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Resume

This project is based on an initial wonder of how calculation of CO, emissions can be automated to
support organisations dealing with food procurement undertaking a more sustainable transition.

A collaboration was established with the Danish organisation Madservice Aalborg, that produces
food to nursing homes and other eligible residents within Aalborg Municipality, currently accounting
for more than 50% of the municipality’s total procurement.

Previous research within the concepts of sustainability, food sustainability, Life Cycle Assessment
as well as Sustainable Human Computer Interaction have been examined to gain partial understand-
ing of the domain dealing with the above mentioned concepts.

A problem statement was defined after exploring the organisational context further through an
interview with an employee who is primarily responsible for handling tasks related to sustainability

and procurement of food. The problem statement reads:

How can CO,e emissions of procured food be calculated in a consistent, precise and feasible manner,

and how should these calculations be presented to relevant groups at Madservice Aalborg?

The first part of the problem statement has been explored using machine learning as a possible
technical solution as well as through an interview with two employees at Madservice Aalborg. We
argue that given available data in the form of sales statistics, a possible solution could be through a
Support Vector Machine (SVM) model that classifies food items from invoices with the most accurate
equivalent in The Big Climate Database.

Thematic analysis was used to find distinct themes to provide an overview of the content of the
interviews. Through the interview and the subsequent analysis, we have gained a more contextual
understanding of the precision and consistency that the technical solution would need, in order to be
a feasible solution to calculate COye from procured food.

The second part of the problem statement has been explored through a workshop and an evalua-
tion of two visual prototypes. The workshop was held at Madservice Aalborg, with six participating
employees occupying different roles. This activity was followed up by the development of two visual
prototypes, drawing on inspiration from various visualisation techniques and the gestalt law princi-
ples. The prototypes were evaluated by three employees at Madservice Aalborg, using the thinking
aloud approach accompanied with a pre-defined set of tasks. The content of the evaluation was anal-

ysed using thematic analysis.
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The findings of the activities, we have undertaken to answer the problem statement, have then
been put in relation to each other. This included discussing both the conceptual fit and practical
implications of using machine learning. Additionally, we discuss how we identified the relevant
users and possible implications of excluding some participants from the evaluation, as well as how
we chose to present the information in the prototypes. This is followed up by a discussion of the
opportunities and limitations, that came working with a case, as well as how Madservice Aalborg has
been able to benefit from collaborating with us.

Finally, we conclude the project by arguing that a potential solution needed to support the track-
ing of COye emissions should be consistent, precise and feasible. We propose machine learning as
a potential solution that incorporates these three concepts in varying degrees. In addition, we con-
clude that calculations of CO,e emissions should be presented in a way that supports the tasks of the

different groups.
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Introduction

In recent years, there has been an increasing focus on how to reduce the impact on climate change
from food systems, as recent estimates point to the global food systems being responsible for up to
18 billion tonnes of CO e per year equivalent to a third of total greenhouse gas emissions (Crippa
et al. 2021). The global food distribution and consumption systems, thus address the most basic
need for all human beings, while at the same time posing an increasing environmental challenge.
In addition, the Food and Agriculture Organization of the United Nations (FAO), state in a report
from 2012 that food production has to increase by 60% by 2050 in order to meet the demands of a
growing population (Alexandratos and Bruinsma 2012). As a result, the environmental impact from
food production is expected to worsen even further unless radical changes are made to the way we
produce and consume food (Schau and Fet 2007; Notarnicola et al. 2017).

To encourage changes in how food is procured, it is useful to make the environmental impacts
of these foods measurable. One way to do this could be through life cycle assessments (LCA) of a
product's impact from each link of the supply chain. However, this comes with its own challenges in
terms of different methodologies and approaches, which can yield different results.

This project aims at exploring the possibility of developing a digital solution to support a transi-
tion to more sustainable food procurement practices at an organisational level. This is done within the
context of the Danish food procurement organisation Madservice Aalborg. Madservice Aalborg is an
organisation which produces meals as a subscription service for nursing homes and eligible residents
within Aalborg Municipality. To examine this we look at related literature in the areas of sustainabil-
ity, LCA and sustainability in human computer interaction (HCI). This is done to nd out what the
research says about the concept of sustainability and which underlying factors that are behind cal-
culating the CO, impact of food. In addition, we also look at how sustainability has been presented
within the HCI area. Then we present and unfold the problem area, both in relation to Madservice
Aalborg, but also in relation to the political climate they operate in as a revenue-covered company.
Having uncovered the problem area, we present a proposed solution, in the form of machine learn-
ing, that could potentially help solve the challenge of calculating CO e emissions of purchased food.
We then examine the proposed solution in the context of Madservice Aalborg, to see if a solution of
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this type would be feasible. Then we explore how the results of these calculations can be presented
in a way that relevant groups at Madservice Aalborg nd meaningful, this is done with a workshop
with employees from Madservice Aalborg. The results from this are then incorporated into two visual
prototypes which are subsequently evaluated.

1.1 Reading Guide

In this section we provide a short overview of the following chapters' content. It is worth noting
early, that the problem statement presented in chapter 4 has been processed in a seemingly split way,
as part of the problem statement is concerned with nding a technical solution to the problem, and
the other part is concerned with presenting the solution in meaningful ways. When discussing and
answering the problem statement in chapter 10 and 11, these parts are however dependant on each
other.

» Chapter 2, Related Works presents works related to food sustainability, life cycle assessments,
and human computer interaction regarding food sustainability.

» Chapter 3, Previous Collaboration describes a previous collaboration with Madservice Aalborg
and the results of the collaboration. This is done to clearly differentiate the current collaboration
from the previous.

» Chapter 4, Problem Area provides an initial description of how procurement of food items at
Madservice Aalborg is performed, as well as giving an overview of relevant political ambitions
regarding sustainability of food. Lastly, the problem statement is presented and accompanied
by delimitations.

» Chapter 5, Technical Solution presents machine learning as a possible solution for tracking the
CO.e emissions associated with procured food. This is done by implementing three machine
learning models on a set of procured food items obtained from Madservice Aalborg.

» Chapter 6, Understanding the Fit of a Technical Solution — Second Interview  describes con-
textual understanding relevant when considering how CO »e emissions could be calculated in a
consistent, precise and feasible manner. This is done by interviewing two employees at Mad-
service Aalborg.

» Chapter 7, Workshop presents the planning, execution, and results from a workshop performed
with six employees at Madservice Aalborg. The purpose of the workshop has been to gain un-
derstanding of, and prioritise, the information which could be relevant to users of the potential
COye tracking system.

» Chapter 8, Visual Prototype presents the development of two visual prototypes, representing

parts of a potential system for tracking CO »e of procured food. The information present in the
prototypes are based on earlier chapters' ndings.
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» Chapter 9, Evaluation presents the planning, procedure and results from the evaluation of the
two prototypes. The evaluation was conducted on three employees at Madservice Aalborg,
using the thinking aloud approach with the purpose of exploring whether the calculations of
CO.e emissions of procured food were presented in a meaningful and understandable way to
the participants.

» Chapter 10, Discussion presents a discussion of the projects activities, by putting the ndings
of chapter 5, 6, 7, 8 and 9 in relation to each other as well as the research presented in chapter 2.

» Chapter 11, Conclusion presents the answers to the two parts of our problem statement.



Related Works

In this chapter we will present related works in the areas of sustainability, food sustainability, life
cycle assessment and the interplay between food sustainability and human computer interaction.

2.1 Sustainability

In order to explore how a digital solution can support Madservice Aalborg to take more sustainable
measures in their food procurement, it has been important to rst understand the concept of sustain-

ability. In recent years, research within sustainability has dealt with how the concept is to be de ned,
understood and which factors that in uence whether something is sustainable or not. This remains

true to this day where there are no universally agreed upon de nition on what sustainability is. How-

ever, in 1987 the World Commission on Environment and Development (WCED) published a report

entitled Our Common Future (the Brundtland Report 1) which tries to deal with the concept of sus-
tainability in a holistic way. In the report, sustainability in the context of sustainable development is

de ned as: "[...] development that meets the needs of the present without compromising the ability of future
generations to meet their own ne€d$VCED 1987, p. 54).

According to WCED 1987 the "[...] goals of economic and social development must be de ned in terms
of sustainability [...]. The holistic nature of this de nition is shown through an understanding of
sustainability that relates to both the environment, society and the economy. A holistic concept of
sustainability thus implies a thinking together of the three areas, and it requires thinking in wholes as
the areas are closely intertwined in the context of sustainability. This means it is necessary to assess
possible solutions to sustainability problems on the basis of all three parameters.

Since the publication of the Brundtland report, the concept of sustainability has been widely
expanded into multiple different domains. The current ubiquity of the concept sustainability thus
makes it dif cult to construe meaning for the use of the concept in different contexts. Vos 2007 ad-
dresses this point by stating that:

1. The document came to be known as the Brundtland Report after the Commission's chairwoman, Gro Harlem Brundt-
land.
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"There is unlikely to ever be a single answer to the question, "what is sustainability’. Instead,
de nitions should be crafted to serve well in different times and contexts. And, more importantly,
the de nitions should be practiced, by implementing metrics and indicators of progress along the
road to sustainability.

(Vos 2007, p. 6).

With this in mind, it makes sense to try to de ne the concept of sustainability from the context of
this report, where the focus is on sustainability in food.

2.1.1 Food Sustainability

Food is fundamental to our survival, but at the same time its production and consumption poses
an increasing challenge to our environment. With an increasing global population and changing
consumer needs, the sustainability of our food supply chains are under pressure (Sala et al. 2017;
Tilman et al. 2011; Godfray et al. 2010).

Various perspectives and solutions have been researched to mitigate some of the environmental
effects this has. According to Garnett 2013, three perspectives can be taken when trying to understand
food sustainability and the challenges that reside within it, these are: the production challenge, the
consumption challenge and the socio-economic challenge.

Garnett 2013 argues that in order to create a sustainable food system, we need to address all three
of these challenges. As the challenges identi ed can be seen as an expression of different perspectives
on sustainability in food, it is essential to:

"[...] pay more attention to the values that different stakeholders bring to the debate on food sus-
tainability. These are the source of much disagreement and miscommunication; but by identifying
values that are common among apparently very different stakeholders it may be possible to resolve
some differences and make progtess.

(Garnett 2013, p. 36).

Different perspectives and different values for what it means to be sustainable therefore further
explicates the great complexity found with the concept of sustainability.

One example of this complexity can be found in the link between diet quality and environmental
impact. So far, a large proportion of research has pointed to healthy diets also having lower envi-
ronmental impacts. However, much of this literature have left out the impact of food waste (Conrad
et al. 2018). The relationship between consumer food waste, diet quality, nutrient waste and agricul-
tural resources was explored by Conrad et al. 2018. Diet quality was measured by the Healthy Eating
Index-2015 using a score system to evaluate how well different set of foods re ect the 2015-2020 Di-
etary Guidelines for Americans. Their ndings show that higher quality diets lead to greater food
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waste, irrigation of water and pesticides while leading to less waste of cropland and fertilizers. As
such they add to the literature suggesting that diet quality and environmental sustainability are not
interdependent but should be accounted for simultaneously.

Another example asserts itself in relation to consumer choice. For instance, Grunert, Hieke, and
Wills 2014 explored the understanding, motivation and use of sustainability labels on food items of
European consumers. Four sustainability labels were chosen, of which two dealt with the environ-
mental dimension of sustainability and two dealt with the ethical dimension. The study found that
even though there was a high level of concern regarding the sustainability in food production, it did
not lead to taking behavioural measures. According to Grunert, Hieke, and Wills 2014, one expla-
nation may be due to the consumers having a more general understanding of sustainability. Thus,
when asked about specifying their concerns regarding speci ¢ product categories, a considerable part
of the consumers had no concerns (Grunert, Hieke, and Wills 2014). That food sustainability can be
a dif cult concept to grasp was further supported by the consumers understanding of the concept
sustainability and the speci c label descriptions. Most consumers associated sustainability in terms
of environmental protection and were less concerned with the ethical aspects, despite showing high
levels of awareness of the labels and ability to communicate their meaning (Grunert, Hieke, and Wills
2014).

Lastly, as Vos 2007 and Garnett 2013 argues that in order to successfully work with and practice
sustainability there needs to be an agreement on what values and what perspective that are common
among different stakeholders and at the same time implement metrics and indicators to measure
progress along the way. In relation to implementing metrics and indicators, this presupposes that
food sustainability is made measurable in a way that caters to the various stakeholders. One way to
do this could be through life cycle assessments.

