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Abstract—Food waste has received little attention in pervasive
computing. In this paper we discuss previous work which stresses
the need for understanding how intelligent technology could
prevent food waste in households. We present EUPHORIA,
a community based social system that can track users’ food
waste potential and redirect behavior, through social inﬂuence
strategies, towards more sustainable food related practices. To
promote social interaction, the system recommends social recipes
based on available food from different users to prevent waste as
well as to provide a new pleasurable experience around food. A
mobile application will be developed in three phases. In the ﬁrst
phase, the application allow users to log and track food waste
related behavior patterns. Next, it will provide eco-feedback and
social visibility of own and other users’ food related behavior.
Finally, a social recipe recommendation will be implemented.
Findings are expected to provide a better understanding of
consumers’ social behavior around food waste.

I.

I NTRODUCTION

In recent years, the impact of food losses and food waste on
food security has become a global concern. Previous estimates
has indicated that one third to one half of the world’s food
becomes waste, while twice as much food is produced globally
than is required by nutritional needs per living person [1] [2].
Still, food production will need to increase by 70 percent in
order to feed 9 billion people by 2050. Growing food that never
reaches the consumers stomach seems to make 10 percent
of rich countries’ greenhouse gas emissions and waste 550
billion cubic meters of water globally [3]. With less than
a quarter of wasted food, all the world’s nearly one billion
hungry people could be lifted out of malnourishment [4]. In
response to this, FUSIONS (Food Use for Social Innovation by
Optimizing Waste Prevention Strategies) was set up to work
towards a 50 percent reduction of food waste generated in
the EU and a 20 percent reduction in food chain resource
inputs by 2020 [5]. UNEP [6] has set future goals for raising
awareness on the value of food people eat, as well as the
environmental impacts of their choices with the prospective to
redirect consumption patterns to less resource-intensive foods.
Hence, food waste prevention is the key approach to reduce
environmental impacts of food related behavior in the next
decennia.
To prevent food waste, actions on various levels are required, such as changes in policies, technological environment,
education or individual consumption patterns etc. As ﬁnal
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demand of food is located at the consumer level, consumers
can be considered to be the most important drivers of overall
resource consumption, waste generation and eventually the
environmental impacts on our world [7]. In Europe and the US,
roughly half of the total avoidable losses within the food chain
is generated by households [1] [8] [9] [10]. Furthermore, a
large study performed in the UK, illustrated that the avoidable
food losses correspond to 21.3 percent of the purchases [11].
In 2008, in the US, 19 percent of the total amount of food
supply was wasted at the consumer level [12]. Reducing food
waste at the consumer level in Europe only is expected to have
impacts on Gross Domestic Product (GDP) increase, land use
within the EU and food security in Sub-Saharan Africa [13]
[14].
Despite these ﬁndings, persuasive and pervasive sustainability research, has mainly put effort into areas such as
sustainable energy consumption, resource consumption, and
green transportation or are not tied to any speciﬁc topic [15].
Although ecological sustainability is an increasing concern in
sustainability research, to date, food waste has received little
attention. This has raised our interest in understanding how
intelligent technology could improve resource efﬁciency and
hence prevent food waste throughout consumers’ every day
lives. In addition, we aim at understanding how social inﬂuence
strategies can be applied to food waste prevention. So far, the
use and study of social media to motivate change is found to
have promising potential but is under explored [16]. There is
a need to study social behavior around food practices as it is
a key aspect of daily life which could have enormous impacts
on the design, use and hence the acceptance of technology.
Therefore, we would like to draw on this opportunity for
exploration.
The structure of this paper is as follows. In Section 2,
we will present EUPHORIA, a project working towards a
conceptual design of a social persuasive technology system.
In Section 3, previous research on food related behavior will
be discussed as well as current technological solutions for food
waste prevention designed for consumers. In Section 4, we will
provide our planned research approach. Finally in Section 5,
conclusions, social implications and future research directions
will be discussed.
II.

