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1 Introduction

Recent climate change induced events, such as droughts, extreme precipitation, wildfires and
zoonotic diseases have highlighted the vulnerability of the global agri-food system (Tzachor et
al., 2021). While climate change poses threats to future food security, the global food industry
in turn is the second main contributor to climate change (Ritchie & Roser, 2020). Land use
change, excessive fertilizer, pesticide and energy use, and emissions from transportation are,
amongst other factors, negative externalities of the established agri-food system. In addition to
the concerns regarding the environmental impact of agricultural practices and the food industry
in general, inequality on a global scale exists when it comes to access to healthy and affordable
diets (FAO et al., 2021). Recent global shocks such as the Covid-19 pandemic and the Russian-
Ukrainian war have perturbed the agri-food system further, with alarmingly high cases of mal-
nourishment and food insecurity in some areas and large amounts of food waste in other areas
as a result (FAO et al., 2021). To achieve global food security, sustainable production and con-
sumption strategies and approaches need to be investigated on a global as well as on small
scales to acknowledge regional differences (FAO et al., 2021).

1.1 Research Problem

In the Sustainable Development Goals by the UN, a wide variety of goals target the agri-food
system, among which are Goal 2: Zero Hunger and Goal 12: responsible production and con-
sumption (The United Nations, 2022). In literature, the strategies towards responsible produc-
tion and consumption with regards to food are well represented, with often recurring themes
being plant-based diets (Detzel et al., 2021), increased vegetable consumption (Donati et al.,
2016), local production and consumption (Van Gameren et al., 2015) and food waste reduction
(Cordova-Buiza et al., 2022). However, as indicated above, it is impossible to find one suitable
strategy for sustainable development in production and consumption and improvement in food
security on a global scale due to large regional divergence of circumstances (Kanter et al.,
2016).

Generally, food insecurity is most prevalent in developing countries, however, conflicts, cli-
mate change and economic shocks pose threats to food security in well-developed countries
simultaneously, and the risks are projected to increase (FAO et al., 2022). In a highly globalized
economy, countries with large trade deficits are especially vulnerable to food insecurity result-
ing from shocks as they often hinder global trade (Kopteva et al., 2018). Sweden is an example
of a country with a large trade deficit in food products. The country is mostly dependent on
other countries for meat, fruit and vegetables (Cederberg et al., 2019). The dependency on im-
ports for fruits and vegetables is a result of the country’s cold climate and therefore limited
ability to grow a diverse range of species year-round (R66s & Karlsson, 2013). To ensure food
1



security, accessibility to a healthy and affordable diet for all its inhabitants, Sweden is thus
dependent on imports when it comes to fruits and vegetables.

Food imports often result in a greater number of transported miles compared to locally produced
food, leading to a larger environmental impact (R66s & Karlsson, 2013). Additionally, Swedes
have a preference for domestically produced vegetables as they are perceived to be healthier
(Carlsson-Kanyama & Lindén, 2001). One solution to reduce transportation distances and sup-
ply more local products is to extend the growing season of products by producing in green-
houses and using artificial lighting and heating. However, it may be that the environmental
impact of artificial light and heating outweighs the environmental impact of transportation.
Hogberg (2010) studied the differences in the environmental impact of the production process
for Spanish, Dutch and Swedish tomatoes that were consumed in Stockholm. The results indi-
cate that Spanish tomatoes have the smallest environmental impact unless the Swedish tomatoes
are grown in greenhouses that are heated with biogas (Hogberg, 2010).

The methodology that is often used for these types of comparative studies is called life cycle
assessment, or in short LCA. Life cycle assessment is used to determine and sometimes com-
pare the environmental impact of different products and production processes, based on a spe-
cific scope and clear system boundaries (Blanke, 2008; Chapa et al., 2019). The study by Hog-
berg (2010) used the LCA methodology to specifically compare the environmental impacts of
imported and local tomatoes. Another LCA study on the Swedish vegetable market investigated
food waste in Swedish supermarkets by determining the most often wasted products, fruits and
vegetables account for 85% of food waste mass, and the impact of the different waste treatment
options (Scholz et al., 2015). However, a shortcoming of the methodology that may have im-
portant consequences is the need to set system boundaries, implying that a part of the life cycle
is left out or that a small range of environmental impacts is assessed (BSI - British Standards,
2006). While LCA studies for single products consider the life cycle from cradle (e.g. mining)
to grave (waste management) (Fraval et al., 2019), the LCAs that compare different production
methods or origins of the same product consider cradle-to-shelf (Hogberg, 2010; Blanke, 2008;
Chapa etal., 2019). The result is that food waste is not considered, neither in retail nor in house-
holds, while there is a reason to believe that food waste rates between local and imported prod-
ucts differ, which is that the shelf-life of locally produced products is longer (Yang et al., 2021).

While the life cycle assessment methodology is the most established method to determine the
environmental impact of products, it cannot be used to assess whether or not a product or pro-
cess is sustainable as it only considers environmental impact categories. To assess sustainabil-
ity, the social and economic impact of a product are equally important as the environmental
impact (Brundtland, 1987). The most commonly used and accepted model to visualize what
sustainability entails is the triple bottom line model (Correia, 2019), where the importance of
equal consideration of the People, Planet and Profit dimension is presented (Elkington, 2004).
Generally, the environmental impact is not considered voluntarily in commercial industries but
results from regulatory or consumer pressures (Elkington, 2004). However, especially in the
food industry, the impact of businesses on the social dimension is highlighted and acknow!-
edged by focusing on the health impact of nutrition. Lastly, although a rising number of scholars
now suggest that economic growth should not be strived for, see for example the degrowth



ideology (Power & Peeters, 2019), economic prosperity and profit are factors that are most
important in commercial industries (Elkington, 2004).

Multi-criteria analysis or assessment can be used to structure complex multi-dimensional sus-
tainability challenges (Dean, 2020). Therefore, an MCA, which is an indicator-based tool, will
be performed in this thesis as Gasparatos and Scolobig (2012) suggest it is the most appropriate
tool for thorough sustainability assessments. Bartzas and Komnitsas (2020) used MCA to de-
termine the impacts of local agricultural production on sustainability to overcome the re-
strictions bound to other methods. A literature review by Lindfors (2021) found that most schol-
ars that perform an MCA suggest selecting and categorizing criteria for the assessment based
on the triple bottom line theory, to ensure complete sustainability assessment.

1.2 Aim and Scope

Accordingly, by performing an MCA based on the triple bottom line, this thesis will investigate
the differences in sustainability potential between locally grown and imported vegetables for
consumption in Southern Sweden. The reason to investigate local production and consumption
stems from the consumer preference for local products and the limitations to the results of the
life cycle assessments that compared local versus imported vegetables. Furthermore, the focus
on this production strategy allows to investigate the potential of increased vegetable consump-
tion and more plant-based diets simultaneously. In addition, the impact on food waste of local
production and consumption compared to the import of vegetables will also be included in this
analysis by considering food waste as one of the criteria for the environmental and economic
impact. The goal of this study is not to establish quantitative differences in environmental, so-
cial or economic impacts but to map differences between local and imported produce, weak-
nesses in the current system and potential points of improvement. The research question that
will be addressed in this study is:

In what ways can assessment based on the triple bottom line model, when
comparing the consumption of locally produced versus imported vegetables,
contribute to a sustainable vegetable market in Skane, Sweden?

The focus on vegetables exclusively is selected for multiple reasons, of which the main reason
is that increased vegetable consumption is a suggested strategy for sustainable development as
it suits a healthier lifestyle as well as a more environmentally friendly diet (Reisch et al., 2013).
Furthermore, while vegetables are among the most often wasted products in retail (Scholz et
al., 2015) the National Board of Trade for Sweden describes that due to the overall high rate of
environmental awareness among Swedish citizens, vegetable consumption is expected to in-
crease rapidly (Antonissen, 2020) which amplifies the need to investigate sustainable produc-
tion and consumption strategies for vegetables specifically.

The scope of the study is the county of Skane, in Sweden. This region is the most Southern
county of Sweden and hosts the most vegetable producers due to the relatively mild climate
(Persson, 2018). Therefore, the supermarkets in Skane have the widest offer of domestically
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produced vegetables (ICA, 2023), which makes the comparison between the sustainability po-
tential of domestic and imported vegetables more straightforward.

1.3 Outline of the Thesis

After the introduction of the topic in this section above, the following chapter focuses on the
context of the study. After, chapter three first discusses the most relevant previous literature
and is followed by a theoretical section that discusses the main theory used in this thesis: the
triple bottom line. Furthermore, the theory section lists and touches upon several concepts,
which are used as the criteria for the MCA. The chapter concludes with the theoretical frame-
work of the thesis, which is used to make assessments for sustainability. Chapter four contains
the methodological decisions and a description of the approach. The methodology is followed
by chapter five in which the empirical results are listed. Chapter 6 consists of a discussion of
the results. In the final chapter, the main findings and implications of the thesis are elaborated
upon.



2 Context

In a global context, Sweden and Finland are the leading countries when it comes to population
health (Raphael & Bryant, 2006). Direct public policy involvement in the health sector as well
as indirect policies aimed at prevention steer this outcome (Raphael & Bryant, 2006). For a
large share, public policies are indirect or preventative policies that aim “to create societal con-
ditions that will ensure good health, on equal terms, for the entire population” (Linell et al.,
2013, p. 3). One strategy adopted in the Swedish National Public Health Policy Report is edu-
cation to ensure the adoption of healthy diets among the population (Linell et al., 2013). The
Swedish Food Agency is the organization responsible for the provision of general dietary guide-
lines and bases its advice on the Nordic Nutrition Recommendations (FAO, 2015). The main
takeaway message in the guidelines is: “Find your way to eat greener, not too much and be
active!” (Livsmedelsverket, 2023) where greener means less meat and more legumes and veg-
etables. Besides a general confirmation to the guidelines (Roswall et al., 2015) the Swedish
population on average has a high environmental awareness (Breiting & Wickenberg, 2010) and
prefers healthy, and especially locally produced food (Carlsson-Kanyama & Lindén, 2001).

As described by R66s and Karlsson (2013), Sweden imports a large variety of food products
throughout the year to maintain a varied diet outside the Swedish growing season. However,
historically Sweden was almost exclusively dependent on domestically produced food until it
joined the European Union in 1995 (Cederberg et al., 2019). Today, Sweden is significantly
more dependent on imports, mostly for fruits and vegetables and protein sources such as meat
and fish (Cederberg et al., 2019). Alternatively, when it comes to domestic production of fruits
and vegetables, the opportunities within Sweden diverge due to the different climate zones.
According to the national statistics bureau of Sweden, the counties of Skane, Blekinge, Stock-
holm and Halland are the largest producers of greenhouse vegetables. Skane has a total produc-
tion of 876 thousand square meters and Halland fifty thousand in 2017. For outdoor-grown
vegetables, Skane is again the largest and single important region of production, with six thou-
sand hectares of cropland. (Persson, 2018). This data demonstrates that the temperate maritime
climate of most Southern regions is suitable for vegetable cultivation while further up North
outdoor cultivation is impossible and greenhouse cultivation is not economically viable
(Persson, 2018).