2.2 Life Cycle Assessment

The global supply chain of food is complex and often times, the modelling of environmental impacts
involve burden shifting from one aspect of the chain to another (Hellweg and Canals 2014; Cucurachi
et al. 2019). In order to prevent this, a method is heeded that take all aspects of the food supply chain
into account. Life Cycle Assessment (LCA) is a way to assess the environmental impact of a given
product by following its entire journey through the supply chain, and specify the environmental
impact from each link. More precisely, LCA can be de ned as " The compilation and evaluation of the
inputs, outputs and potential environmental impacts of a product system throughout its life' ¢ytaéweg
and Canals 2014, p. 1109). LCA is one of the most widely used methods to support decision making
on sustainability within food systems, recommended by the European Commission and the United
Nations Environment Program (Cucurachi et al. 2019).

The International Organization for standardization (ISO) viewed that LCA can be used as an envi-
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ronmental performance indicator (Schau and Fet 2007). 1SO describes the LCA method as comprising
of four iterative phases: 1) goal and scope de nition, 2) inventory analysis, 3) impact assessment, and
4) interpretation (Cucurachi et al. 2019). In short, the rst phase involves the de nition of a purpose,
system boundary and the functional unit. The system boundary refers to the links of the supply chain
that are looked at. The functional unit refers to the unit that is analysed, often the mass or volume.
In phase two, data is collected and inputs/outputs as well as emissions are estimated. In phase three
an environmental assessment of the impact within different categories is carried out. The last phase
involves the interpretation of the results and suggest areas for improvement (Cucurachi et al. 2019).

Traditionally two different approaches have been applied to estimating environmental impacts
through LCA analysis, the rst being a bottom-upand second top-down The bottom-up approach
involves a detailed analysis, often of only few product groups or a single product. The bottom-
up approach often require a large effort and will usually require cut-off rules of certain aspects of
the supply chain (Feng et al. 2011). Another approach is top-down, often looking at national data of
inputs and outputs to help determine drivers of environmental impacts. These approaches usually set
comprehensive system boundaries looking at the entire supply chain (Feng et al. 2011). The different
approaches have proven to lead to different results in terms of calculating environmental impact,
especially within agriculture. One example, came from a study calculating water footprints for the
agricultural sector in eight different nations 2, that found a difference of up to 48% between using a
bottom-up approach compared to two different top-down approaches (Feng et al. 2011).

LCA can, furthermore, be distinguished by two different methods to analyse the inventory in
phase two, namely attributional or consequential modelling (Dalgaard, Schmidt, and Flysjo 2014).
Attributional modelling shows the historic emission when producing a given product, whereas con-
sequential modelling shows the future emission by choosing a given product (Chrintz and Minter
2021). The two methods, therefore, serve two different purposes. Attributional modelling can be rel-
evant when companies want to report their impact. Consequential modelling, on the other hand, can
be relevant when companies want to know the impact of their decisions (Schmidt et al. 2021).

As such, LCA methods may prove to have a positive impact in a transition towards more sus-
tainable food production and consumption compared to other environmental assessment methods
(Notarnicola et al. 2017). This is speci cally concerning estimation of the impact of speci ¢ products
for a given link in the supply chain, which can be used to identify environmental hotspots (Mogensen
et al. 2021) In addition, LCA can also be used to estimate an overall environmental impact, by pre-
venting that the impact from one process is shifted towards another process. Thus, LCA can help
highlighting if certain trade-offs exist across different environmental impact categories (Mogensen
et al. 2021).

2. Australia, China, Japan, U.S, Brazil, Germany, Russia, South Africa
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Several challenges still persist if LCA methods are to be comprehensive at assessing long-term
sustainability within the food production (Notarnicola et al. 2017). One of the most prominent re-
striction of LCA studies relate to inconsistency when it comes to the choice of methods (Mogensen
et al. 2021). For instance, the results of a an LCA study conducted with attributional modelling will
not be compatible with the results of a consequential modelling. Another issue is related to the use
of reliable data. Most LCA studies use extensive background data from databases. However, when it
comes to using LCA in food systems, the databases often represent a speci c site at a speci c time, and
often lack transparency in the way the data is presented (Notarnicola et al. 2017). This is a problem,
speci cally associated with food systems, because the production of a food item in different locations,
even within the same region, involve uncertainties and a high degree of variations when it comes to
the input and output data. This makes it dif cult for LCA practitioners to adapt background data
to a speci c case study. This raises a need for more regionalised databases with more exible data
structures (Notarnicola et al. 2017).

2.3 Sustainability within Human Computer Interaction

As we wish to make a contribution within the interplay of the elds of food sustainability and Human
Computer Interaction (HCI), we have examined previous research within this domain. Speci cally
we have focused on research done within the concept of sustainable HCI and how to present data on
sustainability measures.

2.3.1 Sustainable HCI

Hansson, Pargman, and Pargman 2021 conducted a systematic literature review of research within
sustainable HCI (SHCI), that had been published in the period between 2010-2019. They did so by
applying the United Nations Sustainable Development Goals (SDG's) as a framework, categorising
each paper according to the SDG's they address. The review found that out of 71 papers, 51 papers
could be mapped to one or more SDG's, while 20 papers did not directly address an SDG. Of the
51 papers, 42 papers speci cally addressed SDG 12Responsible Consumption and Productiamile ve
more SDG's could be covered by the remaining nine papers. Thus, 11 out of the 17 SDG goals were not
addressed by any of the papers (Hansson, Pargman, and Pargman 2021). As such, Hansson, Pargman,
and Pargman 2021 points out that the research within SHCI in the last 10 years, when using the SDG
goal as a framework, can be viewed as somewhat narrow. Looking more speci cally at the 42 papers
addressing SDG 12, 26 of those papers could be mapped to target 12.2By 2030, achieve sustainable
management and ef cient use of natural resouiaed 12 papers to the SDG goal 12.8y 2030, substantially
reduce waste generation through preventidvhile the results suggest that SHCI have focused on some
aspects of food consumption and production, notably, in our case, SHCI research do not seem to
address 12.7Promote sustainable public procurement practices
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In terms of food Clear et al. 2016 points out that this has received less attention within HCI re-
search compared to other aspects such as work and entertainment. One explanation according to
Clear et al. 2016 could be found in digital technology being less developed to support food related
practices in everyday life. In addition when it comes to sustainability within food systems Norton
et al. 2017 suggest, that most research has been focused on technologies that do not help create sus-
tainable food systems. Instead Norton et al. 2017 suggest the need of a new food and sustainability
research agenda in HCI that address challenges of food systems along broader perspectives to better
understand why they are failing. This includes understanding the role of policies and the legal and
regulatory constraints when designing sustainable food systems.

Finally, the complexity of developing more sustainable food systems, is supported through re-
search of how technological tools can support calculation of greenhouse gas emissions (GHG) along
the food supply chain. Both Lewis et al. 2013 and Colomb et al. 2013 compared the results of using
different calculators, reaching the conclusions that there are considerable differences in results de-
pending on the type of calculator used. Colomb et al. 2013 reviewed 18 different calculators that were
all based on the IPCC guidelines and its tier classi cation, from industrialised countries as de ned
by the United Nation Framework Convention on Climate change. While they found that the results
were not directly comparable due to differences in scope, emission factors and reporting unites, they
do call for more uniformity in terms of the methodology used. Lewis et al. 2013 compared ve differ-
ent calculators across nine European arable farms and also suggest a need for more harmonisation of
the tools, especially in terms of emission factors, methodology, functional units and boundaries.

2.3.2 Presenting Data on Sustainability Measures
Building on the knowledge that sustainability can be a dif cult concept to comprehend, we were thus
interested in exploring research that has used different ways of presenting sustainability measures.

Edwards et al. 2016 did a systematic review of behaviour change techniques in smartphone apps
using gami cation to promote health and noted the most common change techniques to be: Feed-
back and monitoring (94%), Comparison of behaviour (81%) and Reward and threat (81%). Similarly,
Hedin et al. 2019 found feedback and monitoring to be the most commonly used behaviour change
technique when reviewing papers exploring behavioural change interventions for sustainable food
consumption practices. However, Hedin et al. 2019 also noted that only two of the 15 papers exam-
ined, measured the actual changes in behaviour, suggesting the need for future studies to explore
long term effects.

Another study explored the potential of a visualisation tool, EcoPanel (EP), to promote organic
food shopping practices (Katzeff et al. 2020). The EP prototype was a web application that the par-
ticipants could access to visualise their purchase data in four different ways: 1) A view of the total
amount spent in the last 12 months and the organic percentage, 2) A monthly view with two alterna-
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tives in money spent and organic percentage, 3) A view dividing the purchase into different categories
and nally 4) A visualisation of the percentage of purchase of ve speci c food categories that were
deemed important to change to organic. The study showed that the average percentage of organic
purchases increased by 23% in the test period, suggesting that the participants visualisation of their
purchases through EP hold some potential in promoting more sustainable behaviour.

Finally, O'Rourke and Ringer 2016 examined the impact of sustainability information of health,
environment and social responsibility on consumer purchase intentions. This was done by assess-
ing interactions on the website GoodGuide.com, measured by the purchase intention rate (PIR). The
products examined included personal care, household chemicals, staple foods, convenience foods
and pet food. The sustainability information was presented as an overall score from a zero to ten
scale. Participants were distinguished as either direct users (directly entered the URL of the website)
or non-direct users (arrived through search engine). Overall their ndings showed that sustainabil-
ity information had little affect on the PIR compared to other factors such as price and quality. For
direct users, only health and social rates were linked with a higher PIR. Interestingly for non-direct
users the health and environment scores had a negative effect on PIR, while the social scores had a
positive impact. Thus, this could suggest that a product viewed as more sustainable can even lead to
a decrease in purchase intention amongst consumers not actively looking for sustainable products. In
addition, when it comes to the impact of environmental information, the study hypothesize that the
consumers had dif culties relating to what the rating was actually a measure of, while the complexity
was dif cult to communicate to the users through the website.
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Previous Collaboration

In this chapter we describe Madservice Aalborg as an organisation and our previous collaboration
with them. We describe our previous collaboration because we want to clearly indicate the differences
between the current project and the previous project.

3.1 Madservice Aalborg

It is through the context of Madservice Aalborg this project came to be, which is why we will broadly
describe the organisation in this section. Madservice Aalborg is an organisation which produces com-
plete meals as a subscription service for nursing homes and eligible residents only within Aalborg
Municipality. They currently provide food for around 1650 residents in nursing homes, 800 citizens
living at home, and 150 disabled citizens. The organisation has around 115 employees in total, and
consists of two kitchen units and a bakery, all at different locations within the municipality. Aal-
borg Municipality is in close cooperation with Madservice Aalborg, and offers Madservice Aalborg's
services to the residents of public nursing homes, while private nursing homes within the munici-
pality use other alternatives. There are a several different subscription options, taking into account
the citizens personal preferences and dietary needs. The most commonly chosen subscription con-
sists of three main meals and three to four snacks. It is also possible for citizens and nursing homes
to do parts of the cooking themselves, instead of serving pre-cooked food (Aalborg Kommune 2022;
Madservice Aalborg 2022, Appendix B.1).

Madservice Aalborg's procurement of food items account for more than 50% of the municipality's
total procurement of food items (Ottosen et al. 2021), which amounts to more than 100.000 kilos of
food item each month (Appendix A.1.2: 478). The food is prepared in Madservice Aalborg's kitchens
six days a week and is delivered up to multiple times a day to nursing homes, and once a day to
citizens living at home (Appendix B.1). when looking at Aalborg Kommune 2022 and appendix B.1,
the dinner meal provided by Madservice Aalborg is the only meal that has somewhat strict guidelines
in terms of content. It must ful Il the following criteria:

11
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Consist of 2250-3100 kilojoule.

Include either 100 grams of meat, 120 grams of sh, or 120 grams of minced meat with other

added food item.

Include either 75 grams of vegetables or 25 grams of pickled vegetables.

Include 1,5 deciliters of sauce.

include either 2 deciliters of dessert or 2,5 deciliters of soup.

3.2 Our Previous Project Work with Madservice Aalborg

During a previous semester, we collaborated with Madservice Aalborg 3. In this section, we sum-
marise the purpose and ndings of the previous project. This is done in order to later scope the
current project, as well as being transparent about our process.

The previous project developed an application for keeping track of CO ,e emissions of procured
food. The project was framed by the "eat sustainablychallenge, which was proposed by AAU and
Aalborg Municipality as part of the Megaprojects initiative. The Megaprojects initiative processes
global problems by using the sustainable development goals (SDG's) of the UN, and facilitates inter-
disciplinary student collaboration (AAU 2022).

