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1 Introduction

1.1 Background

�As scientists of the IPCC have made it clear that climate change is caused by
human behaviour, it is only natural that we have to change our behaviours to
keep this only planet Earth environmentally sustainable for our succeeding

generations."

This was said by the general secretary Ban Ki Moon during the United Nations
conference of climate change in Marrakech, 15th of November 2016. Supersed-
ing the Millenium Development Goals, member states of the UN established
a new road-map called Agenda 2030 to ensure global sustainable development
post 2015. Agenda 2030 constitutes of 17 Sustainable Development Goals aim-
ing at ending poverty and inequalities whilst ensuring economic growth and
the tackling of climate challenges (UN 2018c). Each Sustainable Development
Goal comprise of several sub targets and the third target of goal number 12,
Responsible Consumption and Production, reads as follows:

"By 2030, halve per capita global food waste at the retail and consumer levels
and reduce food losses along production and supply chains, including

post-harvest losses." (UN 2018a)

Food waste occurs throughout the entire food chain, from the crops never leav-
ing the farmers cultivation land to the forgotten leftovers in the freezers of the
households. According to the Food and Agriculture Organization of the UN,
FAO, one third of all food produced in the world is lost or wasted (FAO 2018).
It is also estimated that 25 - 30 % of the global greenhouse gas emissions origi-
nate from the food production system (Tilman and Clark 2014). Furthermore,
producing food that is not consumed causes unnecessary emissions. Wasting
eatable food e�ectively highlights both the essence of Agenda 2030 and the
three aspects of sustainability; it is a waste of natural resources and neither
ethically nor economically defensible.

In a world where up to 30 % of all food produced is wasted, over 800 million
people are undernourished. The majority of the undernourished live in devel-
oping countries but families are struggling to get food on their tables in more
developed countries as well. According to UN (2018b) the global food and agri-
culture system must be redesigned to assure food security, fair economic terms
and conditions and environmental sustainability. Adding to the environmental
and socioethical aspects of food waste, monetary losses arise from this as well.
Annual economical value of global food waste amounts to an estimated 990 bil-
lion US$, corresponding to nine thousand billion SEK (FAO 2018).

Around the world these food related issues have gained large attention lately.
Initiatives saving and redistributing food that otherwise would have been wasted

4



can be found in several countries. Various businesses, both NGOs and private
companies, with various solutions to the problem have emerged. From busi-
nesses saving groceries from wholesalers and redistribute it to charity organiza-
tions (Allwin 2017a), to companies that via an app connect private persons with
restaurants, cafes and bakeries selling daily leftovers to reduced prices (Karma
2018; ResQ 2018a).

In 2016 the public canteens in Sweden generated 73 000 tonnes of food loss
making them the largest public food loss generators on the consumer side of the
food chain. Although approximately 40 % of the food loss generated was biolog-
ically degraded (Naturvårdsverket 2018) utilizing food for its intended purpose
of feeding people is environmentally a better option (Eriksson, Strid, and Hans-
son 2015), even though the best alternative would be not generating any waste
at all. To optimize a system, not causing any waste at all, is a di�cult task.
Reusing what could be reused would then, according to the waste hierarchy, be
the best option (Naturvårdsverket 2017).

As the government and the local municipalities with them formulate and consti-
tute laws and regulations it should be in their interest to act as good examples
saving food that risk becoming food waste, which is where this thesis picks up. If
not reusing overproduced food and serving it within the own canteen, municipal-
ities may redistribute it. Redistribution, especially to charity, could contribute
to a more sustainable food system, both environmentally and socially. Focus
of this thesis will be to explore hos overproduced food from municipal canteens
can be managed and utilized more resourceful, with the foundation built on the
three pillars of sustainability.
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1.2 Goal and research questions

The aim of this thesis is to evaluate how Swedish municipalities can manage
and reuse leftover food more sustainable. The goal is to investigate food loss
and food waste quantities from Swedish public canteens. This as to approxi-
mate environmental e�ects in the form of greenhouse gas emissions as well as
resulting social and economic consequences from a potential redistribution.

Research questions to be answered are:

• How large are food loss and food waste quantities from the municipal
canteens in Sweden?

• What are the environmental, social and economic bene�ts from redis-
tributing overproduced food from municipal canteens?

• How could a food redistributive solution for the canteens be designed in
order to optimize environmental, social and economic bene�ts?

1.3 Scope

The thesis focuses on Swedish municipal canteens serving food in public kinder-
gartens, schools and care homes. Food loss and food waste terms will be used
as de�ned by the Food and Agriculture Organization of the UN, FAO, further
described in chapter 2.2.1. Regarding the environmental perspective empha-
sis is put on greenhouse gas emissions solely and calculations on economical
consequences are investigated from a municipal perspective. Social e�ects are
primarily measured in the form of number of portions available from the food
waste, although other aspects are discussed as well.
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1.4 Method and disposition

Throughout this thesis, methods applied are:

• Literature study

• Interview

• Survey

• Case study

The literature study forms the base of the theory chapter, knowledge valuable
for later analyses. Further a semi-structured interview with representatives from
the municipality of Partille was conducted in the very beginning of this project
as to give insight in the everyday work performed in municipal canteens, a pre-
requisite formulating later surveys.

In total three surveys were performed throughout this thesis; one more exten-
sive and two complementing. The larger survey constitutes the foundation of
the thesis and addressed municipal canteens. It was �lled in digitally in order
to facilitate statistical analysis and the sample group comprised of all 290 mu-
nicipalities in Sweden. This was complemented by two smaller, semi-structured
surveys communicated via e-mail. One of the surveys investigated how munici-
pal food waste is currently treated and the other focused on charity organizations
working with food redistribution. Additionally a case study on the municipal-
ity of Kristianstad was conducted, examining waste management costs. Data
from the surveys and the case study are predominantly quantitative while data
from the literature study and the interview are mainly qualitative. More pro-
found and detailed descriptions of methods applied are to be found in chapter 3.

The paper is initialized by a theory chapter declaring �ndings from the literature
study, followed by key data from conducted interview. After this results from
the surveys and the case study are presented, results on which calculations are
performed. Findings and calculation results are further analyzed and based on
these a suggestion to a redistribution solution is presented. Lastly results are
discussed and summarized.
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2 Theory

In this section �ndings from the literature study are declared, knowledge that is
of importance to later understand and be able to analyze conducted interview,
surveys and case study.

2.1 Laws and regulations

To ensure food safety and human health, there are several laws and regulations
on how food is to be handled and treated throughout the food chain. EU
legislation apply to all member states and is often formulated so that each
country form their own modi�ed version, ensuring compatibility with existing
national legislation.

2.1.1 EU regulations

Regarding handling food and food waste EU regulations relevant for this thesis
are:

• Regulation (2002/178/EG). General principles and requirements of food
law, establishing the European Food Safety Authority and laying down
procedures in matters of food safety,

• Regulation (2004/852/EG). Hygiene of foodstu�s,

• Regulation (2004/853/EG). Speci�c hygiene rules for food of animal ori-
gin,

• Regulation (2004/882/EG). O�cial controls performed to ensure the ver-
i�cation of compliance with feed and food law, animal health and animal
welfare rules,

• Regulation (2011/1169/EG). Provision of food information to consumers

Below follow brief descriptions of above mentioned regulations. The legislation
constitutes of a signi�cantly large scope but only that concerning handling and
redistribution of food is to be presented.
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Regulation (2002/178/EG)
This regulation establishes the European Food Safety Authority as well as com-
mon principles and responsibilities. It forms the general principles regarding
food and food safety at community and national level. Further, it states that
the regulation shall be applied to all stages of production, processing and distri-
bution of food for commercial purposes. (European Parliament and the Council,
2002/178/EG)

Food business is de�ned by the regulation as:

�...any undertaking, whether for pro�t or not and whether public or private,
carrying out any of the activities related to any stage of production, processing

and distribution of food�

It is also stated that food business operators are responsible to ensure that all
stages under their control meet requirements of food laws relevant to their ac-
tivity. (European Parliament and the Council, 2002/178/EG)

Ensuring traceability, regulation (2002/178/EG) declares that food business op-
erators must be able to identify both the supplier from whom they received any
foods and to whom their products have been delivered. Traceability is of great
importance especially in the case when unsafe or contaminated food is brought
to the market and its origin has to be traced. (European Parliament and the
Council, 2002/178/EG)

Regulation (2004/852/EG) and Regulation (2004/853/EG)
To assure proper handling of food, regulation (2004/852/EG) lays down general
rules on hygiene for food business operators. In line with above regulation, the
food business operators are responsible for meeting relevant laws on food hy-
giene at all stages under their control. It is within the food business operators
responsibility to ensure an unbroken cold chain and that the so called Hazard
Analysis and Critical Control Points, HACCP, is applied. In short, HACCP
states that food business operators must identify potential hazards and work
to prevent, eliminate or reduce those to acceptable levels. It also states that
operators must have a system on how to handle potential problems. (European
Parliament and the Council, 2004/852/EG)

Within regulation (2004/852/EG) requirements on registration of food busi-
ness operators are declared. This as to allow for o�cial controls, further de-
scribed in regulation (2004/882/EG). (European Parliament and the Council,
2004/852/EG)

Regulation (2004/853/EG) is a supplement to regulation (2004/852/EG) re-
garding speci�c food hygiene requirements related to food, processed as well as
unprocessed, of animal origin. (European Parliament and the Council, 2004/853/EG)
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Regulation (2004/882/EG)
Regulation (2004/882/EG) declares rules on o�cial controls practiced to verify
compliance with existing regulations in order to prevent, eliminate and reduce
risks that may harm humans or animals. It aims at ensuring fair trade of food
and protecting the interests of the consumers. The regulation states that con-
trols shall be performed by competent authorities, domestic as well as foreign,
and that it is within the scope of the member states to monitor that these
controls are carried out regularly and with appropriate interval. (European
Parliament and the Council, 2004/882/EG)

Regulation (2011/1169/EG)
In line with general rules laid down in regulation (2002/178/EG), this regula-
tion aims to protect consumers with regards to food information. It establishes
general principles on food labeling with special regards to ingredients, allergens,
durability, origin and nutrition declaration. This is of importance to food redis-
tributive activities as redistribution may include selling leftover food. (European
Parliament and the Council, 2011/1169/EG)

2.1.2 Swedish regulations

In Sweden there are four laws relevant to municipal food redistribution:

• Swedish Food Law (SFS 2006:804),

• Swedish Food Decree (SFS 2006:813),

• LIVSFS, The National Food Agency's regulations � Code of Statutes

� (LIVSFS 2005:21) on o�cial controls,

� (LIVSFS 2005:20) on food hygiene,

� (LIVSFS 2014:4) on foodstu� information,

• Municipal Law (SFS 2017:725)

The Swedish Food Law (SFS 2006:804) corresponds to and complements regu-
lation (2002/178/EG) as stated within the aim and scope of the EC regulation.
Decree (SFS 2006:813) is the Swedish law on hygiene and controls comple-
menting regulation (2004/852/EG),(2004/853/EG) and (2004/882/EG). In the
Swedish Food Decree (SFS 2006:813) general rules are declared while Code of
Statutes present more speci�c details. (LIVSFS 2014:4) is the Swedish equiva-
lent and complement to regulation (2011/1169/EG) de�ning national deviations
to that stated in the EU regulation (Livsmedelsverket 2014). Food redistribu-
tive activities fall under regulation (2002/178/EG):s de�nition of food business
and as Swedish laws fall within the scope of common EU regulations (Hanssen
et al. 2015), these are not further analyzed.
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Moreover there are local municipal laws obliged to public canteens. Municipal
Law (SFS 2017:725) regards, amongst others, regulations on how municipal eco-
nomical businesses should be conducted. Important for potential redistribution
are principles stating that municipalities may not pursue pro�t-making activi-
ties. The law further includes regulations on �nancial support to individual or-
ganizations (Finansdepartementet 2017). However, the Swedish National Food
Agency recently published a statement on their website speci�cally targeting
food redistribution within municipal businesses. It was stated that municipal-
ities are allowed to donate food, receive donated food and sell overproduced
food, as long as laws on procurement and competition are met (Livsmedelsver-
ket 2018).

2.2 Food loss and food waste

2.2.1 De�nitions

It is highly important to clearly de�ne what food loss and food waste refers to,
as to avoid misunderstandings. According to FAO food loss refers to decrease
in quantity or quality of food, whilst food waste is discarding or alternative,
non-food use of food that would have been safe and nutritious for human con-
sumption. With these de�nitions food waste is a part of food loss, and both
occur throughout all parts of the food chain (FAO 2018). Throughout this paper
food loss and food waste will be used as de�ned by FAO.

2.2.2 Food loss throughout the food chain

After exiting the farm gates food and groceries undergo several steps before end-
ing up as food on someones plate. These steps of the food chain are categorized
into:

• Primary production,

• Processing,

• Wholesalers and supermarkets,

• Restaurants and canteens,

• Private households

(Lagerberg Fogelberg 2014)

Below follow brief descriptions of the most common reasons to why food loss
occurs within respective category.

Primary production

In de�ning primary production, regulation (2002/178/EG) includes production,
breeding and cultivation of primary products. It includes harvesting, milking
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and production of foodstu� producing animals before slaughter. Hunting, �sh-
ing and collecting wild products are also included in the de�nition. (European
Parliament and the Council, 2002/178/EG n.d.)

In cultivation food loss mainly occur as a consequence of inconsistent ripeness
of crops, too low market prices making harvesting unpro�table, crops being
damaged during the harvest process, poor storage conditions, environmental
growing conditions reducing crop quality and products being discarded due to
not meeting expectations and standards on size, shape and look. (Lagerberg
Fogelberg 2014)

Common reasons for food loss in animal breeding, �shing, �sh farming and
for foodstu� producing animals are euthanizing of sick or injured animals and
animals dying during birth, breeding and transports to slaughterhouses. Fur-
thermore, �shes in �sh farms die during breeding, �shes from �shing boats are
discarded due to quotas and size requirements and eggs are discarded due to
cracks or diseases. (Franke 2013)

Processing

Products from the �rst step in the food chain are processed in various types
of industries, e.g. milling of cereals and peeling of roots and vegetables. It
also includes more extensive re�ning and preparation of products into eatable
foods, e.g. industrial bakeries, pasteurization of dairy products and peeling,
cutting and precooking root vegetables. (Jordbruksverket, Livsmedelsverket,
and Naturvårdsverket 2013)

Reasons to food loss in food processing industries are reduced quality on de-
livered products, errors in production, overproduction due to uncertainties in
customer orders, incorrect storing and/or handling of products and products
being discarded due to not meeting expectations and standards on size, shape
and look. (ibid.)

Wholesalers and supermarkets

Wholesalers hold large quantities of food and from the wholesalers regular su-
permarkets buy their products, as a supermarket for the supermarkets. Hence
reasons for food loss in wholesalers and supermarkets are similar.

Food loss from wholesalers and supermarkets often arise from expired best-
before-date which may be related to oversized orders, wide product range low-
ering the grocery and food turnover, unpredictable variations in customer de-
mands, poor packaging and inappropriate storing, handling and exposure of
products. (Eriksson 2015)
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Restaurants and canteens

This category includes all restaurants, canteens and catering activities. Can-
teens and catering �rms cook and sometimes also distribute food, often in larger
quantities. Food served in kindergartens, schools, hospitals and elderly care
homes are often prepared and cooked in canteens.

Common reasons to food loss in restaurants and canteens are poor storage con-
ditions, careless handling and preparation of groceries and waste from customers
plates which may be linked to serving too large portions. Other reasons are buf-
fés which cause large losses and di�culties in predicting the number of guests
to be served. There may also be a lack of knowledge or uncertainties regarding
laws and regulations on what could be stored for later service. (Naturvårdsver-
ket 2013)

Private households

In more than 70 % of the Swedish municipalities, households have the possibil-
ity of separating food loss from domestic waste. Additional to the food sorted
out, approximately one fourth of the food loss is poured out or �ushed down the
sewage system (Naturvårdsverket 2018). Of the sorted food loss from households
35 % is estimated to constitute of food waste (Jordbruksverket, Livsmedelsver-
ket, and Naturvårdsverket 2013).

From private households food loss is often generated as a consequence of poor
planning, purchasing and cooking of food, too large purchases, lack of knowl-
edge regarding best-before-labeling and not emptying packages. It could also
arise from poor storage conditions, not using all edible parts of vegetables and
fruits and not eating or reusing leftovers. (Naturvårdsverket 2013)

Figure 1 below summarizes the causes of food loss in the various parts of the
food chain, as reviewed above.

13



Figure 1: Causes of food loss throughout the food chain

2.2.3 Statistics on food loss and food waste in Sweden

In 2016 the total food loss in Sweden, including food waste, amounted to 1 255
000 tonnes. Accounting for the whole food chain this corresponds to 129 kg of
food per person and year. In table 1 food loss quantities for each category are
presented. Data include both separated food and food thrown in the unsorted
bin, as well as food �ushed down the sewage system (Naturvårdsverket 2018).

Table 1: Food loss from various parts of the food chain, Sweden 2016. Num-
bers given in tonnes. * Numbers from 2014 as no data for 2016 was available.
(Naturvårdsverket 2018)

Primary production 98 000 t*
Food industries 43 000 t
Wholesalers and supermarkets 30 000 t
Restaurants 71 000 t
Canteens 73 000 t
Private households 938 000 t
Sum 1 255 000 t

Regarding Swedish canteens, a survey from 2017 was conducted on behalf of
the Swedish Energy Agency investigating food waste from 19 public canteens.
The results show that approximately 5,6 tonnes of prepared and cooked food
within the 19 canteens was wasted each year. Adding the weight from wasted
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groceries, a standard portion á 320 g generated 20 g food waste (Pettersson,
Breitholtz, and Olsson 2017). These numbers however do not include waste
from plate scrape o�. Another case study comprised in the Municipality of
Sala, Sweden, investigated food waste from a total of 40 schools, kindergartens
and elderly care homes. Results from Sala imply a much larger waste, 75 g on
average per standard portion of same size (Eriksson, Malefors, et al. 2016). The
article further implies that kitchens solely serving food, i.e. receiving already
cooked food, generate larger food waste quantities than kitchens solely cooking
and kitchens both cooking and serving. A much larger food loss, 18.2 kg food
per person and year, is suggested by Stare et al. (2013). It should be stressed
that food waste quantities per portion is not comparable to that per person
served.

Numbers in above examples only account for what actually ends up in the sorted
bin. According to Stare et al. (ibid.) 13 % of the food wasted is found in the
regular bin, despite kitchens having food waste separation. The report further
estimates that 52 % of the food loss constitutes of food waste. Moreover food
loss and food waste are generated from di�erent stations within the canteens.
In Göteborgsmodellen, described in the section below, it is estimated that half
of the food waste from canteens originate from plate scrape o� and half from
within the kitchen (Måltid Göteborg 2016).
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2.2.4 Food waste reducing measures in canteens

As previously stated, utilizing food for its intended purpose of being consumed
is more sustainable compared to treating it by anaerobic digestion, compost-
ing or incineration (Eriksson, Strid, and Hansson 2015). Even better would be
not producing leftovers at all as according to the waste hierarchy. Since issues
related to food waste have been brought to the agenda several waste reducing
initiatives, both on local and national levels, have emerged.

In Gothenburg, Sweden, a model called Göteborgsmodellen has gained large at-
tention. Göteborgsmodellen is a concept for school canteens to reduce food
waste quantities and it has been spread and implemented by many other mu-
nicipalities. Established in 2016 Göteborgsmodellen is a practical instrument
based on 9 key measures aiming at reducing the food waste.

