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A B S T R A C T   

A sustainable bio-economy requires that by-products and side-streams in agricultural and food production are 
reinserted into the value cycle, a concept also called valorisation or upcycling. The concept constitutes an 
important sustainability-oriented innovation practice contributing to waste reduction and efficient resource use. 
However, while the literature focuses primarily on the technical side, there is little research on societal and 
economic implications, or the consumer perspective of such value creation. This paper addresses this lack 
through a systematic review of empirical consumer research on waste-to-value in food and drink from the past 
ten years, and provides suggestions for further research directions. It is concluded that acceptance of waste-to- 
value food products among consumers is determined by individual, context and product-related factors. Envi-
ronmental concern and awareness and communication about environmental benefits and food waste avoidance 
can improve acceptance and choice. There is a need for a wider variety of methods, theories and research 
contexts in studying the phenomenon. Stakeholders and researchers should take a broader perspective on the 
topic in order to accelerate the uptake of circularity in the interrelation of food and other industry domains.   

1. Introduction 

Mounting scientific evidence shows that an imminent threat is posed 
by our natural resource overuse (IPCC, 2019; Steffen et al., 2015). Such 
overuse might trigger tipping points (Lenton et al., 2019; Steffen et al., 
2018) which can propel humanity into an environment that cannot 
sustain society as we know it. Several experts and organizations have 
thus phrased sentences along the lines that we are the first generation to 
feel the effects of climate change and the last that will be able to do 
anything about it. This underlines that a momentous technological and 
social change is needed, a socio-technical transition (Geels, 2019) 
occurring on multiple levels and among all stakeholders involved. And 
not only that: such a sustainability transition (Markard et al., 2020) 
urgently needs to be accelerated. 

Consequently, it is proposed that we need to achieve the forecasted 
vision of the ‘safe and just operating space’ (Dearing et al., 2014; Steffen 
et al., 2015). A particular role within this vision is played by circularity 
in our use of resources of both a technical and a biological nature 
(Braungart et al., 2007; EllenMacArthur Foundation, 2019; Raworth, 
2018). When it comes to biological waste being reused, the term 

increasingly discussed here is ‘circular bio-economy’, which is an 
economy based on renewable biological sources and converting waste 
streams into value added products (Carus and Dammer, 2018). For a 
transition to the circular economy, all supply chain members should be 
involved (Gupta et al., 2019) and collaboration is an important and 
crucial element (Cillo et al., 2019). However, experts see barriers to 
establishing a circular economy less on the technical side and rather 
more on the societal side (Kirchherr et al., 2018). Meanwhile, important 
‘positive tipping points’ (David Tàbara et al., 2018), furthering the ac-
celeration of the transition, might stem from social change (Otto et al., 
2020). There is therefore a need to explore societal barriers as well as 
potentials drivers for establishing and up-scaling the circular 
bio-economy, such as consumer and citizen perceptions and behaviour. 

The current manuscript contributes to this by reviewing the empir-
ical consumer behaviour literature on by-product use in agri-food sys-
tems. There is research on sustainability innovations (Adams et al., 
2016; Cillo et al., 2019; Savino et al., 2018), on the agri-food industry in 
general (Cagliano et al., 2016), and on the circular bio-economy in 
particular (Klitkou et al., 2019). Moreover, there is research on cases of 
resource efficiency through the adoption of reused materials, and on 
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consumers and recycling and reuse relations, or the purchase of recyled 
products, such as the ‘technical nutrients’ (for example, Hazen et al., 
2017; Kamleitner et al., 2019; Magnier et al., 2019; Winterich et al., 
2019). However, just a few researchers have focused on the circular 
economy applied to food (Jurgilevich et al., 2016) and the role of con-
sumption in the circular economy (Camacho-Otero et al., 2018). While 
consumer acceptance of innovations in food has been studied (Savino 
et al., 2018), very little is known about how consumers react to the reuse 
of ‘biological nutrients’ in the food area (Donner et al., 2020). 

Within this context, we explore the following research question: 
What are the individual, context- and product-related factors that 
determine future acceptance of waste-to-value food products among 
consumers? We do so through a systematic review of published empir-
ical literature of the past ten years, which allows us to develop recom-
mendations for further research directions. We thus contribute to the 
emerging field of research on circularity in agri-food systems by 
providing an overview of what is known and what is missing in terms of 
societal barriers or drivers determined by consumer-citizens perception 
and behaviour. 

1.1. The concept of sustainability in food 

Sustainability is a concept on a systems level, as its original definition 
states, defining sustainable development as development that “meets the 
needs of the present without compromising the ability of future gener-
ations to meet their own needs” (UN, 1987). The characteristics of 
sustainability in food systems have since been defined by the Food and 
Agricultural organisation (FAO), which writes that sustainable diets are 
“protective and respectful of biodiversity and ecosystems, culturally 
acceptable, accessible, economically fair and affordable; nutritionally 
adequate, safe and healthy; while optimizing natural and human re-
sources” (FAO, 2010). 

Innovation, in terms of technological advancements and system 
optimization and efficiency, plays an important role in sustainability. In 
the definition from 1987, limits for growth are mentioned, but it is stated 
that the limits are not fixed, but are “limitations imposed by the present 
state of technology and social organization” (UN, 1987). The FAO 
definition highlights the optimization of natural and human resources as 
an important prerequisite. Such optimization and technological and 
organizational advancements come with sustainable innovations in 
terms of management, collaborations of different actors, and perfor-
mance indicators (Cillo et al., 2019; Savino et al., 2018). 

1.2. The importance of waste avoidance for sustainable food systems 

The food and agricultural sector plays a particularly important role 
in achieving the United Nation’s sustainable development goals (SDG) 
(United Nations, 2015), as the sector constitutes the ‘provisioning sys-
tem’ for a majority of social outcomes (see O’Neill et al., 2018). How-
ever, the sectoŕs operations (Foley et al., 2011; Vermeulen et al., 2012) 
contribute to putting the biophysical resources at risk of transgressing 
tipping points (Steffen et al., 2018). Reducing loss and waste is among 
the most prominent suggestions for achieving a sustainable food system 
(Foley et al., 2011; Keating et al., 2014; Project drawdown, 2020). Up to 
a third of food is lost in the supply chain or wasted at the consumer end 
(FAO, 2013; Kummu et al., 2012; Teigiserova et al., 2020). Food loss and 
waste in agriculture, food production and consumer households ac-
counts for approximately 8–10 per cent of total human-caused green-
house gas emissions (IPCC, 2019). The UN SDG 12.3 target aims at 
halving food waste (United Nations, 2015). The ‘project drawdown’ 
calculates that at least 86 gigatonnes CO2 equivalents can be saved be-
tween 2020 and 2050 through waste reduction and avoidance. In 
Europe, around 20 per cent of food is wasted, in particular fresh fruit and 
vegetables (Teigiserova et al., 2020). Part of what is currently lost or 
wasted can be used, though, if new cycles of use are established. This is 
why waste avoidance through value-adding reuse in a circular 

bio-economy can make a contribution to achieving the SDG. Consumer 
behaviour research can help explore how consumers accept or support 
greater circularity in the food chain (Aschemann-Witzel et al., 2019). 

