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Abstract

This thesis investigates what an united voice of the society thinks of their part
in food waste, if it correlates with reality and what the attitude is to reducing
it with intelligent technology.

In developed countries, like Sweden, food waste is one component that
affect the environment a great amount. By reducing food waste in the house-
holds a major difference can be made. Earlier studies has shown that one
problem is that people do not know the difference between best before date
and use by date and therefore tend to throw away food that is still good to
eat. The margins when it comes to food with best before date are often big
and one important factor of a products durability is how it has been treated
when it comes to temperature changes.

Intelligent packaging can be defined as "Packaging that contains an exter-
nal or internal indicator to provide information about aspects of the history of the
package and/or the quality of the food". One function such packaging can have
is dynamic date labelling. By implementing sensors in the food container the
temperature over time can be measured and the predicted growth of microor-
ganisms can be calculated. This would make the date labelling more precise.
These sensors, for example Radio Frequency Identification tags or nanosen-
sors, can send information to computers and applications that the consumer
can use to get more accurate information regarding the quality of a product.
This could help reducing food waste.

A survey was conducted and spread on social media and two people
were interviewed as experts since they are working with questions related to
sustainable development and food waste in Sweden.

The result shows that people think much about not throwing away food
but earlier researches show that people do, which is a contradiction. In gen-
eral people are positive to new technology and using it but they are not will-
ing to pay for it. It can be argued that intelligent technology will be a part of
reducing food waste in the future.



Sammanfattning

Denna uppsats undersöker vad samhällets enade röst tänker kring sin del av
matsvinnet, om detta överensstämmer med verkligheten och hur attityden
ser ut när det kommer till att minska detta med hjälp av intelligent teknik.

I utvecklade länder, så som Sverige, är matsvinn en komponent som or-
sakar stor miljöpåverkan. Stor skillnad kan göras genom att reducera matsvin-
net i hushållen. Tidigare studier har visat att ett problem är att människor inte
vet skillnaden mellan bäst-före-datum och sista-förbruknings-dag och därför
tenderar att slänga mat som fortfarande hade kunnat ätas. De marginaler som
finns för bäst-före-datumen är ofta väl tilltagna och en viktig faktor när det
kommer till en produkts hållbarhet är hur denna har behandlats med avse-
ende på temperaturförändringar i omgivningen.

Intelligenta förpackningar kan definieras som Förpackningar som inne-
håller en extern eller intern indikator för att tillhandahålla information om aspek-
ter kring förpackningens historik och/eller kvalitén på maten". En funktion som
en sådan förpackning kan ha är dynamisk datummärkning. genom att im-
plementera sensorer i matförpackningarna kan temperaturen över tid mätas
och mikroorganismers tillväxt beräknas. Detta skulle göra datummärkningen
mer exakt. Dessa sensorer, exempelvis Radio Frequency Identification-taggar
eller nanosensorer, kan sedan skicka information till datorer och applikatio-
ner som konsumenten kan använda för att få mer noggrann information an-
gående produktens kvalitet. Detta kan hjälpa till att minska matsvinnet.

En enkätundersökning genomfördes och spreds på sociala medier och
två personer intervjuades som experter då de arbetar med frågor som be-
rör hållbar utveckling och matsvinn i Sverige. Resultatet visar att människor
tänker mycket på att inte slänga mat men tidigare forskning visar att de ändå
gör det, vilket är en motsägelse. Generellt är människor positiva till ny teknik
och att använda den, men inte villiga att betala för det. Det kan argumenteras
för att intelligent teknik kommer att vara en del av att minska matsvinnet i
framtiden.
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Chapter 1

Introduction

One of our time’s biggest concerns is how to prevent environmental prob-
lems and move towards a sustainable society. In the last 50 years the climate
changes and the global warming have been more distinctive than the last
10000 years[1].

One component that has a large impact on the environment is the food
waste. One third of all the food that is produced in the world is wasted ac-
cording to Livsmedelsverket[2] and in Sweden 2012 1.2 million tonnes of food
was wasted. That is approximately 127 kg per person, and these numbers
does not take the agriculture and fishing into account[3].

To be able to reduce food waste the whole cold chain, from production
all the way to the grocery store, need to be improved. It is also of great im-
portance to reduce the food waste in the households where the greatest part
of the wastage takes place, especially in developed countries [4]. A research
on where food waste can be reduced has been done by a Nordic coopera-
tion. Involving Denmark, Finland, Iceland, Norway and Sweden as well as
GreenLand, Åland Islands and Faraoe Islands. One of the projects that was
conducted by the Nordic cooperation was a date label project, the project
was based upon research on shelf life and food waste. They found that mea-
surements to extend shelf life by retail and the food industry has to be done
and result from the project showed that every country had its own interpre-
tation of date labelling legislation, and in general there needs to be a better
understanding of the difference between best before date and use by date[5]
[6]. The consumers need to be more aware of what different kinds of date
labelling connote and how they take part of the problem with food waste [4]
[7] .

To be able to make major changes in the cold chain more research has
to be done. What kind of technology that already exist, or will exist in our
near future, and how it can be implemented needs to be closely evaluated.
The market of what is called intelligent packaging is growing every year and
the industry is launching large amounts of monetary funds into it[8]. One
thing that could reduce the food waste in the whole food chain is providing
more accurate information about the products. More specific one kind of
information could be a more precise date labelling that depend on how the
product has been treated considering different factors that affect the shelf
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2 CHAPTER 1. INTRODUCTION

life. This is called dynamic date labelling and is one function as intelligent
packaging spans over[9].