The previous project included an initial exploration of the current challenges Aalborg Munici-
pality and their partners were facing regarding eating sustainably. During the previous project, a
COy-impact calculator for food items was developed in close collaboration with Madservice Aalborg,
taking their presumed use and organisational context at into account. The presumed use was inves-
tigated through interviews and sketches presented during interviews, and solidi ed later through
user testing. Regarding the organisational context, multiple interviews with people in different job
positions within Aalborg Municipality were performed to map the processes related to procurement
of food. Furthermore, it was found that several political wishes for lowering the CO »-impact of food
procurement had been proposed, but were unattainable due to disagreements or technical dif culties
in terms of actually keeping track of the associated impact. The previous project argued and assumed
that the newly published public database called The Big Climate Databaseould be good enough to
accommodate the challenges that had previously put a stop to the political initiatives. This was be-
cause the database constituted an unprecedented data foundation for calculating generic CO,-impact
in a Danish context, in terms of precision, consistency and scale. For these reasons, the C@-impact
calculator was developed to be a generic decentralised system, with the potential to be used by all
organisations procuring food within the municipality. This made sense in order to support the mu-
nicipality's tentative wish for reducing the climate impact on food procurement by 25% by the end of

3. The previous semester project can be found at Aalborg University's online project library, but requires log-in.
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2024. This would allow the municipality to implement the calculator at any organisation procuring
food, to keep track of the overall impact of food procurement in the municipality (Ottosen et al. 2021).

The conclusion of the previous project discuss the many implications in relation to developing the
calculator in the speci c context, and how the system could be used to support decision-making at
Madservice Aalborg. Summarising only the parts relevant for the current project:

1. Manual data entry : While the Assistant Manager and Sustainability Project Worker taking the
usability test, were mostly positive towards the system during the test, the time spent manu-
ally inputting and matching was extensive during testing. While it was expected that this time
would decrease as the users gained experience, there is still the question of feasibility. When
considering the amount of food being procured by Madservice Aalborg, the workload of in-
putting and matching would become great, repetitive, and prone to errors. This was despite
the early identi cation of the need for a dynamic and effective search bar, which was meant to
assist the user.

2. The use of presented data: The output of the calculator was presented and led as a small
variety of tables and diagrams, which Madservice Aalborg expected to be useful in various
decision-making processes; quick comparisons across kitchens and time, locating best practice,
strategic meetings, and of course during procurement of food. This expectation was however
only expressed by two of the informants at Madservice Aalborg, and other potential users were
not asked. This combined with the fact that the visuals presented by the system were also
delimited from depicting nutritional values and economic costs of procured food, even though
they probably pose important factors in some decision-making, meant that the potential use of
the system was only narrowly explored (Ottosen et al. 2021).

The current project originates from a problem we have identi ed with the practical use of such an
application. To use the CO»-impact calculator from the previous project, users had to manually search
for food items on their invoices or delivery notes and meaningfully match these with the names of the
food items present in the underlying database, which contained the associated CO »-impact of each
food item, see gure 3.1.
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Figure 3.1: The page where the user would search the underlying database to match the product on their invoice, taken
from the previous project (Ottosen et al. 2021)

As already mentioned, this practical use is problematic in multiple ways. Taking into account the
amount of food items Madservice Aalborg procure alone, the manual task associated with entering
and ling the calculations would be considerable. Additionally, the linking of food items on the
invoice and the food items in the underlying database was handled manually, only assisted by the
dynamic search function. The user would have to know, based on name alone, which database food
item matched the food item on the invoice. This was especially problematic since the same food items
can have vastly different ways of being referred to.

14



Problem Area

With the results and their limitations of the previous collaboration in mind, we explore the current
problem area further. In this chapter we gain an initial understanding of how food is currently pro-
cured at Madservice Aalborg and describe some of the political initiatives relevant to this project.
These lead to the subsequent problem statement which has been scoped and delimited accordingly.

4.1 Preliminary Understanding — First Interview

Early in the current project we reached out to several potential stakeholders who participated in sell-
ing or procuring food at a large scale. A collaboration with Madservice Aalborg was established,
and we set up a short initial meeting, where we discussed the project idea for a system which would
take invoices or delivery notes as input, and automatically output a CO »e value of the products. Af-
ter agreeing to pursue the project idea further, we planned a formal interview with a Sustainability
Project Worker at Madservice Aalborg who, amongst other things, handles tasks related to sustain-
ability and procurement of food (See appendix A.1.2 for the transcribed interview).

The following subsection contains a description of the methods used for the interviews performed
throughout the project. This is followed by a subsection containing the takeaways from the rst
interview performed, which in part has been used as justi cation for the problem statement in section
4.4,

4.1.1 Interview Method
The Interviews in section 4.1 and chapter 6 have both been performed in similar ways, using a com-
bination of methods described by Benyon 2019d and Spradley 1979. In preparation of each interview
and for the speci c focus of the interview, an interview guide was prepared, which can be found in
appendix A. Both the focus of the interview, as well as our wish for recording audio for later tran-
scription and the use of the transcription, was made clear to the interviewee(s) when setting up the
interview appointment, as well as prior to starting the recording during the interview. This was done
in order to be as transparent as possible, apprehending some of the early uncertainty.

Interviews were performed in a semi-structured way, which allows for mixing speci ¢ questions
with broader questions. We argue that this was the desirable approach in our case, as we needed the
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opportunity to explore the context broadly. When asking broader questions, it is up to the interviewer

to keep track of what is important in order to guide the conversation to the interesting aspects of the
answer, while avoiding less important aspects. In order to help tracking the interview, we mainly did

two things. Firstly, we performed the interviews in pairs, meaning that one interviewer could be fully
focused on the conversation at all times, while the other went through the interview guide (Benyon
2019d). Secondly, being aware of and using the different types of descriptive questionas described by
Spradley 1979, was a great help when asking the interviewee(s) to elaborate. The descriptive ques-
tions provide several different ways of asking interviewees to elaborate, such as using experiences of
the intervieweghypothetical scenaripg/pical scenariggirect language usend so on, as ways of forming
the question.

4.1.2 Findings
The interviewee of the rst interview was a Sustainability Project Worker, who handles a variety of
administrative work for Madservice Aalborg, but most importantly, she is involved in many tasks
and projects related to sustainability. The interview was performed with multiple objectives in mind;
1) Getting the study group up to date with recent developments since the previous collaboration. 2)
Mapping the work ow and tasks related to ling invoices and delivery notes. 3) Speculating and
exploring possibilities of the project idea formally, given the context of Madservice Aalborg.
Regarding the rst objective, Madservice Aalborg has participated in multiple activities regarding
sustainability of food. They acquired a 'silver badge' in organics by having organic food constitute
68,1% of their procured food (Appendix A.1.2: 337-338), which is above the 60% needed in order to
be eligible. The interviewee also mentioned throughout the interview, that she strongly suspects a
political wish for measuring and lowering CO ,e emissions associated with procurement of food to
become a reality in the near future

"[Sustainability Project Worker]: [...] what | believe is going to happen within a year or so, is
that something of cial regarding this will come out, along with a control body; "How does your
CO.e accounting look?". It would be bene cial to be able to market one self as a green business on
the right course. [...] Even though we are a municipal institution, we also want to be part of the
overarching Sustainable Development Goals, and we include these in our development plan. There
it is also possible to see, how many of the Sustainable Development Goals regards food items. It is
alot”

(Appendix A.1.2: 541-547).

Perhaps more interesting has been the development by one of Madservice Aalborg's suppliers
called AB Catering. The interviewee mentions that AB Catering provides a CO ,e estimation on all
their food items, by utilising the data from The Big Climate Database (AB Catering 2022) (description
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of the database can be found in section 4.3). She also mentioned that AB Catering is their only supplier
who provides a service like this, and that Madservice Aalborg has used the feature to get motivated
about the subject (Appendix A.1.2: 398-408).

The second objective of the interview was regarding the work ow and tasks related to ling in-
voices and delivery notes, as these are the two types of data which Madservice Aalborg receives,
that lists the procured food items and the amount of these. A prerequisite for us to further justify
our project idea of automatically outputting precise emission estimates of procured food, has been to
identify pragmatic problems in the domain context. During the interview, the interviewee estimates
that each of Madservice Aalborg's two main kitchen departments receive a minimum of 10 delivery
notes each day (Appendix A.1.2: 473-477). Each delivery note is by default physically received, and
someone at Madservice Aalborg has to accept and sign for the delivered goods. The delivery note is
then handed to the person responsible for paying the invoice, which is typically received through the
municipality's online vendor portal called TrueTrade. Each delivery note is manually matched with
an invoice, the invoice gets paid, and the interviewee physically les away the delivery note for each
supplier, for a lawfully required period of ve years (Appendix A.1.2: 114-128, 522-526).

Lastly, while more in-depth contextual understanding is still needed, the interviewee mentioned
several aspects regarding the third objective of the interview. We have not yet provided a speci c
scope, so while many of these might be more or less interesting to explore, we highlight only a few
here:

» The complexity and dif cult decisions which Madservice Aalborg faces when trying to navi-
gate the landscape of their broad set of stakeholders. Examples of stakeholders are politicians,
suppliers, residents and their next of kin, who all have opinions about Madservice Aalborg's
operation. (Appendix A.1.2: 55-60, 302-311).

 Decisions about which food to procure impacts the current practice of preparing the food. This
has been the case during Madservice Aalborg's upscaling of procuring organic food, and similar
challenges are likely going to occur when environmental impact of food becomes a decision
factor as well (Appendix A.1.2; 348-353).

4.2 Political Initiatives

In recent years, there has been an increasing focus on political initiatives to increase sustainability.
These initiatives have been of various kinds, and range from global to municipal initiatives where the
focus has been either on making the use of available resources more ef cient, circular or reducing the
use of these.

Back in 2015, the 2030 Agenda for Sustainable Development was adopted by all United Nations
Member States (UN 2022c, 2022d). The 2030 Agenda for Sustainable Developmentprovides a shared
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blueprint for peace and prosperity for people and the planet, now and into the"ftiike2022c). At the
core of this agenda are the 17 Sustainable Development Goals (SDGs) which are 17 goals with 169
targets that all UN Member States have agreed to work towards achieving by the year 2030. The
goals range from achieving gender equality (UN 2022b) to ensuring responsible consumption and
production patterns (UN 2022a) and thus covers a lot of different areas in regards to sustainable
development. However, in the context of this project, it makes sense to focus on the SDG that address
food sustainability in relation to consumption and production, which is SDG 12.

Figure 4.1: SDG 12 - Ensure sustainable consumption and production patterns

Within SDG 12 there are several targets that specify which targets must be met in order to reach
this goal (UN 2022a). These include, but are not limited to:

12.2 By 2030, achieve the sustainable management and ef cient use of natural resources.

12.6 Encourage companies, especially large and transnational companies, to adopt sustainable prac-
tices and to integrate sustainability information into their reporting cycle.

12.7 Promote public procurement practices that are sustainable, in accordance with national policies
and priorities.

As the various targets for SDG 12 indicate, working with SDGs is a complex area with many
facets, for which it can be dif cult to see an immediate solution. It may therefore make sense to look
at sustainability initiatives in a European context.

At a European level the European Green Deal was adopted in 2019 with the aim to make the Eu-
ropean Union (EU) the world's rst climate-neutral continent by 2050 (European Commission 2022a).
The European Green Deal covers several different areas of action with associated strategies. Most
interesting in the context of this project however, is the "From Farm to Fork" strategy (European Com-
mission 2022b). The strategy aims to accelerate the transition to a sustainable food system, where the
aim is, among other things, to " ensure food security, nutrition and public health, making sure that everyone
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has access to suf cient, safe, nutritious, sustainable"f¢edropean Commission 2022b). The interest-
ing part here seen in the context of this project is especially that food must be sustainable, however,
the EU does not propose any concrete solutions in terms of increasing food sustainability other than
proposing legal frameworks to support the implementation of this strategy. In addition, the overall
success criterion for the entire European Green Deal is de ned as being climate neutral by 2050.

At a national level, the Danish government adopted The Climate Act (Klimaloven) in 2020 which
is broadly in line with the European Green Deal. In particular, the stated goal that Denmark must
be climate neutral by 2050 is repeated. In addition, The Climate Act also includes a target that Den-
mark must reduce greenhouse gas emissions by 70% by 2030 compared to the level in 1990 (Klima-,
Energi- & Forsyningsministeriet 2020, §81). The interesting thing is that with the adoption of the law,
the Climate Council, which are independent experts advising the Minister of Climate, Energy and
Supply, commits to preparing a catalogue of possible concrete measures to meet the stated goals. This
catalogue contains concrete suggestions such as:

"All Danish municipalities and regions should prepare climate strategies that provide clear guide-

lines for climate-friendly choices in for example canteens, transport, construction and procurement.
The strategies should include plans for follow-up, so that it is clear whether the strategies are fol-
lowed and if the objectives are achieved.