1.3. Definition of circular bio-economy, by-product, and its valorisation 
or upcycling 

A circular bio-economy is an economy based on renewable biological 
sources and converting waste streams into value-added products (Carus 
and Dammer, 2018). A bio-economy is defined as “an economy using 
biological resources from the land and sea as well as waste, including 
food wastes, as inputs to industry and energy production. It also covers 
the use of bio-based processes to green industries” (European Commis-
sion, 2012). The term is applied to bio-technology, bio-resources and 
bio-ecology. It also calls for a ‘cascading’ and ‘waste hierarchy 
approach’ to efficient alternative uses of biological resources, when they 
are not used for its original purpose (Bugge et al., 2019; Bugge et al., 
2016). 

Thus, a circular bio-economy entails the aspect of adding value. A 
term for this adding of value has been already introduced in the scope of 
the cradle to cradle concept (Braungart et al., 2007): ‘upcycling’. 
Upcycling is defined as the “reuse of discarded materials which results in 
an increase in ‘value’” (Bridgens et al., 2018, p. 146). Very often, the 
term ‘valorisation’ is also used (Teigiserova et al., 2020) to express that 
material otherwise disposed of is moved upwards in the (food waste) 
hierarchy, and thus circles back into the system. The materials referred 
to can be surplus foods, by-products or side-streams, or residues and 
waste. Valorisation typically means that the value of the system as a 
whole is greater than otherwise and previously. In turn, upcycling, in its 
original vision, suggests that the material is of greater value than before: 
Braungart et al. (2007) write of upcycling in terms of generating 
“cyclical, cradle-to-cradle ‘metabolisms’ that enable materials to main-
tain their status as resources and accumulate intelligence over time” (p. 
1338). Value in today’s economic understanding is not objective but is a 
question of value for what and for whom (Mazzucato, 2018). Therefore, 
the assessment of value is determined by demand, not least by the value 
for the end user, the citizens and consumers in the food system. 

A circular bio-economy needs the collaboration of stakeholders along 
the value chain (Cillo et al., 2019) and new business models (Donner 
et al., 2020). Whether the resulting chain is more efficient and less 
demanding of resources needs to be established by adequate analysis, 
such as an input-output analysis of the whole chain in question, 
exploring economic and environmental performance (Yazan et al., 
2011b; Yazan et al., 2011a). By also innovating new forms of collabo-
ration between value chains - which then is called an industrial ecology 
approach - and across distances, the valorisation of by-products can 
become economically feasible for stakeholders. 

1.4. Potential consumer perspectives on by-product use 

As the end user of many products, a consumer perspective on 
whether or not a product is of value is important, because customers’ 
perceived value determines attitudes towards the product, choice, 
willingness-to-pay, satisfaction and repurchase. When products are the 
result of a cycle of reuse, the main concern with regard to end-users’ 
perception of value is that they might perceive the product as of lower 
value. This can be due to the association with waste, which by definition 
is useless, and is often expected to be disgusting und unsafe (Abbey et al., 
2015; Rozin et al., 2015). Such a perception can also be due to the belief 
that quality is reduced through reuse and recycling (Camacho-Otero 
et al., 2018; Matsumoto et al., 2018), or that the product is somehow 
contaminated (Baxter et al., 2017; Magnier et al., 2019). Given that food 
is not only touched and used but eaten and digested, these effects are 
particularly important for food, because food becomes part of who we 
are, in line with the frequent saying that ‘you are what you eat’ (e.g. 
Lindlahr, 1988). Food companies avoid the word ‘waste’, and the 
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popularity of the terms ‘by-product’ and ‘side-stream’ in the industry is 
because it can avoid the negative association with waste. 

In light of all this, the first reaction by industry collaborating on 
biological nutrient loops might be that there is no need to make any of 
this known to the end consumer, but instead simply focus on the char-
acteristics and the value of the end product. However, such a strategy 
might ultimately be counterproductive if a lack of transparency on the 
‘waste origin’ of the product is made known by some other stakeholder 
(e.g. a consumer rights NGO). In addition, such a strategy precludes that 
consumers can perceive an increase in value due to the nutrient loop-
—for example, if they value the environmental benefit (van Weelden 
et al., 2016) or perceive some other benefit, such as status (e.g. Kam-
leitner et al., 2019). Furthermore, ‘hiding’ the reuse aspect from con-
sumers does not challenge the status quo and does not change potential 
societal barriers, nor uncap powerful societal drivers. In the long run, it 
can be expected that consumers being exposed to the idea of reuse, 
valorisation and upcycling in many day-to-day-products again and again 
over time increases the likelihood that this is perceived as familiar and 
the norm in the future. Thus, a ’psychological transformation‘ (Boer, 
2006) would occur that supports the circular (bio-)-economy from the 
demand and end-consumer perspective, allowing transformational 
change to happen. 

A consumer view on products based on biological nutrient cycles, 
such as when by-products and side-streams otherwise wasted are used as 
ingredients, can be influenced by a broad range of factors. Not only are 
individuals’ sociodemographic characteristics or psychographics (e.g. 
value orientations, attitudes to certain issues, etc.) relevant, but so too 
are what is said or done by important others in the individual’s social 
setting and environmental context. Further, the kinds of possibilities or 
characteristics offered by the product are relevant (Donner et al., 2020; 
Reisch et al., 2013; Shepherd and Raats, 2010). In this paper, we 
distinguish between these factors in terms of factors related to the per-
son and individual, the context of perception and choice, and the pro-
duct–related factors that individuals react to. 

1.5. Individual, contextual and product-related factors 

A distinction between person, context and object is reflected in many 
categorizations and models of consumer behaviour. For example, re-
searchers suggest that involvement—that is, the importance given to 
something—might stem from a deeply rooted individual and personal 
interest. This might be due to the social context and therefore important 
for, amongst others, status reasons; or be triggered by the object in 
question because of, for example, the risk that it entails or the price that 
one needs to pay (Laurent and Kapferer, 1985; Mittal and Lee, 1989). 
Another example of a concept or model that reflects the distinction 
between, person, context and object is the theory of planned behaviour: 
this theory distinguishes the person-dependent attitude versus social 
norms, which are the person’s context, while perceived behavioural 
control can be defined by the characteristics of the object and issue 
(Carrington et al., 2010). 

