. In addition to acidification, ecotoxicity, global warming potential, human
toxicity and photochemical ozone formation, Gentil et al. (2011) also assessed the nutrient enrichment
associated with treatment of food waste. Hamilton et al. (2015) quantified implication of food waste

strategies on the national energy and phosphorus cycles in Norway.
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Figure 9: The impact categories and indicators assessed in the studies on environmental
impacts of food waste in the final literature sample

In general, most studies either assessed only the food waste-related carbon emissions or the entire set
of midpoint environmental impact categories common in LCA, as recommended by the Product
Environmental Footprint. These impact categories are used in the most commonly used LCA impact

assessment methods (e.g., ReCiPe, Environmental Footprint, CML) and consist of:

Global warming potential

e Stratospheric ozone depletion

e Human toxicity (cancer and non-cancer)

e Particulate matter formation

e Photochemical ozone formation

o Ecotoxicity

e Acidification

e Eutrophication (freshwater, marine, terrestrial)
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e lonising radiation

e Landuse

o Water use

e Resource use (fossil, mineral and metals)

In the literature sample, the emission factors for quantifying environmental impacts were either taken
from relevant scientific publications or LCA databases. The LCA database used most often in the
literature sample is Ecoinvent. Other databases that were used are Agri-footprint, the Danish LCA food

database, the LCA database created by the Barilla Center for Food and Nutrition.
1.4. Domestic consumption and use of clothing review

1.4.1. Publication year

Figure 10 shows the number of publications per year for the final literature sample. Results show that
there has been a constant increase in publications, indicating an increased interest in the research area

of environmental assessment of clothing consumption and use.
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Figure 10: The number of publications on environmental assessment of clothing consumption
and use per year

1.4.2. Geographical setting of use phase

Figure 11 shows the distribution of the studies’ geographical setting of the clothing use phase. Results
show that the most common geographical setting of the use phase are Germany and Japan (six studies
respectively), followed by Sweden, China, and the USA (five studies respectively). On the importance of
the geographical setting of the study, Sohn et al. (2021) write that the selection of geographical settings
is important as there are regional differences in purchasing patterns, washing practices and dryer
ownership. This statement is confirmed by Nautiyal et al. (2023), who compared the washing and disposal
practice of apparel in New Zealand to those in other countries. They conclude that there are significant
differences between countries, which underlines the need for country specific data in LCAs of clothing
consumption and use. The importance of regionalised data is also mentioned by Piontek et al. (2020)
and Piontek and Muller (2018), but in the context of product service systems, where for example

transportation and laundry practices have a large influence on the results.
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Figure 11: The distribution of the geographical setting for the clothing use phase in the
literature sample.

1.4.3. System boundaries

Figure 12 shows the distribution of the system boundaries of the included studies. The category not
applicable is primarily related to review studies which do not explicitly state the system boundaries. The
results show that all studies include the consumption and use stages of the garment. The majority of the
studies include the production phase, however a minority excludes it. While the exclusion of the
production stage might be in line with the scope of the specific study, not including the production stage
could lead to sub-optimisation of the system. This is because different clothing items are related to
different environmental impacts, for example depending on differences in fibre types, fabric production
(e.g., weaving or knitting), wet processing (e.g., the dyeing technology used), confectioning (e.g., more
complex garments require more energy) and the energy (e.g., fossil or renewable) used in these
processes. The different clothing items do also influence the washing patterns and duration of product

life span, and consequently, their environmental impacts (Schmutz et al., 2021).
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Figure 12: The system boundaries of the studies on clothing consumption and use in the final
literature sample

1.4.4. Data collection method

Of the included studies, only eight collect primary data via surveys or interviews. Most of the included
studies collect their data using literature, statistics or supplier data. Some of these studies do however
collect data from literature, which is based on surveys, but the creation of specific questionnaires
appropriate for the study in question is uncommon. In most of the questionnaires, it is not clear what

exactly is measured.

1.4.5. Functional unit

Of the 35 studies included in the review, 28 are following an LCA approach or use some other method to
quantify the environmental impacts of domestic clothing consumption or different means of clothing use,
the latter including laundry activities. The LCA articles were divided based on four overarching themes:
product service system (includes, for example, clothing libraries), laundry (the process of cleaning and

drying clothes), clothing items (typically cradle-to-grave assessments of one/several clothing items), and
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finally, clothing consumption (purchasing and use of clothing). The reason behind this division is to be
able to capture all aspects of a holistic functional unit on household clothing consumption and use. Table
4 shows the included LCA studies, and the functional unit applied in the study.

Table 4: The life cycle assessment articles on clothing consumption and use, divided into four
different main themes, and the applied functional unit

1 Bockin et al. (2022) 100,000 Euro per month, from consumer
transactions of jackets
QE, 1 Mora-Sojo et al. (2023)  One year of Norwegian’s household’s apparel
% needs met by acquisition
et 1 Zamani et al. (2017) 1 average use of each of the three garments: 1
.QE) 100% cotton T-shirt, a pair of 98% cotton and 2%
g elastane jeans, and a 100% polyester dress
'§ Piontek et al. (2020) Wearing of a certain garment
o Johnson and Plepys 3 different functional units: one average use, 4
(2021) years of consumer needs, user dress needs for 4
years satisfied by purchasing
1 Moon et al. (2020) Per person per year
1 Amasawa et al. (2018) One year of laundry activities per household
> 1 Ryberg et al. (2018) Doing 34.4 billion washes per year of 4.5 kg
g normally soiled dry fabric at medium water
3 hardness with a model liquid detergent
2 Fidan et al. (2024) 9 kg of clothing that was washed in a washing
machine
2 Yamaguchi et al. (2011) A washing machine (with 9 years of service)

1 Horn et al. (2023) One use of a polyester T-shirt
Moazzem et al. (2021) The use of 1 kg cotton knit dyed t-shirt and the use

Clothing
item

of 1-kilogram polyester knit dyed jacket
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1 Roos et al. (2016)

Luo et al. (2022)
Schmutz et al. (2021)

2 Temizel-Sekeryan and
Hicks (2021)

A T-shirt, a pair of jeans, a dress, a jacket and one
garment for the public sector: a hospital uniform