EUPHORIA

EUPHORIA, which stands for Efﬁcient food Use and food
waste Prevention in Households through Increased Awareness,
is a project aiming at designing a social system for the community that allows users to log and track their every day food
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related behavior and redirect these, through social inﬂuence,
towards more sustainable food related practices promoting
sustainable lifestyles. The main function of the system is to
detect potential food waste and hence respond by providing
recipes aiming at food waste prevention. Recipes will also be
based on seasonal ingredients and healthy alternatives as much
as possible. To promote social interaction and to gain more
effective food waste prevention, the system will provide social
recipes through a group based recipe recommendation system.
This means that the system will combine available ingredients
from different households that need to be consumed in time
into one recipe. This social aspect is expected to provide a new
pleasurable experience around food practices such as planning,
purchasing, cooking and inter-cultural encounter.
To achieve this, we ﬁrst aim at exploring and capturing
variations in human behavior around food waste to identify
opportunities for social computing. The mobile application can
be used within a group of users and will be deployed and
evaluated in three phases. In the ﬁrst phase we will monitor and
model food consumption and food waste behavior. Here, we
aim at quantifying and understanding consumers’ food intake
and food waste ﬂows related to context (e.g. time, temperature,
type of day etc.) in order to specify determinants of food waste.
Attention will be given to spatial and temporal variations
between different household types, individuals and habits. In
the second phase, the mobile application will allow visibility
of users’ own as well as others’ in home food availability and
eco-feedback of wasted food. Results from this second phase
are expected to give an indication of social interest as well as
how visibility and eco-feedback affects behavior. Through the
study of groups of interconnected users, we aim at the ability
to see the potential for social solutions applied to food waste.
This information could provide us with better indications on
moments for susceptibility for persuasion and behavior change,
which we eventually could use to inform the design of a
social persuasive technology. In the third phase, a social recipe
recommendation system for food ingredient sharing will be
implemented. This concept is based on connecting users’ in
home food availability, which if combined, results in a social
recipe aiming at collective food waste prevention. This type
of communication technology is supported by Ganglbauers’
[17] visibility dimension for cooperation as having potential to
prevent food waste. They argued cooperation in multi-person
households to be an essential ingredient to properly organize
daily practices around food, e.g. to avoid duplicate buying or
to share available food. From the user perspective the use of
this system can help them to realize savings. The objective of
this project is to contribute to an understanding of how the
application of such a social media system can be integrated
in consumers daily activities for efﬁcient and effective but
pleasurable food waste prevention.
III.

networks) and the environment (prices, resources, media, availability etc.) [18]. Knowing these factors is important as food
choices can eventually result in detrimental effects on human
health as well as on the environment. For example, people
eat even when there is no hunger involved. When we smell
food, dopamine is released to increase appetite [19]. This could
result in difﬁculty to resist unnecessary shopping even after
a meal or when food is available at home. Furthermore, in
social settings where others are eating, we tend to comply and
participate resulting in more food intake than usual. From a
more fundamental perspective, even when we only observe or
imagine someone eating a type of food we like, mirror neurons
ﬁre as if we perform the action ourselves [20], resulting in
a higher probability of actually performing the action. These
factors together with increasing demands on our time, everyday
behaviors around food have become habitual or unconscious
[20] [21]. This does not only affect human health (in the case
of unhealthy food) but it could also result in food waste, which
is an almost invisible result of previous decisions. Lack of
planning, unpredictability of daily activities, overbuying, sellby dates or forgetting, were all found to contribute to food
waste [21]. Even if intentions and attitudes are positive towards
sustainable food behavior, it is not always reﬂected in everyday
practice [22].
Pro-active behavior towards food waste, however, can prevent avoidable food waste in homes. This pro-active behavior
can be triggered by economic reasons or because of growing up
in a family with a lifestyle towards sustainability appreciating
the food that is available [21]. Other factors predicting proenvironmental behavior are knowledge, being concerned about
the environment together with certain personality traits (agreeable, openness) and gender [23] [24] [25] [26]. General beliefs,
together with education and political afﬁliation, were further
found to be stable predictors of overall environmental concern
[27]. Evolutionary mechanisms also seem to prevent the adoption of sustainable food consumption resulting in occasional
dosages of self-chosen ignorance. Griskevicius [28] proposed
that a large portion of human-inﬂicted ecological damage is
caused or exacerbated by ﬁve ancestral tendencies which have
devastating consequences in the modern world; propensity
for self-interest, motivation for relative status, proclivity to
unconsciously copy others, predisposition to be shortsighted
and proneness to disregard impalpable concerns. He suggests
for inﬂuence strategies to be optimally effective, they must
work with, rather than against, evolved tendencies. Another
way to empower sustainability is to make sustainable actions
appealing to the unconscious and impulse associative system.
A sustainable action should be appealing and grabbing for
rational reasons as well as gut-feeling [29].