1.6. Examples 

Products based on biological nutrient cycles include the use of by- 
products and side-streams otherwise wasted, including side-streams 
from wine, olive and fruit production, such as the leaves of the olives 
(Perito et al., 2020; Perito et al., 2019), the hull of the grapes (Cattaneo 
et al., 2018), or waste from fruit (Asif et al., 2016). Further side-streams 
may emerge from sunflower oil production (Grasso and Asioli, 2020), 
potato protein as a by-product of industrial potato starch (Asche-
mann-Witzel and Peschel, 2019a), or from beer production. These can 
be used as nutritional or functional ingredients in other food pro-
ducts—that is, they can serve to increase fibre or protein content, or be 
used for gelling, foaming, etc. (Schmidt et al., 2019). These ingredients 
allow food producers to react to consumer interests and market trends 

(Asioli et al., 2017). The ingredients can, amongst other things, convert 
foods into health-enhanced functional food, or allow the food to become 
a plant-based alternative (Aschemann-Witzel et al., 2020). Other 
by-products include offal (Henchion et al., 2016) or ‘waste’ meat not 
used for preferred cuts (Nitzko and Spiller, 2019). These examples 
clearly show that the context of cultural traditions and available tech-
nology, individually perceived disgust or preferences based on value 
orientations, and societally determined product preferences can be 
decisive in consumer reaction. 

2. Material and methods 

A systematic literature review helps to clarify a specific question, 
shows the current evidence in the field, identifies major gaps and pro-
vides directions for future research (Petticrew and Roberts, 2008). In 
this paper, we follow a systematic approach to reviewing the existing 
literature using the following stages: planning the review, conducting 
the review, and reporting and disseminating the findings (Tranfield 
et al., 2003). 

2.1. Planning the review 

The goal of the review is to capture empirical consumer behaviour 
literature on by-product use in agri-food systems in order to answer the 
research question: ‘What are the individual, context- and product- 
related factors that determine future acceptance of waste-to-value 
food products among consumers?’ Adding to the research question, 
the review is guided by the following specific goals: a) to understand 
how consumers react to waste-to-value solutions in the area of food and 
drink; and b) to develop recommendations for further research di-
rections that fill knowledge gaps in the state of the art. This allows ho-
listic analysis of how individual-level, context-dependent and product- 
related factors influence the acceptance of waste-to-value products, 
and contributes to business decisions on developing and communicating 
waste-to-value or ‘upcycling’ products. Fig. 1 shows the research pro-
tocol used in this study. By following the research protocol, using a 
detailed step-by-step approach (Thomé et al., 2016), we aimed to ach-
ieve rigour in the research and eliminate selection bias. 

2.2. Conducting the review 

Firstly, we defined the inclusion and exclusion criteria and selected 
main keywords for the search. As conceptual boundaries, we decided 
that only papers that deal with empirical consumer research would be 
included in the analysis. This decision was made because a lot of studies 
on waste-to-value analyse technical issues (e.g. Jin et al., 2018; Sindhu 
et al., 2019), while our focus was on the under-researched consumer 
perspective. Moreover, we only focus on research related to food and 
drink. We limited results to publications in the English language and 
work published in the last ten years (from 2010 to 2020). Our search 
focused on the databases ProQuest, ScienceDirect and EBSCOhost, as 
this allowed wide coverage of the review topic from different disciplines. 

The main keywords were ‘consumer’ and ‘food’. As further terms, we 
decided to include a range of different words to access a broad selection 
of the literature as well as to cover different areas of research. These 
keywords were selected based on previous studies on the subject. 
Table 1 presents the keyword formulation, how the keywords were 
combined, Boolean terms, and the number of papers resulting from each 
combination. 

In the ScienceDirect database, the search was performed in the field 
named ‘Title, abstract or author-specified keywords’. In the ProQuest 
and EBSCOhost databases, the search was conducted using the field 
‘Abstract’, except for one combination in EBSCOhost (‘by products’ OR 
‘by-product’), where the search was conducted in the ‘Title’ field 
(otherwise the results amounted to be around 12,429 documents). The 
search revealed 1,745 documents. 
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To select the studies for the final analysis, inclusion and exclusion 
criteria were applied. We removed papers that were not empirical; pa-
pers that did not have consumers as the focus of the study; papers that 
were only about waste and not about waste-to-value solutions; and pa-
pers that were not within the food and beverage domains. We initially 
identified 28 potential studies for further inspection; after removing 
duplicates, we retained 20 papers. Both authors read the publications 
and identified that a further six were not suitable for the analysis as they 
did not fulfil the inclusion criteria. We checked for newly published 
papers during the manuscript peer-review period, adding a further four 
papers. A total of 18 articles were used for the final analysis (see 
Appendix A and B for the selected papers and the factors found in each). 

2.3. Reporting the findings: Sample overview 

The greatest number of papers was published in 2019 and 2020. Only 
four papers were published before 2018 (see Fig. 2), showing that this is 
a burgeoning topic of research. 

All of the studies were performed in developed countries (see Fig. 3). 
The great majority of the studies were conducted in the United States (7) 
or Italy (4). Two studies each are from Australia, Denmark, Germany 
and the United Kingdom, while one study was performed in Ireland. 
Please note that one study had data from Germany and Denmark, while 

Fig. 1. Research protocol.  

Table 1 
Keywords and initial search.  

Keywords and Boolean terms Pro 
Quest 

Science 
Direct 

EBSCO 
host 

"consumer" AND 
"food" AN 

"side stream" OR 
"side-stream" 

3 5 1 

"upcycle" OR 
"upcycling" OR 
"upcycled" 

2 5 1 

"by products" OR "by- 
product" 

68 133 161 

"value-added" 100 221 54 
"waste-to-value" OR 
"waste to value" 

94 104 28 

"reclaimed" 6 9 2 
"repurposed" 0 4 0 
"remanufactured" OR 
"recycled" 

32 105 8 

"agri-food" 145 93 89 
"waste to wealth" OR 
"waste-to-wealth" 

4 2 0 

"zero waste" 5 4 2 
"waste recovery" 12 37 3 
"valorization" 18 30 9 
"surplus"  84  22  41   

Total 573 774 399  

Fig. 2. Number of items published per year.  

Fig. 3. Countries of the studies Note: Please note that one study had data from 
Germany and Denmark, while another had data from the UK and Australia, 
which is why the numbers add up to more than the number of studies included. 
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another had data from the UK and Australia, which is why the numbers 
are higher than the number of studies in the review. 

In terms of methods used, almost all of the studies use a quantitative 
approach. Only one article presented qualitative research using semi- 
structured interviews (Henchion et al., 2016). Among the quantitative 
studies, nine papers used a survey as a method and eight papers used an 
experimental design. Of the latter, five were online experiments, two 
field experiments and one a laboratory experiment (Appendix A). Papers 
were published mostly in food-related journals (primarily Food Quality 
and Preference), but also in environmental journals (primarily the 
J. Clean. Prod.). Journals focused on consumer behaviour were less 
represented, with two exceptions (see Fig. 4). Table 2 shows the fre-
quency of the authors publishing on the topic. 