A pair of conventional 100% cotton jeans

A knitted cotton t-shirt of 154 g (representing an
average weight) having a life span of 44 cycles
145 g silver enabled PES textiles (indicates men's
t-shirt with a large size) during its lifetime of 100

laundering cycles

2 Baydar et al. (2015) 1,000 items of knitted and dyed cotton T-shirts

2 Manda et al. (2015) 1 T-shirt being worn 100 times

2 Zhang et al. (2015) A piece of 100% cotton short sleeved T-shirt

2 Walser et al. (2011) 1 T-shirt

2 Steinberger et al. (2009) 100 days of a garment being worn (100 days, or
once a week for 2 years or every two days for 2
seasons)

households



1 Moon (2024) Per item/unit

3 2 Long et al. (2023) Not clear: "in the past 12 months, how much did
- you spend on online shopping?"
§ 2 Sohn et al. (2021) Jeans or T-shirt provisioning for one consumer
§ over one year
_g’ 2 Zhang et al. (2021) Unclear: emissions from urban and rural residents
E Piontek et al. (2019) 1 year of varied clothes
© Bin and Dowlatabadi US household 1997
(2005)

Table 4 shows that there is a large diversity among the functional units used in the LCAs on clothing
consumption and use. Fourteen of the functional units are related to a clear reference flow, such as a
pair of jeans or 1,000 items of knitted and dyed cotton T-shirts. Of these, only four functional units also
include the life span of the product (for example washing cycles or times being worn). This leads to
difficulties in capturing all consumer behaviour in the use phase. Klepp et al. (2020) provide guidance on
different means of capturing clothing life spans: The number of years, number of wears, the number of
users and the number of cleaning cycles. They write that the different units provide different
understandings and comes with both drawbacks and benefits, and that the choice of measure (or
combination of measures) depends on the scope of the study. They conclude that both the number of
wears for all users as well as the service life span are important. They mean that the number of wears is
the best measure for regular clothing and number of years is most suited for clothes intended for special

occasions.

A difficulty when assessing the use phase of domestic use of clothing is that it includes many different
parameters such as consumption, laundry and any use of product service systems such as clothing
rentals (as are shown in Table 4). This means that it is important to find a functional unit that captures all
of these activities. Klepp et al. (2020) state for example that the ideal functional unit for assessing clothing
life span should be based on a combination of the number of wears and duration in use by all owners.

They were however not sure on how to capture this. Another aspect to consider when choosing the
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functional unit is the main driver of the system. In this case, Mora-Sojo et al. (2023) identify clothing
consumption rather than the need of owning or using garments. While they do not specify what they mean
with the need for clothing consumption, the study focuses on the influence of different means for
increasing circularity in the Norwegian clothing system. This includes clothing rental services and buying
second hand clothing. However, we argue that using the driver of clothing consumption as the basis for
the functional unit can however be troublesome. This is because it does not allow for fair comparisons
with circularity measures that do not include consumption of new or second-hand clothes (e.g., shopping),

such as mending of clothes.

1.4.6. Allocation

Whenever there is reuse of clothing (buying second hand or donating), there will be the need for allocation
between the first and second life cycle. Sohn et al. (2021) handle this by allocating all production-induced
environmental impacts to the first life cycle of the clothing item, when the respective clothing item is made
available for a second life. The second life cycle of the clothing item is instead allocated the processes
needed for making the item available for second hand. This is often referred to as the cut-off approach.
Likewise, Mora-Sojo et al. (2023) applied the cut-off approach in their study. This choice of method is
also in line with guidelines such as the Greenhouse Gas protocol provided by the World Business Council
for Sustainable Development and World Resource Institute (2011), who state that the cut-off approach is
appropriate to use in situations when the market for the recycled material is saturated. An alternative
approach is provided by Moon (2024), who calculate the greenhouse gas emissions reduction potential
by subtracting greenhouse gas emissions from new clothing (with the same functionality as second hand
clothing) from the greenhouse gas emissions of the second hand clothing. This approach is not in line
with allocation methods available in guidelines such as ISO 14044 standards (International Organization
for Standardization 2006), the Greenhouse Gas Protocol (British Standards Institute 2011) or the Product
Environmental Footprint guidelines (European Commission 2018). Instead, it is an unconventional
approach to account for benefits and burdens that come from reusing old clothes rather than producing

new ones.
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1.4.7. Impact assessment categories

Figure 13 shows that the most used midpoint indicator is climate impact, followed by water use. This is
reasonable, as the use of clothing includes laundry practices which are closely related to energy use (and
resulting climate impact) and water consumption. Both indicators are also important for the production
phase, as cotton, for example, requires water and energy for cultivation, as well as large amounts of
energy for yarn production (La Rosa and Grammatikos, 2019). This pattern also follows what we expect
from traditional LCA studies: a strong focus on climate impact, with the addition of some well-established
impact assessment categories (water use, eutrophication, and acidification). Notably, the climate impact
correlates very well with acidification and eutrophication, and photochemical ozone creation potential, as
was shown by Janssen et al. (2016) for ethanol production. This means that, in some cases, little

additional information is added by including all four of these.
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Figure 13: The distribution of the use of different midpoint life cycle impact assessment
indicators in the environmental assessment of domestic clothing consumption and use
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While we initially were surprised by the low number of studies including energy use, some of the energy
use inventory is captured by the abiotic resource depletion category (depending on how it was presented
in the reviewed article). Another unexpected outcome of the review was the low number of articles
including toxicity. Note that we grouped toxicity into one category, meaning that if one study assessed
many different types of toxicity (say freshwater toxicity and human toxicity), this is only accounted for
once. Generally, toxicity is a challenging impact category to consider as its outcome depends on the
quality of the foreground inventory, the quality of the inventory for the background system (database
data), but also the characterisation factors available (Roos et al., 2019). For future LCAs on clothing
consumption and use, we suggest expanding the impact categories from the most common ones in
Figure 13 to also include less commonly used impact categories, such as land use and toxicity, to avoid

problem shifting in the assessment.

1.5. Conclusions on food waste and clothing consumption

and use

1.5.1. Food waste conclusions

Based on the systematic literature review, the following conclusions were drawn for the quantification of

food waste and its environmental impact for the CARE project:

e A standardised definition of "food waste" at the start of the CARE project is important. It must be
precisely defined what is included in the term food waste (e.g., avoidable, partially avoidable and

unavoidable food waste).

e There are no universal guidelines for the categorisation of food waste. A categorisation based on
avoidability, degree of processing, generation phase and food group is possible (see Table 1). The
categorisation according to the various food groups (see WRAP 2009) has proven to be useful in the
literature. Different degrees of aggregation of the food waste streams (e.g., either just "meat" or

"beef", "pork" and "chicken") are possible as well.

e As for food waste quantification, most of the selected publications rely on secondary data for this.

