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A B S T R A C T

Food waste in the food services industry has been identified as an important unsustainability hotspot, but
standardised methods for food waste quantification are lacking. Existing studies on waste quantity assessments
have several limitations, such as short and infrequent quantifications times, large methodological variations
ranging from physical measurements to visual observations, and lack of comparability across catering unit types.
Since lack of comparable waste figures can lead to error-prone analysis, a general framework is needed for waste
quantification in food services. This paper presents one such framework that allows data comparisons when
overlapping observations are included. The framework was tested in six case studies in professional (public and
private) catering units in Sweden. Data were collected from different schools, elderly care homes and hotels and
fitted into the framework. The results from these case studies indicate that the framework enables catering units
to focus waste quantification on their individual problem areas. It also provides the possibility to extend waste
quantification over time without any loss of generalisability. A graphical representation of the framework fits the
traditional tree structure and was found to act as a suitable foundation for food waste quantification in food
services by structuring collected data. In order to fully utilise the potential of the tree structure, it should be
supplemented with precise definitions to create a catering food waste quantification standard.

1. Introduction

Although food waste seems like a simple problem, the solution “to
just stop throwing food away” is much more complex. The food waste
issue gains in complexity when linked to the three pillars of sustainable
development: economic, social and environmental. Although reducing
food waste will not automatically result in sustainable development, it
can make an important contribution. Food waste is associated with
substantial losses of money (FAO, 2013) and natural resources
(Steinfeldt et al., 2006; Garnett, 2011; Scholz et al., 2015), but also has
moral implications in relation to food security (Stuart, 2009; Godfray
et al., 2010; FAO, 2012). In recent times, industry (Tesco, 2014), gov-
ernments (Rutten et al., 2013) and international organisations (UN,
2016) have initiated waste reduction programmes. Reducing food waste
is also less controversial than, for instance, reducing meat consumption
or increasing productivity by expanding the use of genetically modified

organisms. Since food is wasted for a large number of reasons and by
different actors in the food supply chain, it is difficult to find a ‘quick
fix’ solution. Food can also be wasted as a result of measures to increase
profits or protect public health. In many countries, food waste creates a
problem if it is landfilled or left in illegal dumping sites. In other
countries, Sweden included, landfilling of organic waste is prohibited
(Ministry of the Environment and Energy, 2001) and surplus food is
considered a resource that can be used for biogas production or for
feeding people in need (Eriksson et al., 2015; Eriksson and Spångberg,
2017). It is therefore not the wasted food that is the prime concern, but
the wasteful behaviour that results in unnecessary food production in
the first place.

Before food wastage can be reduced, it is necessary to identify the
quantities of waste generated. This requires accurate waste estimation
(Eriksson, 2012, 2015) and is an essential first step in evaluating the
effect of any food waste reduction measure. However, international
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studies of food waste in food services lack accurate data. One survey
showed that only about half of Swedish schools measure food waste at a
frequency of one week per semester or higher (School Food Sweden,
2013). In studies in the UK, food waste was quantified for two days in
three hospitals (Sonnino and McWilliam, 2011) and for 28 days in one
hospital (Barton et al., 2000); in studies in Sweden for two days in four
kitchens (Engström and Carlsson-Kanyama, 2004); in Switzerland for
five days in two kitchens (Betz et al., 2015); in Portugal for 471 school
meals during one month (Martins et al., 2014); in the United States for
five days in one kitchen (Byker et al., 2014); and in Finland for one
week in 55 kitchens (Katajajuuri et al., 2014). Such small-scale mea-
surements may produce results that are inconclusive and biased,
making any interpretation error-prone.