A great amount, but not yet enough, research has been conducted in the
area of nanotechnology. This kind of technology could prolong shelf-life by
giving better and more accurate information on durability of a product and
could support dynamic date labelling [10]. However, since nanotechnology
is still in an early stage of research when it comes to food safety it is not the
most common technology at the moment. At the moment RFID tags are more
established on the market and they can be used for traceability and cold chain
monitoring of foods. At the moment major problem with RFID tags is that
they are very expensive relative to the price of the food [11].

Studies has been done to investigate how dynamic date labelling could
reduce the food waste. Combining dynamic date labelling with dynamic
price labelling could both reduce the food waste and be profitable for the
store owner and the consumer [9]. It has been shown that dynamic labelling
could be beneficial in several ways. However, a little research has been con-
ducted on what a united voice of society is thinking about it and how the
general perception of using this kind of technology in the everyday life is
perceived.

1.1 Purpose of The Thesis

This thesis aims to investigate and capture the voices of what society thinks
of the food waste and possibilities to minimize it with the help of intelligent
packaging. The reasons for food being wasted depends on different circum-
stances and attitudes that exists in society.

1.1.1 Research Questions

• Does the consumer’s thoughts about their own part in food waste correlate
with the real picture and what is the attitude of using intelligent technology to
reduce it?

1.2 Scope

The study has been looking at attitudes regarding food waste in Sweden. The
survey was spread on Facebook and therefore those answering the questions
owns a computer and uses Facebook. The age group is people in the age
between 18 and +65 years and all of them has finished elementary school.

The study will not investigate how a specific possible implementation
of intelligent packaging could reduce food waste but look into what people
feel about dynamic labelling and what the general opinion is to technology
used in peoples every day life.



CHAPTER 1. INTRODUCTION 3

1.3 Structure of The Thesis

In chapter 2 the background is outlined. Information, definitions and con-
cepts important for the rest of the report is presented. In chapter 3 the meth-
ods used to perform the study are described and presented. Chapter 4 dis-
closes the result and chapter 5 contains the discussion and conclusion of the
study.



Chapter 2

Background

In this section the theoretical background will be presented. The first three
sections will focus on food waste, the following three sections on date la-
belling and the last section will focus on intelligent packaging.

2.1 Definition of Food Waste

The total volume of food waste can be divided into two parts which are un-
avoidable food waste and unnecessary food waste. The unnecessary food
waste is the waste that could have been avoided if the food had been eaten
instead of thrown away, when it was still edible, or if the food had been han-
dled correctly before it did get inedible. The unavoidable food waste is food
waste that cannot be reduced and it appears for example during prepara-
tion and production of food. It can be difficult to separate unavoidable food
waste from unnecessary food waste due to the individuals different prefer-
ences. Some people peel the potatoes and carrots and some does not and
therefore, it is inappropriate to look at unnecessary food waste as a single
parameter[3]. The Swedish government has declared that one of the environ-
mental goals are to reduce the food waste with minimum 20 percent in 2020
compared to 2010 and by 2015 they estimated the food waste reduction to be
20 percent[12]. To reduce the total food waste with 20 percent it is necessary
to reduce one third of the eatable food that is thrown away, i.e. the unneces-
sary food waste. Households in Sweden had an unnecessary food waste that
was measured to be more than 200.000 ton in year 2014[13]. As much as every
fourth bag of groceries that is taken home to the households are being thrown
away and the unnecessary food waste is estimated to be just over 50 percent
of it, that is about 50 kg per person and year[12]. This could be reduced if
consumers were able to get clearer and more easily accessible information
about the quality of the food before it is thrown in the trash [14].

2.2 Food Waste and Households

In developed countries, like Sweden, the largest part of food waste takes
place in the consuments, i.e. the households, part of the food chain, and the
second largest part can be found in the food industry[4]. The closer the food
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CHAPTER 2. BACKGROUND 5

waste comes to the households in the food chain the bigger is the impact on
the environment. This is due to the cost, considering both environment and
economy, that is added on to the product in form of production, processing
and transportation[12]. Therefore it is of great importance to reduce food
waste where and when it is possible in the households.

2.3 Benefits of Reducing Food Waste

Food Waste has a very large impact on the environment, and the carbon foot-
print can be reduced with 2 kg carbon dioxide for each 1 kg food that is not
wasted[7]. It is also an economic win in reducing food waste. For example,
the economic gain for the Swedish society would be about 9.6 - 15.9 billion
SEK per year if the total food waste were reduced by 20 percent[4].

The food waste is also a cost for the households and this cost is calcu-
lated to be between 3600 SEK and 5000 SEK per person and year. A reduced
food waste will result in an economic profitability for the rest of the food
chain as well[12].

The meat industry is responsible for 15 percent of all the greenhouse
emissions and in contrast to other sectors it is not carbon dioxide that is the
major emission but methane and nitrous oxide and this is because the an-
imals chew the cud[15]. In Sweden an average person consumes 50-55 kg
meat in a year, this is without bones and losses in the food chain. One kg of
beef, without bones, is causing emissions of 23-39 kg greenhouse gas and if
the meat consumption could be reduced, even a little, it would make a big
difference [16].

2.4 Definition Best Before Date (BBD)

The BBD labelling is providing information about how long time a product
is presumed to keep high and unchanged quality. Quality refers primarily to
taste, colour and texture. When the BBD has passed the quality cannot longer
be guaranteed by the producer or seller of the product, but the food can still
be edible. If the food has been handled correct the BBD will be valid, for
example some food has to be stored cold to hold as long as the BBD indicates
that it will. The BBD label always tell information about the food before the
container is opened, but food that has been opened can be fresh even after
BBD[17].