Data collection through surveys or waste composition analysis are also popular in the literature
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sample. However, FUSIONS (2014b) recommends a waste composition analysis in combination with
a food diary for assessing household food waste quantities. The advantage of waste composition
analysis is the high accuracy of measurements. Food diaries also capture food waste disposed of

through pouring down the drain, home composting or feeding to animals (FLW Protocol 2016b).

e The majority of publications used a life cycle-based method like LCA or footprint method to assess
the environmental impacts of food waste. Thus, LCA and footprint method can be considered state
of the art in terms of life cycle-based environmental assessment methods. Although other methods
have been identified, their main focus were mostly socio-economic and not environmental aspects.
To compensate for this, these methods were often combined with LCA or the footprint method. This

further emphasises the importance of LCA and the footprint method for environmental assessment.

e A cradle-to-grave system boundary was used most frequently in the literature sample. This makes

sense, as an environmental assessment of food waste should also include the EoL.

e Functional units based on the amount of food waste (e.g., total amount of food waste per household

or per person) were the most popular in the literature sample (see Table 3).

e The most frequently used impact categories were global warming potential, followed by water use,
land use, eutrophication and acidification. However, in order to represent the overall environmental
impacts, indicators for human toxicity, particulate matter formation, ecotoxicity and resource
consumption, among others, should also be included. These aspects are covered, for example, by

the indicators of the Environmental Footprint (EF) impact assessment method.
1.5.2. Clothing consumption and use conclusion

Regarding clothing consumption and use, the following conclusions were derived from the results of the

literature review:

e Primary data on clothing consumption and laundry habits needs to be collected within the CARE
project, which can be done through questionnaires, interviews or self-assessments. In addition to
clothing consumption quantities, data collection should also include the type of fabric, as this will have
a large influence on the end results. Inventory data should also be provided grouped into the different

regions of the households, to capture any differences between these.
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e As the type of fabric used in the clothes has a large influence on the clothing production impacts and
also some on the impacts from the use phase, the system boundaries should consider at least cradle-
to-end-of-use stage.

e There is no consensus on what a useful functional unit for assessing the environmental impacts of

domestic use of clothing is. Effort should be put into defining this for the CARE project.

e The choice of impact categories should be expanded from the commonly applied impact categories

to include also land use and toxicity, given that high quality inventory data can be acquired.
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2. Part 2: Sustainable well-being indicators

2.1. Introduction to Part 2

Part 2 of this deliverable presents the process and results of screening assessment methods used in
literature related to sustainable well-being. This screening was conducted by researchers at Tampere
University (TAU). The literature review is complemented with insights from a researcher workshop
organised in February 2024. This workshop brought together Finnish sustainable well-being researchers
to discuss and share their views and experiences on measuring sustainable well-being at the household
level. The objective of both the literature review and the workshop was to build knowledge that will
contribute to selecting suitable indicators for assessing well-being effects in participating households
within the CARE project. The chosen data collection protocols, including indicators for sustainable well-
being and living conditions’, will be further developed in CARE task 1.2 and reported as part of deliverable

D1.2 Evaluation method and data collection protocol (due M17 in May 2025).

2.2. Sustainable well-being in CARE

Sustainable well-being has been defined as “human well-being in the context of nature” (Hirvilammi 2015,
p.83). It involves thriving within planetary boundaries: ensuring a just and safe space for humanity and
promoting both individual and collective welfare with the least possible environmental impact (Gough,
2017, p. 86).

Efforts to develop sustainable well-being metrics have progressed mainly at the societal level, driven by
the need for more comprehensive indicators that complement or replace gross domestic product. In
CARE, sustainable well-being approach is applied at the individual and household level, concentrating

on the effects of changing consumption practices in food waste and clothing. This means that the concept

T Taking into account the timeframe for producing this deliverable, the deliverable focuses on reporting the review of
sustainable well-being indicators. Choosing the indicators for living conditions are more straightforward, and will be done
laterin task 1.2. In general, it should be noted that in the countries from where households participate in CARE interventions
(Finland, Sweden, Norway, Germany, and Estonia), the living conditions are quite well developed. However, in this
deliverable, any implications regarding measuring living conditions are discussed when presenting the results of the
sustainable well-being workshop.
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of well-being is not used to assess societal system’s ability to produce well-being in a sustainable way,
butitis seen as something that households can contribute to by making their consumption practices more

circular.

In CARE, the sustainability part of sustainable well-being is mainly outlined as environmental
sustainability. This derives from the premises of circular consumption, that emphasises reducing resource
use and keeping materials and products in use as long as possible (Rabiu & Jaeger-Erben, 2022).
However, the environmental sustainability of circular consumption is always more or less linked to the
questions of social and economic sustainability. The temporal perspective to sustainable well-being in
CARE is restricted to the project’s duration, and in the scope of the CARE project, it is not possible to

examine long-term impacts. .

In the CARE project, sustainable well-being indicators will be used in assessments conducted before and
after the pilots. When promoting circular consumption, our goal is not to compromise sustainable well-
being and living conditions. In the best-case scenario, the transition to sustainable circular consumption
practices can even enhance sustainable well-being by alleviating anxiety related to climate change,
reducing excess of material possessions, saving money in household budgets, creating more storage
space at home, improving skills in food waste management and fostering care for clothes. The transition
can also increase perceived behavioural control related to consumer responsibilities in sustainable living

or a sense of belonging to a community.

2.3. Literature on measuring sustainable well-being

The purpose of reviewing literature related to sustainable well-being was twofold: first, to establish a
foundation for assessing well-being effects in participating households within the CARE project, and
second, to enhance the conceptual understanding of TAU researchers and highlight relevant issues for
discussion in the researcher workshop. As mentioned in the introduction to Part 2, this literature review,
combined with insights from the researcher workshop, contributes to the selection of suitable indicators

for sustainable well-being in CARE project.
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2.3.1. Method for the mapping review

This literature review presented in Part 2 follows a narrative approach. It addresses a broad research
focus by screening sustainable well-being literature and involves selective data collection without a fully
systematic protocol. Specifically, this method can be called a mapping review, which categorises existing
literature and assesses its quality to find insights for further research (Grant and Booth, 2009). The
chosen approach served the CARE project by identifying narrower practice-relevant questions related to
assessing sustainable well-being in households. Given that there is no unified and extensive body of
literature focused on sustainable well-being indicators, a systematic review would have been challenging,
if not impossible, to conduct.

