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ABSTRACT 
 
In a world faced by the threatening challenges of climate change, limited natural resources, and 

food insecurity, the reduction in the so far unprecedented and scandalous scale of food loss and 

waste becomes crucial in moving closer to sustainable development. While numerous studies 

have researched its causes and drivers across various stages of the chain, the integration and use 

of Supply Chain Management to help solve this issue systemically on a specific food supply chain 

through eco-effectiveness and redesign has thus far been neglected. By holistically analysing the 

fresh potato supply chain in Denmark, predominantly focusing on the pre-consumption stages, it 

becomes apparent that supply chain inefficiencies and uncertainties drive the value chain to sub-

optimal performance. Through the use of the self-created ‘Eco-effectiveness Model of Food Loss 

and Waste’, the specific elements of the supply chain scenario were specified as well as the 

performance measurements in place by firms operating in the chain through the Triple Bottom 

Line. To demonstrate the use of the model, quality standards and product specifications were 

identified as the most prominent cause of food loss and waste in the system. As the main source 

of uncertainty, these standards and specifications indirectly set by consumer expectations, habits, 

and preferences shift food loss and waste to the downstream stages of the supply chain and 

further drive inefficiency. Hence, the various ways the different actors redirect food loss and waste 

to other opportunities were analysed, before finally suggesting what changes in the elements of 

the supply chain scenario, through redesign strategies, would help to reshape the chain towards a 

sustainable and eco-effective system. While retailers are seen as the bridging entity between all 

other actors in the chain, the monitoring and control of the quality standards, and the optimised 

flow of communication and streamlined coordination of product specifications will become vital to 

move closer to an eco-effective system. As the model self-replicates, the supply chain will modify 

itself over time and further drive out food loss and waste, and subsequently move towards a 

sustainable value chain. Although this study was specifically attributed to the fresh potato supply 

chain in Denmark, it would become interesting to apply and replicate this systemic approach 

further across other products and contexts in the future.  
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1. INTRODUCTION 
 

1.1 Food Insecurity and Climate Change 

Our planet faces multiple, complex challenges in the 21st century. At the moment, there is enough 

food produced yearly to relatively sustain the world’s population, although 800 million people still 

go to bed hungry each night and 1 billion people are overfed (FAO et al. 2015). Under current 

production and consumption trends, global food production will need to increase a total of 60% 

by 2050 (FAO 2012). With the world soon hitting the 8 billion people mark, food security, best 

defined as “the physical and economic access to sufficient, safe, and nutritious food to meet a 

person’s dietary needs and food preferences for an active and healthy life” (FAO 2017), is 

becoming a prevalent and urgent concern for current and future generations of increasingly 

affluent consumers. Additionally, we currently live in a world faced with the devastating 

aftermaths of climate change and limited natural resources. The food sector accounts for around 

30% of the world’s total energy consumption and for around 22% of total GHGs emissions (UN 

2016). It is clear that a sustainable food system will be crucial to achieve not only food sufficiency 

(Godfray et al. 2010), but also mitigate our increasing impact on our climate (Garnett 2011; Derqui 

et al. 2016), our dependence on natural resources such as land, water and energy (FAO 2012), 

and subsequently our capabilities to remain within the planetary boundaries (Steffen et al. 2015). 

While food production must clearly increase to meet future demands, the greatest opportunity 

lies in the promotion of food loss and waste reduction, and the productivity and efficiency of the 

food system (Halloran et al. 2014; Gustavsson et al. 2011; Godfray et al. 2010). In 2015, the UN 

reiterated these concerns with its SDGs in promoting sustainable consumption and production by 

2030 with “halving the per capita global food waste at the retail and consumer levels, and reduce 

food losses along production and supply chains, including post-harvest losses”, while also 

“substantially reducing waste generation through prevention, reduction, recycling, and reuse” 

(FAO 2016). If food waste were indeed a country, then it would rank as the third highest emitter of 

GHGs emissions in the world, behind China and the U.S (Hanson 2016; FAO 2013a). It is clear that 

it is the lack of awareness in the scope of the problem as urgent as this, that makes progress slow 

(Finn 2014). In my eyes, there is no greater opportunity for humanity then tackling the scandalous 

tons of food thrown away each and every day around the world – it is a pressing issue that is 

economically damaging, environmentally threatening, and simply morally irresponsible. 
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1.2 Food Loss and Waste in Denmark’s Potatoes 

A growing number of EU member states are embarking on awareness-raising initiatives to inform 

the public about the cause and impact of food waste (The European Parliament 2012) with 

Denmark particularly being one of the frontrunners when it comes to the issue at hand (Juul 2017; 

Nair 2017; Overgaard 2015; Russell 2016). Significant research has been conducted in the 

behaviours, attitudes, and consumption patterns of consumers in the eyes of food waste as well as 

the anthropological and psychological factors influencing choice and value related to waste 

(Quested et al. 2013; Lang & Heasman 2015; Evans 2012; Reno 2016). Additionally, a number of 

studies have reported information on the amount of food waste generated in Denmark at 

different levels of the food supply chain (Mogensen et al. 2013; Teuber & Jensen 2016; MEFD 

2017; Halloran et al. 2014), but primary data remains very limited, particularly when looking 

specifically at a single product. This study will provide an anecdotal snapshot of a much graver, 

wide-ranging and multi-disciplinary problem, that is in this scenario, framed as an 

environmentally, socially, and economically harmful issue. Rather than seeing one single actor 

within the supply chain such as the consumer as the responsible low-hanging fruit, it is an 

overarching system that is failing.  

 

Denmark currently throws away 700,000 tons of food each year, with household waste amounting 

to 260,000, 163,000 in retail, and 100,000 tons in primary production, costing Danes 11.6 billion 

DKR a year including VAT and taxes (Miljøstyrelsen 2014a; Miljøstyrelsen 2014b). It is also 

estimated that 137,683 tons of non-processed vegetable food was thrown away in Danish 

households, with an average Dane throwing away 0.96 kilos of non processed vegetables every 

week of the year, making it the greatest share of general waste (Miljøstyrelsen 2014a). Starchy 

roots and tubers such as potatoes make up the greatest share of food wasted globally by food 

category with 46.2% of items never reaching the consumer (Business Insider & FAO, 2017, 

Appendix A) and with the most significant loss and waste occurring at the pre-consumption stages 

(such as suppliers, distributors, and retailers) (FAO 2012; Royte 2016; Gustavsson et al. 2011). It is 

therefore my intention to understand why a product as versatile, varied, and easy to handle with 

no expiry date such as the potato, both significantly produced and consumed in Denmark, makes 

its way into conventional bins each and every day. Are the causes primarily arising due to the 

perishability and shelf life of the crop, the ineffective handling or storage facilities and processes, 
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the overarching quality standards or ordering schemes set by retailers, or due to the blindfolded 

behaviours of modern consumers? The problem of FLW should therefore be applied to a systemic 

approach in which the different levels of the integrative food system are analysed and optimised 

systemically and holistically. My research question will aim to identify: 

 

Why does food loss and waste in the fresh potato supply chain in Denmark arise and what 

elements of the supply chain scenario within the integrated network need to be redesigned to 

systemically reshape it into an eco-effective and sustainable supply chain? 

 

The system boundaries for this analysis will be explicitly on the supply chain of conventionally 

produced fresh (early and ware) potatoes in Denmark from production to retail, while only to a 

certain extent and not empirically focusing on consumers. This research will focus on whether 

Denmark can indeed initiate a systemic change from downstream suppliers all the way to the 

consumers, and whether this can then be replicated to the rest of the EU and globally thereafter. 

Based on the empirical findings and best practices from literature, this research will firstly analyze 

the causes and drivers of FLW in the value chain before finally identifying the elements of the 

supply chain scenario that will reshape the system to an eco-effective and sustainable supply 

chain through redesign strategies.   

 

2. METHODOLOGY 
 

2.1 The Systems Approach 

To fully grasp a complex phenomenon such as FLW, a systems approach does not decompose 

reality into parts, but rather looks at the world in terms of mutually dependent and interrelated 

components comprised within a system of parts, links and feedback mechanisms (Lilienfeld 1978). 

A system is a set of interacting and interdependent components that helps to form a complex 

whole that is delineated by spatial and temporal boundaries (Sridhar & Jones 2013). It is 

henceforth seen as holistic, often guiding authors to look at problems and solutions by keeping in 
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mind the main purpose of system research of improving systems in practice. Gammelgaard (2004) 

further suggested that theory in the systems approach is seen contextually rather than universally. 

To derive knowledge, it is necessary to analyse and compare cases instead of seeking universal 

cause-effect relations. Rather than looking for absolute truth, the notion lies in the pragmatic 

search of a problem solution that is applicable in practice within a specific context. Churchman 

(1968) offered five considerations to keep in mind when thinking about meaning of a system:  (1) 

total system objectives & performance measures; (2) the system’s environment and fixed 

constraints; (3) resources of the system; (4) components of the system, their activities goals and 

measures; and (5) management of the system. As a researcher, I stand objectively outside the 

research object (although partially influenced), observe, and subsequently propose improvements 

that reflect on reality. In an issue such as prevalent and critical as FLW, it is crucial to not fall in the 

trap of not analyzing, what Churchman (1968) described, an environmental fallacy holistically. He 

suggested that a systems approach would look to address problems while taking into 

consideration the consequences of any given action throughout a system and not end up 

problem shifting. 

 

The objective is henceforth to analyze the data collected by mapping and modeling the links, 

mechanisms, and boundaries of the lifecycle as a system.  Environmental focus has over the last 

decades moved from merely looking at point sources within a chain to looking at diffuse sources 

within a specific holistic system, both within the input and output flows. The exchanges within the 

boundaries of the system become of interest as materials and energy are added as inputs to 

processes and product, emissions, and waste becomes the output. It is about optimising these 

and taking into account the trade-offs within the lifecycle perspective of a product. The end goal 

is hence to be primarily exploratory as a level knowledge, particularly in understanding why FLW 

is so problematic at various focus points and how it can potentially be solved in context 

systemically. A deductive approach that contributes to the empirical field and to assess the 

degree to which the current theoretical approaches supplement each other to form an holistic, 

encompassing framework.  Furthermore, this framework is then used as the backbone to structure 

the present empirical analysis.  
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2.2 Case Study as Research Design 

The design is the logical sequence that connects the empirical data to a study’s research 

questions and ultimately the conclusions. It depicts the process of collecting, analyzing, and 

interpreting observations. It helps to explain causal links in real life scenarios, enlighten the 

researcher on potential outcomes, and illustrate the topic of FLW in context (Yin 2013). According 

to Churchman (1979), the ideal method in systems analysis is case studies. A case study is a 

deductive research design, whereby a conclusion was deducted from the premises and 

knowledge gathered through qualitative data collection with analyzable generalizations, rather 

than statistical. It allows researchers to study complex phenomena within their contexts. 