Moreover, the method used for quantifying food waste and the
scope of previous studies vary. Some studies are based on visual ob-
servations (e.g. Connors and Rozell, 2004; Hanks et al., 2014), while
others use physical measurements. Engström and Carlsson-Kanyama
(2004), in their study of two school kitchens and two restaurants, ca-
tegorised food waste into storage losses, preparation losses, serving
losses, plate waste and leftovers. All the losses were then divided into
food item types. Betz et al. (2015) followed broadly Engström and
Carlsson-Kanyama’s method, with the addition of making a distinction
between gross and net weight. In Sonnino and McWilliam’s (2011)
study of food waste in hospitals, all food, containers and plates were
weighed before and after meals to calculate the waste. One meal was
studied in great detail, while all leftover individual food items on the
plate were separated, grouped and weighed. A similar approach was
used by Martins et al. (2014) in their study of plate waste in Portuguese
primary schools, i.e. the plates were weighed before and after the meal.
Barton et al. (2000) studied a hospital’s plate and tray waste by mea-
suring all food supplied and wasted during a 28-day period and
weighing the total remaining food at the end of each meal. Each food
item was also weighed separately. Food waste was calculated as the
difference between food served and food recovered at the final
weighing. Byker et al. (2014) studied food waste in a school where,
after the students had completed their meal, the research team collected
lunch trays and separated food and beverages into respective bins,
which were weighed on a digital scale. In a study by Katajajuuri et al.
(2014) of waste in the Finnish food sector, the waste generated during
cooking and serving and leftovers from the customers were weighed
and noted. Hackes et al. (1997) studied food waste in the American
elderly sector by collecting and measuring all uneaten food items from
the residents in a retirement community after each meal over seven
days. The weight and the volume of the waste were computed on a per
meal, per day and per week basis. A similar study of plate waste was
conducted by Hayes and Kendrick (1995) at five American elderly ca-
tering centres, where waste was collected from the plates and separated
by menu item. The percentage of food waste was calculated, using
serving size to determine total mass of food served.

There is clearly a need for a more general framework that enables
comparisons of food waste quantifications. For instance, in some stu-
dies, quantification of food waste is an essential element (e.g.
Kallbekken and Sælen, 2013) but the methods used are not described.
In the majority of the studies cited above, the measurements were time-
consuming and almost exclusively performed by researchers. In order to
get actors in the food service sector to conduct measurements them-
selves, the method must be time-efficient in terms of learning and pre-
paration and implementation. The idea of a framework derives from the
belief that quantification can be performed more easily. Measurement
of food waste in supermarkets represents a good example, where large-
scale studies have been conducted using high-precision data collected
by the supermarkets themselves (e.g. Eriksson et al., 2012, 2014, 2015,
2016a,b, 2017b; Lebersorger and Schneider, 2014; Brancoli et al.,
2017).

Against this background, the aim of the present study was to de-
velop and test a methodological framework for food waste

quantification in food services that could demonstrate the complex
nature of food waste, while increasing the transparency of quantifica-
tion methods. The framework developed was applied to a set of case
studies, where data were fitted to test the generalisability. The frame-
work was developed with the focus on Swedish food services, but the
general structure should also be applicable in other countries and sec-
tors. The framework is described in Section 2 of the paper, while the
cases and the results from case analyses are presented and discussed in
Section 3. Section 4 presents some conclusions from the work.

2. Materials and methods

The first step was to develop a general framework for food waste
quantification in food services. The next step was to apply the frame-
work to several case studies providing actual food waste data from
different food service organisations. This might seem like a linear
process (cf. Papargyropoulou et al., 2016), but in reality the develop-
ment process involved several cycles of testing and redeveloping.

2.1. Context and rationale

In the Swedish food services sector (including both public and pri-
vate catering units), environmental issues related to food waste are a
growing concern. This could be due to the high levels of food waste in
Sweden. According to the Swedish Environmental Protection Agency
(SEPA, 2016), 70 000 t of food waste are generated every year in the
Swedish public food service sector, including schools, pre-schools, el-
derly care homes, hospitals and prisons. The amount generated by
private restaurants is similar, 66 000 t per year. This is much lower than
the corresponding estimate for Swedish households (700 000 t per
year), but since households serve a much larger volume of food, com-
parisons of absolute values give a limited view of the problem and
therefore relative waste values should be considered. According to a
recent study by Eriksson et al. (2017a), relative waste in 30 kitchens in
the Swedish municipality of Sala was 75 g per portion served, or 23% of
the mass of food served. Other studies of relative waste levels in similar
types of catering establishments indicate what could be considered a
normal level, although the studies differ in scope and refer to different
times and geographical places. The four restaurants in Stockholm in-
vestigated by Engström and Carlsson-Kanyama (2004) wasted on
average 20% of delivered mass, corresponding to 92 g per portion
served, and the two kitchens in Switzerland investigated by Betz et al.
(2015) wasted 10.7% and 7.7%, corresponding to 91 and 86 g per
portion served.