1. Measuring, monitoring and follow-up on food waste quantities. This in
order to identify hotspots within the kitchen where the largest quantities
arise.

2. Menu planning. A �exible menu allows serving leftovers and/or converting
it into new dishes.

3. Calculating portion sizes. Based on reasonable, adaptive portion sizes
amounts food to prepare and cook can be calculated.

4. Good communication with other instances of the school. A system to
report absent students allows for the kitchen to regulate food quantities.

5. Routines on purchases. A well functioning system with delivery close to
cooking date and packages of varying sizes decrease the risk of food getting
old.

6. Storing. Keeping good order and overview of what is in stock is important
and further to use the oldest groceries �rst.

7. Cooking. When cooking it is important that recommended amounts cal-
culated from previous measures are followed and if possible the kitchens
may serve in trays of various sizes.

8. Service. Measures in service could be using cutlery of appropriate sizes
and solely having one tray of each component up for service.

9. Using leftovers. Both reheated and served again and incorporated in new
dishes.

(Måltid Göteborg 2016)

Another example of a food waste reducing measure was introduced in the mu-
nicipality of Kiruna. During lunch servings, all serving trays were removed from
the public canteens. Instead cutlery and napkins were placed on the tables and
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more stations for drinks and bread were organized. Result from this reduced
food waste quantities by approximately 50 % (Jordbruksverket, Livsmedelsver-
ket, and Naturvårdsverket 2013). Also in line with this is a suggestion by
Ryderheim and Westerlund (2014), investigating canteen food waste in the mu-
nicipality of Lomma. According to the authors smaller plates could be used to
limit food waste by decreasing the risk of putting too much food on the plate.

2.3 Climate impact of the food system

Each year tonnes of anthropogenic carbon dioxide is emitted to the atmosphere,
forcing climate changes and global warming. It has been estimated that up to 30
% of all greenhouse gas emissions can be attributed to the global food system,
from fertilization production to packaging and transports. This corresponds to
16 900 million tonnes of carbon dioxide equivalents, CO2-eq., each year (Ver-
meulen, Campbell, and Ingram 2012). In Sweden corresponding number is
approximately 14 % (Statistiska Centralbyrån 2018). In the earlier presented
Göteborgsmodellen it is estimated that 1 kg food waste cause emissions corre-
sponding to 1.6 kg CO2-eq..

Producing groceries and food consumes both energy and resources. Fertilizers
and fodder must be produced, both animals and plants need water, tractors
used are often fueled with diesel, materials for packaging must be produced,
products and materials are transported, energy is needed for both heating and
cooling and the residuals of it all must be processed. A large number of Life
Cycle Assessments, LCA:s, have been conducted on several groceries. Several
of these have been summarized by Röös (2014). Figure 2 below illustrates the
most common groceries and related emissions. Unless other is declared values
are given for food produced in Sweden.
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Figure 2: Greenhouse gas emissions related to various groceries. Numbers after
Röös (2014).

For a wider scienti�c base data from Röös (2014) were compared with other
LCA:s. Seven articles investigating greenhouse gas emissions from seven di�er-
ent groceries were studied. Results along with numbers from Röös (ibid.) are
presented in table 2.

Table 2: LCA results on greenhouse gas emissions related to di�erent groceries.
Numbers given in kg CO2-eq./kg.

Grocery Values, Röös (2014) Values, other LCA Author
Fish 3 2.15 (Pelletier et al. 2009)
Pork 6 3 (Sonesson et al. 2016)
Beef 26 20 (Mogensen et al. 2015)
Milk 1 1 (Cederberg and Mattsson 2000)
Cheese 8 8.8 (Berlin 2002)
Legumes 0.7 0.3 (Abeliotis, Detsis, and Pappia 2013)
Tomatoes 1 0.5 (Ntinas et al. 2017)

In addition to greenhouse gas emissions the food system also cause other nega-
tive environmental e�ects, e.g. eutrophication, soil erosion, loss of biodiversity
and spreading of chemicals (European Environment Agency 2012). As this
paper focus on the emission of greenhouse gases solely, these impacts are not
further investigated.
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2.4 International and national goals on food waste

In September 2015 the UN General Assembly came to a global agreement on
sustainable development, Agenda 2030 (UN 2018c). The Swedish government
was one of 150 world leaders to sign the agenda, thereby undertaking the task
of striving towards reaching all 17 goals and 169 sub targets (Regeringskansliet
2016). Although target 12.3 is the only concrete, measurable goal concerning
food waste in Sweden, there are national goals on sustainability adding to the
global agreement. In this chapter international and national targets regarding
food waste are presented.

2.4.1 International goals

As stated sub target number 3 of goal number 12 regards food waste. The goal
is to, by 2030, halve the food waste on retail and consumer levels and reduce
food losses along the whole food chain, including post-harvest losses. Several
initiatives have started to mobilize for this reduction.

Supporting the development towards target 12.3 the EU Platform on Food
Losses and Food Waste, FLW, was established in 2016. The task of FLW is
to prevent food waste and the group composes of EU institutions, stakeholders
and member state experts. In the terms of references it is stated that FLW
work cover areas on de�nition, measurements and monitoring of food waste.
It also include research, awareness and knowledge campaigns, implementation
of EU legislation and facilitation of food redistribution. Moreover, they work
for enabling knowledge and experience sharing on best practices and the iden-
ti�cation and implementation of appropriate actions in order to maximize the
contribution of all actors. (European Commission 2016)

One of the �ve sub groups of FLW is a group especially working with food
donations. The objectives of this group are to investigate current practices and
regulations of food donations within member states, prepare for EU guidelines
on food donations and to constitute a pilot project as to do research on food
redistribution and dissemination of future guidelines. The time frame for the
sub group stretches to 2019. (European Commission 2017)

2.4.2 National goals

Before Agenda 2030 the Swedish Environmental Protection Agency proposed a
food loss reduction of 20 % calculated over the whole food chain but the pri-
mary production. The target was set to 2020 compared to 2010 levels. Cutting
food loss by 20 % would call for a 34 % reduction of the food waste. For the
primary production the goal was to, by 2016, establish a road-map for reduced
food waste quantities (Naturvårdsverket 2013). As this target was suggested in
2013 it was overruled by goal 12 and target 3 of Agenda 2030.
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On behalf of the Swedish government the Swedish Board of Agriculture, the
Swedish National Food Agency and the Swedish Environmental Protection Agency
are the authorities working to reduce food waste in Sweden. After the signing
of Agenda 2030 the three instances have through surveys, interviews and work-
shops constituted a road-map on how to reach the Sustainable Development
Goal 12, target 3. The road-map regards all actors throughout the food chain
and consists of 42 concrete measures, divided into 9 subjects. Within this it
is clearly stated that there is a need for pronounced guidelines regarding food
donations and the importance of facilitating for food redistribution is further
highlighted. (Livsmedelsverket, Jordbruksverket, and Naturvårdsverket 2018)

Besides the goals of Agenda 2030 national goals on improved resource man-
agement concerns and a�ects the generation of food loss and food waste. The
Swedish government has set a target to by 2018, a minimum of 50 % of the
consumer level food loss should be separated and biologically degraded with
recycling of nutrients. Of these, 40 % should be further treated by energy re-
covery (Naturvårdsverket 2015a). From a food waste point of view this may
seem counter-intuitive. However the purpose of this target is to make food sep-
aration accessible to more people rather than increasing the amount wasted.
Statistics from 2016 illustrate that with two years to go the separated food loss
needed to increase by 10 percentage units (Naturvårdsverket 2018). If the target
is met remains to be seen until statistics from 2018 year have been compiled.
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2.5 Economical aspects of food waste

Purchasing, storing, preparing and cooking food that is not consumed does not
only cause unnecessary greenhouse gas emissions, but results in economic losses
as well. On a global scale the economic value of food loss amounts to a corre-
sponding 9 000 billion SEK annually (FAO 2018). Data from 2016 imply that 73
000 tonnes of food loss was generated from Swedish canteens (Naturvårdsverket
2018) and according to Stare et al. (2013) 52 % of this constitutes of food waste.

The monetary value of avoiding food loss from public canteens have been es-
timated to 11 900 SEK per tonne. Applied to statistics from 2016 this would
result in annual savings of 870 million SEK for the municipalities, given that
no food loss were to be generated (Naturvårdsverket 2015b). Assuming that 52
% constitutes of food waste, avoiding these quantities would result in economic
savings of 452 million SEK annually. Furthermore, calculations performed and
declared in Göteborgsmodellen suggest a monetary value of 30 SEK per kg food
waste (Måltid Göteborg 2016).

On a national level reducing food loss quantities by 20 %, as suggested before
Agenda 2030, would according to Naturvårdsverket (2015b) result in savings of
10 - 14 billion SEK per year. However these numbers do not include costs for
potential, necessary measures. Data on how much individual municipalities may
save on redistributing overproduced food could not be found in performed liter-
ature study. In section 4.3.1 conducted case study is presented in which invoices
on waste management costs for 18 kitchens in the municipality of Kristianstad
are analyzed.
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2.6 Alternative food loss treatments

To enable calculations on environmental bene�ts from redistribution of food,
one must consider the alternative treatment. In Sweden food loss is either bio-
logically degraded, by anaerobic digestion or composting, or incinerated (Avfall
Sverige 2018a). Following subsections brie�y describe the three treatment op-
tions. Additionally environmental e�ects resulting from the various alternatives
are declared along with corresponding values for redistribution.

Food waste from canteens is believed to consist of a mix of groceries, both meat,
vegetables and various types of carbohydrates. These all have di�erent proper-
ties in term of water and energy content which, according to Eriksson, Strid, and
Hansson (2015), are the main properties a�ecting the outcome of the various
waste treatment options. Thus, from an environmental standpoint, there is not
one superior alternative for all groceries (ibid.). In the literature study only two
articles applicable to this investigation was found. One was published in 2015
and the other in 2017, both conducted in Sweden. Other papers were reviewed
but with conditions not considered as representative for and comparative to this
case. Thereby only the two Swedish articles were used for this comparison.

Eriksson and Spångberg (2017) investigate �ve fruit and vegetables; bananas,
tomatoes, apples, oranges and peppers. The other paper by Eriksson, Strid,
and Hansson (2015) evaluates di�erent groceries; bananas, grilled chicken, let-
tuce, beef and toast bread. As water and energy content are the main factors
a�ecting resulting emissions, these were further investigated for the groceries
studied. From the database Livsmedelsverket and Matkalkyl.se (2018) water
and energy content of the various fruit and vegetables were studied. It was con-
cluded that values for tomatoes, apples, oranges, peppers and iceberg lettuce
were similar and thus, one average for each treatment alternative was calculated
for the fruits and vegetables. Hence emissions calculated are based on both ar-
ticles. This approach was also applied on the bananas, calculating one average
using both articles. Moreover calculations performed in the two articles include
transports of food to the various treatment plants.

Depending on what the groceries replace, both in terms of raw material other-
wise used to extract energy and the outcome of the process, the various treat-
ments of the various groceries may cause either net savings or net emissions of
greenhouse gases. Net savings imply that utilizing wasted groceries would cause
lower emissions compared to using the regular raw materials. Net emissions on
the other hand implies that utilizing the wasted groceries would cause larger
emissions compared to using the regular raw materials.
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2.6.1 Anaerobic digestion

In the process of anaerobic digestion microorganisms convert organic waste into
biogas and biofertilizers in the absence of oxygen. In addition to food loss,
sludge from sewage plants and organic matter from agriculture, forestry and
slaughterhouses are also treated by biological degradation. The biogas gener-
ated mainly consists of methane and carbon dioxide and is often upgraded to
biomethane by removal of carbon dioxide. Thereafter the biomethane is either
distributed to the natural gas network or used as vehicle fuel. Besides biogas,
biofertilizers are generated from the process. Biofertilizers from biogas produc-
tion are certi�ed for usage in ecological agriculture. (Energigas Sverige 2017)

As stated in section 2.4.2 there is a national goal on increasing the biological
degradation of food loss generated in Sweden. Statistics from 2016 imply that
32 % of the food loss was treated by anaerobic digestion. The goal for 2018 was
to treat 40 %, results expected to be presented in 2019. (Avfall Sverige 2018c)

According to the articles, there is a lack of substrate in the anaerobic digestion
plants (Eriksson, Strid, and Hansson 2015; Eriksson and Spångberg 2017). In
the anaerobic digestion scenario of the two articles it is assumed that the food
loss does not replace any income substrate but rather add up to the total waste
treated. The outcomes of the process, biogas and biofertilizers, are assumed to
replace fossil fuels and mineral fertilizers.

All groceries evaluated in the two articles caused net saving of greenhouse
gas emissions utilizing anaerobic digestion (Eriksson, Strid, and Hansson 2015;
Eriksson and Spångberg 2017). For the fruit and vegetables the average number
calculated, using both articles, imply net savings of 0.081 CO2-eq./kg. The av-
erage value for bananas was calculated to 0.3 CO2-eq./kg net savings. Eriksson,
Strid, and Hansson (2015) also suggest savings of 0.26 CO2-eq./kg for chicken,
0.67 CO2-eq./kg for beef and 0.55 CO2-eq./kg for bread.

2.6.2 Composting

Composting, or aerobic digestion, is a process where organic matter is con-
verted into a nutrient rich soil holding a broad spectra of microbes. There are
various composting techniques utilized but the one most commonly referred to
when speaking of composting in general is hot composting. In a hot compost
microorganisms dissimilate organic molecules to build biomass. Unlike the pro-
cess generating biogas and biofertilizers, composting requires oxygen. (Ohm
and Löthman Kali� 2015)

Of the food loss generated in Sweden in 2016, 8 % was treated by composting.
The target was to reach a level of composting corresponding to 10 % of the
food loss in 2018 (Naturvårdsverket 2018). Whether this was achieved or not is
expected to be announced in 2019.
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Calculations performed in the article by Eriksson, Strid, and Hansson (2015)
are built on the assumption that the composted food loss did not replace any
compost substrate. Resulting compost was assumed to be used as soil amend-
ment in land�lls and that this compost did not replace any similar product.

Only one of the two articles studied examined the alternative of composting.
For all groceries resulting net emissions were 0.043 CO2-eq./kg. In the article
it is assumed that the composting product did not replace any similar product.
(ibid.)

2.6.3 Incineration

Approximately half of the Swedish domestic waste is incinerated. In Sweden
incineration plants can extract 3 MWh per tonne waste. Due to the high e�-
ciency Swedish incineration plants are classi�ed as recycling, according to the
EU Waste Framework Directive. (Avfall Sverige 2018b)

Energy recovery through incineration is performed either in a heat and power
station, a so called cogenerator, or in a thermal power station. In a cogeneration
plant both heat and electricity is produced, while a thermal power station solely
produces heat. The general technique applied utilizes heat from the combusted
waste to vaporize water. The high pressure and high temperature vapour is
transferred directly to the district heating system, as in the case of a thermal
power plant, or to a turbine generating electricity, as in the case of a cogenerator.
After passing the turbine, remaining heat in the vapour from the cogeneration
plant is transferred to the district heating system. (Avfall Sverige 2018d)

The incineration scenario in the article by Eriksson, Strid, and Hansson (2015)
builds on the assumption that the food loss replaces peat in the incineration
plant. Produced energy was assumed to replace electricity and heat from the
grid that otherwise would have been produced elsewhere. In the article by Eriks-
son and Spångberg (2017) it was not stated what raw materials the incinerated
food replaced but only that the energy produced replaced electricity and district
heating from the grid.

Eriksson, Strid, and Hansson (2015) suggest that incineration causes net emis-
sions of greenhouse gases for all groceries but chicken and bread. For those
two groceries the authors suggest net savings of 0.31 CO2-eq./kg and 0.67 CO2-
eq./kg for chicken and bread respectively. As for beef the same article implies
net emissions of 0.003 CO2-eq./kg. According to the more recently published
article, incineration only showed to cause marginal net savings for bananas
(Eriksson and Spångberg 2017). Together with the article from 2015 average
net emissions for incinerating bananas was calculated to 0.04 CO2-eq./kg. Av-
erage emissions for all greens evaluated was calculated to 0.07 CO2-eq./kg.
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To be able to tell environmental e�ect from redistribution, one must take into
account what the donated food replaces. Eriksson and Spångberg (2017) as-
sume that the groceries investigated replace other greens by 30 %, junk food by
30 % and nothing by 30 %. Remaining 10 % is assumed to be wasted along the
donation process. In the article by Eriksson, Strid, and Hansson (2015) the au-
thors instead assume donated groceries replace bread. If comparing values with
emissions from table 2 in section 2.3, one may note that emissions presented
in the �gure are larger that those presented in the case of food being donated.
This can be explained by what the groceries are assumed to replace. If a grocery
were to replace the exact same grocery environmental savings would correspond
to values presented in chapter 2.3. However, environmental e�ects may not be
as large if a resource-intense grocery like beef replaces less resource-intense gro-
ceries.

Average values for fruit and vegetables were calculated using emissions from both
articles studied. Concluding this section numbers on emissions are complied in
table 3 below. Note that negative numbers imply net emissions of greenhouse
gas emissions while positive numbers indicate net savings.

Table 3: CO2 emissions [kg CO2-eq./kg grocery] for various waste treatment
alternatives. Numbers after Eriksson, Strid, and Hansson (2015) and Eriksson
and Spångberg (2017).

Grocery Redist. An. digestion Composting Incin.
Av. Fruit & vegetables 0.46 0.081 -0.043 -0.07

Av. Bananas 0.36 0.3 -0.043 -0.04
Chicken 0.35 0.26 -0.043 0.31
Beef 0.31 0.67 -0.043 -0.003
Bread 0.61 0.55 -0.043 0.67
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2.7 Food redistributive activities

Redistributing leftover food enables for synergism of all three aspects of sus-
tainability; resources are most e�ciently used if utilized for its original purpose
of feeding people, it is of great value to those in need who are o�ered food and
often both the donor and the receiver bene�t from it economically. The activity
of redistribution of food, regardless how it is performed, is covered by food laws
presented in chapter 2.1. Amongst others it calls for an unbroken cold chain and
traceability. Donors must also ensure that other relevant laws on food hygiene,
storing temperatures etc. are met. Below, Swedish examples of food redistribu-
tive activities are presented. As this paper focus on public canteens only those
options suitable for the municipalities are declared for.

For every food redistributing alternative social e�ects are reviewed. People
considered the most vulnerable are homeless as they must rely on others cooking
and serving them food. Others exposed are those struggling economically but
who have a home where they can cook themselves. It should here be clearly
stated that categorizing people based on how exposed or vulnerable they are
is very hard and requires great humility. However in a technical report this is
required as to make simpli�cations of reality.

2.7.1 Food banks

The �rst food bank, St.Mary's food bank, was established in 1967 by Johan
van Hengel in Phoenix, USA. Van Hengel volunteered for a catholic church col-
lecting food donated from supermarkets for their common soup kitchen. The
concept of food banking spread and in Europe the �rst food bank was opened
in France 1984. Two years later Fédération Européenne des Banques Alimen-
taired, the European Federation of Food Banks, FEBA was born (FEBA 2018).
The Global FoodBanking Network, a worldwide foodbanking collaboration, was
established in 2006 and today more than 800 food banks in over 30 countries
are registered (The Global FoodBanking Network 2018).