According to Yin (2013) a case study design should be considered when: (a) the focus of the study 

is to answer “how” and “why” questions, (b) one cannot manipulate the behavior of those 

involved in the study, c) one wants to cover contextual conditions, and/or (d) the boundaries are 

not clear between the phenomenon and context. The method one chooses therefore greatly 

depends on the type of research question posed, the extent of control the investigator has on 

actual behavioral events, and the degree of focus on contemporary rather than historical events. 

While case studies rely on the “why” and “how”, it focuses primarily on contemporary events in 

real-life context and do not require control of the investigator. My aim with this case study was to 

examine contemporary real-life situations within a system as the basis to apply theoretical 

concepts and theories within the fields of Sustainable Development and SCM. It seeks to explain 

or investigate the present circumstances of a complex social phenomenon through holistic, in-

depth and extensive descriptions. Miles & Huberman (1984) defined a case as “a phenomenon of 

some sort occurring in a bounded context.” The case therefore becomes the unit of analysis for 

which I generated and applied theory. I used already existing theoretical frameworks to shape 

and build my own model (The Eco-effectiveness Model of Food Loss and Waste) that was then 

further applied to the case at hand. This approach helped to get an understanding of a complex 

issue through a detailed contextual analysis with a limited number of conditions and information. 

The essence of a case study is to illuminate a set of decisions by looking at why they were taken, 

how they were implemented and with what results.  

 

In terms of case study type, Yin (2013) categorized case studies as explanatory, exploratory, or 

descriptive, while also differentiating between single, holistic case studies and multiple-case 
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studies. This study was a single case that could be seen as exploratory, as it was used to explore 

those situations in which the intervention being evaluated had no clear, single set of outcomes. It 

identified different potential outcomes and then suggested recommendations based on findings. 

Case study research designs need to maximize quality through four critical conditions related to 

design quality: (a) construct validity, (b) internal validity, (c) external validity, and (d) reliability (Yin 

2013). Within case studies, five components of research design are empirically important. One will 

have to indicate how data is initially collected through a) the study’s questions, b) the 

propositions, c) and the unit of analysis, before finally moving to d) the logic linking the data to 

the propositions and e) the criteria for interpreting the findings (Yin 2013). 

 

Theory development prior to any case study data is an essential guideline in determining what 

kind of data to collect and how to collect, analyse or interpret it after. The aim is to use previously 

developed theory to compare with empirical results through a conceptual model, also known as 

analytical generalization (Yin 2013). In order to select the relevant literature, this study is based on 

the ‘generic model’ (Soerensen 2004). It identified relevant concepts and facts on the issue, and 

to frame and position the problem in context. Cross-referenced, valid, and reliable sources for 

academic journals that generally ranged in time period, although most recent studies were 

preferred, were selected. Sources were obtained through key word searching on online search 

engines, and databases such as Business Source Complete, Statista, and Statistics Denmark. 

Entries to listings provided were then evaluated by relevance and validity. Relevant in terms of the 

subject and angle researched, while validity corresponding to a trusted and cross-referenced 

source. At first a large set of articles were selected and then evaluated again for completeness 

until only a few remained that would guide towards a valid study. A combination of trusted review 

strategy and snowballing were applied, as literature in the subject was relatively recent. This 

allowed me to backtrack based on cross-references and at the same time concentrate on trusted 

sources and contributions that would help me shape my framework.  

 

2.3 Qualitative Data Collection 

Qualitative research broadly refers to research conducted in a natural setting using direct 

participant interaction and observation in order to bring to light deeper or different perspectives 
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and behaviors of participants than those discovered previously (Mello & Flint 2009). My outside 

position as a researcher enabled me to get an in-depth insight into the firm’s operations while at 

the same time developing and applying a framework that frames the findings of data collection 

with theory.  

 

i )  The Unit of Analysis and Boundaries 

In qualitative research, our choice of cases should always be theoretically guided and based on 

their relevance to the research question (Silverman 2015). This research focused directly or 

indirectly on primary and secondary organizations involved within the potato supply chain. Data is 

hence collected at different entities along the supply chain to look beyond a single firm’s 

boundaries and hence enables comparing theoretical developments more thoroughly with 

empirical findings and inter-organizational issues (Seuring & Gold 2013).Those were the units of 

analyses within the case used to analytically generalize theory. One of the common pitfalls 

associated with a case study is that there is a tendency for researchers to attempt to answer a 

question that is too broad or a topic with too many objectives for one study (Baxter & Jack 2008). 

Miles & Huberman (1984) and Stake (1995) therefore suggested to bind the case study by: (a) 

time and activity and by (b) definition and context. Sampling during the course of the research 

was relatively flexible and interactive in broadening entities as samples increased due to new 

factors or generalizations emerging. The delimitations are further discussed later on in this 

section.  

 

i i )  Data Sources and Triangulation 

My focus remained on collecting both primary and secondary data from multiple sources of 

evidence. This ensured that the issue was not explored through one lens, but rather a variety of 

complementary facets (Baxter & Jack, 2008). The goal was to integrate a myriad of mutually 

dependent variables or pieces of evidence. Through data triangulation, it is possible to converge 

lines of inquiry through multiple sources and to corroborate the data at hand (Patton 2002). Data 

from multiple sources were converged in the analysis process rather than handled individually, 

with each data source being one piece of the puzzle, contributing to the researchers’ 
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understanding of the whole phenomenon (Baxter & Jack, 2008). 

 

a) Primary Data Collection – Interviews 
 
Primary data means the data that has been collected specifically for the purpose in mind and 

most commonly gathered afresh. To collect qualitative data, I conducted both face to face and 

phone interviews.  The interviews were guided, semi-structured and flexible, rather than rigid and 

fully structured. In doing so, I followed my own line of inquiry and to ask conversational questions 

in an unbiased manner that serves the needs of my inquiry. For example, this meant that rather 

than posing directly “why”, a question was at times posed in a manner that would not offend the 

interviewee or make he/she defend her/himself. Thus, there were two levels to keep in mind: a) to 

satisfy the needs of my line of inquiry and b) to not put forth threatening and unfriendly questions 

in open-ended interviews. The interviews were relatively focused and followed a set of questions 

derived from other sources and theory development. During the interviews, interviewees primarily 

took the stance as informant rather than respondent, whereby their personal opinion and insights 

played a significant role. Face to face interviews were granted permission to record, which 

allowed me to provide accurate renditions for further analysis and a chance for me to listen to the 

discussions again after the interview was conducted. As Kvale (2006) suggested, in order to make 

interviews effective, rapport and trust was built with interviewees by guaranteeing full accurate 

disclosure of the information that was shared with me. Additionally, interviewees suggested other 

persons to interview, identify and access other relevant sources of evidence. Snowball sampling 

was used where the initial contact persons were asked for recommendations of people linked to 

them in their work or involved with down- or upstream (Lelea et al. 2014).  

 

The different stages of thematizing, designing, interviewing, and analysing were followed. I would 

first thematize the interviews by clearly articulating the problems, needs and intents to be 

addressed. When setting up the meeting, I would clarify the purpose of interview and the 

estimated time required to the interviewees. The interviews varied in length between 30-90 

minutes. To gain greater background knowledge in the subject, I first set up interviews with 

professors from Copenhagen Business School and University of Copenhagen to gain insights into 

the current research on agriculture, the food supply chain and FLW as seen in Table 1. 
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Table 1 – Interviews with Professors and Researchers 

 

 

Table 2 – Interviews with Suppliers, Distributors, and Traders 

 

 

Once the literature review was conducted, I decided to start from the roots of the supply chain by 

contacting potato farmers, distributors, and traders directly via e-mail. To limit my research I 

primarily focused on the areas of Lammefjørd and Samsø Island, renowned for potato production 
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in Denmark as seen in Table 2. Meeting times were arranged with those actors that were willing to 

be interviewed. Interviews lasted between 60 – 90mins and included additional tours around the 

premises such as storage houses, packing stations, and fields. Additionally, to further gain insights 

into the impact of other stakeholders and their incentives on the supply chain, I contacted the two 

municipalities in which the different actors were located. My aim was to also compare and 

contrast whether there are any distinct differences between the two regions of Samsø and 

Lammefjørd when it comes to business entities and their processes but also regional 

opportunities and incentives. 

 

For the interviews to be reliable and consistent, the questions were set such so that the following 

themes were clearly identified and information would be reliable to be used for further analysis 

based on the self-created framework: 

- Background information on the company and role of the interviewee 

- The business governance and relationships with other stakeholders 

- Identification of the business processes in place such as storage, demand 

management/order fulfillment or transportation 

- Performance measurements and the existence of uncertainty 

- Waste (causes/drivers and processes in place for prevention, and incentives or 

opportunities for re-using waste for different purposes). 

 

However, it is important to keep in mind that these interviews were semi-structured, which lead to 

certain questions to be adapted in terms of emphasis and depth depending on the interviewee, 

while additionally new questions arose as the discussion continued. Once the interviews took 

place, the information gathered from interviews was used empirically in the analysis and 

generalized in support of the established framework.  As all interviews were recorded, accurate 

quotations could be used further on in the process.  

 

b) Primary Data Collection – Participatory Discussions 
 

Due to their unavailability and unwillingness to cooperate in interviews, short unstructured face-

to-face participatory discussions were held with retailers discussing their individual approaches to 
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FLW. Within this approach, I took more a role of an active observant and interested consumer in 

the light of ethnography, rather than a researcher such as in the conducted interviews. The 

discussions were held with store manager or full-time in-store employees (Table 3). To limit 

variability and increase reliability and consistency, my research was solely conducted on Amager, 

South of Copenhagen, and Kastrup in chains of similar operating size. I assumed that each store 

was therefore located in similar reach to other incentives or stakeholders, and to a similar 

consumer base with little variance in wants and needs. On average, the discussions lasted for a 

maximum of 10 minutes during which certain topics were consistently discussed: 

 

- Food quality standards and requirements 

- In-store waste processes and systems 

- Governance and relationship with other stakeholders (including the consumer) 

- In-store order and fulfillment processes.  

 

Table 3 – Participatory Discussions with Retail Stores 

 

 

c) Primary Data Collection - Direct Observations  
 

Direct observations were another source of evidence used when in place in the natural setting. By 

visiting the packing stations, the potato fields and warehouses. The conditions of equipment and 
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facilities, the technicalities and specialized processes, were further taken into account. To give a 

new dimension to the subject, photographs were taken to convey characteristics to outside 

observers (Appendix C). These observations then also extended to participant observation by me 

selecting and actively grading potatoes fit for consumption. This provided a clear insight into the 

distinct features and standards one has to keep in mind when selecting potatoes. By accessing a 

world that is otherwise inaccessible to outsiders, gave me the opportunity to perceive reality from 

someone inside the case study rather than external from it. All in all this gave me a more accurate 

portrayal of the case study phenomenon. Additionally, I conducted primary research by actively 

observing waste management and disposal in retail first hand by ‘dumpster diving’ in various bins 

across multiple sites. These observations exposed me to the scale of the problem, opened my 

eyes in terms of what kind of products were thrown away into bins, and also the chance to 

evaluate if retail were indeed separating organic /bio waste from conventional waste. To 

document these outings, photographs were taken during and after the outings (Appendix E). To 

keep this entirely legal, I ensured that I was not trespassing and followed rules and regulations by 

not damaging private property. 