2.5 Definition Use By Date (UBD)

The labelling UBD is giving information about for how long time it is safe
to eat the groceries and is used on food that can easily get contaminated by
micro-organisms even if they are treated and stored in an appropriate way.
The recommendation is that these kind of groceries should not be eaten when
UBD has passed and it is not allowed to sell or give them away[17].
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2.6 Labelling and Food Waste

One thing that causes food waste is the labelling on the food. In Sweden
groceries are labeled with BBD and UBD. There is a lack of knowledge about
the date labelling in general and many consumers thinks that when the BBD
has passed they can not eat the food anymore and therefore throw it away[4].
The consumers tend to buy the groceries with the longest BBD or UBD and
also expect the stores to have the shelves well filled with groceries and that
is a reason that the food becomes food waste in the stores[7]. Relabeling food
with either BBD or UBD labels is at the moment forbidden by law in Sweden.
It is though allowed to sell food which has a BBD that has passed, but for-
bidden to sell food with an UBD that has passed. It is the store owner that is
responsible for the food that is sold in the store and it is up to the one that is
responsible for the store to decide if the food is good for eating and selling.
In Sweden there are at the moment no laws and regulations regarding this,
the one responsible will have to make those decisions based on experience
and guidelines from the industry and the producers[18]. Better information
about BBD or UBD would reduce food waste for Swedish consumers.

2.7 Intelligent Packaging and Dynamic Labelling

There are three different categories of packaging, the classical static one, ac-
tive packaging and intelligent packaging. In this section the meaning of in-
telligent packaging will be described and explained in the context of what
it is and how it works. The concept of dynamic labelling will be explained
and different technologies for implementing it introduced. Radio Frequency
Identification tags and nanotechnology will be described.

2.7.1 Intelligent Packaging

Intelligent packaging, sometimes referred to as smart packaging, is a con-
tainer or package that is designed in such way that it can superintend and
communicate information about the product, for example through the la-
belling. Packages that are designed to intercommunicate with the user (the
user could for example be the producer, customer or store owner) is a genre in
intelligent packaging called communicative packaging[9]. A definition often
used for intelligent packaging is the following;

“Packaging that contains an external or internal indicator to provide information
about aspects of the history of the package and/or the quality of the food” [8]

Intelligent packages do have two main functions to perform, one is to
monitor internal changes in the food container and the other is to monitor
external changes. That is done by registering changes outside and inside
the food container[19]. The traditional food container has a passive role to
protect and marketing the product by making it look nice and inviting. The
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intelligent container can offer everything a traditional container can and also
take a more active role by providing different kinds of information and give
the product extended shelf-life[8]. Active packaging is food containers that
interact with the food to extend the shelf life or protect it. It can be a gas in
the container or a plastic film with certain additives in. This kind of active
packaging is common in the market today.

2.7.1.1 The Global Market for Intelligent Packaging

The new kind of intelligent packaging, used to communicate and interact
with the user, opens up for a new market that is growing fast and the inter-
est for these kind of intelligent and/or communicative packaging is getting
bigger both in the domestic markets and on the global market. In 2008 the
global market for intelligent packaging was 1.8 billion dollars, increasing to
2.3 billion dollars in 2013. The market shares that can be added on to the
field of intelligent packaging is coming from the market of traditional food
containers and also from active packaging[8].

2.7.2 Dynamic Date Labelling

By calculating how different microbiological organisms are growing in differ-
ent temperatures on different perishable food the shelf life of the product can
be predicted much better and precise and this is how dynamic date labelling
can work when taking the temperature in consideration[20].

One of the factors that affect the expiry date the most on perishable food
is how the product has been treated when it comes to temperature changes.
Temperature changes affect the product at all stages in the supply chain, all
the way from the producer to the households [9]. Therefore such a label has
to be implemented in an early stage in the food chain to provide as accu-
rate information as possible. Even though the perishable is transported and
shipped in refrigerated areas temperature changes can appear due to things
like loading the vehicle, distance from the refrigerating plant, distance to the
walls or that the temperature may have to be a compromised since different
products with different requirements when it comes to temperature have to
be shipped together. The difference in expiration date can varying as much
as one whole day if the temperature is vary with 0.5 degrees Celsius. [20].
Because of this the static BBD or UBD is no longer valid and a product that
has been exposed for a to high temperature for a long time might have gone
bad before BBD or UBD, and food that has been treated correctly regarding
to temperature might be good to eat a long time after BBD or UBD[9]. This
is the main reason why dynamic date labelling could be beneficial both for
stores which can sell a product as long as it is good to eat, and for the cos-
tumers, who can be provided with more accurate and safe information about
the quality of the food.
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2.7.3 Dynamic Price Labelling

Dynamic price labelling is the same principle as the date labelling but what is
updated dynamically is the price. Meaning that the same product items can
have different prices depending on the specific categorization of the product.
For example, can the price for a product with a shorter expiry date be lower
than for a product with a long expiry date that would have a higher price,
this is to maximize the profit and optimizing the handling of the inventory
[21].

2.7.4 Combining Different Functions of Labelling

Dynamic date labelling and dynamic price labelling is good to combine. It
can help to maximize the profit for the food supplier and also help to reduce
the food losses. It can also act as a motivator for the customers to buy the
product with a lower price. It is also possible to store other kinds of infor-
mation that can be updated dynamically in the label such as tracking, tracing
and other kinds of product information[9].

2.7.5 RFID (Radio Frequency Identification Tag)

There are different technologies under development in the market for intelli-
gent packaging. One that is commonly used today in logistic are Radio Radio
Frequency Identification tags and they are then often used to track or trace
goods that are being shipped but they have also currently been used for dy-
namic date labelling on food in studies.