The methodology for the mapping review proceeded as follows: 1) testing keywords to gain a general
understanding of which sustainable practices, dimensions and measurements of well-being are
commonly addressed in literature; 2) categorising the literature found using the most comprehensive
keywords/search terms relevant to the project’'s contexts; and 3) closely examining and interpreting
findings, with a focus on reviewing papers that explicitly discussed well-being within the context of

sustainable consumption practices and included indicators for eudaimonic well-being.

The review data was collected by TAU researchers in January and February 2024. It included articles
from peer-reviewed, scholarly journals. The databases used were Google Scholar and EBSCO

(Academic Search Ultimate). The following search words were used in the initial searches:

” o« ” o«

e Sustainability (and consumption): “sustainable consumption”, “circular economy”, “circular economy
practices”, “circular practices”, “circular consumption”, “environmentally-friendly behaviour”,
“ecologically responsible behaviour”, “ecologically sustainable behaviour’, “pro-environmental

LTS

behaviour”, “pro-environmental consumption”, anticonsumption, minimalism, “green consumption”

o Well-being: well-being (or well-being or wellbeing), “sustainable well-being” (or well-being or

wellbeing), “subjective well-being” (or well-being or wellbeing), eudaimonic, hedonic, life-satisfaction

e Clothing: “sustainable fashion consumption”, “clothing consumption”, sustainable AND well-being (or
well-being or wellbeing) AND clothes (or clothing or fashion), well-being (or well-being or wellbeing)

AND fashion (or clothing or textile)
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e Food: “sustainable food consumption”, “food waste”, “food waste reduction”, “food waste
management”’, “food waste” AND well-being (or well-being or wellbeing), “food storage” AND well-
being (or well-being or wellbeing), “food preparation” AND well-being (or well-being or wellbeing),

food AND well-being (or well-being or wellbeing)

The next chapter introduces the conceptual overview and the well-being indicators that seemed to be

most commonly utilised in the sustainability context.

2.3.2. Conceptual overview

As a result of the review, two common theoretical approaches were identified in well-being research: the
needs-based and the capability-based approach. This section introduces the theoretical and conceptual

background of sustainable well-being, including the most frequently used well-being measures.

2.3.21. Needs-based and capability-based approach

The development of sustainable well-being measurement stems from indicators designed for societal-
level decision-making, often used alongside or in place of gross domestic product. These indicators are

often appointed to two distinct theoretical approaches:

e The needs-based approach: This perspective views well-being in relation to the fulfilment of material
and non-material needs. In current sustainable well-being research, the most widely applied needs-
based theory seems to be the HDLB model (Having, Doing, Loving, Being) proposed by Allardt (1993)
(see also Helne and Hirvilammi, 2015). The HDLB model considers sustainable well-being from
multiple perspectives: 1) Having: Satisfaction of material needs such as food, water, energy, housing,
and basic utilities. 2) Doing: Meaningful activities that individuals engage in voluntarily. 3) Loving: The
need for connection with other people and the environment. 4) Being: A healthy physical, emotional,
and spiritual existence and fulfilling life. Another frequently cited needs-based work is the Human
scale development (Max-Neef 1991) describing nine interrelated, non-hierarchical and universal
needs: subsistence, protection, affection, understanding, participation, leisure, creation, identity, and
freedom (pp. 44 —49).
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e The capability approach: This approach emphasises an individual’'s capabilites — their real
opportunities to achieve well-being. Rather than focusing solely on needs, the capability approach
considers what people can actually do and be. It assesses the freedom and agency individuals have
to lead lives they value. (Sen 2013) For example, ten core human capabilities have been listed
including life; bodily health; bodily integrity; senses, imagination and thought; emotions; practical
reason; affiliation; other species; play; and political and material control over one’s environment
(Nussbaum 2005). This approach has been seen as problematic from the sustainable well-being
viewpoint because it emphasises the individual’'s freedom to define valuable doings and beings.
Contrary to this, the needs-based approach questions the individual (and potentially unsustainable)

“‘wants” as a basis of well-being (Helne and Hirvilammi, 2015).
2.3.2.2. Hedonic, eudaimonic and social measures

Well-being measures are commonly categorised into hedonic and eudaimonic traditions within well-being
studies (Ryan and Deci, 2001). This distinction also applies in contexts such as reducing consumption
(Vollebregt et al., 2024).

The hedonic approach defines well-being through subjective well-being such as pleasure, positive affect
or happiness (Ryan and Deci, 2001). The most common hedonic well-being measure seems to be the
Subjective Well-Being (SWB) measure by Diener (1984), which includes measures for life satisfaction,
and for positive and negative affect. Satisfaction with life is measured with items (different number of
items depending on the version adapted) assessed with scales from strongly agree to strongly disagree
(SWLS) (Diener et al., 1985). Examples of items are “The conditions of my life are excellent”, “I am
satisfied with my life”, and “In most ways, my life is close to my ideal.” Affective dimensions are usually
measured using emotion items lists such as the Positive and Negative Affect Schedule (PANAS) (Watson
et al., 1988) or its variants. Respondents rate emotions or feelings from 'not at all' to 'extremely so'. The
number of listed emotions (the original scale has two 10-item mood scales) and the evaluation time span

vary across studies.

Other hedonic scales identified, for example in the context of reducing consumption, include Subjective
Happiness Scale and Orientation to Happiness Scale (Vollebregt et al., 2024, table 1). Diener et al. (2010)

have also developed another scale for positive and negative affects: 12-item Scale of Positive and
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Negative Experience (SPANE) that captures feelings beyond high arousal feelings (e.g., content,

grateful).

Studies in different fields of consumption often employ hedonic and subjective well-being measures
(Sirgy, 2021). While these measures are widely used and tested, some argue that they primarily focus
on individual preferences and human desires, potentially overlooking other crucial aspects related to
sustainability (Hirvilammi, 2015; Moynat et al., 2022).