In the absence of simpler methodology, Jacko et al. (2007) argue
that aggregated methods to measure plate waste (e.g. weighing bins of
collected waste) are more accurate than selective methods (e.g.
weighing each plate/tray separately), as they are less time-consuming
and hence more suitable for long-term data collection performed by
kitchen staff. However, there are obvious advantages of achieving the
higher resolution in data that selective methods can provide, e.g. they
can enable investigation of factors actually causing food waste (as done
by Steen, 2017). Such studies are very few in number, perhaps because
of the lack of a common standard for quantifying and reporting food
waste. This makes results from different organisations difficult to
compare. The WRI’s Food Loss and Waste Accounting and Reporting
Standard (World Reasource Institute, 2016) could be used, but it is
possibly too general to exactly identify a reasonable trade-off between
‘resources used’ for waste quantification and food production. Although
food services can, in theory, follow the WRI approach, the data are
generally not comparable across organisations, unless some more de-
tailed methodology is applied. In this context, we attempted to develop
a more generalisable quantification framework, as is described in the
ensuing sub-sections.
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2.2. Criteria for the framework

The following criteria were used in development:

• The framework had to be general enough to be used in any kind of
catering unit where food is transformed from raw ingredients into
meals

• The framework had to permit categorisation and comparison of re-
sults from different types of quantification methodologies

• The framework had to be flexible enough to allow both in-depth
quantification and less time-consuming quantification, in order to
suit the needs of researchers and of kitchen staff with limited re-
sources, respectively. It also had to allow changes over time, so that
a catering unit could improve its quantification without making
previous data obsolete

• The framework had to align with previous suggested methodologies,
especially the concepts presented by Papargyropoulou et al. (2016)
and World Reasource Institute (2016), since these are based on
sound and easily accepted principles. However, it had to build fur-
ther on a specific part of the food supply chain, bringing these
principles closer to the actual user.

• The framework had to have a user perspective and therefore be
developed in such a way that it could be communicated with the
target group, i.e. kitchen staff and managers.

2.3. Case study testing

In order to test the framework developed, data were collected from
different types of food services. The cases were selected to represent
different kinds of quantification practices and public food services in
the Swedish municipalities of Sala, Gothenburg and Uppsala and two
hotels in the Uppsala-Stockholm area. Most of the data were taken from
the three municipal authorities, as they manage school kitchens, pre-
schools and elderly care homes. Some of these are production kitchens
and some are satellite kitchens, and eating can take place in a large
dining hall or in smaller units. These municipal organisations are ‘non-
profit’, which means that their waste quantifications are typically based
on environmental concerns or political goals rather than profit opti-
misation. Remaining data were sourced from private businesses which,
on the other hand, have clear economic motives to keep food waste low.
Although only a few such cases were included, they represent important
ways of quantifying food waste.

2.4. Framework development − the tree structure

c of branches. Each level represents a particular type of data and
every node is a potential point of observation. It is also possible to skip
a node and make the point of quantification at a sub-node, but with the
consequence that an aggregated level might be the lowest common
denominator where two catering units can be compared. The frame-
work contains the following eight quantification levels, where the later
levels make up sub-categories of a previous level:

• Catering unit: The unit that produces food for one or many serving
units.

• Serving unit: The point where the prepared food meets the guest/
consumer and the organisational unit for waste quantification, often
the catering unit itself when there is only one serving unit per ca-
tering unit.

• Meal: The meal basically depends on the time of the day, typically
breakfast, lunch and dinner. This level could also be recorded as a
time stamp when no distinct meals are served, but the same menu is
offered irrespective of the time.

• Process: The preparation or serving process is when the waste has
been generated, typically during preparation, at serving or as left-
overs on a plate. In larger catering units where different processes
are likely to take place in separate kitchens, the exact processes
occurring might be easier to define than in a small catering unit
where all processes take place in a limited amount of time and
space.