With regard to the products under study, several papers analysed 
reused water in food products, a number studied by-products from 
Mediterranean crops such as olives and wine, and some studied potato 
starch side-streams. 

When analysing the terms used to describe waste-to-value products, 
‘by-product’ (Aschemann-Witzel and Peschel, 2019b; Cattaneo et al., 
2018; Grasso and Asioli, 2020; Henchion et al., 2016; Nitzko and 
Spiller, 2019; Perito et al., 2019), ‘novel products’ (Aschemann-Witzel 
and Peschel, 2019b; Bhatt et al., 2018; Cattaneo et al., 2018; Grasso and 
Asioli, 2020; McCarthy et al., 2020; Perito et al., 2020), and ‘upcycled’ 
(Bhatt et al., 2018; Grasso and Asioli, 2020; Perito et al., 2020; Peschel 
and Aschemann-Witzel, 2020; Zhang et al., 2020) were the ones most 
used in the studies (see Table 3). 

This was followed by the term ‘recycled’ (Ellis et al., 2019; Lease 
et al., 2014; Savchenko et al., 2019a; Savchenko et al., 2018) (mostly in 
relation to water) and ‘waste-to-value’ (Aschemann-Witzel and Peschel, 
2019b; Coderoni and Perito, 2020; Perito et al., 2020; Peschel and 
Aschemann-Witzel, 2020), as well as ‘value added surplus’ (Bhatt et al., 
2018; McCarthy et al., 2020; Peschel and Aschemann-Witzel, 2020). 

Some studies focused on the use of water, and ‘reclaimed’ and 
‘treated’ (Ellis et al., 2019; Savchenko et al., 2019a) were the terms used 
to describe this solution (together with ‘recycled’). The words ‘circular’ 
(Peschel and Aschemann-Witzel, 2020), ‘non-traditional’ (Ellis et al., 
2019), ‘reused’ (Ellis et al., 2019), ‘side stream’ (Aschemann-Witzel and 
Peschel, 2019b), ‘surplus’ (Bhatt et al., 2018) and ‘underused’ (Peschel 
and Aschemann-Witzel, 2020) are used in one study each. 

Another aspect analysed is how waste-to-value products are 
described in the studies. Some of the studies do not present a definition 
of the term. The ones that use a definition usually mention the waste 
aspect of these products, such as “foods made from surplus ingredients 
that would have been otherwise wasted” (Bhatt et al., 2018, p. 57) 
(McCarthy et al., 2020), or “foods that are manufactured from 

ingredients that are by-products from producing another food product” 
(Bhatt et al., 2020, p. 3). Peschel and Aschemann-Witzel (2020) 
(Peschel and Aschemann-Witzel, 2020) complement the definition by 
including the improved value of the product (any kind, or specified as 
nutritional value). This is defined as being done through some kind of 
transformation in the reuse or reapplication (processing, including as an 
ingredient in a new or novel product). It is thus a reuse of “… ingredients 
otherwise wasted or used below its potential value are innovatively 
re-applied in new products with a greater value as a result” (page 1). 

Fig. 4. Journals of the selected studies.  

Table 2 
Frequency of authors that publish on the topic.  

Authors Frequency 

O. M. Savchenko 4 
K. D. Messer 4 
T. Li 3 
M. Kecinski 3 
M. A. Perito 3 
S.Bhatt 3 
J. Deutsch 3 
H. Ayaz 3 
R. Suri 3 
J. Aschemann-Witzel 2 
A. O. Peschel 2 
S. Coderoni 2 
Ye, Hongjun 2 

Note: Only authors are listed who appeared at least twice. 

Table 3 
Frequency of the terms used in the studies.  

Word Count Weighted Percentage 

By-product 6 15,38 
Novel 6 15,38 
Upcycled 6 15,38 
Waste-to-value 4 10,26 
Recycled 4 10,26 
Value added surplus 3 7,69 
Reclaimed 2 5,13 
Treated 2 5,13 
Circular 1 2,56 
Non traditional 1 2,56 
Reused 1 2,56 
Side stream 1 2,56 
Surplus ingredients 1 2,56 
Underused 1 2,56  
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3. Results 

The results are organized around three factors related to the person 
(social), the context (environmental) and the product (technological). 
Within each factor, we discuss what determines future acceptance (or 
rejection) of waste-to-value products among consumers. It is important 
to note that individual-, context- or product-related factors also interact 
and overlap: that is to say, there can be personal, individual factors (e.g. 
a psychographic variable) that are heavily influenced by the context (e. 
g. a trend in the market, the norms in the social surroundings), or that 
can determine how technological or product-related factors are 
perceived. Table B in the appendix shows a summary with all the factors 
identified in the literature as potential factors that determine future 
acceptance of waste-to-value products among consumers. 

3.1. Individual factors 

Individual factors are understood as those determined by the char-
acteristics and variables of the person or individual in question. Results 
show several individual, person-related factors that determine the 
acceptance of waste-to-value products among consumers. Generally, 
there is little knowledge of the term, but consumers show a certain in-
terest in the topic (Grasso and Asioli, 2020). However, this interest does 
not necessarily influence consumers’ willingness to pay for 
waste-to-value products (Grasso and Asioli, 2020). In fact, consumers 
believe that these solutions should be priced lower than usual products 
(Peschel and Aschemann-Witzel, 2020). McCarthy et al. (2020) found a 
market opportunity for these products when they are sold at lower 
prices. A similar situation occurs for products using recycled water. 
Consumers have low acceptance of products irrigated with recycled 
water (Savchenko et al., 2019a), which translates into a lower willing-
ness to buy (Savchenko et al., 2018). 

However, it seems that some consumer segments (e.g. environmen-
tally interested consumers) are more willing to accept waste-to-value 
products. In fact, Grasso and Asioli (2020) found that environmentally 
interested consumers are willing to pay more for these products. This 
finding has subsequently been confirmed for buyers of organic products 
in particular (Perito et al., 2020). For that reason, some authors suggest 
that waste-to-value products can be marketed to consumers who are 
concerned about the environment (McCarthy et al., 2020; Zhang et al., 
2020). The literature shows that different variables impact acceptance of 
these products, such as price consciousness, convenience orientation, 
status seeking, and awareness of food waste consequences (McCarthy 
et al., 2020). The more consumers have these attitudes or traits, the 
more they will accept waste-to-value products. Also, consumers with a 
positive attitude towards sustainable consumption are more willing to 
accept the products (Perito et al., 2019). Peschel and Aschemann-Witzel 
(2020) found that guilt and self-perception influence consumer choice, 
such that the more consumers had a positive self-perception when 
consuming these products or felt guilty, the more likely they would 
choose waste-to-value alternatives. 