Even though several regions have a suitable climate for fruit and vegetable cultivation, the vast
majority of fruits and vegetables are imported from other countries (Antonissen, 2020). Statis-
tics indicate that the import dependency has grown for Sweden as the total import value of fresh
vegetables has more than doubled between 2000 and 2018 (Antonissen, 2020). The recent
Covid-19 pandemic has visualized the danger of extreme imbalances in food production and
availability with rapid increases in malnutrition in vulnerable societies and massive food waste
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in export countries due to disruptions in the supply chain (Secondi et al., 2022). Disruptions
ranged from sudden demand spikes, the sudden closure of businesses such as restaurants, labor
shortages, changing transportation networks and limitations to trade in general (Hobbs, 2020).
Furthermore, the FAO 2022 report states that “Another crisis now looms that is likely to impact
the trajectory of food security globally. The war in Ukraine will have multiple implications for
global agricultural markets through the channels of trade, production and prices, casting a
shadow over the state of food security and nutrition for many countries in the near future.”
(FAO et al., 2022, p. 17).

On a global scale, the war has led to food security because Russia and Ukraine together supply
about one-third of globally traded wheat, which is an important source of calories for Middle
Eastern and African countries (Behnassi & Haiba, 2022). Addtionally, Russia is one of the
largest producers of fertilizers, which has indirect implications for agriculture worldwide
(Behnassi & Haiba, 2022; Abay et al., 2023). Another indirect consequence of the war for other,
mostly European Union countries was the increasing scarcity of energy sources due to an EU
boycott of Russian oil and a reduced supply of natural gas (Abay et al., 2023). The largest risk
to global food security arises from the rapid increases in global food prices that result from
scarcity in input factors and market uncertainty in general. The FAO food price index illustrates
the extraordinary circumstances on the global food supply chain with a peak value in March
2022, followed by a slow but steady decline in the following months but with a value today that
is still higher than all values before 2022 (FAO Food Price Index, 2023). Due to a decline in
real wages, many citizens are having trouble making ends meet (Government offices of Swe-
den, 2023) and although nutrition is a primary need, more and more people are struggling to
afford adequate food (Henley, 2022). As a more positive consequence, creative initiatives ap-
pear that provide affordable healthy food by tackling food waste. Examples are legal dumpster
diving, apps where retailers offer food that officially cannot be sold anymore (TooGoodToGo,
n.d.), and entire grocery stores that only offer products that are at risk of being wasted (Henley,
2022).

The price of vegetables has risen in Sweden as well, as either the costs for production in Swe-
dish greenhouses or transportation costs for imported products grew. The largest Swedish in-
door tomato cultivator decided in September 2022 to skip the planned winter cycle simply be-
cause the lighting costs were too high as a result of the skyrocketing electricity prices (Hor-
tiDaily, 2022b). In general, most smaller Swedish tomato cultivators do not harvest in winter
as the artificial lighting required for tomatoes to grow in winter is not always cost-effective on
a small scale (personal communication, van Schie, 2023). This winter, the Swedish market for
horticulture produce was therefore more dependent than usual on import products. For toma-
toes, the two main trade partners for Sweden are the Netherlands and Spain. In the Netherlands,
prices for indoor cultivation skyrocketed to an even larger extent due to the dependency on
natural gas for heating, which is extremely expensive as a result of the Russian war (Sterling,
2022). Therefore, most cultivation shifted to Spain, but as most cultivation is outdoors in Spain,
the high prices for fertilizers, as well as the risk of failed harvest led to rising prices for Spanish
produce as well (Napolitano & De La Hamaide, 2022). On top of that, the rise in transportation
costs for relatively long distances such as from Spain to Sweden has altogether increased the
prices of vegetables for Swedish consumers, no matter their origin.



The Swedish governmental budget bill for 2023 includes several strategies to support the most
vulnerable Swedish citizens in the recession of 2023 (Ministry of Finance, 2022). The press
release points out that the state will not compensate for all price increases but will focus on
energy-intensive businesses and introduce high-cost protection on electricity in the winter of
2022-2023 for households and firms. Additionally, the taxes on fuel will be lowered while sim-
ultaneously measures to improve Swedish electricity production are suggested (Ministry of Fi-
nance, 2022). The strategy towards fossil-free energy and energy dependency is to re-introduce,
as well as expand, nuclear energy production especially in the Southern regions of Sweden
(Kristersson, 2022). This could imply that the price of producing year-round in Swedish green-
houses becomes competitive with prices of imported vegetables. In the same speech, the prime
minister said: “the competitiveness of Swedish food production will be strengthened.” (Kris-
tersson, 2022). However, the context or the pathway towards the set goal is not mentioned or
elaborated upon. The Swedish government has become more right-wing-oriented since the last
elections in September 2022 which seems to lead to a more nationalistic and less environmental
focus in national politics (Valmyndigheten, 2022). The newly found nationalistic focus may
imply that more produce will be grown in Sweden. It is difficult to predict what will happen to
the Swedish vegetable market and how it will impact the sustainability of production and con-
sumption and import (in)dependency.



3 Theory and previous research

In the following section the theoretical framework of the thesis will be explored based on pre-
vious literature, one sustainability assessment theory and different concepts. The assessment
tool used is multi-criteria assessment/analysis, or in short MCA. The criteria and indicators for
assessment are in turn based on the triple bottom line model to ensure complete sustainability
assessment. After the triple bottom line approach has been explained, multiple concepts are
touched upon that are used as criteria in the assessment. The relevance and applicability of the
theory and criteria will be summarized in a visualization of the theoretical framework of this
thesis at the end of the chapter.

3.1 Previous Literature

Responsible production and consumption is an important goal in the global agri-food system,
according to the sustainable development goals created by The United Nations (2015). The
main problem with the global food system is the resulting depletion of natural resources, in-
cluding freshwater reservoirs, soils and the atmosphere which are all vital for life on earth. To
illustrate, out of the nine planetary boundaries, five have passed the safe threshold and for four
of them agriculture is the main driver (Campbell et al., 2017). Most established practices in the
dominant intensive agriculture paradigm were adopted successively in the last century to keep
up with population growth (Brown, 1981). However, as Brown (1981) already described forty
years ago, those practices led to an unsustainable rate of soil erosion, indicating that this agri-
cultural paradigm could not continue to support a growing population indefinitely. Therefore,
the urgency to shift to responsible production and consumption when it comes to nutrition is
large, especially when taking the rising population growth into account and the predicted loss
of productive agricultural land (Grafton et al., 2015).

The FAO is highly concerned with improving food security and the most recently published
report states that food insecurity has risen to extreme levels in the last two years due to the
amplification of the main drivers of malnutrition: extreme weather events, violent conflicts, and
shocks to the global economy (FAO et al., 2022). The main message in the reports from 2021
and 2022 is that the only way forward is global food system transformation, applied per nation
to domestic specific needs and supported by governments with suitable financial incentives
(FAO et al., 2021; FAO et al., 2022). To achieve food security is to increase system resilience
against shocks and in general achieve globally accessible healthy, nutritious and sustainable
diets (FAO et al., 2021). Although the reports do not include suggestions for specific production
methods, the report of 2021 includes six pathways towards global food security, of which the
applicability differs slightly per context (FAO et al., 2021). Three of the pathways are applica-
ble to Sweden as a developed country and are helpful guidelines towards sustainable production
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and consumption (figure 1). To achieve food security, the strategy towards sustainable food
production and consumption must be set first. The strategy examined in this study, consumption
of locally produced vegetables, could touch upon all three pathways.

Strengthening food environments
and changing consumer
behaviour to promote dietary
patterns with positive impact on
human health and the
environment.

Intervening along the food supply
chains to lower the cost of
nutritious foods

Scaling up climate resillience

across food systems

Figure 1: pathways for food security, adapted from FAO et al. (2021).

For Sweden, one of the proposed strategies in the literature for more sustainable production and
consumption is to import less food produced in other countries (Carlsson-Kanyama & Lindén,
2001). It is often assumed that consuming locally is more sustainable in terms of environmental
impact as well as the impact on the local economy (Chambers et al., 2007). In addition to that,
the consumer perception of local food is often more positive as people regard local products as
high quality goods (Juric & Worsley, 1998). In Sweden, consumers also have a preference for
products grown domestically (Ekelund et al., 2007). However, local production does not nec-
essarily imply a reduction of the environmental impact as the energy-intensity of the production
process, which may vary largely between countries, determines the environmental impact to a
large extent (Avetisyan et al., 2014). In the case of Swedish vegetables, the local production of
exotic crops in greenhouses can have a higher environmental impact than if the crop was to be
imported (Hogberg, 2010). As Kanter et al. (2016) describes, such conclusions cannot be gen-
eralized for every crop and the entire country as there is a wide variety of indicators that deter-
mine whether a certain production process is sustainable or not and the appropriateness of in-
dicators in turn relies on the scope of analysis. In fact, there is “hardly a single method that can
assess the sustainability of the socio-economic metabolism. Rather a combination of different
tools, methods and indicators is required to analyze various aspects of the socio-industrial me-
tabolism.” (Bringezu and Bleischwitz, 2017).

Consequently, this study aims to address how the Southern Swedish vegetable market can be-
come more sustainable by considering more than environmental impact categories. The impact
categories, or criteria in the jargon of MCAs, that are considered in this study are food waste,
shelf-life and packaging, pesticide and fertilizer use and greenhouse gas emissions and energy
use. Lindfors (2021) found that the selection of appropriate criteria is often based on previously
performed studies. In this thesis, the criteria are inspired by the Axfood annual and sustainabil-
ity report, which presents the targets for large Swedish retail brands with regards to sustainable
production and consumption (Axfood, 2023).



__— Economic dimension D
* Production costs
+ Consumer price
* Local economy

Pesticide &
fertilizer use

GHG emissions &
energy use

Sustainable transport

Reduced carbon
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materials & waste

products
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chemicals & information
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Figure 2: visualization of the criteria and how they include the Axfood (2023) targets.

Figure 2 visualizes how the criteria were selected in this study to include the targets set by
Axfood (2023) in a more explicit way. The sustainability report mainly focuses on environmen-
tal sustainability which results in a wider set of environmental criteria than social and economic
criteria. However, even though the report did not emphasis economic sustainability, financial
performance is the main goal for most commercial organizations. Therefore, the criteria re-
trieved from the Axfood report are embedded in the economic dimension which is represented
by production costs, consumer price and the impact on the local economy as indicators in this
thesis. Besides, the impact of the food industry on the social and economic dimension is quite
straightforward: it must provide healthy and affordable diets. Therefore, health impact is not
considered as a separate criterium as it is considered in pesticide & fertilizer use as well as shelf
life & packaging. The indicators used for the social dimension in this report are taste, nutrient
density and pesticide use or residue.

3.2  Theoretical Approach

3.2.1 Triple bottom line model

The triple bottom line model (TBL) is a popular framework in sustainability science to illustrate
the importance of the environmental and social impact of products, business practices or invest-
ments apart from the financial incentive. The term was launched in 1994 by John Elkington,
co-founder of a prominent sustainable business consultant (Elkington, 2004). The term was
increasingly being used due to a growing concern and focus on arising environmental issues,
which were made public by the Brundtland report, and the urgency to integrate the social and
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economic dimension into decision making for environmental issues (Elkington, 2004). For a
similar reason, the triple bottom line model is used in this study, as solutions to environmental
problems are often not viable as long as social and economic aspects are not considered or
ignored (Ahi & Searcy, 2015). Besides, for sustainable agriculture and food, production and
consumption and food security, all three pillars of sustainability are required (FAO, 2023).

It is important to mention that there is quite some criticism on the triple bottom line model. For
example, Shnayder et al. (2015) found that main strategy of many companies is to focus on the
social dimension, that requires the smallest adjustments in general, making that the TBL model
undermines a transition towards more environmental friendly practices. Another criticism to
the TBL approach is the complexity of measuring the impact of businesses on the social dimen-
sion (Sridhar & Jones, 2013). Lastly, from a more holistic point of view, the inclusion of the
economic dimension in sustainable development is criticized as it is argued by degrowth advo-
cates that the capitalist economic system cannot prevail in a truly sustainable society (Powers
& Peeters, 2019).

