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Abstract: A food-waste initiative was conducted at two university canteens in the UK and India to
examine food-waste attitudes and opportunities for food-waste reduction. Interventions were carried
out to reduce food waste in both canteens. In the Indian canteen, postintervention data also included
COVID-19-related changes, such as a change from self-service to table service, as well as reduced
menu choices and an improved estimation of the number of students requiring meals. Surveys and
focus groups were conducted with students to better understand their food-waste-related attitudes,
while interviews were carried out with university staff to better understand food-waste management.
The study in the UK university canteen found that introducing table cards, posters, and signs led
to food-waste reductions of 13%. Meanwhile, the study in the Indian university canteen found
that the interventions and COVID-19 impacts led to food-waste reductions of 50%. Concerning
food-waste-related differences between the UK and India, culture and food preferences were key
reasons for food waste in India, with 40.5% more participants in India stating that they wasted food
because the ‘food didn’t taste good’. Students in India were more concerned about social issues
and food poverty related to food waste, with around 9% more participants stating that the ‘food
could be used by others’. Meanwhile, students in the UK were more bothered by the economic
and environmental impacts of food waste, with around 31% more participants stating food waste
is ‘a waste of money’, and is ‘bad for the environment’ when compared to India. Key opportunities
for both countries included adopting food-sharing initiatives, informed menu choices, and meal
planning, as well as student-led engagement projects.

Keywords: food waste (FW); university canteens; behavioural change; COVID-19; interventions;
waste reduction

1. Introduction
1.1. Background

There has been an ever-increasing interest in the management of food waste (FW) due
to the enormous environmental, social, and economic impacts resulting from food being
wasted. Currently, around 50% of all food produced around the world is not consumed by
humans [1]. Vast quantities of food waste are generated at university canteens around the
world due to students taking more food than they can eat, or the canteens making more food
than is required, contributing to the global FW problem, which creates significant climate-
change impacts and financial losses [2,3]. There is little consensus, however, as to the best
FW-reduction strategies to implement, as FW-generation behaviour is little understood.
At the same time, FW-generation attitudes and behaviours, as well as opportunities and
challenges in FW management, vary significantly in different types of eateries in different
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countries, with differing levels of economic development and contrasting cultures [4,5].
There has been a lack of successful large-scale FW-reduction interventions that have been
published, with significant knowledge gaps regarding what affects people’s FW behaviour
and what can effectively change FW-generation behaviour [2,6]. Concerning FW reduction
at university canteens, there is a dichotomy, as students expect their meal portions to reflect
the amount of money they are paying for their catering, especially if they have to pay
in advance for set meals, and consequently, some of the more orthodox FW-reduction
measures may be seen to decrease student satisfaction and the quality of the service
provided. For example, if university canteens are seen to reduce portion sizes, then
students and parents may complain, therefore the canteens have to persuade students to
reduce FW through other means [7,8].

1.2. Previous Food-Waste-Generation Behavior Studies

A limited number of studies have been conducted to understand how and why FW is
generated and what behavioural-change interventions and infrastructural changes can be
undertaken in order to reduce FW generation.

1.2.1. Food-Waste-Related Surveys

A number of surveys have been carried out concerning FW-generation behaviours [9],
helping to offer insights into: where food gets wasted, how it gets wasted, why it gets
wasted, and what can be done to reduce the waste [10], as well as the effects of FW
interventions [11,12]. These surveys showed that interventions can result in an increased
awareness of FW-related issues and lead to reductions in FW generation [13,14]; however,
there is a lack of studies assessing how FW-generation behavior differed among different
cultures.

1.2.2. Food-Waste-Related Interviews and Focus Groups

Many FW-themed interviews and focus groups have also been conducted, greatly
increasing our depth of understanding into why FW issues persist, what motivates in-
dividuals and organisations to try to mitigate FW-related issues, and what barriers limit
improvements in doing so [13,15,16]. They found that ethical concerns and a desire to con-
duct good practices regarding FW-generation behaviour helped motivate individuals and
organisations to make related improvements, while having the appropriate infrastructure
helped facilitate those improvements [17]. Key barriers, however, resulted from individuals
wanting to show their generosity by offering guests more food than they could eat. A lack
of knowledge and skills regarding FW reduction, combined with the perceived inconve-
niences related to trying to minimise FW, limited the levels of improvements that could be
sought [18]. Again, there was a lack of literature concerning how different infrastructural
and cultural settings in different countries influenced FW generation behavior.

1.2.3. Behavioural-Change Interventions to Reduce Food Waste

A range of studies from various countries quantifying FW reduction [9,19] with
behavioural-change interventions have been carried out, heralding varying levels of success.
Educational prompts in canteens resulted in FW decreases of between 4% [11] and 20% [19],
while the use of salient signs in buffet restaurants led to a reduction in FW by around
20% [20]. These studies presented techniques that can be used to reduce FW in canteens
and cafeterias; however, the impact of the interventions appeared to vary due to differences
in the study sites and participant attributes. There is an absence of studies investigating the
impact that cultural and infrastructural differences among different studied groups may
have on FW-reduction levels.

1.2.4. Infrastructural Interventions to Reduce Food Waste

It is also possible to reduce FW significantly through making changes to the infrastruc-
ture of a canteen and the general way that it is run. Studies found that reducing plate and
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utensil sizes for self-service cuisines led to large FW reductions of between 20 and 60% in
buffet restaurants [20,21], while canteens going trayless led to FW levels falling by between
25 and 30% in university canteens [22]. In addition, improved estimation of food demand
led to reductions in surplus food remaining at the end of the day by almost 65% in a buffet
setting [23]. Refining and standardising menus was found to reduce FW by between 15 and
28% in schools in the US [24,25]. It also was found that FW-generation levels could be very
dependent on the canteen’s style, with self-service buffet canteens potentially generating up
to three times more FW per customer than set meals with table service, and 8.5 times more
FW per customer than counter-served, pay-as-you-eat food halls [3]. It is clear, therefore,
that changing the infrastructural aspects of canteens such as plate sizes, quantities of food
produced, menu options, and catering styles can help significantly reduce FW generation.

1.2.5. COVID-19 Impacts on Food Waste Generation Behaviour

With the emergence of COVID-19, it is important to understand what role the pan-
demic could have on influencing FW-generation behaviours and infrastructural changes.
It has been reported that COVID-19 has led to an increased awareness of the ethical im-
plications and environmental consequences of FW, leading institutions to exhibit more
FW-reduction behavior, which could lead to increased opportunities for behavioural change
and FW reduction in canteens [26,27]. Furthermore, COVID-19 has made both catering
businesses and individuals more adaptable to changes, due to the diversity of changes
occurring since the start of the pandemic [28,29]; this in turn could lead to significant
opportunities for adopting infrastructural changes in canteens to reduce FW generation, as
canteen staff and customers would be more adaptable to such changes. There is, however,
a lack of studies assessing the specific quantitative impacts of COVID-19 on FW generation
in the catering setting.

1.3. Research Objectives and Summary

University canteens were chosen for case studies, as they have specific challenges
that contribute to FW management based on their meal structures, as mentioned above,
while they also have specific opportunities related to academic expertise, student volunteer
groups, and willingness to engage with research projects [9]. Universities in the UK and
India were chosen in order to compare FW generation and attitudes in a developed country
and a developing country with very different social, cultural, infrastructural, and economic
landscapes [30,31].

When considering the research gaps outlined in Sections 1.1 and 1.2 of the Introduction,
and building upon the literature mentioned in Section 1.2, the first objective of this study
was to greater understand FW-generation behaviour and FW management among UK
and Indian university students. This was done by carrying out surveys and focus groups
with students, as well as semistructured interviews of canteen staff at both universities.
Through this, the study improved upon the literature by examining FW-generation-related
behavioural and attitudinal differences, and infrastructural differences among students
at universities in the UK and India. The second objective was to assess the impact of
introducing informative and prompt printed information on FW generation at university
canteens in the UK and India by assessing changes in FW generation after introducing the
interventions and conducting focus groups and postintervention surveys to understand the
behavioural and attitudinal impacts. This built upon the existing literature by examining
the impact of informative and prompt printed interventions on FW-generation levels,
while adding additional novelty by assessing the implications that the sociocultural and
infrastructural differences associated with the different countries had on the effectiveness
of the interventions.