Studies explore the demographic variables that affect acceptance of 
waste-to-value products. The evidence on gender effects is mixed, with 
some studies finding evidence that males have a more favourable atti-
tude towards the new ingredients (Aschemann-Witzel and Peschel, 
2019b) and others finding that being male reduces purchase intention 
(Coderoni and Perito, 2020). In addition, younger females were more 
likely to be disgusted by waste-to-value products, while younger males 
displayed a certain daring or macho behaviour (Henchion et al., 2016). 
The same occurs with age: Coderoni and Perito (2020) found that older 
people have lower purchase intentions, whereas Henchion et al. (2016) 
showed the opposite: older respondents were more likely to accept 
waste-to-value products due to familiarity with the product. Perito et al. 
(2019) found that middle-aged men have a more favourable attitude 
towards these products. When comparing different generations such as 
Gen Z (born 1995–2015), Gen Y (born 1980–1994), Gen X (born 

1965–1979), and Baby Boomers (born 1944–1964), Zhang et al. (2020) 
found that Baby Boomers have the highest acceptance of upcycled food 
while Gen X showed the lowest evaluation and quality perception. Also, 
it has been found in Italy that the drivers of acceptance differ by gen-
eration (Perito et al., 2020). 

In terms of level of education, overall positive attitudes are higher 
with higher education (Cattaneo et al., 2018; Coderoni and Perito, 
2020), such that educated women have a more favourable attitude to-
wards these products (Perito et al., 2019). When analysing the studies 
about recycled water, however, older consumers and women (Sav-
chenko et al., 2019b; Savchenko et al., 2019a) and households that have 
a child (Savchenko et al., 2018) are less likely to buy foods irrigated with 
recycled water. 

An important aspect to consider is how consumers perceive the brand 
and design of the product and to what extent that has an impact on 
product evaluations (Aschemann-Witzel and Peschel, 2019b). When 
consumers ascribe importance to the product brand (Coderoni and 
Perito, 2020), or when market leader brands offer waste-to-value 
products (Aschemann-Witzel and Peschel, 2019b), the likelihood of 
accepting the products was found to be reduced, but the underlying 
mechanisms are unclear. It is important to consider the context of the 
choice of waste-to-value products. Peschel and Aschemann-Witzel 
(Peschel and Aschemann-Witzel, 2020) found a positive effect of 
increasing transparency (e.g. communicating the why and how of 
upcycling). However, this effect depends on the context in which the 
choice is being made: it applies for experiential contexts (such as a coffee 
bar), but not for habitual contexts (such as supermarkets); also, it applies 
for a vice product category (e.g. cookie), but not for virtue categories. 

The degree of trust also affects product acceptance. Peschel and 
Aschemann-Witzel (2020) showed that transparent communication, 
including information about production costs, positively influences 
perceptions of fair price (Peschel and Aschemann-Witzel, 2020). How-
ever, at the same time, this transparency negatively affects product 
choice: consumers are willing to pay more for transparency in 
waste-to-value products, but they are less likely to choose the product. 
Therefore, it appears that companies should fine-tune their strategies to 
what best suits them and to what they expect from the consumer target 
market for these products. 

3.2. Context factors 

Context-related factors are understood as the context in which the 
product is perceived or chosen. The context-related or environmental 
factors that determine acceptance of waste-to-value products among 
consumers are related to how they are compared to organic products, 
communication of the environmental benefits, sustainability, and food 
waste avoidance. Commonly, these solutions are not perceived more 
favourably than conventional products (Aschemann-Witzel and 
Peschel, 2019b; Grasso and Asioli, 2020), and when compared to 
organic products, waste-to-value solutions are usually evaluated as less 
desirable (Bhatt et al., 2018). In these studies, consumers tend to choose 
organic instead of waste-to-value products. 

In order to increase acceptance of these products, it is important to 
consider the general trend of giving increasing weight to environmental 
benefits. Studies show that information on this can improve consumers’ 
attitude to waste-to-value products (Aschemann-Witzel and Peschel, 
2019b; Cattaneo et al., 2018). Grasso and Asioli (2020) found that the 
most important reasons for accepting these solutions are the environ-
mental aspects of the products and food waste reduction. Similarly, 
Coderoni and Perito (2020) recommend using information about health 
and environmental benefits to increase purchase intentions. In a sub-
sequent study, though, they found that environmental are more 
important than nutritional aspects, in particular for buyers of organic 
foods (Perito et al., 2020). Communication simply showing the sus-
tainable aspects of these products, their environmental benefits and how 
they help to avoid food waste can impact consumers’ attitude 
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(Aschemann-Witzel and Peschel, 2019b). Also, these products are 
perceived as having higher ‘other-benefits’ than ‘self-benefits’ (Bhatt 
et al., 2018). Other researchers suggest that communication with mo-
tives that are other-oriented (e.g. farmers’ welfare) rather than 
self-oriented (e.g. healthy food) can be a strategy to increase acceptance 
(McCarthy et al., 2020). 

A less clear picture emerges in studies analysing the communication 
of products made using recycled water. Consumers did not accept 
recycled waste-based foods more in the information provision condition, 
that is, when they were informed about the recycled water (Savchenko 
et al., 2019b). Moreover, information about environmental benefits does 
not change, or only slightly changes, willingness to purchase, while in-
formation about the risks greatly reduces it (Savchenko et al., 2018). 
Combining both types of communication in a balanced communication 
approach, though, increases willingness to purchase Savchenko 2018 
#872}. Since familiarity with the product increases acceptance (Sav-
chenko et al., 2019a), it is important to consider how to make these 
products more familiar to consumers through proper communication. 
Balancing communication can be a solution to affect product accep-
tance. Moreover, use of a labelling policy (Savchenko et al., 2019b) and 
information on the safety of the water (Lease et al., 2014) could be 
tested. Finally, Ellis et al. (2019) found that consumers prefer positively 
framed names for these products (e.g. Pure Water) instead of the most 
commonly used terms, such as ‘recycled’, ‘reclaimed’, ‘non-traditional’ 
or ‘reused’. 

3.3. Product-related factors 

Product-related factors are understood as factors of the object́s 
characteristics (what type of food it is, how it is produced), to which the 
individual reacts. Results show several technological or product-related 
factors that determine the acceptance of waste-to-value products among 
consumers. First, we analyse the role of food neophobia and food 
technophobia, which is a consumer reaction determined by the product 
in question. Evidence on the effect of food neophobia (fear of new or 
unfamiliar foods) has been mixed, with some studies finding evidence 
that food neophobia reduces willingness to purchase the products 
(Coderoni and Perito, 2020) and others finding no effect of food neo-
phobia (Grasso and Asioli, 2020; Lease et al., 2014; Perito et al., 2019). 
Concerning food technology neophobia (fear towards food technologies, 
also called technophobia), findings show that it can influence attitudes 
(Cattaneo et al., 2018) and, in some cases, reduces the intention to 
purchase these products (Coderoni and Perito, 2020; Perito et al., 2019). 
Food technophobia might be mitigated by the product origin, however, 
which is important for consumers (Perito et al., 2020). For recycled 
water, disgust, neophobia and safety concerns influence the acceptance 
of waste-to-value products among consumers (Savchenko et al., 2019b). 