The reason why this study uses the model despite the criticism is that the vegetable market is
dominated by a variety of corporate stakeholders, which means that a wide range of interests
are represented (Ahi & Searcy, 2015). From a corporate point of view, a more eco-efficient way
of producing is only viable if it will not harm their economic prosperity, which depends on
consumer demand. Demand in turn depends on the consumer perception of the health impact
and environmental impact of the products. Furthermore, the model serves as the most suitable
guideline for criteria selection in multi-criteria assessments for sustainability (Lindfors, 2021).

3.2.2 Food waste

According to a recently published report by the United Nations on food waste, the average
Swedish citizen wastes 112 kilograms of food a year, either directly within their household or
indirectly via retail or food service waste (Forbes et al., 2021). One of the main problematic
implications of food waste is its contribution to climate change, as it is estimated to account for
8-10% of total greenhouse gas emissions (United Nations Environment Programme, 2021).
Food waste not only has negative environmental impacts, but also exacerbates inequality and
can threaten food security. With the goal of zero hunger under the United Nations Sustainable
Development Goal 2 yet to be achieved, the fact that food is wasted in other parts of the world
is a major issue (United Nations Environment Programme, 2021). In addition, factors such as
land use change and climate change are expected to lead to increased food insecurity and po-
tentially limit equal access to food (Bohle et al., 1994). Scholars agree that a reduction in food
waste is a solution with large potential to achieve a more sustainable and secure global food
supply and would allow to make less drastic changes in diets compared to eating plant based,
which is another often proposed solution (Navarre et al., 2023).

A variety of scholars have investigated the main drivers of food waste and potential policy
implications (Thyberg & Tonjes, 2016; Stancu et al., 2016; Canali et al., 2016; Hebrok & Boks,
2017). However, as noted by Hebrok & Boks (2017), much of this literature simply describes
the problem without offering concrete solutions. This may be in part due to the fact that food
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waste is closely tied to psycho-social factors (Stancu et al., 2016) and perspectives on the issue
vary widely (Thyberg & Tonjes, 2016). However, a prerequisite for suitable solutions is to have
a deep understanding of the concept of food waste and how and when it occurs (Soma et al.,
2020).

Figure 3 visualizes the different concepts related to food waste that require a clear distinction.
When food is wasted or becomes inedible during production, this is labeled food loss (United
Nations, 2021). Food waste on the other hand refers to the waste of edible products on the
consumer side, where retail and food services such as restaurants are included. Food waste is a
larger and more prevalent problem than food loss (Thyberg & Tonjes, 2016) and will therefore
be the main focus of this thesis. However, during some of the interviews carried out for this
thesis, information on food loss rates during production or transportation was revealed. In that
case, the concept of food loss is used. Some stakeholders refer to post-harvest loss which in-
cludes food loss after production and food waste. Furthermore, while food waste from super-
markets is actually the smallest stream of food waste (United Nations Environment Programme,
2021), this study will focus on supermarkets as they have the most data available on the streams
entering and leaving the store as well as the origin of products.

| Unconsgmed food |

x”/.ﬂ \.\\'x = . 1 ™~ -
Households ] | Food services l | production ‘ | Inedible parts | | harvest |

Figure 3: focus area in terms of food waste

3.2.3 Shelf-life and packaging

A potential solution to avoid food waste is the extension of shelf-life (Spada et al., 2018). Shelf-
life is the amount of time a product, in this case a vegetable, can be stored before it becomes
inedible (Cambridge dictionary, 2023). Shelf-life has an important impact on the sustainability
potential of a product through several mechanisms. Firstly, the longer the shelf-life, the lower
the risk of food loss and waste during any stage of the supply chain (Beshai et al., 2020). How-
ever, potentially as important as long shelf-life is the predictability of shelf-life for a certain
product (Corbo et al., 2006). The lower the variability, the better retailers are able to estimate
the correct quantities to balance supply and demand and thus avoid food waste. Moreover, shelf-
life is a determining factor for nutrient density, taste and health benefits of vegetables. Gener-
ally, vegetables with a long remaining shelf-life are more fresh and thus healthier (Amani &
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Gadde, 2015). However, vegetables that are harvested before they are fully ripened, an often-
used strategy to extend shelf-life, have inferior flavor (Kader, 1996).

Another, well-researched, solution for shelf-life extension is food packaging (Conte et al.,
2015). In essence, most vegetables do not require any packaging as their shells protect against
bacteria and germs (Hunt, 2017). However, packaging often prolongs shelf-life by reducing
post-harvest moisture loss (Schlimme & Rooney, 1994) and respiration (Kumar & Morya,
2019). Generally, most vegetables are packaged nowadays and “the principles of food packag-
ing are to protect the food products from outside influences and damage, to contain the food
and to provide consumers with ingredients and nutritional information.” (Mangaraj et al., 2009,
p. 133). The protective properties of packaging are especially valuable as it conserves the veg-
etables better which reduces the potential of food waste and with that a loss of energy that is
ten times larger than the amount of energy used for the packaging (Verghese et al., 2015). Ac-
cording to the organization Fran Sverige, which represents Swedish food producers and label
the products accordingly, a wrapped cucumber has a lower environmental footprint than an
unpacked cucumber due to a reduction of the food waste risk (Berkeley, 2023).

While there is a synergy between packaging, shelf-life, food waste and overall environmental
impact, a tradeoff is present as well. As Beitzen-Heneike et al. (2017) as well as Michaliszyn-
Gabrys et al. (2022) describe, avoiding waste should be prioritized to achieve a more resource
efficient and sustainable economy. It is yet unclear whether sustainable packaging or zero pack-
aging is the optimal strategy towards sustainability when evaluating current studies. Research
into sustainable packaging is centered around biodegradable packaging (Narancic et al., 2016),
edible packaging made from byproducts (Hamed et al., 2022) or single material packaging to
improve recyclability (Ibrahim et al., 2022).

3.2.4 Pesticide and fertilizer use

Another important criterium that is considered in the study is pesticide and fertilizer use. Syn-
thetic fertilizers rose in popularity in the 1960s as a means to increase crop yields by increasing
the overall stock of nitrogen in (eroded) soils (Mosier et al., 2013). However, when used exces-
sively, fertilizers are known to cause eutrophication in freshwater stocks which alters the natural
habitat of a variety of different watershed organisms (Viets & Lunin, 1975). Apart from the
pollution of (ground)water, fertilizer use causes emissions of nitrous oxides to the atmosphere
and soil pollution as fertilizers often contain heavy metals (Chien et al., 2009). When compared
to articles from the last century, which report problematic high energy consumption for ferti-
lizer production (Viets & Lunin, 1975), many improvements have been made in terms of ferti-
lizer efficiency to reduce the environmental impact already (Chien et al., 2009). However, as
Mosier et al. (2013) explain, with a rising world population, rising consumption of animal prod-
ucts and increasing amount of land degradation, continuous improvement in fertilizer use effi-
ciency is essential for future food security.

Pesticide use is another method often used in commercial agriculture to control risks. Pesticides
are most often a single element or mix of toxic substances that, sometimes mixed with a bio-
logical medium, reduce the chances of a failed yield (Mahmood et al., 2016). The chemicals
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are released into the environment in a variety of ways to control for and eventually destroy
threatening insects, diseases or fungi that would harm the crop (Mahmood et al., 2016). Pesti-
cides came to the market in the 1940s as a means to increase crop yields (van der Werf, 1996).
Although pesticides are effective, on average only 0.3% of the applied pesticides reach the
target which implies that the other part accumulates in the environment (van der Werf, 1996).
Problematic consequences of pesticide use are acute poisoning incidents leading to deaths as
well as indirect consequences on human health by the consumption of produce with pesticide
residue (Bourguet & Guillemaud, 2016). Due to the accumulation in the environment and the
related negative effects on both human and environmental health (Rani et al., 2021), there is an
ever-expanding list of pesticides that are prohibited and biorational pesticides are favored now-
adays (Mahmood et al., 2016). Biorational pesticides make use of strategies that include other
living organisms that are the natural enemy of the target insect or methods that work with spe-
cifically targeted natural hormones.

3.2.5 GHG emissions & Energy use

Lastly, greenhouse gas emissions and energy use are considered as an impact category in this
study. Generally speaking, fossil energy use and the amount of GHG emissions are closely
related, although the energy source determines the intensity of emissions (Amponsah et al.,
2014). Energy use and GHG emissions occur in many stages of the production process. Firstly,
the production of pesticides and fertilizers require energy, and fertilizers emit GHGs. The pro-
duction process itself may use a lot of energy if the products are cultivated indoor and transpor-
tation contributes to overall energy use and GHG emissions as well. The results from previous
studies show that the type of energy, renewable or fossil, used for artificial lighting and heating
in greenhouse cultivation is crucial for the overall environmental impact of vegetables (H6g-
berg, 2010). However, horticulture is a sector with rapid innovation and development and many
producers in this sector strive to sustainable production (Harvest House, n.d.). Besides, the en-
ergy sector in general has undergone a large transformation since 2010, with rapidly increasing
adoption rates for renewable energy and large shocks in supply and thus prices due to the
Ukrainian war (Hortidaily, 2022a). Furthermore, Hospido et al. (2009) found that the highest
energy consumption for outdoor grown vegetables occurs during refrigerated transportation in
the case of imported vegetables. All in all, it might be the case that this study will give different
results than the previous research into the differences in energy use and GHG emissions for
imported and domestically produced vegetables.

3.3 Theoretical framework

The theories elaborated upon in the previous sections together serve in making assessments
regarding sustainability, based on the theoretical framework of this thesis, visualized in figure
4. To reduce estimation biases, four vegetables are selected to analyze: cucumbers, tomatoes,
cauliflower and iceberg lettuce. The vegetables have in common that they are produced in Swe-
den but not all year round without the use of artificial light and heating. Therefore, seasonality
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is important to consider as the domestic produce is only offered ‘in season’ and is imported
from other countries for the remaining parts of the year. For every product, with a distinction
based on origin, the total impact on the social, economic and environmental dimension will be
assessed by considering the criteria and their measurable indicators. The final outcome is based
on a comparison between the origin of the products. For example, if the Spanish tomato has the
shortest shelf life and most pesticide use during production, the product will be least healthy
and thus score a — (minus) on the People dimension. This way of scoring is one of the simpler
versions of interpreting the resultsina MCA, but it is the most suitable to determine the optimal
solution without specific quantitative information (Lindfors, 2021).

As touched upon before, the criteria have a more explicit focus on the environmental dimension.
However, shelf life and pesticide use also determine the health impact and thus social dimension
and production costs and consumer prices are generally important for the viability of production
and consumption strategies. Furthermore, the weighting strategy will limit a bias towards the
product that is most environmentally friendly as the other dimensions are considered as equally
important.

product Origin & seasonality Criteria & indicators Sustainability score per
Bt GI IR E R | product: +/0/-

Heating:
Lighting:

Emissions
& energy
use

Spain: ..-..
NL: ..-..
Sweden: ..-..