• Meal component: In some processes, the meal component is pre-
defined, but in the later processes it is common to separate com-
ponents like salad, sauce, side-orders, main dish and so on.

• Meal sub-component: This is only applicable if there are sub-com-
ponents, as when two or more main components are served, e.g. one
with meat and one vegetarian.

• Food type: Since the meal component just defines the roles of dif-
ferent food types in a meal, there is in some cases a need to quantify
the exact type of food wasted. Since this level of quantification is
very similar to the meal sub-component, it is likely that only one of
these levels will be used. However, the difference in comparison
with the meal sub-component level is that the vegetarian main
component is likely to be defined as vegetables and possibly mixed
up with salad or cooked vegetables as a side-order, which means
that the use is not really captured.

• Sub-food type: Food types can also be categorised in more than one
way and there might be a need to quantify data on different levels.
For example, root vegetables are a food type including the sub-food
types carrots and potatoes. Food can obviously be categorised in
several ways and on more than two levels of aggregation, but the
framework only displays two levels for simplicity.

For each of the quantification levels, there are a large number of
possible observations to be recorded. Table 1 exemplifies a number of
potential quantification categories. These examples are provided since
any quantification methodology must obviously be usable for practical
quantification. In addition, the tree consists of organisational in-
formation, metadata about the catering and serving units and the re-
ference bases quantified in order to calculate a relative key figure from
recorded masses of food waste.

In order to make food waste comparable over time and between
different catering units, there is a need for relative key figures. Here we
identified two different key figures with different possibilities and
limitations. The first, and possibly most useful, approach is to present
the waste as mass per guest served. The number of guests should be

Table 1
The food waste quantification framework, with examples of observations that could fit in each level of the framework.

1 Catering unit 2 Serving unit 3 Meal 4 Process 5 Component 6 Sub-component 7 Food type 8* Sub-food type

School Satellite canteen Breakfast Receiving Main component Main comp. meat Meat, fish and egg Beef
Hospital Dining hall Lunch Storage Side order Main comp. fish Vegetables Pork
Hotel Classroom Dinner Preparation Salad Main comp. vegetarian Fruit and berries Poultry
Restaurant Care unit Snack Safety margin Sauce Side-order bread Root vegetables Fish

Room service Serving Diet Side-order potatoes Potatoes Cereals Beans
Packed lunch Buffet Desert Carbohydrate-rich component Dairy Lentils

Plate scrapings Side-order vegetables Egg
Dishwasher sieve Cheese

* Level 8 is included to illustrate the possibility of categorising food types on further levels of aggregation.
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fairly easy to quantify accurately through a payment system or by
counting the number of plates. This provides an easy key figure that
gives a good overall perspective. The other key figure we identified is
percentage waste in relation to mass of individual or aggregated waste
categories served. Since this key figure can be used to highlight specific
waste flows that are not captured by the mass per guest, it can be an
efficient tool for problem analysis and progress follow-up. The down-
side is that it requires quantification of served food with the same re-
solution as wasted food. This is potentially very time-consuming and
the accuracy may suffer as a consequence, since estimates of mass
served might be used instead of actual quantities. However, if there are
extra resources available, it is possible to quantify served food with
high accuracy, e.g. for scientific purposes. There is also the possibility
to use the number of guests with the same type of resolution as for the
mass of food served, for instance whether the meals are served as a free
choice or set menu. However, practical limitations should be the main
consideration in finding the best compromise for acquiring the best data
with the least effort, and this compromise is likely to be highly influ-
enced by how the food is served in each establishment.

Since many canteens, hotels and restaurants are part of a larger
organisation where one catering unit may produce food for several
serving units, there is a need to separate food cooking from food ser-
ving, but both should be included in order to make information ex-
change possible. One example of this kind of structure is a central ca-
tering unit that sends hot food to satellite serving units far away.
Another example is large restaurants that have different dining areas
where different food types are served. In such cases, different levels and
categories of food waste will be generated in the different satellite
serving units or dining areas, but the preparation losses will be gener-
ated in the production kitchen. It must therefore be possible to cluster
kitchens and dining halls in order to evaluate the performance of the
whole cluster, especially since information sharing is very likely to be
vital for efficient production planning and waste reduction. Therefore,

the point of quantification is the serving point rather than the point of
production, with the production (catering) unit as the defining compo-
nent in the cluster of serving units.