Although not registered at the Global FoodBanking Network, there is one
Swedish redistribution company operating in Gothenburg, Stockholm, Malmö
and Lund. Their redistributive activities started in 2006 via Stiftelsen Gemen-
samt Engagemang, a foundation for common engagement, but it was not until
2010 Allwin was founded. Allwin collects food and groceries primarily from
supermarkets, and redistribute it to the Church of Sweden and other charity or-
ganizations feeding people in need through redistributing activities of their own.
(Allwin 2017b). As donors are predominantly supermarkets donations mainly
consist of unprocessed groceries (Allwin 2017c). Unlike other similar food bank
organizations in the Nordic region, Allwin is not a typical food bank as they
do not store food and groceries but redistribute it the same day as collected
(Gram-Hanssen et al. 2016).
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Through their collaboration with Samhall, a socially responsible company, All-
win o�ers jobs to people struggling to establish on the labour market. A monthly
fee matching costs for regular waste management is charged the donors as to
cover expenses for sta� salaries, leasing cars, tolls and administration (Allwin
2017b). Besides positive social e�ects from o�ering jobs via Samhall, several
other positive e�ects arise from the activities of a food bank. In the case of
Allwin food is redistributed to more than one receiver performing more than
one food related activity. Food donated and redistributed via food banks may
be used in soup kitchens, food bags or social supermarkets as described in the
sections below, thereby targeting both the most vulnerable and those strug-
gling economically. Further redistribution via food banks may enable for better
utilization of food donations as supply and demand could be matched by the
operating redistributor.

2.7.2 Direct redistribution

More common than food banking organizations are the less structured direct
redistributing activities. These are small scale donations where either the donor
or the receiver is responsible for food transports. It is a two-part arrangement
with no intermediaries and where all administration and compliance of relevant
laws are managed by the donor and the receiver. Often the collaboration is built
on informal, verbal contracts and agreements (Gram-Hanssen et al. 2016).

Likely there is only one receiver of the directly redistributed food. Hence social
bene�ts from this varies depending on the food related activities o�ered by the
receiver. If the receiving organization, most probable a charity organization, of-
fers free meals it could open for larger social bene�ts compared to when donated
food is sold to reduced prices.

2.7.3 Apps

Recently developed are apps aiming at reducing food waste. The service pro-
vided is a communication channel to private persons. Supermarkets, restau-
rants, bakeries and cafes connected to the app o�er what have not been sold
during the day to reduced prices. Businesses can make money from food that
otherwise would have been wasted and buyers may save money. Karma is an
example of a food redistribution app, started in Stockholm in 2016. The app
connects over 150 000 users with more than 1 500 food retailers in over 150
Swedish cities, and recently they launched in London (Karma 2018). Another
app is ResQ, which operates in three countries. According to ResQ (2018b)
food retailers connected to their app can increase their revenue by up to 6 %.

As stated, this type of redistribution targets private persons and it is further
a prerequisite having a smart phone. Although o�ering food to reduced prices
it is likely that if being in a tight economic situation one buy groceries from a
supermarket.
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2.7.4 Food bags from donated groceries

Similar to food bags o�ered by supermarkets or other businesses, charity organi-
zations perform this service as well. Uppsala Stadsmission, The City Mission of
Uppsala, is one example. Subscribers are o�ered one food bag per week consist-
ing of groceries and hygiene items donated by local supermarkets, products that
otherwise would have been wasted. To subscribe one cannot have an income
exceeding 9 290 SEK/month or one must receive some sort of �nancial support
(Uppsala Stadsmission 2018b). The food bag activity only handle donated gro-
ceries, cooked food is currently not redistributed (Wahlby 2018).

This activity primarily targets those who struggle �nancially but who at least
have a home. Homeless who do not have kitchens where food can be cooked
may not be able to bene�t from groceries in the donated food bag, i.e minced
meat, dry pasta or potatoes.

2.7.5 Social supermarkets

A concept initialized by Stockholm Stadsmission, the City Mission of Stock-
holm, is the social supermarket Matmissionen. Two social supermarkets in the
Stockholm region o�er groceries donated from wholesalers and supermarkets,
products that for various reasons are regarded as unsaleable. As well as short
best-before-dates items are donated due to packaging damages. According to
their website prices at Matmissionen are approximately one third of regular
supermarket prices and the supply of products vary with the donations. To
become a member and shop in the supermarkets one must ful�ll the same pre-
requisites as stated for the food bag (Uppsala Stadsmission 2018a).

Similar to the case of food bags only donations of groceries are accepted (Wahlby
2018). However unlike food bags one may choose what groceries to shop, which
perhaps allows for homeless to buy food that does not have to be cooked. Still
one must be able to pay for purchases, perhaps excluding those who solely may
bene�t from free, cooked meals.
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2.7.6 Social refrigerators

Inspired by the food sharing community in Germany, Solikyl is a business en-
abling for local food sharing. Anyone may donate food, from retailers, restau-
rants and cafes to private persons. For businesses wanting to donate food on a
regular basis Solikyl o�ers pick up free of charge. Donations are transported to
one of the six refrigerators located in the area of Gothenburg. No membership
is needed as the refrigerators are open for anyone to both take and donate (So-
likyl.se 2018). The basic rules of Solikyl is not to put anything in the fridge with
passed expiry date or food that oneself would not want to consume (Solikyl.se
2016).

To tell social e�ects from food redistribution via social refrigerators is hard as it
depends on what is donated. Assuming there is a variety of both groceries and
cooked food, both homeless and those with economical struggles may bene�t
from it. As in the case of social supermarkets one can choose from what is in
the refrigerator based on what one needs, but with the advantage of being free
of charge.
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3 Research methods

Before presenting interview, surveys and case study results, this chapter is ini-
tialized by describing methods applied throughout thesis research. Depending
on the purpose of a thesis various methodologies can be practiced. Di�erent
techniques for data gathering and analysis can be utilized also depending on
the purpose and methodology of the thesis. The four main methodologies are:

• survey,

• case study,

• experiment,

• action research

(Höst, Regnell, and Runeson 2006)

In this thesis methodologies applied are both survey and case study. Data can
be collected either through interviews, observations or archive analysis, of which
the method of interview will be used in this thesis. If conducting an interview
it could by character be a structured, semi-structured or open interview. A
structured interview follows prede�ned questions in a prede�ned order. In a
semi-structured interview there is more room for changing both the order and
the questions, if the situation allows for it. With an open interview, it is more
or less up to the person interviewed what to bring up on the interview. Ques-
tions asked could be either open-ended, allowing for a descriptive answer, or
closed-ended, which are answered by yes or no. (ibid.)

Obtained data could by character be either qualitative or quantitative. Quali-
tative data are words and explanations with details and nuances, while quanti-
tative data are countable. By using several methodologies, data characteristics
and types of questions a more comprehensive and correct representation may be
obtained (ibid.). This is why various types of methodologies and character of
questions were applied. As the interview and survey questions were formulated,
literature by Höst, Regnell, and Runeson (ibid.) was used.

Regarding ethical aspects of research and the relationship between the ones
sharing information and the researcher, there are four main prerequisites that
shall be ful�lled; information to attendants, approval from attendants, con�-
dentiality of personal information and right of usage. (Vetenskapsrådet 2002)

Information to the attendants on their role in the research and what the data
will be used for should be communicated. The ones conducting the research
shall have an approval from the participants sharing information to the re-
search. Moreover, sensitive data e.g. on personal information must be handled
with great care and con�dentiality. Personal information to individual persons
shall be censured and stored in a way that is inaccessible to unauthorized. The
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last prerequisite regards the right of usage of information given by research par-
ticipants. This means that gathered data may not be utilized for other purposes
than that of the research. It may not be used or shared for a commercial or
non-research purpose. (Vetenskapsrådet 2002)

Main purposes of this thesis are to investigate food waste quantities from Swedish
municipal canteens, how it is currently treated and possibilities for redistribu-
tion. This as to evaluate environmental and economic e�ects from redistributing
leftover food. Additionally, social e�ects from redistribution are to be reviewed
and a suggestion optimizing environmental, economic and social e�ects from
this redistribution is to be presented. Both an interview, a case study and three
surveys have been performed throughout this work. Data from the case study
and the surveys are predominantly quantitative while data from the interview
are mainly qualitative.

3.1 Interview with Municipality of Partille

To gain larger knowledge and insight in how municipal canteens are run and
to identify food loss hotspots, all valuable when later formulating the surveys,
an interview was held over Skype with Pia Nystedt and Maria Mattsson. The
interview was semi-structured with both open-ended and close-ended questions,
as described in the section above. Interview questions were formulated using
literature by Höst, Regnell, and Runeson (2006). Onwards, hotspots refer to
places within the kitchen activity where the largest quantities of food loss are
generated. The interview was held in the very beginning of this project as to
later be able to formulate adequate surveys and survey questions, and it was
complemented by e-mail correspondence which allowed for eventual clari�ca-
tions.

Nystedt is head chef at one of the municipal kitchens cooking for high school
students and an elderly care home. Mattsson is the dietary manager of the
municipality, responsible for overall kitchen services within the municipal activ-
ities. Questions asked, both during the interview and over mail, concerned waste
management, how canteen kitchens are run and thoughts on food waste redis-
tribution. Also, the more extensive survey were answered and peer-reviewed by
Nystedt, allowing for eventual changes and clari�cations before conducting the
actual survey. The interview was taped and transcribed and the full interview
can be found in appendix 9.1.
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3.2 Survey on food loss and food waste from municipal

canteens

The sample group of the more extensive survey constitutes of all 290 munici-
palities in Sweden. From contact via general information e-mail addresses to
the municipalities given on their web page, addresses to representatives able to
answer survey questions were compiled. Some attendants preferred answering
from a central position, often the dietary manager of the municipality, while
others forwarded the survey to head chefs working within municipal canteens.
In order to facilitate statistical analysis the survey was �lled in digitally. Google
forms were used as a platform conducting this larger survey, as this was con-
sidered the most suitable free online service. A link to the survey was sent to
the representatives earlier contacted and the survey was open for four weeks.
Reminders were sent once to twice a week to those who had not yet attended.
After closing the survey answers were compiled, categorized and analyzed.

Literature by Höst, Regnell, and Runeson (2006) was used as the survey was
designed and questions were formulated. To minimize the risk of misinterpreta-
tions, informative text in the beginning of every part was included. Additionally,
the survey was peer-reviewed by representatives from the municipality of Par-
tille. Further, to ful�ll ethical requirements, as according to Vetenskapsrådet
(2002), sensitive information on survey attendants have been removed from the
answers declared for in appendix. If not censured, approval have been given
by the persons in question. Information to survey attendants on what the data
would be used for, was sent before conducting the surveys.

The survey was divided into three parts including 26 questions in total. It was
initialized by questions regarding what type of kitchen the attendants repre-
sented, numbers served, if food loss was separated from domestic waste, if and
how food loss were weighted and whether having a policy on food purchases or
not. Next chapter of the survey regarded food loss and food waste, both quan-
tities and where it was generated. Further attendants were asked to estimate
the share of the food loss consisting of food waste, both per station and as a
percentage of the total food loss. This chapter also included questions on gro-
ceries most commonly wasted, how overproduced food was managed and if and
how they worked with informing the ones served on food waste consequences.
The last section of the survey investigated attendants approaches to food waste
redistribution. Questions asked regarded thoughts on possibilities as well as
hindrances for food waste redistribution and attendants possibility of storing
leftover food and groceries. They were also asked whether they thought redis-
tribution would be more time consuming compared to their regular routines for
food loss management within the kitchen. If positive they were further asked
to estimate how much longer. The full survey is to be found in appendix 9.3.

As the survey was closed attendants were split into four categories; the ones
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answering from a central position with responsibility for more than one kitchen,
kitchens both cooking and serving, kitchens solely serving and kitchens solely
cooking. Each category was analyzed individually as well as answers from all
attendants as one unit. Answers and resulting values were used in calculations
later performed. Lastly results were applied to a national level.

When answers were examined it appeared that some answers would not be useful
in the upcoming calculations. The most common reason was free texts answers
that lacked of unit. In order not to a�ect calculations by guessing if units were
given in kg per day or per week, the decision on removing these answers was
made. Another common error was found in the free text answers on questions
regarding food loss quantities, where attendants instead answered with food
waste quantities. There were also cases when the answer given clearly had no
connection to the question asked. An example of this was the answer "we waste
a lot of rice as we cannot save this" on the question "How large is the food loss
days when a lot of food is wasted?".

3.2.1 Sensitivity analysis

A part of the survey addressing the municipal canteens included questions on
variations in food loss quantities. The intention with this was to allow for a
sensitivity analysis on how quantities and consequent evironmental, social and
economic e�ects may vary. As presented in section 4.2.1, the low response rate
of these speci�c questions a�ected the results so that results with this approach
were regarded as not useful. Hence, an additional sensitivity analysis was per-
formed using the software MatLab. Values given by the survey attendants as
estimated averages were, based on the numerous answers, assumed to follow
a normal distribution. The commands �tdist, norm�t, paramci and normpdf
were used with a con�dence interval set to of 95 %. MatLab code and returned
values can be found in appendix 9.8.1.

Values on food loss per person and year was calculated for all respondents.
These were inserted as vectors in MatLab from which lower and upper bound-
aries were calculated for each category, using the command normpdf. Detailed
calculations are to be found in appendix 9.8.2. As stated the con�dence interval
was set to 95 % which implies that the expected value of the food loss quantity
will, most likely, fall within this interval. The lower and the upper boundaries
correspond to the minimum and the maximum expected values on food loss
quantity respectively.

3.3 Survey on municipal waste treatment

To those municipalities attending the larger survey on canteen food loss and
food waste, a new e-mail was sent. Addresses used were either the same general
e-mail addresses as in the larger survey, e-mails to the municipal department
working with waste management or to the local waste management business.
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This as to �nd adequate representatives able to answer questions regarding can-
teen food loss treatment. Hence, contacts both from municipalities and waste
management operators attended this complementing survey.

The survey was conducted via e-mail, asking how food loss from the municipal
canteens were treated. The two e-mails can be found in appendix 9.12. From
the answers data was compiled and used in calculations on environmental e�ects
from redistribution of food waste over current food loss treatment.

3.4 Case study on food waste treatment costs

Alongside the complementing survey on waste treatment a case study on the
municipality of Kristianstad was conducted, investigating in municipal expenses
related to food loss management. Originally it was initialized as a small survey
but as a consequence of low response rate it was converted into a case study. The
goal was to obtain and dissect waste management invoices from municipalities
with various waste fees as to estimate representative costs. Of the municipal-
itites attending the larger survey, ten municipalities were randomly chosen of
which two were willing to share waste invoices. Due to uncertainties in how to
read and interpret invoices from the other municipality only data from Kris-
tianstad was used.

From a municipal commissioner representing Miljö- och hälsoskyddsnämnden,
the Swedish Association of Environmental Health Professionals, invoices from 18
municipal canteens were acquired. Those were reviewed and data on municipal
expenses related to waste management was categorized and analyzed. Addi-
tionally the number of children, students or elderly within each object were
gathered from e-mail contacts with administrative sta�. If data could not be
attained this way statistics from Skolverket, the National Agency for Education,
were used. Obtained values on costs per person were applied to results from
the more extensive survey. Costs included in calculations were paper bags for
food loss as well as rental, disposal and cleaning of both containers and food
loss disintegrators.

3.5 Survey on charity organizations

Lastly a survey addressing Swedish charity organizations, receiving donated
food, was conducted. The survey intended to collect data on the type of food
and quantities handled, numbers served, their approach to receiving food from
canteens and if there are legal or other restrictions on what they can accept.
Using online search engines several charity organizations performing food serv-
ing activities were contacted using e-mail addresses given on their web page.
The survey was performed via e-mail and included �ve questions. For the full
e-mail, see appendix 9.13.1. Answers were later used in estimating social e�ects
from food redistribution and in designing the redistribution suggestion.
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4 Thesis research results

The following chapter presents results from conducted interview, surveys and
case study.

4.1 Interview: Municipality of Partille

The municipality of Partille is situated approximately 10 km east of Gothenburg.
It is an average sized municipality with 37 000 inhabitants (Partille kommun
2017). There are 32 public canteen kitchens in the municipality; 1 cooking for
elderly care homes, 3 cooking for both elderly care homes and a school, 9 cook-
ing for schools and 19 cooking for kindergartens. Approximately 9 000 portions
per day are served within schools and kindergartens in total, and 300 portions
per day within the elderly care homes (Nystedt 2018a).

Nystedt is working in a medium sized school with 387 students serving an aver-
age of 306 portions per day, �ve days a week. Within their canteen food is both
cooked and served. However there are three types of canteens, which are all
organized in di�erent ways. If not performing both cooking and serving, either
of the two is performed. Kitchens solely cooking prepare and cook food which
is transported and served somewhere else. The opposite are kitchens receiving
already prepared food thus solely serving. As these types of kitchens either do
not cook or do not serve food, data on food loss and food waste from the two
likely di�er from corresponding data from kitchens both cooking and serving.

According to Nystedt there are four hotspots within the kitchen generating food
loss and hence food waste: the area in the kitchen where vegetables and greens
are peeled and prepared, plate waste scraped o� by the ones served, food from
trays that has been up for service outside of the kitchen and waste from the
dish washing room. Nystedt further declares that in their kitchen the majority
of the food waste arise from serving trays followed by plate scrape o�. She also
states that food wasted is predominantly cooked food. Regarding the economic
aspect of food waste, Nystedt estimates that costs for groceries amounts to 9.60
SEK per portion. (Nystedt 2018b)

For waste management the kitchen Nystedt is working in utilizes six containers
á 140 L for food loss and one container á 660 L for residual waste, all disposed
once a week. Of the total residual waste generated by all activities within the
school an estimated 7.6 % can be ascribed the kitchen, for calculations see ap-
pendix 9.2. (ibid.)

Regarding redistribution Nystedt and Mattsson highlight economical aspects as
well as administrative and legislative obstacles, referring to the Swedish Food
Law, the Swedish Food Decree and the Municipal Law. Both Mattsson and
Nystedt (2018a) claim that if cooked food were to be sold, e.g as lunch boxes to
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the sta�, it would require lists of ingredients. According to (LIVSFS 2014:4) on
foodstu� information however, a list of ingredients is only required if the person
buying the food asks for it.

Compared to regular waste management Nystedt estimates that preparing over-
produced food for redistribution would be equally time consuming. In her
kitchen groceries and leftover food that has not left the kitchen is chilled and
stored for later service. They further work actively with informing both teach-
ers and students about food waste quantities and related issues. (Nystedt 2018b)

After the interview Nystedt and Mattsson were asked to answer and review
questions intended for the larger survey, allowing for adjustments and/or clar-
i�cations if needed. However, according to Nystedt this was not needed and
hence no changes in the survey were made.
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4.2 Survey on municipal food waste

A larger, online survey addressing Swedish municipalities was conducted over
a period of four weeks during fall 2018. Dietary managers in all 290 munici-
palities in Sweden were contacted via e-mail. Of all municipalities 84 attended
the survey, corresponding to a reply rate of 29 %. As some preferred answering
from a central, municipal position whilst others forwarded the survey to head
chefs working in municipal canteens, the number of attendants does not coin-
cide with the number of municipalities. Consequently attendants are of both
dietary managers from municipalities as well as chefs and kitchen sta� working
in municipal canteens. Results are categorized based on whether the survey
was answered from a central position or not, and on the type of kitchen. A
total of 128 attended the survey. Due to unclear answers, misunderstandings
of questions and uncertainties in how to interpret data some answers were re-
moved. How this was done is described in section 3.2 above. After this editing
121 answers remained, representing 84 municipalities in total.