B. Current solutions for food waste prevention

BACKGROUND

A. Factors inﬂuencing food intake and food waste behavior
Food practices are inﬂuenced by a variety of factors.
These factors can be biologically determined (such as taste
and hunger) or depend on experience (such as associative
conditioning and mere exposure). Furthermore, food practices
can be inﬂuenced by intrapersonal factors (perceptions, norms,
beliefs, attitude, knowledge etc.), interpersonal factors (social
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1) Public campaigns: Current inﬂuence strategies at the
consumer level mainly aim at raising awareness in schools
or through public campaigns [30]. The purpose of these
strategies is to inform consumers about food purchase, storage,
preparation, reuse of food residuals and actual shelf life of
products. Due to a time span between the moment of being
informed and the actual moments when a decision is made,
this strategy could be ineffective.

4) Pervasive and mobile technology: In order to design
technology to identify and inﬂuence food waste related practices, it is crucial to integrate technology with daily lives
to catch the current habits truly as well as keeping the
intervention with users at a minimum. Therefore, developments
in pervasive technology applied to food waste behavior are
getting increasingly important. The latest developments can
be categorized in: (1) sensor based systems (RFID tagging or
camera tracking), which are used to track the type and amount
of waste, and (2) mobile applications to log and track food
related activities.
In the ﬁeld of smart home environments, food sensing
technology is expected to have a signiﬁcant impact on food
waste prevention. Smart refrigerators can record expiration
dates using bar code readers and RFID technology [35], so
that food that is sensitive to spoiling can be closely monitored.
The refrigerator may then alert when the food reaches a point
where it must get used. Future research on smart refrigerators
aims at an optimization of food identiﬁcation with image
and speech recognition techniques to improve the interaction
process as well as to provide recipes based on recorded
ingredients [35] [36]. RFID technology also plays an important
role in pervasive technology research for waste identiﬁcation.
Here, a common technique to affect behavior is by increasing
the visibility of waste ﬂows [36] [37]. Furthermore, RFID is
used to track the food in the supply chain to guarantee the
quality of products more effectively [38]. The improvement
of the process of food quality identiﬁcation, is expected to
reduce food waste in the cold supply chain. In addition to
food sensing technology, an improved preservation technique
is being developed that uses plastic circuits to understand
actual food quality of packaged items to replace the currently
misunderstood expiration date [39].
Mobile technology is another form of pervasive computing
that can support food waste reduction. Adding the use of smart
phones and cameras in the fridge improves the visibility of
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3) Social networks: A recent example is the BinCam
[33], aiming at motivating reﬂection and behavioral change
in the food waste and recycling habits of young adults. The
system replaces an existing kitchen bin and automatically logs
disposed items through digital images captured by a smart
phone installed on the underside of the bin lid. Captured
images are uploaded to a BinCam application on Facebook
where they can be explored by all users of the system. Another
example is Shareyourmeal, a platform allowing people to share
their cooking with others in their neighborhood [34]. Overall
though, little attention has been paid to the study of social
inﬂuence strategies applied to food waste, while it has been
found to have high potential as a means for generating positive
behavior change [16].
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2) Human computer interaction: In [31] it was suggested
that using the color code scheme in the refrigerator reduces
the amount of expired food waste by increasing the awareness
of available foods in the refrigerator for all members in a
household. Clear et al. [32] evaluated the potential of design
interventions for the practice of cooking. These include interactions with cooking appliances, digital meal sharing apps, group
inventory management, and interactive technologies such as
eco-feedback aiming at promoting awareness of and change
towards alternative meals.
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Fig. 1: Euphoria connects users throughout all food related
behaviors.

in home availability [21]. In 2012, Ganglbauer et al. [17]
presented a mobile food waste diary allowing consumers to
reﬂect on how much food they actually waste. It addresses
visibility in different phases of food practices for self reﬂection. The reasons of food waste were then made available to
other users in order to encourage sharing and mutual reﬂection.
Farr-wharton et al. [40] introduced a mobile application that
can track the ingredients inside a color-coded refrigerator by
taking automatic pictures and identifying foods. Their main
goal was to alert users before the expiration date to achieve a
reduction in food waste.
So far, still too little attention has been paid to food
waste in households and preventing them through pervasive
technologies. Food waste is a complex issue inﬂuenced by
many factors throughout many food related practices. An
ideal technological solution, should target the whole spectrum
of food related behavior such as e.g. planning, purchase,
preparation, cooking and disposal. With EUPHORIA we try to
touch these behaviors through one system (Figure 1). Another
potential for improvement is the provision of information
on an intended behavior change instead of just focusing on
behavioral feedback. According to Brynjarsdttir et al. [15]
changing behavior towards sustainability is generally understood as reducing individual resource consumption without
deﬁning the intended behavior change. Systems mainly sense
and measure the activity of resource consumption while the
method of persuasion is restricted to just informing users. With
EUPHORIA, we provide users with a solution by providing
social recipes for food waste prevention.
IV.