Radio Frequency Identification(RFID) device tag is a transmitter that
uses radio waves to transmit data to a host system that can store the data.
The RFID tags are available in many shapes, sizes and areas of use. They can
for example be used as animal tracking tags and are then injected in the neck
of the animal, they are used in public transportation cards and ski passes or
as tracking devices for containers or as an intelligent label. The smallest tags
are 0.4x0.4 mm and are thinner than a paper. They can be used in combi-
nation with different sensors such as temperaturer or humidity sensors and
then function as a portable data capture, they are often used like that when
the values they are storing might vary.

There are two broad categories of tags: Active and passive tags. The dif-
ference is that active tags are larger and cost more than passive tags. Passive
tags does not use batteries and has unlimited life, and they need to be in a
shorter read range with the reader. The passive tags draw power from the
reader. Both active and passive tags can be used for dynamic labelling, the
choice of tag depends on the requirements of the labelling[22].

2.7.5.1 Pros and Cons With RFID

One obstacle in implementing RFID tags as a standard when it comes to date
labelling is the cost for the tag. Though the cost is getting lower since efforts
from the industry are made to make this a standardization. [11] A RFID tag
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costs between 0.5 EURO and 20 EURO which makes it harder to justify the
implementation for low-cost products.

On the other hand the operational cost can be reduced and the pro-
ductivity increased if the tags and systems are implemented correctly, in the
meaning that it can provide the user with accurate, consistent and complete
information about the products quality. Since handling the products becomes
easier it would reduce the labour costs when manual scanning is no longer
needed. Another benefit for companies that could offer this kind of labelling
is that they would add an extra value to the product for the consumers and
therefore could gain leverage on the market[23].

2.7.6 Nanotechnology

The word nano means one-billionth, or 10−9, and one nanometer is one-
billionth of a meter. Nanotechnology is one of our times state-of-the-art tech-
nologies and is being applied in a great number of different science fields
such as chemistry, biology, physics and engineering. It makes it possible
handling and being able to manipulate and control individual atoms and
molecules[24].

With nanotechnology food can be protected and also increase its shelf
life. A few areas that it is already being used in is computer electronics, com-
munication, energy production, medicine and the food industry. Worldwide
sales of nanotechnology products in the food and beverage industry sector
has increased from 150 million US dollar in 2002 to 860 million US dollar in
2004. It was expected to reach to20.4 billion US dollar by 2010. This is just the
beginning of nanotechnology development, despite the increased marketing.
Even when there are several applications available they are mostly focused
on electronics, medicine and automation sector, and all the data and knowl-
edge that is collected from different fields, can be modified and applied in
food safety (e.g. detecting pesticides and microorganisms)[25].

2.7.6.1 Nanosensors

With the help of nanosensors food waste can be reduced and food preserva-
tion improved. Nanosensors can for example be made by designing an array
of thousands of nanoparticles which have different properties, and when it
comes into contact with food that has been contaminated by micro-organisms
it yields different colours. The main goal of Nanosensors in for example meat
packages, placed directly in the packaging material, where they can directly
detect chemicals released during the decay of the meat, can detect pathogens
(bacteria, diseases, fungal etc.) in an early stage, with minutes to days in ac-
curacy. There are different types of nanosensors, for example microfluidics
chip and they can be used to give us information in real time and with high
sensitivity[25]. Microfluidic chip is micro channels put into different materi-
als like glass, silicon or polymer. Depending on how the channels are con-
nected they achieve the desired feature that is wanted from the chip[26].

Research shows that a tiny device could be incorporated into intelligent
packaging. These devices have the ability to sense and give consumers a



10 CHAPTER 2. BACKGROUND

more accurate product information than the BBD or UBD that the traditional
packaging. The tiny device could be incorporated into some kind of wireless
platform which allows a smartphone to read the output from the nanosen-
sors; which consumers can use if they are for example not sure if the food is
edible[10].

Other nanosensors that has been developed has been put into devices
that contains a computer chip, temperature and humidity sensors. Which
was then upgraded to be able to integrate with a GPS device and a Bluetooth
unit. With the help of a smartphone; information could be gathered from the
device[27].

2.7.6.2 Pros and Cons with Nano-Technology

One of the problems with nanosensors in intelligent packaging, is the limited
energy that can be stored in nanosensors. Before this is solved, applicability
of wireless communication is limited. The positive side of nano-technology is
that since material for example microfluidic chip can reach low cost to manu-
facture in relative to the food product; it is expected that nano-technology is
integrated in smart labels and smart packaging[28].

There is an uncertainty of how nanoparticles behave in the human body
and risks with nanomaterials are that they might have toxic effects for humans[28].
Even if nanoparticles in food packaging are not supposed to be ingested or
inhaled by consumers, more research in this area had to be done to determine
the actual effect that the nanomaterials can have in the human body[25].



Chapter 3

Methods

To investigate and be able to answer the research questions a qualitative and
a quantitative method has been used. The qualitative method is a survey
study that has been performed. The qualitative method chosen is an inter-
view study.

The survey was used to make it possible to actually discover patterns in
thoughts and mind-sets, when it comes to date labelling and food waste, in
society.

The interviews have been semi-structured to leave the questions open
and make sure that the person being interviewed can answer in the way that
he/she prefer and also to make it possible to see fluctuations between the
different experts opinions and thoughts.

3.1 Survey

A survey was conducted and shared on social media. The survey was shared
in two student groups from Computer Science on the Royal Institute of Tech-
nology in Stockholm (KTH) on Facebook and was also shared and spread in
our personal network by friends and their friends. In total the survey was
shared 23 times and 485 people did participate.

The first part of the survey consisted of demographic questions such
as gender, education and age. The second part was more focused on food
and started out with questions about date labelling followed by questions
about food waste and ended with questions combining date labelling and
food waste. The third and last part consisted of questions regarding technol-
ogy and how the participants are using their smart phone for different kind
of things in their everyday life, and then finished up by asking more precise
questions about how the participant would feel about technology and dy-
namic date labelling. The survey questions was asked in Swedish. The full
survey can be found in appendix A1.