The survey was divided into 3 sections initialized by a more general part with
questions regarding the activity performed, numbers served, food waste man-
agement, policy restrictions and communication regarding food waste. In the
second part attendants were asked to estimate food loss and food waste quan-
tities. Questions included food waste both as a share of the overall food loss
generated and speci�c for each of the four hotspots. The last part regarded at-
titudes towards redistribution and potential problems and possibilities related
to this. The full survey and all answers are to be found in appendix 9.3 and
9.4.1 respectively.

It should be highlighted that not all attendants answered all questions and that
the level of detail in the answers varied widely. If uncertainties in interpreting
answers arose these speci�c answers were discarded as not to risk biasing and
altering of results. Furthermore, all respondents o�er lunch but four also serve
breakfast and/or a smaller snacks, e.g a fruit or a sandwich. In those cases only
numbers of lunches served were included in calculations and further, food loss
quantities are assumed to solely originate from lunch servings.

51 of the 121 attendants answered from a central position, representing more
than one kitchen. 55 were kitchen both cooking and serving, 11 were kitchens
solely serving and 4 were kitchens solely cooking. For respondents answering
from a central position the number of activities averaged to 28 and numbers
served per day averaged to 4 878 persons. For kitchens both cooking and serving
the average number served was 913, 246 for kitchens solely serving and 137 for
kitchens solely cooking. In total the survey attendants serve 325 690 persons per
day. Replies from attendants were sometimes given in di�erent units, kg/week or
kg/day. Hence, several answers were converted into one common unit. Although
not all respondents represent school canteens, in order to facilitate calculations
it was assumed food serving activities occur �ve days a week and 38 weeks per
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year as this is the average length of a school year (Åkesson 2015).

4.2.1 Food loss and food waste quantities

Answers from the 51 attendants covering more than one kitchen estimated food
loss to an average of 8.6 kg per person and year. In approximating food waste
the average percentage given was 45 %. This implies annual food waste of 3.8
kg per person.

Those representing kitchens performing both cooking and serving estimated the
food loss to 5.6 kg per person and year. The avoidable waste percentage aver-
aged to 52 %, implying annual food waste of 2.9 kg per person.

Food loss from the 11 kitchens solely serving was estimated to 8.1 kg per person
and year of which 55 % was estimated to compose of food waste, corresponding
to 4.4 kg per person and year.

Lastly results from the 4 kitchens preparing but not serving food amounted to
an annual of 3.5 kg food loss per person. On average the food waste percentage
was estimated to 51 % suggesting food waste of 1.8 kg per person and year. All
results are presented in table 4.

Table 4: Food loss quantities, average estimated percentage constituting of food
waste and corresponding food waste quantity per person and year.

Category Food loss [kg/p,y] Food waste [kg/p,y] Food waste [%]

Central 8.6 3.8 45

Cooking + Serving 5.6 2.9 52

Solely Serving 8.1 4.4 55

Solely Cooking 3.5 1.8 51

In summarizing food loss quantities the attendants generate food loss quanti-
ties amounting to a rounded 1 300 tonnes every year. This was calculated by
multiplying average food loss per category with respective total number of per-
sons served annually. Multiplying estimated share of food waste with the food
loss amounts for respective category, estimated annual food waste amounts to
almost 600 tonnes. Also an average for attendants answering from a central
position was calculated, implying annual food loss quantities of 42 tonnes per
municipality. With the approximated food waste share of 45 %, food waste
quantity totals to just below 19 tonnes. On a national level this corresponds to
5 500 tonnes. For full calculations see appendix 9.5.

Further the attendant were asked to estimate the share of overall food loss
arising from each of the hotspots identi�ed in previously conducted interview,
presented in section 4.1. For every hotspot an average was calculated. Rounded
o�, 22 % of the food loss arise from activities within the kitchen. On average
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46 % was estimated to originate from plate scrape o�. Food loss from service
trays was estimated to generate 35 % of the total food loss. Lastly 17 % arise
from the dish washing room and/or other. It should be stressed that adding up
results exceeds 100 %. Nevertheless results do imply that the majority of the
food loss arise from plates scraped o� and service trays. Results are illustrated
in �gure 3.

Figure 3: Estimated food loss, in percentage, per hotspot.

Attendants were also asked to estimate the food waste share within each hotspot,
i.e how much of the percentage previously estimated constituting of food waste.
One average per stations was calculated utilizing answers from all four types of
kitchens. Results indicate that the hotspot with the largest share of food waste
is plate scrape o�, followed by food waste from service trays, preparations in
the kitchen and lastly from the dish washing room/other. Rounded numbers
calculated were 23 % from the kitchen, 50 % from plate scrape o�, 32 % from
serving trays and 16 % from dish washing/other, illustrated in �gure 4 below.
As approximations are given in percentage this does not necessarily mean that
the largest quantity of food waste is generated from plate scrape o�. This de-
pends on the quantity of the food loss for each station. For full calculations see
appendix 9.4.2.
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Figure 4: Estimated share of food waste, in percentage, per hotspot.

According to the attendants predominantly cooked food is wasted. Groceries
stated as most frequently discarded are various carbohydrates, primarily pota-
toes and pasta, salad vegetables and mixed food from what have been served.

Sensitivity analysis

A sensitivity analysis was performed to estimate food waste variations. Survey
attendants were asked to estimate food loss quantities that was generated days
when large respectively small quantities of food was wasted. Based on answers
given one average per category were calculated. Calculations on the interval
for attendants answering from a central position are based on 13 answers. Cor-
responding numbers for kitchens both cooking and serving, solely serving and
those solely cooking are 39, 6 and 3 answers respectively.

The lower value of the interval for respondents answering from a central position
was estimated to 3.8 kg food loss per person and year. Attendants solely cooking
had a minimum value of 0.42 kg per person and year. Previously calculated
average exceeds the estimated maximum food loss for the two categories. The
interval for kitchens both cooking and serving stretches from 2.7 to 8.7 kg food
loss per person and year. For attendants answering for kitchen solely serving
food a larger interval from 3.7 to 11.5 kg was estimated. Results are presented
in �gure 5. All calculations are to be found in appendix 9.6.1.
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Figure 5: Interval of food loss quantities, per person and year, per category as
estimated by survey attendants.

As the number of attendants estimating minimum and maximum food loss quan-
tities was rather low compared to the total number of survey attendants, and
consequently the averages fell outside the interval, estimations made may not
be regarded as representative. Thus an additional sensitivity analysis was per-
formed calculating the normal distribution of the average food loss quantities, as
estimated by the survey attendants. The software MatLab was utilized and the
code is to be found in appendix 9.8.1. The commands �tdist, norm�t, paramci
and normpdf were used with a con�dence interval set to of 95 %.

Returned values for the attendants answering from a central position indicates
a food loss interval stretching 4.7 to 8.7 kg per person and year. For kitchens
both cooking and serving the interval varied from 4.4 to 5.7 kg per person and
year. Corresponding values for kitchens solely serving spans from 5.4 to 11.7 kg
per person and year. The interval for kitchens solely cooking varied from 1.2 to
6.5 kg per person and year. These values are to be used as the environmental,
social and economic variations are calculated. It should be highlighted that for
kitchens solely serving and kitchens solely cooking, the number of answers are
rather low to be used as foundations for calculations on normal distribution and
that it may not be appropriate to draw general conclusions from these. Results
are illustrated in �gure 6.

41



Figure 6: Interval of food loss quantities, per person and year, per category
calculated from lower and upper expected values.

In table 5 values on food loss quantities from both sensitivity analyses are con-
cluded, together with previously estimated averages.

Table 5: Food loss quantities [kg/person,year]. Results from conducted sensitiv-
ity analyses, both as estimated by survey attendants and from min. and max.
calculated by standard deviation.

Category Min. value Max. value Av. value
Attendants Central 3.3 6.6 8.6

Cooking and serving 2.7 8.7 5.6
Solely serving 3.7 11.5 8.1
Solely cooking 0.42 1.9 3.5

Normal distribution Central 4.4 8.7 8.6
Cooking and serving 4.4 5.7 5.6

Solely serving 5.4 11.7 8.1
Solely cooking 1.2 6.5 3.5
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4.2.2 Food waste: Management and communication

In this part of the survey attendants answered questions regarding how food
waste was managed and if they acted on guidelines and/or restrictions in the
form of steering policies. They were also asked to describe how they commu-
nicated about food waste, both internally and externally. Several questions in
this part included free text answers.

Over one �fth, 27 of the 121 answering, did not separate food loss from domestic
waste. This despite the fact that in thirteen of these municipalities food loss
is collected and treated biologically. Remaining 94 attendants stated that they
did separate food loss from domestic waste.

114 attendants responded to work actively with reusing leftover food and gro-
ceries in various ways. Cooked food that had not left the kitchen was often
chilled or freezed and served some days later. Several attendants declared that
both cooked food and left over groceries were reused and converted into new
dishes. A frequently reoccurring answer was that although working preventively,
cooked food that have left the kitchen must be discarded due to health and en-
vironmental regulations. Solely seven respondents answered that leftover food
and groceries were wasted without further explanations.

The majority of the attendants said to act on various guidelines, policies, bids,
agreements or procurements decided on local, regional or national level. 61
of the respondents stated concrete examples of targets on buying a given per-
centage ecological, locally or Swedish produced groceries, MSC labelled �sh or
seasonal products. Of all attendants 19 either did not answer this question or
answered that they did not know, or did not have any policy.

Most respondents, almost 80 %, said to work actively with informing both
coworkers and the ones served about food waste, generated quantities and en-
vironmental as well as economic e�ects from it. Several attendants performed
so called food waste weeks more or less frequently, measuring plate waste pri-
marily. Results from these waste weeks were either presented in numbers or by
illustrative comparisons. Another reoccurring example was arranging competi-
tions on minimizing food waste where winners were rewarded in various ways.

General information on food waste was often communicated via student food
councils, teachers and in classes but also via posters and/or informative notes
within the dining hall. 29 of the attendant either did not answer this question
or stated that they did not, or only to a limited extent, inform the ones served
regarding food waste. Some attendants further asked for better coordination
with principals, other sta� members and responsible representatives from the
municipality. It was also stated that communicating information is a matter of
the age of the ones served.
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4.2.3 Prerequisites, prospects and attitudes towards redistribution

The very last part of the survey included questions regarding attitudes towards
redistribution and potential problems and possibilities related to this. Atten-
dants were in this part able to write free text answers.

Allowing for reusing or redistribution of leftover food and groceries the kitchens
must have the possibility of safe storing, either heated or chilled. 17 of the re-
spondents did not have this possibility of which seven were attendants answering
from a central position and six were kitchens receiving already prepared food.
Remaining attendants declared to have either cold spaces for storing, or both
chilled and heated storing possibilities.

Moreover, attendants were asked whether they thought preparing leftover food
and groceries for redistribution would be more time consuming than regular
food loss management or not. If positive, they were further asked to estimate
this extra time. One third, 40 attendants, believed preparing for redistribution
would require more time than ordinary food loss management. Of those, 29
attendants estimated the extra time to an average of 34 minutes. On the same
question 28 either did not answer, did not know or clearly answered something
else than requested. Remaining 53 attendants did not believe that redistribu-
tion would be more time consuming compared to regular food loss management.

Lastly attendants were asked to specify both potential obstacles but also possi-
bilities related to food waste redistribution. Most frequently stated hindrances
were legal aspects and requirements on hygiene and food safety, especially for
food that had been heated. On the same topic concerns regarding responsi-
bilities if someone were to get sick from donated food were raised. Another
potential problem expressed was not challenging laws on competition if food
were to be sold. Additionally attendants believed that selling food would re-
quire labeling and lists of ingredients, also stated as a potential obstacle.

Many attendants thought that logistics, both with regards to packaging and
transport, and limited storage capacities would pose di�culties. Some expressed
that management through redistribution would require more resources, person-
nel and economic as well as time wise. Further organizational hindrances were
mentioned referring to extra time for communication, charging and accoun-
tancy. Importantly highlighted was also the risk of redistribution legitimizing
over production of food. Some attendants expressed di�culties in continuity,
that quantities would not be signi�cant for redistribution and that there is no
demand or no charity organization closely to receive leftovers.

On the contrary possibilities for redistribution mentioned was selling leftovers
as lunch boxes, either to sta� members or to parents or relatives to the ones
served. Some attendants suggested doing this after restaurants had closed and
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to cost prices as not to challenge competition. Another suggestion on this topic
was using overproduced food for lunch boxes served to elderly or disabled within
the municipality receiving prepared food. Possibilities of donations to charity
organizations or to farms as animal feed were also mentioned. Further, several
attendants expressed the need for greater involvement and steering from higher
instances. Also proposed as a solution was better communication and exchange
of groceries and food between kitchens within the same municipality. Several
attendants had a positive approach, expressing that there were many and good
possibilities for redistribution but without giving concrete suggestions.
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4.3 Complementing surveys and case study

4.3.1 Survey: Municipal waste treatment

To calculate the environmental bene�ts from redistribution, the alternative
treatment must be considered. Therefore a small, semi-structured survey was
conducted via e-mail, gathering data on how municipal food loss was treated.
An email was sent to the 84 municipalities represented in the larger survey. In
approximately half of these the survey was answered by a local waste manage-
ment company and the other half by someone working within the municipality.

All 84 municipalities contacted replied to this complementing survey. Rounded
o�, 77 % of the food loss from municipal canteens was treated by anaerobic diges-
tion. 21 % treated food loss by incineration. Only one municipality, correspond-
ing to just over 1 %, utilized composting as food loss treatment in combination
with incineration. The municipality in question answered that composting was
the dominant treatment applied to over 90 % of the generated food loss. Results
are illustrated in �gure 7. Values obtained are to be used in later calculations
on environmental e�ects from food redistribution.

Figure 7: Waste treatments utilized by municipalities attending the larger survey

Comparing environmental e�ects in the form of reduced greenhouse gas emis-
sions, numbers from chapter 2.6 and the articles by Eriksson, Strid, and Hansson
(2015) and Eriksson and Spångberg (2017) are utilized. One average for fruit
and vegetables and one average for bananas were calculated using numbers from
both articles, under assumptions and conditions previously stated. Net e�ects
from redistribution compared to anaerobic digestion, composting and incinera-
tion respectively are calculated simply by subtracting the environmental e�ects
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from each treatment alternative from that of redistribution, for every grocery.
Results are presented in table 6. Numbers given will be used to calculate en-
vironmental e�ects from the food waste quantities generated by attendants of
the larger survey.

In reviewing emissions a negative numbers imply the latter alternative to reduce
emissions to a larger extent than redistribution. Even though both redistribu-
tion and the reviewed alternative cause net savings, the latter one may cause
larger savings which is why the comparison may result in a negative number.
In that case redistribution is the less favorable alternative. From table 6 it
can be concluded that redistribution is the most favorable alternative for all
groceries and treatment options but anaerobic digestion of beef and incinera-
tion of bread. The results for beef could be explained by the conditions earlier
stated, assuming donated meat replaces other not equally resource demanding
groceries. It might also be explained by the assumption that biogas resulting
from anaerobic digestion replaces diesel as vehicle fuel, causing large savings of
greenhouse gases. The likely reason to why incineration of bread would be the
better treatment alternative could be due to the low water content making it
suitable for incineration and the low energy content making it less suitable for
donation. All calculations are to be found in appendix 9.11.

Table 6: CO2 emissions [kg CO2-eq./kg grocery] comparing redistribution to
anaerobic digestion, composting and incineration respectively.

Grocery Redist. - An. dig. Redist. - Comp. Redist. - Incin.
Av. Fruit & vegetables 0.38 0.51 0.53

Av. Bananas 0.06 0.4 0.4
Chicken 0.09 0.39 0.04
Beef -0.36 0.35 0.31
Bread 0.06 0.65 -0.06
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4.3.2 Case study: Canteen waste treatment costs

To estimate municipal expenses for waste management and treatment, a small
case study communicated via e-mail was conducted in the Municipality of Kris-
tianstad. Originally it was initialized as a small survey but as a consequence of
low response rate it was converted into a case study. From a municipal com-
missioner a total of 18 invoices from canteens serving both children, students
and elderly, were examined. Invoice data was categorized and further analyzed.
Calculations were performed relating waste management costs to the number
of persons served within each object. Information on the numbers served was
gathered from e-mail contacts with administrative sta� working at the objects
in question. If data could not be attained this way statistics from Skolverket,
the National Agency for Education, were used. It should be stressed that ob-
tained values are based on one single municipality and that these may not be
representative nor generalizable.

Costs included in calculations were paper bags for food loss, rental and disposal
of containers and food loss disintegrators, as well as costs for waste treatment.
As the kitchens are integrated parts of the various objects, i.e schools, kinder-
gartens and care home, invoices do not tell how many containers are utilized
solely by the kitchens. However, it was assumed all food loss containers and
food loss disintegrators could be ascribed the canteens.

Items in the invoices were divided into food loss and residual waste related
expenses. These were summarized and related to the average number of persons
served within the objects. According to Nystedt (2018a) their kitchen uses
one container á 660 L for residual waste. This was applied to the canteens
investigated, presuming all utilize one container for residual waste á 660 L each.
A di�cult task was to estimate the share of treated residual waste, from the
object as a whole, that could be attributed to the kitchens. Nystedt estimated
that the kitchen is responsible for 7.6 % of the total residual waste generated by
the overall school activities, a number applied as calculations on residual waste
were performed. Results for both food loss and residual waste, as averages per
person served, are presented in table 7 below.

Table 7: Average waste management and treatment costs calculated from case
study.

Food loss [SEK/p,y] Residual waste [SEK/p,y] Total [SEK/p,y]
2.02 1.31 3.34
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Results from conducted case study implies annual municipal expenses for waste
management amounting to 3.34 SEK per person and year. For the 18 activities
within the municipality of Kristianstad this corresponds to a total of 258 776
SEK per year. Of this 61 % arise from food loss and remaining 39 % from
residual waste. The largest individual post was disposal and treatment of food
loss from food loss disintegrators.

4.3.3 Survey: Charity organizations

With the intention of investigating potential receivers of food donations from
public canteens, an online inventory was performed. From internet research and
mail contacts 36 food redistribution activities was identi�ed. Trough a smaller
e-mail survey the o�ering of donated food within these organizations were stud-
ied and compiled. Survey questions regarded the number of persons bene�ting
from their food serving activities, how much of the food currently served con-
stituting of donations and if able to receive larger quantities of food. Results
were later used in estimating social e�ects from redistribution of leftover can-
teen food. The e-mail and questions sent are to be found in appendix 9.13.1.

Several organizations perform more than one food redistributive activities, why
the number of organizations do not coincide with the number of activities. Com-
bining food redistribution and charity, most activities and organizations found
have religious in�uences and are members of various branches of Christianity.
The organizations di�er in terms of how food is redistributed and from who
food donations are received. Referring to meal servings only breakfast, lunch
and dinner were included, whilst the o�ering of co�ee, tea, fruits, sweet breads
and cookies were excluded.

The majority of the activities, 27 in total, o�ered meal servings. Of these 17
were free of charge while remaining ten charged their clients a symbolic sum.
Two of the activities were so called social supermarkets, described in section
2.7.5, and four were activities redistributing food via food bags. There was one
activity functioning as a food bank redistributing donated food within the own
organization to either of the two social supermarkets. The food bank was not
listed as a separate activity as it was regarded to fall under the social supermar-
ket activities. Within two organizations clients were o�ered free groceries from
an open pantry. Lastly, there was one organization allowing for food redistribu-
tion and food sharing via social refrigerators. All activities, organizations and
their locations are summarized in appendix 9.13.2.