 

d) Secondary Data Collection – Archival Records and Documentation  
 

Secondary data collection was aggregated in different ways. Firstly, various studies had been 

conducted on empirical research for which the insights and observations would become valuable 

information. Additionally, by using Statista, Euromonitor Passport and Marketline, I was able to 

access essential secondary data on the impact of FLW and how it is measured. By directly 

contacting Mona Larsen (Statistics Denmark – Head of Section of Food Industries) by email, I was 

able to get greater insight into archival records such as into statistics on the agricultural sector in 

Denmark.  Furthermore, Charlotte Clausen (Danish Agriculture & Food Council) provided me with 

valuable information on past studies relating to Danish consumption patterns and consumer 

perceptions.  Other useful documentation was also collected whilst interviewing different entities. 

This took the form of brochures or official documentation that entities use in their every day 

activities; such as Danespo’s quality standards control sheets or the potato variety card (Appendix 

B; Appendix D). My main source for official reports was from the FAO, the EC, WRAP, and official 

governmental agencies based in Denmark.  
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i i i )  Delimitations on Qualitative Research 

In terms of the method and design of the research, there are various delimitations in terms of 

scope and boundaries that need to be taken into account. With the transformative SDG’s and 

ambitious targets declared at the Paris UN Climate Conference in 2015, it was my intention to 

constrain my research on how a country is to envisage leading the way in tackling the impacts of 

climate change. While this can be done from various angles and dimensions, my intention was to 

primarily focus on one aspect alone – FLW, a prime contributor to GHGs emissions. Although 

solving FLW cannot solely solve the issue of climate change, it can, however, be a stepping-stone 

towards sustainable food production and consumption. To further bind my research and to easily 

access data, I decided to concentrate on Denmark, a country praised and glorified for its fight 

against FLW, to further understand its current initiatives and long-term endeavours. Due to 

longitudinal effects of time constraints, I had to settle with one product and to only focus on 

potatoes produced and consumed in Denmark, hence excluding imports and exports. When 

specifically looking at statistics of where FLW occurs, fruits and vegetables, specifically roots and 

tubers, rose amongst the highest. Its rich tradition and history within the country as well as its self-

sufficient dependence, made potatoes a choice of focus. At first seen as mundane, easy to store 

and handle, and hence not identified as a product one would waste, potatoes continue to be 

discarded, and my ambitions was to understand why. This research was conducted between 

October 2016 – May 2017 in the areas of Copenhagen, Lammefjørd, and Samsø Island. 

 

Whilst concentrating on the areas of Lammefjørd and Samsø, only local businesses stationed and 

operating in those areas were defined. Lammefjørd is one of the principal providers of large 

retailers in the Sjælland region, while Samsø is a prime example of a self-sustained island that has 

a rich, traditional history in Danish potato production. With many small to large corporations 

existing, two farmer/farmer unions (Samsø Grønt in Samsø and Storøhage Kartofler in 

Lammefjørd) and two distributors/traders (Danespo and Soladan) were sampled based on them 

willing to cooperate in this study. Additionally, a selective number of retail stores were visited, 

based on time constraints, in the same geographical area of Amager, South of Copenhagen. This 

ensured a sample size that was both manageable and relatively representative. It gave a clear 

scope to the research in identifying what initiatives there were in various stages of the supply 

chain and in different areas geographically.  
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Additionally, this study set its boundaries by only focusing on fresh potatoes (ware and early) in 

order to further focus on specific processes and to not extend in complexity. This study focused 

on collecting data on the core primary stakeholders only, with the only exception being the 

initiatives set forth by local municipalities. The other secondary stakeholders in the extended 

supply chain were analysed based on secondary data only. Furthermore, this study only collected 

primary data on the pre-consumption stages of the chain (farmers, distributors/traders, retailers). 

Nonetheless, although consumers were outside of the scope of this study due to time and data 

constraints, they remained a vital actor that contributed to the causes and drivers of FLW 

accounted to other actors. It was therefore not possible to completely disregard consumers. 

Within this study, only consumers that buy their produce in retail were seen as the end point of 

the chain and were simplistically identified as uniform, with no unique demographics or 

individualities taken into account. 

 

3. LITERATURE REVIEW 
 
This review facilitates a clear overview of the state of the art understanding of concepts and issues 

related to SCM, Sustainability, and FLW literature, and their interrelations. Firstly, the section 

discusses the production specifications of potatoes and the various approaches and definitions of 

FLW to set the scene, before defining sustainability in terms of the TBL dimensions. Then 

sustainability is discussed together with SCM and how these two concepts can be integrated into 

SSCM and GSCM. To fully grasp the potential of integrating sustainability within a supply chain, 

an analysis of the whole value chain using the SCM Framework that includes the processes, the 

stakeholders and their relationships, will have to be conducted. To adequately discuss supply 

chain performance, the Food Loss and Waste Accounting and Reporting Standard is discussed in 

terms of measurements. The various causes and drivers behind FLW are then generalised from 

across different sources of recent research. Finally, proposed notions of redesign strategies are 

reviewed to prevent or take advantage of waste with the aim of long-term eco-effectiveness.  
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3.1 The Product Specifications – Potatoes in Denmark 

First cultivated 8,000 years ago by the Incas in Ancient Peru, the potato, also known scientifically 

as Solanum tubersum, has played an important role in history every since its journey across the 

ocean with the conquistadores in the 16th century (Meltzer 1992), with some even suggesting that 

modern civilisation as we know it today might not even exist at all, if it wasn’t for the potato 

(Hawkes & Francisco-Ortega 1993; Bear-McGuinness 2015). Many major milestones in world 

history can all be at least partially attributed to this simple spud (Zuckerman 1998). Its 

domestication and spread is synonymous for its importance in our every day lives, with 235 

species recognised and many being cultivated today (Hawkes 1990). As a source of protein, 

carbohydrates, essential fats, vitamins and minerals, this good weaning tuber is praised for its 

nutritional value and is now the fourth largest crop in the world (Murray-Berzok 2016; Lisinka & 

Leszczynski 1990; Alemu 2014) due its versatility (Hawkes 1990), adaptability - even being the first 

vegetable to be planted in space in 1995 (NASA 2004) - and its simplicity in harvesting, handling, 

storing, and transporting (Dean 1994; Murray-Berzok 2016). 

 

In many regions of the world, potatoes are most often eaten boiled and unpeeled (Camire et al. 

2009) with the potato peel seen as a ‘‘nutrient-rich” dietary fiber (Arun et al. 2015). Additionally, 

potatoes can be produced organically or conventionally, with pesticides playing an important role 

in the fight against pests, fungus, and diseases. To clearly see how much of an impact these may 

have, this research focuses on conventional production with potato peel considered as edible for 

human consumption. Often misinterpreted as a high calorie product not intended in a healthy 

diet, potatoes are a vital ingredient for a well-balanced, varied régime, when combined with low 

or no fat to prepare it (Danske-Kartofler 2017). Of the 2,634,000 hectares of arable land in 

Denmark, 43 000 hectares is dedicated to potatoes, making it the most planted root vegetable in 

the country (Danish Agriculture and Food Council 2016). Each year, the average Dane consumes 

about 73 kg of potatoes (FAO 2008) which amounts to a household average of 484.9 DKR worth 

of potatoes (Eurostat 2017) hence playing an important role in the national diet, now seen 

ubiquitous in Danish cooking (FAO 2008). The potato also plays a significant role in terms of 

economic value. In 2014, the world produced 385 million metric tons of potatoes, of which 1.5 

million were produced in Denmark (National Potato Council 2016) sold as fresh potatoes, seed 

potatoes (not intended to be eaten but for propagating new crops) or for further processing such 
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as starch, alcohol, or crisps (Commission of the European Communities 2007) depending on their 

ripeness, resistance, and starch content; this research only focusing on fresh potatoes intended for 

direct consumption. Fresh potatoes include both ware and early potatoes, produced in a wide 

range of varieties with various characteristics, intended for specific consumption purposes and 

also available at different times of the year (Danespo, 2017, Appendix B). 

 

Heavily reliant on the soil in which they grow and the weather conditions that surround them, 

potatoes thrive in well-drained, loose and moist soil. In Denmark, they are harvested once a year 

in the months of September and October and then stored and consumed for the following 

months. Early potatoes means potatoes harvested before they are completely mature, marketed 

immediately after their harvesting, and with skin that can be easily removed without peeling (CBI 

2011).  Ware potatoes are stored for several months in wooden boxes at moderate temperature 

of 5-6 °C. Early potatoes, harvested in the summer months, undergo a different procedure that 

pushes the potato from the field to fork in a matter of days or even hours, leaving storage behind 

and lead times even shorter. Once potatoes are ready for packaging, they are shipped to 

packaging stations where they are then graded, washed and sorted. Pictures as seen in Appendix 

C clearly depict the process that potatoes go through day by day. Either stored or directly 

transported, the potatoes soon make their way on trucks to the different retail distribution centres 

across the country. Here they are then organised in batches ready for shipment to the various 

chains and stores depending on daily orders. Within retail, they are then exposed on shelves and 

trays ready to be consumed by customers of all of demographics. 

 

3.2 Food Loss and Waste – Approaches and Terminology 

In the EU, FLW along the supply chain has been estimated at approximately 89 million tons or 

180 kg per capita per year, and is expected to rise to about 126 million tons a year by 2020, 

unless action is taken (Katsarova 2014). An analysis by the FAO in 2011 suggested that annual 

global food waste lies at around 1.3 billion tons, which equals to a third of the total food 

production intended for human consumption and worth around $1 trillion (Gustavsson et al. 

2011). If along the food supply chain, one takes into account not only waste or loss, but also the 

conversion of food production into animal feed, then it is estimated that only 43% of caloric 

equivalent of the products cultivated for worldwide food purposes is actually directly consumed 
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by humans (Smil 2004).  

 

When it comes to FLW and its scope, one is immediately confronted by two competing 

approaches that reflect fundamentally different perspectives and underlying objectives (HLPE 

2014). The waste-focused approach focuses on waste that is food but also includes the non-edible 

parts. It aims to diminish waste of all kinds and hence to reduce the negative costs and impacts of 

waste. The food-focused approach sees food as the starting point and focuses only the food parts 

that are edible and then wasted or lost. The non-edible parts are not accounted for and it has 

hence the goal of considering improvements of how the food system functions holistically from a 

food chain perspective. As Figure 1 demonstrates, a schematic representation can visually 

describe which waste will be considered and which will be disregarded. Fresh agricultural 

production can be divided into food versus non-food uses such as animal feed or seeds. Food is 

then further broken down into edible and non-edible food. The total amount of food lost or 

wasted in then derived along the five stages of the food chain.  