(Klimaradet 2020, p. 111)

In addition to this, the Climate Council also states that climate strategies are necessary to "be able to
work systematically to reduce the municipality's or region's climate footpiitimaradet 2020, p. 110). In
order to be able to follow how climate efforts are going, The Climate Council states that it is necessary
with " clear de nitions of what is green and that there are precise estimates of what climate footprints the various
products, forms of energy and investments Ha¥@imaradet 2020, p. 110). Finally, the Climate Council
also recommends that:

"The state should further develop guidelines and tools for green procurement that municipalities
and regions can use. This applies, for example, to a tool for calculating the municipality's climate
footprint, both within and outside the municipality's territoty

(Klimaradet 2020, p. 112)

However, as of writing this project, no plans or proposals have been made for concrete tools to
calculate the municipalities' climate footprint although it is the Council's ambition, according to the
adopted legislation, to have these implemented by 2030.

Through a correspondence with Aalborg Municipality's Center for Green Transition, we were
provided with a slideshow prepared by the Danish Ministry of Food, Agriculture and Fisheries, re-
garding sustainable procurement of food items in the public sector. Within the slideshow, a draft for
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minimum criteria was presented. Most interesting for this project were the following criteria, as they
show the political ambition of tracking, as well as what should be tracked:

"In 2025 it is required that all municipal, regional and public dining units monitors their overall
procurement, as well as the amount of fruit and vegetables, legumes, and meat. It is required that
these values are in line with the values providedable 1 and 2, depending on the dining unit's

target group'

(Appendix B.3)

"In 2025 it is required that all municipal, regional and public dining units document their climate
impact of procured food items, and that at a municipal, regional and state level, goals for reduction
are set for each dining untft.

(Appendix B.3)

At a municipal level, Aalborg Municipality prepares a new sustainability strategy for the mu-
nicipality every four years. This strategy guides the municipality's work with sustainability and is
prepared by the city council. The sustainability strategy includes all seven of the municipality's ad-
ministrations, where the individual administrations themselves help de ne speci ¢ goals and actions
for the focus areas in the strategy. The latest sustainability strategy was proposed in 2021 and contains
four overall strategic goals for the municipality (Aalborg Municipality 2020a):

Change through partnerships and collaborations.

* The "citizen" at the center.

Most sustainability for the effort.

Sustainability in case work.

Of these strategy goals, it is particularly interesting to look at Change through partnerships and col-
laborationsin the context of this project, as the municipality here focuses on the development and
implementation of sustainable solutions. In the municipality's own words, the prerequisite for suc-
cess with this goal is among other things:

"That we continuously develop and implement "special products" such as Network for Sustainable
Business Development (NSBD), sustainable procurement, green development plans, master plans
etc. to ensure that we are perceived as an attractive collaboration gartner

(Aalborg Municipality 2020a, p. 2)
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These strategic goals are further supported by the draft of concrete strategic initiatives that Aal-
borg Municipality has de ned in relation to the focus area Sustainable Procurement (Aalborg Munic-
ipality 2020b). However, through the correspondence we had with Aalborg Municipality's Center for
Green Transition, we were told that the draft of initiatives were not politically approvédppendix B.2).
Nonetheless, we have decided to cover the draft as it shows what ambitions Aalborg Municipality at
least had. The draft states that it is important to " Ensure the purchase of G@riendly food in the munic-
ipality's administrations (Aalborg Municipality 2020b, p. 9) on the grounds that it is necessary with
an "Increased focus on the climate impact of food, including the establishment of a climate calculation tool for
food (Aalborg Municipality 2020b, p. 9) and that the effort is necessary to " [...] achieve the new na-
tional climate target of a 70% reduction in greenhouse gas emissions by 2030 compared to 1990 (Clirfiate Act).
(Aalborg Municipality 2020b, p. 9).

More interesting, however, are the proposed objectives for the strategic focus area Sustainable
Procurement which, among other things, are " Reducing the climate impact by food procurement by 25%
by the end of 2024 Aalborg Municipality 2020b, p. 18).

In order to achieve this goal, it is, therefore, necessary to know the climate impact on procured
food before one can even start talking about having to reduce this by 25% before the end of 2024.
In this context, the recently published public climate database " The Big Climate Databas@rovide an
opportunity to link food items to representative CO ,e-values of food item types in a Danish context,
which is described in the following section 4.3.

4.3 The Big Climate Database

The Big Climate Database can be viewed as an example of a database that seek to address some of
the aforementioned challenges in section 2.2, regarding reliable and transparent data across regions.
The database has been developed by the Danish green “think tank” CONCITO, through funding
by the Salling Foundation. This makes it particularly interesting in our case since it includes data
for 500 food items sold in supermarkets in Denmark, using the multi-regional background database
EXIOBASE (Schmidt et al. 2021). In addition, it seeks to provide more exible data, by using crops and
animal categories from all over the world, while being easily updatable with the newest data from
global databases (Schmidt et al. 2021). It also offers full transparency of the available data through its
website, making it possible to track the journey of each of the 500 food items included in the database.
The LCA approach of The Big Climate Database encompasses three of the four 1ISO standard
phases, since it is yet to be reviewed in an interpretation phase. It does not have a functional unit,
but use a reference ow of one kilo of food at retail (Schmidt et al. 2021). In terms of the system
boundaries, it can be de ned as a “cradle-to-gate” LCA, as all links up until retail are included. The
LCA uses a hybrid approach combining a “top-down” perspective with a “bottom-up” perspective.
Finally, it uses consequential modelling of inventory data, meaning the results re ect both current
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and future change in demand when producing or buying a speci ¢ food item. Thus, the database is
intended to support decisions in the next 5-10 years (Schmidt et al. 2021).

4.4 Problem Statement

In this section we summarise the parts of the problem area necessary to justify the problem statement
we present. Following that, we brie y discuss the speci ¢ wording of the problem statement, as well
as delimitations of this project's scope.

The project will use Madservice Aalborg as case, since Madservice Aalborg is responsible for most
of the food procured by Aalborg Municipality. During the previous project described in section 3.2, a
system was developed on the basis of the organisational context and the practical use for Madservice
Aalborg. The result was a generic system, wherein users manually input and match the names of
food items on the invoice, with the names of food items in the underlying database of the system.
While a solution like this had the potential to be used by all who are procuring food items in a Danish
context, multiple practical challenges arose. One such challenge was found in the integrity of the
system, which required consistent and correct use by the users. Furthermore, we have argued that
manually inputting and matching the names of food items is too great, repetitive, tedious, and prone
to errors.

As shown in section 4.1 and 4.2, there is a wish for guidelines and standardisation regarding doc-
umentation of environmental impact of procured food. Speci c for Aalborg Municipality is the wish
for reducing emissions associated with procured food. To document this reduction, the municipality
will need to calculate the environmental impact over a period of time. We imagine that the munici-
pality, much like The Climate Council, would prefer guidelines and tools to be present, when these
wishes are to be accommodated. The Big Climate Database could be one such tool, as it provides an
unprecedentedly precise and consistent data foundation for calculating climate emissions of the most
common food items in a Danish context.

As described in section 3, the previous project did not set out to broadly explore the potential
different use of the developed system. This was partially because the informants included throughout
the design of the system were limited, as well as an early decision to exclude nutritional and economic
aspects. To differentiate the current project from the previous, thorough efforts to explore potential
different use will be included.

With the above in mind, we present the following problem statement for the project:

How can CQe emissions of procured food be calculated in a consistent, precise and feasible manner,
and how should these calculations be presented to relevant groups at Madservice Aalborg?

The calculations will be based upon invoices from Madservice Aalborg, as these are the docu-
mentation of what is being procured. The invoices contain information such as name of the supplier,
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prices, amounts, food items, and so on. Invoices are stored by Madservice Aalborg for at least ve
years, which make it possible to keep track of the changes of the procured food over time. As such,
we intend to use invoices as a data source for making calculations.

While we intend to use The Big Climate Database as the foundation for making calculations, we
acknowledge that the CO e and nutritional values the database contains arguably differ from the 'ac-
tual' values of food items. We believe this becomes interesting when combined with the obligation for
calculating precisely, as well as the request for guidelines and tools posed by different stakeholders,
as we expect a balance must be struck between precision and feasibility when developing these tools
and guidelines.

To acknowledge the continuous need for a municipality-wide solution in order to reach the polit-
ical goal, we want to consider the consistency and feasibility of the calculations. Should any major
stakeholder; such as Madservice Aalborg which has several kitchen units, and Aalborg Municipality
which has several different departments and private partners; wish to keep track of their emissions
over time and across departments, we expect a consistent and feasible solution to be desirable.

At current writing, we can not unambiguously de ne the relevant groups at Madservice Aal-
borg, since we do not have an overview of exactly which groups could bene t from using the tool.
However, we assume that the calculations could have in uence on multiple groups with different
work ows within Madservice Aalborg. We intend to explore this further through interviews and
workshops.

The elaboration of the problem statement above clari es several expectations, which must be in-
vestigated further in the following chapters.

4.4.1 Delimitations
In this section we list and argue all delimitations relevant for this project, even though some of the

delimitations only became relevant during later stages of the project work:

» Systemically isolated prototype : We set out to develop a systemically isolated prototype with
the purpose of exploring important concepts relevant to the problem domain. As such, we do
not intend to integrate the developed prototype with, or extend functionality of, any existing
system.

» Censorship of invoices : While invoices have been provided by our stakeholders, we are not
allowed to disclose or handle information regarding actual pricing of food items procured. This
has meant the provided invoices we received had no pricing information on them.

» Machine learning : The project group has personal ambitions of engaging with machine learn-
ing during this project. This ambition is a partial reason for working with the outlined problem,
as we imagine machine learning to be especially useful for pushing boundaries in the problem
domain. We argue the use of machine learning for this case in chapter 5.
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Technical Solution

In this chapter, we start by arguing why machine learning can be seen as a possible solution, then
we explain different approaches within machine learning. Next we explain how we gathered and
preprocessed our data and nally, we implement and evaluate three different machine learning mod-
els. We chose to implement three different models because they each use different algorithms within
classi cation and supervised learning, and therefore could be compared to nd the model that would
solve the task of classifying food items from invoices with the most accurate equivalent in The Big
Climate Database. During our evaluation, we found that a model based on Support Vector Machine
had the highest F-score and therefore was the most precise of the implemented and evaluated models.

The process to arrive at the SVM model being the most precise can be brie y described using the
following illustration:
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Figure 5.1: lllustrative overview of the process of selecting, training, testing and evaluating the three models

This chapter follows the same structure and therefore we will start by explaining what machine
learning is and why it makes sense in this project.
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5.1 What is Machine Learning?

Machine Learning refers "to a computer program that can learn to produce a behaviour that is not explicitly
programmed by the author of the prografdoshi 2020). According to Joshi 2020 the learned behaviour is
typically based on three factors:

1. Data that is consumed by the program

2. A metric that quanti es the error or some form of distance between the current behaviour and
ideal behaviour

3. A feedback mechanism that uses the quanti ed error to guide the program to produce better
behaviour in the subsequent events

Machine learning algorithms work by building models on data in order to make predictions or
decisions without being explicitly programmed to do so. This makes machine learning applicable in
many different situations where it would otherwise be too time-consuming and resource-intensive to
develop advanced algorithms that take all possible scenarios into account. Within machine learning
different algorithms are used for different purposes. The three factors raises some interesting points
in relation to how a project that contains machine learning would have to be structured and what
prerequisites would be necessary for it to succeed. First, a prerequisite would be the need for the
data that the program would have to consume. Without data, it would be dif cult both to train the
program to "learn" what classi cation of foods it would have to make in relation to The Big Climate
Database. This means that we at least need some form of data that documents the procurement
made by Madservice Aalborg. We gained access to this data in the form of invoices from Madservice
Aalborg. This is described in further detail in section 5.2.

The second factor also requires that some prerequisites are met in relation to us being able to
quantify the margin of error. Here, advances in especially Natural Language Processing (NLP) could
be helpful to involve in order to translate text into something that a program would understand i.e
quantify the text input. By doing this it also enables us to measure the margin of error which would
be harder, if not impossible, if we were to treat text as text.