The remaining information that can be collected within our fra-
mework are metadata about the catering unit. There is practically no
limit on the type of information that can be collected, but the most
obvious are: information about the type of consumers (e.g. school pu-
pils, hotel guests), number of seats in a dining hall, gender of the ca-
tering and serving staff and anything that might have a direct or in-
direct influence on food waste. All available metadata should be
assigned to each data point, in order to make deeper analyses possible.
Free text comments could be seen as a metadata point specific for each
mass observation.

The organisational structure of the company or public body that
runs a food service is also a vital type of metadata. However, we con-
sidered this to be a separate part of the system, since the organisational
structure is likely to be a hierarchy of several levels of units, depart-
ments and divisions, where aggregations and comparisons of all these
organisational levels might be of interest. Both the organisation and the
metadata will possibly shift over time due to reorganisations, because
catering units are renovated or if there is a shift in customers.

In order to illustrate the framework, a tree is used to simplify the
structure and make it user-friendly (Fig. 1). In this illustration, the
trunk represents the serving unit and, if there are several serving units
connected to a catering unit, the tree has several trunks. The branches
that can be placed on different levels represent all the different sub-
categories of waste quantification. At the end of each branch there is a
leaf symbolising the data point. These can be either active (green leaf)
meaning that they are used by the catering unit in question, or they can
be passive (yellow leaf) meaning that this category of waste exists, but
is not included in the quantification. This means that each branch
should end in a leaf, either green or yellow. In this illustration, in-
scriptions or signs on the tree trunk/s represents the metadata on the

Fig. 1. The food waste quantification framework, illustrated as a tree.
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serving unit/s and the hierarchy of the organisation, where the catering
unit is represented as a root system.

2.5. Identification of useful definitions and specifications

Since the tree structure applies only to the very end of the food
supply chain, where food is cooked and consumed, the framework has a
clear focus on prepared food rather than the raw ingredients. This
makes the framework less comparable with the rest of the food supply
chain, but the aim is to make catering units comparable, rather than
comparing catering establishments with farms. This is a limitation, but
it makes it easier to handle the inconsistencies described by Chaboud
and Daviron (2017), since many problems with definition arise when
different stages in the food supply chain are compared. Therefore, the
definition of food waste used by FUSIONS (Östergren et al., 2014) was
chosen for the framework because of its simplicity, since both edible
and inedible parts are considered food waste. Since this is at the very
end of the food supply chain, the definition used by FAO (2011) could
also be used, with the difference that a mix of waste and losses will be
quantified.

The different categories of data are in some cases very flexible and
can be defined by the user in order to suit the specific context.
However, the process data category may need more specification, since
this is obvious from a research or from a user perspective. Therefore,
Fig. 2 illustrates the different flows in catering establishments and how
the different process-orientated waste categories are dependent on
where in the process they occur.

Since the mass flow of waste can be of significant importance for the

mass flow of the whole catering unit, Fig. 3 helps illustrate where the
point of observation for the served food is located. It can appear strange
to not select one of the end-points in the process as a base of reference,
but we selected food served as the reference point for two reasons. First,
it is the only step in the process where only the food served on a par-
ticular day appears. Some of the steps prior to serving may take place
days beforehand, due to long preparation and storage times. Here,
leftovers also play a role since they can be seen as prepared food until
they are served, which is likely to be a day or two later than when they
were cooked. The second reason is practical: it is much easier to
quantify the amount of food served than the amount taken or eaten. It
would also be difficult to recalculate the mass of food served into mass
of food eaten due to addition and loss of water in the cooking process.
Moreover, according to Eriksson et al. (2017a) most of the waste occurs
post-serving, making the later stages more important for food services.

3. Results and discussion

3.1. Case studies to test the framework

Data from several case studies were fitted into the framework in
order to test whether it can handle and bring structure to quantification
methods already in place. The cases involve data from elderly care units
in Sala municipality, school canteens in Malmö and Uppsala munici-
palities, pre-schools in the city of Gothenburg, two university campus
restaurants in Uppsala and three hotels in the Uppsala-Stockholm re-
gion.