Neither the social supermarkets nor the food bag activities handle cooked food
(Stegrud 2018; Wahlby 2018). Similarly, one of the two open pantries only
handle groceries (Hammega 2018). Several e-mails were sent to the second or-
ganization but no answer was received. Their website do however imply that
solely groceries are o�ered from the pantry. According to Nystedt (2018b) food
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waste generated from canteens mainly consists of cooked food from serving
trays, which was further con�rmed by survey results. Activities solely handling
groceries were therefore excluded and hence, only activities performing meal
servings and the social refrigerators were regarded as suitable receivers of can-
teen leftovers. Only results from those activities are further investigated and
declared for.

Of the 27 activities o�ering meals, 12 serve breakfasts and remaining 15 serve
either lunch or dinner. As leftovers from the municipal canteens constitute of
cooked food, not suitable for breakfast servings, solely activities o�ering lunch
or dinner are considered as adequate receivers. Ten of the 15 relevant activities
estimated the number of persons served within their work to an average of 152
persons every week. Most respondents performed meal serving activities more
frequently than once a week. The share of the food o�ered to clients constituting
of donated food and groceries was estimated to 55 %. Numbers calculated are
based on �ve answers from seven organizations performing meal servings. All
but one of the seven respondents con�rmed that they would be able to accept
larger donations and they were all positive to a collaboration with municipal
canteens. The one not able to receive more food were hindered by insu�cient
storing spaces. From e-mail correspondence with representatives from the char-
ity organizations it appeared that the receivers were the ones responsible for
transporting food donations. Answers and calculations are to be found in ap-
pendix 9.13.2.

Practical obstacles in terms of cleaning and re-transportation of trays was high-
lighted by representatives from the social refrigerators but despite this, they
were positive to a collaboration with public canteens.

A conclusion from this complementing survey is that the number of canteens
highly exceed the number of potential receiving organizations. Most of the
organizations are located in more densely populated areas and there are many
municipalities not having suitable receivers close by, why redistribution do not
always pose an option. As for all food businesses compliance of current laws
and regulations must be ensured in performing food redistribution, guaranteeing
food safety and peoples health.
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5 Calculations on thesis research results

In this section calculations on environmental, social and economic consequences
arising from food waste are to be performed. Calculations are based on re-
sults attained from conducted surveys, interview and case study. Comments on
obtained results are saved for the discussion, chapter 7.

5.1 Environmental e�ects

From the more extensive survey, presented in section 4.2, the 121 attendants
estimated an annual food loss amounting to 1 300 tonnes all together. Multi-
plying this with estimated share of food waste for respective type of kitchen,
results implied annual food waste of just below 600 tonnes. Corresponding value
for the average municipality was 42 tonnes food loss, of which 19 tonnes was
estimated to constitute of food waste. In performed calculations it is assumed
that all food waste would have been left in the service trays, taken care of and
redistributed as food for human consumption.

Results from the complementing survey on food loss management, described
in chapter 4.3.1, imply that 77 % of the municipalities convert food loss into
biogas and biofertilizers utilizing anaerobic digestion. 21 % incinerate the food
loss, converting it into district heating and electricity. Only one municipality,
corresponding to just over 1 %, utilize composting as main food loss treatment.

According to attendants of the larger survey, food and groceries most com-
monly wasted are potatoes, pasta, vegetables and a mix of what have been
served. Based on written answers from 95 attendants it was estimated that of
the overall food loss 60 % consists of potatoes or pasta, 20 % are vegetables and
20 % are either chicken or beef. Emissions related to various groceries and food
treatment methods, as declared in section 2.6, are now utilized in calculations.
Again, transports are included in all cases.

None of the articles studied investigated in emissions related to the waste treat-
ment of potatoes or pasta. According to the authors of one of the article stud-
ied, key factors a�ecting the environmental e�ects from the waste treatment
alternatives are energy and water content of the groceries (Eriksson, Strid, and
Hansson 2015). As these were reviewed for boiled potatoes and pasta it was
concluded that the most similar grocery studied was bananas (Livsmedelsver-
ket and Matkalkyl.se 2018). It was therefore assumed that emissions related
to various waste treatments of potatoes and pasta could be equated to that of
bananas and thus, emissions for bananas are used for potatoes and pasta in
further performed calculations. For chicken and beef one average per treatment
alternative was calculated.

Resulting values for the two meats averaged to net saving of 0.33 and 0.47 kg
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CO2-eq./kg for redistribution and anaerobic digestion respectively. Utilizing
composting results imply net emissions of 0.04 kg CO2-eq./kg and for incin-
eration corresponding net saving was 0.15 kg CO2-eq./kg. Environmental ef-
fects from redistribution instead other treatment alternatives were calculated
by subtracting emissions from respective waste treatment option from that of
redistribution. Values utilized in calculations are summarized in table 8 below.
Negatives imply the latter alternative to cause larger savings of greenhouse gas
emissions compared to redistribution.

Table 8: Average CO2 emissions [kg CO2-eq./kg grocery] comparing redistribu-
tion to anaerobic digestion, composting and incineration.

Grocery Redist. - An. dig. Redist. - Comp. Redist. - Incin.
Fruit & vegetables 0.38 0.51 0.53
Potatoes/Pasta 0.06 0.4 0.4
Chicken & beef -0.14 0.37 0.18

The annual food waste quantity of 600 tonnes generated by the survey atten-
dants was multiplied with percentages resulting from the complementing survey
on waste treatments methods. Results imply that 460 tonnes were treated by
anaerobic digestion, 130 tonnes by incineration and 7 tonnes was composted.

Of the anaerobically degraded food 270 tonnes consisted of potatoes or pasta
and 90 tonnes each were vegetables and meats. Corresponding numbers for
the incinerated food were 80 tonnes potatoes/pasta and 25 tonnes each for
vegetables and meats. For the composted food waste 4 tonnes were potatoes
or pasta, and 1.4 tonnes respectively were vegetables and chicken/beef. Values
presented, rounded o�, are summarized in table 9.

Table 9: Annual food waste quantities [tonnes/year] per grocery and waste treat-
ment.

Treatment Total [t/y] Potatoes/Pasta [t/y] Veg. [t/y] Chicken/Beef [t/y]
An. digestion 460 270 99 90

Incin. 130 80 25 25
Comp. 7 4 1.4 1.4

Values from table 8 were multiplied with values from table 9 as environmen-
tal e�ects from anaerobic digestions, composting and incineration compared to
redistribution, was calculated for respective quantities and groceries. For com-
plete calculations see appendix 9.11.

If all eatable food currently discarded from the canteens investigated were to
be redistributed, annual emissions of 88 tonnes of CO2-eq. could be avoided.
For the average municipality corresponding emissions amounted to 2.6 tonnes of
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CO2-eq. every year. Ampli�ed to a national level redistribution of food waste
could result in evaded greenhouse gas emissions of close to 800 tonnes CO2-eq.
annually. Data from Nationella emissionsdatabasen (2018) and the year 2016
imply annual, overall greenhouse gas emissions for the average municipality in
Sweden of 180 000 tonnes CO2-eq.. The 2.6 tonnes calculated from survey results
would, based on this statistics, correspond to 0.002 % of the annual municipal
greenhouse gas emissions.

5.2 Social e�ects

Social e�ects are in this thesis measured by the number of portions available
from the food waste from public canteens. It is assumed that the food waste
would have been left in the trays of the canteens, making it appropriate for
redistribution. The two articles by Pettersson, Breitholtz, and Olsson (2017)
and Eriksson, Malefors, et al. (2016) both used a standard portion size of 320
g, a number which is further utilized in performed calculations.

Annual food waste as a total of all attendants of the larger survey, presented
in section 4.2, totaled to an estimated 600 tonnes. Assuming a portion size of
320 g the food waste could have been converted into approximately 1 800 000
portions. On a municipal level the average food waste totaled to 19 tonnes each
year, food corresponding to approximately 58 500 portions. If this number was
to be representative for all municipalities in Sweden, a total of almost 17 million
portions could have been served to people in need.

According to contacts from charity organizations, as presented in chapter 4.3.3,
the share of donated food within the food serving activities was estimated to
55 %. Further all but one organization claimed to be able to receive larger
quantities, implying that there is a demand and possibility of redistributing
parts of the canteen food waste. These numbers are based on the assumptions
that no food is wasted along the donation process and that there are charity
organizations able to receive and serve overproduced food.

5.3 Economic e�ects

Cutting food waste quantities does not only entail environmental bene�ts. By
reducing food waste, costs for waste management would decrease. 29 of the
attendants of the larger survey estimated that preparing food for redistribution
would require an estimated 34 minutes of extra work. However, it is assumed
that this preparation would be performed during regular working hours. No
expenses for sta� salaries are therefore included in calculations. If reusing over-
produced food within the own canteen, instead of redistributing it, purchases
of groceries can be avoided. This will be investigated as a separate case in the
end of this section. Full calculations are to be found in appendix 9.12.3.
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As calculated from invoices from the municipality of Kristianstad, section 4.3.2,
costs for food loss management amounts to 2.02 SEK per person and year. Re-
sults from the more extensive survey indicate that food waste quantities di�er
among the various types of kitchens. Calculating one average for all types of
kitchens imply annual food waste of 3.23 kg per person. Dividing estimated
waste management costs by the average food waste quantity per person further
implies food waste management costs of 0.63 SEK/kg. If all food waste were
to be redistributed annual economic savings from avoided waste management
costs would correspond to 0.006 SEK per person person, based on the survey
attendants serving a total of 61 881 100 persons per year. This implies that
from redistribution of the food waste, attendants of the larger survey could save
just over 368 000 SEK every year. Corresponding savings for the average mu-
nicipality serving 926 820 persons every year, was calculated to approximately
5 500 SEK per year. Applied on a national level economic bene�ts could total
to almost 1 600 000, or approximately 1.6 million, SEK per year. This builds on
the assumption that the food waste otherwise would have been separated and
anaerobically degraded, as this is the case in the municipality of Kristianstad.

Stated in chapter 4.1, Nystedt (2018a) estimated cost for groceries to 9.60 SEK
per portion. As calculated above the annual food waste of 600 tonnes could
be converted into 1 800 000 portions. Corresponding savings thus amounts to
approximately 17 700 000 SEK per year. The average food waste per munici-
pality totaled to 19 tonnes each year, food that could have been converted into
58 500 portions. The economic value of groceries used amounts to 561 00 SEK
per year, assuming the food waste were to be reused and served again within
the own canteen. Applied to all municipalities in Sweden this implies savings
of almost 163 million SEK annually. In this thesis however the leftover food is
assumed to be redistributed and hence these numbers are not further reviewed.

Environmental, social and economic e�ects from redistribution, both as average
values per municipality, as a total of all survey attendants and for all municipal-
ities in Sweden, are concluded in table 10. Calculations does not include savings
from avoided grocery purchases as the food waste is assumed to be redistributed.

Table 10: Environmental, social and economic consequences of food waste redis-
tribution, as averages per municipality, as a total of all survey attendants and
applied to all municipalities in Sweden.

Av. municipality All attendants Sweden
Waste quantities [t/y] 19 600 5 500
Emissions [t CO2-eq./y] 2.6 88 800

No. portions from food waste [no./y] 58 500 1 800 000 17 000 000
Avoided costs [SEK/y] 5 500 368 000 1 600 000
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5.4 Sensitivity analysis

To enable for calculations on variations in food waste quantities attendants of
the larger survey were asked to estimate food loss quantities days with large
respectively small quantities wasted. Due to the low number of attendants re-
sponding to this question previously estimated averages fell outside the intervals
for two of the four categories. Hence an additional sensitivity analysis was per-
formed utilizing normal distribution of the estimated averages given by survey
respondents.

Calculations were performed on both sensitivity analyses. Together with pre-
viously approximated values on the food waste share and the total number of
persons served within each category, variations in related environmental, social
and economic consequences were calculated. Food waste quantities are from
section 4.2.1, table 5.

5.4.1 Maximum and minimum estimated by survey attendants

In performed sensitivity analysis averages on minimum and maximum food
waste per person and year, based on responded answers, were calculated for
all four categories. Although not all attendants approximated food loss varia-
tions, numbers are applied to the total number of persons served within each
category. As earlier highlighted average values on food loss per person exceeded
estimated maximum values for attendants answering from a central position as
well as for kitchens solely cooking. Therefore in calculating total maximum
amount of food waste for those categories, the two average values were used.
For the remaining two categories, estimated maximum values were used. All
calculations are to be found in appendix 9.7.1, 9.7.2 and 9.7.3.

Quantities resulting from performed calculations imply variations of annual food
waste from 270 to 660 tonnes as a total for all survey attendants. For the av-
erage municipality results imply food waste quantities varying from 7.5 to 13
tonnes each year. Applied on a national level this corresponds to quantities
stretching from roughly 2 200 to 3 800 tonnes annually. It should be noted that
previously calculated averages exceed the two latter estimated maximum values.

Calculating environmental consequences, the same methodology was used as for
previous calculations on greenhouse gas emissions. Based on variations in food
waste quantities for all survey attendants the interval for resulting emissions
stretches from 40 to just below 100 tonnes CO2-eq. per year. On a municipal
level emissions from food waste quantities varies from 1.1 to 2 tonnes CO2-eq.
annually. Nationally this implies a span of annual greenhouse gas emissions
from 330 to 570 tonnes CO2-eq.. As a consequence of the estimated average
food waste quantity being larger than estimated maximum, resulting average
emissions previously calculated exceeds the estimated maximum emissions.
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Social e�ects were calculated and measured in number of portions available from
estimated food waste quantities. Assuming a standard portion size of 320 g, food
waste quantities from all survey attendants could have been converted into be-
tween approximately 838 000 to 2 000 000 portions. Corresponding numbers for
the average municipality roughly stretches from 23 400 to 41 000 portions. On
a national level the number of portions available varies from 6.8 to 11.8 million
portions per year.

Furthermore, variations in waste management expenses were calculated. Similar
to previously performed calculations on waste management costs, one average
food waste quantity for all categories was calculated. As explained earlier, in
calculating maximum expenses both the two averages and the two estimated
maximum values were used. Results imply annual costs evaded for the survey
attendants stretching from approximately 203 000 to 206 000 SEK. Once again
the earlier calculated average, 368 000 SEK per year, falls outside of the in-
terval. This is also true for the average municipality where estimated interval
spans from just over 3 000 SEK to almost 3 100 SEK annually. Applied to all
municipalities in Sweden, redistribution of food waste from municipal canteen
could save between 0.88 to 0.9 million SEK per year.

5.4.2 Maximum and minimum from normal distribution

As estimated values from survey attendants were regarded as insu�cient, an
additional sensitivity analysis was performed based on normal distribution of
averages previously estimated by the survey attendants. Intervals on food loss
were calculated for each category using lower and upper expected values as de-
scribed in section 4.2.1. To calculate food waste quantities, returned values on
food loss quantities were multiplied with the share constituting of food waste as
previously estimated by the survey attendants. All calculations are to be found
in appendix 9.9.

Based on values obtained from lower and upper expected values from per-
formed normal distribution, the food waste quantities as a sum of all attendants
stretches from 350 to just over 600 tonnes per year. Food waste quantities for
the average municipality spans from 10 to 19 tonnes annually and applied on a
national level, corresponding interval stretches from 3 000 to 5 500 tonnes.

Furthermore using the same algorithm as previously, intervals for emissions re-
lated to the treatment of the food waste quantities were calculated. For all
survey attendants results imply annual emissions to span from just over 50 to
90 tonnes CO2-eq.. Calculated interval for the average municipality varies from
1.5 to close to 3 tonnes CO2-eq. every year. If values are applied to a national
scale corresponding emissions stretches from 450 to almost 850 tonnes CO2-eq..

If the food waste from the canteens investigated would have been saved and
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served, estimated quantities could have been converted into between 1.1 to 1.9
million portions approximately. For the average municipality corresponding
numbers varies from roughly 32 000 to 60 000 portions. If all food waste from
the Swedish municipalities were utilized to feed people, between 9 to 17 million
portions could have been served.

Lastly economic consequences were calculated applying the same methodology
as previously. Expenses evaded from redistributing the food waste from all sur-
vey attendants spans from almost 150 000 to 181 000 SEK every year. For the
average municipality corresponding expenses varies from 2 200 to 2 700 SEK.
On a national level the interval stretches from an annual of 0.65 to 0.79 million
SEK. Compared to previously calculated averages, all values fall outside the
intervals. The reason to this is the values attained from the case study which is
given in costs per person rather that costs per weight waste. Thus, larger food
loss quantities per person results in lower costs per person and thereby the total
costs are lower for the largest quantities compared to estimated average.

Results from both sensitivity analyses are illustrated in �gure 8 to 15. All values
are summarized in table 11 below.
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Figure 8: Results from both sensitivity analyses. Minimum, maximum and av-
erage food waste quantities for survey attendants.

Figure 9: Results from both sensitivity analyses. Minimum, maximum and av-
erage food waste quantities for the average municipality.
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Figure 10: Results from both sensitivity analyses. Minimum, maximum and
average greenhouse gas emissions for all survey attendants.

Figure 11: Results from both sensitivity analyses. Minimum, maximum and
average greenhouse gas emissions for the average municipality.
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Figure 12: Results from both sensitivity analyses. Minimum, maximum and
average number of portions from food waste from all survey attendants.

Figure 13: Results from both sensitivity analyses. Minimum, maximum and
average number of portions from food waste for the average municipality.
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Figure 14: Results from both sensitivity analyses. Minimum, maximum and
average economic e�ects from food waste from all survey attendants.

Figure 15: Results from both sensitivity analyses. Minimum, maximum and
average economic e�ects from food waste for the average municipality.

61



Table 11: Results from both sensitivity analyses on food waste quantities, social
e�ects and resulting environmental and economic savings. Values as a total of
all survey attendants, per municipality and Sweden as a whole.

Min. value Max. value
Estimated Attendants Food waste [t/y] 270 660

Emissions [t CO2-eq./y] 40 100
Social e�ects [million portions] 0.84 2

Avoided costs [SEK/y] 203 000 206 000
Municipality Food waste [t/y] 7.5 13

Emissions [t CO2-eq./y] 1.1 2
Social e�ects [no. portions] 23 400 41 000
Avoided costs [SEK/y] 3 000 3 100

Sweden Food waste [t/y] 2 200 3 800
Emissions [t CO2-eq./y] 330 570

Social e�ects [million portions] 6.8 11.8
Avoided costs [million SEK/y] 0.88 0.9

Normal dist. Attendants Food waste [t/y] 350 1 600
Emissions [t CO2-eq./y] 50 90

Social e�ects [million portions] 1.1 1.9
Avoided costs [SEK/y] 150 000 181 000

Municipality Food waste [t/y] 10 19
Emissions [t CO2-eq./y] 1.5 3

Social e�ects [no. portions] 32 000 60 000
Avoided costs [SEK/y] 2 200 2 700

Sweden Food waste [t/y] 3 000 5 500
Emissions [t CO2-eq./y] 450 850

Social e�ects [million portions] 9 17
Avoided costs [million SEK/y] 0.65 0.79
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6 Suggestion on redistribution solution

From performed research and calculations it can be concluded that redistribu-
tion the food waste generated from municipal canteens could contribute to a
more sustainable food system, with respect to all three parameters of the con-
cept of sustainability. Possible solutions identi�ed are presented below. These
are reviewed with regards to both stakeholder requirements and sustainability
performance and with the aim of optimizing environmental, social and economic
performance of the redistribution design.