A different product-related factor to consider is the type of product. 
Studies show that consumers have different levels of acceptance for 
processed and fresh food products. It has been shown that acceptance is 
higher when products made with recycled water are processed rather 
than fresh food (Savchenko et al., 2019a). When the product is pro-
cessed, consumers do not differentiate between conventional or recycled 
water, whereas for fresh food, consumers have more negative reactions 
when the product is irrigated with recycled water (Savchenko et al., 
2019b). Corroborating these findings, Lease et al. (2014) showed that 
consumers are willing to accept the use of recycled water in processed 
meat products. Therefore, the use of recycled water is better for pro-
cessed rather than fresh food products. For food, one study found that a 
plant (versus animal) origin of waste-to-value product examples is 
received much more favourably, and that consumers prefer examples 
that are more natural and where the technology is familiar (Nitzko and 
Spiller, 2019). 

Similarly, preferences for the products differ between vice and virtue 
product categories. Thus, it is important to consider the category of the 
product. Consumers tend to accept products more when they are from a 

vice category (e.g. cookies), but not when they are from a virtue cate-
gory (Peschel and Aschemann-Witzel, 2020). For the segments willing to 
accept these products, upcycled foods should be presented as in-
gredients, such as upcycled protein powder, upcycled flour or upcycled 
seasonings, instead of prepared meals, whereas other segments prefer 
premade upcycled meals or snacks (e.g. upcycled bars, upcycled canned 
soups, upcycled noodles, upcycled chips, etc.) (Zhang et al., 2020). 
Lastly, the hedonic aspect of products also influences consumer accep-
tance: consumers tasting a product and having a favorable experience 
are more likely to accept the reuse element (Ellis et al., 2019). 

4. Discussion 

4.1. What is known 

The state of the research underlines that product acceptance of 
waste-to-value ingredients is determined by individual, context and 
product-related factors—that is, it depends on the person, his or her 
context, and how the product characteristics in question are perceived. 
This combination of factors might explain why there are inconsistent 
findings for certain relationships, such as age and gender, food neo-
phobia or technophobia, or the price of products, as the combination of 
product, person and respective context determines the direction of the 
effect and the results. It is apparent that consumer perspectives differ 
depending on the consumer’s background and the product in question. 

A clear picture emerges in relation to environmental concern and 
communication addressing environmental benefits. Various studies 
support that a substantial share of respondents may be environmentally 
concerned and motivated, likely characterized by buying organic, better 
education and higher awareness of food waste consequences, and these 
people have a more favourable attitude towards the use of by-products 
in food. It is also repeatedly found that communicating the environ-
mental benefits, food waste avoidance and other-oriented sustainability 
aspects of the products can improve attitude to the product and fair price 
perception, and recently also willingness to pay (Bhatt et al., 2020). 

For the product in question, what emerges as particularly relevant is 
the category and origin, and whether and how it is processed. In this 
interaction, a plant or animal-based origin and the degree of technology 
used in processing can become relevant factors in the perception of and 
reaction to the food. 

Further findings stem from work on water. Given that recycled water 
is less accepted in fresh foods, it appears that a certain degree of pro-
cessing can increase the acceptance of reuse. When communicating 
about recycled water, addressing both positive and negative arguments 
is advisable. 

4.2. What is missing 

The topic remains under-researched, as shown by the low number of 
articles matching the search criteria. We want to draw attention firstly to 
a number of observations with regard to the design of the studies. Sec-
ondly, we outline suggestions for further research. 

In particular, there is an absence of qualitative research studies. 
Conducting qualitative research studies could shed more light on why 
there are inconsistent findings for certain factors, or reveal variables of 
relevance which have not yet been identified as important. Qualitative 
studies might show diverse associations to the waste-to-value products, 
and allow to identify which aspects consumers consider positive or 
negative. 

Inspecting the quantitative studies, one notes that few make use of 
consumer behaviour theories and models for understanding attitude 
towards, intention to use, or process of adoption of foods using waste-to- 
value ingredients. Applying such theories from general consumer 
behaviour or technology adoption research could provide a more ho-
listic and thorough picture. Consumer psychological effects studied 
elsewhere might be useful for understanding consumer behaviour 
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within this topic. Moreover, none of the studies included in the review 
made use of real field studies with actual products: most research used 
product concepts such as text or online visualizations through images. 
Studies at the point of sale, or even mimicking the actual context of 
choice for consumers, could provide a more realistic picture of consumer 
responses and reduce the likely presence of social desirability bias 
(Fisher and Katz, 2000; Nederhof, 1985). 

It would be very relevant to test whether environmental concern and 
communication addressing environmental benefits is still found to in-
fluence attitude and choice positively under more realistic research 
designs with greater external validity. Lastly, none of the studies was 
conducted in an emerging country. Assessing whether the findings hold 
in other cultural contexts would be useful, particularly to determine 
whether environmental concern also acts as a driver in these settings. 
The overall by-product aspect might be perceived very differently in 
other cultures (Ares, 2018), in particular in food cultures other than 
Europe, Australia and the US, where eating all parts of a food (e.g. an 
animal) is much more common and normal. 

Secondly, a number of further research questions arise from the 
findings. A gender difference is found, but with inconsistent directions. 
It would be interesting to explore the underlying reasons, such as 
gender-specific disgust reactions, risk aversion or risk seeking, diverging 
degrees of safety concern or health orientation, or gender-specific roles 
and peer-to-peer interactions. The inconsistent findings with regard to 
age also appear to be rooted in other factors—for example, greater fa-
miliarity with using certain by-products among the older respondents 
and older generations, but greater food waste awareness or environ-
mental concern among the younger respondents. These interrelations 
need further exploration. Future studies should analyse data for 
different age brackets separately to explore further the generational 
differences found so far. 

While it seems that communicating environmental benefits is valu-
able, it is not yet clear how potential health versus potential environ-
mental benefits perform comparatively when a value-added product has 
both characteristics. This question of how health versus environmental 
motives compare and which are more or less relevant to consumers has 
been studied a lot in relation to organic food (Aschemann-Witzel and 
Zielke, 2017; Hughner et al., 2007). Given that organic products were 
used as a comparison category in some of the studies and the upcycled 
products were less preferred, it might be interesting to explore in more 
detail the role that can be played by health versus potential environ-
mental benefits for waste-to-value food products. 

Furthermore, the aspect of safety and risk has been studied in works 
on recycled water but has received little attention in food studies. The 
same applies to the concept of disgust, which is otherwise widely studied 
when it comes to insect food (Hartmann and Siegrist, 2016; Videbæk and 
Grunert, 2020) and products made with wasted materials (technical 
cycles) (Abbey et al., 2015; Meng and Leary, 2019). These variables 
might need to be explored more for by-product use in food (biological 
cycles). 