Cucumber

Transport:
Other:

Emissions:
Residue:
Biodiversity:

Pesticide
&
fertilizer

People

— Profit

Spain: ..-.. Shelf life Nutrients:
Sweden: ..-.. & Recyclability:
Other: packaging Origin:

Spain: ..-.. Food Post-harvest:

Sweden: ..-.. i waste in retail:
Other: i

Iceberg lettuce

Figure 4: the theoretical framework of the thesis



4  Methods

4.1 Design

4.1.1 An exploratory case-study

As the theory section has demonstrated, a similar study for the Swedish vegetable market has
not been conducted before. An inductive approach is therefore most suitable as there is a limited
stock of literature available to consult. Panke (2018) describes that inductive questions are often
best served with an exploratory approach. It is the most suitable design whenever the empirical
situation is unideal, when there is a common lack of (scientific) understanding about a topic or
whenever new hypotheses about a well-studied topic arise (Swedberg, 2020). In this study, an
exploratory study is the most appropriate design due to a combination of an unideal empirical
situation unanswered questions regarding a relatively well-studied topic. The research question
is:

In what ways can assessment based on the triple bottom line model when
comparing the consumption of locally grown versus imported vegetables
contribute to a sustainable vegetable market is Skane, Sweden?

The two sub-questions that have not been answered with existing studies are:

Is there a difference in retail food waste rates between imported and local
vegetables?

What is more sustainable for Skane, Sweden: local or imported vegetables,
when considering more than exclusively the environmental dimension?

These two gaps in current literature are explored for Skane by answering the main research
question. Due to the case-study design the findings are not generalizable to wider scopes but
more encompassing statistical methods of collecting data would not be possible with another
approach due to time constraints. Furthermore, the aim of this study is not to quantify differ-
ences per impact category but instead to map differences between local and imported produce
and investigate potential opportunities for improvement in terms of sustainability for the current
vegetable market.

The scope is selected for two reasons. Firstly, it avoids the problem of exploratory studies being
too broad or vague (Panke, 2018; Swedberg, 2020). Besides, as was already briefly touched
upon before, the most Southern region hosts the most vegetable producers of Sweden which
results in a different vegetable market than in the more Northern regions. The focus on retail
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for gathering information about food waste stems from the fact that supermarkets are transpar-
ent about the origin of their products, with Swedish options clearly labeled (Svenskmérkning —
Fran Sverige, 2023). Additionally, vegetables have a relatively short shelf life which is hard to
predict beforehand as it depends on a variety of conditions (Corbo et al., 2006) and are therefore
among the most wasted products in retail (Beshai et al., 2020) which makes it interesting to
study the sustainability improvement potential.

4.1.2 Mixed-methods

In order to gather the required data for the multi-criteria assessment, both quantitative and qual-
itative data are gathered simultaneously. The primary data is gathered with surveys and inter-
views as well as with written answers to interview questions. The multi-criteria assessment
involves the inclusion different criteria that are measured with indicators that are often a mix
between quantitative and qualitative data, operate at different scales and have different uncer-
tainty levels (Bartzas & Komnitsas, 2020). Therefore, a mix-methods approach is most suitable
as it allows to gather information for the different indicators and criteria. Additionally, Swed-
berg (2020) describes that mixed-method approaches improve the strength of exploratory stud-
ies.

In general, interviews are most often the main methodology in inductive exploratory studies
(Mojtahed et al., 2014; Jain, 2021). Swedberg (2020) describes that most exploratory studies
conduct open-ended interviews that may differ per interviewee. In this study, the interviews are
a mix between open-ended and semi-structured interviews: the questions were created before
but the order is flexible and there is room for follow-up questions. Besides, the interview ques-
tions differ for the diverse stakeholders but interviewees with a similar expertise did get similar
questions.

Surveys are conducted simultaneously to gather quantitative data on retail food waste rates and
qualitative data relating to the context of retail food waste which helps determine whether the
quantitative data is generalizable or not (Panke, 2018). In the case of this study, the survey
respondents are the managers of vegetable departments of ICA supermarket locations across
Skane. The managers have the best insight into the quantities of produce that enter and leave
the supermarket but have only limited impact on the quantities wasted per category. The waste
rates largely depend on demand, which is highly variable and dependent on a range of factors
which are hard to predict. Therefore, a purely quantitative survey is likely to give less accurate
results than a mixed-method approach where the quantitative data is supported with open ques-
tions (Hitchcock & Davis, 2023).

4.2 Approach

The methodology consists of a step-wise approach that begins with market research and the
selection of important stakeholders, followed by data collection, data analysis and lastly inter-
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pretation. The market research starts with exploring websites of Swedish producers, wholesal-
ers and farmers organizations, annual reports of supermarkets, and other literature. In Sweden,
supermarket brand ICA has the largest market share in the retail branch and has historically
been the largest when it comes to the offer of local vegetables (Antonissen, 2020). Therefore,
an orientation interview with an ICA location in Lund, Skane, was scheduled to help determine
the relevant stakeholders, the scope of the research and a suitable survey design.

Data collection through surveys consisted of the following steps:

1. Orientation interview with an ICA location in Lund to determine what type of questions
would gather the best insights.

2. The outcome is: focus on four vegetables that are grown in Skane and are imported as
well (cauliflower, tomato, cucumber, iceberg lettuce) and avoid ICA Naéra as they often
only offer either imported or local vegetables.

3. Design trial survey for the same ICA location and gather feedback

4. Finalize the survey design and hand it out via email to all ICA locations in Skéne (n =
39) except for ICA Néra shops. The survey design is included in Appendix 1.

5. Visit ICA shops personally to increase the response rate
6. Gather and anonymize the results

7. Data analysis in Microsoft Excel due to a small sample size (n = 4) and a mix of open
and closed questions.

For the interviews, a stakeholder analysis was conducted first to understand the system of local
production and import for vegetables in Southern Sweden. The stakeholder analysis included
reading articles, annual reports from supermarkets, visiting websites from wholesalers, and
sending emails to potential stakeholders to gather information. Furthermore the stakeholder
analysis was based on the orientation interview with the ICA supermarket and later supported
with additional insights gathered from already conducted interviews. The stakeholder analysis
is visualized in figure 5 which shows that the main stakeholders in the system are Swedish,
Dutch and Spanish tomato, cucumber, iceberg lettuce and cauliflower producers. Additionally,
wholesalers, exporters, and importers play a key role in the distribution of vegetables, which
may be supported by national distribution centers beforehand. Moreover, farmer or horticulture
organizations are important in regards to information provision to single producers. Lastly, the
market is dependent on packaging, but it is yet unclear how packaging is provided.
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Figure 5: Stakeholder analysis for the vegetable market in Skane

The approach for the data collection through interviews is as follows:

1.

Determine the crucial stakeholders in the Swedish vegetable market by doing market
research.

Contact at least two companies per type of stakeholder. E.g. two Swedish tomato and
cucumber growers, two wholesalers etc. For the Dutch and Spanish market, grower or-
ganizations and experts were contacted to represent the average practices in the domes-
tic market.

Determine the set of interview questions per type of stakeholder based on the gaps in
the theoretical framework and stakeholder map. The selected interview questions per
type of stakeholder are included in Appendix II.

Change the questions whenever it is required due to new insights from previous inter-
views.

Transcribe all interviews and code in Nvivo, based on the themes mentioned in the the-
ory section, see figure 6.

Eventually, a third category of data was gathered as certain stakeholders indicated that they
would not be able to schedule an interview due to time constraints but would be willing to
answer the questions via email. Due to this communication strategy, some stakeholders indi-
cated that they could answer the questions more precisely. However, the main constraint of
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written answers instead of an interview is the inability to ask follow-up questions. The written
answers were coded similarly as the interviews.

General codes
Sustainability | Stakeholders | Origin | Seasonality | Future perspective

Figure 6: Nvivo codes

4.3 Limitations

As science is “the pursuit of truth and the limitation of error” (Roberts & Priest, 2006, p. 42), it
is important to assure data reliability and validity, where reliability means to what extent the
same test will give similar results under different circumstances and may also be referred to as
‘generalizability’ (Medicine et al., 2019) and validity concerns the suitability of the data in
regards to the aimed type of outcome (Roberts & Priest, 2006). In some cases the representa-
tivity of the research is of additional importance where the aim is to have a set of data that is
typical enough to represent the population (Brunswik, 1955).

As touched upon before, the data used in this study is primary data, which is often associated
with high credibility in research (Streefkerk, 2023). On the other hand, due to the exploratory
nature of the research as well as the fact that it is a case-study, the sample size is small which
in turn potentially undermines the representativeness of the study (Zagheni & Weber, 2015).
As the small sample size is partly a result of the selected case-study, it can be seen as a delimi-
tation because the design was consciously selected (Ross & Zaidi, 2019).

However, an additionally, unforeseen driver of the small sample size was the difficult data col-
lection process. In general, organizations are unwilling to share information if it does not con-
tribute anything to their organization or work, especially if the information is sensitive (Kaiser,
2012). To avoid non-participation, participants were provided with a clear and extensive expla-
nation of the course and purpose of the study (Kaiser, 2012). Additionally, participants filled in
a consent form upon participation where they could indicate under which conditions their con-
tributions may be used, which was signed by both parties as suggested by Kaiser (2012). How-
ever, even though measures to increase trust and transparency were taken, the sample size re-
mained small. In total, 39 supermarkets were contacted to fill out the survey and eventually by
personally handing out the surveys four people agreed to participate. Besides, a selection bias
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cannot be excluded with certainty. All four participants indicated that they do not consider veg-
etable waste as a problem in their supermarket. Studies show that employees attitudes and be-
havior are crucial in supermarket food waste management (Mattsson & Williams, 2022). There-
fore, a potential selection bias towards supermarkets who have already adopted measures to
avoid food waste may has influenced the results.

For the interviews, the process started out by contacting two companies or organizations per
type of stakeholder. The first emails were followed by reminder emails which resulted in the
participation of two Swedish vegetable producers. After that, the strategy has shifted to calling
offices to see if they were interested in participating. A total of eight stakeholders have partici-
pated in the interviews that represented all stakeholder groups that were selected in the analysis.

The sample size for the surveys however is too small to be representative for vegetable food
waste in supermarkets in Skane. Yet, Hackshaw (2008) states that in exploratory studies, the
new hypotheses are often firstly tested for a small sample size to explore the possible relation-
ships between phenomena before investing unnecessary large amounts of time and resources in
a large study. Whether or not the reliability of the data is high is difficult to say in this case as
the outcome of the study applies specifically to the vegetable market in Southern Sweden and
is not necessarily supposed to be generalizable to other geographical locations. The study de-
sign already incorporates details that apply to the case study specifically and therefore the ‘test’
itself is not directly applicable to different circumstances. In turn, the validity of the data is high
as the exploratory nature of the study is best served with a mixed method approach (Panke,
2018). Lastly, representativity of the data to a wider context is not applicable in this study, as
“an exploratory study is based on research that is not representative in nature.” (Swedberg,
2020, p. 20).
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5 Empirical Analysis

5.1 Survey results

Firstly, the results of the surveys are analyzed. The four respondents, who are the managers of
the fruit and vegetable department of ICA locations in Skane were asked to give exact numbers
of purchase and sales per month, per product and per origin. Due to the small sample size, the
results are not significant and serve as a purely indicative, exploratory outcome. One of the first
findings is that the food waste percentages (wasted quantity/total quantity bought) are slightly
higher for imported vegetables and mostly differ per type of vegetable. The vegetable waste
resulting from the survey ranges between 1.0% and 7.1% for local cucumbers and iceberg let-
tuce respectively and 1.3% and 9.3% for imported tomato and iceberg lettuce respectively. The
ranges suggest that as expected, local products are slightly less wasted compared to imported
vegetables. Besides, the results show a large divergence between the stores in terms of food
waste which either indicates that the managers do not have accurate data available or that there
is potential for improvement by sharing best practices between the stores.