M ETHODOLOGY

A. Participants
A longitudinal study will be carried out, initially targeting
the Dutch population subdivided in students, professionals and
55+ households in urban areas. Information about the study
will be advertised through various social and professional
networks.
B. Apparatus
A social mobile application is being developed for IOS
and Android smart phones. The mobile application will be
loadable from application stores of different mobile platforms.
After download, users will be asked to enter information such
as user names, age, occupation, area code etc.
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Application functionalities

Phase 1

Phase 2

Phase 3

Data tracking and modelling: food furchases and food waste
Social visibility of purchased food
or

Social visibility of purchased food + eco-feedback individual + group

Social visibility + eco-feedback individual.
or
Social visibility + eco-feedback group.

Social visibility of purchased food + eco-feedback individual + group
Social visibility of purchased food + eco-feedback individual + group

Baseline
2 months

Social recipe recommendation

1 month

2 months

3 months

Fig. 2: Experimental setup.

1) Application functionalities: In the ﬁrst version of the
application (Phase 1), users can search for ingredients and
select and enter its amount (in weight) to their shopping
list or availability list. The shopping list is just a means to
motivate data entering. For usability purposes, the application
will provide a list of images (derived from image.net) of mostly
used products to the user, allowing easy selection. Food that
is consumed immediately in total (or planned to be consumed
soon), do not need to be entered in the system. For entered
data, users will be able to indicate which and how much food
is used or wasted and the reasons of disposal and track this
information anytime. Additionally, the system will provide a
reminder that will be launched at least once a day to trigger
users to enter data. In the second version of the application
(Phase 2), new functionalities will be added. Users will be
able to connect with friends, family or neighbors, disclose
their food purchases and/or waste information, see each others’
information and get eco-feedback of wasted food based on
individual data and/or group data (if this data is disclosed
by other users). Eco-feedback based on individual vs. group
data could have different effects on different users [41]. The
application will keep record of how social networks are formed
and track whether users are interested in seeing other users’
foods and waste activity, disclose theirs and use the ecofeedback function. In the third version of the application (Phase
3), users will be provided with recipe suggestions based on
in home ingredients from connected users. The system will
combine ingredients and come up with a recipe that ﬁrst takes
the oldest products while meeting the preferences of the whole
group. In addition, the system will suggest right portions of
food and provide recipes containing healthy alternatives and
seasonal ingredients as much as possible. In this phase, we
will track conformity to the recommendation and improve the
system in such a way that is more likely for users to prevent
food waste. See Figure 2 for the application functionalities in
each phase.
2) Software design: The modules of the system and the
data ﬂow is demonstrated in Figure 3. The system works as a
client-server model, with the mobile application as the client
and a JAVA based server to respond to client requests and
for serving data. The client side consists of a user interface
and an activity tracker module that saves users’ activities and
sends them to the server. A database manager will keep track
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of the activities when internet is not available. The server
application will have a database manager module consisting
of user activities, food data and recipes. An online database
will be used to retrieve the spatial and temporal data related
to the dates of user activities. The neighbor manager module
will be responsible for identifying a group of users that are
most likely to conform to a social recipe recommendation.
The Eco-Feedback Manager module will be responsible for
giving feedback to people regarding their waste behavior. The
social recipe recommender module will be used for ﬁnding
the optimum recipe that is based on current ingredients of a
group of users while satisfying the preferences of the group
members. The data ﬂow from the server to the client includes
food information (ingredient names, ingredient types, the units
of measurement, and images), recipe information and other
users’ food information and their activities. The ﬂow from the
client to the server consists of activities of the users including
foods purchased, used and wasted and in which amount.
3) Implementation details: The application is being developed with an hybrid approach using PhoneGap in order
to make it available for different mobile platforms. JQueryMobile, HTML and CSS are used for the user interface
of the mobile application together with JavaScript for user
interaction. The server side is being developed with PLAY
framework for JAVA. The data ﬂow between client and server
is carried with JSON objects. Data from users will be stored
in the local database of the smart phone by using an SQLite
database engine and sent to the server database provided by
PLAY framework (when internet is available).

C. Procedure
All participants will use all versions of the application
developed throughout Phases 1, 2 and 3 for the same amount
of time. Participants will also be asked to separate their food
waste and dispose it in a bin with a weight sensor for data
comparison. In addition, participants will be asked to collect
receipts of purchases which will be used as cues for biweekly
interviews to get information on the behavior around food use
and waste to complement the data gathered through the mobile
application as well as to test for its reliability. Objectives for
every phase are discussed below.
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this behavior adversely so that people will spend their time
with their friends by cooking their own food together that is
balanced in nutritions while preventing it from getting spoiled.
V.