The data that have been collected have been used to generate diagrams
and graphs using pivot tables in Excel. Where it has been of interest samples
of data has been picked and compared. For example different age groups.
Where it has been possible to see interesting differentiation’s regarding to
different groups the data has been represented and compared in section 4.

11
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3.2 Interview

Interviews with two people was made, to be able to get experts voices in
the community and collect deeper information within our research question
area. The structure of the interview followed the “funnel model”, and is semi-
structured. The main topics of the interview focused on food waste (see sec-
tion 2.2), best before date (see section 2.4), use by date (see section 2.5), dy-
namic date labelling (see section 2.7.2) and result from the survey study (see
section 4). The people that was chosen for the interviews have some kind
of influence in society when it comes to questions related to food waste and
sustainable development.

One of the person that was interviewed was Åsa Coenraads from the
Swedish Moderate party. She is a member of the environment council for the
opposition in the Swedish parliament. She has been writing motions about
food waste and date labeling in the Swedish parliament.

The other person was Ulrika Franke from Jordbruksverket who works
as project manager and was involved in a government mission which was
about to reduce the food waste in Sweden the years 20013-2015. These reports
have been used in the background in section 2.1-2.6. Jordbruksverket is a
Swedish state administrative authority managing agriculture and working
for sustainable development.

The interviews were held in Swedish since that was the mother tongue
for both the interviewers and the people being interviewed. While interview-
ing the dialogue was recorded and then transcribed. The citations used in the
Result 3.1 was then translated into English. The interviews were based on the
results from the survey and the survey results were mentioned to the persons
being interviewed to have their comments to some of them.

The citations used in the Result 3.1 has been interconnected with the
results from the survey to add an extra dimension to the survey results.

3.3 Limitations

The main part of the study is the survey that serves as a representation of the
consumer’s attitude to food waste, date labelling and new technique. Food
waste will be illuminated from the consumer’s point of view and compared
to reality.

Even though the two people interviewed were chosen for their exper-
tise, a lot of answers was personal opinions and not based on empirical sci-
entific researches. No one of the experts did have a deep knowledge about
the technologies used for dynamic labelling.

Since the participant of the survey are layman’s the subjects concerning
different kinds of technology has not been given a great amount of space in
the survey. It can be presumed that if these kind of questions were asked the
result could be misleading and inaccurate since more knowledge are needed
to be able to answer questions closely connected to technology of different
kind.
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Result

To answer the research question Does the consumer’s thoughts about their own
part in food waste correlate with the real picture and what is the attitude of using
technology to reduce it? selected result from the survey is presented and in
some cases accompanied with citations form experts that were interviewed
and connected to the background. The first section is presenting results di-
rectly connected to food waste and date labelling and the second section takes
also the aspect of technology in consideration.

4.1 Food waste and date labelling

The data shows that the general perception does not differ significantly be-
tween different age groups. In total 82.4 percent answered yes (meaning their
perception is that there is a difference between BBD and UBD), 12.4 percent
answered no (meaning their perception is that there is not a difference be-
tween BBD and UBD) and 5.2 percent do not know.

Figure 4.1: Perception between BBD and UBD: The picture shows the result
from the different age groups and the total. (19-35, 36-55, 56+, Total)

13
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The largest part of food waste can be derived to the households and the
second largest part to the industry (see section 2.2). Though it is of great im-
portance to be able to perceive how the correlation regarding food waste acts
in the food chain.

One important thing is to see and understand how the whole chain interrelate. . . .You
can do measures in one part of the chain and then in worst case scenario it can make
more food waste appear somewhere else in the chain. So the cooperation between the
chains is an important conclusion.(Ulrika Franke)

More than 75 percent often or always choose the product with the longest
shelf life in the store as the pie chart illustrates. No major differences could
be noticed in the different age groups.

Figure 4.2: Longest shelf life choice: The figure shows the total answers in
percentage.
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As much as 75.5 percent of the participant’s state that they think very
much or much about not throwing away food. Only 2 percent claims to think
of it very little.

Figure 4.3: Throwing away food: A scale from 1 to 5 on the y-axis and the
number of answers on the x-axis.

In Sweden approximately 50 kg unnecessary food waste occur per per-
son (see section 2.1) and the households are responsible for the major part of
food waste (see section 2.2).

People say that they do one thing in practice but then it can be measured that they do
not do it...Somewhere there the consumer have lost the initial value and the question
is how to access this. In general, I think we need to talk more about food waste, and
then you also need the other side of the food waste, which is what the grocery stores
or what can companies and industries do to reduce the food waste.(Åsa Coenraads,
4.3)
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In general the biggest reason of why people think of not throwing away
food is the environment. Together economy and other is more than 50 per-
cent. No major differences could be noticed in the different age groups.

Figure 4.4: Reason of not throwing away food: Pie chart shows percentage of
the total answers divided in Something else, Economy and Environment.

Around 40 percent choose to sometimes throw away the food when they
are unsure if the food is good to eat after they have been smelling and tasting
it. Around 55 percent often or always throw away the food when they are
unsure if the food is good or not. Less than 2 percent never throws away the
food when they feel unsure about the quality of the food.

Figure 4.5: Smell or Taste: Y-axis shows the number of answers, the X-axis
shows the choices.

The stores are responsible for taking decisions about how long a product
is good to eat and sell if the BBD has passed. But relabelling of products with
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expired BBD is forbidden (See section 2.6).