The managers were asked if there is any difference in shelf life between local and imported
products and most of them indicated that local products have a longer average shelf life than
imported products, which may be a reason for the difference in food waste rates. The partici-
pants were also asked to indicate what the most common reasons are for the food to be wasted,
by distinguishing between imported and local vegetables. For imported vegetables, the first
reason is that the vegetables have a shorter shelf-life than expected, the second reason is that
the vegetables have cosmetic deviations or do not look fresh and the third reason is estimation
mistakes (a larger offer than demand). For local products, the main reason that products are
wasted is that comparable products are offered at a lower price. The other two reasons that were
mentioned are estimation mistakes, that the products have cosmetic deviations or do not look
fresh.

Furthermore, all the participants indicated that vegetable food waste is not a problem in their
supermarket as they had found ways to either reduce it or find another use for the vegetables
that have reached their best before dates. As an answer to the question: ‘Have there been pro-
jects to reduce vegetable food waste in your ICA location?’ two responses were:

“Yes, we lower the price of products that almost reach their best before date or look
unusual. The kitchen uses some of the products for their meals. We donate to the church
and the rest streams go to the vegetable waste bin.”
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“Yes, control the amount of products we buy to make the food waste decrease.”

Furthermore, all survey participants indicated that they are not aiming to improve in regards of
vegetable waste management but continue as they already operate. However, the question that
investigates what happens to the leftovers, that was posed directly after the sales and purchase
questions, indicates that in multiple supermarkets still a large share, between 20% and 50% of
the vegetable waste ends up in either the food waste bin or general trash.

5.2 Interview results

While the surveys were mainly aimed at discovering the practices in supermarkets and consid-
erations of the managers regarding local versus imported products with a focus on food waste,
the interviews targeted a broader range of in total eight stakeholders to discover how the vege-
table market in Southern Sweden functions. A function description per stakeholder is provided
in table 1 below. The interviewees will be referred to as their provided numbers to simplify the
empirical results.

Number | Stakeholder Function description

1 Small-scale  vegetable | Growing tomatoes, cucumbers and bell peppers in
cultivator located close | greenhouses and potatoes outdoor. Environmentally
to Gothenburg aware.

2 Large scale tomato pro- | Danish horticulture company with a location in Skane
ducer where tomatoes are produced in greenhouses. Largest

in Sweden. Has year-round production.

3 SydGront Swedish organization for vegetable cultivators. Sup-
ports vegetable producers in Skane, serves as a whole-
saler. Owned by producers. Aim to create awareness
among citizens.

4 HarvestHouse Dutch horticulture organization that connects horticul-
ture growers in Europe. Serves as consultant and
wholesaler.

5 Horticulture expert with | Dutch horticulture expert with over 30 years of expe-

a focus on Spain rience in different horticulture sales and consultancy

companies. Has most sales experience from selling
projects in Spain.

6 Packaging expert Chief Sustainability Officer at Paptic packaging solu-
tions. Company that replaces plastic foil and wrapping
with wood-pulp based alternatives.
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7 Wholesaler in Skane Sells both domestically produced vegetables as well as
imported vegetables to all of Sweden

8 Vegetable department | Vegetable department manager at an ICA location in
manager Lund, Skane. Has been working there for 16 years and
makes all purchasing decisions together with his col-

league.

Table 1: Overview of the interviewees

5.2.1 Local vegetables

An important stakeholder in the Southern Swedish vegetable market is SydGront, which is a
growers organization. One of the main goals of the organization is to create awareness among
all Swedish citizens and promote the consumption of local or domestic and seasonal products.
They help consumers make more conscious decisions with, among others, a calendar of the
products that are in season in Sweden:

“Pre-cooked vegetables, beet roots, sprouts, potatoes, onions and carrots are products that are
in season almost all year round. Most greens, such as all types of lettuce, herbs, and some
cabbage are in season from May to October. Other types of greens, such as broccoli, fennel,
cauliflower, beans and some type of cabbages follow with being in season from June to Novem-
ber mostly. Cabbages like red cabbage, celeriac but also pumpkins are in season in the autumn,
from August or September to December. Tomatoes and cucumbers are in season from April to
November and February to November. There are a few products that are very shortly in season,
for one or two months only such as asparagus, zucchini and rhubarb.” (stakeholder 3).

This implies that between December and April there is barely production of vegetables in
(Southern) Sweden. However, indoor cultivation allows to produce year-round as growing con-
ditions can be controlled. Stakeholder 8 explained that the cucumbers they sell come from cul-
tivators that use hydroponic systems to grow year-round. Furthermore, stakeholder 2 explained
that they are the only year-round tomato cultivator in Sweden at the moment. Year-round pro-
duction in the case of tomatoes entails planting an additional cycle that can be harvested in
winter:

“So winter crop you start planting in September, starting harvest in November, you can harvest
during the winter, spring, even summer. And then end of the summer in August we used to stop
the production and clean up in a short period of two to three weeks and put new plants in.
Because the area is not so big we can do the clean-up quicker. So this way we are able to supply
our customers with the same product all year round.” (stakeholder 2).

However, stakeholder 1, explained that year-round production is not viable for them due to both
the high investment costs for installing lamps as well as the higher production costs related to
increased electricity consumption. The latter cost was a threat to stakeholder 2 as well last win-
ter:
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“the winter between 2022-2023 was out of the discussions. The market was not ready to pay
actually money which we could spend on the electricity.” (Stakeholder 2).

Both producers describe that electricity for the lamps is the main problem with year-round pro-
duction both economically and environmentally. Although indoor cultivation in Sweden re-
quires much energy, most energy comes from renewable sources. Most horticulture producers
have their own powerplant which runs on woodchips and produces the required heat. Regula-
tions have steered this shift to heating with renewable types of energy:

“because 95% should be, how to say, from biofuel. So we are not allowed to burn natural gas
anymore, for example fuel, and we are not doing that. And I know that after 2028 it will be like
zero.” (Stakeholder 2).

Stakeholder 2 even describes that they are planning to become fully independent from the elec-
tricity network, which will allow them to provide a more stable year-round supply as well as
expand production:

“it is very possible that we will install one more woodchips boiler with possibility to produce
electricity with a turbine. And then we will actually be independent from the market, we will be
able to produce own electricity to turn on the lights and it will come from the powerplant
source.” (Stakeholder 2).

In contrast to the high energy consumption in greenhouses, Swedish greenhouse cultivation
generally requires very little fertilizer. Indoor cultivation allows to grow the plants in substrates
instead of soil and have circulation of water and fertilizers, which are dissolved in the water,
that are not taken up by the plant. The closed environment in greenhouse cultivation also allows
to reduce pesticides use:

“But in the greenhouse which is a closed environment you can work very differently because
you can control the climate and you can stop things in a different way.” (Stakeholder 1).

“if we are talking Scandinavia I can definitely say that, that everybody prioritizes biological
control.” (Stakeholder 2).

Besides, stakeholder 3 describes that very little chemicals are used during production, either
indoor or outdoor, in Sweden. However, stakeholder 3 also described that growers must keep
up with the set quality which sometimes implies that pesticides are used to avoid insects in the
food products. Additionally, losing the crop to a virus of insect is less sustainable and more
expensive than using pesticides to save the yield according to him.

Lastly, stakeholder 1, 2 and 8 all describe that the quality and taste of Swedish produce is better.
For both producers an optimization of the taste is their main goal of production, even though it
may lead to a lower yield. Furthermore, both producers indicate that many consumers prefer
Swedish produce for the taste and because they believe it is healthier:

“[ think people think that the Swedish products are more healthier. And this is, I agree with
them because I know myself.” (Stakeholder 2).
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Stakeholder 1 also indicated that she believes her produce is healthier than imported vegetables
due to a higher nutrient content. However, they are currently collaborating with Lund Univer-
sity to find out if this is true.

5.2.2 Imported vegetables

The survey results have shown that from the four selected vegetables in this study, only toma-
toes are imported from the Netherlands in certain seasons. The growing practices in the Neth-
erlands and Sweden are mostly similar as the climate in both countries requires to grow toma-
toes in greenhouses. The main difference is that almost all growers in the Netherlands have
year-round production and thus make use of artificial lighting in winter. Besides, the energy
sources are less often renewable and most growers are still dependent on natural gas for heating.
Greenhouse cultivation in the Netherlands also allows to re-circulate water and fertilizers sim-
ilar to Swedish practices which saves both water and fertilizer compared to outdoor cultivation.

When it comes to pesticides, stakeholder 4 described that it is difficult to determine the amount
of pesticides used during production:

“Only if any fungi or diseases are found pesticides are used. Some other growers use biopesti-
cides which are natural enemies of certain diseases or threatening insects. This is not seen as
pesticide use in horticulture as the product will not be affected.” (Stakeholder 4).

Spain is another important supplier of vegetables for Sweden and the surveys show that all four
vegetables are imported from Spain in the winter season. Generally, the main difference be-
tween Spanish versus Dutch and Swedish growing practices is the warmer climate in Spain
which allows to grow produce outdoor in the winter season. The Spanish producers aim at pro-
ducing in the North-European winter season, which means that most of their crops are harvested
between October and April. Cauliflower and Iceberg lettuce are grown in field, while tomatoes
and cucumbers are grown in greenhouses. However, Spanish greenhouses are very different
from Dutch and Swedish greenhouses:

“most of the greenhouses in Spain those are low-tech open greenhouses and they don't have
climate control. In most cases it is a frame covered with plastic and the walls can be put up.
It’s just a covered piece of land where the climate cannot be controlled as in high-tech green-
houses. So they have no heating, no automatic windows that open when it gets too hot, no
recirculation of water.” (Stakeholder 5).

Although the low-tech cultivation uses little to no energy, the lack of climate control in these
types of greenhouses result in lower yield, in lower quality vegetables and in increased use of
pesticides, water and fertilizer per product. Stakeholder 5 described that while in high-tech
greenhouses an average yield of 60 kilograms per square meter for rank tomatoes is achievable,
the Spanish producers harvest 20 to maximum 25 kilograms of rank tomatoes per square meter.
A meta-analysis has found similar results: open-field cultivation emits almost three times less
GHG emissions but uses on average four times more land (Clark & Tilman, 2017). Furthermore,
stakeholder 5 explained that the growing conditions cannot be changed in Spanish greenhouses
which makes that the quality of the crop is most often less good than products that have grown
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under ideal conditions. The lack of heating in Spanish greenhouses leads to a specific problem
that occurs when the temperatures at night are low. In that case, the cold crop often condensates
in the early morning, making the crop moist and susceptible to fungal diseases. To combat the
fungi, pesticides are applied to the crops. The problem with fungi is that it cannot be combatted
with biopesticides, and whenever a grower uses biopesticides against insects and sprays against
fungi, the biopesticide population will die. Furthermore, the crops in Spain are almost exclu-
sively grown in the soil, which does not allow to re-circulate water and fertilizers. Therefore,
the Spanish production methods use more water and fertilizers which is problematic when con-
sidering the importance of sustainable resource use and may become more problematic in the
future as Spain is threatened increasingly by water scarcity (Lavrni¢ et al., 2017).

Another environmental impact related to production in low-tech greenhouses is the plastic
waste:

“If you calculate that in the province of Al Maria alone, not to mention Murcia and other areas,
in Al Maria alone there are more than 40 thousand hectares of greenhouses, plastic green-
houses. In the whole of the Netherlands there are 10 thousand hectares of greenhouses, but
those are glass greenhouses and that will last for the lifetime of the greenhouses. But in Spain
you have to replace that plastic every three years because that plastic ages under the influence
of UV.” (Stakeholder 5).