The eudaimonic approach centres on psychological well-being and defines well-being more broadly in
terms of the fully functioning person. It emphasises self-realisation and the search for meaning in life
(Ryan and Deci, 2001). One of the most popular measurement scales for eudaimonic well-being is Ryff's
Scales of Psychological Well-being (PWB) (Ryff and Keyes, 1995). It includes six dimensions: self-
acceptance, positive relations with others, autonomy, environmental mastery, purpose in life, and
personal growth. In both the original 42-item scale and in a shortened 18-item scale, respondents
evaluate items using options from strongly agree to strongly disagree. Examples of items include "I think
it is important to have new experiences that challenge how | think about myself and the world” (personal
growth), “In general, | feel | am in charge of the situation in which 1 live” (environmental mastery) and
“Maintaining close relationships has been difficult and frustrating for me” (positive relations with others).
Another scale relevant to sustainable consumption is the 8-item Flourishing Scale which assesses
aspects ranging from positive relationships to feelings of competence and having meaning and purpose
in life (Diener et al., 2010). Respondents rate each item on a 1-7 scale, ranging from strong disagreement

to strong agreement.

While less frequently used, certain scales have been identified in the context of reducing consumption.
These include the Psychological Distress Scale, Personal Well-being Index, and Subjective Vitality Scale
(Vollebregt et al., 2024).

The eudaimonic perspective often encompasses items and dimensions related to social relations. Some
authors (e.g., Herziger et al., 2020; Seegebarth et al. 2016) have specifically emphasised social well-
being in the context of sustainable consumption. One example of a relevant scale is Keyes'’s Social Well-
being scale (Keyes 1998), which includes five dimensions: social integration, social contribution, social
coherence, social actualisation and social acceptance. The shorter version of this scale consists of 15

statements, such as: “| feel close to other people in my community” (integration), “I have something
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valuable to give to the world” (contribution) and “The world is becoming a better place for everyone”
(actualisation). Respondents rate these statements on a scale ranging from strongly agree to strongly

disagree.

2.3.3. Measuring sustainable well-being in the context of sustainable consumption

In addition to the diverse concepts and terminology related to well-being measurements, sustainable
consumption encompasses several dimensions. Common forms of sustainable consumption include
green buying (e.g., reusable items, electric cars), sharing economy, second-hand purchases, recycling
and substituting (e.g., choosing a train ride over a flight). Sustainable consumption is also part of broader
pro-environmental or ecological behaviour. Synonyms used in literature include “green”, “eco-friendly”,
and “environmental behaviour” (Vollebregt et al., 2024). Within the CARE project, the specific focus lies
on a specific form of sustainable consumption — circular consumption, which emphasises the
environmental aspect. Circular consumption manifests in everyday consumption practices which aim “to
reduce resource consumption and to keep materials and products in use as long as possible” (Rabiu and
Jaeger-Erben, 2022, p. 2). However, given that research on circular consumption practices is still in its
infancy (see Rabiu and Jaeger-Erben, 2022), this review primarily considers relevant literature related to

the broader concept of sustainable consumption.

Guillen-Royo (2019) explains that “sustainable consumption is generally defined in terms of ‘behaviour’
or ‘lifestyle’, which may overlap with the meaning of ‘practice’ but generally concern purchases (e.g.,
buying water-saving devices) or activities (e.g., recycling)” (p. 1114). Lorek and Spangenberg (2014)
distinguish between weak and strong perspectives on sustainable consumption. They argue that weak
(technology and market based) approaches are not sufficient to prevent the environmental and societal
disasters ahead caused by current economic development. Instead, they advocate for a strong
sustainable consumption perspective, which focuses more on patterns and behaviours in consumption
and on a structural reform in societies. In the weak sustainability discourse technological and
organisational solutions are prioritised and human-made substitutes are seen as an option to natural

resources (Guillen-Royo, 2019).

Examples of concrete sustainable practices by individuals following this dichotomy could be for example

recycling (weak measure) and changing dietary practices like reducing the intake of meat and fish (strong
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measure) (Guillen-Royo, 2019). According to growing research literature, neither of these sustainable
consumption types seem to influence well-being negatively. In fact, as stated by Kasser (2017): “regular
engagement in pro-ecological behaviours is positively correlated with personal well-being” (p. 1).
However, there is no full consensus on the well-being effects of sustainable consumption. In their review,
Vollebregt et al. (2024) found that consumption reductions impacted hedonic well-being more negatively
than eudaimonic well-being. They conclude that the difference may be due to variation in consumers and
their values and needs. Some individuals seek immediate gratification and short-term comfort. They might
find sustainable consumption efforts such as reducing consumption too time and effort consuming. On
the other hand, there are consumers who value long-term goals and have a different worldview. They
may find happiness from partaking in sustainable practices because they think it also helps others and

the environment.

The measuring of sustainable consumption varies considerably from analyses on the ecological footprint
of households to individuals’ engagement in practices and behaviours defined as sustainable (Guillen-
Royo, 2019). These behaviours are measured by questionnaires or scales under titles such as pro-
environmental behaviour, sustainable behaviour, pro-environmental activities, ecological behaviour or
green behaviour (see summary in Carrero et al., 2020, table 1) and they consist of questions relating for
example to energy efficiency, saving water, buying organic food and environmentally-friendly products,
avoiding eating meat, recycling, composting, environmental activism, favouring public transportation and

reusing and repairing items (Schmitt et al., 2018; Whitmarsh and O'Neill, 2010).

Next, the review will focus on literature regarding sustainable well-being and sustainable consumption

practices in the context of food and clothing.

2.3.4. Measuring sustainable well-being in the context of food and clothing

Based on the conceptual understanding outlined above, the TAU researchers began to search for studies
that applied various indicators to measure sustainable well-being specifically within the domains of food
and clothing. As described by Gough and Thomas (2017), mapping is a tool to “distinguish different
perspectives or practices that have been studied” (p. 57). The primary goal at this stage was not to

conduct an integrative systematic review, but rather to establish foundational knowledge regarding
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sustainable well-being and identify potential indicators relevant to sustainable consumption practices
related to food and clothing.