 

Additionally, defining FLW can lead to various different interpretations, as each researcher uses 

his/her own classifications and measurement processes. Until now, there is no single uniform 

definition, neither within institutions or specialised scientific literature (Buchner et al. 2012), and 

this can be seen as a major drawback for comparative statements across studies (Teuber & Jensen 

2016). Many definitions and terminologies are being used by various actors and stakeholders that 

can be summed into three different categories of authors and approaches (HLPE 2014). The first 

approach makes the distinction between food loss and food waste based on the stage of the food 

chain at which the food loss or waste physically happens. Food loss refers to the removal of edible 

parts of food at the pre-consumption stages of the chain before arriving the store and is often 

defined as post-harvest losses (Buchner et al. 2012). Food waste, on the other hand, happens at 

retail and consumption. A second group of authors does not focus on the stage of the supply 

chain at which it occurs but rather at the nature or origin of the cause of loss or waste (Parfitt et al. 

2010). The cause can be either voluntary, behavioral or the result of a choice. This surely raises the 

question of subjectivity of context and perception, and disregards economic, technical and social 

constraints by only focusing on the psychology behind an action taken. A third category, that also 

includes the FAO, sees food waste as an important part of food loss that refers to the removal to 
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food that is removed from the food supply chain, predominantly but not exclusively by the final 

consumer at the household level (Stuart 2009; Smil 2004). 

 

Figure 1 – Waste Categorization  

 

 

To further add to the complexity, the terminology is also highly dependent on the coverage of 

terms through the various different languages that can take dissimilar scopes and contexts. 

Particularly, the differentiation between FLW and co- or by-products can be a grey area and is not 

always clear-cut (Teuber & Jensen 2016). Definitions given by WRAP and the FUSIONS program 

include unavoidable waste and inedible parts respectively (FUSIONS 2017; WRAP 2017). 

Avoidable food waste refers to the edible parts of food, while unavoidable refers to the inedible 

parts that include waste arising from food that has not been edible under normal circumstances 

(Teuber & Jensen 2016; Buchner et al. 2012).To further classify this, WRAP introduced ‘partially 

avoidable’ waste that entails food that some people may eat while others do not, depending on 

contextual or cultural influences such as potato skins (Segrè et al. 2014); it is hence waste that is 
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composed of material that was edible before disposal (WRAP 2017). However, still today, it is 

difficult to distinguish between what FLW is avoidable due to supply chain inefficiencies, and what 

degree is actually unavoidable. Additional research and measurements will have to be conducted 

to analyse this further in the future. Other scholars go a step further by looking at the difference 

between the energy value of consumed food per capita and the energy value of food 

physiologically needed per capita as a waste of food (Parfitt et al. 2010). This goes in hand with 

the notion that ‘inedible’ FLW might have different implications at different stages of the food 

supply chain, as the “optimal efficiency” of an agri-food product may not be reached if derived 

raw materials such as bones are considered inedible at all stages (Segrè et al. 2014). 

It is clear that to enhance information exchange, collaboration, and synergy, a common definition 

is needed, “leading to a globally harmonized approach improving data collection, data 

comparability, and evidence based regulatory and policy decisions for FLW prevention and 

reduction” (FAO 2014b). For the purpose of clarity, this research will base its focus on the first 

approach, in which food loss takes place at pre-consumption levels and food waste occurs at retail 

and consumer level regardless of the cause or behavior of the different actors. Henceforth, food 

loss will refer to a decrease, all stages of the food chain prior to consumer level, in mass of food 

that was originally intended for human consumption, regardless of the cause (HLPE 2014; Buchner 

et al. 2012). Food waste – food appropriate for human consumption discarded or left to spoil at 

consumer level – regardless of the cause (Bond et al. 2013). Due to the fact that this study 

investigates potato losses from field to retail, while also keeping in mind the consumer and 

his/her actions, the term Food Loss and Waste or ‘FLW’ will be used across actors at all stages of 

the supply chain. FLW is therefore a decrease, at all stages of the food chain from harvest to 

consumption in mass of food that was originally intended for human consumption, excluding feed 

and parts of products which are not edible (Gustavsson et al. 2011).  

 

3.3 Sustainability & The Triple Bottom Line 

Sustainability is the unifying, integrative principle for thinking about ways of improving the food 

system in a multi-dimensional and systemic fashion. Originating from the Latin word ‘sustinere’, 

sustainability derives from the composite from ‘tenere’ meaning ‘to hold’, and the prefix ‘sus’ 

meaning ‘up’. The sense of the word therefore means to maintain, support or endure. In the eyes 
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of sustainability for us human beings, it is the long-term maintenance of well-being. If we manage 

to “meet the needs of the present without comprising the ability of future generations to meet 

their needs”, then sustainable development will be achieved (Baldwin 2009). As sustainability is 

difficult to grasp, it is often represented by Elkington’s notion of the TBL that consists of balancing 

the three pillars of profit, people, and planet to positively affect the environment and society, 

while also leading to long term economic benefits (Elkington 1997). However, Sridhar & Jones 

(2013)  argued that many shortcomings arise when applying the TBL. Firstly, the dimensions are 

difficult to measure, monitor and aggregate, while secondly, each dimension’s impact and relative 

importance will divert significantly depending on the context one applies it. They further suggest 

that the TBL “focuses on the co-existence of the three bottom lines but does not show their 

profound interdependence” with the likelihood of them “conflicting rather (being) potentially 

complementary” and systemically integrative.  

 

3.4 Sustainable Supply Chain Management and Eco-Effectiveness 

SSCM can be defined as a set of managerial practices that consider the environmental impact as 

an imperative across all stages of the entire product life cycle through a multidisciplinary 

perspective (Gupta & Palsule-Desai 2011). Early research efforts in SSCM were largely devoted in 

understanding the operational, technical considerations in the collecting, testing, sorting, and 

remanufacturing of returned products, specifically in terms of logistics (Carter & Ellram 1998; 

Fleischmann et al. 1997). Over the years, the design and operation of a whole system to maximise 

value creation over the life-cycle of a product became more explicit and further known as Closed 

Loop SCM (Guide & Van Wassenhove 2006; 2009). Over the last three decades, the optimisation 

of operations has shifted from a specific entity to looking at the sequence of steps of the entire 

supply chain (Linton et al. 2007; Carter & Rogers 2009). There is now a broader adoption and 

integrative development of sustainability that spreads from the initial stages of production all the 

way to delivery and consumption, while also incorporating the extended product life cycle 

through GSCM (Yakovieva et al. 2009). It is best seen as the integration of environmental thinking 

into SCM including aspects such product design, material sourcing, manufacturing processes, 

delivery of the final product to the consumers as well as end-of-life management of the product 

after its useful life (Bloemhof et al. 2013). Srivastava (2007) classified GSCM into either green 

design, which included the much-praised LCA, and green operations that includes a) green 
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(re)manufacturing, b) network design , and c) waste management. 

 

Much research has indeed verified the positive link between environmental collaboration in the 

supply chain and manufacturing performance (Vachon & Klassen 2006; Carter et al. 2000). 

Conceptually, however, GSCM is primarily focused on integrating environmental concerns into 

inter-organizational practices (Sarkis et al. 2011) rather than the other two additional dimensions: 

social and economic. Although both terms are often used interchangeably, this study in addition 

to other research suggest to adopt SSCM within and across operations and processes of the 

supply chain, instead of solely focusing on GSCM (Linton et al. 2007; Sloan 2010; Carter & Rogers 

2009). Integrative systems will have to satisfy multiple and conflicting objectives such as 

maximising profits while reducing operating costs, minimising environmental impacts and 

maximising social well-being (Tatichhi et al. 2013).  

 

The question that then rises is how can a firm actually make its supply chain more sustainable? To 

enable this, Carter & Rogers (2009) suggested four supporting facets of sustainability – risk 

management, transparency, strategy, and culture – that can assist managers to adopt and 

integrate SSCM into their business operations next to the TBL dimensions.  Additionally, through 

the Delphi Study, Seuring & Müller (2008) presented four key dimensions  that trigger in 

substantiating the field of SSCM: 1) pressures and incentives, 2) identifying and measuring 

impacts on SSCM, 3) supplier management, and 4) SCM. Within pressures and incentives, their 

surveys identified governmental regulation, pressure from NGOs, and the lack of demand for 

sustainable products and services as reasons of going sustainable or not. The identification and 

measurement of SSCM was mainly assessed through the TBL, while supplier management 

investigated on a) the selection of suppliers that are certified to meet environmental/social criteria 

and standards, and b) the auditing and monitoring of suppliers. They further suggested that 

companies respond to external pressure from policy makers and consumers as well an internal 

pressure from their leaders’ values and sense of responsibility (Seuring & Müller 2008b; Yakovieva 

et al. 2009). 

 

The requirement to take a holistic view of the whole supply chain is a fundamental step for 

establishing more sustainable production systems (Savaskan et al. 2004) and may also lead to the 
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creation of competitive business models such as the cradle to cradle paradigm, also known as 

circular economy. Genovese et al. (2015) further suggested that finding new ways to align 

sustainable supply chain strategies to circular economy principles can become important if the 

boundaries of environmental sustainability are to be extended. Geissdoerfer et al. (2017) defined 

it as the slowing, closing, and narrowing of material and energy loops through f.e maintenance, 

reuse and recycling. Cradle-cradle is the development paradigm with a focus on eco-effectiveness 

rather than eco-efficiency (Braungart et al. 2007), stimulating to do the right things in order to 

improve our positive footprint (Toxopeus et al. 2015). The term of eco-efficiency was coined by 

the World Business Council for Sustainable Development in 1992 and is implicitly based on 

“creating more goods and services while using fewer resources and creating less waste“ 

throughout the entire life cycle (Bloemhof et al. 2013). The concept implies to hence produce 

more with less. On the other hand, eco-effectiveness is based on the idea that waste is food. It 

applies the cradle-to-cradle approach of a closed loop in which all materials used to make a 

product are re-used either biologically or technologically. Where eco-efficiency seeks to reduce 

unintended negative consequences of processes in both production and consumption, eco-

effectiveness focuses on the development of products and systems that maintain and enhance the 

productivity of products within the life cycle (Braungart et al. 2007). In the search for a sustainable 

supply chain, both terms give inspiration in proposing products that are designed such that the 

value of materials is maximised in the reverse chain, whereas those materials that are not 

recovered should be minimised within the forward chain.  Eco-effectiveness improves the positive 

footprint while the conventional eco-efficient approach aims to reduce the negative footprint 

(Toxopeus et al. 2015). Although Braungart et al. (2007) implicitly suggested in the eyes of 

products to “eliminate the concept of waste  - not reduce, minimise or avoid waste…but 

eliminate the very concept, by design” (Cubina 2009), it becomes interesting to suggest that 

waste should be dispensed by the effective design not only of a product, but by the design of a 

whole supply chain.  