5.2.3 Supply chain of vegetables

When it comes to the supply chain, multiple stakeholders are involved both in the domestic and
international supply chain of vegetables. After the stakeholder analysis had been performed
(figure 5) there were some unclarities about the structure of the supply chain. The interviews
provided multiple insights.

Firstly, stakeholder 1, 2, 4, 5 and 8 described that growers sell their produce to wholesalers.
Most growers determine themselves to which wholesalers they sell their produce. ICA super-
markets can in turn decide themselves as well from which wholesalers they purchase vegeta-
bles. Producers often make price agreements a year ahead with the wholesalers and all produce
will be sold for this price, unless there is overproduction. In this case, the producers often find
other purchasers that buy the products for a discounted price. In the case that the products are
of poor quality, stakeholder 2 mentioned that:

“if we are talking about food waste here in our company honestly we try to sell everything that
we produce. If we have some third class tomato or a tomato which is not okay for consumers
then we send to biogas.” (Stakeholder 2).

Some growers are part of a wholesaler organization, that supports the growers in decision mak-
ing and offers packaging solutions. Examples of those types of wholesalers are stakeholder 3
and 4. Stakeholder 4 describes that the organization employs a wide variety of experts that
strive to find the optimal production processes, transportation modes and packaging solutions.
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To ensure that the products are fresh and have a long shelf life once they arrive at the destina-
tion, experts discuss the desired packaging properties with the growers and try to determine the
most sustainable packaging solution.

As was already indicated in the theory section, there is a complex relationship between pack-
aging, shelf life and food waste. Multiple stakeholders indicated that it is very difficult to es-
tablish the optimal balance and it takes a lot of trial and error. Stakeholder 1 explained that they
tried to find a more sustainable packaging solution than plastic for their tomatoes and cucum-
bers: wood-based containers, but failed as it increased the environmental burden of transporta-
tion due to the increased size and weight of the products. Stakeholder 8 also described that they
purchased bell peppers from Spain that were not wrapped in plastic. The quality was so poor
that they had a lot of food waste. They had to decide to either purchase Spanish bell peppers
with plastic wrap or import Dutch bell peppers of better quality that would have a similar shelf
life as the wrapped plastic bell pepper. However, both stakeholder 1 and 8 describe that some
products such as cucumber require plastic wrap as it greatly impacts their shelf life and therefore
food waste potential. Stakeholder 3 on the other hand explained that they do not wrap their
cucumbers in season as the turnover rate in the supermarkets is high enough to prevent food
waste.

The environmental impact of plastic packaging is the main reason why alternatives are rising:

“thin plastic films are the most common packaging material in the world... it is very very diffi-
cult to recycle so it is being a single use material, it is something we should not accept anymore
at all.” (Stakeholder 6).

Stakeholder 6 works for a company that invented a wood-pulp based packaging solution that
is, among other things, useful for vegetable packaging. However, during the interview it became
clear that the solution does not have the properties to protect against moisture-loss. Three out
of four vegetables under analysis in this study however need the properties of moisture-loss in
order to extent their shelf-life. The packaging solution can thus only be used for a few types of
vegetables such as onions, potatoes and carrots.

However, the company notices that there is a huge market potential as thin plastic wraps are the
most used type of packaging while its properties are not actually required in many cases. Stake-
holders in the private sector increasingly adopt the view that alternatives are required, and in
some cases national legislation pushes for a quick transition too:

“in France for example there is a legislation that all the vegetables and fruit packaging needs
to be something else than plastic.” (Stakeholder 6).

Currently, products that need to be protected against moisture loss to extend shelf life are still
wrapped or packaged in plastic, although a minimization of the plastic content is an important
goal:

“We also always consider with which design as little as possible plastic is used. And the type
of plastic packaging is based on what is most easily recycled in the importing country. Lastly,
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we try to determine what is the ideal weight of a package of tomatoes based on the shelf life
and turnover rate of supermarkets.” (Stakeholder 4).

Stakeholder 7 indicates that in order to preserve imported vegetables well the products are har-
vested when they are not fully ripe yet to account for the transportation distance. Stakeholder 8
indicates that Dutch tomatoes are in store mostly 8 to 9 days after harvesting and most Spanish
products are in store 9 to 11 days after harvest. Both stakeholder 8 and 2 indicate that this is the
main reason why there is a difference in quality and taste between imported and Swedish prod-
ucts. However, stakeholder 4 indicates that the difference in quality between Spanish and other
products is a result of the lack of a controlled production process in Spain in the low-tech green-
houses. The Swedish products are generally of better quality as they both have been grown in
a controlled environment and can be picked at the exact right time. Stakeholder 7 indicates that
most Swedish products arrive at their warehouse twelve hours after being picked. However,
one risk of the high-quality Swedish products is their shelf life:

“the tomatoes that we get picked today from the producerin Malmo, they get picked at the exact
right time so they are much better when we get them, but then they will be overripe sooner. So
sometimes the shelf time on those are shorter than from Holland, but the quality is better and
the taste as well.” (Stakeholder 8).

However, apart from packaging, controlling the temperature of the environment is another strat-
egy for shelf life extension:

“The handling of the products and the cold chain are the most important factors in keeping the
products fresh and improve their shelf-life. ” (Stakeholder 7).

Stakeholder 1 indicated that she thinks the lack of knowledge on storage temperature is one of
the most important drivers of vegetable food waste:

“sometimes the trucks don't even have the heat on and then if it's minus outside then the prod-
ucts just break down. A big part of the problem is the transportation and the wholesalers them-
selves who don't know how to store it but also the store staff in the vegetable department, they
have super poor knowledge and no passion for what they do.” (Stakeholder 1).

Stakeholder 8 mentioned that they do not have a special program to educate personnel that
works temporarily at the vegetable department. Furthermore, he indicated that only tomatoes
and bananas are supposed to be stored outside the fridge while stakeholder 1 explained that
cucumbers break down when they are stored below 12 degrees Celsius. It could thus be true
indeed that there is a lack of common knowledge on product specifications which leads to food
waste that can easily be prevented.

To summarize, the most important stakeholders in both international and Swedish supply chains
are the producers, wholesalers, which may serve as packaging stations and consultants simul-
taneously, and the supermarkets. Furthermore, the Swedish supply chain is very short which
improves the quality of products but may decreases shelf life. The Dutch and Spanish supply
chains are significantly longer which may pose a threat to food waste due to the risk of incorrect
transportation temperatures, but mostly impacts the quality and taste of the products. Both

29



stakeholder 7 and 8 indicated that the price and quality of the products are the most important
determinants for purchasing decisions. Secondly, they prioritize the purchase of Swedish prod-
ucts, and preferably as local as possible.

5.2.4 Pricing

As just mentioned, both wholesalers and supermarket managers consider the quality and price
of the vegetables to be the most important. At the same time, they have a preference for Swedish
and local produce. The survey results however indicated that in Swedish winter, all four selected
vegetables are imported from Spain. As was mentioned before, Spanish products are often of
low quality in comparison to both Dutch and Swedish products. The Spanish horticulture expert
explained why Spain has such high export quantities:

“The main reason why the Spanish products are price competitive with Dutch and Swedish
produce, or even cheaper, is because the investment costs the Spanish low-tech greenhouses
are one-fourth of the costs of the high-tech greenhouses that include climate control. Another
reason is that the Spanish producers do not use any artificial heat or light in their greenhouses
and therefore use less energy during production. For Spanish producers, the transportation is
one of the largest costs, especially as trucks often go back to Spain empty.”

Stakeholder 1 and 2 also describe that in winter, the costs of production in Sweden are simply
higher compared to Spain due to the high energy requirements and costs:

“customers were not ready to pay more for local production because they were able to import
cheap products from the Netherlands, Spain or Morocco” (Stakeholder 2).

However, stakeholder 8 explained that in season, Swedish products are actually cheaper than
imported products. Stakeholder 1 indicated that even though costs might be similar or lower for
Swedish products, consumers will often pay more for a similar product from Sweden than from
somewhere else:

“The supermarkets are very happy to put an extra margin on local produce because it's more
in demand. Because they know that people always, or mostly, choose Swedish products.”
(Stakeholder 1).

This statement was checked in the interview with the manager of the vegetable department of
an ICA location and indeed true. The interviewee admitted that they aim to have a set average
margin over vegetables, but throughout the year the margin may vary greatly:

“If you look at the percentage margin, often that would be better on Swedish products because
they are cheaper when its like now, in summer. The tomato prices are lower versus in the winter
for tomatoes from Holland. And then we do not always look at the percentage. Because if you
pay fifty kroner for tomatoes from Holland then we can’t do the same percentage margin be-
cause then it will be too expensive when we look at the actual money we make per kilo. But
often when we, when the price for Swedish products are lower, the percentage margin will be
higher because it will be an okay price both for us and for the customers.” (Stakeholder 8).
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This year was very extreme in terms of prices. The one year-round producer of tomatoes in
Sweden did not plan a winter cycle this year due to the high electricity costs. However, the
imported tomatoes from Spain and the Netherlands were extremely expensive as well. Prices
of imported and locally grown vegetables during the past winter can therefore not be compared.
However, currently, and usually in summer, the total production costs for Swedish products are
actually lower than for imported products. The higher margin on the Swedish products makes
that the price difference seems smaller to consumers:

“there is a difference. A better margin on the Swedish, locally grown products.” (Stakeholder
8).

5.2.5 Future perspective

The Swedish stakeholders were all asked about the future perspective of the vegetable market
in Skane in order to understand whether or not the competition with imported vegetables is
viable in the long-run and to see if they think Swedish production could expand.

The most straight forward strategy to more self-reliance when it comes to vegetable production
would be to simply eat more seasonal produce. Stakeholder 3 describes that there is a limit to
expansion, not in terms of quantity but in terms of variety due to the natural climate:

“we must bear in mind that there are natural seasons for products but also that consumers
have, through the word-trade, have get used to buy almost all around the year. It has to be more
of natural seasons to manage to be self-reliant. Will consumer accept that, I think many will
but maybe not all.”

However, expansion in terms of year-round production is possible with greenhouse cultivation.
Stakeholder 1 suggests that the main barrier to expansion of production is the limit to the price
consumers are willing to pay. She suggests however that fair pricing of Swedish vegetables
compared to imported would stimulate them to invest in lights to start year-round production.
Furthermore, the current energy market is a problem for production in Sweden:

“I'think if the energy market would become a little bit more stable again, we could also continue
to grow a bit more in the winter like they do in Finland. I mean technology is also improving
with LED lights and so on, so if we could get the energy prices down again, we could also grow
more cheaply in greenhouses in Sweden in winter. Because yes we have plenty of wood, the
problem is actually the light not the heat.” (Stakeholder 1).

However, stakeholder 8 was asked whether the consumers would notice a price decrease if
Swedish production of vegetables would expand. The answer was:

“no, I don’t think so. We have a lot of Swedish products in the summer, so it depends more on
the weather. So right now with the heat that has been the cucumber production has exploded.
So three weeks ago we paid 11 per cucumber, today its 3.95. So then we can match the price of
course but maybe then we go, we have a little lower margin when it was expensive and now we
have a little higher margin.” (Stakeholder §8).
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This finding would imply that the natural market mechanism will not stimulate an expansion of
vegetable production in Sweden, while consumers prefer Swedish produce.
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6 Discussion

6.1 Sustainability assessment

The empirical results can be summarized in the theoretical framework. Firstly, the variability
of the vegetable offer in the supermarkets in Skane, which was gathered with the surveys, is
used to determine the seasonality of the products with different a origin. Figure 7 shows that
certain supermarkets have access to Swedish cucumber all year round. Other than that, most
products are available as a Swedish version from mid-spring to mid-autumn. In winter most
products come from Spain. However, tomatoes originate from the Netherlands in spring and
autumn.