The effects of the COVID-19 pandemic emerged during the research, after the entire
UK case study had been conducted, but before the impact of the interventions on FW
generation in the Indian university canteen could be assessed. Therefore, the Indian case
study evaluated not just the impact of the FW-reduction interventions, but also the im-
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pacts of COVID-19 and related changes on FW generation. As a consequence, a further
COVID-19-related objective was created. The third objective was to assess the impact of
COVID-19-induced changes on FW generation at an Indian university canteen by measur-
ing FW-generation changes after the emergence of COVID-19 and after gaining anecdotal
information from canteen staff at the Indian university. This means that the paper adds
to cutting-edge research on COVID-19 impacts on FW by showing quantitative impacts
of COVID-19-induced canteen and behavioural impacts on FW-generation levels. Fur-
thermore, an easily replicable research framework methodology was created based on the
research methods used in this study.

Following the introduction, the paper outlines the experimental design of the study,
then the qualitative and quantitative results gained are presented, and the results are then
discussed, including differences between the UK and Indian universities. Finally, the work
is concluded by detailing recommendations for university canteens, limitations of the
research, and suggestions for future research.

2. Materials and Methods

In the UK, the research was carried out at a university hall of residence canteen in
Yorkshire, UK. The catered students in the UK received two meals per day (breakfast and
dinner), seven days per week, with a set meal served by staff, a number of meal choices
and a chance for seconds at the end of service, and a buffet-style salad bar. This site was
chosen because it represented a typical format for a UK university residence canteen [32].

In India, the research was conducted in a university canteen in Maharashtra, India.
The canteen typically serves three “all-you-can-eat” buffet style meals per day, six days
per week (excluding Sundays); however, post-COVID, table service was introduced for all
meals. This site was chosen because it represented a typical format for a male-only Indian
university canteen [33].

2.1. Survey

A 20-question survey was developed and carried out to ascertain FW-generation
behavior [S-1]. The survey was adapted from a study by WRAP [34] that examined FW-
related attitudes and behaviours in UK households, and was revised based on feedback
after pilot testing. It involved three sections. Section 1 involved shopping habits. Here,
we assessed how frequently individuals went shopping, including weekly and top-up
shopping. Section 2 involved shopping habits and routines; the respondents were assessed
for their shopping habits and FW-minimisation skills. Section 3 involved cooking and
eating habits in the home, which helped us understand their household behaviours and
attitudes related to FW. This included how much they wasted and what caused them to
waste food. Sections 2 and 3 helped us identify why food was being wasted and what more
could be done to reduce FW.

Finally, there were some questions regarding sociodemographics that were adapted
from a study by Bernstad et al. [35] that examined the impact of providing educational
information on FW-related attitudes. The preintervention surveys were conducted in person
at the canteen, while the postintervention surveys were carried out online on JISC, an online
survey tool designed for academic research, for both the UK and Indian universities, as
conducting surveys in person was not possible due to COVID-19 social-distancing rules.

2.2. Semistructured Interviews and Focus Groups

A focus group lasting approximately an hour was conducted with six students at the
UK catered residence, and with five students at the Indian canteen. The questions were
aimed at a deeper exploration of the survey questions, in order to better understand why the
students wasted food, what motivated them to reduce FW, what opportunities there were
to reduce FW at the canteen, and what impacts the interventions had on them [S-2]. The
first part of the focus-group session concerned the participants’ general attitudes regarding
FW. The second part discussed FW-reduction strategies and the impacts of the related
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interventions. The final part inquired about their views on the FW-management strategy
that was in place in their university. Student representatives engaged in sustainability
at both of the studied UK and Indian university canteens selected students from varied
backgrounds to represent the diversity of students that use the canteens.

Semistructured interviews lasting approximately 45 min each were also conducted
in the UK with the head caterer at the residence canteen, and in India with the mess
secretary, in order to gain insights into how each canteen was run. Questions were adapted
from studies by Papargyropoulou et al. [36] and Ofei et al. [37], and aimed to ascertain
similar information about FW management at institutions, such as the rationale for current
FW-management strategies, key motivations to improve FW management, as well as
opportunities and barriers to such improvements [S-3]. The semistructured interviews were
carried out with the head caterer at the UK hall of residence being researched, as well as
with the mess manager at the Indian university canteen. The interviews involved inquiring
about the participants’ roles at the universities, the specific challenges and opportunities
they face in their particular jobs, their key drivers regarding sustainable FW management,
and the rationale behind FW-related practices at the canteens.

Interviews and focus groups were conducted with the informed consent of the partici-
pants and in accordance with data protection after ethical approval was granted. They were
conducted in person and on site by one researcher, and were recorded using a dictaphone.
They were then transcribed, analysed, and coded into themes on Nvivo, before being
written up and discussed with the use of illustrative quotes.

2.3. Food-Waste Data Collection

At the UK university residence, both catered and self-catered FW were combined
at the source and weighed all together by the waste contractors in kilograms per week
(kg/week). For assessing catered FW changes, total FW weights were collected for February
2019 and February 2020. The interventions were introduced at the end of January, after the
final FW monthly collection. FW levels were then compared with figures for the previous
year. As 2020 was a leap year, average daily FW figures (kg/day) were calculated, with FW
quantities for February 2020 being divided by 29 days and February 2019 being divided by
28. When attempting to isolate the catered FW reduction specifically (excluding self-catered
FW), 180 kg was subtracted from the FW figures for February 2019 and 2020, based on the
increase from February 2018 (when self-catered FW was not segregated) to February 2019
(when self-catered FW was segregated). As there were 260 catered students when the data
were collected, the daily FW generation was divided by 260 to obtain the daily per capita
FW-generation figure (kg/capita/day).

At the Indian university canteen, the FW was weighed at the end of each day to obtain
the daily FW-generation figures (kg/day). FW figures were collected from 6 January 2020 to
5 February 2020. The interventions were introduced on 5 February 2020 after a month-long
baseline figure had been obtained for FW generation. While postintervention data were
being collected, rising COVID-19 cases led to the sudden closure of the university, making
a comparison impossible at that time. In December 2020, the university began to reopen
with the canteen running at reduced capacity, serving 150 students as opposed to 375
pre-COVID-19. The FW-generation data were then collected for the duration of a month
(19 December 2020 to 18 January 2021) showing postintervention, post-COVID-19 FW
generation. The daily FW-generation figures (kg/day) were then divided by the number of
students being served (375 pre-COVID-19 and 150 post-COVID-19) to gain the daily per
capita FW-generation levels (kg/capita/day).

2.4. Food-Waste-Reduction Interventions

A number of interventions were carried out to attempt to reduce the amount of FW
generated at both the UK and Indian university canteens, with specific aims to ascertain
the extent to which FW interventions could reduce FW in canteens, and which of the
interventions were the most effective.



Sustainability 2022, 14, 5486 6 of 23

The interventions included the use of informative place cards, salient signs, and poster
prompts, as well as posters providing group feedback, and were carried out together. The
differences between the baseline and experimental FW-generation quantities showed the
extent to which the interventions affected FW generation at the canteen. The postinter-
vention survey asked the participants which of the interventions they noticed and which
they found most effective, with an aim to identify which of the interventions was the most
successful.

Four informative table cards were placed on each table in the canteens to reduce FW,
as based on a study conducted by Manomaivibool et al. [19]. Salient signs telling students
to not overfill their plates were placed by the serving tables and FW, as based on a study by
Kallbekken and Saelen [20]. In addition, a mixture of A3 and A2 prompt posters telling
students to reduce their FW and posters with group feedback on quantities of FW generated
in the canteens with relatable environmental and social impacts were displayed throughout
the canteens to reduce FW, as based on a study conducted by Whitehair et al. [9].

At the Indian university canteen, as the postintervention data were collected post-
COVID-19, infrastructural changes related to the running of the canteen were also intro-
duced due to COVID-19, and were reported by canteen staff to have had an impact on FW
generation. The following changes occurred due to COVID-19: a change from self-service
to table service, with portion control by serving staff and increased ease in refilling plates;
limited food items on the menu due to temporary staff reductions; increased FW awareness
due to the COVID-19 situation; improved food-demand estimations due to COVID-19 and
an exact account of student numbers and dining requirements, as students were required
to inform the university daily of their whereabouts, and whether they were going to enter
or leave the campus, in advance, including exiting temporarily at meal times; and reduced
outside catering options, leading to fewer students opting for external catering. These
changes were reported to have led to a reduction in FW generation at the canteen.

2.5. Research Methodology Framework

A research methodology framework (Figure 1) was created to illustrate how the aims
and objectives matched with the methodology, and how the overall research methodology
used in this paper could be adopted and replicated to increase the understanding of FW
reduction among dissimilar sample groups. Waste-reduction methods, such as those used
in this research, can be utilised to create quantitative data that can be analysed to calculate
the extent to which these methods can reduce FW. Coinciding with this, attitude and
behavioural methods such as surveys and interviews can be used to derive quantitative
and qualitative data, respectively, which can then be analysed to better understand how and
why there are dissimilarities among different sample groups, and what implications these
differences may have on improving FW minimisation in the various settings. An arrow
between the outcomes is used to symbolise how the methods can be used in conjunction
with each other to create more diverse and complete findings.
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Figure 1. Research methodology framework.