 

Allenby (1992) likened industrial systems to natural ecosystems. There are three types of 

ecosystems. Type 1 corresponds to the linear model of the “take, make, dispose” type. Energy 

and materials feed the system which generates waste and by products in large quantities that are 

not reused or recycled. Type 1 is not viable unless the resources it uses are inexhaustible and the 
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waste it creates has no environmental impact. Type 2 ecosystem is more advanced and is marked 

by greater interaction between the organisms that compose it. Its input materials are limited as is 

its waste part of which is reused or recycled. Type 3 operates in a circular manner, energy and 

waste are constantly recycled or reused by other components of the system. The idea of industrial 

ecology suggest that business practices should go beyond pollution control and eco-efficiency 

but rather towards restoring and enhancing the environment around them by redesigning 

industrial systems towards more effective interactions and interrelationships among processes 

(Corrado et al. 2017). Eco-efficiency as a way of protecting the environment is not a long-term 

solution but only provides short-term improvements. In the eyes of Young & Tilley (2006), making 

“a destructive system less destructive only serves in letting the industry continue to destroy 

ecosystems and to contaminate and deplete nature more slowly”. Therefore in order to achieve a 

long-term sustainable food supply chain, the aim should be to ultimately reach eco-effectiveness. 

 

 

3.5 Value Chain Analysis in an Integrative Network 

Analysis within supply chains can take form at various levels of analysis. As FLW is seen as a failure 

across the whole food system (Buchner et al. 2012; Gustavsson et al. 2011; Parfitt et al. 2010), the 

whole system will be analyzed by looking at the network design, the communication and 

partnerships among stakeholders, and specifically within a value system analysis (Croom et al. 

2000). A driving force behind SCM is the recognition that sub-optimization occurs if each 

organization attempts to optimize its own goals rather than optimize the performance of the chain 

by integrating its activities with other stakeholders (Cooper et al. 1997). Furthermore, if one 

activity fails than the effectiveness of the whole supply chain is in jeopardy as it disrupts and 

destabilizes its overall performance (Stevans 1989). It is no secret that for a supply chain to work 

as one, effectively and efficiently, it will have to operate like a value system. Value chain analysis 

has its historical origins in the French ‘filière’ (literal meaning in French is that of a “thread”) 

approach that maps out the flows of a specific commodity (Alemu 2014), but ignores the 

dynamics and characteristics of stakeholder relationships involved (Raikes et al. 2000; Kaplinsky & 

Morris 2001). First popularized by Michael Porter in the 1980s, the value chain analysis is an 

effective tool to analyze the firm business as a chain of value-adding activities (Porter 1990) taking 

into account vertically-arrayed actors in the creation of value for a firm. It states that a firm can 
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obtain value implementing two set of activities: primary (i.e transforming inputs into final 

products) or secondary (i.e resource and quality management) (Porter 1980). Additionally, it is a 

chain of activities, where products pass through and gain added value in the process through a 

series of business transactions (Gibbon 2001). The value chain theory may take into account those 

aspects that may increase the value of primary and secondary activities, but at times, certain 

economic or non economic conditions may impose a loss of value, which could be linked to the 

occurrence of FLW (Segrè et al. 2014). The industrialisation of the food system implemented an 

economic system based on a distribution of the economic value that is highly unbalanced among 

actors with the majority of the value currently produced going to large retailers, with producers 

only seeing a small part of the added value (Gallaud & Laperche 2016). In addition to the primary 

and secondary activities, there are other elements that play a role in this framework such as actors 

involved in the value-creating activities and the relationships among them (Kaplinsky 2000). This is 

the reason why the concept of value chain is often extended to a value system that incorporates 

inter-industry linkages and inter-relationships within its scope and is hence described as an 

“interdependent system or network of activities, connected by linkages” (Porter 1990). These 

ideas were later expanded with each individual firm having their own value chains that are 

embedded in value network or value system, each of which have different functions within an 

industry or sector that influence (and are influenced by) other actors in the network (Rich et al. 

2009). It therefore becomes important to incorporate governance relationships between actors in 

the value chain (Gereffi et al. 2001; Gereffi & Korzeniewicz 1994), emphasizing on the linkages 

and relationships between and within actors at each stage of the chain (Gibbon 2001; Kaplinsky & 

Morris 2000; Kaplinsky & Morris 2001). To extend this concept, one needs to recognise the 

distinction of three forms of governance, enabling us to identify which parties engage in the same 

chain, which of these governs a particular part, and to what extent one governor can affect the 

activities or operations of individual links in the value chain (Kaplinsky 2000). Firstly there is 

legislative governance, which sets the basic rules and conditions to participate in the chain. 

Secondly, judicial governance checks compliance to these rules. Finally, executive governance 

provides assistance to parties to reach these operating rules either directly such as helping a 

supplier achieve quality standards or indirectly. This means that some firms will consequently 

influence the organization another through the governance structures they create and the 

decisions that are made (Gereffi et al. 2001). Kaplinsky & Morris (2001) argue that in some cases 
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the same actor may cover all three sets of governance, which leads the existing discussion of 

governance in failing to recognise this threefold distinction and the prevalence of value chain 

inefficiency. Hence, the need for systemic efficiency through closer cooperation, trust, and 

coordination between these links in the chain can hence not be overlooked.  Particularly the 

commodity chain approach (Gereffi & Korzeniewicz 1994) focuses predominantly on the value 

network of Porter in terms of looking at the relationships and linkages between firms, rather than 

solely at value (Rich et al. 2009) and more towards power relations. This will ultimately lead to two 

different types of value chains - buyer driven supply chains or producer driven supply chains. 

These differ in terms of the dominant party (either buyer or producer) in the chain and where the 

coordination is undertaken (Kaplinsky & Morris 2001). However, the complexity that arises is that 

1) some value chains may exhibit very little or not governance at all, 2) certain points in time, a 

number of different parties will be involved in setting rules, and 3) some chains may embody both 

producer – and buyer driven governance. 

 

3.6 The SCM Framework – Network, Processes, and Components 

Understanding food supply chains as human activity systems that are established and maintained 

by human actors compels researchers to know the actors involved in making these systems work 

(Lelea et al. 2014). If the scope only looks at one aspect of the system, solutions end up being 

counterproductive because the network is so vast and interlinked (Hill, 2014). This is why a 

systemic analysis of the integrative processes and stakeholders needs to be conducted 

holistically. SCM is increasingly being recognized as the integration of key business processes and 

functions within and across organizations (Cooper et al. 1997).  The SCM framework of Lambert & 

Cooper (2000) as seen in Figure 2 consists of three closely interrelated elements is empirical 

within this analysis. This is also later on referred to as the ‘supply chain scenario’. It includes a) the 

supply chain network structure (stakeholders and their relationships), b) the business processes, 

and c) the management components. They argue that “successful SCM requires a change from 

managing individual functions to integrating activities into key supply chain processes.” 
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Figure 2 – The SCM Framework  

 

 

 

 

Firstly it is essential to identify and understand who the main stakeholders are in the network  

before mapping out their relationships and degree of collaboration (Zimmermann & Maennling 

2007). Furthermore power relations, interests and degree of influence one stakeholder has over 

the other one is analysed, identifying who is an enabler and who is an influencer (Kennon et al. 

2009). A snapshot of the key value chain actors and the existing structure gives an idea of the 

objectives, trade-offs, circumstances, interests and characteristics, power/dependence within the 

relationships and then predict consequences. It mirrors reality and identifies the roles of various 

actors within the food system, their contributions, consequences, and available solutions to FLW 

(Halloran et al. 2014). Grimble & Wellard (1997) defined stakeholders as a “group of people, 

unorganised or organised who have a stake in a specific issue or system” that constantly changes 
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according to interest, external conditions, or phases of the process. Given the various foci and 

definitions present in stakeholder analysis, a variety of stakeholder typologies exist (Johnson 

Mmasa & Msuya 2012). The most common differentiation between primary and secondary 

stakeholders is primary ones take an active and determining role in the chain and are hence 

directly, commercially involved in adding value to a product. Other secondary stakeholders, seen 

as more passive, can influence primary stakeholders in setting rules and supporting them - they 

provide them with resources, knowledge, utilities, or assets (Lambert & Cooper 2000) . 

 

Seuring & Gold (2013) suggested that the interdependence between these different stakeholders 

literally materializes in the process of adding value to products. Mitchell et al. (1997) argued that 

organizations are likely to use different strategies to deal with different stakeholders and those 

may change over time. They suggested that there are three attributes that determine the 

dynamics of interaction among stakeholders. Power looks at the advocate’s influence to affect 

behaviour and processes, legitimacy is focused on keeping expected structures and norms, while 

urgency implies the criticality of the stake (Barro & Co 2011). Friedman & Miles (2002) went into 

more detail on understanding and describing why different stakeholders influence organizations 

in different ways and which stakeholders have more influence than others. They argued that this 

may be influenced by 1) the structural nature of the organisation/stakeholder relation, 2) the 

contractual forms existing, and 3) the institutional supports available.  What is needed, in the eyes 

of Donaldson & Preston (1995), is firms to integrate and coordinate their environmental 

management efforts with relevant stakeholders to contribute to an integrated system to facilitate 

environmental management across involved parties. Coordination and integration between 

different stakeholders will greatly vary over time and context. While some stakeholders may 

remain focused on vertical integration, spot markets or contract production (Haggblade & 

Theriault 2012), others may engage in partnerships, termed by Liker & Choi (2004) as a supply 

chain’s lifeblood with the aim of developing common innovative, technical capabilities, sharing 

information intensively, and conducting joint improvements. This will be highly dependent on the 

governance within value chains, reflecting the distribution of power in terms of setting rules and 

standards and information among various actors (Gereffi et al. 2001). Additionally, findings by 

Kaipia et al. (2013) indicate that improving the performance in food supply chains requires 

focusing on multiple parallel issues in physical goods flow and in information flow, by 
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operationalizing the information usage for waste reduction and improved shelf availability.  

 

It then becomes important to integrate the supply chain within a system and to effectively build 

and manage the relationships among actors at various stages. Supply chain integration literature 

is generally grounded on the theory of collaborative advantage (Dyer & Singh 1998). According to 

this, benefits from collaboration and integration are achieved by developing better relationships 

across stakeholders and different functions. The intention is to have no more partners than 

necessary and to work more closely, effectively, and over the longer term with those who have the 

most critical impact on the overall operation (Wilding & Humphries 2006). With fewer, strategic 

partners it is possible to share confidential demand information and to reduce uncertainty 

(Bechtel & Jayaram 1997). The integrated supply chain view uses a number of terms that indicate 

the need for closer relationships that include trust, commitment, co-operation, co-ordination and 

collaboration between supply chain actors to ensure sustainable success (Spekman et al. 1998). 