Fig. 2. Schematic figure of the mass flow in a catering establishment, illustrating the process-based waste categories. The grey area indicates food prepared in the production (catering)
unit, but sent out to be eaten in different places.
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Fig. 3. Sankey diagram illustrating the different mass flows through a catering unit. Liquid waste and dispatched food are omitted for the sake of simplicity.

Fig. 4. School canteen in Uppsala municipality. Blue areas in the diagram represent parent nodes to other nodes; orange nodes represent those present, but not quantified; and green
nodes represent the end-nodes, which are quantified. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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3.1.1. School canteens in Uppsala municipality
Data from the municipality of Uppsala were employed by Steen

(2017), who used schools to model risk factors of food waste genera-
tion. Since Uppsala municipality uses a similar structure to collect food
waste data in all its school canteens, Fig. 4 can be used to depict several
similar catering units. In this example the catering unit only supplies its

own canteen, which serves lunch and snacks (typically fruit and sand-
wiches). In addition to the mass of wasted food, the catering unit re-
cords the number of pupils served lunch.

Since this case has quite a simple structure, with only one serving
unit attached to the catering unit and only one meal included in waste
quantification, the quantification fits well into the tree structure. Since

Fig. 5. Typical pre-school in the municipality of Gothenburg.

Fig. 6. Catering unit in an elderly care unit in Sala municipality that serves food to a restaurant and to the care unit, with the safety margin aggregated with the serving waste when
quantified, for practical reasons. The food types are not part of the quantification, but can be connected through the menu in order to generate data on the type of food wasted.
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waste quantification only includes tree observations on the same level
(the process level), there is not much need for using the framework for
this quantification, but the structure can be useful if waste quantifica-
tion is increased, in order to set out the direction for the additional
observations.

3.1.2. Pre-schools in the city of Gothenburg
Data from pre-schools in central Gothenburg use the Gothenburg

model (Göteborgsmodellen, 2016) to quantify food waste. This means
that they collect data according to Fig. 5, with the focus on the food
prepared food in the catering unit. The difference from Uppsala schools

Fig. 7. Catering unit in a secondary school in Sala
municipality that serves food both to a restaurant
and to two satellite school canteens, with the safety
margin aggregated with the serving waste when
quantified, for practical reasons. The food types are
not part of the quantification, but can be connected
through the menu in order to generate data on the
type of food wasted.
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is that Gothenburg pre-schools record the menu, in order to keep track
of food served. However, they do not record the number of guests or
amount of feed cooked, which means that the results can only be pre-
sented in terms of absolute mass.

This case does not differ greatly from the previous case, but high-
lights the possibility of focusing on specific categories in order to
handle waste hotspots. The two observations does not need a frame-
work, but the benefit of the framework is to highlight what is not
quantified, in order to see how this quantification overlaps with the
previous case. However since only the masses are quantified, it will not
be useful to compare waste level for different pre-schools, since they
may differ in size and therefore have different amount of waste.

3.1.3. Elderly care home in Sala municipality
Data from food waste quantifications in Sala municipality are pre-

sented in Eriksson et al. (2016a, 2016b, 2017a). Here an elderly care
unit in Sala was used as an example. The quantification structure of this
catering unit was fitted to the tree model in Fig. 6, with both active data
points and passive data points included. The catering unit represents a
fairly complex structure quantifying food waste on several levels in the
framework. In addition to the food waste, it also quantifies the number
of guests on the serving unit level (for the restaurant) and for each
component/sub-component of the mass of served food is recorded.

This case study is the first in which observations are recorded on
different levels in the tree structure. It is of course possible to quantify
all these categories without the tree structure, but the framework shows
the possibility to aggregate the sub-categories of e.g. serving waste in
order to make it comparable with the previous case studies, where this
category was quantified only on the process level.