Only one study categorized foods into vice versus virtue from a 
consumer perspective. The consumer view on how food categories differ 
in terms of the motives they satisfy (van Doorn and Verhoef, 2011) 
might usefully be applied more broadly. This way, work on widely 
different food categories can be compared in terms of consumer-based 
perspectives in dependence of what characterises the category. 

Overall, considering the enormous societal transition ahead for the 
circular economy to become a normal part of everyday life in all kinds of 
products and industries, more research might be needed that explores 
pathways towards that goal. For example, how consumers conceptualize 
circularity in daily practices could be studied, how they understand it in 
their own actions and thus can more readily accept products that are 
based on circular approaches. Moreover, whether behavioural spill-over 
effects (Thøgersen and Ölander, 2003) from one domain might further 
consumers’ acceptance of reuse concepts in another domain can be 
explored, such as waste recycling behaviour and the acceptance of 

upcycling of by-products in food. 

4.3. Limitations 

It is important to acknowledge that review results are determined by 
the criteria used for papers’ selection. It is possible that factors other 
than those presented here can determine consumer acceptance of waste- 
to-value products, however, and that these are reported in non-scientific 
reports, older published literature, or literature not found through the 
search procedure. We tried to minimize this possibility by using three 
different databases that allow broad coverage of the topic. 

Also, as this topic is new, future studies may find other factors of 
influence and other relationships between variables. Future studies 
might expand the scope of the research to circular bio-economy solu-
tions in addition to food and drink that are of relevance for the industry, 
such as consumers’ responses to bio-based packaging (Herbes et al., 
2018). 

4.4. Implications 

The practical implications for businesses in the food and drink area 
are that it appears most advantageous to target waste-to-value products 
to that segment concerned about the environment and aware of the food 
waste issue. Communication should stress the environmental, food 
waste avoidance and other-oriented benefits of the product. However, to 
fine-tune product development and communication better, studying the 
exact product in question—e.g. the food category and the degree of 
processing is involved—in the context in which it is likely consumed, 
would be advisable. This will achieve a more profound understanding of 
potential consumer barriers, such as safety concerns or technophobia, 
and potential drivers, such as familiarity or gender effects. 

Implications for policymakers or sector stakeholders are that the 
research is still scarce and leaves a number of open questions. The 
current findings need to be tested further under more externally valid 
research settings, and expanded to other cultural backgrounds, so that 
robust conclusions can be drawn on a more diverse body of findings. 
Stakeholders might ask for research that sets the research question 
within the greater perspective of achieving a circular (bio)economy, 
thus also exploring how different circularity questions are interrelated in 
consumers’ thinking and behaviour. 

Implications for research are that the body of research can best be 
expanded by exploring further methods, theories and cultural contexts, 
both to identify further factors of relevance and to test the factors 
studied so far. The research gaps identified in this work can serve as a 
guide for further research. For a summary of the main results and di-
rections for future research (what we know and what is missing), see 

Table 4 
Summary of what we know and what is missing.  

What is known What is missing 

Product acceptance is determined by 
individual, context- and product- 
related factors. 

Use of more diverse methodologies (e.g. 
qualitative research and real field 
studies). 

Product type and origin, the degree and 
type of processing and its interaction 
are important factors. 

Applying and testing consumer 
behaviour theories. 
Studies in emerging or developed 
countries. 

Consumers’ environmental concerns and 
communication about environmental 
benefits increase favourable reaction. 

Exploring gender and age effects and the 
role of generations. 

There are consumer segments willing to 
accept these products. 

Communication of potential health 
versus potential environmental benefits. 
Exploring different food categories. 

Degree of processing and use of both 
positive and negative arguments to 
communicate about recycled water are 
favourable. 

How consumers understand circular 
practices and how they interact (e.g. 
spillover).  
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Table 4 (see appendix A and B for the studies and the findings in each). 

5. Conclusions 

The study reports on a review of the state of the art with regard to 
factors that determine consumer acceptance of waste-to-value food 
products, also called by-products or upcycled food. We distinguish three 
factors related to the individual, the context and the product charac-
teristics. These person-, context- or product-related factors interact and 
overlap, which means that personal factors might be influenced by 
context or define how the product is perceived. 

We conclude that the acceptance of waste-to-value food products 
among consumers is determined by factors of all three types, depending 
on the individual person, his or her context, and the product. There are 
inconsistent findings as to whether gender and age improve or reduce 
acceptance, and not all studies can confirm that food neophobia or food 
technophobia have a negative influence. 

However, it becomes clear that when consumers show environ-
mental concern and motives, or food waste awareness, or are better 
educated, they are more likely to accept the products, in particular when 
the communication explains and underlines the environmental benefits. 
Moreover, there are indications that it is relevant to consider the product 
type and origin and the degree of processing, along with the interaction 
of both. 

Future research should broaden the method toolbox to include 
qualitative and real-context research designs, apply more consumer 
behaviour and environmental psychology theories, and be conducted in 
more diverse cultural contexts. Furthermore, moving towards inter-
vention designs will support research taking a broader perspective on 

how to further the circular (bio)economy from a consumer perspective. 
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Appendix A. Sample overview  

Author(s) Year Journal Country Food Terms used Definition of the term Method 

Peschel and 
Aschemann- 
Witzel 

2020 Journal of Cleaner 
Production 

Denmark 
and 
Germany 

Plant-based food 
product 
ingredients from 
side-streams of 
industrial potato 
starch 
production 
(coffee, 
sandwiches and 
cookies / rye 
bread and ice 
cream / bread 
and ice cream) 

Upcycled waste-to-value 
food products, upcycled 
products, value-added 
surplus products, waste- 
to-value products 

“Reuse of discarded materials which 
results in an increase in ‘value’” … 
“applied to ingredients otherwise 
wasted or used below its potential 
value are innovatively re-applied in 
new products with a greater value as a 
result" 

Quantitative 
online 
experimental 
survey 

Aschemann- 
Witzel and 
Peschel 

2019 Food Quality and 
Preference 

Denmark Plant-based 
cocoa drink, 
potato protein, 
soy protein 

Waste-to-value, side- 
stream, by-product, 
circular, novel, underused 

No definition Quantitative 
experimental 
survey 

Bhatt et al. 2017 Journal of Consumer 
Behavior 

US Soup, juice, 
granola bar, 
pasta sauce 

Value-added surplus 
products (VASP), novel, 
surplus ingredients, 
upcycled 

"Foods made from surplus ingredients 
that would have been otherwise 
wasted" 

Quantitative 
survey 

Bhatt et al. 2020 Food Quality and 
Preference 

US Granola bars, Ice 
cream, muffins, 
chicken nuggets, 
pasta sauce 

Upcycled “Foods that “are manufactured from 
ingredients that are by products from 
producing another food product” 