 

In terms of supply chain processes , Croxton et al. (2001) argued that in order to build  links 

between supply chain actors it is necessary for companies to implement a standard set of key 

supply chain practices, among those processes pointed out in the Global Supply Chain Forum. 

These pinpoint how relationships should be maintained and developed with different actors of 

the supply chain, the flow of valuable information, integrating various functions and other 

organizations into decision making, and developing a sustainable competitive advantage 

(Lambert & Cooper 2000). They suggested that supply chain process integration should be aimed 

at improving process efficiency and effectiveness across the supply chain through proper 

coordination and governance. Wong et al. (2015) further reiterated that the need to integrate 

arises to facilitate communication and cooperation as well as streamline inter- and intra-

organisational processes. Monitoring, controlling and eventually optimizing interrelated products, 

processes, and stakeholders within the chain over time will be imperative to achieve a sustainable 

supply chain (Bloemhof & Van Nunen 2005).  Furthermore Lambert & Cooper (2000) argued that 

“successful SCM requires a change from managing individual functions to integrating activities 

into key supply chain processes”. This is also where the management components need to be 

identified. The level of integration and management of a business process link is determined by 

the number and level of components added to a certain link. The more components there are or 
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the higher the level of them, the greater the possibility of integrating. They are highlighted in 

terms of the configuration, organisational structures, planning and control, and IT systems in 

place.  

 

3.7 Performance Measurements 

The common saying that one cannot manage what one does not measure holds also true for 

sustainability performance. Hence, the question of how to measure supply chain wide 

sustainability performance is paramount (Seuring & Gold 2013). In spite of the abundant attempts 

for making food sectors sustainable, neither a commonly accepted set of indicators taken into 

account when measuring performance, nor widely accepted definitions of the minimum 

requirements that would allow a company to qualify as ‘sustainable,’ have existed until recently 

(Bloemhof & Soysal 2017). This is why the FAO developed a comprehensive list of sustainability 

indicators called Sustainability Assessment of Food and Agriculture systems (SAFA) in four 

different categories: environmental, economic, social and governance. These include both 

qualitative and quantitative indicators that are applicable to all entities in the supply chains (FAO 

2013b). However, indicators and framework for specifically reducing waste and loss in the supply 

chain is missing (Bloemhof et al. 2013). In supply chains with numerous producers, distributors 

and retailers such as in the food supply chain, performance measurement is challenging due to 

the difficulty of attributing performance results to one particular entity within the chain (Hervani et 

al. 2005). Additionally, integrating social, economic, and environmental goals and dimensions 

when doing business leads to issues of measurements, as there is still no universal, common unit 

of measure (Yakovieva et al. 2009). This is especially true when speaking about social capital and 

whether this can indeed be monetized, even when used through a cross-country comparison 

index (Slaper & Hall 2011). Furthermore, financial measures have focused in on long-term profits, 

while environmental measures have been based around greenhouse gas emissions and the use of 

water or natural resources. However thus far, most efforts towards evaluating supply chain 

sustainability have focused on environmental issues (Sloan 2010). 

 

Firms have understood that for competing in complex and continuously changing environments, it 

is compulsory to measure, monitor and manage organisational performance in its multiple 
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dimensions (Tatichhi et al. 2013). A performance measurement framework is a balanced and 

dynamic system that facilitates support of decision-making processes by gathering, elaborating 

and analysing information holistically through different metrics and constantly develops over time 

(Neely 2005).  However, little research has focused on the development of integrated framework 

for measuring the performance of supply chains through system thinking (Tatichhi et al. 2013), 

even less when speaking specifically about FLW. Traditionally, organisations separated 

environmental performance from operational performance and focused on managing compliance, 

assurance and eco-efficiency, until they started integrating both set of performance measures 

throughout the entire product life cycle (Beamon 1999). Sloan (2010) hence raised the question of 

whether improving one dimension of sustainability for one link in a supply chain would actually 

increase the overall sustainability of the entire chain. He concluded that in order to make the 

whole supply chain sustainable, one would have to 1) incorporate factors from all dimensions of 

sustainability and (2) capture the performance of the entire supply chain, rather than individual 

firms.  

 

In spite of the abundant attempts for making food and agriculture sectors sustainable, no 

internationally accepted standard, indicators or definitions have been set forward on what 

‘sustainable food production’ essentially requires (FAO, 2012). Many organisations have long 

established that without a consistent set of definitions, of what FLW entails, and a practical 

accounting and reporting framework, it is difficult to compare data within and among entities, and 

to draw effective conclusions (Hanson et al. 2016). This is why the ‘Food Loss and Waste 

Accounting and Reporting Standard’ (or FLW Standard) was brought to life. It is a global standard 

that provides requirements and practical guidance for quantifying and reporting on the weight of 

FLW. It hence guides entities in what and how to measure it through progress tracking, 

benchmarking and baselines. It tells them how much waste is generated, where it was generated, 

why it arose, and where this waste will end up. An important note to understand is that the 

standard is designed to allow for the fact that different organisations will have different reasons 

for quantifying FLW. These different goals will lead to different definitions and measurements of 

what constitutes, drives, and causes FLW with each influenced by several factors, including its 

quantification goals, level of desired accuracy, degree of access to the FLW, resources available, 

and practical considerations (Hanson et al. 2016). 
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These goals may relate to food insecurity, economic performance, environmental impact or a 

combination of all three. Aramyan et al. (2007) conceptually identified four economic performance 

indicators which will drive a firm forward, but which however may leave out environmental and 

social dimensions. They suggest that a firm’s prime goal is to be efficient in terms of return on 

investment and inventory, responsive, flexible, and to provide food that is reliable in terms of 

safety and health. However, rather than primarily focusing on environmental factors or economic 

indicators individually, the FAO suggests to measure FLW by the true costs it incurs on society by 

incorporating economic, social and environmental aspects to identify the full-cost accounting for 

the food wastage footprint (FAO 2014a). Manfredi & Cristobal (2016) provided a life cycle based 

framework to simultaneously quantify the environmental and economic performance of waste 

management by applying the much-praised Life Cycle Assessment (LCA) to determine the design 

of a product that will minimise the environmental impact across its life cycle (Linton et al. 2007; 

Eskandarpour et al. 2015). Although the LCA is a product-oriented tool that can be used 

efficiently to identify improvement options within the food chain from cradle to grave (Hermansen 

& Nguyen 2012), its core issues lie on its dependence and influence on the factors and 

methodological choices involving FLW such as how to define the system boundary, how to 

account for benefits, and how to choose the impact assessment model. Such complexity may lead 

to alterations in estimations of environmental impacts reported in LCA studies on food waste 

(Bernstad & La Cour-Jansen 2012). This is why the context and scope are so important to define 

for measurement to be effective. Each accounting and reporting should therefore adhere to a) 

relevance, b) accuracy, c) consistency, d) transparency, and e) completeness.  Most importantly 

the entity will need to set its boundaries of what it entails within its scope of analysis. This will 

therefore depend on the a) time frame, b) destination of waste once removed from the chain, c) 

the boundaries in terms of geography, food category, and organisation, and d) material type (of 

whether inedible parts are included in the equation together with food or not).  

 

Once these parameters are established, these will then heavily influence the decision on how to 

quantify FLW. FLW can be measured in many different ways and scopes (Seuring & Gold 2013). 

Some authors refer loss or waste as food that spills, spoils, incurs an abnormal reduction in quality 

and is hence discarded (Lipinski et al. 2013). On the other hand, the FAO first measures in terms 

of weight, declaring that ton of grain is the same as the ton of meat or fruit. This presumption is, 
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however, problematic as different food types vary widely in terms of caloric content per kilogram 

and also the amount of resources that were used to produce the end product. Consequently, 

measuring by weight does not consistently reflect the energy in food products that could have 

been consumed by people (Katsarova 2014). This is why the FAO took the decision to convert its 

loss and waste estimates into calories using the FAO Food Balance Sheets (Lipinski et al. 2013). 

Additionally, food categories that are wasted in large quantities are not necessarily the categories 

with the highest environmental impact (Teuber & Jensen 2016). Mena et al. (2011) further 

suggested that costs are often undervalued and underreported in the impact they have on the 

bottom line, and hence remain hidden. Therefore some organisations take the full cost scenario 

even further by incorporating the ‘hidden food waste’, defined as “the plants and animals which 

could have been consumed if treated or used optimally through the entire chain from primary 

producer to retailer” (CONCITO 2011). Additionally, negative externalities occur in cases where 

decision makers do not bear the hidden costs of their actions that will negatively impact society in 

the short or long term (Grimble & Wellard 1997).  

 

 

3.8 Causes and Drivers of Food Loss and Waste 

At each of the different stages, FLW can be caused by a number of different, and often 

interrelated, causes and drivers as seen in Table 4. Göbel et al. (2015) further reiterated the inter-

dependency between the different stages, and that demands on products at a specific stage can 

create waste at stages that differ from the ones in which waste is created. The FAO classified the 

causes of food waste into three groups: 1) causes which result from actions or inactions of 

individual actors in the chain, 2) causes which can result from the way different actors in the chain 

are organised together and their relationships, and 3) causes which respond to more root causes 

(HLPE 2014).  
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Table 4 – The Causes and Drivers of FLW based on literature  

 

 

 

When speaking about root causes, Buzby et al. (2014) suggested that some edible crops are left 

un-harvested due the diminishing returns from high labour costs and low market prices when 

harvesting additional increments of production. If a crop matures when the demand is low, some 

producers will opt to leave the crop in the field as the returns do not justify the cost of harvesting 

and transport (Gustavsson et al. 2011). Additionally, overstocking and overplanting at farm all the 

way to the retail due to inadequate forecasting, shelf life, variable market prices and demand 

predictability causes FLW (Mena et al. 2011). Buzby et al. (2014) suggested that pre-harvest 

factors driving post-harvest food losses (qualitative and quantitative) could be divided into four 

groups: choice of crop varieties for the location and for the target market; agronomic practices 

(including fertilization/nutrient management, water management, pest/disease management, 
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pruning, staking, bagging, etc.); biological factors and environmental factors. These factors can 

lead to failure to attain desirable quality attributes, which leads to a high percentage of rejects. 

Surveys conducted by the NRDC (2012) suggest that shelf life and spoilage as well as quality 

standards by industry or government food safety regulations further amplified waste (Stuart 2009). 