After the first stage of the review, the research team selected peer-reviewed papers with high impact
(frequently cited) that explicitly addressed well-being and sustainable consumption practices. During this
stage, the TAU research team collectively discussed the results from the first stage. Ultimately, the team
decided to focus the mapping review on eudaimonic well-being within the context of the CARE project's
sustainable consumption perspectives (specifically related to food and clothing). As previously
mentioned, eudaimonic approaches to well-being are considered more suitable for addressing
sustainability (Moynat et al., 2022). Notably, the majority of sustainable well-being research
predominantly employed various subjective well-being measurements, while eudaimonic perspectives

remained relatively scarce.

The most common hedonic measurement found was the Satisfaction with Life Scale (e.g., Boujbel and
d'Astous, 2012, Kaida and Kaida, 2016, Pfeiler and Egloff, 2020, van den Berg et al., 2010). Additionally,
the Scale of Positive and Negative Experience was utilised in a study examining the impact of style and
clothing orientations on well-being (Nielsen et al., 2023). The few studies with an eudaimonic perspective
utilised the Psychological Well-being (PWB) Scale (Carrero et al., 2020) and assessed emotional well-
being (flourishing) (Issock Issock et al., 2023; Kang et al., 2021). Some studies combined eudaimonic
and hedonic measures (e.g., Apaolaza et al., 2018; Bharucha et al., 2020; Guillen-Royo, 2019; Issock
Issock et al., 2023).

Notably, studies that examined both well-being and sustainable consumption did not explicitly address or
name consumption practices as ‘circular consumption’. Research on the well-being effects of food waste

reduction and sustainable (or circular) clothing consumption remains scarce or non-existent.

In the context of food, well-being effects have primarily been studied from the perspective of healthy and
sustainable diets. These are not necessarily related to circular consumption. Examples include research
on organic food consumption (Apaolaza et al., 2018; Issock Issock et al., 2023) and vegetarian diets
(Pfeiler and Egloff, 2020). Locally produced food and related practices, such as allotment gardening or
food acquisition from farmers markets, have also been associated with well-being (Bharucha et al., 2020;

van den Berg et al., 2010). A more general concept of food well-being has been developed (Block et al.,
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2011). A qualitative study by Mugel et al. (2019) includes the food waste avoidance process as

contributing to food well-being.

The relationship between sustainable clothing consumption and well-being remains relatively unexplored,
particularly from the eudaimonic well-being perspective. Existing research often relies on subjective well-
being indicators, such as assessing the psychological impact of wearing sustainable versus non-
sustainable clothing (Tassell et al., 2022). Notably, it seems that there is a lack of a coherent metric
defining what constitutes sustainable clothing consumption. Liu et al. (2022) studied how slow fashion
consumption relates to consumer well-being. They used components of both hedonic and eudaimonic
well-being perspectives. Slow fashion is seen as a counteraction to fast fashion and means a deliberate
shift from quantity to quality, and balancing fashion expression with durability and long-term engagement.
Fast fashion, on the other hand, is associated with a ‘materialistic’ orientation and compulsive buying
tendencies, which often lead to negative impacts on well-being (Liu et al., 2022; Silvera et al., 2008). In
their study, Nielsen et al. (2023) further differentiated between style-oriented and fashion-oriented
clothing consumption, linking fashion orientation to materialistic values. They also employed subjective
well-being scaled to measure well-being. Additionally, some earlier research has examined the rejection
of materialism through voluntary simplicity and minimalism and how these lifestyles affect well-being (e.g.,
Lloyd and Pennington, 2020). Another qualitative study has shown that minimalism and reducing clothing

quantities can positively impact individuals’ lives (Vladimirova, 2021).

2.3.5. Reflections from the literature to CARE project

First, the results of the mapping review support our initial idea in the planning stage of CARE to assess
sustainable well-being based on the needs-based well-being theory. Recognising the somewhat
universal nature of needs - beyond individual judgement - allows the CARE project to address the inherent
discrepancy between a human-centred well-being concept and environmental sustainability. In addition,
the four dimensions of having, doing, loving and being align well with practices involved in transitioning
to circular modes of consumption. Everyday household practices and their material infrastructures fulfil
the needs for having and doing, while skills and shared cultural meanings address the needs for loving

and being.
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Second, according to recent studies, the CARE project needs to take into account the importance of
including indicators that measure both hedonic, eudaimonic and social dimensions of well-being. While
some decline in material well-being may occur in the short term when households adopt circular practices,

this may be compensated by enhancements in other dimensions of well-being.

The CARE project adheres to the practice theoretical approach when designing pilots for households.
Social practice theories view human social action as taking place through “practices”, which consist of
interconnected elements: materials, meanings, and competencies (Shove and Pantzar, 2005; Suski et
al., 2021). Changing elements within everyday consumption practices — such as providing households
with new materials and tools for clothing care or developing their competencies in food management —
may have varying impacts on well-being. For instance, learning new skills may initially be time-
consuming, but can lead to feelings of personal growth over time (see e.g., Narvanen et al., 2024). To
capture this multidimensional perspective in CARE well-being assessments, indicators beyond hedonic

well-being are needed.

Third, there is no single well-being scale that comprehensively covers all dimensions specifically validated
for the contexts of food waste and sustainable clothing consumption. As a result, the CARE project adopts
a pragmatic approach by combining indicators that have been empirically tested in other contexts and/or
utilised in previous studies related to sustainable consumption. The primary goal of well-being

measurement in CARE is to assess interventions rather than to develop or test entirely new measures.

Fourth, only a few researchers have studied the well-being effects of changing consumption practices
toward circularity. The challenge in the CARE project is that the current indicators will most likely show
us the aggregate well-being impact of all the changes during the interventions rather than the impacts of
a single intervention or a single change in consumption practices. To address this, qualitative interview

data can complement the quantitative assessment.

2.4. Researcher workshop

In February 2024, CARE researchers of TAU organised a researcher workshop that brought together
Finnish sustainable well-being researchers to explore their perspectives in the context of circular

economy. The workshop had two primary goals 1) complementing the knowledge of sustainable well-
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being indicators from earlier literature and 2) engaging in dialogue with fellow researchers and research

projects in sustainable well-being.