Potential redistribution solutions identi�ed are:

• Donation

� to charity,

� to farms as animal feed,

• Exchange of groceries and leftovers

� to kitchens within the same or neighboring municipality,

� to elderly/disabled in the municipality who receive cooked food,

• Selling lunch boxes

� to sta� members,

� to parents/relatives,

� to others

6.1 Reviewing environmental, social and economic aspects

Environmental aspects

Solely regarding environmental e�ects the best alternative would be not gen-
erating food waste at all, as in line with the EU waste hierarchy presented by
Naturvårdsverket (2017). It must therefore be emphasized that highest priority
should be that of minimizing food waste quantities. Second best would be utiliz-
ing food for its intended purpose of being consumed, also supported by the waste
hierarchy and the article by Eriksson, Strid, and Hansson (2015). All sugges-
tions given imply leftover food to be consumed, either by humans or by animals.

Regarding greenhouse gas emissions, transports of food redistributed for dona-
tion are included in both articles utilized in the calculations on environmental
e�ects. In the article by Eriksson, Strid, and Hansson (ibid.) the authors assume
that the donated food is transported 21 km by a diesel truck, and that donations
are performed 300 days per year. The authors of the article by Eriksson and
Spångberg (2017) instead assume shorter transports of 4 km by a medium-sized
petrol car, performed �ve days per week. As both articles were used one might
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say that thesis calculations are based on a distance somewhere between 4 and
21 km, that transport are performed with a large car or a small truck fueled
with fossil fuels and that donations are performed approximately 220 days per
year. How often redistribution is performed and the distance of transports likely
a�ects the environmental performance of the redistribution suggestion.

Ranking the various options against each other, with regards to environmental
performance, is very hard and must be done with great care. One might argue
that selling the leftover food as lunch boxes or exchanging leftovers within the
own or with neighboring municipality may fall within the distance span used
in performed calculations. Regarding donations to charity or to farms as an-
imal feed, resulting emissions depends on the location of the organization or
the farm. From chapter 4.3.3 on charity organizations it was concluded that
there are few active organizations performing food redistribution and that the
organizations often are located in the areas of larger cities. With thesis data,
no estimations on distances to potential farmers can be made. If there are no
organizations or farmers in the close area of the canteen there might be a risk of
the environmental savings of greenhouse gas emissions from donations are eaten
up by the longer transports.

What the redistributed food replaces must also be taken into account in review-
ing environmental e�ects. The article by Eriksson, Strid, and Hansson (2015)
assumes groceries replaced bread and in the article by Eriksson and Spångberg
(2017) it was assumed to substitute similar groceries by 30 %, junk food by 30
%, nothing by 30 % and that 10 % was wasted along the redistribution process.
Similar assumptions if food from canteens were to be donated to charity, may
therefore be justi�ed as the assumptions made in the two articles are based
on contacts with representatives from charity organizations. If the food were
to be donated to farmers it may be assumed it would replace fodder. Solely
based on thesis results, the environmental e�ect of this substitution cannot be
further investigated in. The sensitivity analyses performed in the two articles
studied illustrate that what the food replaces highly a�ects the outcome of the
redistribution. If redistributed groceries were to replace identical groceries the
articles imply signi�cantly larger environmental bene�ts compared to that of
the original case.

If allowing for redistribution via exchange of leftovers with another canteen, it
could be argued that the two have similar menus. This is likely also the case if
leftovers were to be redistributed to elderly or disabled receiving cooked food,
as this food most probable is cooked in another canteen. Therefore it may be
a reasonable assumption that the redistribution suggestion on exchange of left-
overs would replace similar food and groceries.

In the case of selling overproduced food as lunch boxes, again the environmen-
tal consequences depends on what the leftover lunch box replaces, i.e what the
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purchaser would have eaten if not buying the leftovers from the canteens. If the
redistributed food consists of meat and imported greens and were to replace a
vegan or vegetarian dish from local products, the environmental bene�t is prob-
ably lower than if it were to replace similar ingredients. This based on the article
previously referred to by Eriksson, Strid, and Hansson (2015) and �ndings in
conducted literature study, chapter 2.3, where emissions related to various gro-
ceries are reviewed. Food cooked in canteens are built on recommendations from
the Swedish National Food Agency on a varied diet. In private households it is
likely that the food cooked also consists of a variety of dishes. Hence it is be-
lieved to be a safe assumption that sold leftovers would replace similar groceries.

It is above argued that larger environmental savings are to gain if redistributed
food replaces similar groceries compared to if the food were to be donated to
charity, based on what the donated food replaces. Solely regarding the environ-
mental aspect of sustainability it might therefore be argued that selling canteen
leftovers as lunch boxes or allowing for exchange of leftovers, within the own or
with neighboring municipality, may results in larger savings of emissions than
if donated.

Social aspects

Reviewing the social aspect of the suggestions given, only that of donations to
charity targets people in need. Via redistribution to charity organizations o�er-
ing meal servings the food may reach vulnerable people, why this option could be
regarded as socially most bene�cial. Moreover if this is done via a redistributor
collaborating with socially responsible companies, even greater bene�ts might
be achieved.

If leftovers were to be donated as animal feed this likely holds positive e�ects
for the farmer as fodder expenses may be avoided. Selling the overproduced
food as lunch boxes might also entail positive social e�ects for the buyers as
they may save money and time. Similarly the case of exchanging the overpro-
duced food may imply savings, economic as well as time wise. However it could
be argued that the social bene�ts from redistributing food from canteens to
charity are larger. Hence, aiming at optimizing the sustainability performance,
donation may be regarded as the socially most sustainable alternative of the
redistribution solutions given. Comparing the social e�ects from exchange or if
the overproduced food were to be sold, no superior alternative can be selected.
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Economic aspects

Based on calculations performed on �ndings from conducted interview, pre-
sented in chapter 5.3, the largest economic burden for the public canteens are
that of grocery purchases. If these could be avoided calculations imply that large
economic savings for the municipalities could be made. It is assumed, based on
answers declared in section 4.2.2, that canteens already work actively in incor-
porate leftover groceries and food into new dishes, why this is not presented as
a redistribution suggestion. From the suggestions given, it could be argued that
the options likely resulting in greatest decreased costs for the municipalities are
the two alternatives allowing for the exchange of groceries and overproduced
food.

The alternative of selling the leftovers may imply economic bene�ts, both from
revenues from sold lunch boxes and from avoided waste management costs.
Calculations based on �ndings from the case study, presented in chapter 4.3.2,
suggest that costs for avoided purchases are larger than that of avoided waste
management costs. The magnitude of potential extra income from sold lunch
boxes have not been investigated in. Estimations are hard to make and will not
be speculated about, more than that this depends on the price charged for the
lunch boxes. As the canteens are owned by the municipalities, selling the over-
produced food is regulated by laws on competition and the municipal law. How
this a�ects the various redistribution alternatives are discussed in the section
below.

In the case of donating overproduced food from canteens the likely only eco-
nomic bene�t to gain is that of avoided waste management costs. Also if an
intermediate redistributor were to be payed for, potential savings might be van-
ished by these extra expenses.
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6.2 Stakeholder requirements

In chapter 2.1 several legal requirements are declared for, all which must be ful-
�lled by the municipal canteens regardless of how leftovers are managed. Most
important are laws on safe handling, storing and distribution of food. Important
for redistribution is the requirement of an unbroken cold chain.

The larger survey addressing municipal canteens allowed for several free text
answers on attitudes towards handling leftovers with special regards to food
redistribution, presented in chapter 4.2.3. Results highlighted both important
issues but also possibilities related to the management of overproduced food.
Most frequently stated hindrance for redistribution regarded legal aspects and
the risking of food safety and human health. Concerns on not being able to
ensure an unbroken cold chain if leftover food were to be redistributed and fur-
ther, the risk of being held responsible if someone were to get sick from the
redistributed food was frequently expressed. For the suggestions donation and
exchange these are relevant aspects as they involve transports of food outside
of the kitchens.

In the case of donations either the receiver or the canteen must transport the
donated food, unless an intermediate redistributor is payed for. Donating left-
overs from canteens, either to charity or to farmers, was frequently stated by
the survey attendants as a possible solution. This however with the impediment
of the canteens themselves not having resources to perform the transports. If
the suggestion on donations is to pose an option, transports must therefore be
managed by the receiver. Findings from the survey on charity organizations,
section 4.3.3, do imply that this is the case of the current food redistribution.
Thus it is believed that if canteen leftovers were to be donated to charity, the
charity organizations would be willing to perform the transports and thereby
undertake the responsibility of ensuring legal compliance. This may also be the
case if the food is donated as animal feed, assuming the receiving farmers are
willing to pick up food donations.

To allow the exchange of groceries and leftovers within the own or with the
nearby municipality, either of the two kitchens must transport the food. As
stated above, attendants of the larger survey expressed that the canteens did
not have the resources to perform the redistribution themselves. Thus, if two
canteens are to exchange food and groceries it might be troublesome how to
solve the transports. It may be argued that the kitchens could take turn in who
to have the responsibility of leaving and picking up donations. This however
builds on the assumption that the canteens, despite previous statement, would
have resources in terms of time, sta� and equipment to perform the transports.

If the leftovers are to be utilized to substitute food that otherwise would have
been cooked and delivered to elderly or disabled, either the canteens have to
manage the transport themselves or the company normally deliver the food do
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this. It might be a reasonable assumption that the ones who normally deliver
the lunch boxes have the required equipment and would be willing to pick up
prepared lunch boxes from the canteens and distribute them. A more far fetched
alternative could perhaps be if the municipalities would be willing to support
and enable for redistribution by �nancial support. If so, required equipment to
ensure an unbroken cold chain and suitable means of transportation could be
invested in. In that case both the donation and the exchange suggestion might
be possible redistribution solutions.

To sell leftovers as lunch boxes is an option that does not require the canteens
to transport food outside of the kitchen and hence concerns on keeping an un-
broken cold chain could be avoided. It is believed that the canteens would only
be responsible for safe handling and packaging of the food inside the kitchens.
When the lunch boxes are sold the responsibility does no longer fall under the
canteen. With the concerns on ful�lling legal requirements in mind, it could be
argued that selling leftovers as lunch boxes may be a more suitable option than
donation or exchange of food and groceries.

On the other hand, practical inconveniences on portioning, labeling and conse-
quential added work of charging and accounting if food were to be sold were
often stated by attendants as troublesome. According to the attendants of the
larger survey, an extra 34 minutes per day was estimated to be required to pre-
pare the lunch boxes. Except the charging and accounting, similar extra work
would likely be required if the overproduced food were to substitute food cooked
and delivered to elderly/disabled. Also, even if sold to a cost price, concerns
were raised on not challenging laws on competition and the economic regula-
tions of municipal activities. If this concern is legitimate or not is di�cult to
assess and may depend on several things. If selling leftover lunch boxes to par-
ents/relatives becomes very popular and the canteens start making money on
this, how does that interfere with regulations on competitions and the municipal
law? And if sold to kitchen sta�, is it regarded a privilege that should be taxed?

Potential consequences of selling overproduced food from the canteens will not
be investigated in but it may entail extra work. It might therefore be argued
that redistributing food without having to portion it, e.g donating or exchanging
whole trays, may be more convenient for the canteens. With regards to prac-
tical requirements from the canteens, the two other alternatives of exchange
with another canteen and donations might therefore be preferred over selling
the leftovers.

A complementary survey, presented in chapter 4.3.3, investigated in charity or-
ganizations active in food redistribution. From survey results it was concluded
that mainly charity organizations o�ering meal servings were suitable receivers
of canteen leftovers as the other activities solely handled groceries. Survey atten-
dants estimated that 55 % of the food served within their activities constituted
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of donated food and groceries. This might be interpreted as the organizations
being able to handle larger donations, something that was further con�rmed by
all survey attendants but one. Attendants expressed that they had the capacity
of managing larger donations with regards to safe storing spaces. Additionally,
it was concluded that there was a demand for more food in terms of the numbers
served.

Concerns expressed by the charity organizations was again that of legal require-
ments of an unbroken cold chain but also the cleaning of donated trays. Despite
this the attendants were positive to a collaboration with municipal canteens.
As previously stated, in current redistribution collaborations the charity orga-
nizations are the part responsible for transports. From conducted research and
survey on charity organizations it was also concluded that the number of po-
tential donors, i.e. canteens, largely exceeds the number of potential receivers.
Hence the food waste quantities generated by the public canteens, calculated in
chapter 4.2.1, cannot be managed by charity organizations alone.

6.3 Suggested solution

Redistributing overproduced food from public canteens could be done in more
than one way. The suggestions given were donation, exchange of food and gro-
ceries and the selling of lunch boxes. Above, the alternatives were discussed
based on sustainability performance and with regards to stakeholder require-
ments. As it is believed that food waste cannot be avoided and that much is
already done both in working preventively and in reusing leftovers, redistribu-
tion of food waste is considered the most sustainable and appropriate solution.
How the redistribution solution should be designed however is a large task to
undertake. It must be stressed that one solution cannot �t all and that circum-
stances and prerequisites for each individual kitchen should optimally be taken
into consideration.

The aim was to present a solution suitable for the canteens that would opti-
mize the environmental, social and economic e�ects. Based on thesis results
one optimal solution cannot be presented. However, some conclusions from the
performed research and the discussion above may be drawn.

Donating leftovers from the canteens to charity organizations would likely result
in the largest social bene�ts as this redistribution solution reaches vulnerable
and exposed people. In the article by Eriksson, Strid, and Hansson (2015)
representatives from charity organizations declared that approximately 30 % of
the ones served would not eat if not o�ered food by the charity organizations.
Reviewing the environmental e�ects it is argued that the bene�ts are smaller,
based on assumptions on what the donated food replaces.

If donation is to pose a redistribution alternative, canteen prerequisites declared

69



by attendants of the larger survey were that transports should be performed by
the receivers. With this solution, it would fall under the receivers responsibility
to ensure an unbroken cold chain. It is further believed that with this alterna-
tive, it would be appropriate if food were to be donated in the very end of the
week to allow for reuse of food and groceries within the own canteen �rst.

Also to avoid the responsibility of transports and keeping an unbroken cold
chain, leftovers could substitute food that otherwise would have been cooked
and delivered to elderly or disabled in the municipality. It is believed, based
on the assumption that donations replace similar groceries, that this alternative
would result in larger environmental bene�ts than the alternative of donations.
As this redistribution solution imply that the municipality could avoid expenses
for grocery purchases, this alternative may also results in positive economic ef-
fects.

The alternative of exchanging leftover food and groceries with another canteen,
within the own or with nearby municipalities, might also result in economic
savings from avoided purchases. As it is believed that similar groceries are re-
placed the environmental bene�ts are believed to be larger than if food were to
be donated. However, this redistribution suggestion builds on a collaboration
between two canteens. From the larger survey it was frequently stated that the
canteens themselves did not have required resources to perform the transports.
Hence, how the transport and consequential legal compliance are to be managed
is troublesome.

By selling leftovers, either to sta� members, parents/relatives or others, poten-
tial issues on transports and following legal compliance are avoided. It is also
argued that the environmental bene�ts from this is larger as it is believed that
the leftovers replaces similar food. However this redistribution alternative most
likely requires extra time for portioning, charging and accounting. Concerns on
how this may interfere with the municipal law and laws on competition were
expressed by several canteens attending the larger survey.
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7 Discussion

Results from the literature study, research conducted and calculations performed
are in this chapter reviewed. Assumptions made, approximations and other
sources of errors are further discussed. Facilitating for the reader the discussion
is arranged on the basis of the three research questions and topics used through-
out the thesis. Additionally a chapter re�ecting on future potentials and related
survey answers is presented.

7.1 Food loss and food waste quantities from public can-

teens

The cornerstone constituting the base of this thesis is food waste. Hence highly
relevant is how the term is de�ned. Throughout this paper the de�nition used is
that by FAO, as stated in section 2.2.1. However even this de�nition allows for
interpretations and individual approaches. Co�ee grounds, bones and capsicum
seeds are not eatable, but should potato peel and intestines be classi�ed as food
waste? If a more liberal interpretation of the term food waste would have been
applied, likely consequences for this thesis would have been larger quantities of
food waste from performed surveys and subsequent calculations.

Besides quantities actually separated, 13 % of the total food loss ends up in
the domestic waste according to Stare et al. (2013). If this is true estimated
food loss quantities from the survey attendants would increase to 1 500 tonnes.
For the average municipality corresponding increase would amount to 50 tonnes.
However, food thrown in the domestic waste have not been included in this thesis
and hence the magnitude of consequential environmental, social and economic
e�ects will not be further investigated.

7.1.1 Survey prerequisites

Firstly, important prerequisites and constitutional assumptions and conditions
for the survey and survey attendants must be highlighted. It should be com-
mented that attendants of this larger survey have di�erent professional back-
grounds. Some are dietary managers working at the municipality whilst others
are chefs working at municipal canteens. Likely the di�erent professionals do
not have identical knowledge on food waste, something that might a�ect the
survey results. It could be argued that those actually working in the kitchens
have more hands on knowledge and experience and thereby constituting a more
reliable source. On the other hand if responding from a central position one
may have access to more data and a more comprehensive picture with regards
to the whole municipality, including variations from di�erent canteens. More-
over one could say that a broader spectra of professionals attending the survey
increases its credibility as the total collective experience and knowledge most
likely is greater, why this variation may not be solely negative.
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Data constituting the foundation of performed calculations are values on food
loss and food waste quantities from public canteens. These are often measured
over a period of one or two weeks when so called waste weeks are conducted. Ac-
cording to Nystedt (2018b) and several of the survey respondents, larger quan-
tities are wasted during days with more popular food. Thus the food served
during those speci�c waste weeks highly a�ect resulting numbers on generated
food waste quantities. It should also be noted that as the kitchens are inte-
grated parts of other objects, food waste quantities may vary depending on the
persons served. As stated by Eriksson, Malefors, et al. (2016) in chapter 2.2.3,
food waste from kindergartens are lower than that from care homes and schools,
something that was not investigated in this thesis. The same article further im-
plies that kitchens solely serving food generate larger quantities of food waste
compared to kitchen both cooking and serving, which is consistent with results
from conducted survey.

A large source of error is what and how food loss is measured, which survey
attendants were asked to declare for. It appeared that variations occurred both
with regards to what was weighted but also the technique used. Some kitchens
solely measured plate scrape o� whilst others also included waste from both
preparation and serving trays, things that highly a�ect resulting quantities.
Mainly two di�erent approaches seemed to be used when weighing the food
loss; drained or wet weights. If drained, values on food loss will be lower than
corresponding wet weight. As not all values estimated by the survey attendants
include food loss from all hotspots it is likely that the actual food loss, and
consequentially also the food waste, is greater than that calculated.

Moreover as survey answers were analyzed it appeared that respondents some-
times interpreted questions di�erently. In addition to that the undersigned had
to, with great endeavour of objectivity, make interpretations of several answers.
However avoiding misreadings and consequential altering of results is hard and
the risk of misinterpretations can be presumed to increase with a growing num-
ber of survey respondents. Hence it is likely that answers and values have
been a�ected and modi�ed with the consequence of altered end results. But
as numbers and responses were handled with great care, not including data in
calculations if uncertainties arose rather than misinterpreting it, values are still
considered as useful approximations.

7.1.2 Survey results

Key questions of the survey regarded values and estimations on food loss and
food waste. In several questions attendants were asked to estimate the food
loss and the share constituting of food waste. The various types of kitchens
estimated that per person and year food loss quantities varied from 3.5 to 8.6
kg. Compared to numbers by Stare et al. (2013), implying a total of 18.2 kg per
person and year, survey results are very low. This could likely be derived from
answers from several survey attendants stating that solely plate scrape o� was
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included in measured quantities. It should also be highlighted that the article
by Stare et al. is from 2013 and that food waste related issues have gained
large focus lately. Hence realization of food waste reducing measures have been
possible with the likely consequence of decreased quantities.