Sweden: all year LGB Sweden: 06-11 Sweden: 05-10

o Spain: 11-03 o o
Spain: 01-03 & 11-12 NL: 03-05 & 09-11 Spain: 10-05 Spain: 09-04

Figure 7: Seasonality of vegetables in Swedish supermarkets

Apart from the seasonality, the origin of the product to a large extent determines the total impact
on the environmental, social and economic dimension. The findings per indicator and criterium,
related to the production of vegetables in Sweden, Spain and the Netherlands are visualized in
figure 8 based on the criteria that were presented in both figure 2 and 4.

Furthermore, the surveys and interviews gathered data to determine how the criteria and its
indicators differ per origin. The data on the selected criteria eventually determines how the
production methods of each of the three origins score in terms of sustainability compared to
each other. The findings per origin and per criterium are visualized in figure 8.
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& energy
use
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Pesticide
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&
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Pesticide
&
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pesticides &
fertilizer. No
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Shorter shelf life
due to transport.
Lower overall
quality. Packaged
more often.

Often biopesticides
but not always

fertilizers in
greenhouses.

Shorter shelf life
due to transport.
More potential
post-harvest loss.
Packaging is similar

Higher quality,
more taste &
longer shelf life.
Similar packaging.

Shelf life
&
packaging

Shelf life
&
packaging

Shelf life
&
packaging

Average retail food Retail food waste is
Food waste is between Food between 1.9%

Food

waste 1.6% (tomato) and sl (tomato) and 6.4% el 1.4% for tomato

Retail food waste is

4.6% (lettuce) (lettuce)

Figure 8: Criteria and indicators visualized per origin

Firstly, the energy use during production, energy use for transportation and the source of energy
are compared. The transportation differences are clear, especially when considering that Span-
ish trucks often go back to Spain empty. The energy use during production is similar in the case
of outdoor production but more difficult to establish for indoor cultivation. The energy use in
Spain is very little to non-existent while in the Netherlands and Sweden there is great variability
throughout the year. However, in Sweden renewable energy is used for heating the greenhouses,
which makes the energy use in production more sustainable compared to the Netherlands.

When it comes to pesticides and fertilizer use, there are large differences. The semi-outdoor
cultivation in Spain leads to high fertilizer and pesticide use. Tomato cultivation in The Neth-
erlands uses little of both due to the controlled climate in the greenhouses. This is similar for
tomato and cucumber production in Sweden. When it comes to outdoor production, Sweden
scores better compared to Spain due to the strict Swedish regulations on chemical use in agri-
culture.

Not much data was collected regarding packaging. The clearest finding of the analysis is that
plastic use is tried to be minimized but used when it can significantly improve shelf life. The
data suggests that Spanish vegetables are most often wrapped in plastic to prolong shelf life.
Furthermore, when it comes to shelf life and quality of the products in general there are clear
differences. The Spanish products are generally of lower quality due to cultivation practices as
well as the long transportation distance. Dutch products are clearly of higher quality than Span-
ish products, but Swedish products have the best quality and taste. However, sometimes the
taste poses a trade-off with shelf-life as the Swedish products may be over-ripe faster. In most
cases however, the shelf life of local products is highest.

The quality of the vegetables and shelf life are closely related to food waste. Firstly, food loss,
which is the loss of food before it enters retail or restaurants, is the highest in Spain due to the
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lack of climate control in (semi-) outdoor production. Both Dutch and Swedish horticulture
producers noted that they find another purpose for products that do not meet retail quality. When
it comes to food waste, the surveys indicated that Spanish products are wasted mostly, followed
by Swedish products and lastly Dutch tomatoes. However, due to the small sample size this
may differ in reality.

Although the economic dimension is not represented by one criterium, the other criteria are
essentially all embedded in the economic dimension as was explained previously. The indica-
tors used for the economic dimension are production costs and consumer prices and the impact
on the local economy in Skane. The production costs differ per origin and throughout the year.
In Sweden the production costs are slightly higher than in other countries but in summer the
products are price competitive with imported products. However, the higher margin on Swedish
products hides that Swedish products are often actually cheaper than imported products. The
production costs in Spain are lower than in the Netherlands and Sweden. It seems to be the case
that the production costs are higher in the Netherlands than in Sweden for tomatoes. Further-
more, Swedish production is beneficial for the local economy while imports, especially low-
quality and low-price imports from Spain are a threat to local economic expansion of production
in Skane.

To make an assessment regarding sustainability, all three dimension of the triple bottom line
were included in the list of criteria and indicators. Even though the environmental dimension
was represented with more criteria, the social and economic dimension will be given an equal
weight in the final assessment which is visualized in figure 9. Table 2 gives an overview of the
scores per criteria/indicators. Energy, transport, food waste and fertilizer together determine the
final score for the environmental dimension while pesticide and shelf life/taste determine the
score for the social dimension and costs and local economy are used to determine the scores for
the economic dimension.

Impact Origin
Sweden Spain The Netherlands

Energy 0 + -
Transport + - 0
Food waste + - 0
Fertilizer + - 0
Planet + - 0
Pestidices + - 0
Shelf-life/taste + - 0
People + - 0
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Costs 0 + -
Local economy + - 0

Profit + 0 -

Table 2: overview of the weighting decisions

Sustainability of Swedish vegetables Sustainability of Spanish vegetables Sustainability of Dutch tomato
Peaple Planet People Planet People Planet
+ + - e 0 0
Profit Profit Profit
+ 0

Figure 9: Sustainability assessment of vegetables from Swedish, Spanish and Dutch origin

The analysis shows that Swedish products score best on all dimension of the triple bottom line.
When it comes to the social dimension, Swedish products are favored by consumers in Skane
due to their superior taste and quality. It is undiscovered if there is a difference in nutritional
values between Swedish and other produce but Swedish vegetables are indirectly healthier than
Spanish vegetables due to the smaller amounts of pesticides used in production (Bourguet &
Guillemaud, 2016). Furthermore, by considering the average of the four criteria that determine
the environmental impact of the vegetables, the Swedish products also score best on the envi-
ronmental dimension. The data collection gave additional insights that were beyond the criteria
adopted in this thesis, such as the problematic implications on the long term of water usage in
Spain (Lavrni¢ et al., 2017) and the fact that the Spanish greenhouses indirectly pose environ-
mental threats due to extensive plastic use and waste. However, even without considering these
impacts in the sustainability assessment, Spanish products still score lowest on the environmen-
tal dimension. When considering the economic dimension, a serious issue for the Swedish veg-
etable market is the price premium that exists for Swedish produce, especially when demand is
higher than supply such as in the beginning and the end of season. However, becoming increas-
ingly less dependent on import for vegetable consumption would boost the local economy for
multiple reasons, including expansion of local production and increased consumer satisfaction
(Cvijanovi¢ et al., 2020).
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6.2 Suggestions

One of the results of this study is that the Swedish stakeholders all indicated that more local
production and consumption would be achievable under certain conditions. Firstly, more sea-
sonal consumption and a wider adoption of conservation techniques would decrease demand
for imported produce. Furthermore, fair pricing mechanisms would allow to compete with im-
ported produce and expand local production as the extra margin on local products lowers de-
mand and therefore supply. Lastly, a more stable electricity market would make more producers
consider all year round production.

In terms of short term solutions for a more sustainable vegetable market in Skane, it was sug-
gested that all different types of stakeholders in the supply chain and even consumers should
be educated to reduce food loss. Multiple scholars have investigated if education can help re-
duce household food waste and while (Al-Obadi et al., 2022) found that creating awareness
reduces food waste, (Nikravech et al., 2022) noted that the perceived feasibility of food waste
reduction decreased over time. However, as was discusses before, scholars agree that food loss
reduction is the most impactful and achievable strategy towards more sustainable production
and consumption (Navarre et al., 2023). Therefore, an emphasis in further research on education
of all types of stakeholders in the supply chain may gain insights in the viability and usefulness
of this suggestion.

Specifically, education should focus on the most important determinant for vegetable shelf life:
storage temperature. Poor temperature management is the main reason of post-harvest losses,
which can reach up to 25% to 50% depending on the crop and region (Do Nascimento Nunes
& Emond, 2002). The optimal storage temperature greatly varies per type of vegetable but is
important to consider as it prolongs shelf life and preserves nutrients as well as taste. However,
the largest food waste potential occurs whenever vegetables are stored below their optimal tem-
perature and/or experience temperature fluctuations (Do Nascimento Nunes & Emond, 2002).
Therefore, educating all actors in the supply-chain on optimal storage temperatures would po-
tentially reduce vegetable food waste and help achieve a more sustainable vegetable market in
Southern Sweden as well as beyond this region.
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7 Conclusions

Through a mixed-methods approach, a comparative sustainability assessment was performed
in this thesis by making use of the multi-criteria assessment tool. The thesis has investigated
how assessment based on the triple bottom line model may help to determine a strategy for a
sustainable vegetable market in Skane, Sweden. The question that has been investigated is:

In what ways can assessment based on the triple bottom line model when
comparing the consumption of locally grown versus imported vegetables
contribute to a sustainable vegetable market is Skane, Sweden?

The results show that assessment based on the triple bottom line model helps to determine the
true sustainability potential of production and consumption strategies. To achieve sustainable
production and consumption, and eventually food security, access to healthy and affordable
diets for everyone is a requirement (FAO et al., 2022). Assessment based on the triple bottom
line model is essential for complete sustainability assessments as the economic, social and en-
vironmental dimensions are crucial for sustainable development.

For the vegetable market in Skane, assessment based on the TBL model has demonstrated that
the consumption of locally or domestically produced vegetables is more sustainable than the
consumption of imported vegetables from the Netherlands or Spain. The data gathered insights
in possible pathways or strategies for a more sustainable vegetable market in Skane. Firstly,
stakeholders suggested that a short-term solution would be to educate actors in the supply chain
and especially supermarket personnel to store vegetables more carefully to extend shelf-life and
decrease retail food waste. A suggested solution on the long term is a removal of the price
premium on locally produced vegetables. This would in the short term most likely lead to short-
ages due to increased demand but will stimulate Swedish producers to expand their production
to year-round in greenhouses as well as it will stimulate innovation in domestic growing tech-
niques or conservation methods. Furthermore, another strategy that supermarkets could adopt
is to create consumer awareness about the seasonality of vegetables and stimulate consumers
to consume more seasonal produce by pricing mechanisms. Multiple actors already try to stim-
ulate Swedish consumers to eat more local produce (Livsmedelsverket, 2023; SydGront, n.d.)
but an actual reduction in the offer of exotic vegetables or increase in price could be an addi-
tional incentive to consume more sustainably.

This exploratory study paves the way for further research into the generalizability of these find-
ings to other cases or a wider scope. A concrete suggestion for further research is to investigate
the difference in supermarket food waste between imported and locally produced vegetables as
the results in this thesis indicated a difference, although it is not significant and representative.
Besides, it would be interesting to discover the viability of increased local production of all
vegetables instead of the small selection used in this thesis. Furthermore, it would be interesting
to investigate the implications of the suggestions made for food security. As was explained in
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the introduction, sustainable practices are a pre-requisite for food security but not all sustainable
practices necessarily improve food security (FAO et al., 2022). Two other suggestions for fur-
ther research are to investigate consumer acceptance of different types of packaging solutions
as well as consumer acceptance of a smaller offer of exotic vegetables when the produce is not
in season.