The third factor requires that you continuously evaluate and adjust the parameters in your model.
This is important as otherwise you may risk over tting or under tting the model. The risk of over t-
ting is that the model performs well on known data and therefore may fail to t additional data (i.e.
unknown data) and predict future data in a reliable manner (Joshi 2020). Under tting is the risk that
the model does not suf ciently capture the underlying structure of the data thus resulting in training
errors and poor performance of the model.
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5.2 Gathering Data

In this project, we wanted to classify food items from invoices with the most accurate equivalent in
The Big Climate Database. As shown in gure 5.2, the problem we are trying to address can best be
illustrated by thinking of it as a many-to-one relationship that needs to be implemented. The food
items on the invoice at Madservice Aalborg will each be paired with one entry in The Big Climate
Database, however, the entries of The Big Climate Database can be paired with multiple food items
on the invoice.

Figure 5.2: Conceptual illustration to demonstrate the many-to-one relationship that has to be established through machine
learning

In order to be able to make a calculation of the amount of emission associated with procured
food at Madservice Aalborg, it was at least required that we could obtain data containing the food
items name and the quantity of how much of the food item that were procured. Procurement of
food by Madservice Aalborg takes place in the TrueTrade system which is a closed system used by
Aalborg Municipality (Appendix A.1.2: 87-92). However, it was not immediately possible to access
this system, as it also contained information on terms of sale and pricing agreements for the individual
suppliers which is information of a rather sensitive nature. It thus quickly became clear to us that it
was not an option to get data from the TrueTrade system and we therefore had to have a dialogue with
Madservice Aalborg about what other options were available. We discussed the possibility of using
invoices in PDF format generated on the basis of data in the TrueTrade system, however, there was still
a challenge in that the prices still gured on these and this information was still not permitted to be
passed on to us. Furthermore having to remove the price element from these would be too extensive
a task with the amount of data we wanted to have available. However, a compromise was reached
when we agreed that the sales statistics, which is an aggregation of all invoices for a given quarter,
would be a viable solution, as there would not have to be so many price elements removed from these.
We also delimited it further in the form that the sales statistics were only for the procurement of meat.
After a few days, we thus received sales statistics for the year 2021 containing meat procurement for
both of Madservice Aalborg's kitchens. An example of one of these can be seen in gure 5.3

For our project, this has meant any development has been systemically isolated from other sys-
tems. We do however suspect that it could be bene cial to integrate a nished solution with some
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form of centralised system already used by Aalborg Municipality, such as TrueTrade.
The next step was to preprocess these sales statistics into a data format that we could use to train
a machine learning model.

5.3 Data Preprocessing

In order to preprocess the raw unstructured data we received from Madservice Aalborg in the form
of PDF sales statistics we developed a tool for scraping and structuring the data.

Figure 5.3: An example of a sales statistic, some food items are omitted for brevity

We chose to use Python as it is frequently used for creating and managing data structures, which
we need to do in order to structure the unstructured data found in the sales statistics. We primarily
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used the Python libraries pdfplumbef, re> and panda$ to extract and preprocess the data. We used
pdfplumber to open the various PDFs and make an unstructured extract of all available data in these.

# Imports the PDF from the specified path
file = data/pdf/gug/01 gug gl pagel.pdf

# Opens PDF file and extracts all text
with pdfplumber.open(file) as pdf:
page = pdf.pages[0]
text = page.extract_text()
Code Snippet 5.1: The code responsible for opening the pdf and extracting all the text within it

We then used the re library in order to create regular expressions that captured and grouped
different types of data present in the PDFs. This was done for all the data types within the sales
statistics, which included item numberitem namenumber of kgproduct group supplier, departmentstart
periodand end period

# Finds product groups
product_group_re = re.compile(r "Varegruppe ) # Matches the lines starting with
1 "Varegruppe"
for line in text.split(\n):
if product_group_re.match(line):
product_group = line
Code Snippet 5.2: An example of a regular expression used to capture the product groups within the PDF

After this we took all the captured data and appended it to a named tuple which we then con-
verted to a pandas DataFrame, which is a 2-dimensional labeled data structure.

# Creates a DataFrame containing the namedtuple
df = pd.DataFrame(sales_statistic)

Code Snippet 5.3: Converting the named tuple to a pandas DataFrame

4. https://github.com/jsvine/pdfplumber
5. https://docs.python.org/3/library/re.html
6. https://pandas.pydata.org
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The nature of the pandas DataFrame thus made it relatively easy to convert this to a CSV le con-
taining the grouped data. However, before we saved our DataFrame as a CSV le we had to convert
some of the different data types in order to validate whether or not we had actually captured all the
data present in the PDFs. Usually the pandas library will infer the correct data types, however in our
case all data types in our DataFrame was inferred as being of the type objects (which corresponds to
string in Python).

Figure 5.4: An example of a pandas DataFrame

We ended up converting item_number, number_of kg, start_period and end_period to different
data formats. Item_number was converted to an int and start_period and end_period were converted
to datetime formats. However, number_of kg needed to be converted to a oat as this number con-
tained decimals.

# Converts the column to the data type float
dff number_of kg] = dff number_of kg ].astype(float)
Code Snippet 5.4: Converting the number_of_kg data type to a oat

Finally, the entire data frame had to be converted and saved as a CSV le. As mentioned earlier,
this was not as extensive as the two types are quite closely related.

# Convert DataFrame to CSV

df.to_csv( data/csv/01_gug_qgl pagel.csv)
Code Snippet 5.5: Saving the formatted DataFrame as a CSV le
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5.4 Researching Model Fit for Type of Data

With our preprocessed data we started researching which type of models that could be bene cial in
classifying food items from invoices with the most accurate equivalent in The Big Climate Database.

According to Joshi 2020 , learning algorithms within machine learning can be classi ed into three
main types:

» Supervised learning algorithms
» Unsupervised learning algorithms

» Reinforcement learning algorithms

5.4.1 Supervised Learning Algorithms

Supervised learning algorithms uses labeled data to train the algorithm. This labelled data include
both input and correct output, which enables the model to "learn" based on this. The way the al-
gorithm learns is by continuously adjusting its loss function until the margins of error between the
predicted output and the actual output are at an acceptable level (Gori 2017). Supervised learning
algorithms can be further divided into two subcategories, namely classi cation and regression.

Classi cation

Classi cation algorithms are used to predict discrete valuese. nite values by taking speci c entities
from a data set and trying to draw some conclusions as to how these should be labeled. An example
of a task a classi cation algorithm would be able to solve could be to classify emails as being either
spam or not spam.

Regression

Regression algorithms are used for continues valuege. in nite values by taking speci c entities from

a data set and trying to calculate some value based on these. An example of a task a regression
algorithm would be able to solve could be to calculate monthly rent based on how many rooms and
the location an apartment have.
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5.4.2 Unsupervised Learning Algorithms

Unsupervised learning algorithms can be seen as the opposite of supervised learning algorithms as
these do not make use of labeled data. Instead, these unsupervised learning algorithms attempt to
explore underlying patterns in the data. Unsupervised learning algorithms can be further divided
into two subcategories, namely clustering and association.

Clustering

Clustering algorithms are used when data is to be divided into categories/groups. Unlike classi -
cation algorithms, the categories/groups are not known in advance, which makes it the job of the
clustering algorithm to to nd similarities in the data that indicate some kind of coherence. An exam-
ple of a task a clustering algorithm would be able to solve could be to discover customer segments
based on behaviour and categorise/group these together.

Association

Association algorithms are used to discover dependencies between different entities in the data and
map these accordingly. An example of a task a association algorithm would be able to solve could be
to suggest additional items on an online shop based on buyers who have previously purchased the
same item and the suggested items.

5.4.3 Reinforcement Learning Algorithms

Reinforcement learning algorithms are neither supervised nor unsupervised as they involve elements
from both. Reinforcement learning algorithms work by getting feedback from its environment and
continuously adjusting its behaviour on the basis of the provided feedback.

5.4.4 Selection of Models

With the different categories of learning algorithms, their subcategories and our preprocessed data in
mind, it made sense to select models that suited our situation. We chose classi cation algorithms, as
our challenge was to classify food items from Madservice Aalborg's invoices with the most accurate
equivalent in The Big Climate Database.

This made sense as our desired outputs consisted of discrete values, because The Big Climate
Database contained approximately 500 food items and their associated CO,e emission per kilo. How-
ever, the choice of supervised learning algorithms presupposes that you have labeled data available
to train the model with. We did not have this at the time, but we decided to label the data afterwards.
However, a fair argument would be that Madservice Aalborg itself should have done it, so the model
was trained based on their mapping of their procurement in relation to The Big Climate Database and
not ours. This, we are aware, can in uence the trained model and its accuracy and will be addressed
in chapter 10 where we discuss some of the choices we have made in this project more in depth.
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With our labeled data in place, we thus chose the following three models, which all belongs to
supervised learning and the subcategory classi cation algorithms:

» Support Vector Machine
* Naive Bayes

« Logistic Regression

Support Vector Machine

According to Joshi 2020 the Support Vector Machine (SVM) is a linear model which can solve both
linear and non-linear problems. The overall idea in SVM is to de ne a line or hyperplane which
separates data into different classes. To de ne this line or hyperplane the SVM model uses support
vectors to nd the data points closest to the line from both sets of data. Then the distance between
these two points are calculated, this is then called the margin. The goal of the SVM model is to
maximize the margin. The line or hyperplane in which the margin is at a maximum is then the
optimal.

Figure 5.5: Conceptual illustration of SVM

When the data is not linearly separable, you can not draw a straight line that separates and clas-
si es the data points. Here, however, one can convert the data to linear separable data in a higher
dimension, which can be a rather dif cult concept for us humans to understand, as we usually oper-
ate with three dimensions, however, computers do not care about this. Thus, SVM can also be used
to solve multi classi cation problems and not just binary classi cation problems.
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Naive Bayes

Naive Bayes is a model based on Bayes' Theorem of the probability of an event occurring given the
probability of another event that has already occurred. The overall idea in the Naive Bayes model is
that all the data used to predict the outcome of a given event is being classi ed independent of each
other, hence the term naive.

Logistic Regression

Logistic regression is a model which can be used for both binomial and multinomial classi cation.
The model is based on the concept of probability, which it uses to predict whether the given data
belongs to one category or another. In order for this to be feasible for the model, a decision threshold
must be de ned in order to map the predicted values to probabilities.

5.5 Training and Testing the Models

To implement, train and test our selected models, we used the library Scikit-learr{. Scikit-learn is
an open-source library containing various tools and models for machine learning in Python. The
implementation of each of the three selected models follows almost the same structure. Therefore, we
brie y review the loading of data as well as the separation into training and test data.

First, we load our combined preprocessed data set which we have enriched with labels that in-
dicate what the food items procured at Madservice Aalborg present in the data set must be matched
with in The Big Climate Database. We load this from a CSV le into a pandas DataFrame. Then we
indicate with the variables X and y which of the columns in our pandas DataFrame that contains
the food items name and which that contains the label.

df = pd.read_csv( combined.csv)

X = df.item_name
y = df.label
Code Snippet 5.6: Loading the labelled data

Next, we split our data set into training and test data. According to Joshi 2020 this should be done
with a distribution of 70 or 75% of the data available for training and 30 or 25% for testing. We use
the module train_test_split from Scikit-learn to split the data. In this function X are the food item
names and y are the labels we have assigned them. test_size indicates how much of the total data
that must be saved to test the model with. Here we have chosen 25%, cf. Joshis recommendation.

7. https://scikit-learn.org
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Finally, there is random_state which controls the shuf ing applied to the data set before the splitting
into train and test data. By passing an int such as 42 we get a reproducible output even if we do
multiple function calls.