A framework for conducting food-waste interventions in canteens (Figure 2) was
also created to illustrate how the different food-waste-reduction interventions could be
carried out, so that policymakers could use the outcome of this study to conduct necessary
interventions to tackle FW in the canteen setting. It detailed how FW signs, posters,
and table cards could be created for different canteen settings and introduced to reduce
FW generation, with the steps detailing the actions that should be carried out shown in
descending order.
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Figure 2. Framework for using food-waste interventions in canteens.

3. Results
3.1. Survey

In the UK, catered students included a mixture of male, female, and nonbinary stu-
dents, as well as a range of UK, EU, and non-EU nationals; the sociodemographics of the
samples are shown in Table 1. This section focuses on the preintervention surveys, as the
postintervention surveys only had five participants (under the 31 required to be statistically
viable).

Table 1. Sociodemographics of catered students in the UK surveyed.

Sociodemographics Preintervention (%) Postintervention (%) Preintervention (%) Postintervention (%)

Sample size 31 5 32 12
Gender
Male (%) 48.5 20 100 100
Female (%) 45 80
Nonbinary (%) 6.5 0
Nationality
UK (%) 48.5 20 Indian (%) 100 100
EU (%) 31 40 Non-Indian (%) 0 0
Non-EU (other than
UK) (%) 20.5 40



Sustainability 2022, 14, 5486 9 of 23

In India, catered students were surveyed at a male-only university canteen and con-
sisted solely of male Indian undergraduate students; the sociodemographics of the sample
are also shown in Table 1. This section focuses on the preintervention survey, as the
postintervention surveys only had 12 participants (under the 31 required to be statistically
viable).

Regarding self-perceived FW generation before the intervention, most catered students
in the UK believed that they wasted small amounts, hardly any, or no food at all (81%),
as shown in Table 2. This showed that the vast majority of the students did not consider
themselves to be wasteful.

Table 2. Catered students in the UK—the causes of FW and self-perceived generation.

How Much Uneaten Food—Overall—Would You Say You Throw Away in General?

UK (%) India (%)

Quite a lot 3 3
A reasonable amount 3 19
Some 9.5 12.5
A small amount 22 40.5
Hardly any 56.5 22
None 3 3

Which of these, if any, would you say is the main reason why you throw away food?

UK (%) India (%)

Food didn’t taste good 16 56.5
Made too much food 9 22
Not enough time 13 6.5
Plans change in the
week/can’t plan 28 3

Took too much food 0 9.5
Food spoilt 0 9.5
Don’t know 34 9.5

When considering the main causes of FW for the catered students in the UK prein-
tervention, the main issue was being unable to account for plans changing in the week
(selected by 28% of participants); this was followed by the food not tasting good (16%),
not having enough time (13%), and making too much food (9%), as shown in Table 2.
Additionally, 34% were not sure about the main reason why they wasted food preinter-
vention, signalling that the students lacked knowledge and awareness concerning FW
preintervention.

Regarding self-perceived FW generation preintervention, most catered students be-
lieved that they wasted small amounts, hardly any, or no food at all (66%), as shown in
Table 2. This showed that the majority of them did not consider themselves to be wasteful.

When considering the main causes of FW preintervention for the Indian catered
students, the main issue resulting in FW was the food not tasting good (56%), followed by
making too much food (22%), as shown in Table 2. In addition, only 9.5% of the students
stated that they did not know why they wasted food, signalling that those surveyed had a
relatively high awareness of FW issues even before the interventions.

When considering the extent to which the catered students in the UK were bothered
by FW, the majority of those surveyed preintervention were bothered a great deal or a fair
amount (77%), as displayed in Table 3.

When asked why the participants were bothered about FW, they stated wasting money
was the main concern (72% of all those surveyed), as shown in Table 3. Feelings of guilt
(59%), concerns about wasting ‘good food’ (56%), and considerations of the environmental
impact (53%) were the second-, third-, and fourth-most selected issues with FW, respectively,
and were selected by a much higher number of students than the other categories. Overall,
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the results signified that the students were most bothered about economic, environmental,
and ethical concerns related to FW.

Table 3. Catered students in the UK- The extent to which students care about FW and why.

When You Have to Throw Uneaten Food Items Away, To What Extent, if at All, Does It Bother
You?

UK (%) India (%)

A great deal 33.5 40.5
A fair amount 43.5 37.5
A little 10 19
Not very much 13.5 3
Not at all 0 0

Why does throwing away food bother you?

UK (%) India (%)

It’s a waste of my money 72 40.5
It’s bad for the environment 53 22
It makes me feel guilty 59.5 72
It’s dirty/makes the bin smell 12.5 9.5
It makes me feel that I haven’t planned very
well 25 22

I can’t afford to throw away food 25 15.5
It makes me feel like I’ve wasted my time 15.5 9.5
It’s a waste of good food 56 40.5
Food could be used by others 3 12.5
Don’t know 0 6.5

How much effort do you make to minimise the amount of uneaten food you throw away?

UK (%) India (%)

A great deal 19.5 31.5
A fair amount 48.5 40.5
A little 19.5 25
Not very much 13 3
None at all 0 0

Regarding the amount of effort catered students in the UK made to minimise the
quantity of FW they generated preintervention, the majority made either a great deal or a
fair amount of effort (68%), as displayed in Table 3.

When considering the extent to which the Indian catered students were bothered by
FW, the majority of those surveyed preintervention were bothered a great deal or a fair
amount (78%), as displayed in Table 3.

When asked why the participants were bothered about FW, the most selected issue
was feeling guilty (72% of all those surveyed), as shown in Table 3. Following this, concerns
related to wasting money, as well as ‘good food’ (both 41%), were the joint second-most
selected concerns. Overall, the results signified that FW made them feel very guilty, while
they were also concerned about social and economic issues related to FW.

Regarding the amount of effort Indian catered students made preintervention to
minimise the amount of FW they produced, the majority made either a great deal or a fair
amount of effort (72%), as displayed in Table 3.

3.2. Interview and Focus Group

Focus groups and semistructured interviews were carried out at the UK and Indian
university canteens, as described in Section 2.2. The characteristics of the participants
and themes identified are displayed in Table 4. The themes are discussed below. Where
appropriate, postintervention survey results are mentioned to support the findings of the
interviews and focus group.
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Table 4. Key characteristics of participants and key themes identified.

Theme Description

(1) Reasons for FW Concerns regarding how FW is generated, where it is generated, and why.

(2) Motivations to tackle FW issues
Considers regarding why residents and responsible staff at the universities
see FW as a problem, and what they hope to gain by actively trying to tackle
FW issues.

(3) Key opportunities to mitigate FW issues Identifies ways in which FW management could be improved at the
organisations.

(4) Effect of behavioural change interventions on
FW reduction Explores the impact of FW interventions on FW-generation behaviour.

Number Country Organisation Role Format

1 UK University-catered
residence Students Focus group

2 UK University canteen Residences’ head
caterer

Semistructured
interview

3 India University-catered
residence Students Focus group

4 India University canteen Mess secretary Semistructured
interview

After conducting the semistructured interviews and focus groups at the UK and Indian
universities, a great deal could be inferred that helped in understanding what FW-related
issues there were at the universities, what the reasons were for these FW issues, and what
could be done to improve the situation.

3.2.1. UK Interview and Focus Group

It seemed apparent that there were strong concerns about FW and motivations to
reduce FW among the students. Financial savings and climate-change mitigation appeared
to be the dominant drivers in reducing FW among the students in the UK.

1: “On a personal scale I definitely think most about the economic issues.”
There were also strong FW-prevention practices carried out at the UK university that

helped to mitigate FW issues, such as adapting menus based on student feedback.
2: “There’s no point in redoing that meal if they’re not eating it.”
There was a major opportunity identified to reduce FW through food sharing, with

surplus catered food being diverted to local food charities and establishment of a system
for residents to share their surplus food to avoid it going bad, be it a specific system for the
residences, or using existing apps such as OLIO [38].

1: “We should have a common scheme for food that you don’t want that could be shared.”
The focus groups also helped us to understand how and why the FW interventions

worked, to what extent they worked, and what limitations they had. The canteen interven-
tions appeared to be effective, especially the more informative information such as table
cards and feedback posters about the impacts of FW, with the postintervention surveys
also indicating that the table cards had the greatest impact on FW-generation behaviours.

1: “It was really interesting to learn more about it, to put it all into context.”

3.2.2. UK Interview and Focus Group

It seemed apparent that there were strong concerns about FW and motivations to
reduce FW among the students in India.

The consequences of FW on food security were considered particularly important at
the Indian university.