Parfitt et al. (2010) argued that inadequate processes, techniques or infrastructure in the cleaning, 

classifying, handling, packaging, or transporting of goods further added to the magnitude, 

leading to spillage, spoilage or bruising. Gustavsson et al. (2011) further reiterated that some 

produce is rejected by retail at the farm gate due to the rigorous quality standards concerning 

weight, size, shape, and appearance, diverting food originally aimed for human consumption to 

other uses. Once food arrives in the food stalls, Gunders (2012) identified issues of 1) pack sizes 

being too large, 2) damaged goods, out-dated promotional products and unpopular items, and 3) 

those goods that are approaching their “sell-by” dates, to be discarded.  Analyses conducted by 

FUSIONS related drivers to issues within technology and equipment, storage, lack of good 

practice, and demand forecasting (Canali et al. 2014). 

 

While most research is oriented toward improvement of individual firms or processes rather than 

toward analysis of entire supply chains, Yakovieva et al. (2009) took a stance to further integrate 

and measure sustainability with the supply chain. They suggested that by benchmarking, the 

process of defining operational measures of performance and appraising supply chains with 

respect to these measures (Ahmed & Rafiq 1998), across products and sectors, one would be able 

to evaluate and measure overall supply chain performance and identify the sources of uncertainty 

that may arise. However, challenges remain in integrating actors and their performance measures 

(Linton et al. 2007; Carter & Rogers 2009; Seuring & Müller 2008a).  

 

 

3.9 Redesign Strategies, Uncertainty and Hierarchy Model 

Optimizing the appropriate configuration of SSC practices, processes, and structures comes down 

to the harmonized design of the supply chain.  A business will select a redesign strategy either to 

prevent a disturbance from happening or to reduce its impact (Vlajic et al. 2012). To identify 

effective supply chain redesign strategies for a particular supply chain, one should focus on 
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identifying and managing the sources of uncertainties in the processes that may hinder optimal 

chain performance (Van Der Vorst & Beulens 1998). Uncertainty can arise due to i) inherent 

characteristics of the supply chain that cause more or less predictable fluctuations, ii) characteristic 

features of the chain, or iii) exogenous phenomena. Vlajic et al. (2012) defined redesign strategies 

as sets of strategic plans and operational actions that aim to reduce the vulnerability of supply 

chains to uncertainty and disturbances. They further suggested that there are two ways of in 

making a system less vulnerable. One can firstly reduce the disturbance by making a supply chain 

more robust through changes in the characteristics of the supply chain scenario elements. The 

other way is to prevent it as whole by eliminating, avoiding and controlling the cause of the 

disturbance. The disturbances will hence reduce in frequencies and sizes. The TBL concept 

evokes the need for an integrated and holistic approach that links supply chain (re)design 

decisions to the three dimensions of sustainability (Chaabane et al. 2012). To do so, Van Der Vorst 

et al. (2013) proposed their ‘Sustainability Assessment Framework for Food Supply Chain 

Logistics’ seen in Figure 3. The end goal assumes that when the sources of uncertainty are clearly 

defined and adjusted through redesign strategies then an effectively implemented supply chain 

scenario will exist that will eventually lead to optimal supply chain performance (Van Der Vorst & 

Beulens 1998).  

 

Figure 3 – The Sustainability Assessment Framework for Food Supply Chain Logistics 
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This will greatly depend on the strategy that drives a company towards sustainability and hence 

whether a company is opting for a a) compliance-oriented, b) process-oriented, or c) market-

oriented strategy (Hagelaar et al. 2002). Its strategy will determine the degree of sustainability 

involvement and the choice for certain sustainability initiatives and improvement opportunities. In 

order to identify the most effective strategies in a specific chain scenario one should focus on 

identifying and managing the sources of uncertainties in the supply chain’s decision making 

process (Van Der Vorst & Beulens 1998). The notion is that the more uncertainty there is in a 

process, then the more waste will be generated. Hence it is important for firms to have in place 

performance indicators, generate enough information to estimate future state and the impact of 

changes, and an effective system that can process and configure this information as well as the 

factors that may impact it.  Within its six steps, the model aims to define the key performance 

indicators, subsequently measure and benchmark performance, before finally defining 

improvement needs/opportunities and calculating the impact of improvements. After such an 

assessment, redesigns can be proposed and implemented, as this loop process is constantly 

evaluated and improved over time. When redesigning the supply chain of perishable goods such 

as potatoes, it Is important to additionally discuss the specific process and product characteristics 

of a fresh food supply chain (Bourlakis & Weightman 2004). These can include a) the variable 

process yields in quality and quantity due seasonality or external factors such as climate, b) 

product quality decay as it passes through the chain, c) the need for a cold chain with conditioned 

transportation and storage means (Bloemhof et al. 2013). Literature suggests several strategic, 

tactical, and operational redesign strategies to improve the efficiency and effectiveness of supply 

chain processes (Van der Vorst et al. 2009). An extensive literature review by Van der Vorst and 

Beulens (2002) identified a generic list of SCM redesign strategies to facilitate the redesign 

process. Furthermore, Masoumik et al. (2014) extended this by suggesting three SSC 

configurations: efficient, innovative, and reputed.  While innovative looks at supply chains 

adopting clean technologies in their processes, the reputed configuration aims at integrating 

different stakeholders’ views into the business processes to provide reputation, legitimacy and 

eventually product stewardship. As discussed, efficient SSCs, also seen as eco-efficient SSCs, 

adopt waste minimization and pollution prevention in their operations and processes to reduce 

risk and decrease costs. However, a gap in literature exists when it comes to dealing with waste in 

an eco-effective way systemically across a supply chain.  
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Figure 4 - The Food Waste Hierarchy Model 

 

To get a better idea of what opportunities companies would have when it comes to treating waste 

eco-effectively, the Food Hierarchy Model provides different options (EPA 2017; Papargyropoulou 

et al. 2014, Figure 4). Through redesigning their supply chains, firms prevent waste from re-

occurring and single handily take the initiative to manage and improve their processes. For the 

waste that has already accumulated, firms then have the opportunity to either donate surplus 

food, to recycle or recover it, or as a last resort to dispose it. 

 

4. The Eco-Effectiveness Model of Food Loss and Waste 
	
Waste is the symbol of inefficiency of any modern society and a representation of misallocated 

resources (Uz Zaman & Lehmann 2013). Hence, there needs to be systematic and systemic 

repurposing of waste. Rather than reducing the negative footprint, one should see waste as 

something in which potential opportunities arise and for which further prevention would achieve a 

sustainable future. One should therefore focus on holistically improving the positive footprint of 

FLW through eco-effectiveness, rather than reduce the negative one through eco-efficiency. The 

self-produced framework ‘The Eco-effectiveness Model of Food Loss and Waste’, as seen in 

Figure 5, is a combination of the models ‘The Supply Chain Framework’ (Lambert & Cooper 
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2000), ‘The Sustainable Supply Chain Assessment Framework’ (Van Der Vorst et al. 2013), and 

‘The Food Hierarchy Model’ (Papargyropoulou et al. 2014; EPA 2017). It aims to fill the gaps of 

other models and literature in reaching a systemic approach on the issue of FLW and is 

henceforth applied as a contributing stepping-stone in developing a more eco-effective and 

sustainable system. 

 

Figure 5 – The Eco-effectiveness Model of Food Loss and Waste 

 

 

The first step is to map out the supply chain scenario, similarly to the Supply Chain Framework 

(Lambert & Cooper 2000), through i) the supply chain network, ii) the processes, and iii) the 

components. It hence looks into how the supply chain is configured, as well as the notion of 

relationships and governance. The goals and strategies of all entities will be identified and 

compared to the notion of TBL. One hence analyses to which aspects of the TBL firms attribute 

their performance. This then feeds into the system-specific integrated network design in which the 

overall performance of the supply chain is the outcome. The second step is then to look more 

closely at the performance of the system by assessing and measuring it through various indicators 

and metrics related to the TBL. Additionally it will be assessed whether any uniform standard such 

as FAO’s FLW Standard was used in the process or if results were benchmarked against previous 

performance and/or against other sectors, if applicable. The question one attempts to answer is 
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“how much waste has been created?” by systemically measuring and evaluating performance. 

 

It then becomes essential to identify the causes and drivers behind the waste at all stages of the 

chain and to ask, “where and why did it arise?” Depending on the product analysed, different 

causes and drivers will be more prominent and re-occurring than others across the chain. To 

initiate the process, one cause will be chosen based on the empirical data collected and on the 

system’s intentions. As the process continues in a loop, new causes and drivers will continue to be 

tackled one after the other, with the model self-regulating itself. However, for the waste that is 

unavoidably accumulated, different opportunities are identified and the question of “what can be 

done?” will be answered through ‘The Food Hierarchy Model’ (Papargyropoulou et al. 2014; EPA 

2017). With this kind of FLW already accumulated and accounted for, one extends the supply 

chain and finds opportunities beyond scope and boundaries by either re-using waste as a 

resource, recycling or recovering it, or as a last resort to dispose it. However, rather than just 

looking at opportunities, it is important to make sure that an integral part of FLW is prevented 

and that the system is further improved eco-effectively by redesigning the supply chain. This is 

the final step of the framework. The design of the current supply chain will have to be discussed 

and then suggestions on ‘how it can be changed?’ will have to be made.  Based on the specific 

cause one chooses, a redesign strategy will be applied to help and prevent it from happening 

tactically, strategically, or operationally. The source of uncertainty will be evaluated and the 

argument is that this new redesigned supply chain will then relatively accumulate a smaller 

measure of FLW with fewer or none disturbances. A redesign strategy of a supply chain will then 

feed into the supply chain scenario and alter one or more of its elements. It will help to reshape 

the integrated network with the aim of moving closer to long-term sustainability. Over time, FLW 

will reduce relatively to the previous year as this process is repeated and continuously improves 

with eliminating other causes and uncertainties. It is a closed loop architecture that aims for 

constant evaluation with prevention in its core, rather than exclusively focusing on opportunities. 

Once this mechanism gets rolling, it will eliminate FLW through the supply chain’s eco-effective 

design and the redesign strategies adopted to tackle certain causes and drivers that arise. These 

changes in redesign will feed into the supply chain scenario and the five step process will 

eventually bring a system closer towards becoming a sustainable supply chain with fewer 

disturbances and uncertainty.  
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5. ANALYSIS 
 

5.1 The Supply Chain Scenario 

The supply chain scenario, as seen in Figure 6, encompasses i) the supply chain network, ii) the 

processes, and iii) the components. The first step within ‘The Eco-effectiveness Model of Food 

Loss and Waste’ is to identify and analyze the three elements in more detail specifically to the 

fresh potato supply chain. 

 

i )  The Network – Primary and Secondary Stakeholders 

A supply chain network is made up of the different actors that work hand in hand within a supply 

chain, closely linked either directly and actively as primary stakeholders, or potentially as passive, 

external stakeholders also known as secondary actors.  It is essential to identify and understand 

who these main stakeholders are in the value chain together with their goals and strategies, 

before mapping out their relationships, governance and degree of collaboration (Zimmermann & 

Maennling 2007). The interdependence between stakeholders is no longer mainly between the 

functions most closely linked along the chain but can encompass stakeholders anywhere in the 

network (Deloitte 2013). Rather than simply being linear, it now requires the task of assessing a 

diverse constellation of stakeholders together with their values, roles, responsibilities, and 

interests. Within the fresh potato supply chain under investigation, there are suppliers, distributors 

and traders, retailers, and consumers; catering, restaurants or hotels not taken into consideration.  