A classical example is eggs where the best before date is for eggs placed in room
temperature. Because it is the same date labelling all over Europe. But the case is
that swedes do not have their eggs on the bench, we have them in the refrigerator.
Then the best before date can be extended with at least one month....It can be difficult
to tell if eggs are edible or inedible. There are advises about putting them in water or
crack them in a bowl. But if you take a product like milk it is easier to see if it is edible
or not by just smelling it...In general people have lost the intuition when it comes to
taste, smell and feel.(Åsa Coenraads, 4.5)

Franke says that it follows both pros and cons from having a more precise
date labelling on groceries.

Compared to having a best before date that takes up a lot of margins, it is better
to have a more precise best before date. But on the other hand... If best before date is
more generous then it becomes more prone to smell and taste, since knowing it would
most likely still be durable. But knowing the date is more precise then people might
not be inclined to smell and taste. People are more precautious. (Ulrika Franke, 4.5)

Almost 70 percent believe that they throw away food that could have been
eaten sometimes. About one out of ten claims that they do not think they
throw away food that could have been eaten.

Figure 4.6: Throw edible food: Pie chart shows the total answers in percent-
age divided in Yes/No/Don’t know or Maybe.
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Almost 90 percent claims that they would most likely consume food if
they could get information about that it was still good to eat.

Figure 4.7: Expiration date: Y-axis shows scale from 1 is little, 5 is much.
X-axis shows number of answers in the different Y-axis choices.

4.2 Technology and Food Waste

There is no major difference between the different age groups when it comes
to how often they test new technologies that could help them in everyday
life. More than 90 percent claims that they would sometimes, often or always
test new technologies.

Figure 4.8: New Technologies: The figure shows what different age groups
answered.
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The great majority answer that it is most likely or likely that they would
use information, that they could see in for example their mobile phone, about
which grocery that needed to be eaten first and thereby eat the product with
shortest expiry date first. With intelligent packaging dynamic date labelling

Figure 4.9: Likely to eat shortest expiry date first: Y-axis shows the number
of answers on the different choices on X-axis.

can be applied and implemented on groceries (see section 2.7). This can be
done by using techniques like RFID, which is today a commonly used device
in f.ex. logistics (see section 2.7.5 ), or nanosensors that is more of a state-of-
the-art technology (see section 2.7.6).

They have seen that it (the food waste) is greatest in the consumer line and you
can affect a lot of the food waste if you could do things there. On the other hand,
the consumers are affected by things that happens in the grocery store and on other
directions. So what happens earlier in the line is combined. Also it is difficult to
affect attitudes and changes, and maybe it is easier to find technical solutions in the
industry where solving food waste is easier than changing people’s attitudes... It has
appeared in several directions that to first look at what you got in the fridge before
you go shopping, partly because you can see what you already have so you do not buy
double, and then you can plan based on what you have. Just walking in the store,
might end up with planning based on what is in the store and what the moment is
urging for or what for the moment is cheap or so.(Ulrika Franke, 4.9)
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The picture shows that more than 90 percent of the participants today
uses some kind of application on their mobile phone to perform everyday
tasks.

Figure 4.10: Application usage: The pie chart shows percentage from the total
answers.
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More than 50 percent answered that they would likely or very likely
use a feature that could give them more information about the durability of
a product.There are no major differences in percentage in the different age
groups.

Figure 4.11: Likely to use new function: The figure shows a diagram with
Y-axis showing the total number of answers. X-axis the age groups.

It is all about to get the big industries on your side. . . . Then the organiza-
tions can go out and promote the application and tell the consumers that it is a good
thing.(Åsa Coenraads, 4.11)
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More than 50 percent claims that they do not know or would not trust
the information they would receive from an application regarding the dura-
bility of the product. This question was asked directly after the question
"How likely is it that you would use a function (for example an application on
the phone) that gave more precise information about how long the product
was durable?" (see figure 4.11: Likely to use a new function).

Figure 4.12: Reliability: The pie chart shows the total answer in percentage.

When the result from the Reliability-question (figure 4.12) was shown
to Coenraads she said that new applications and technology have a run time
before they become commonly used.
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55 percent claims that they would not like to pay more to use an appli-
cation that could give them more accurate information about if they product
was old or not.

Figure 4.13: Willing to pay more: The pie chart shows the total answers in
percentage.

56 percent claims that they would not like to pay more to use an appli-
cation that gave them information about what needs to be eaten first of the
food in their refrigerators.

Figure 4.14: Pay more for application: The pie chart shows the total answers
in percentage.
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The majority answered that they think or presume that new technology
is needed to reach the UN’s developments goal regarding food waste.

Figure 4.15: UN’s goals: The pie chart shows the total answers in percentage.

Today in Sweden BBD and UBD are the expiry labellings that are used.BBD
is providing information about for how long the quality of a product can be
expected to be unchanged and UBD about how long it is safe to eat the prod-
uct (see section 2.4 and 2.5). There are laws about this in Sweden and it is
at the moment forbidden to relabel food with new expiry date (see section
2.6). Different kinds of intelligent packaging are more frequently used and
the function of dynamic date labelling could provide more accurate informa-
tion about the product and therefor become a new kind of date labelling (See
section 2.7).

It is hard to make laws about things like this, for happy amateur people ...the risk
with legislate, is that you legislate towards a certain technique when new techniques
might appear the day after. Legislating must be technique neutral.(Åsa Coenraads)

Since food waste have a big impact on both individuals personal finance and
society (see section 2.3) implementing dynamic pricing and dynamic date la-
belling (see section 2.7.4) can maximize the profit for both individuals and
society.

If you buy a product in the store, for example an apple, then maybe you should not
pay the same price for an apple of top-quality as for an apple that has a brown spot.
Maybe the apple with the spot should be sold for half the price.(Åsa Coenraads)

87 percent think that dynamic date labelling sounds like a good idea to in-
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troduce to the food market. The meaning of dynamic date labelling was ex-
pressed and defines as the question were asked.