3: “In our country many people don’t get to eat their daily food. I consider it a very big problem.
We should reduce food waste as much as we can.”
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One of the most significant FW-related issues at the Indian university canteen was
estimating how much food to produce in at the canteen.

4: “The main constraint is unpredictability of students eating in the mess.”
Moreover, there were significant issues related to cultural taste preferences and FW,

which are inherent at universities in India due to India’s cultural diversity.
3: “Here in the mess the food made is mostly Marathi cuisine, so if someone is from Delhi, they

will probably not like the Marathi food.”
In addition, there were issues of students overfilling their plates and wasting food

because they took more than they could eat, or took large quantities of food items that
they disliked after tasting them. They mentioned how this FW could be reduced by taking
smaller quantities and returning for seconds.

3: “Take a little bit of food, taste it and if you like it you can take a bit more.”
Perhaps the main opportunity that was identified to reduce FW at the university was

food sharing, with surplus catered food being diverted to local food charities.
3: “If there is food left over, we could transport it to food shelters or take it to NGOs to

redistribute the food. There are NGOs who take this.”
The focus groups also helped us to understand how and why the FW interventions

worked, to what extent they worked, and what limitations they had. Canteen interventions
appeared to be highly effective at the Indian university, with FW signs making students
feel guilty about wasting food, and the statistical information that was displayed having a
particularly significant impact. The postintervention surveys also indicated that the table
cards and feedback posters had the greatest impact on FW-generation behaviours.

3: “The sign was very effective because I saw it when I was throwing away my food and I
found it very disturbing to see.”

3.2.3. Food-Waste Reduction

The UK university canteen typically served around 260 catered students, and gen-
erated around 35.7 kg/day of FW. Total FW was reduced by 11.4% (from 35.71 kg/day
to 32.07 kg/day), while the daily per capita catered FW was reduced by 13.2% (from
0.1127 kg/capita/day to 0.0995 kg/capita/day). Figure 3 shows examples of the FW inter-
ventions used, including FW posters (a prompt poster at the top left and a feedback poster
at the top right), an FW sign in the centre, and table cards at the bottom, shown in clock-
wise order and in descending order from top to bottom. FW was reduced at the canteen,
meaning that the interventions impacted FW-reduction behaviours. The FW reduction will
result in an annual savings of approximately 5 tonnes of CO2eq [39] and GBP 11,680 [40],
as the environmental impacts and financial outlays associated with producing the avoided
FW will have been mitigated. This indicated that the interventions appear to have been
effective in reducing FW.

The Indian university canteen typically served around 375 students and generated
approximately 45 kg/day before the COVID-19 pandemic, and during the time in which the
interventions were initially introduced. Data on FW generation directly after the interven-
tions were introduced were unattainable due to a COVID-19-related university shutdown
and citywide lockdown. Attempts were made to acquire the data once the lockdown
was eased, and in December 2020 it was finally possible to obtain this data; however, as
mentioned previously, the data showed the joint impacts of the FW interventions and
COVID-19-related changes, including a reduction in student numbers to around 150 post-
COVID and in total FW generation to approximately 9 kg. The combined impacts of the
interventions and COVID-19 changes led to a 50.2% reduction in per capita FW generation
at the Indian university canteen (from around 0.12 kg/capita/day to 0.06 kg/capita/day).

The total FW reduction will result in annual savings of approximately 36 tonnes of
CO2eq [39], and INR 125,000 [41], as the environmental impacts and financial outlays
associated with producing the avoided FW will have been mitigated. It seemed apparent
that the interventions were highly effective in reducing FW, while the changes associated
with COVID-19 had a very significant impact on FW reduction.
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Figure 3. Examples of food-waste interventions used in canteens.

4. Discussion

According to the results, it seemed likely that the interventions changed the behaviours
of the students by making them reduce their FW, while any related FW reductions will
bring about wide-ranging environmental, social, and economic benefits. It was vital to
assess how the results of the research differed between the UK and Indian universities to
understand how regional, cultural, and infrastructural differences between the countries,
as well as COVID-19 impacts, could influence FW-reduction opportunities. It was also
important to compare the results with those of previous studies to find where the literature
supported our research results, where the findings differed, and what the reasons for the
differences may have been. It was imperative to then use this analysis to see how it could
improve our understanding of enacting effective FW-generation behavioural change, and
what implications this could have on the wider context of improving institutional FW
management, as well as the benefits these improvements could bring.

When comparing the behaviours and attitudes of UK and Indian catered students, it
seemed that the students in the UK perceived themselves to be more wasteful than the
students in India, with 81% of the students in the UK believing that they wasted small
amounts, hardly any, or no food at all, when compared to 66% of students in India. On
the other hand, it was apparent that students in India had a greater concern than the
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students in the UK regarding FW-related issues, as a slightly higher number of students
stated that they were bothered ‘a great deal’ or ‘a fair amount’ than students in the UK
did (78% compared to 77%), and more students in India stated they made ‘a great deal’
or ‘a fair amount’ of effort to minimise their FW when compared to students in the UK
(72% compared to 68%). It could also be inferred from the surveys and focus groups that
students in the UK were more concerned about economic and environmental concerns
than students in India, whereas students in India were more bothered by social issues such
as food security, and felt more guilt when wasting food. When comparing cultural and
infrastructural differences between the UK and India, reasons for FW being generated at
the university canteens, and opportunities to reduce FW, there were many similarities, but
also key differences. While the UK university canteen maintained a well-informed menu
selection through use of student surveys to understand food preferences, the Indian canteen
had a less well-informed menu selection, as they did not obtain feedback to understand
and adjust the menus based on what meals students did or did not like, leading to large
levels of wastage of certain meals. Meanwhile, the caterers at both canteens experienced
difficulties in estimating how much food to prepare. With this being said, the UK canteen
caterers maintained very effective FW-prevention practices in the kitchen, such as using
batch cooking and creative use of leftovers, meaning that surplus-food-related waste was
minimised, something that could be adopted at the Indian university to help better mitigate
FW issues. Due to the fact that the Indian university canteen was a self-service buffet,
many students overfilled their plates and could not finish their food. On the other hand,
at the UK university canteen, food was served by the canteen staff, so there tended to
be better portion control, with less overfilling of plates. Moreover, the Indian university
canteen had specific FW issues related to cultural taste preferences and FW, which are
inherent to universities in India due to India’s cultural diversity, but not very applicable
to UK universities, as UK cuisine is less regionally diverse. It was found that FW related
to diverse cultural preferences could be reduced by serving more standardised and plain
meals. Perhaps the main opportunity for both universities that was identified to reduce
FW was food sharing, with surplus catered food being diverted to local food charities
and food-sharing systems being set up. Student engagement projects to educate people to
reduce FW were also identified as a significant opportunity to reduce FW at both university
canteens.

When comparing the impact that the interventions had on the catered students in the
two countries, according to the focus groups and FW-generation data, the interventions
appeared to have had a major impact in both countries, with table cards and posters
appearing to be particularly effective. As the postintervention FW-generation data for the
Indian university canteen also included COVID-19 impacts, it was impossible to make
a true comparison of the impact of the FW reduction interventions between the UK and
India. That being said, the interventions were found to be highly successful in reducing
FW quantities at the UK university by reducing the per capita FW by over 13%, while
combined postintervention and COVID-19 FW reduction at the Indian canteen was much
higher, at over 50%. With a lack of statistically significant postintervention survey samples,
and a lack of delineation between the FW generation changes that resulted from COVID-19
changes and behavioural-change interventions, it was difficult to speculate on the specific
contribution of each FW-reduction measure.

Of the total 50% reduction in FW observed at the canteen, it is likely that some of
the reduction observed could have resulted from the behavioural-change interventions, as
there was a 13.2% reduction found at the UK university, and the postintervention surveys
and focus groups indicated greater impacts of behavioural-change interventions among
students in India. That being said, it was probable that the COVID-19-related changes at
the Indian canteen had the biggest proportional impact on FW reduction at that canteen.