2.4.1. Workshop participants

The relevant ongoing and previous research projects related to sustainable well-being indicators were
identified already in the application phase of CARE project. TAU researchers contacted researchers in
two other projects on sustainable well-being currently running at TAU (ToBe? and ORSI® projects) and
invited them to contribute their suggestions regarding the workshop agenda, schedule and relevant
participants. Participants were invited using a snowball sampling method, with researchers freely sharing
invitations within their networks. They were asked to forward the invitation to other researchers that might

have expertise on measuring sustainable well-being at the household level.

While the option for online participation was offered, only two potential participants expressed a

preference for this format. Consequently, the workshop was held onsite only at Tampere University.

Eleven sustainable well-being researchers interested in circular economy participated in the workshop.
They represented eight different universities or institutions: Tampere University, Lappeenranta-Lahti
University of Technology LUT, University of Jyvaskyla, BIOS Research Unit, Natural Resources Institute
Finland, Finnish Institute for Health and Welfare, Sciences Po Paris, and Finnish Environment Institute.
Their perspectives to sustainable well-being varied and different disciplines were covered, for example

social politics, organisational sciences and environmental sciences.

2.4.2. Organising the workshop

The workshop took place in February 2024 onsite at Tampere University. The workshop commenced with
an introduction to the CARE project and its alignment with the workshop’s objectives. All participants

received a privacy notice and information sheet about the workshop. Participants signed the informed

2 ToBe project — ‘Towards an economy for sustainable well-being: Integrated policies and transformative indicators’ —is a
Horizon Europe project running in 2023-2026.

3 ORSI project — ‘Towards Eco-Welfare State: Orchestrating for Systemic Impact’ is funded by the Strategic Research
Council at the Research Council of Finland, running in 2019-2025.
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consent form. Next, all participants introduced themselves shortly. The workshop was not filmed or

recorded, but written notes and photos were taken.

The workshop was structured around three themes and discussion rounds: 1) Potential well-being effects
for households, 2) Indicators or metrics for sustainable well-being and 3) Best practices for studying
sustainable well-being. The following sections provide a detailed account of the progress and the

conversations that unfolded around these themes.

24.2A1. Theme 1: Potential well-being effects

Participants engaged in an ideation phase where they wrote down on post-it notes their answers to the
question: “What kinds of well-being effects there are or could be for households when adopting
sustainable lifestyles/practices?” Notably, this phase did not adhere to any predefined framework from
literature. Instead, participants could freely draw upon their theoretical backgrounds and everyday
experiences. Given that household participation in the interventions of CARE project is voluntary, the
TAU researchers encouraged participants to concentrate on voluntary change rather than forced change
(e.g., through legislation). Participants were reminded that the workshop focused on circular consumption

and environmental sustainability.

After the initial ideation phase, participants were asked to consider the specificity of the well-being effects
they had listed on their post-it notes in different contexts of sustainable consumption. They sorted these
effects into four consumption categories from the CARE project: 1) relevant to food waste, 2) relevant to

clothing, 3) relevant to both food waste and clothing and 4) not relevant to food waste or clothing.

The majority of well-being effects (28 post-its) were deemed relevant to both reducing food waste and
making clothing consumption more sustainable in households. Well-being effects specifically related to
sustainable clothing consumption (five post-its) included perspectives on material relations and
materialism, which play a less central role in the context of food waste. For instance, the positive well-
being impact of keeping one’s favourite clothes longer was highlighted, and the balance between intrinsic
and extrinsic values may impact well-being. Additionally, one well-being effect was exclusively relevant
to food waste (one post-it), emphasising health benefits as a by-product of more sustainable eating

habits. Interestingly, no well-being effects were considered irrelevant in both food and clothing contexts.
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To facilitate further discussions, the workshop facilitator intuitively grouped the well-being effects in both
contexts under four themes: ‘social’, ‘psychological’, ‘meaningful action’ and ‘time/money’. Subsequently,
an open discussion led to the inclusion of dimensions related to ‘ethical concerns linked to well-being'

(doing good, gender equality, and sufficient material well-being) and ‘environmental effects’.

24.2.2. Theme 2: Indicators or metrics for sustainable well-being

In the next phase of the workshop, participants were asked to write down their answers on post-it notes
in response to the question: “What kind of indicators or metrics could be used to measure these well-
being effects in the context of food waste / circular clothing consumption (or both)?” (see

Figure 14). The level, maturity or details of indicators were not limited. Subsequently, the post-its

describing well-being indicators and measures were collected next to those from the previous phase.

————

Theme 2:

What kind
used fom
the contex
consumpti

Write down )
per postit) |
[avel/maturity

Figure 14: Researcher workshop participants working on Theme 2 (©TAU/Martta Vanska)

Most of the well-being indicators (39 post-its) were again considered as relevant to both reducing food
waste and making clothing consumption more sustainable in households. The indicators relevant only
either to food waste (four post-its) or clothing contexts (three post-its) contained objective measurements

of the amount of food waste or purchased/repaired clothing.

The discussion on indicators raised the question that “sustainable” in sustainable well-being is
challenging to measure using households’ subjective evaluations. For instance, the amount of food waste
is easier to perceive, but the broader environmental impacts are more difficult to observe in daily life.
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Another point in the discussion was related to time and how it affects experienced well-being. Initially,
changing to circular consumption habits requires time and energy, but as competences related to the
practice improve, it can ultimately make life easier. Time can also be reflected in the indicators — is your

time spent better than before?

24.23. Theme 3: Best practices for studying sustainable well-being

As part of the workshop’s wrap-up discussion, participants shared their previous experiences and key
learnings related to measuring sustainable well-being. The discussion began by a participant pointing out
that respondents’ values, cultural ideals of well-being and their understanding of well-being significantly
influence their evaluations. An essential question emerged: Do people recognise the connection between
environmental well-being and their own well-being? In comparison studies across different countries,
cultural differences also play a role in how households assess their actions and the effects on well-being.
The criteria for selecting households to participate in studies and interventions were also discussed. For
example, income level can significantly impact how individuals experience well-being effects. Households
with lower income may perceive their sustainable practices as undervalued and struggle to envision what
well-being truly means. Conversely, changing consumption habits might be more manageable for families
with higher income, resulting in smaller well-being effects.

The workshop concluded with a networking lunch, fostering future collaboration and ongoing research
dialogue. Participants willingly shared their names and contact details with other participants. After the
event, TAU researchers shared the contact details, written notes and a compilation of all the post-it notes
generated during the event. Participants were encouraged to provide further input, including tips,

comments and additional readings.