Figure 4.16: Dynamic date labelling: The pie chart shows the total answers in
percentage.

When Coenrads was asked if she thought that it was possible to intro-
duce dynamic date labelling in Sweden in the future she answered:

It would absolutely work, what we can do is on Swedish products that are produced
in Sweden and packaged in Sweden, but we cannot do it on foreign products that
comes into the country without for example, decision from EU on European prod-
ucts. And we cannot make any demands at all on products that comes from outside
EU... In the food industry and in the food industry circles, people talk a lot about
this. But unfortunately on the floor among ordinary people you do not talk about it.
But I think the next thing that is coming is intelligent homes. Because people want
to make everything user friendly.(Åsa Coenraads, 4.16)
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Discussion and Conclusion

In the following section the result will first be discussed in such way that the
the research question Does the consumer’s thoughts about their own part in the
food waste correlate with the real picture and what the attitude of using intelligent
technology to reduce it? can be answered and conclusions can be drawn.

5.1 Discussion

Earlier studies show that one major problem is that the consumer cannot tell
the difference between use by date and best before date (see section 2.6), but
the survey show that 82.4 percent of the participants have the perception that
there is a difference between UBD (use by date) and BBD (best before date)
(see section 4.1). The majority of people know there is a difference but might
not be aware of how big the margins actually are when it comes to the BBD
that the producers are putting on the labels. Since it is a known problem
that people cannot tell the difference between UBD and BBD but still when
asked say that they think it is a difference the problem might be that they
think that BBD is something else than it actually is. The example that Åsa
Coenraads pointed out with eggs proves by example how misleading the best
before date sometimes can be and also how big the difference is if something
is stored in a lower temperature. There is a high risk that for example eggs
are being thrown out when BBD has passed even when it is still edible one
month after passing the best before date. More than 90 percent would throw
away food when unsure of its quality, and is backed up with that 69 percent
(see section 4.1) thinks that they sometimes throw away edible food. It can be
argued that it is difficult to taste and smell raw food and that people might
want to prepare before they even taste it, thus making them unsure of the
quality and ends up throwing out the edible food.

If there would exists technology, taking use of for example RFID (Radio
Frequency Identification) tags, (see section 2.7.6) that could give more accu-
rate information this would be of use when the quality of the food is debated
and the consumer feel unsure about it. The downside of having to use tech-
nology when unsure, according to Franke, is that knowing more precise for
how long the product is durable could stop people from using senses to de-
termine if it is edible or not. Further studies and investigations would be
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needed to find out if a more precise best before date would make people stop
using their senses and thereby have a counterproductive outcome. But as
food safety is concerned, there is still Nanotechnology (see section 2.7.7) or
RFID tags that could detect pesticides and microorganisms, thus in a health
perspective it would reduce the risk of getting food poisoned. It can be com-
pared to taking the temperature to make sure if a person has fever. Senses
could tell that a person has and yet a temperature meter is used to be sure.

According to Coenraads people sometimes say that they do one thing but
in the end do something else, and the result (see section 4.1) shows that more
than 75 percent think very much or much about not throwing away food.
Then again 50 kg of food that could have been eaten is still thrown away,
thus classified as unnecessary food waste (see section 2.1). It also shows that
people are not aware of how much food they are actually throwing away.
Another aspect connected to this is people consciously choosing the grocery
with the longest shelf life in store. 75 percent always or often do this, in or-
der to gain more time before the best before date passes or make sure they
get fresh food (see section 4.1). The downside is that the product not chosen
that has the shortest best before date in the store ends up being thrown away.
The consumers choose the longest shelf life from the store but still claims that
they think much or very much of not throwing away food. The result is a
contradiction when 48 percent think of not throwing away food to save the
environment (see section 4.1). Either they are not aware of that the product is
thrown away when BBD has passed in the store or they choose not to think
of it. This is proving that it is important to understand how the whole food
chain is connected as Franke pointed out. Food waste affects the environ-
ment more the closer the food gets to the house holds (see section 2.2) and it
might be better (even if the difference is really small) for the environment to
not transport the food home and then throw it away. Nevertheless, making
households aware of that they actually throw away a lot of food that could
have been eaten is of great importance.

90 percent claims that if they could get information that a product was still
good to eat after best before date has passed they would eat it(see section 4.1).
This also points at a change in behaviour coming from use of new technology,
because it is possible to get this information by tasting, smelling and feeling
the product but people do not do this or do not know how to do it. If informa-
tion was provided they would use it. When the question explicit is asked if
the participants would use a function in the phone or computer for receiving
this kind of information the result shows that it is even between the options
maybe, likely, very likely and there are no differentiation’s regarding the age
groups (see section 4.2), which could have been a hypothesis it could be. Co-
enraads points out that technology is probably something that would have to
be promoted by the industry and that it would take a while to have people us-
ing a new application and technologies. By starting to talk about it and make
people know that this could be an option is a good start, and it also takes time
before people trust new technology. 54 percent do not know if they would
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trust information about a product’s durability when it was coming from an
application in the phone (see section 4.2). This might also depend on that the
survey participants did not receive any information about how this informa-
tion would be recovered. Maybe there would be a stronger trust in science
and people would have answered differently if it would have been claimed
that it was scientific information. Even so, approximately 5 percent claims
that it is not likely at all that they would eat a product even after receiving
information on the phone that have the shortest expiry date first (see section
4.2). The majority claims the opposite and would eat the product with short
expiry date first. This correlates well with what Franke said about the possi-
bilities of reducing the food waste in the households. Changing individual’s
behaviour is difficult, but adding something to an already learned behaviour
is possible. Since the survey participants are expected to be layman’s in the
subject of intelligent packaging it would have been insufficient to ask ques-
tions about technologies, such as RFID and nanotechnology, but with help
of these technologies scientific measurements and information could be pro-
vided in such and application (see section 2.7). Also having the possibility to
see what products that needs to be eaten first on the phone while being in the
store, might help planning dinner differently. This would have the same ef-
fect as carefully checking what groceries exists in the refrigerator and writing
a list of what needs to be eaten first and plan around that. But taking away
the torque of doing this manually and instead just having it in an application
is a much smaller effort for the individual and could help change behaviours.