Regarding the impact of COVID-19 on FW generation, it seemed that the numerous
infrastructural changes in the canteen led to most of the FW reduction. A change from
self-service to table service at the canteen may have led to a reduction in plate scrapings by
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tackling the reported issue of students taking too much food and overfilling their plates
at the canteen. This was likely due to improved portion control by serving staff, as well
as it becoming easier to get more food, because staff refilling plates meant students knew
it was easier and less time-consuming to refill their plates, so they did not feel they had
to overfill their plates for the first serving. Moreover, the introduction of a more limited
menu due to a reduction in staff numbers on site caused by COVID-19 and staff returning
to their hometowns appeared to have minimised FW arising from cultural taste preferences.
This was reportedly because the limited food items offered were well known, standardised,
and commonly liked foods, thus reducing plate scrapings resulting from taste-preference
issues. Moreover, there was an issue with students eating at off-campus canteens instead
of at the university canteen, leading to the university preparing too much food, which
resulted in large food surpluses. The pandemic, however, led to the temporary closure of
many easily accessible eateries outside the campus, reducing outside eating options, and
therefore the ease of students in seeking alternative eating options to the university canteen.
This in turn may have potentially been the key factor in reducing overall FW generation by
reducing the amount of surplus food produced at the canteen. Additionally, COVID-19 and
related safety concerns meant that there needed to be a better account of the whereabouts
of students, and specifically the number of students on campus requiring food at any given
time. This meant that an exact account of students who were expected to have meals was
known, which may have led to improved food-demand estimation, further helping the
canteen to reduce the amount of surplus unserved food left at the end of the day. It also
was reported that COVID-19 led to an increased awareness of FW issues and an increased
effort to minimise FW, which may have also contributed to the FW reduction witnessed.

As mentioned in the results section, the surveys found that the FW-reduction in-
terventions such as the table cards and posters did have an impact on FW-generation
behaviours among the catered students. Studies conducted by WRAP and the Women’s In-
stitute [10], Hampshire Country and Brook Lyndhurst [14], Whitehair et al. [9], Luecke [13],
Schmidt [42], and Visschers et al. [43] all supported these findings, and used similar in-
terventions to affect FW-generation behaviour and pre- and postintervention surveys,
supporting the findings of the survey in the research. That being said, Ellison et al. [11]
found that after using educational interventions at a university canteen, students did not
have significantly improved FW-generation behaviours. This meant that such interventions
were not always found to be effective in improving participants’ FW-generation behaviours
and attitudes.

As comparing FW-related attitudes between students in the UK and India was a novel
topic area, there was a lack of literature with which to compare the findings. Previous
research compared how FW-generation behaviours differed in different countries; however,
Grainger et al. [44] found that survey respondents in EU countries with lower GDPs
reported wasting greater levels of food; while in this study, the country with the lower
GDP (India) reported wasting more food than the country with the higher GDP (the UK),
thus supporting the findings. In addition, studies such as those by Jörissen et al. [45],
which compared FW behaviours in Italy and Germany; and Heng and House [46], which
compared FW behaviours in the USA, Canada, the UK, and France, both found significant
differences in self-reported FW and causes of FW in the different countries. This showed
that different countries could have clearly different FW-generation behaviours, as was
found to be the case when comparing the UK and Indian students in this study. While all
of the preintervention surveys had a statistically significant number of participants (≥31,
as calculated during a power calculation), the postintervention surveys all had a lack of
participation, and were not statistically significant (<31) [47]. Regarding the preintervention
surveys, it must be noted that while the UK university participants consisted of male,
female, and nonbinary students, the Indian university sample included a male-only sample.
The influence of gender on FW-related attitudes has been researched. Koivupuro et al. [44]
and Silvennoinen et al. [48] found that women reported that they generated more FW
than men; however, the survey in our research found that the male-only Indian university
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sample recorded greater levels of self-reported FW than the mixed-gender UK university
sample. Moreover, Cantaragiu [49] found that women tended to express greater concern
than men about the social consequences of FW, such as impacts on equality; however, the
surveys and focus groups in our research found that the male-only students in India were
more concerned about the social impacts of FW than the mixed-gender students in the
UK. In addition, Lyndhurst [50] and Sudershan [51] found that women felt more guilty
about wasting food and more bothered by FW, respectively; however, the surveys in our
research found that the male-only students in India felt more guilty about wasting food,
and were more bothered by FW than the mixed-gender students in the UK. We concluded
that gender influences could not explain the differences in FW-generation attitudes and
behaviours observed between the studied Indian and UK students, due to the fact that, if
the influences of cultural differences were excluded, all of the findings would contradict
those found in the literature. With this in mind, it may have been the case that the cultural
differences observed in our study could be widened even further if the surveys and focus
groups were conducted with participants using the same gender mixes [52].

The interviews and focus groups found clear improvements in FW attitudes after the
interventions were introduced due to increased awareness of FW issues and the benefits
of trying to minimise personal FW contributions. This was also identified in a study by
Luecke [13] that used similar interventions with catered university students. Concerning
the comparison between the Indian and UK institutions, Indian canteen staff and students
were more concerned about social issues with FW, whereas those from the UK were more
concerned about environmental and economic issues, due to a greater prominence of food
insecurity in India [53] and a greater awareness of environmental issues in the UK [54].
The UK–Indian comparisons were not supported by the literature due to the novelty of the
research; however, the survey responses were in alignment with the interviews and focus
groups. Adapting interventions based on country-specific FW concerns could help improve
their effectiveness. Additionally, a targeted approach that makes informed menu choices
based on students’ preferences could represent a particularly significant opportunity for
FW reduction at Indian university canteens, and the reduced menu choice may well have
played a significant role in post-COVID-19 FW reduction at the canteen.

As seen in the Results section, the FW-reduction interventions were effective at both
the UK and Indian university canteens. FW was reduced at the UK canteen by 13.2% when
compared to the preintervention baseline figure, and the interventions were likely to have
contributed to an even greater reduction in FW at the Indian canteen, given the survey and
focus group responses. This FW-reduction figure was broadly similar to that seen in similar
studies, with FW reductions of between 9 and 19% when using educational and feedback
prompts as interventions in university canteens [9,19,55]. Additionally, Kallbekken and
Saelen [20] found that FW was reduced in buffet restaurants by a comparable 20.5% when
using salient sign interventions, thus supporting the findings of this study. Conversely,
a study carried out by Ellison et al. [11] found a decrease in FW of only 4% with similar
interventions, showing that there may not always be a large drop in FW generation. In
addition, as the FW quantities at the canteen were combined at the source with the self-
catered FW from the UK university residence hall, some changes in FW that were recorded
may have resulted from fluctuations in the self-catered FW stream. That being said, catered
FW represented the majority of the total FW stream at the residence (~71%), and there was
an 11.4% reduction in total FW at the residence (including self-catered FW) postintervention.
Considering this and the fact that the majority of studies found comparable outcomes using
similar interventions, we inferred that the results of our study were reliable, and that a
FW reduction of around 13% could be expected when carrying out the same interventions
at other university canteens in the UK. From this, we gleaned that such interventions
were an effective method for reducing FW and its related impacts. The interventions were
highly cost-effective and would be very easy to replicate. That being said, there was a
lack of long-term studies showing the effects of using informative printed interventions
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on FW reduction over time, with one study expressing a belief that the impacts of such
interventions may wane over time [56].

As mentioned in the Results section, it is likely that COVID-19 impacts contributed
significantly to reducing FW at the Indian university canteen. The contributing factors may
have included a move to table service, improved food-demand estimation, a scaled-down
menu, and increased FW awareness due to COVID-19. A number of studies have examined
the impact of similar infrastructural changes, as well as COVID-19-related attitudinal
changes, on FW generation in the canteen setting. Papargyropoulou et al. [3] found that
canteens with served meals may generate less than half of the amount of FW per capita than
self-service buffets, as servers can instigate effective portion control, thus supporting the
theory that a switch to table service reduced FW. On the other hand, Matzembacher et al. [8]
found that self-service canteens generated less FW per capita due to customers having more
autonomy to pick a portion size proportionate to their appetite. Meanwhile, improved food-
demand estimation was reported at the Indian canteen since COVID-19, due to the canteen
having a better ability to know how many students to serve on a given day. Leverenz
et al. [23] reported that improved food-demand estimation allowed for more suitable food-
production levels for hotel breakfast buffets, allowing for a reduction in end-of-service
food surpluses by almost two-thirds, thus showing that improved food estimation can
bring about significant FW reductions, as was reported to have occurred post-COVID-19
at the Indian canteen. In addition, the changed, refined, and more standardised menu
that was introduced in the Indian canteen post-COVID-19 was reported to have led to
less FW being generated at the canteen. Cohen et al. [24] and Schwartz et al. [25] found
that standardising menus at school canteens in the US led to reductions in waste of up to
28% for certain food items, showing that menu changes can bring about significant FW
reductions. COVID-19 was also reported to have brought about increased FW awareness
and resultant reductions in FW generation at the canteen. Studies by Principato et al. [26]
and Burlea-Schiopoiu et al. [27] reported similar findings, thus supporting this theory.
These studies only looked at attitude changes and did not assess specific FW reductions;
thus, it was difficult to quantify what impact COVID-19-related behavioural changes may
have had on FW generation at the Indian canteen.