2.4.3. Reflections from the workshop to CARE project

First, the workshop produced dimensions of sustainable well-being that were familiar from previous
literature and theories reviewed during the earlier phase. Notably, the results reinforced the importance
of incorporating eudaimonic and social dimensions to the well-being indicators in the CARE project.
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Second, the sorting task conducted during the workshop indicated that most well-being effects are not
context-specific to a particular type of consumption. Consequently, in the CARE project, we can mainly
utilise the same subjective well-being indicators for both consumption contexts (food waste and clothing).
While many ideas aligned with existing literature, some novel ideas emerged (i.e., that were not in focus
in the reviewed literature). For instance, discussions touched upon how time is perceived within
participating households and how work related to circular practices is distributed across genders. Moving
forward, the CARE project needs to carefully consider whether (and to what extent) context-specific
measures, such as health effects (in the context of food waste) or well-being impacts stemming from

material relations (in the context of clothing) should be included in the indicators.

Third, the workshop discussions provided valuable input for planning CARE pilots and establishing
household recruitment criteria. For example, it is crucial to consider the diverse effects of income level to
evaluations of sustainability and well-being. In the CARE pilots, we aim for a heterogenous sample that
includes households from various socio-economic backgrounds. However, we note that — also from the
point-of-view of well-being — recruiting households with the lowest income might be challenging.
Furthermore, a key consideration emerged regarding whether the well-being indicators should be
country-specific or allow for cross-country comparisons. Comparisons between countries are not central
to the CARE project and the limited number of households from each country (15-30) makes robust
quantitative comparisons challenging to implement. Nevertheless, qualitative data collected during CARE

(e.g., household interviews) can provide valuable insights into well-being effects in each country.

Fourth, the workshop revealed challenges that need to be addressed when measuring the sustainable
well-being of households. For example, to mitigate the problems related to subjectivity, CARE will
incorporate well-being measures that extend beyond subjective evaluations, for example the time spent
on caring and organising clothes. Measuring environmental sustainability is addressed in CARE project
by conducting well-being measurement in parallel with environmental assessment based on life cycle
analysis. The workshop emphasised the importance of continuing the dialogue initiated in this task and

within this deliverable.
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2.5. Key implications on sustainable well-being

Table 5 summarises the key implications for the CARE project from literature and workshop.

Table 5: Key implications from literature and the researcher workshop regarding sustainable
well-being indicators

build on needs-based well-being theory. X

see sustainable well-being multidimensional and consisting of

X X
hedonic, eudaimonic and social dimensions.
build on a combination of indicators empirically tested or utilised in X
previous studies related to sustainable consumption.
use both context-specific and general well-being indicators for the X
consumption contexts under study (food waste and clothing).
have well-being measures that do not rely only on subjective X

evaluations.

The work related to the sustainable well-being indicators continues in task 1.2 where the data collection
protocol for CARE will be developed together with fellow researchers within the CARE project and the
local partners who implement the household pilots. During this collaborative process, feedback on the

chosen well-being indicators will be requested also from the workshop participants and possibly also from
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other relevant researchers who could not attend the workshop. The data collection encompasses both
sustainable well-being and living condition. These data are to be collected from households together with
environmental assessment data, including data on material efficiency, food waste or wardrobe audits. As
part of Task 1.2., the measures for living conditions will be chosen. The CARE project should carefully
choose measures that are relevant and aligned with the sustainable well-being indicators. The

comprehensive data collection protocol will be finished in CARE project by M17 (May 2025).

3. Final conclusions

In conclusion, the review report on impact assessment for the CARE project has shed light on crucial
aspects related to environmental impacts in the context of household food waste and domestic clothing
consumption, as well as sustainable well-being indicators. Through an extensive literature review and

analysis, several key findings have emerged that will be used to guide the future direction of the project.

One of the primary findings is the importance of clear definitions and categorisations for quantifying food
waste accurately. The report underscores the significance of utilising methods such as waste composition
analysis and food diaries to provide precise measurements of food waste quantities in households. Waste
composition analysis allows to assess not only the amount of food waste generated, but also the different
types of food waste. Food diaries also make it possible to record how and why food waste is disposed
of, enabling a more nuanced understanding of food waste behaviours. The literature review has shown
that LCA and the footprint method are the state of the art in terms of environmental impact assessment
of food waste. Most assessments use a cradle-to-grave system boundary and a functional unit based on

the amount of food waste (e.g., total amount of food waste per household or per person).

Primary data on clothing consumption and laundry habits needs to be collected for the environmental
impact assessment of clothing. This can be done through interviews, questionnaires or self-assessments.
In addition to clothing quantities, data on the type of fabric should also be collected. It is evident that the
production stage of clothing items plays a significant role in determining their environmental impacts.
Factors such as fibre types, fabric production methods, dyeing technologies and energy sources used
during production all contribute to the overall sustainability profile of clothing items. Therefore, it is
essential for the system boundaries of studies to encompass at least the cradle-to-end-of-use stage to
capture these diverse impacts effectively. Furthermore, the report highlights the importance of defining a
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useful functional unit for assessing the environmental impacts of domestic clothing use. Efforts should be
directed towards establishing a consensus on this matter within the CARE project to ensure accurate and
meaningful assessments. Additionally, expanding the choice of impact categories to include land use and
toxicity is recommended, provided that high-quality inventory data can be obtained. This broader set of
impact categories will offer a more comprehensive understanding of the environmental implications of

household clothing consumption and use.

In terms of sustainable well-being, this report highlights that it is important to build on a needs-based well-
being theory and to account for the multidimensionality of sustainable well-being, as it consists of hedonic,
eudaimonic and social dimensions. Furthermore, building on a combination of indicators which were
empirically tested or utilised in previous studies related to sustainable consumption will benefit the CARE
project. It is recommended to use both context-specific and general well-being indicators for the
consumption contexts of household food waste and clothing. Additionally, the well-being measures

should not rely only on subjective evaluations.

In conclusion, the insights and recommendations provided in this review report serve as valuable
guidance for the CARE project as it progresses towards achieving its goals of promoting sustainability in
household food waste and domestic clothing consumption. By considering the multifaceted
environmental impacts and embracing sustainable well-being principles, the project can make meaningful

contributions to a more sustainable future.
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