Quantitative 
experimental 
survey 

Cattaneo et al. 2019 International 
Journal of Food 
Science and 
Technology 

Italy Wine by- 
products applied 
in bread, tomato 
puree, apple 
puree, cheese, 
yoghurt 

By-products, novel No definition Quantitative 
survey 

Coderoni and 
Perito 

2020 Journal of Cleaner 
Production 

Italy Products 
enriched by olive 
leaves such as 
salted taralli, 
crackers, 

Waste-to-value "Reuse of waste and by-products to 
increase the nutritional power of food 
or its shelf-life extension … These 
novel food products are defined waste- 
to-value (WTV) products" / "...to 

Quantitative 
online survey 

(continued on next page) 
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(continued ) 

Author(s) Year Journal Country Food Terms used Definition of the term Method 

breadsticks, 
mayonnaise 

highlight the circular approach that 
transforms wastes or surplus 
ingredients, obtained during the 
manufacturing of other foods, into 
new value-added food with higher 
nutritional properties" 

Ellis et al. 2019 Environmental 
Research 

US Water Recycled, reclaimed, non- 
traditional, treated 
wastewater, reused 

No definition Quantitative 
survey 

Grasso and 
Asioli 

2020 Food Quality and 
Preference 

UK Biscuits Upcycled, by-products, 
novel 

"The food loss produced by the 
manufacturers from processing raw 
materials into food are usually 
referred to as food by-products…the 
most valuable approach with by- 
products would be to upcycle them 
rather than recycling them, which 
means using them as food, rather than 
feed or energy” 

Quantitative 
online experiment 

Henchion 
et al. 

2016 Frontiers in 
Nutrition 

Ireland Offal meat By-products "Food products that incorporate 
ingredients derived from beef by- 
products that have been produced 
through a range of food processing 
technologies" 

Qualitative 
research, semi- 
structured 
interview 

Lease et al. 2014 Food Quality and 
Preference 

Australia Meat products Recycled No definition Quantitative 
laboratory 
experiment 

McCarthy 
et al. 

2020 Journal of Cleaner 
Production 

Australia 
and UK 

Vegetable 
powder, 
vegetable snack, 
fermented 
vegetable-based 
product 

Value-added surplus 
products (VASP), novel 

"Made from surplus ingredients that 
would have been otherwise wasted" 

Quantitative 
online survey 

Nitzko and 
Spiller 

2019 Sustainability Germany Meat, fruit and 
vegetables 

By-product ‘leave-to-root’ and ‘nose-to-tail’ – “use 
food more holistically and efficiently” 

Quantitative 
experimental 
survey 

Perito et al. 2020 Foods Italy Olive leaves Upcycled food, novel food, 
by-product, waste-to- 
value food 

“Waste valorization … the process of 
converting waste into more useful 
products” 

Quantitative 
survey 

Perito et al. 2019 British Food Journal Italy Various foods 
with olive by- 
products 

By-products No definition Quantitative 
online survey 

Savchenko, Li, 
et al. 

2019 Food Policy US Grapes, olives Recycled "Recycled water is highly treated 
wastewater from various sources, such 
as domestic sewage, industrial 
wastewater and storm water runoff" 

Field experiment 

Savchenko 
et al. 

2018 Food Policy US Strawberries, 
blueberries, 
spinach, and 
broccoli, fresh 
food irrigated 
with recycled 
water 

Recycled “Recycled water is highly treated 
wastewater from various sources, such 
as domestic sewage, industrial 
wastewater and storm water runoff” 

Quantitative field 
experiment 

Savchenko, 
Kecinski, 
et al. 

2019 Environmental 
Research 

US Drinking water, 
reclaimed 
irrigation water 

Reclaimed, treated "Reclaimed water generated by 
treating wastewater of various types" 

Quantitative 
survey 

Zhang et al. 2020 Journal of Consumer 
Behavior 

US Spent grain from 
beer brewing, 
carrot peel 

Upcycled food, by- 
products 

“Upcycled foods are foods that are 
created using by-products from the 
manufacture of other products. These 
by-products are then turned into 
something new. For example, spent 
grain from beer brewing can be dried 
and made into granola bars rather 
than being discarded; carrot peels can 
be dried and added to a powdered 
soup mix” 

Quantitative 
survey  
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Appendix B. Summary of the factors that influence consumer acceptance of waste-to-value products  

Factors Group Variables Source 

Individual Demographic 
variables 

Age Coderoni and Perito (2020); Henchion et al. (2016); Perito et al. (2019); Perito et al. (2020); 
Zhang et al. (2020) 

Children at home Savchenko et al. (2018) 
Gender Aschemann-Witzel and Peschel (2019); Coderoni and Perito (2020); Henchion et al. (2016) 

Consumer variables Positive attitude towards the 
environment 

Perito et al. (2019); Zhang et al. (2020) 

Price consciousness McCarthy et al. (2020) 
Convenience orientation McCarthy et al. (2020) 
Status-seeking McCarthy et al. (2020) 
Awareness of food waste issues McCarthy et al. (2020) 
Guilt Peschel and Aschemann-Witzel (2020) 
Self-perception Peschel and Aschemann-Witzel (2020) 
Brand Aschemann-Witzel and Peschel (2019); Coderoni and Perito (2020) 
Transparency Peschel and Aschemann-Witzel (2020) 
Trust Peschel and Aschemann-Witzel (2020) 

Context Communication Comparison with organic products Bhatt et al. (2017); Perito et al. (2020) 
Environmental aspects Aschemann-Witzel and Peschel (2019); Grasso and Asioli (2020) 
Food waste reduction Aschemann-Witzel and Peschel (2019); Grasso and Asioli (2020) 
Health benefits Coderoni and Perito (2020) 
Other benefits Bhatt et al. (2017); McCarthy et al. (2020) 
Balanced messages Savchenko, Li, et al. (2019) 
Safety of the product Lease et al. (2014) 
Labelling policy Savchenko, Li, et al. (2019) 
Positive frames 
Emotional vs. Rational messages 

Ellis et al. (2019) 
Bhatt et al. (2020) 

Product- 
related 

Consumer variables Food neophobia Coderoni and Perito (2020); Savchenko, Kecinski, et al. (2019) 
Food technophobia Cattaneo et al. (2019); Coderoni and Perito (2020); Perito et al. (2019); Perito et al. (2020) 
Disgust Savchenko, Kecinski, et al. (2019) 
Safety concerns Savchenko, Kecinski, et al. (2019) 

Product aspects Type of product Nitzko et al. (2019); Savchenko, Li, et al. (2019) 
Product category Nitzko et al. (2019); Perito et al. (2020); Peschel and Aschemann-Witzel (2020); Zhang et al. 

(2020)  
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