The 50% per capita FW reduction post-COVID-19 and postinterventions were likely
caused in part by the behavioural-change interventions, but much of the reduction was
likely to have resulted from the COVID-19 impacts. It is probable, when examining
the survey and focus-group responses, that the FW-reduction interventions were more
impactful at the Indian canteen than at the UK canteen. Assuming, however, that the
interventions had a similar impact in both countries, COVID-19 impacts could have been
responsible for a per capita FW reduction of over 35%. While the combined impact of such
specific changes on FW generation have not been assessed in the literature, there have been
studies that assessed the impact of awareness campaigns and infrastructural changes on FW
generation and showed similar impacts in comparable settings. Visschers et al. [43] found in
a Swiss university canteen setting that awareness-raising behavioural-change intervention
(similar to that used in this study) increased the FW awareness of students, but did not
impact self-reported FW generation (plate waste). However, when the behavioural-change
intervention was combined with an infrastructural intervention, in the form of offering
smaller meal portions, plate scrapings were reduced by 20%. Moreover, Pinto et al. [57]
found that an awareness-raising behavioural-change intervention combined with the same
infrastructural intervention—the provision of smaller meals—at a Portuguese university
canteen led to a reduction in plate scrapings by 15%. Additionally, the researchers provided
the catering team with data on food production, food consumption, and surplus leftover
food at the canteen. The catering team then adjusted the amount of food they produced
accordingly, leading to a 73% reduction in surplus food due to this additional infrastructural
intervention. These studies showed that a combination of behavioural-change interventions
(such as the one used in this study) and infrastructural interventions such as improved
portion control and improved food demand estimation (as was introduced in the Indian
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canteen post-COVID-19 through a switch to table service and improved student number
monitoring) can lead to significant FW reductions, with the infrastructural changes having
a greater contribution to the reduction than the behavioural-change interventions.

In addition, Malefors et al. [58] compared the impact of an awareness-raising behavioural-
change intervention with infrastructural interventions on FW generation at Swedish schools.
They found that the behavioural-change intervention led to a 35% reduction in plate
scrapings. When examining the impacts of infrastructural interventions, they found that
offering tasting spoons, to see if students liked the meal before serving it on their plates,
led to a 22% reduction in plate scrapings. In a similar vein, in the Indian canteen post-
COVID-19, servers offered students tastings of dishes if they were not sure they would like
them. Malefors et al. [58] also gave feedback on FW generated daily at the canteen and
how many meals this equated to, and allowed the students to report why they wasted the
food, including issues with the taste of certain meals. This intervention resulted in a 37%
reduction in plate scrapings through improved FW behavior and a 62% reduction in surplus
unserved food through the menu being refined. At the Indian university canteen, the FW
feedback poster that was introduced had similarities to the feedback materials introduced
by Malefors et al. [58], while the menu was also refined in a similar way post-COVID-19 at
the Indian university canteen, reportedly leading to reductions in FW. Malefors et al. [58]
also found that improved student number monitoring (as was introduced post-COVID-
19 at the Indian canteen) led to a reduction in surplus leftover food by 49%. Overall,
the feedback led to the greatest reduction in FW of all of the interventions, followed by
the student number monitoring. The findings of this study were in line with Visschers
et al. [43] and Pinto et al. [57] by indicating that infrastructural changes (such as those
made post-COVID-19 at the Indian canteen) lead to a greater FW reduction in canteens
than behavioural-change interventions (such as the one introduced at the Indian and UK
university canteens).

The impacts of COVID-19 changes, similar to those at the Indian university canteen,
were studied by Ismail et al. [59] in a Tunisian university canteen setting. Post-COVID-19,
the canteen changed its catering style and infrastructure, with improvements reported in
the menu, food presentation, food safety and hygiene, and general food quality, as well
as an increased FW awareness after the emergence of COVID-19. Similar improvements
in meal quality and safety, as well as increased FW concern post-COVID-19, were also
reported at the Indian canteen. Overall, Ismail et al. [59] found that post-COVID-19, 28%
more students reported to have wasted no food, while 55% reported to have wasted less
food when compared to pre-COVID-19. This therefore showed that COVID-19 impacts,
similar to those experienced at the Indian canteen, significantly impacted FW behavior and
generation.

Bearing in mind the fact that the majority of studies found comparable outcomes when
canteens underwent similar infrastructural changes, and the fact that previous studies
found that infrastructural changes contributed more than awareness campaigns to FW
reduction, it is likely that the changes were responsible for the majority of the per-capita
FW reduction observed at the Indian university canteen. Moreover, there could be a real
opportunity for combining behavioural-change interventions with infrastructural changes
at canteens to lead to major reductions in FW generation. It is also possible that the
behavioural-change interventions had an enhanced impact due to complimentary COVID-
19-related attitude changes concerning FW [27,28,59]. Furthermore, similar impacts may be
possible when enacting the same infrastructural changes post-COVID-19 at other university
canteens in India. From this, we gleaned that such infrastructural changes were a highly
effective method for reducing FW and its related impacts.

Additionally, other studies have shown that other FW-reduction methods, such as
trayless canteens [23] and reduced portion and utensil sizes [21,22,54,57], were highly effec-
tive in reducing FW. Further still, redistributing surplus food can help reduce FW further,
as it tackles the surplus food stream, while the other interventions mentioned targeted
the reduction of plate scrapings, and should be carried out where possible [60]. As was
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discussed in the focus groups and interviews, surplus food from catering establishments
can be reduced through using mobile phone apps such as Too Good To Go, which reduces
FW by offering discounts on uneaten food before the closure of canteens [61]. The final
daily surplus can then be redistributed by FW charities [60]. Reducing FW in the catering
sectors is incredibly important, as it is one of the largest sources of global FW [1], and
is associated with particularly high GHGEs per quantity of FW, as there are upstream
emissions that result from agriculture, processing, storage, and transport equivalent to
over 2 tonnes of CO2eq per tonne of FW [62], and FW also contributes significantly to food
insecurity [1].

5. Conclusions

In conclusion, this research achieved either all of its objectives fully or in part, and in
doing so, has added to the literature to increase our understanding of the topic area.

The first objective, ‘to greater understand FW generation behaviour and FW manage-
ment among university students in the UK and India’, was achieved at a more surface
level by comparing the surveys, and at a deeper level by comparing focus groups and
interviews at the different institutions. Specific FW-related cultural differences between
university students in the two countries had not previously been studied. In achieving this
objective, we helped to fill knowledge gaps. The survey found that students in India had
greater concerns about social FW issues, while students in the UK were more concerned
about financial and economic impacts. This work also identified that cultural diversity was
a greater cause of FW in India. The analysis also found that students in India appeared
more concerned about FW than students in the UK were. Similar research methods should
therefore be expanded to other institutions across the two countries, in order to ascertain
which of the differences observed can be attributed to countries as a whole, and which may
be institution-specific. In addition, the results should be statistically modelled in order to
give more weight, robustness, and scientific significance to the findings.

The second objective, ‘to assess the impact of introducing informative and prompt
printed information on FW generation at university canteens in the UK and India’, was
partially achieved by assessing statistical differences in pre- and postintervention FW gener-
ation, as well as focus groups and interviews to understand how and why the interventions
made an impact. The paper has helped add to the literature, and agreed with the findings
of previous studies that educational and awareness-raising interventions can help improve
FW-generation attitudes and change behaviours, resulting in reduced FW, which in turn
results in wide-ranging benefits. This objective was only partially completed, however,
due to COVID-19-related changes being combined with the behavioural interventions at
the Indian university, meaning that the exact extent of FW reduction through printed and
prompt interventions could not be ascertained. Additionally, a lack of statistically signifi-
cant postintervention surveys meant that there was a limited understanding of the degree
to which the behavioural-change FW interventions affected FW-generation behaviours and
attitudes.

The third objective, ‘to assess the impact of COVID-19-induced changes on FW gener-
ation at an Indian university canteen’ also was achieved by assessing FW-generation levels
before and after the pandemic-induced infrastructural changes, as well as gaining anecdotal
information from canteen staff on how and why they impacted FW levels. We observed
that infrastructural changes brought about by COVID-19 likely led to significant reductions
in FW, while the COVID-19 pandemic itself may have increased FW awareness among
students in India. Knowledge of this can in turn help in our understanding of how and why
infrastructural changes to canteens may offer opportunities for significant FW reductions.
This could, in turn, help form a template for canteens in India and perhaps other similar
institutions globally to adapt the way they are run to reduce FW generation, adding to
previous research. The research has also helped increase our understanding of the impacts
of COVID-19 in the catering setting, and on FW behaviours, also building on the existing
literature. The novelty of our research was also greatly increased by the fact that it was one
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of very few projects that incorporated the impacts of COVID-19 on FW generation, and that
discussed opportunities that have emerged in the catering and FW management sector as a
result of the pandemic. However, as the behavioural changes and COVID-19 infrastructural
changes were introduced together, it was impossible to know precisely what proportion of
the FW reduction observed was due to COVID-19 infrastructural changes. Further research
should be conducted on similar-style institutions, replicating the preintervention conditions
and adopting similar behavioural-change interventions, as well as similar infrastructural
changes at different times, in order to specifically differentiate the individual impacts the
different changes have on FW generation at the university canteens.