All inall, this study has contributed by exploring the feasibility of assessing sustainability based
on the TBL model and has shown that considering all dimensions of sustainability is of large
importance. Furthermore, the study has exposed a market potential as Swedish producers indi-
cated that demand is too low to invest in expansion to year-round production while consumers
actually prefer Swedish produce. Supermarkets can play a key-role in a transition towards more
sustainable production and consumption by increasing the offer of local vegetables for a fair
price.
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9 Appendix I

This appendix includes the survey that was handed out to the managers of the vegetable and
fruit departments in ICA locations in Skane. The survey was handed out in Swedish as sug-
gested in the first orientation interview. A translation of the survey may be requested via email.

Enkéat ICA Gronsakssvinn

Jag ar en Masterstudent vid ekonomihdgskolan i Lund som gérna vill ha er hjalp med att fylla
i en enkat angaende svinn av gronsaker i era butiker. Inga butiker kommer att hangas ut med
namn i redovisningen, utan ni kommer alla att vara anonyma.

I min studie vill jag kvantifiera gronsakssvinnet och jamféra lokala och importerade gronsaker.
Eftersom ICAs utbud av lokala gronsaker &r jamforelsevis stort kommer denna studie
genomforas pa ett antal ICA butiker runtom i Skane. Vi ar medvetna om att utbudet kan skifta
mellan butiker beroende pa lokal efterfragan. Vi vill dven understryka att detta ej ar en
utvardering 6ver huruvida ICA butiker hanterar gronsakssvinn bra eller daligt. Studiens mal ar
endast att utvardera skillnaden i svinn mellan lokala och importerade grénsaker for att kunna
dra nagon slutsats om deras relativa miljopaverkan.

Jag uppskattar er medverkan och hoppas att ni vill svara pa fragorna sa detaljerat som mojligt.
Om ni saknar specifika data men har nagra kommenterar som kan hjalpa oss i var analys far ni
girna dela dem under ”6vriga anteckningar”.

Tack pa forhand!
Emy Maria Vijverberg,

Lunds universitet

1) Pé vilka sitt skiljer sig gronsaksutbudet hos er butik jaimfort med andra ICA butiker i
Skéne? (Vilj en eller flera svar)

o Ingen skillnad

o Vi erbjuder fler lokala varor

o Vi erbjuder fler ekologiska varor
o Vi erbjuder fler sisongsvaror

o Vi erbjuder fler lagprisvaror
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o Vi erbjuder fler lagprisprodukter

o Vi erbjuder fler exklusiva varor

2) Ange uppskattningar av tillgdngen p& importerade och lokalt producerade gurka under
hela aret. K stir for kvantitet; ange miangderna i kilogram. Naturligtvis kommer en del
av ladorna att vara tomma eftersom utbudet varierar dver éret.

Manad

K kopt
svenska
produkter

av

K sald av
svenska
produkter

K kopt av
importerade
produkter

K sald av
importerade
produkter

Importerade
produktens
ursprung

januari

februari

mars

april

maj

juni

juli

augusti

september

oktober

november

december

3) Ange uppskattningar av tillgdngen pa importerade och lokalt producerade isbergssallad
(skdrd) under hela aret. K stir for kvantitet; ange méangderna 1 kilogram. Naturligtvis
kommer en del av 1ddorna att vara tomma eftersom utbudet varierar over aret.
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Manad

K kopt
svenska
produkter

av

K sald av
svenska
produkter

K kopt av
importerade
produkter

K sald av
importerade
produkter

Importerade
produktens
ursprung

januari

februari

mars

april

maj

juni

juli

augusti

september

oktober

november

december

4) Ange uppskattningar av tillgdngen pa importerade och lokalt producerade blomkal
under hela dret. K star for kvantitet; ange méngderna i kilogram. Naturligtvis kommer
en del av ladorna att vara tomma eftersom utbudet varierar dver aret.

Manad

K kopt
svenska
produkter

av

K séld av
svenska
produkter

K kopt av
importerade
produkter

K sald av
importerade
produkter

Importerade
produktens
ursprung

januari

februari

mars

april

maj

juni
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juli

augusti

september

oktober

november

december

5) Ange uppskattningar av tillgdngen pa importerade och lokalt producerade tomat under
hela aret. K stir for kvantitet; ange miangderna i kilogram. Naturligtvis kommer en del
av ladorna att vara tomma eftersom utbudet varierar ver aret.

Manad

K kopt
svenska
produkter

av

K sald av
svenska
produkter

K kopt av
importerade
produkter

K sald av
importerade
produkter

Importerade
produktens
ursprung

januari

februari

mars

april

maj

juni

juli

augusti

september

oktober

november

december

6) Vad hinder med gronsaksvinn? For varje kategori, uppskatta i procent (%).
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Gronsaksvinnshantering

Andel som tas
hand genom (%)

Anstallda tar hem matsvinn

Bortskankes

Sélt via ’too-good-to-go” eller andra matssvinns appar

Slangs som matatervinning

Sl&ngs som dvriga sopor

Annat. ..

Ovriga anteckningar

7) Anser ni att gronsakssvinn ar ett problem hos er ICA butik?
o Ja

o Nej

8) Finns det/har det funnits ndgot system/anstringning for att minska gronsaksvinnet hos

er ICA butik?

o Nej

O J e

o Ja,meninte langre: ..........coiiiiiiiii

9) Vad dr anledningarna till att importerade gronsaker ej sdljs och blir gronsakssvinn? For

varje kategori, uppskatta i procent (%).

Anledning

Andel som Dblir
matsvinn pga. (%)

Kortare hallbarhetstid an uppskattat. (T.ex. pa grund av problem
under transport).

Gronsak har kosmetisk skada eller &r pa annat satt ej saljbar.




Missbedomd efterfragan av gronsaken.

Billigare alternativ till varan finns.

Annat...

OVIigA ANTECKNINGAT. ... ..ttt e
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10) Vad dr anledningarna till att lokala gronsaker ¢j sdljs och blir gronsakssvinn? For varje
kategori, uppskatta i procent (%).

Anledning Andel som blir
matsvinn pga. (%)

Kortare hallbarhetstid an uppskattat. (T.ex. pa grund av problem
under transport).

Gronsak har kosmetisk skada eller &r pa annat satt ej saljbar.

Misshedomd efterfragan av gronsaken.

Billigare alternativ till varan finns.

Annat. ..

OVriga anteCKNINGAT. ... ... ...ttt

11) Anser du att det generellt sett under hela aret ér skillnad i hallbarhet (och dédrmed sloseri)
mellan lokala, importerade och ekologiska gronsaker? (Vilj en eller flera svar)

o Lokala gronsaker héller langre

o Lokala gronsaker héller kortara

o Importerade gronsaker héller ldngre
o Importerade gronsaker héller kortara
o Ekologiska gronsaker haller lingre

o Ekologiska gronsaker haller kortara




12) Finns det nagon prisskillnad mellan importerad och lokal gurka? Om sa, varfor?
o Nej
o Ja, lokalt producerad ar dyrare
o Ja, import dr dyrare
o Ja,annan anledning.......... ..o

OVIiga ANLECKNINGAT ...\ttt

13) Finns det ndgon prisskillnad mellan importerad och lokal isbergssallad? Om sa, varfor?
o Nej
o Ja, lokalt producerad ar dyrare
o Ja, import dr dyrare
o Ja,annan anledning........... ..ot

OVIiga anteCKNINGAL ... ... . ittt

14) Finns det nagon prisskillnad mellan importerad och lokal blomkal? Om sa, varfor?

o Nej

o Ja, lokalt producerad ir dyrare

o Ja, import dr dyrare

o Ja,annan anledning.............coooiiiiiii i

OVIigA ANTECKNINGAT .....uteit et

15) Finns det ndgon prisskillnad mellan importerad och lokal tomat? Om sa, varfor?
o Nej
o Ja, lokalt producerad dr dyrare
o Ja, import dr dyrare
o Ja,annan anledning...............ooiiiiiiiiii

OVIiga anteCKNINGAL ... . ... iitit e e
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16) Har ni sjdlva reflekterat over ifall svinnet dr storre bland importerade gronsaker dn lokalt
producerade och har det paverkat era inkop?

17) Har ni nagra planer framdver pa hur ni kan fa ner svinnet?
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Appendix 11

This appendix provides a list of the interview questions per type of stakeholder. The interview
questions are broad on purpose, to include the opportunity for follow-up questions and a certain
focus if necessary. The interviews were all transcribed afterwards and coded in Nvivo based on
the codes provided in figure 6. The transcribed interviews may be accessed by sending a request
via email.

Questions producers (organizations)

Sl

10.
1.
12.

What exactly do you produce and how?

For tomatoes and cucumber: who are your clients?

How does your supply and demand from the clients change throughout the year?
Why do your clients choose your company over another one?

Where does the energy used for lighting and heating come from? And why did you use
this source?

Do you know how much energy is used on average on the coldest/darkest days of the
season per tomato and cucumber and how much on the lightest/warmest days? Or the
average?

(I read that your company decided to turn off the lights this past winter and therefore
skip a growing cycle: what are the main implications for the Swedish vegetable market
and will this trend continue or is the plan to produce vegetables year-round again?)

How much fertilizer do you use per unit of product?

Do you use any pesticides? How much per unit of product?
How much water do you use per unit of product?

Is there any market incentive to produce more sustainably?

Is there any benefit for Swedish consumers to buy local tomatoes and cucumbers versus
Dutch or Spanish tomatoes?

Questions wholesaler
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1.

When it comes to cucumbers, tomatoes, iceberg lettuce and cauliflower, what are the
shares of Swedish products versus imported and how does it change during the year?

. What does the supply chain of imported and Swedish vegetables look like for vegetables

consumed in Sweden?



What is important for Swedish consumers in general? Do they prefer Swedish produce
and why/why not?

How do you keep the produce fresh? Is this different for imported and Swedish prod-
ucts?

. How are the products transported? What factors are important when deciding the

transport method?

How much products are wasted from farm to supermarket gate? Is there a difference
between Swedish products and imports?

Questions Spain expert

. How do tomatoes, cucumber, cauliflower and iceberg lettuce grow in Spain?

. What are the main differences in production and produce compared to the Netherlands

when considering energy use, and fertilizer and pesticide use?
What are the growing seasons for the listed vegetables in Spain?

How is the quality of the products and post-harvest food loss?

. How long does it usually take until the harvested products are in the Swedish supermar-

ket?

Questions packaging expert

1.

What type of packaging solutions did Paptic develop for vegetables? In what ways is it
competitive with established packaging solutions?

For which vegetables are there sustainable packaging options available currently?

. What are the main properties that are required for vegetable packaging?

Are you able to express the difference in environmental impact between plastic foil and
Paptic packaging?

. What are the challenges for expansion for sustainable packaging?

. Are there any plans to expand to the Swedish market?

Questions supermarket

1.

2.
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Who determines what products are bought, what quantities of each product are bought
and from which client it comes? What prices the products are offered for?

Do you have any idea if this is similar for other ICA locations? Are best practises
shared?
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. Do you know how many steps are in between the producer and the supermarket for

vegetables such as tomatoes and cucumbers? Probably a difference between Swedish
and imported vegetables? How long are the products on the way to the supermarket?

. What is the average shelf life of tomatoes, cucumbers, iceberg lettuce and cauliflower

for Swedish and imported products?

. When are cucumbers without plastic wrap sold? Do you note that it decreases shelf life

/ increases food waste?

. Are there any other ICA locations that follow your example with Resurskocken?

. How do you make sure that all personnel know how to work with the vegetables?