X train, X test, y train, y test = train_test split(X, y, test size = 0.25,
' random_state = 42)
Code Snippet 5.7: Splitting the data into training and test data

5.5.1 Support Vector Machine

As mentioned in section 5.5, the implementation of the selected models almost follows the same struc-
ture. Therefore, in the following subsections, we will only explain each model's pipeline. A pipeline
can be seen as a series of steps which aims to further preprocess the data before training the model.
Sci-kit learn provides a module for handling this called Pipeline([]) . The module works by taking
the output of the rst step, which then becomes the input of the second step, and so on. The pipeline
for our implementation of the SVM model consists of three steps, which is:  CountVectorizer() ,
T dfTransformer() and SGDClassi er() .

svm = Pipeline([( vect, CountVectorizer()),
(tfidf , TfidfTransformer()),
(clf, SGDClassifier(loss = hinge, penalty = 12, alpha = le
-3, random_state = 42, max_iter = 1000)),

)

Code Snippet 5.8: Pipeline for the SVM model

CountVectorizer()

CountVectorizer() is a module from Sci-kit learn which transforms text into an encoded vector based
on the frequency of how many times the word appears. This is necessary as the model cannot process
text directly, so to work with our data set we need to convert it to numeric values or encoded vectors
in this case. Vectors should here be seen as a numerical representation of a given word in the data
set. The CountVectorizer() module works by tokenizing the provided data and thereby dividing
the sentences into words, in our case the food item names. The tokenized data is then returned as
an encoded vector with an integer count which indicates how many times the given word appears
and an index representing all the unique words present in the data set. In theory the encoded vector
would look something like this when returned by the  CountVectorizer() module:
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Table 5.1: How the encoded vector in theory would look like when returned by the

CountVectorizor() module

Word

leverpostej

rullepglse

svine let

svinekoteletter | rgget

Frequency

2

1

1

3 1

However in practice the encoded vector looks something like this:

Table 5.2: How the encoded vector in practice looks like when returned by the  CountVectorizor() module

Index 11234
Frequency |2 | 1|13 |1

The encoded vector which is the output of the CountVectorizer() module will then be used as
input for the T dfTransformer() module.

T dfTransformer()

T dfTransformer() is a module from Sci-kit learn which computes the  tf-idf score for the data set
given. Tf-idf stands for Term Frequency — Inverse Document Frequency and is a humerical statistic
that re ects how important a word is to a document or in this case a data set. Since we already have
the term frequency (tf) for our data set in the form of our encoded vector fromthe  CountVectorizer()
module, we only need to compute the inverse document frequency (idf) values in order to get the tf-
idf for our entire data set. Idf can be seen as a weight indicating how common a word is used within

a data set. The more frequent its usage, the lower its score. The lower the score, the less important the

word becomes. An example of idf values based on the aforementioned table (5.2) could be:

Table 5.3: An example of computed idf values for table 5.2

Word Idf value
leverpostej 0.301
svinekoteletter | 0.125
rullepglse 0.602
svine let 0.602
rgget 0.602

With the idf values in place, tf-idf is now calculated for the entire data set. This is done by mul-
tiplying the term frequency with the inverse document frequency for each word. This is then the
output of the T dfTransformer() module. This output is then used as input for the  SGDClassi er()
module.
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SGDClassi er()

SGDClassi er() is a module from Sci-kit learn which optimizes/minimizes the loss function of the
machine learning algorithm. The module optimizes/minimizes via what is called stochastic gradient
descent (SGD) meaning that it optimizes/minimizes via random probability by only taking a few
samples randomly from the data set instead of taking the entire data set for each iteration. This is
an advantage when data sets become too large, as it is faster and less computationally expensive.
However, it can be at the expense of precision as it only optimizes/minimizes based on randomly
selected samples.

When implementing the SGDClassi er() module we speci ed some parameters. The rst pa-
rameter is loss where we specify which loss function the algorithm should use. Here we have set
it to hinge since we want it to optimize/minimize for a linear SVM model. The next parameter
is penalty which is the regularisation term to be used. This we setto 12 as this is the standard
regulariser for linear SVM models. The next parameter is alpha, which is the constant that mul-
tiplies the regularisation term, in other words it is a tuning parameter that decides how much we
want to penalize the model. We set this parameter to its default value of 1e-3 . The next parameter
is random_state which is setto 42, and it does exactly the same as described in section 5.5 since
this value is really only intended to control the shufing applied to the data in order to randomly
select samples for optimizing/minimizing the loss function. Last but not least, we have the param-
eter max_iter which speci es how many iterations over the training data it should use in order to
optimize/minimize the loss function. In this case we specied 1000 iterations over the training data
as this was the default value for this parameter.

5.5.2 Naive Bayes

The pipeline for our implementation of the Naive Bayes model consists of three steps, which is:
CountVectorizer() , T dfTransformer() and MultinomialNB() . Since both CountVectorizer() and
T dfTransformer() are described in subsection 5.5.1, only MultinomialNB() will be described here.

nb = Pipeline([( vect, CountVectorizer()),
(tfidf, TfidfTransformer()),
(clf, MultinomialNB()),

)

Code Snippet 5.9: Pipeline for the Naive Bayes model
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MultinomialNB()

MultinomialNB() is a module from Sci-kit learn which is suitable for classi cation with discrete
values. It calculates the probability of each label for a given sample and then gives the label with
the highest probability as output. We chose MultinomialNB() module as it can be used to nd the
probability of a certain label in instances where there are more than two possible outcomes. We did
not specify any parameters for this module.

5.5.3 Logistic Regression

The pipeline for our implementation of the Logistic Regression model consists of three steps, which

is: CountVectorizer() , T dfTransformer() and LogisticRegression() . Since both CountVectorizer()

and T dfTransformer() are described in subsection 5.5.1, only LogisticRegression() will be de-
scribed here.

logreg = Pipeline([( vect, CountVectorizer()),
(tfidf, TfidfTransformer()),
(clf, LogisticRegression(n_jobs = 1, C = 1)),
)

Code Snippet 5.10: Pipeline for the Logistic Regression model

LogisticRegression()

LogisticRegression() is a module from Sci-kit learn which can handle both binomial classi cation
problems i.e. the probability that something is true/false, spam/not spam, etc. and multinomial
classi cation i.e. the probability of what something is based on more than two classes. We have used
the latter as we are dealing with a multi classi cation problem.

When implementing the LogisticRegression() module we speci ed some parameters. The rst
parameter is n_jobs which is the the number of CPU cores used when parallelizing over classes, this
set to the default value of 1. This parameter has nothing to do with the actual precision of the model,
but determines how fast and ef cient the model can process the data.

The next parameter is C which is responsible for the inverse of regularisation strength, meaning
that it controls how much "extreme" data should be penalized when training the model. A high
value of C tells the model to give high weight to the training data, while a lower value of C tells
the model to give more weight to the complexity penalty. In other words, a high value of C means
trust the training data, while a lower value of C means that the training data is not necessarily fully
representative of the data the model will encounter in the real world. We set the value of C to 1.0
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as this is the default value for this parameter. This parameter should probably be ne-tuned if there
were multiple iterations of training the model with data.

5.6 Evaluating the Models

With our three different models implemented, trained and tested, the next step was to evaluate the
different models in relation to how precise they were on the data set used. According to Joshi 2020 a
way to evaluate models with discrete values can be by the metrics precision, recall and F-score.
Precision is a score based on how many samples were correctly classi ed as a speci c class, in
relation to how many samples in total were classi ed as that speci c class. In cases where a class
contains samples that actually belong to other classes, the class will have a lower precision score,
because of the false-positive samples present. Recall is a score based on how many samples were
correctly classi ed as a speci ¢ class, in relation to the total amount of samples that actually belong to
that speci c class. The score of recall lowers each time a sample that belongs to a speci c class, ends
up not being classi ed as that class (Joshi 2020). F-score provides a way to combine both precision
and recall into a single metric that captures both properties. By itself, neither precision or recall tells
the whole story. It is possible to have numerically high precision, but a low recall, or alternately, low
precision with high recall. F-score provides a way to express both concerns within a single metric.
It therefore makes sense for us to evaluate the different models based on their F-score to see how
accurate they have been in predicting the correct labels in our data set. In the table below, we have
collected precision, recall and F-score for the three models after they have been trained and tested.

Table 5.4: Overview of precision, recall and F-score for the different models. See appendix B.6 for detailed classi cation
reports for the implemented models.

Precision | Recall | F-score
Support Vector Machine | 0.96 0.95 0.95
Naive Bayes 0.80 0.88 0.84
Logistic Regression 0.91 0.94 0.92

With the limited data set we have trained and tested the models on, it seems that SVM and logistic
regression performed best with weighted F-scores of respectively 0.95 and 0.92. Further ne-tuning
of parameters as well as a larger data set will most likely have an impact on the F-score in the long
run, but at present it seems that a SVM model would be preferable when classifying food items from
invoices with the most accurate equivalent in The Big Climate Database based on our labelling. We
discuss these implications in greater detail in section 10.
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5.7 Summary

To summarise and partially answer the rst part of our problem formulation which read as follows:

How can CQe emissions of procured food be calculated in a consistent, precise and feasible man-
ner?

We argue that machine learning in the form of a SVM model could be a possible solution based on
the limited data set we had available for training and testing.

The proposed solution is precise to the extent that the SVM model achieved an F-score of 0.95
with the available data set. The closer this score is to 1.0 the more accurate the model is in predicting
classifying food items from invoices with the most accurate equivalent in The Big Climate Database
based on our labelling. However, at present we can not say anything about how precise the proposed
solution would be compared to if a human had to perform the same task, as we do not have data on
this.

The proposed solution of using a machine learning to classify food items is feasible in the sense
that when the model is trained suf ciently on a large enough data set, then the task of classifying
these will go from being manual to automated. This will be an advantage as the quantities of food
purchased are of a relatively different nature and the fact that some food items are purchased very
frequently due to shelf life considerations. This means less manual work, and in the long run a more
automated process.
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Understanding the Fit of a Technical
Solution — Second Interview

This chapter covers the second interview with Madservice Aalborg, including a short description
of the interview method extending the description in section 4.1.1, the analytical approach used to
process the interview, as well as the initial ndings of the interview.

The interview had two interviewees; A Sustainability Project Worker, who were also the intervie-
wee of the rst interview, as well as the Assistant Manager at Madservice Aalborg. The Assistant
Manager has, like the Sustainability Project Worker, been involved in various projects regarding sus-
tainability at Madservice Aalborg.

The primary point of this interview, has been to gain contextual understanding relevant to the
rst part of the problem statement, regarding how CO ,e emissions can be calculated in a consistent,
precise and feasible manner. This included getting the participants' current thoughts and stance on
the issue, as well as clarifying any existing guidelines, standards or regulations, as these are both
important when considering a potential system for calculating CO »e.

This focus lead to the questions of the interview guide having a more conceptual nature, and we
did not expect our interviewees to have concrete answers to every question. Because of this, we argue
that performing the interview with both interviewees present at the same time was desirable for two
reasons; 1) interviewees would be able to be stimulated by each other's answers, leading to a better
ow during discussion (Benyon 2019d). 2) Having the perspective of people working in different
positions at Madservice Aalborg is important when considering the technical solution.

This focus was also meant to be explored by interviewing Aalborg Municipality in order to frame
the two primary stakeholders' current thoughts and stance, so that a technical solution within the
boundaries could be explored further. It is important to note, that when reaching out to  Center for
Green Transitionat Aalborg Municipality multiple times in the hopes of scheduling an interview, ex-
plaining the purpose and background for the interview, we were however denied. The reasoning for
denying the request, was that the current work related to reducing CO e of procured food was not at
a point where Center for Green Transition felt that a quali ed discussion could be had. Appendix B.2
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shows the denied request.

6.1 Thematic Analysis Approach

This section describe the analytical approach to processing the second interview, as well as the choices
we have made. The approach isthematic analysisas described by Braun and Clarke 2006, who sees the
method as a exible method for analysing qualitative data. The method is identi ed and discussed

in relation to other qualitative methods, that methodically analyse qualitative data in similar ways,

but differ in theoretical view. As such, Braun and Clarke 2006 highlight the importance of being
transparent about the process of analysis, as well as explicitly considering the reasons for carrying
out the analysis as such, since the method in itself is compatible with many theoretical views.

Using the terminology of Braun and Clarke 2006, we argue our approach for analysis has been
primarily deductive This is apparent through the pre-established purposes for doing the interview in
the rstplace, as described at the start of chapter 6, as well as the chosen bias we have had throughout
analysing the interview. The bias is important to explicate, as we are aware this has been a crucial
factor in terms of shaping the analysis, and ultimately which points the analysis lead to (Braun and
Clarke 2006). During analysis, we had three particularly important topics in mind:

1. The organisational context and associated challenges of Madservice Aseargue that this topic is
important to cover, since the form of a potential system for tracking is deeply dependant on the
practical work ow at Madservice Aalborg, as well the potential political initiatives and goals
that will impose how the tracking is carried out.

2. The current experience and knowledge Madservice Aalborg had regarding topics of sustainability.
focus on their experiences allow for extracting very speci ¢ and valid insight, which might also
be relevant for future similar endeavors.

3. The potential use and user groups of a system monitoringeC€missions of procured foods we
intended to perform a workshop exploring possible designs of a CO e emission tracking system,
it was important for us to explicate the different potential users that might be relevant to include
in the workshop. Additionally, by exploring the potential users prior to the workshop, we
hoped that the content of the workshop would be better tted to the included group.