Furthermore, there was clearly a lack of literature concerning how FW-related attitudes
differed between institutions in different countries and how this affected the impact of
FW-related interventions. Further research should be conducted to bridge this knowledge
gap by expanding the size of the study to examine numerous other universities across
the UK and India to ascertain how representative the two case studies in this research
were. Moreover, additional research needs to be carried out to assess and quantify the
true environmental, economic, and social benefits that could result from site-specific FW
reduction from interventions and infrastructural changes, as well as related feasibility and
economic outlays for carrying out said interventions and infrastructural changes.

Using the findings of this research, a number of recommendations can be made to
inform FW managers at universities to improve their FW management. In order to reduce
FW at university canteens, a similar FW-reduction campaign with informative printed
interventions being displayed in the canteens should be adopted, as they were effective,
at least in the short term; they were highly cost effective; and they would be very easy to
replicate. Furthermore, COVID-19 should be seen as a major opportunity to implement
similar infrastructural changes, such as improved food estimation, refined menus, and a
switch to table service in order to reduce FW generation, as COVID-19 has made society
more adaptable and accepting of changes to which they may previously have been averse.
Other initiatives mentioned, such as introducing smaller plate sizes and having trayless
canteens, should also be explored wherever feasible. Furthermore, refining menu plans to
fit the needs of students and having effective estimation systems to reduce the likelihood of
overcatering would also be advisable to further reduce FW. Additionally, efforts should be
made to set up systems in which surplus catered food can be redistributed to local food
charities.
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Document S1: Canteen food waste survey; Document S2: Focus group questions and plan; Document
S3: Semistructured interview questions.

Author Contributions: Conceptualization, N.D., W.Y., and T.C.; methodology, N.D. and W.Y.; soft-
ware, N.D.; validation, N.D. and W.Y.; formal analysis, N.D.; investigation, N.D.; resources, N.D.,
W.Y. and S.R.; data curation, N.D.; writing—original draft preparation, N.D.; writing—review and
editing, N.D. and W.Y.; visualization, N.D.; supervision, W.Y., T.C. and A.R.; project administration,
N.D., W.Y., A.R. and S.R.; funding acquisition, N.D. and A.R. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the Engineering & Physical Sciences Research Council (EPSRC)
(grant no. EP/L014912/1) and a DST UKIERI-funded thematic partnership between the University of
Leeds and the Indian Institute of Technology, Bombay, on conversion of wet wastes by hydrothermal
carbonisation (IND/CONT/GA/18-19/18).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of The University of Leeds (protocol
code MEEC 18-019 and date of approval 11 June 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patient(s) to publish this paper.

https://www.mdpi.com/article/10.3390/su14095486/s1


Sustainability 2022, 14, 5486 21 of 23

Data Availability Statement: Due to the nature of this research, the institutions and participants in
this study did not agree to their raw data being shared publicly, in order to retain the anonymity of
the institutions and participants, so supporting data is not available.

Acknowledgments: The authors are grateful to Suyog Shaha and Sarah Brooks for helping with
organising focus groups and interviews, and distributing surveys. The authors are also grateful to
the studied universities and catering staff at the canteens for facilitating the research.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. WRAP. Estimates of Food Surplus and Waste Arisings in the UK. 2017. Available online: http://www.wrap.org.uk/sites/files/

wrap/Estimates_%20in_the_UK_Jan17.pdf (accessed on 20 August 2018).
2. Reynolds, C.; Goucher, L.; Quested, T.; Bromley, S.; Gillick, S.; Wells, V.K.; Evans, D.; Koh, L.; Kanyama, A.C.; Katzeff, C.; et al.

Consumption-stage food waste reduction interventions–What works and how to design better interventions. Food Policy 2019, 83,
7–27. [CrossRef]

3. Papargyropoulou, E.; Steinberger, J.K.; Wright, N.; Lozano, R.; Padfield, R.; Ujang, Z. Patterns and Causes of Food Waste in the
Hospitality and Food Service Sector: Food Waste Prevention Insights from Malaysia. Sustainability 2019, 11, 6016. [CrossRef]

4. Mattar, L.; Abiad, M.; Chalak, A.; Diab, M.; Hassan, H. Attitudes and behaviors shaping household food waste generation:
Lessons from Lebanon. J. Clean. Prod. 2018, 198, 1219–1223. [CrossRef]

5. Mak, T.M.; Yu, I.K.; Xiong, X.; Zaman, N.Q.; Yaacof, N.; Hsu, S.-C.; Poon, C.S.; Tsang, D.C. A cross-region analysis of commercial
food waste recycling behaviour. Chemosphere 2021, 274, 129750. [CrossRef] [PubMed]

6. Abrahamse, W.; Steg, L. Social influence approaches to encourage resource conservation: A meta-analysis. Glob. Environ. Chang.
2013, 23, 1773–1785. [CrossRef]

7. Zhang, S.; Wu, Q.; Zhu, T.; Hou, K. Design and Implementation of Waste Reduction Intelligent Cafeteria System Based on
Raspberry Pi. J. Phys. Conf. Ser. 2021, 1748, 042029. [CrossRef]

8. Matzembacher, D.E.; Brancoli, P.; Maia, L.M.; Eriksson, M. Consumer’s food waste in different restaurants configuration: A
comparison between different levels of incentive and interaction. Waste Manag. 2020, 114, 263–273. [CrossRef]

9. Whitehair, K.J.; Shanklin, C.W.; Brannon, L.A. Written messages improve edible FW behaviors in a university dining facility. J.
Acad. Nutr. Diet. 2013, 113, 63–69. [CrossRef]

10. WRAP; the Women’s Institute. Love Food Champions. 2008. Available online: https://www.wrap.org.uk/sites/files/wrap/
LFC%20draft%20FINAL%20report%20171008-FINAL.pdf (accessed on 8 October 2019).

11. Ellison, B.; Savchenko, O.; Nikolaus, C.J.; Duff, B.R. Every plate counts: Evaluation of a food waste reduction campaign in a
university dining hall. Resour. Conserv. Recycl. 2019, 144, 276–284. [CrossRef]

12. Geislar, S. The new norms of food waste at the curb: Evidence-based policy tools to address benefits and barriers. Waste Manag.
2017, 68, 571–580. [CrossRef]

13. Luecke, L. Haste to no waste: A multicomponent food waste study in a university dining facility. In Antonian Scholars Honors
Program; St. Catherine University: St. Paul, MN, USA, 2015; 33p.

14. Council, H.C.; Lyndhurst, B. WR0117: ‘Small Changes Big Difference’, Towards a Materials Resource Authority: Promoting
Practical Waste Prevention and Exploring Options for Resource Management. In A project for Defra’s WREP; WREP: Berlin,
Germany, 2008.

15. Graham-Rowe, E.; Jessop, D.C.; Sparks, P. Identifying motivations and barriers to minimising household food waste. Resour.
Conserv. Recycl. 2014, 84, 15–23. [CrossRef]

16. Mourad, M. Recycling, recovering and preventing “food waste”: Competing solutions for food systems sustainability in the
United States and France. J. Clean. Prod. 2016, 126, 461–477. [CrossRef]

17. Goonan, S.; Mirosa, M.; Spence, H. Getting a Taste for Food Waste: A Mixed Methods Ethnographic Study into Hospital Food
Waste before Patient Consumption Conducted at Three New Zealand Foodservice Facilities. J. Acad. Nutr. Diet. 2014, 114, 63–71.
[CrossRef] [PubMed]

18. Romani, S.; Grappi, S.; Bagozzi, R.P.; Barone, A.M. Domestic food practices: A study of food management behaviors and the role
of food preparation planning in reducing waste. Appetite 2018, 121, 215–227. [CrossRef]

19. Manomaivibool, P.; Chart-asa, C.; Unroj, P. Measuring the Impacts of a Save Food Campaign to Reduce FW on Campus in
Thailand. Appl. Environ. Res. 2016, 38, 13–22. [CrossRef]

20. Kallbekken, S.; Sælen, H. ‘Nudging’hotel guests to reduce FW as a win–win environmental measure. Econ. Lett. 2013, 119,
325–327. [CrossRef]

21. Wansink, B.; Van Ittersum, K. Portion size me: Plate-size induced consumption norms and win-win solutions for reducing food
intake and waste. J. Exp. Psychol. Appl. 2013, 19, 320–332. [CrossRef]