3.1.4. Secondary school in Sala municipality
Another example from Sala municipality is the secondary school

Kungsängsgymnasiet, which has data from an extended and temporary
quantification period described by Eriksson et al. (2017a). Since this
catering unit delivers hot food to two satellite serving units (Lärkbacken
primary school and Ängshagen primary school), the quantification data
from these two units are included in a simplified way in Fig. 7, even
though data sharing on this level does not yet take place.
Kungsängsgymnasiet also serves food to pupils from the neighbouring
primary school Sörskogen, which is quantified separately. It also
quantifies the number of guests in each serving unit and for each
component/sub-component the mass of food served is recorded.

This is the most complicated case presented but, since the catering
unit belongs to the same organisation as that in the previous case study
it shows clear similarities. However, this case highlights the difference
between an elderly care unit and a school, since they exclude different
amounts by just quantifying lunch food waste. A complicating factor
with this case is that the catering unit delivers to two satellite serving

units and to two different groups within the school canteen. This
challenges the tree structure slightly more, but it also emphasises the
need for structuring the data on different hierarchical levels in order to
capture all the information provided in the observations conducted.
This is of course also a prerequisite for data sharing between the ca-
tering units in the future, in order to avoid overproduction of food that
cannot be saved for later use in the satellite units.

3.1.5. Hotel 1
A hotel in Uppsala was approached to get a case study outside the

public sector. In the hotel, one kitchen supplies three dining areas: a
restaurant, a bar and room service. Since all food waste is returned to
the kitchen, the sum of all waste is recorded three times per day when
the waste is taken out of the kitchen (Fig. 8). The number of guests is
recorded in the cashier system, but this information is not used to
produce any relative figure of waste per guest. No record is kept of how
much food is served and waste is therefore only recorded as mass per
meal served.

This hotel case study illustrates a different approach to food waste
quantification than in public sector canteens. It might be unnecessary to
create a framework for this kind of approach, where the waste bag is
simply weighed three times per day. There are similarities between a
hotel restaurant and a school canteen, but this example is still difficult
to compare with the previous cases, since the bags do not just include
the dining room and kitchen waste, but also the waste from the bar and
room service.

3.1.6. Hotel 2
One of two hotels described by Peksin (2016) was used as a case

(Fig. 9). It reflects the methodology described in Peksin (2016), al-
though this was a very temporary quantification that included three
meals where different types of food were quantified for each meal, di-
vided into three different process categories. The mass of waste was
related to the number of guests per meal, in order to present a value of
waste per portion served.

This hotel has a higher focus on different food types and thus clearly
differs from the previous cases, where the focus is on the function in the
meal composition of each food type. It is therefore a strength to provide
both the meal components and the type of food in the framework, since
kitchens and catering units can then be included independent of their
focus. However, it is clear that if a hotel kitchen has a buffet-style
serving system, it will be more suitable to focus on food types rather
than meal components and hotels are therefore likely to simply skip the
component and sub-component levels. This could be taken as an in-
dication that the component levels are unnecessary, or should come last
in the tree, but we consider it more suitable to have the food type as a
sub-category of meal components rather than vice versa, since the food
types can be divided into many more sub-categories than the meal

Fig. 8. Hotel in the city of Uppsala, where all waste from the different dining areas is returned to the kitchen, where the mass of the food waste bag is recorded three times per day.
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components.

3.1.7. Hospital
A medium-sized hospital in southern Sweden was also included as a

case (Fig. 10), since a hospital provides yet another type of food service
but also since this specific hospital uses a tray system and therefore
differs from the other case studies. The quantification included two

serving units, since the waste from the food delivered outside the
hospital was not quantified. No relative values are calculated, so only
the mass numbers for the two categories are included.

However, this system is a quite complex, with many types of special
diets delivered to many different care units. Since the care units send
back the trays to the hospital kitchen, it would be possible to quantify,
on a high level of detail, what is eaten of each type of meal, what part of

Fig. 9. Hotel 2, where food waste was quantified down to different food types when served in a buffet. For simplicity, only dinner is displayed, but lunch and breakfast were also
quantified following the same structure as dinner. Since no inactive waste categories are included in Peksin (2016), only active waste categories are included in the diagram.
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each meal is left untouched by the patients, and how many whole trays
are sent back to the kitchen untouched. If this were done, the quanti-
fication methodology could be divided per meal and per process. The
plate waste (or tray waste) would be of particular interest in this in-
stance, since most of the waste is related to the food returned from the
care units. In order to design measures, it would be useful to know how
much of the waste arises from ordering too many trays and how much
arises from patients not finishing their meal or leaving side-orders un-
touched.