It should be further stressed that one person does not equal one portion as one
may eat more than one portion, why numbers on food waste from Pettersson,
Breitholtz, and Olsson (2017) and Eriksson, Malefors, et al. (2016) are not com-
pared to thesis results.

Results obtained from the larger survey implies that on a national scale, the
annual food waste from public canteens amounts to 5 500 tonnes. National
statistics from Naturvårdsverket (2018) imply that canteens, both private and
public, generate 73 000 tonnes food loss every year. According to Stare et al.
(2013) 52 % of the food loss from canteens are food waste. If this is applied
to the national statistics food waste quantities would amount to 38 000 tonnes.
One reason to the low values from the conducted survey is, as just stated, that
the national statistics includes both private and public canteens. The low num-
ber may also be explained by how survey attendants measured food loss; that
not all hotspots were included in the measurements and that some measured
the dry weight while others measured the wet weight.

According to Stare et al. (ibid.) 52 % of the food loss generated from municipal
canteens constitute of food waste. This is very close to approximations made
by the survey attendants. Calculating one average for all attendants, with no
regards to the type of kitchen or if answering for a whole municipality or not,
the result implicates a corresponding value of 51 %. Strengthened by support
from the literature, results imply that food waste constitutes half of the food
loss from public canteens.

The majority of the food loss arise from serving trays and plate scrape o�,
according to the survey attendants. Results further imply that attendants be-
lieve that these two stations are the hotspots with of the largest share of food
waste. Both in conducted interview with Nystedt (2018b), from the article
by Eriksson, Malefors, et al. (2016) and from Måltid Göteborg (2016) through
Göteborgsmodellen, this is con�rmed. Hence it can be concluded that these
are the hotspots on where largest focus should be in working preventively from
generating food waste.

Moreover attendants were asked if they believed preparing overproduced food
for redistribution would be more time consuming than regular food loss man-
agement. If positive they were further asked to estimate how many extra minute
they thought this work would require. It seemed, based on the free text answers
of several respondents, that the 34 minutes extra time approximated was an es-
timation based on the assumption that the food were to be portioned and sold
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as lunch boxes. If the question would have been formulated di�erently, answers
may have di�ered. Also the majority of the attendants, 53 by number, did not
believe that redistribution would be more time consuming.

To estimate food waste variations and resulting environmental, social and eco-
nomic consequences attendants were asked to what extent food loss quantities
varied. In this sensitivity analysis previously estimated averages fell outside
estimated interval for two of the four categories. The reason to this is most
probably the noticeably lower number of attendant responding to this question
compared to that of estimated average, especially for attendants answering from
a central position. As the average values on food loss quantities fell outside of
the interval, consequential calculations on the sustainability parameters also
faulted. Hence results from this sensitivity analysis was discarded and another
approach, utilizing normal distribution, was applied. This may be considered
more representative and correct as the method is a known mathematical ap-
proach used to estimate reality from a limited set of data, much like the case of
the survey results of this thesis.

Based on the normal distribution of quantities estimated by the survey atten-
dants, intervals on food loss quantities were calculated for each of the four cat-
egories. With a con�dence interval set to 95 %, all previous estimated averages
fell inside calculated intervals. This was also true for the following calculations
on all sustainability parameters but the economical e�ects, which strengthens
results from the complementary sensitivity analysis. Also, normal distribution
is a mathematical model often used to approximate reality from a given set of
data similar to this case. As the sensitivity analysis estimated by the survey
attendants had large faults this approach may be considered more representa-
tive. It should still be emphasized that for two of the categories the number of
in-data are very low and it may therefore not be all accurate to assume a normal
distribution based on these. Despite potential sources of errors, utilizing nor-
mal distribution gives an indication of how much food waste quantities may vary.

Regardless possible errors it should be stresses that the number of attendants
largely exceeded expectations and that no earlier, comparable studies with this
many respondents could be found. Despite improvement potentials of the survey
results are regarded as credible, strengthened by the numerous participants.
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7.2 Environmental, social and economic e�ects

7.2.1 Prerequisites for complementing surveys, case study and cal-
culations

Environmental e�ects from food waste was calculated in the form of greenhouse
gas emissions from waste treatment. I should be emphasized that values used
throughout calculations are from two articles solely. As stated in chapter 2.6 the
reason to this is that these were the only articles found investigating Swedish
waste treatment alternatives and conditions. Certainly a larger number of ar-
ticles would have been desirable but due to given circumstances raw data used
are considered as representative and the most applicable to thesis calculations
in relation to other, foreign articles reviewed.

Regarding the same articles it should be pointed out that di�erent assumptions
are made which may a�ect end results. In the article by Eriksson, Strid, and
Hansson (2015) all groceries but bananas are assumed to be produced in Sweden.
For the article by Eriksson and Spångberg (2017) however none of the fruit and
vegetables studied was assumed to originate from Sweden. Additionally pre-
sumptions di�er in terms of what donated food replaced as all donated food in
the article by Eriksson, Strid, and Hansson (2015) was assumed to replace bread
whilst in the article by Eriksson and Spångberg (2017), food replaced consti-
tuted to 30 % of similar fruit and vegetables, 30 % junk food, 30 % nothing
and that 10 % was wasted along the donation process. It might therefore be
argued that numbers are not comparable and that it is not suitable calculat-
ing averages using value from both articles. Nevertheless values are within the
same order of magnitude and averages using both articles were calculated for
category of greens only. Also assumption made on what the food replaces are
based on contacts with representatives from charity organizations, a bearing to
reality which strengthens obtained results.

It may also be argued that it is not suitable to utilize values on emissions for the
various treatment methods of bananas for that of potatoes/pasta. In chapter 5.1
this was justi�ed by the fact that water and energy contents of potatoes/pasta
were the most similar to that of bananas. However, this comparison only reviews
the eatable part of the banana. In the various waste treatment alternatives, the
whole banana is treated. Values used for calculations on emissions related to
the various treatment alternatives for potatoes and pasta might therefore not
be representative.

From conducted literature study, chapter 2.3, it is con�rmed that emissions
related to various groceries di�er and that this is also true for various treat-
ment alternatives. It can therefore be concluded that what we eat, and even
more what we waste, a�ect our carbon footprint. Based on numbers after Röös
(2014) mainly plant based menus from locally produced groceries would result
in lower emissions than those predominantly consisting of meats and imported
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vegetables. According to several of the attendants of the more extensive survey,
canteens are often steered by regulations regarding solely serving Swedish meat
or buying a certain percentage ecological products. This is positive in terms of
giving incentives to the kitchens to work more resourceful and sustainable.

Similar to the larger survey on food loss and food waste from municipal canteens,
the complementing survey on food loss management was answered by persons
with di�erent professional backgrounds. The reason to this is that some of the
responding municipalities did not know how food loss from public canteens were
treated, why the local waste management company was contacted. However it
is believed that this does not a�ect end results.

In section 5.1 calculations on greenhouse gas emissions resulting food loss treat-
ment were calculated. Per municipality it was estimated that waste treatment
of annual food waste quantities amounting to 19 tonnes, caused emissions of
2.6 tonnes CO2-eq.. However it should be pointed out that in calculations it is
presumed that 77 % of the food is treated by anaerobic digestion, 21 % by in-
cineration and 1 % by composting, regardless how food loss from the individual
municipality is actually treated. This may be applicable when calculating emis-
sions from a larger number of municipalities but not for individual municipality.
Preferably emissions for the average municipality should have been calculated
per waste treatment alternative and from average food waste quantities.

The economic consequences of the food waste was calculated based on data
obtained from the municipality of Kristiandstad. The results give an example
of what waste management costs can be in a municipality but are far from
generalizable. There are great variations in local fees and waste taxes which af-
fects the municipal expenses related to waste management and treatment. Also,
these costs likely vary with the various treatment alternatives. In Kristianstad
food loss is treated by anaerobic digestion. How treatment costs varies from
incineration and composting is also a�ecting the costs, but will not be further
investigated. In the case study the monetary consequences were calculated per
person and year. A perhaps more suitable approach would be to calculated costs
per kilo waste instead. The reason to why this might be a better unit is that a
larger food waste per person in the former approach results in lower costs per
person. Again it should be emphasized that data on waste management costs
are based on one single municipality. Applying this to a national level inherits
great uncertainties and obtained values should be used with great care.

Further invoices from 18 public canteens in Kristianstad were reviewed in the
case study. As undersigned is not very experienced in reading canteen invoices
and had to make interpretations and considerations of what to include and not,
the risk of misreading is imminent. It should also be highlighted that waste man-
agement and treatment costs from the municipality of Kristianstad accounts for
treating food loss by anaerobic digestion. For approximately one �fth of the mu-
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nicipalities attending the complementing survey, incineration or composting is
utilized as waste treatment. This a�ects resulting costs calculated but probably
only to a minor extents as the remaining majority do utilize anaerobic digestion.

Also related to costs calculations are assumptions made regarding subscribing
all food loss containers to the canteens. This may not be accurate as school
activities might use food loss containers for classes in home economics as well.
Althought it is most probable that the absolute majority of these, and de�nitely
all food loss disintegrators, are utilized by the canteens. This potential source
of error is thus regarded to have only a minor impact on end results. Another
assumption made is based on the interview with representatives from Partille.
According to Nystedt (2018b) one container á 660 L is within their kitchen uti-
lized for residual waste, something that was assumed to be true for all kitchens
investigated in the economic analysis. This may not be applicable to all kitchens
but it is highly likely that at least one container, although maybe smaller than
600 L, is used within each canteen.

On the topic of social sustainability it should be highlighted that there are
other social aspects of food waste more than the number of portions available,
as calculated in this thesis. It could be the work environment for the canteen
sta� or equity in terms of who that may bene�t from the redistributed food.
Due to time restraints, these aspects were not reviewed and will hence not be
further discussed.

7.2.2 Results from complementing surveys, case study and calcula-
tions

Of the municipalities attending the complementing survey on food loss treat-
ment, 77 % declared that food loss from the public canteens were separated and
treated by anaerobic digestion. As expected this in line with and even identical
to corresponding national statistics, 77 % published by Avfall Sverige (2018c).

For the average Swedish municipality, emissions from management and treat-
ment of the generated food waste quantities was estimated to 0.002 % of the
total annual greenhouse gas emissions. Partly, this is likely a consequence of the
low food waste quantities on which calculations are based on. The low emissions
may also be explained by the values on emissions per grocery and treatment al-
ternative used. As stated by the authors large uncertainties lies in assumptions
made regarding what the donated food replaces. If the donated food replaces
nothing, i.e. if no food was donated the ones bene�ting from it would not eat
at all, emissions from this option was negative due to transports. On the other
hand, if donated food replaced similar groceries the environmental savings were
signi�cantly higher. This di�erence was especially large for resource-intensive
groceries such as beef (Eriksson, Strid, and Hansson 2015; Eriksson and Spång-
berg 2017). It can be concluded that it is hard to tell the environmental e�ects
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from redistribution of food as it depends on what is substitutes, which likely
varies amongst the receivers. However, as long as the donated groceries replaces
other groceries there are environmental bene�ts to gain.

As stated, emissions resulting from food waste was by calculations estimated
to 2.6 tonnes CO2-eq. per year for the average municipality. With food waste
quantities calculated to an average of 19 tonnes, this implies emissions of 0.14
kg CO2-eq. per kg food waste. Comparing this to 1.6 kg CO2-eq. suggested
by Måltid Göteborg (2016) in Göteborgsmodellen, implies that values obtained
from thesis calculations on resulting emissions are rather low. Again this could
likely be explained by the inconsistency amongst the survey attendants on what
was included in measured quantities and how this was measured. It may also be
a consequence of the previously declared assumptions made in the articles that
constitutes the base of the calculations on the environmental e�ects, and how
these a�ect values on emissions related to the various treatment alternatives of
the groceries.

Social e�ects from redistribution was measured by the number of portions avail-
able from the overproduced food. Results from the performed calculations imply
that many people could be fed by the food currently wasted. From the survey
on charity organizations, as described in section 4.3.3, however it was illustrated
that there are not enough potential receivers of this food. Although all but one
organization declared that they were able to handle larger donations, and that
there was a need for this, quantities from the public canteens highly exceeds
what likely could be managed by the charity organizations alone. From calcula-
tions the organizations serve on average 152 persons per week, compared to the
17 million portions available from food waste generated by the public canteens
in Sweden. As the food waste cannot be managed by the charity organizations
alone, there is a need for new redistribution channels.

Calculations on environmental, social and economic variations were also per-
formed based on the two sensitivity analyses. Identical algorithms and method-
ologies to those used when calculating corresponding values for average food
waste quantities, were used. In above discussion it is argued that the comple-
menting sensitivity analysis which assumes a normal distribution of the food
waste quantities, is more reliable than that estimated by survey attendants.
This is further strengthened by the fact that previously estimated averages for
both quantities and waste management costs fell outside estimated intervals for
the sensitivity analysis estimated by the survey attendants.

Considering thesis results it can be concluded that values on environmental
and economic consequences are low. Hence, they should be viewed as rough
estimations and must be used with great care. However it should be emphasized
that emissions and expenses originate from one meal only. Although the absolute
majority of the food loss generated arises from private households, canteens are
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the largest public food loss producer on the consumer side of the food chain as
illustrated in section 2.2.3. If not redistributing leftovers the largest economic
potential lies in avoiding grocery purchases.

7.2.3 Future

For future, several respondents attending the more extensive survey asked for
better support and clearer guidelines from authorities on if and how canteens
are allowed to handle and redistribute food waste. This would probably ease
for those willing to make a change but who are unsure of existing laws and reg-
ulations, thereby not taking action rather than taking the wrong action. With
forti�ed support and unequivocal guidance larger quantities of food waste could
be saved.

From the complementing survey on how food loss was managed by the munici-
palities, several attendants currently utilizing incineration stated that anaerobic
digestion is to be introduced as waste treatment. This is also supported by Av-
fall Sverige (2018c) declaring that the number of municipalities treating food
loss by anaerobic digestion increases. As more food loss is converted into biogas
and biofertilizers greater environmental yields can be attained, even though the
environmentally best option would be not causing food waste at all or using it
for its intended purpose of feeding people.

With a growing interest for climate change and issues related to food waste one
could hope that the increasing awareness will result in decreased food waste
quantities. Certainly the problem must be fought by its roots and the primary
focus should be that of working preventively from food waste to arise and reusing
leftover food and groceries within the kitchens. Alongside this redistributing or
even selling remaining food waste could pose an option. Further the growing
number of subscribers of food rescuing apps, described in chapter 2.7.3, indicates
an increased demand for saving leftovers.

7.3 Redistribution

One of the research questions of this thesis aimed at investigate in and present a
suggestion on how the overproduced food from canteens could be redistributed,
with optimized sustainability performance. Solely based on conducted literature
study, interview, case study, surveys and calculations this could not be done.

In chapter 6 various redistribution alternatives were reviewed with regards to
stakeholder requirements and environmental, social and economic e�ects. An
important issue related to redistribution, presented already in chapter 4.2.3,
was that the majority of the attendants frequently expressed concerns on legal
requirements. The risk of interfering with laws on both food hygiene and com-
petition, and the regulations on how municipal economic activities should be
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performed, were key issues frequently expressed to hinder redistribution. It is
therefore believed that current legislation does not facilitate for redistribution
of overproduced food from the canteens.

Attendants of the larger survey also expressed the need for clearer guidelines
and better support from higher instances on how leftovers can be managed in
terms of what the canteens are and what they are not allowed to do with the
food. The fear of being held responsible if someone were to get sick from the
redistributed food was often stated as problematic. To ease for the canteens
willing to redistribute the overproduced food a measure that might be e�ective
could be that of the disclaim of responsibility.

Based on discussions from chapter 6 the undersigned believes that of the re-
distribution alternatives considered, donation to charity would pose the most
sustainable and suitable option for the canteens. This as issues on interfering
with laws on competition and the municipal law are avoided. If the transports
are managed by the receivers canteens would not have to be concerned on ful�ll-
ing requirements on an unbroken cold chain. This is believed to be a reasonable
assumption, based on results from chapter 4.3.3 and the survey on charity or-
ganizations. Moreover, practical inconveniences expressed by attendants of the
larger survey on portioning, packaging and eventual charging and accountancy,
are avoided with this redistribution alternative.

Regarding the sustainability performance, it is believed that this suggestion
would entail the greatest social bene�ts. On the environmental and economic
outcomes the consequences may be more di�cult to assess. A reasonable as-
sumption is that economic bene�ts from donations are avoided waste manage-
ment costs. Although the donated food might not replace similar groceries,
which likely would result in larger bene�ts, there are still positive environmen-
tal e�ects in terms of avoided emissions from replaced food. Problematic with
this suggestion however is that there are not enough potential receivers. The
number of donors, i.e canteens, highly exceeds the number of charity organi-
zations o�ering meal servings. The quantities available from the canteens also
likely exceeds the demand and hence, the food waste from public canteens can-
not be managed by charity organizations alone.
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8 Conclusion

The aim of this thesis was to investigate food loss from Swedish canteens and
the share constituting of food waste. Research questions which have formed the
base of this work regarded food loss and food waste quantities, the possibility of
redistributing the food waste and the environmental, social and economic e�ects
from this. To answer these questions a literature study, one interview, three sur-
veys and a case study were conducted. Calculations on all three sustainability
parameters were performed, based values obtained from thesis research.

Results imply that approximately 5 500 tonnes of eatable food from public can-
teens in Sweden is wasted every year. The food waste mainly arise from plate
scrape o� and from the trays of food that have been up for service outside of
the kitchen. If food waste quantities would have been saved and redistributed,
emissions amounting to 800 tonnes of CO2-eq. could have been avoided. Cal-
culations imply that food waste related emissions totals to 0.002 % of annual
greenhouse gas emissions for the average municipality.

It can be concluded that the environmental consequences of the food waste only
constitutes a minor fraction of the total emissions caused by the municipalities.
The reason this may likely be explained by the fact that most food loss is cur-
rently treated by anaerobic digestion, a treatment method with relatively good
environmental performance. The low emissions might also be explained by as-
sumptions made on what the redistributed food would replace. Raw data used
in calculations builds on the assumptions that redistributed food is donated to
charity, and that the donated groceries substitute either bread or a combination
of fruit, vegetables and junk food. Results of the larger survey addressing pub-
lic canteens imply that the food waste consists of a mix of carbohydrate rich
groceries, meats and greens. If these were to replace similar groceries, �ndings
from the literature study indicate that larger environmental savings could be
achieved compared to the case of donation to charity.

The potential economic savings from redistribution of the overproduced food
was for the average municipality calculated to 5 500 SEK per year. Hence, re-
distribution of food waste may not be performed solely for the monetary yield.
Regarding economic aspects of food waste, it could be concluded that the largest
savings are to be made from avoiding grocery purchases. However it is believed
that a complete match of purchases, cooking and consumption is hard to achieve.
If not able to reuse leftover groceries and food within the own canteen, redistri-
bution is believed to pose a good option.

The number of portions available from food waste quantities was on a national
level estimated to 17 million portions. Instead of converting the food into bio-
gas and biofertilizers, it could have been utilized for its intended purpose of
being consumed. Although environmental and economic savings are small, it
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is argued that it would have been more sustainable to donate the leftovers to
charity organizations o�ering food to people in need.

Very important to emphasize is that redistribution must never legitimize over-
production of food. It should also be stressed that primary focus should be
that of minimizing the food waste generated by working preventively. Further-
more it can be argued for greater involvement of e.g. principals and teachers.
With better information the food related behavior of the ones served could be
a�ected, which in the long term may result in reduced food waste.