C ONCLUSIONS , SOCIAL IMPLICATIONS AND FUTURE
DIRECTIONS

The aim of this project is to contribute to an understanding
of how the application of a social media system can be integrated in consumers daily activities for efﬁcient and effective
but pleasurable food waste prevention. Although initially we
will only use mobile applications to test out interactions, in
the future, fully connected internet-of-things might support
the home where appliances co-interact supporting sustainable
lifestyles. The results from this project can be of great value for
such future home appliances. EUPHORIA creates visibility at
both household and community level and is expected to result
in a more effective food waste prevention.
Fig. 3: System Framework

1) Phase 1: Monitoring and modeling food waste and food
related behavior: In the ﬁrst phase, the mobile application is
implemented to monitor and model food related activities of
users. The objectives of this phase is to determine the major
activities on food practices and to understand key reasons of
food waste. Entered data by users on food use and waste will
be explored in how it is effected by type of day (e.g. workday
vs. weekend), outside temperature and season. Usability tests
will be done to ensure efﬁcient interaction and satisfaction.
To date, there has been little research in determinants of
food waste behavior. Some qualitative data is available from
Ganglbauer [17] [21], but quantitative data at a micro level
is lacking. Most data on food waste are aggregated, lacking
information on how and why consumers waste.
2) Phase 2: Eco-feedback and social visibility: Our ﬁnal
goal is food waste prevention through a group based recommendation system, a concept based on connecting users’ in
home food availability into one recipe. Therefore, it is very
important to ﬁrst explore people’s attitude towards food information sharing and ingredient sharing. To measure the effect
of social visibility and eco-feedback, participants will ﬁrst
be divided in groups in which each group receives different
versions of the application; a version which only allows to
see other users’ available ingredients, a version allowing to
see other users’ available ingredients as well as eco-feedback
of personal food waste behavior or a version allowing to see
other users’ available ingredients as well as eco-feedback of
food waste behavior of their group (See Figure 2 for the
experimental setup). Our assumption is that people are more
likely to be persuaded by social recipe recommendations and
social inﬂuences if they tend to share their information.
3) Phase 3: Introducing a social recipe recommendation
system: With the concept of social recipes, we hope to touch
multiple aspects that could result in food waste such as
overbuying, forgetting and being social. While sharing food
with other people may help overbuying problem, reminding
users of their food may overcome forgetting it. Moreover,
being social and willing to spend time with friends is given as
another factor causing food waste [21]. Thus, we aim at using
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Our idea comes with social implications and challenges. As
food practices are culturally integrated in personal lifestyles,
the application of technology in the area of sustainable food
practices can be a sensitive and complex topic to introduce in
users’ daily lives. We expect a need to stress the role of society
in the trust and acceptance of technology. Social behavior
around food practices is an important aspect of daily life and
exploring it can have enormous impacts on the design, use and
hence the acceptance of technology. Our main challenge lies
in the collaboration with society which we will try to optimize
through a participatory design process.
A related challenge is for users to gain trust in the technology which touches on privacy matters. Throughout the study
we need to ﬁnd the optimum balance between sustainable food
practices and privacy. In the case of EUPHORIA, users have
to manually input data and choose what information to share
with others which allows them to control outgoing information,
which we hope limits the issue of privacy. Inﬂuence strategies
can then be based on available information. Therefore, users
should trust, accept, have the perception of autonomy and be
motivated to use the system for us to get a more complete
insight into reasons of food waste and how to effectively
prevent them. By suggesting users to use and share food that
would otherwise get wasted, reduces unnecessary costs, which
we hope to attract societies’ interest. In economic terms, when
consumers reduce their food purchases, money could be spend
on other things which increases their welfare [13].
Another aspect worth mentioning is the health aspect. Our
system will try to ﬁnd and suggest optimal recipes based
on available ingredients, users likes as well as food variety
and healthy alternatives (for example reduced meat and diary
consumption). Study have shown that in general, results will be
greater if European households adopt healthy eating patterns
in terms of lowering consumption of meats and dairy than if
they only reduce food waste [13].
Finally, in addition to what is presented in this paper, a
long term research goal is to look into the effects of the
application mediated intervention on users’ attitudes, perceptions, values, social connectedness etc. An interesting question
here is whether food can be perceived or become a common
good within a community, which requires a change in users’
mindset.
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