3.2. Overall perspectives on the framework

There is a fundamental difficulty in quantifying food waste in food
production (catering) units, the space where raw ingredients are
transformed into cooked meals. In contrast, in distribution and retail a
food may change article number and price, but does not change other
properties like mass. Catering units have much in common with pro-
cessing industries, where food is also transformed. However, food in-
dustries normally produce by-products rather than waste. A catering
unit also produces a large variety of meals, based on an even larger
variety of ingredients and losses/addition of water. It is therefore dif-
ficult to develop a strictly scientific and well-defined methodology for
waste quantification that can actually be conducted by kitchen staff.

Based on the different case studies, the proposed framework is
flexible enough to include many different methods, but still structured
enough to fit all different methodologies. However, food waste quan-
tification is just a starting point for building up a detailed methodology
and needs to be supplemented with precise definitions of what exactly
to include and what to exclude in different waste categories. This can
only be achieved if there is a framework to organise the information. It
could also be supplemented with conversion factors in order to make
non-comparable data more compatible. This could be done by using
data for similar catering units in order to estimate unquantified waste in
a particular unit and produce a total value, even though waste has not
been quantified. The same logic applies for the quantification period,
where shorter quantifications (less than one month a year) can be used
to interpolate the waste between quantification periods. The weakness
of the framework is that these details have not yet been worked out, and
there is therefore too much flexibility for it to qualify as a standardised
quantification methodology.

The strength of the suggested framework is the practical approach.
One example of this is the possibility to focus the quantification on
particular problems, i.e. the quantification can be adjusted over time
but still kept within the framework. The level of quantification can be
increased by adding data in three different directions. The first direc-
tion is time, where additional days are added to the quantification
period until the period is continuous. The second direction is depth or

resolution, where a specific waste category is divided into sub-cate-
gories that are quantified to add resolution. The third direction is to add
quantification on the level already quantified, i.e. activating inactive
waste categories in order to achieve a result that is closer to the total
sum of waste. By using these possibilities, different catering units can
quantify food waste at their own desired level, but still obtain data that
are comparable to those reported by other, more ambitious units. The
only limitation is that they can only compare the parts of the data that
overlap, and not completely different categories. Our framework for
food waste quantification in food services also allows researchers to
compare data from different food waste quantification projects. The
tree structure of the framework can best be described as a way of or-
ganising and categorising quantitative food waste data from kitchens.
Since the tree structure was found to be useful for categorising the food
waste data in all selected case studies, we propose it as a foundation on
which future food waste quantifications in food services can build.

4. Conclusions

A framework was developed to address the limitations of common
food waste quantification methods in food services. The framework was
applied to some case studies, where it proved useful in categorising and
structuring quantitative food waste data from professional kitchens.
There is potential for further development of the framework, to serve as
a basis for designing waste quantification procedures in different types
of catering units. Together with certain specifications as a minimal
basis of quantification, it can serve as a methodological standard.

The advantage of the framework is that it does not just present
principles for waste quantification, but goes further to define and de-
scribe the important features, specifically for professional catering
units. Such units are surprisingly complex in a systems perspective and
therefore it is difficult to develop a quantification standard that bal-
ances both the strengths of standardisation and flexibility. Our frame-
work makes it possible to have a common base and yet develop in-
dividual settings for each catering unit. The tree structure then makes it
possible to benchmark different catering units based on overlapping
and commonly defined key figures. At the same time, each catering unit
can develop its own quantification structure to follow up on specific
problems by focusing information collection on the areas with the lar-
gest potential to make a difference.

The framework can be applied directly by any catering unit, since
many of the paper- or spreadsheet- based quantification systems al-
ready in use will fit well to the tree structure. However, its full potential
can only be realised when electronic food waste quantification is pos-
sible.

Fig. 10. Medium-sized hospital in southern Sweden, where all waste from two different tray-based serving units is quantified.
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