The performed analysis is primarily descriptiven this chapter, meaning we have identi ed the seg-
ments of the interview where the interviewees mentioned things relevant to the points listed above,
in order to paraphrase the points in coherent and distinct themes. Braun and Clarke 2006 notes, that
a thematic analysis must not only be descriptive, but must also argue the underlying points of the de-
scription. We fully agree, but argue that a more meaningful use of the description can be had, when
relating the ndings of this chapter to the development of the machine learning model from chapter
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5, as well as the insights from the workshop in chapter 7, and the subsequent discussion in chapter
10. In short, the descriptive ndings of this chapter will be interpreted upon in the context of the
workshop and development of the machine learning model.

Braun and Clarke 2006 provides an accessible step-by-step method for doing thematic analysis,
which consists of a total of 6 phases. We describe the method and purpose of each phase, as well as
our enactment of each phase:

1. Familiarising yourself with your data : It is important to be immersed in the entirety of your
data, to an extent where you are familiar with the depth and breadth of the content. Ideas
and identi cation of possible patterns will be shaped as you read through the content. This
can be done through transcribing, reading the transcription or listening to the recording of the
interview (Braun and Clarke 2006). We all heard the interview through the audio recording at
least once, and some heard it twice, as they performed the transcription.

2. Generating initial codes : Initial coding involves recognising and labeling the most basic ex-
tracted segments of the data, which can be assessed in a meaningful way by the analyst. These
labels are referred to as codes, and the they are organised into groups, which are not to be con-
fused with overarching themes. Themes are generated in the next step (Braun and Clarke 2006).
Our coding process involved going through the transcription and audio recording of the inter-
view as a group, highlighting segments of the transcription we found interesting, discussing
why these segments were interesting, and associating a few keywords to the segment. Our ap-
proach was primarily = theory-driverias Braun and Clarke 2006 puts it, in the sense that we only
highlighted segments we found interesting and related to the three topics we had in mind.

3. Searching for themes : This phase focuses the analysis at a broader level. The focus shifts to
identifying potential themes, which is done by sorting codes into potential themes, cluster-
ing the segments of the data relevant for each theme. The relevant segments are identi ed
through the organisation of codes. The codes might end up constituting overarching themes,
sub-themes, or be discarded (Braun and Clarke 2006). We ran through each coded segment in
order to explicate and write down the key takeaways from the segment. Having listed every
point, we then grouped related points together, which formed contemporary themes.

4. Reviewing themes : At the end of this phase, it should be clear what the different themes are,
how they t together, and whether they accurately represent the content and meaning of the
data. To reach this, it is necessary to go through each theme and consider whether the content
of each theme is coherent, and that each theme has clear distinctions. This involves rearrang-
ing codes within themes, breaking themes into multiple themes, removing existing codes from
themes, and adding new codes to themes by reviewing the contents of the entire data set (Braun
and Clarke 2006). We looked through the segments for our contemporary themes, we ensured
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coherency of and distinction between themes, by rearranging the segments.

5. De ning and naming themes : This phase involves de ning and re ning themes for presenta-
tion in the analysis. This is done by clarifying what the essence of each theme is about, by look-
ing at each segment in each theme and making clear which part of the segments are relevant
to the overarching theme. The result of this phase is captured as a short distinct description of
what each theme contains, as well as a concise descriptive name of the theme (Braun and Clarke
2006). Braun and Clarke 2006 states that it is important to not just paraphrase the content of the
data, but instead focus on clarifying what is interesting about the content and why. As men-
tioned in the start of this section, we hold off explicating what is interesting about each theme
for now, as this is done through the discussion chapter 10 later, where we can combine themes
with the insights from the workshop and development of the machine learning model.

6. Producing the report : The result of this phase is to tell the story of the data, in a way that
convincingly merits and validates the analysis. This is done by providing evidence of themes
through extracts of segments, and by keeping the analysis concise and coherent. Extracts should
be embedded throughout the analytical narrative to illustrate the underlying arguments cap-
tured in each theme (Braun and Clarke 2006). As we have argued our explication of interesting
points of each theme will be more fruitful when put into the context of insights from the work-
shop and development of the machine learning model, our extracts of segments in the following
section will focus on capturing precise descriptions of each theme, as well as alluring to inter-
esting points.

6.2 Findings

The following subsections present the themes resulting from the analysis, each containing ndings
related to the theme.

6.2.1 Experiences with Sustainability Initiatives at Madservice Aalborg
This theme covers the current projects and initiatives that Madservice Aalborg is currently involved
with regarding sustainability, and how they are involved.

Madservice Aalborg currently has no active practises or initiatives regarding the measuring of
CO»e associated with food items in order to lower emissions (Appendix A.2.2: 592-597). Aalborg
Municipality has neither imposed such practises on Madservice Aalborg, as no politically approved
plan regarding this exists yet (Appendix A.2.2: 693-700). Madservice Aalborg is however involved
in several other projects, and they also make their own initiatives, which could be seen as part of a
sustainability transition (Appendix A.2.2: 601-614).

One of the projects they participate in is " Green Dishesas the Assistant Manager calls it, which
has included cooperating with other municipalities and suppliers, resulting in Madservice Aalborg's
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lunch offerings becoming greener (Appendix A.2.2: 601-608). Arla Foods 2022, one of the participants
of Green Dishes, states that the end product of the project has been a collection of 80 vegetarian dishes,
suitable for production in industrial kitchens. Madservice Aalborg is also currently helping Technical
University of Denmark and @kologisk Landsforening, as they are exploring the climate footprint of
organic food. This made sense, since Madservice Aalborg has increased the amount of organic food
they procure, as opposed to non-organic, as described in subsection 4.1.2 (Appendix A.2.2: 721-727).
Also mentioned in 4.1.2, was the calculations for procured food provided by AB Catering, which has
been used by Madservice Aalborg as a way of getting an idea of which food categories that has higher
CO.e emissions associated with them (Appendix A.2.2: 626-633). There is however no current plan of
using the calculations provided by AB Catering for any speci ¢ purposes (Appendix A.2.2: 679-685).

6.2.2 The Right Food for the Citizens
This theme served as a reminder to us, that taking more sustainable measures must take into ac-

count Madservice Aalborg's primary focus, which is the citizens receiving the food. For instance,
the Sustainability Project Worker refers to their menu-concept as their core offering (Appendix A.2.2:
787). She later describes delivering 'teally good food that is nutritionally adequats their main purpose
(Appendix A.2.2: 1357-1358). When talking about an example of a daycare serving vegetarian food,
because the parents wanted it, the Assistant Manager mentions that it is important to keep in mind
who they are delivering the food to.

"[Assistant Manager]: And my point is, we also need to remember who we are doing this for, and
who's going to eat it. It might be that there are some parents - it could be relatives in our case,
that maybe have some goals and attitudes, but if we can't get it through their mouths or if we can't
defend it in terms of nutrition, | mean it can be really dif cult to produce vegan lunch to children
at the age of 3, that we also need to defend in terms of nutrition. So there can be many aspects
involved'

(Appendix A.2.2: 749-755)

So itis one thing for relatives to try and in uence what they are serving, but Madservice Aalborg
also have to take into account something like nutrition and whether the citizens enjoy the food, be-
cause at the end of the day, they are the ones who are going to eat it. This raises another challenge
in terms of serving more green food, since Madservice Aalborg deliver to the elderly, and they typ-
ically prefer, what the Assistant Manager describe as "Grandma-food" (Appendix A.2.2: 1123-1124).
In the context of participating in the Green Disheproject, the Assistant Manager mentions that they
do not engage in making a "delicious wrap with some chickpeas, garlic, chilli stuff because it is not what
the customers wati{Appendix A.2.2: 609-611). However, Madservice Aalborg are still trying to inte-
grate more green foods, but as the Sustainability Project Worker describes it, "in small amounts and as
supplements(Appendix A.2.2: 612-614).
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In the context of presenting data on CO ,e, and whether that could lead to downgrading of other
aspects, such as the economy and nutrition, two further points were made. The Assistant Manager
believed it to be important to connect a speci ¢ CO ,e number with the protein content and speci cally
used the term sustainable CO,e.

"[Assistant Manager]: | just thought about that comment, when you say nutrition, if anyone would

be interested in; right that is Cé&&, but can we connect it to the protein content? Because, it is fair,
that we have to eat a lot of vegetables, but do we remember the protein in this context? We have the
legumes, but if...It is important to have that besides, when we are talking sustainable CO

(Appendix A.2.2:1317-1321)

The Sustainability Project Worker continued saying that because they are serving to so many citi-
zens they would have to make sure that the portions they provide are fully covering for that speci c
meal (Appendix A.2.2: 1322-1324). She later makes the connection that it does not matter if they are
delivering healthy food if the citizens do not like what is being served (Appendix A.2.2: 1339-1340).
Finally, price was mentioned as part of balancing their responsibilities as a public service and being
a revenue generating corporation. As the Sustainability Project Worker describes it " We are asked to
deliver a service by Aalborg Municipality, but we need the economy to add up with the income we receive. So
if they don't buy our food, we wont be héf@ppendix A.2.2: 1327-1329). Thus, this is also a re ection
of the complexity within Madservice Aalborg that the presentation of CO ,e emissions would have to
take into account.

6.2.3 Lack of Standardisation

This theme covers the lack of standardisation imposed on Madservice Aalborg regarding sustainabil-
ity, as well as their thoughts about the importance of calculating in a consistent, precise and feasible
manner when tracking CO ».

As mentioned earlier, Aalborg Municipality does not currently impose any requirements on Mad-
service Aalborg regarding tracking or lowering CO »e emissions on procured food (Appendix A.2.2:
693-701). The lack of guidelines, standards or politically approved goals, make it dif cult for Madser-
vice Aalborg to apprehend the relevant challenges more speci cally:

"[Assistant Manager]: [...] What is it we are acting within? It might very well be, if we are told

to lower procurement of meat to lower g@missions — Well okay, then we must look at the quality
standard, since there are some requirements there. So there are a lot of things that tie together, but
where do we focus?

(Appendix A.2.2: 868-871)
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The challenge of apprehending problems became apparent to us when asking about subjects such
as precision, consistency and feasibility of calculating, as shown in the interview guide (Appendix
A.2.1. The interviewees had no problem seeing the purpose of having precise calculations, and they
also wish for having precise calculations, as this was common practise for them when documenting
(Appendix A.2.2: 1068-1072, 861-862). They mentioned, that because they procure such high amounts
of food (Appendix A.2.2: 1119-1121), it would be bene cial for calculations to be precise, as even
small uncertainties would result in relatively high amounts of CO ,e emissions in weight (Appendix
A.2.2: 904-911).

The wish and need for precise calculations do however get challenged when talking about the
feasibility of calculating. Whenever the interviewees came up with ideas of making the potentially
cumbersome and extensive workload of calculating feasible (Appendix A.2.2: 1055-1056, 1142-1144),
it was typically in ways that would undermine precision. They speci cally mention a potential so-
lution involving grouping food items into 'chunks' based on category, instead of taking every single
food item into account when calculating (Appendix A.2.2: 1127-1144). Another reason for the inter-
viewees willingness to compromise precision, had to do with the current state they were in, regarding
the process of tracking and calculating emissions of procured food. They were generally willing to
accept more uncertainties during the start of the process, while gaining experience within the domain
(Appendix A.2.2: 931-945). The interviewees got an idea for increasing the feasibility of calculating,
while maintaining precision, based on their experience with an existing system they use for their
menu plans. The existing system is partially automated, as the system can scan the documents they
handle, but will also prompt the user for manual input where the scanning is insuf cient (Appendix
A.2.2: 1026-1041). In terms of having calculations be made in a consistent manner, the Assistant Man-
ager con rmed that it would be problematic if calculations were not comparable over time (Appendix
A.2.2: 961-965, 977-978).