22. Aramark Higher Education. The Business and Cultural Acceptance Case for Going Trayless; Aramark Higher Education: Philadelphia,
PA, USA, 2008.

http://www.wrap.org.uk/sites/files/wrap/Estimates_%20in_the_UK_Jan17.pdf
http://www.wrap.org.uk/sites/files/wrap/Estimates_%20in_the_UK_Jan17.pdf
http://doi.org/10.1016/j.foodpol.2019.01.009
http://doi.org/10.3390/su11216016
http://doi.org/10.1016/j.jclepro.2018.07.085
http://doi.org/10.1016/j.chemosphere.2021.129750
http://www.ncbi.nlm.nih.gov/pubmed/33549880
http://doi.org/10.1016/j.gloenvcha.2013.07.029
http://doi.org/10.1088/1742-6596/1748/4/042029
http://doi.org/10.1016/j.wasman.2020.07.014
http://doi.org/10.1016/j.jand.2012.09.015
https://www.wrap.org.uk/sites/files/wrap/LFC%20draft%20FINAL%20report%20171008-FINAL.pdf
https://www.wrap.org.uk/sites/files/wrap/LFC%20draft%20FINAL%20report%20171008-FINAL.pdf
http://doi.org/10.1016/j.resconrec.2019.01.046
http://doi.org/10.1016/j.wasman.2017.07.010
http://doi.org/10.1016/j.resconrec.2013.12.005
http://doi.org/10.1016/j.jclepro.2016.03.084
http://doi.org/10.1016/j.jand.2013.09.022
http://www.ncbi.nlm.nih.gov/pubmed/24231365
http://doi.org/10.1016/j.appet.2017.11.093
http://doi.org/10.35762/AER.2016.38.2.2
http://doi.org/10.1016/j.econlet.2013.03.019
http://doi.org/10.1037/a0035053


Sustainability 2022, 14, 5486 22 of 23

23. Leverenz, D.; Hafner, G.; Moussawel, S.; Kranert, M.; Goossens, Y.; Schmidt, T. Reducing food waste in hotel kitchens based on
self-reported data. Ind. Mark. Manag. 2020, 93, 617–627. [CrossRef]

24. Cohen, J.F.; Richardson, S.; Parker, E.; Catalano, P.J.; Rimm, E.B. Impact of the New U.S. Department of Agriculture School Meal
Standards on Food Selection, Consumption, and Waste. Am. J. Prev. Med. 2014, 46, 388–394. [CrossRef]

25. Schwartz, M.B.; Henderson, K.E.; Read, M.; Danna, N.; Ickovics, J.R. New School Meal Regulations Increase Fruit Consumption
and Do Not Increase Total Plate Waste. Child. Obes. 2015, 11, 242–247. [CrossRef]

26. Principato, L.; Secondi, L.; Cicatiello, C.; Mattia, G. Caring more about food: The unexpected positive effect of the Covid-19
lockdown on household food management and waste. Socio-Econ. Plan. Sci. 2020, 100953. [CrossRef]

27. Burlea-Schiopoiu, A.; Ogarca, R.F.; Barbu, C.M.; Craciun, L.; Baloi, I.C.; Mihai, L.S. The impact of COVID-19 pandemic on food
waste behaviour of young people. J. Clean. Prod. 2021, 294, 126333. [CrossRef] [PubMed]

28. Alonso, A.D.; Kok, S.K.; Bressan, A.; O’Shea, M.; Sakellarios, N.; Koresis, A.; Solis, M.A.B.; Santoni, L.J. COVID-19, aftermath,
impacts, and hospitality firms: An international perspective. Int. J. Hosp. Manag. 2020, 91, 102654. [CrossRef] [PubMed]

29. Besser, A.; Flett, G.L.; Zeigler-Hill, V. Adaptability to a sudden transition to online learning during the COVID-19 pandemic:
Understanding the challenges for students. Sch. Teach. Learn. Psychol. 2020. [CrossRef]

30. Artiuch, P.; Kornstein, S. Sustainable approaches to reducing food waste in India. J. Mass. Inst. Technol. 2012, 10.
31. Vision 2020. Roadmap to Zero Waste to Landfill UK. 2013. Available online: https://www.vision2020.info/assets/pdf/Vision_20

20_roadmap.pdf (accessed on 8 October 2018).
32. Doherty, S.; Cawood, J.; Dooris, M. Applying the whole-system settings approach to food within universities. Perspect. Public

Health 2011, 131, 217–224. [CrossRef]
33. Thiagarajah, K.; Getty, V.M. Impact on plate waste of switching from a tray to a trayless delivery system in a university dining

hall and employee response to the switch. J. Acad. Nutr. Diet. 2013, 113, 141–145. [CrossRef]
34. WRAP. Food Consumer Research: Quantitative Phase. 2007. Available online: http://www.wrap.org.uk/sites/files/wrap/

Food%20behaviour%20consumer%20research%20quantitative%20jun%202007.pdf (accessed on 8 October 2018).
35. Bernstad, A.; la Cour Jansen, J.; Aspegren, A. Door-stepping as a strategy for improved FW recycling behaviour–Evaluation of a

full-scale experiment. Resour. Conserv. Recycl. 2013, 73, 94–103. [CrossRef]
36. Papargyropoulou, E.; Lozano, R.; Steinberger, J.; Wright, N.; bin Ujang, Z. The food waste hierarchy as a framework for the

management of food surplus and food waste. J. Clean. Prod. 2014, 76, 106–115. [CrossRef]
37. Ofei, K.T.; Werther, M.; Thomsen, J.D.; Holst, M.; Rasmussen, H.H.; Mikkelsen, B.E. Reducing Food Waste in Large-Scale

Institutions and Hospitals: Insights from Interviews with Danish Foodservice Professionals. J. Foodserv. Bus. Res. 2015, 18,
502–519. [CrossRef]

38. OLIO. Join the Food Sharing Revolution. 2018. Available online: https://olioex.com (accessed on 25 May 2018).
39. EC. Preparatory Study on FW across EU 27, Technical Report—2010—054, October 2010, Paris, France. 2010. Available online:

http://ec.europa.eu/environment/eussd/pdf/bio_foodwaste_report.pdf (accessed on 1 June 2018).
40. Lee, P.; Parfitt, J.; Fryer, A. The True Cost of Food Waste within Hospitality and Food Service; Final Report; WRAP: Banbury, UK, 2013.
41. Agarwal, M.; Agarwal, S.; Ahmad, S.; Singh, R.; Jayahari, K.M. Food Loss and Waste in India: The Knowns and the Unknowns; World

Resources Institute India: Mumbai, India, 2021.
42. Schmidt, K. Explaining and promoting household food waste-prevention by an environmental psychological based intervention

study. Resour. Conserv. Recycl. 2016, 111, 53–66. [CrossRef]
43. Visschers, V.H.; Gundlach, D.; Beretta, C. Smaller servings vs. information provision: Results of two interventions to reduce plate

waste in two university canteens. Waste Manag. 2020, 103, 323–333. [CrossRef] [PubMed]
44. Robson, C. Real World Research: A Resource for Social Scientists and Practitioner-Researchers; Blackwell: Oxford, UK, 2002; Volume 2.
45. Grainger, M.J.; Aramyan, L.; Logatcheva, K.; Piras, S.; Righi, S.; Setti, M.; Vittuari, M.; Stewart, G.B. The use of systems models to

identify food waste drivers. Glob. Food Secur. 2018, 16, 1–8. [CrossRef]
46. Jörissen, J.; Priefer, C.; Bräutigam, K.R. Food waste generation at household level: Results of a survey among employees of two

European research centers in Italy and Germany. Sustainability 2015, 7, 2695–2715. [CrossRef]
47. Heng, Y.; House, L. Consumers’ perceptions and behavior toward food waste across countries. Int. Food Agribus. Manag. Rev.

2022, 25, 197–209. [CrossRef]
48. Koivupuro, H.-K.; Hartikainen, H.; Silvennoinen, K.; Katajajuuri, J.-M.; Heikintalo, N.; Reinikainen, A.; Jalkanen, L. Influence of

socio-demographical, behavioural and attitudinal factors on the amount of avoidable food waste generated in Finnish households.
Int. J. Consum. Stud. 2012, 36, 183–191. [CrossRef]

49. Silvennoinen, K.; Heikkilä, L.; Katajajuuri, J.M.; Reinikainen, A. Food waste volume and origin: Case studies in the Finnish food
service sector. Waste Manag. 2015, 46, 140–145. [CrossRef]

50. Cantaragiu, R. The impact of gender on food waste at the consumer level. Studia Univ. Vasile Goldiş Arad-Ser. Ştiinţe Econ. 2019,
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