Several attendants of the larger survey stated that there is a need for better as-
sistance and clearer guidelines on what actions municipal canteens are allowed
to take regarding the food waste issue. Investigating how authorities and mu-
nicipalities from a central position can support canteens could pose a topic for
future work. It is further believed that both speci�c pick analyses and studies
on food waste, not solely from canteens, are needed and requested for.

With greater actions from a larger number of actors, greater common achieve-
ments and synergies can be realized. We have to change our behavior to keep
this only planet Earth environmentally sustainable for our succeeding genera-
tions. Minimizing food waste would improve food system sustainability and is
one of several keys to a more sustainable society and a more sustainable world.
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9 Appendix

All interviews, surveys and e-mail correspondence throughout this thesis have
been conducted in Swedish. Also some of the calculations are commented in
Swedish. Due to time restraints, no translations have been made.

9.1 Transcribed interview with municipality of Partille

Maria Mattsson - Kostchef
Pia Nystedt - Köksmästare. Tillagningskök för gymnasium och äldreboende

Allmänna frågor:
Hur många barn går på skolan?
387 elever

Hur många portioner serverar ni per dag?
306 elever/dag

Hur många jobbar i köket?
5 personer varje dag

Jämfört med andra skolor i kommunen, är det en liten/stor skola?
Medelstor skola i Partille

Frågor rörande matsvinnet:
Hur mycket matavfall slängs varje dag/vecka?
Mäter endast tallrikssvinn samt svinnvecka.

Hur mäter ni matavfallet?
Bänkvåg som mäter tallrikssvinnet

På vilka olika stationer uppstår matsvinnet?
Grönsaksrummet i köket (från ansning), i disken (bläck från servering + tall-
rik), tallrikssvinn

Hur mycket avfall uppstår på de olika stationerna? (ev. mest/minst eller %-uell
uppskattning)
Grönsaksrummet - minst, Disken (serveringsbleck) - mest, Tallrik - näst mest

Uppskattningsvis, hur mycket av det som går i matavfallet är direkt ätbar mat?
(%-uell uppskattning)
Tallrikssvinnet 100 %, Totalt någon procent - 2 kanske?

Vilken typ av livsmedel är det som främst hamnar i matavfallet?
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Från tillredningen främst sallad och råkost. 95% svenskt kött (??)

Är det främst tillagad mat eller råa råvaror som slängs?
Tillagad

Vad gör ni av den mat som blir över idag, både tillagad och rå?
Råvaror fryses in eller sparas till nästa dag. Tillagad mat kyls ner och serveras
senare alt. fryses ner. Den mat som blir över serveras antingen på gym-
nasieskolan eller på äldreboendet.

Frågor rörande redistribution:
Vad ser ni för möjligheter kring någon form av samarbete där den mat ni tilla-
gat tas om hand och redistribueras?
Hade det varit enklare kunde säljas men all mat måste ha innehållsförteckning
om det skulle säljas - administrativa hinder och livsmedelslagen

Vad ser ni för svårigheter kring att på något sätt ta hand och och ev. sälja
eller skänka mat och livsmedel som varit i era kök?
Problem: kommunal verksamhet då det KOSTAR

Vad har ni för förvaringsmöjligheter i köket för t.ex tråg med tillagad mat som
inte ätits upp?
Absolut

Tror ni att det skulle innebära ett merjobb för er att ta hand om den mat
som är ätbar och skulle kunna tas omhand, jämfört med det som krävs för av-
fallshantering av samma mat? I så fall, hur mycket extra tid?
Nej, det vore roligare och man hade sett en vinning.

Om ni skulle kunna tänka er ett samarbete där er mat på något vis redis-
tribueras, hur skulle ett sådant kunna utformas för att det skulle funka så bra
och så smidigt som möjligt för er?
Någon som hämtar dagen efter (kylas ner korrekt. Grönsaker som inte kan säl-
jas levereras till skolan där de får ett andra liv.

Är det något ni tänker på kan vara bra ifall jag vet, något jag kan tänka på eller
något jag kanske bör ha med som fråga, inför det att jag formulerar enkäten?
Nej.
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9.2 Calculations on residual waste from municipality of

Partille

Skolans restavfall: 20 m3 som töms varannan till var tredje vecka. dvs:

52
2.5 · 20 = 416 m3 restavfall/år

Från köket genereras 660 L restavfall/v = 34.32 m3 restavfall/år.

34.32
(416+34.32) = 0.076 = 7.6 %
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9.3 The full, larger survey

Figure 16: The larger survey. Introductory part.
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Figure 17: The larger survey. Part 1.
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Figure 18: The larger survey. Part 2.
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Figure 19: The larger survey. Continuation part 2.
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Figure 20: The larger survey. Continuation part 2.
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Figure 21: The larger survey. Part 3.
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Figure 22: The larger survey. Continuation part 3.

9.4 Survey answers

9.4.1 Complete survey answers

Answers from attendants answering from a central position
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Figure 23: Answers from attendants answering from a central position. Survey
questions 1 - 5, part 1.

Figure 24: Answers from attendants answering from a central position. Survey
questions 1 - 5, part 2.
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Figure 25: Answers from attendants answering from a central position. Survey
questions 1 - 5, part 3.

Figure 26: Answers from attendants answering from a central position. Survey
questions 1 - 5, part 4.
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Figure 27: Answers from attendants answering from a central position. Survey
questions 6 - 11, part 1.

Figure 28: Answers from attendants answering from a central position. Survey
questions 6 - 11, part 2.
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Figure 29: Answers from attendants answering from a central position. Survey
questions 6 - 11, part 3.

Figure 30: Answers from attendants answering from a central position. Survey
questions 6 - 11, part 4.
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Figure 31: Answers from attendants answering from a central position. Survey
questions 12 - 17, part 1.

Figure 32: Answers from attendants answering from a central position. Survey
questions 12 - 17, part 2.
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Figure 33: Answers from attendants answering from a central position. Survey
questions 12 - 17, part 3.

Figure 34: Answers from attendants answering from a central position. Survey
questions 18 - 23, part 1.
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Figure 35: Answers from attendants answering from a central position. Survey
questions 18 - 23, part 2.

Figure 36: Answers from attendants answering from a central position. Survey
questions 18 - 23, part 3.
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Figure 37: Answers from attendants answering from a central position. Survey
questions 18 - 23, part 4.

Answers from attendants answering for kitchens both cooking and
serving.

Figure 38: Answers from attendants answering for kitchens both cooking and
serving. Survey questions 1 - 5, part 1.
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Figure 39: Answers from attendants answering for kitchens both cooking and
serving. Survey questions 1 - 5, part 2.

Figure 40: Answers from attendants answering for kitchens both cooking and
serving. Survey questions 1 - 5, part 3.
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Figure 41: Answers from attendants answering for kitchens both cooking and
serving. Survey questions 6 - 11, part 1.

Figure 42: Answers from attendants answering for kitchens both cooking and
serving. Survey questions 6 - 11, part 2.
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Figure 43: Answers from attendants answering for kitchens both cooking and
serving. Survey questions 6 - 11, part 3.

Figure 44: Answers from attendants answering for kitchens both cooking and
serving. Survey questions 6 - 11, part 4.
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Figure 45: Answers from attendants answering for kitchens both cooking and
serving. Survey questions 12 - 17, part 1.

Figure 46: Answers from attendants answering for kitchens both cooking and
serving. Survey questions 12 - 17, part 2.
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Figure 47: Answers from attendants answering for kitchens both cooking and
serving. Survey questions 12 - 17, part 3.

Figure 48: Answers from attendants answering for kitchens both cooking and
serving. Survey questions 12 - 17, part 4.
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Figure 49: Answers from attendants answering for kitchens both cooking and
serving. Survey questions 18 - 23, part 1.

Figure 50: Answers from attendants answering for kitchens both cooking and
serving. Survey questions 18 - 23, part 2.
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Figure 51: Answers from attendants answering for kitchens both cooking and
serving. Survey questions 18 - 23, part 3.

Figure 52: Answers from attendants answering for kitchens both cooking and
serving. Survey questions 18 - 23, part 4.
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Figure 53: Answers from attendants answering for kitchens both cooking and
serving. Survey questions 18 - 23, part 5.

Answers from attendants answering for kitchens solely serving.

Figure 54: Answers from attendants answering for kitchens solely serving. Sur-
vey questions 1 - 5.

Figure 55: Answers from attendants answering for kitchens solely serving. Sur-
vey questions 6 - 11.
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Figure 56: Answers from attendants answering for kitchens solely serving. Sur-
vey questions 12 - 17.

Figure 57: Answers from attendants answering for kitchens solely serving. Sur-
vey questions 18 - 23.

Answers from attendants answering for kitchens solely cooking.
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Figure 58: Answers from attendants answering for kitchens solely cooking. Sur-
vey questions 1 - 5.

Figure 59: Answers from attendants answering for kitchens solely cooking. Sur-
vey questions 6 - 11.

Figure 60: Answers from attendants answering for kitchens solely cooking. Sur-
vey questions 12 - 17.
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Figure 61: Answers from attendants answering for kitchens solely cooking. Sur-
vey questions 18 - 23.
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9.4.2 Food loss per station

Figure 62: Share of total food loss per station and the share of food loss consti-
tuting of food waste per station. Survey answers for all attendants.
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9.5 Food loss per category

Figure 63: Amounts of food loss, numbers served and the share of food loss
constituting of food waste. Survey answers from attendants answering from a
municipal position.
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Figure 64: Amounts of food loss, numbers served and the share of food loss
constituting of food waste. Responds from attendants answering from kitchen
both cooking and serving.
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Figure 65: Amounts of food loss, numbers served and the share of food loss
constituting of food waste. Responds from attendants answering from kitchen
solely cooking.

Figure 66: Amounts of food loss, numbers served and the share of food loss
constituting of food waste. Responds from attendants answering from kitchen
solely serving.
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9.6 Sensitivity analysis: Estimations from survey atten-

dants

9.6.1 Food loss and food waste per category

Figure 67: Calculations on minimum and maximum food loss and food waste
amounts for attendants answering from a central position and kitchen solely
serving.
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Figure 68: Calculations on minimum and maximum food loss and food waste
amounts for kitchens both cooking and serving.
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Figure 69: Calculations on minimum and maximum food loss and food waste
amounts for kitchens solely cooking.

9.7 Calculations from sensitivity analysis: Values estimated

by survey attendants

9.7.1 Interval: Food waste quantities

Figure 70: Maximum and minimum food waste quantities
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9.7.2 Interval: Emissions

Figure 71: Calculations on resulting greenhouse gas emissions from minimum
food waste amounts from all survey attendants.

Figure 72: Calculations on resulting greenhouse gas emissions from maximum
food waste amounts from all survey attendants.
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Figure 73: Calculations on resulting greenhouse gas emissions from minimum
food waste amounts per municipality.

Figure 74: Calculations on resulting greenhouse gas emissions from maximum
food waste amounts per municipality.
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9.7.3 Interval: Waste management costs

Figure 75: Calculations on minimum and maximum waste management costs
as estimated by survey attendants.

9.8 Sensitivity analysis: Normal distribution

9.8.1 Matlab code

x = 0:0.1:20; % Create vector for norm dist
FLC = [12.3289 10.094 0.554 2.685 5.51 13.3 2.019 1.827 8.233 19.596 2.28 6.671 3.8 12.667 8.6 0.706
3.167 5.039 8.636 6.967 7.6 13.3 7.41 2.393 2.153];
FLCS = [3.8 5.7 6.08 11.4 8.44 1.086 7.485 9.087 2.714 0.38 0.633 7.347 5.554 2.533 7.389 6.333
1.727 9.5 2.413 3.04 4.071 4.108 7.661 1.9 5.067 1.52 6.33 6.33 1.629 6.33 4.275 2.153 3.0645 7.6
2.744 4.385 0.894 3.496 2.533 5.846 7.6 12.667 12.667];
FLSS = [13.933 10.857 14.114 1.152 5.225 5.986];
FLSC = [3.8 1.5 6.33];

pd_FLC = �tdist(FLC','Normal');
norm_conf_FLC = paramci(pd_FLC,'Alpha',.05); % con�dence intervall 95 % gives lower and
upper values

[mu_FLC,sigma_FLC] = norm�t(FLC);
norm_FLC = normpdf(x,mu_FLC,sigma_FLC);
norm_lower_FLC = normpdf(x,norm_conf_FLC(1,1),norm_conf_FLC(1,2));
norm_upper_FLC = normpdf(x,norm_conf_FLC(2,1),norm_conf_FLC(2,2));

pd_FLCS = �tdist(FLCS','Normal');
norm_conf_FLCS = paramci(pd_FLCS,'Alpha',.05); % con�dence intervall 95 % gives lower and
upper values

[mu_FLCS,sigma_FLCS] = norm�t(FLCS);
norm_FLCS = normpdf(x,mu_FLCS,sigma_FLCS);
norm_lower_FLCS = normpdf(x,norm_conf_FLCS(1,1),norm_conf_FLCS(1,2));
norm_upper_FLCS = normpdf(x,norm_conf_FLCS(2,1),norm_conf_FLCS(2,2));

pd_FLSS = �tdist(FLSS','Normal');
norm_conf_FLSS = paramci(pd_FLSS,'Alpha',.05); % con�dence intervall 95 % gives lower and
upper values

[mu_FLSS,sigma_FLSS] = norm�t(FLSS);
norm_FLSS = normpdf(x,mu_FLSS,sigma_FLSS);
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norm_lower_FLSS = normpdf(x,norm_conf_FLSS(1,1),norm_conf_FLSS(1,2));
norm_upper_FLSS = normpdf(x,norm_conf_FLSS(2,1),norm_conf_FLSS(2,2));

pd_FLSC = �tdist(FLSC','Normal');
norm_conf_FLSC = paramci(pd_FLSC,'Alpha',.05); % con�dence intervall 95 % gives lower and
upper values

[mu_FLSC,sigma_FLSC] = norm�t(FLSC);
norm_FLSC = normpdf(x,mu_FLSC,sigma_FLSC);
norm_lower_FLSC = normpdf(x,norm_conf_FLSC(1,1),norm_conf_FLSC(1,2));
norm_upper_FLSC = normpdf(x,norm_conf_FLSC(2,1),norm_conf_FLSC(2,2));

�gure(1);
hold on
grid on
plot(x,norm_FLC)
legend('Normal distribution, central')

�gure(2);
hold on
grid on
plot(x,norm_FLCS)
legend('Normal distribution, cooking and serving')

�gure(3);
hold on
grid on
plot(x,norm_FLSS)
legend('Normal distribution, solely serving')

�gure(4);
hold on
grid on
plot(x,norm_FLSC)
legend('Normal distribution, solely cooking')
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9.8.2 Vectors on food loss

Figure 76: Calculations food loss per person and year based on answers from
attendants answering from a central position.
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Figure 77: Calculations food loss per person and year based on answers from
attendants both cooking and serving.
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Figure 78: Calculations food loss per person and year based on answers from
attendants solely serving and attendants solely cooking.

9.8.3 Returned values on min. and max. food loss

norm_conf_FLC =

4.7028 3.7806
8.7000 6.7357

� norm_conf_FLCS

norm_conf_FLCS =

4.4287 2.7947
5.6881 3.7056

� norm_conf_FLSS

norm_conf_FLSS =

5.3835 3.8600
11.7055 9.2445

� norm_conf_FLSC

norm_conf_FLSC =

1.2466 1.5921
6.5068 7.4429
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9.9 Calculations from sensitivity analysis: Normal distri-

bution

9.9.1 Interval: Food waste quantities

Figure 79: Own calculations on minimum and maximum food loss and food
waste quantities from all survey attendants, and resulting social e�ects.
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9.9.2 Interval: Emissions

Figure 80: Calculations on minimum greenhouse gas emissions as a result of
maximum food waste quantities for all survey attendants, based on normal dis-
tribution.
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Figure 81: Calculations on maximum greenhouse gas emissions as a result of
maximum food waste quantities for all survey attendants, based on normal dis-
tribution.

Figure 82: Calculations on minimum and maximum greenhouse gas emissions
as a result of varying food waste quantities from average municipality, based on
normal distribution of averages estimated by survey attendants.
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9.9.3 Interval: Waste management costs

Figure 83: Calculations on minimum and maximum waste management costs
for all survey attendants, based on normal distribution of averages estimated by
survey attendants.

9.10 Calculations on waste management costs

Figure 84: Calculations on food waste management costs as average estimated
by survey attendants. In the bottom of the �gure, calculations on additional sta�
salary are illustrated.
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9.11 Calculations on greenhouse gas emissions

Figure 85: Calculations on greenhouse gas emissions related to food loss treat-
ment, part 1.

Figure 86: Calculations on greenhouse gas emissions related to food loss treat-
ment, part 2.

Emissions from food waste management and treatment as a share of total emissions

from the average Swedish municipality
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Figure 87: Calculations on the share of greenhouse gas emissions resulting from
food waste, for the average municipality

9.12 Complementing survey on waste management costs

9.12.1 E-mail to municipalities

Hej!

Jag skulle vilja komma i kontakt med det företag som hanterar hämtning och behandling av
matavfallet från de kommunala storköken. Har du uppgifter till någon?

Mvh, Lotta Jansson

9.12.2 E-mail to waste management businesses

Hej!

I XXX kommun utför jag en enkätundersökning gällande matsvinnet från de kommunala storköken.
Utifrån enkätsvaren skriver jag min masteruppsats som bl.a handlar om miljönyttan med att kunna
redistribuera matsvinn till t.ex välgörenhet. För att kunna avgöra miljönyttan måste jag veta vad
den alternativa behandlingen är och det är därför jag kontaktar er.

Min fråga är vad som blir av det matavfall Ni samlar in från de kommunala storköken i XXX kom-
mun. Om olika behandling av matavfallet tillämpas, ungefär hur ser uppdelningen ut procentuellt?
(T.ex: Förbränning 20 %, rötning 70 %, kompostering 10 %)

Vänliga hälsningar, Lotta Jansson
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9.12.3 Calculations on waste management costs from municipality
of Kristianstad

Figure 88: Calculations on waste management costs from the municipality of
Kristianstad.

9.13 Charity organizations

9.13.1 Mail to charity organizations

Hej!

Jag läser mitt sista år på Lunds Tekniska Högskola och skriver just nu min masteruppsats om
matsvinn från kommunala storkök och hur detta kan tas om hand på ett mer hållbart sätt, t.ex.
genom redistribution till välgörenhet. En del i uppsatsen går ut på att undersöka vilka typer av
aktiviteter det �nns i dagsläget som erbjuder mat av olika slag till utsatta människor.
Därför skriver jag till Er nu med några frågor jag hoppas kunna få svar på:
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• Vilka olika matserveringsaktiviteter erbjuder Ni?

• Tar Ni betalt för någon av dessa aktiviteter?

• Hur mycket av det Ni serverar utgörs av donerad mat/livsmedel?

• Hur många personer serverar Ni i snitt inom er/era matserveringsaktivitet/-er?

• Tror du att Ni skulle ha möjlighet att ta emot ännu mer mat/livsmedel än Ni gör idag?

Många vänliga hälsningar,
Lotta Jansson

9.13.2 Data from survey on charity organizations

Figure 89: Data from mail correspondence and web pages for charity organiza-
tions attending the complementing survey on social e�ects from food redistribu-
tion.
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Figure 90: Data from mail correspondence with charity organizations attending
the complementing survey on social e�ects from food redistribution. Numbers
served, share of donated food and if able to manage larger donations.
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