At one point the Sustainability Project Worker also mentions that the overarching question is to be
able to see how much they emit in CO »e from their procurement every month (Appendix A.2.2: 1173-
1176). When asked how it would help them to have this one number, they clarify that they would like
to have subgroups and that they would not be able to resist diving into the calculations (Appendix
A.2.2:1181)

In addition, they had assumptions on how to reduce their CO e, such as only serving beef-calf
once a week or having green dishes twice a week (Appendix A.2.2: 1187-1192). However, they would
like to have data to back those assumptions up.
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"[Assistant Manager]: And it is also nice, when you are making some decisions...| mean right
now it originates from; well, it is what we are just thinking, and it makes sense. But if there was

some data right? That could support the decision [...] It would be fun, if we could press the button
today and again in March 2021 to see if it has shifted & bit

(Appendix A.2.2: 1196-1200)

Finally, the interviewees argue that Madservice Aalborg has a responsibility to be a front run-
ner in terms of reaching and engaging with political goals. Since Madservice Aalborg accounts for
such a substantial amount of the procured food in the municipality, lesser organisations would be
discouraged to be engaged with political goals, if Madservice Aalborg is not:

"[Assistant Manager]: We know that we have a huge responsibility, since we account for such a
high amount of food procurement. [...] If we don't hop on board early, then the smaller schools
and canteens... Well, they would not do it. So we have to hdp on.

(See appendix A.2.2: 1119-1120,1122-1123)

It is however important to Madservice Aalborg, that potential political plans that imposes on
Madservice Aalborg, will equally impose on their competitors (Appendix A.2.2: 883-888). The po-
litical plans might have economic consequences for Madservice Aalborg, even though there is no
guarantee for additional funding to follow. Through Madservice Aalborg's efforts of contributing
to reaching the political goal of increasing the amount of organic food procured in the municipality,
Madservice Aalborg experience that they are held to a higher standard than their competitors, which
they nd inappropriate (Appendix A.2.2: 1151-1159).

6.2.4 Change Takes Time
Lastly, we noticed a reoccurring theme relating to the way a transition into more CO »e oriented prac-

tices was described during the interview. Both interviewees used the term "journey" on several oc-
casions, and compared it to the transition of ecological oriented practices that they had already been
through (Appendix A.2.2: 651-652). Interestingly, when it came to CO e, they used the term of "get-
ting started"”, which mainly came down to the lack of concrete political initiatives related speci cally

to reduction of CO e (Appendix A.2.2: 639-644). The lack of guidelines was also used as a way to
justify imprecision in the calculation of their CO e, since the Sustainability Project Worker mentioned
that currently, they do not have a way to calculate CO »e of their procurement, and as long as they do
not have to present speci ¢ accounting of their CO ,e emissions, they could use the potential system
to get an indication of their CO »e of food procurement (Appendix A.2.2: 931-934). In addition, when
asked about how they use the CO,e numbers, they receive from one of their biggest suppliers, the
Sustainability Project Worker described it as a push and that getting familiarised with the numbers
was part of a longer process to develop motivation among all the employees.

48



Master's Thesis Chapter 6

"[Sustainability Project Worker]: It is good for getting started. | mean, to get some material and
receive a little push to gain insight to what G@quivalents are. What do these numbers give, how
do they look? It takes time just getting a larger motivation and the employees who are otherwise
practitioners on board

(Appendix A.2.2: 688-690)

Another obstacle to the transition was related to a purchase agreement of speci ¢ food items that
Madservice Aalborg are obligated to purchase (Appendix A.2.2: 781-782). We also know from the
rst interview that they negotiate price once a year (Appendix A.2.2: 1330-1331). Thus, the effect of
any new experiments that would be made possible by the potential system, would be limited to the
pace in which Madservice Aalborg can change their purchase agreement to include more food items
with a reduced CO »e number.

Finally, the Assistant Manager mentions that the municipality has a quality standard that sets
requirements for the amount and kilojoule of the food items, such that for a speci ¢ meal it would
say "100 gram beef". However, both interviewees would rather want the opportunity to measure it
in terms of the protein content such that they themselves can decide where it comes from (Appendix

A.2.2: 836-840).
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Workshop

This chapter sets out to describe the execution and ndings of the workshop we have performed
in collaboration with six employees at Madservice Aalborg. While the second interview focused on
gaining contextual understanding relevant to the rst part of the problem statement regarding how
calculations could be made, the workshop processes the other half of the problem statement regarding
how the calculation should be presented to relevant groups. The workshop focuses speci cally on
having potential users address the necessity of different types of parameters. The preparation and
execution of the workshop builds upon the understanding and previous ndings of the chapters of
the report up until this point. The results of the workshop will be used to shape the design of the
prototype as described in chapter 8, and be part of the discussed material in chapter 10.

This chapter starts by describing the structure, execution and the participants of the workshop,
as well as providing arguments for the chosen structure. This is followed by an overview of relevant
parameters identi ed by the workshop's participants, as well as relevant points from the workshop's
discussion segments.

7.1 Preparing and Executing the Workshop

The purpose of the workshop has been to identify different types of parameters which potential users
at Madservice Aalborg found important to keep track of in order to support their individual and
grouped efforts.

Kanstrup and Bertelsen 2011b presents theUser Innovation Managemer{tJIM) method, which en-
tails engaging with users throughout the innovative design process. While the method provides a
step-by-step guide for facilitating user innovation in the design process, we have used it as a way
of getting insight and inspiration regarding methods for performing the workshop described in this
chapter. We have however been steered by the appreciation for users expert knowledge of their do-
main, as well as the importance of understanding users and their context, which are both echoed
throughout Kanstrup and Bertelsen 2011b and Benyon 2019a. As such, we do not claim to have per-
formed what Kanstrup and Bertelsen 2011b de nes as UIM, as that would have required systematic
and rigorous inclusion of users throughout the entire design process.
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7.1.1 Creation and Selection of Relevant Parameters

The primary method used for engaging participants during the workshop, has been heavily inspired
by Benyon 2019d's description of closed card sortingClosed card sorting requires a group of people
to structure data, concepts or artefacts in meaningful ways. The method is useful for gaining insight
into how different people classify and think about the prede ned categories, which can lead to an
understanding of different user needs (Benyon 2019d). The selection of parameters from the previous
section, along with a mostly empty table cut-out, serves as the prede ned categories and cards for
our workshop. We supplemented the activity with grouped discussions, where the needs of different
participants would become clearer.

Through the second interview described in chapter 6, a number of parameters relevant for a poten-
tial calculation system were discussed, such as; price, nutritional value, CO ,e and time. The parame-
ters possible to use for calculations are however limited in the scope of this project, as the parameters
must either be possible to extract or extrapolate from either the invoice of procured food or The Big
Climate Database. An example of an extracted parameter which could be shown when presenting
a calculation is the amount of a speci ¢ procured food iteas this is shown directly in an invoice. An
example of an extrapolated parameter could be the amount of protein acquired when spending an amount
of money when procuring a speci ¢ food iteas the value of the parameter requires knowledge about
both the price of the speci c food item, as well its nutritional value. Both the invoices and The Big
Climate Database contains the values of relevant parameters for each food item, and it is these values
a potential system can perform calculations based off. We list the parameters from these two sources
used throughout the workshop below:

» CO ,e emitted when procuring speci ¢ food items — From The Big Climate Database
 Nutritional energy content of speci ¢ food items — From The Big Climate Database
 Protein content of speci ¢ food items — From The Big Climate Database

 Fat content of speci ¢ food items — From The Big Climate Database

» Carbohydrate content of speci ¢ food items — From The Big Climate Database

» Name of speci ¢ procured food item — From invoice

* Price of speci c food item procured — From invoice

« Amount procured of each procured food item — From invoice

» Category of speci ¢ procured food item — Can be extrapolated from the invoice or The Big
Climate Database
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While the listed parameters constitute the foundation for all possible parameters processed dur-
ing the workshop, they can be annotated and combined in different ways, leading to many other
extrapolated parameters. Speci cally, we chose to include the annotation format of ' Total (parameter
X)" and ' % (parameter X) which requires explanation as these can be interpreted ambiguously. ' Total
(parameter X)refers to the total value of a given parameter for a speci ¢ food item, after it has been
multiplied by the amount procured of that speci ¢ food item. An example is' Total proteir, which in
the case of procuring 150 kilogramsf minced beefvould resultin 29.100 grams of protein% (parameter
X)' refers to the percentage share value a speci ¢ procured food item constitutes of the total value of
the entire set of procured food items, on a given parameter. An example is ' % proteirt, which in the
case of procuring 150 kilogramsof minced beef400 kilogramsof potatoesand 80 kilogramsof skimmed
milk, would result in minced beetonstituting 73.08% protein potatoesonstituting 20.09% proteinand
skimmed milkconstituting 6.83% protein of the total protein from the set of procured food. Shown in
gure 7.1 below are the extrapolated parameters, given the existing parameters, as well as a list of
the total and percentage value of each parameters. The green parameters, as well as all total and per-
centage value parameters were included in the workshop, whereas the red parameters were excluded
based on redundancy or obscurity:
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Figure 7.1: New parameters are shown in each cell, and are extrapolated from the overarching parameters shown in the
rst row and left-most column. Parameters coloured green were included in the workshop, whereas red parameters were
excluded based on redundancy or obscurity.

53



Master's Thesis Chapter 7

» Total CO ,e * % CO ,e

« Total kj (kilojoule) * % Kj (kilojoule)

* Total Protein * % Protein

 Total Fat * % Fat

 Total Carbohydrates * % Carbohydrates

 Total DKK (Danish krone, currency) * % DKK (Danish krone, currency)

7.1.2 Structure of the Workshop

This subsection describes the planned structure of the workshop, including the tasks provided to
the participants and the physical setup. The structuring of our workshop has been in line with the
generic description of workshop structure provided by Kanstrup and Bertelsen 2011a, which entails:
1) De ning the goal of the workshop. 2) Preparing activities, materials, location and a detailed plan
for activities. 3) Inviting participants and facilitating co-operation at the workshop. 4) Summing

up directions for the future. How we have covered these steps will become clear throughout this
subsection.

We contacted the participants from the second interview described in chapter 6, to request a work-
shop with members of Madservice Aalborg in different positions. The participants did however have
in common, that they all did some administrative work. During the previous interviews, we became
aware that we could not exclude the fact that there could be other employees in different positions
who could also bene t from using the system. As such it was important for us to get a wider perspec-
tive on some of the challenges and potential use of the system. These were the six participants of the
workshop:

* Sustainability Project Worker
* Buyer1l
* Buyer 2

* Manager

Kitchen Manager

Assistant Manager

We had prior to the workshop already planned to develop a visual prototype which could be
used to get potential user's feedback, and as such, we wanted the yield of the workshop to bene t
that development. In extension of this, it was only possible for the participants to gather for the
workshop for a total of 75 minutes. For these reasons, we decided to keep the focus of the workshop
narrow and precise.
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All three group members had distinct responsibilities during the workshop. One member did the
presentation and kept close track of the allocated time for each task and discussion. Another took
notes containing timestamps, and the last one supported the participants in their execution of tasks,
as well as asking questions when participants discussed and presented their results. While the setup
of distinct responsibilities were bene cial for keeping focus and having all points covered, the group
members helped each other when possible.

Figure 7.2: Physical setup at the beginning of the workshop.

The physical setup at the beginning of the workshop can be seen in gure 7.2. All the materials
needed for the participants to perform the following tasks were laid out beforehand. The materials
included the chosen parameters from subsection 7.1.1, which has been given colours and grouped for
getting an easier overview, as well as a pen and a mostly empty table, which will be described in a
bit. In the front, a presentation had been prepared, containing an introduction to the workshop, the
two tasks the participants had to perform, and a timer counting down for each of the tasks. Audio
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from the workshop was recorded, allowing us to trace back and transcribe important points during
discussion.

The two tasks were similarly worded, with the difference being that the rst task was to be per-
formed individually, and the second was to be performed in groups of three. When performing the
tasks, the participants were asked to assume that the organisation had access to an IT system capa-
ble of automatically calculating the CO ,e emissions of procured food items, and coupling this with
pricing and nutritional information. This is the wording of the rst task:

"Insert parameters in the table based on what you would be interested in having an overview of,
which could be supportive of your daily work. (At least one of the chosen parameters must be related
to COse)'

The reason we chose to have the requirement of including at least one CO.e-related parameter,
was because the focus of the project is ultimately CO.e oriented. Thus, we wanted to prevent a
situation, where the participant would ignore the CO e all together, although we are aware that in
doing so, we might have skewed some of the results.

Figure 7.3 provides a closer look at the parameters and mostly empty table in front of the par-
ticipants. A complete set of the provided parameters in higher resolution can be found in appendix
B.5. For the table and the parameters, we provided their rows with values, representing what each
parameter would yield as a result, when the calculation had been performed on a set of three pro-
cured food items. The set consisted of the aforementioned 150 kg minced beef00 kg potatoeand 80 kg
skimmed milkand in the rows below each parameter, the calculated value for the set was presented.
By providing these example values, we hoped that participants would have an easier time grasping
the meaning of each parameter, as we ourselves found some of them dif cult to immediately grasp.
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