The majority of the participants claim that they think of not throwing away
food and would like to use technology to help them when they are unsure of
the taste and smell. However, the majority would not be willing to pay more
to use an application that provided more accurate information about if the
product was edible or not. Similar result could be seen when asked if they
would pay more to use an application that gave information about which
product that needed to be eaten first in the refrigerator (see section 4.2). In
general, it might be difficult to ask people if they would like to pay for things
they do not feel that they fully need and that is why companies are putting so
much money and effort into marketing and advertising. If they would know
that they could save a lot of money if they could reduce their food waste,
maybe they would like the idea better. The question asked might have been
to broad, thus the data collected might have been too vague to draw a conclu-
sion from. Since the industry is putting a great amount of money into devel-
oping these kind of technology (see section 2.7.1.1) it is more likely to think
that the consumer wont have to take a stand in these matter. Dynamic date
labelling and these kind of smart applications will be provided in the future
and probably the consumer cannot choose to not use it. The majority of the
survey participants answered that they sometimes or always try new technol-
ogy that can be useful in their everyday life and there is no major difference
when looking at different age groups (see section 4.2). The reason for this
could be that the survey was spread on the internet, mainly on Facebook, and
the participants can therefore be said to be users of technology. Those who
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do not use technology in their everyday life might not have been reached by
this survey. Nowadays almost everyone is using some kind of technology, it
can be difficult not to do it since you can find it everywhere and more and
more things in society are getting digitized. 92 percent of the participants
is already using some kind of application on their phone to perform certain
task like paying bills or scanning QR-codes(see section 4.2). Nevertheless, In-
telligent packaging and dynamic labelling (see section 2.7) would affect the
whole cold chain and consumers might not understand that the cost of the
technology would be divided through the whole chain, thus the consumers
will not notice the major change in cost. Studies shows that Intelligent pack-
aging will become a standardization (see section 2.7.1.1, 2.7.5.1). If the limited
energy in nanosensors for intelligent packaging is solved (see section 2.7.6.1),
then the use of the technology in near future is unavoidable.To keep in mind
is also that RFID is a technology that is already being used on the market (see
section 2.7.5),but since the cost for one single RFID tag is to high to be prof-
itable it is not used for dynamic labelling. When either the cost problem for
RFID tags or the problem with Nanosensors limited energy are solved, the
industry will get it out on the market. If the stores could offer both dynamic
date labelling and dynamic pricing this could act as a motivator for the cos-
tumer who could plan their life better, save money and save the environment
at the same time. A change in behavior would be if people would start writ-
ing lists and checking their refrigerator before visiting the store. This can be
difficult but an application providing this information would make it easy to
make the same change without effort. Actually it would possibly make peo-
ples life easier.

Over 66 percent thinks that there is a need of new technology to reduce the
food waste with 50 percent as UNs goal is and 87 percent thinks that dynamic
date labelling is a good idea. Coenraads is positive to the idea of dynamic
labelling but said that it is easier to apply on Swedish products and that it
would not be easy to control products from outside EU. She also talks about
problems of enacting laws when it comes to technology since the ones enact-
ing the laws often miss out the expert knowledge in the subject and therefore
can end up enacting something that in the end inhibits development. Dy-
namic date labelling would need to be implemented early in the food chain
(see section 2.7.2) and therefore it can be problematic to make it as standard
in Sweden since a lot of food is coming from other countries. But on the other
hand the globalization is making the world smaller and it is in the interest of
the industry to make it a standard.

The consumer’s thoughts about their own part in food waste does not cor-
relate with the real picture. But the thought exists both when it comes to
reducing food waste and the need of technology to facilitate in people’s ev-
eryday life. Even though the majority claim that they do not wish to pay for
the technology and that they do not know if they would rely on the infor-
mation. But it is still unavoidable that technology will be used, since a great
amount of money is put into research to make Intelligent packaging a stan-
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dardization. It means that even if dynamic date labelling will take long time
for the industry to implement, there are still other technology in intelligent
packaging that can help in an everyday life. For example, to get accurate
information about the durability on a product that has already passed best
before date with the help of Nanotechnology or RFID sensors, when unsure
if it is edible or not.

5.2 Conclusion

After analyzing the survey results together with the interview results, it is
possible to see that the consumers thoughts about food waste differs a bit
from the real picture, but it is always difficult to give a precise answer out
of analyzing these kind of data. By helping the consumer make better deci-
sions and get them to think more of the environment indirect by using tech-
nology, for example an application connected to a product labelled with dy-
namic date, the food waste could be reduced in the households and also in
the stores. In the future more things in our homes will be devitalized and take
use of smart technology. Before the smart phone entered the market people
used their phones only to make calls, one could believe that the same will
happen with other things but of course it is impossible to know for sure . It is
realistic to think that dynamic date labelling could be a part of the future and
thereby help people to change their behavior without asking them to put in a
major effort. The general attitude to dynamic labelling and intelligent pack-
aging is positive, but people are not willing to pay for it. Probably dynamic
labelling and other kind of intelligent packaging will be a part of our future
but more research is needed and the question is when it will be profitable for
the industry to start launching it.
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Figure A.1:
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Figure A.2:
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Figure A.3:
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Figure A.4:
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Figure A.5:
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Figure A.6:
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