 

The supplier , also further referred to as the farmer, is the root of the supply chain. With 

significant experience and expertise, as well as expensive machinery, farmers operate under fierce 

competition with limited manpower. With a rich tradition in farming, potato farmers in Samsø and 

Lammefjørd have over the years accumulated vital knowledge on harvesting, storing, and 

handling potatoes to reach the highest quality. The majority of farmers have been operating for 

many years, with businesses passed on through family generations, while also expanding in size 

over time. Svend Anker’s Storøhage Kartofler complex first started business 43 years and is now 

made up of 12 to 14 hectares in the production of potatoes. Farmers in both Samsø and 
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Lammefjørd have particularly chosen these regions to operate for the rich nutrients found in the 

nutrient-rich ground, a consistent requirement for a successful harvest. Particularly “Lammefjørd’s 

location of being up to 8 meters below sea level make it the perfect condition to produce 

potatoes of up to 7-8 million kilos a year” (S. Anker, personal communication, 2017). On 

Lammefjørd, the vast majority of farmers have their own storage space and then sell their 

production to distributors who then package it for retailers. Storøhage Kartofler takes a different 

approach by being both a farmer and also a distributor, as it also buys potatoes from other 

farmers, packages them and sends them to chains across the country. In Samsø, Samsø Grønt’s 

approach is slightly different as it buys and ships potatoes from farmers across the island and is 

additionally partially owned by the farmers themselves. This means that all potatoes from the 

island are packaged in the same station. Both Samsø and Lammefjørd sell their products under 

the Protected Geographical Indication label that identifies products whose quality and reputation 

is linked to the place of origin where it is produced (European Commission 2017a). 

 

Figure 6 – The Supply Chain Scenario 

 

 



	 47	

While Samsø Grønt and Storøhage Kartofler package their own potatoes, Danespo specialize as 

distr ibutor  - buying potatoes from farmers, packaging them and then transporting them to retail 

distribution centers. They are renowned as the leading company in Northern Europe in the field of 

breeding, producing and selling quality fresh potatoes. Their main goals are to be among the 

leading companies in Europe, focused on cooperative partnerships, added value for clients, and 

delivering the best quality of fresh potatoes to the market. Soladan is an international wholesale 

trader  and an expert in buying and selling potatoes in B2B markets in Scandinavia and the rest of 

Europe. With a small team of three employees, their aim is to use their extensive experience in 

the field and their emphasis on reliability and security to sustain a vast network of suppliers and 

customers. Their operations evolve around buying potatoes from suppliers, working together with 

various cold chain transportation providers and then trade to retailers across Europe, with prime 

focus remaining on the Danish market. Once potatoes are transported in the cold chain by trucks 

to distribution centres, retai lers  store and redistribute them across their various chains and 

stores. One heavyweight in the market is COOP with its 1200 stores across Denmark that include 

chains such as Kvickly and SuperBrugsen, and its subsidiaries of Fakta A/S and Irma A/S. With an 

annual turnover of approximately DKK 50 billion and 36,000 total employees, COOP is seen as 

going head to head with Dansk Supermarked Group to be Denmark’s leading consumer goods 

retailer. Dansk Supermarked now operates in four different countries across 1,400 stores within 

their retail chains Bilka, Netto, Salling, and Føtex.  Their strategy is to become the number one 

retailer based on customer satisfaction, financial performance and employee satisfaction while 

building a sustainable and resilient business for the future. The third major player in the market is 

Dagrofa, Denmark’s only grocery group that has independent grocers to operate the vast majority 

of the Group's stores such MENY and SPAR, and with all KIWI being owned by the group. 

Additionally, the Danish retail market is now also exposed to the German discount store Lidl, and 

Norwegian grocery store Rema 1000 that further intensify competition. Lastly, although not within 

direct investigation of this research, consumers  play an important role in the system and are the 

end point with high bargaining power and significant influence on downstream actors. This 

research assumes local consumers in Denmark to be individuals across various demographics that 

spend a relatively low portion of 10-14% of their income on food (Statistics Denmark 2013), and 

have habits and preferences that can be relatively generalised in terms of expecting a low priced, 

readily-available,  high quality and value product. 



	 48	

While the supply chain scenario is made of the actors actively engaged in the supply chain of 

potatoes, it is also empirical to analyse the influence of secondary stakeholders within the system. 

These stakeholders play the supportive role of providing resources, knowledge, utilities, and 

assets to primary actors. This can be done through the providing of guidelines and standards such 

as through ISO or the knowledge provision of seed producers that undertake Research & 

Development to find new crop varieties for producers. Additionally, as primary stakeholders 

extend their supply chain for more opportunities, they engage with biogas, incineration, animal 

feed and waste management companies as well as local charities or tech startups such as 

TooGoodToGo, These secondary stakeholders can also include governmental authorities such as 

the Danish Ministry of Environment and the Agriculture and Food Council. Additionally, 

municipalities on a local level such as Holbæk or Samsø Kommune heavily engage with the 

community and businesses in the area, catalysing cooperative incentives between businesses, and 

also providing funding, resources and information to local businesses. On a higher level, the EU 

sets standards and requirements for businesses to operate and trade within and across the 

European borders. They are heavily engaged in raising awareness to specific issues and also in 

encouraging bilateral partnerships and agreements. Furthermore the ‘Danske Kartofler’ 

association, founded in 2012, is there to promote the profile of potatoes within the country, to 

consult and guide primary actors, and to be the industry organisation that handles the supply 

chain’s common interests, subsequently interacting with governmental authorities across various 

topics and regulations. Last but not least, the consumer movement ‘Stop Spil Af Mad’ is a 

consumer lead initiative that raises awareness for the issue of FLW both locally and globally, and 

that has an extensive impact on the system as a whole. 

 

The interdependence between these different stakeholders materializes in the process of adding 

value to the potato as it passes through the supply chain (Seuring & Gold 2013). Each of the 

different actors use different strategies to deal with different stakeholders and those may change 

over time (Mitchell et al. 1997). Power intensifies further up the chain, as actors gain greater 

influence over behaviour and processes of the previous stage. Retailers coordinate with 

distributors of what they expect their products to be and this information is then passed down to 

suppliers who will have follow suite. This suggests that the supply chain is particularly buyer-

driven governance whereby the retailer is the most dominant entity. Another attribute that will 
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change the dynamic of the interaction between stakeholders is urgency, based on how time 

sensitive and critical a stakeholder calls for action. Due to the perishability of the potato, the lead-

time between the supplier’s warehouse to the retail counter is relatively short between 1 or 2 days 

at most. This calls for stakeholders to be cooperative, interactive and integrated accordingly at all 

times. In both Samsø and Lammefjørd, the relationship between distributor and supplier is built 

around long-term partnerships whereby generation after generation the relationship has been 

maintained with both entities engaged in a highly collaborative, legitimate, and coordinated 

environment that aims to achieve a collaborative advantage.  

 

i i )  The Processes 

There are various business processes that take at place at the different stages of the supply chain. 

In order to build links between supply chain actors it is necessary for companies to implement a 

standard set of key supply chain practices that are optimized, streamlined, and integrated 

(Croxton et al. 2001). 

 

Customer Relationship and Customer Service management  are especially important 

processes whereby the different entities build up trust over time, share vital information and see 

other direct stakeholders as partners both upstream and downstream. Within this research, 

relationships between suppliers and distributors are built, generated, and sustained over time 

based on product and service agreements or contracts. By suppliers constantly reviewing and 

optimising their production and distributors guiding them in the process, a close-knit relationship 

is maintained through coordinated and continuous flow of information, constant feedback loops 

and every day communication to enhance the quality of the product. Relationships between 

distributors and retailers are maintained on reliability and consistency on delivery. Both entities 

are connected every day to ensure just-in time ordering and regular feedback loops over phone 

or e-mail. Real time information on promised delivery dates and product availability are shared 

between entities at all times. Nonetheless, a high variability from day to day, or month to month 

in customer demand forces effective demand management to be in place. Hence, an effective 

balance between the customer’s requirements and the firm’s supply capabilities need to be taken 

into account. The irregular order patterns given on a daily basis based on the necessary quantity 
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needed by retail make variability and order fulf i lment a significant issue for quick response and 

controlling uncertainty. Based on data, downstream entities synchronise their inventory, identify 

demand trends and make predictions of how many orders will come in. Sourcing from multiple 

farms allows distributors a wide range of options to access potatoes for delivery.   

 

Potato suppliers will anticipate and approximate their production based on their capabilities in 

terms of hectares to grow the potatoes and space to store them. Within the pull system of 

distributors and retailers, each of them will only order just-in-time. This promises a relatively 

seamless flow of goods, forces them to be responsive and flexible at all times, and to take 

advantage of short cycle times. Effectively, a retailer will notice that they will need more potatoes 

in their store, so they notify the distribution centre that will automatically replenish stock by 

contacting the distributor or trader. The distributor will then either see what is in storage or 

contact farmers in the area to supply to order. 

In terms of procurement, farmers are categorized on several dimensions in terms of the 

contributions they can make and their criticality. For instance, certain farmers may decide to only 

plant specific varieties or only have a specific capability to supply to limited resources. To reduce 

risk exposure, farmers opt to plant varieties that can greatly differ in terms of storability or yield 

depending on the harvest. Strategic alliances are formed with those farmers that continuously 

improve and that are reliable and consistent in their deliveries. Farmers are hence prioritised by 

looking at “their capacity, variety and capabilities” (H.J. Buur, personal communication, 2017) to 

commit to certain orders. They actively engage in product development and in helping 

farmers commercialise by improving their manufacturing and brining in new seeds to test. Last but 

not least come returns, which clarify what happens if the product fails the quality checks. Until an 

upstream entity has formally accepted the order, it is the responsibility of the downstream actor 

to provide necessary adjustments if the good does not meet requirements. If retail for example 

does not accept a batch due to quality issues, then the distributor, not retail nor the farmers, will 

take responsibility and find new ways of redirecting it.  
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i i i )  The Components 

The third element of the SCM framework depicting the supply chain scenario is the SCM 

management components. The level of integration and management of a business process linking 

the different supply chain tiers is a function of the number and level, low to high, of components 

added (Lambert & Cooper 2000). The more components there are, the more integrated the 

processes will be.  In order to get a system to move in the desired direction, it is essential that 

processes are jointly or individually planned, controlled, and monitored.  To reduce risk of 

their own firm but also to assist upstream and downstream partners, supply chain members aid 

one another in monitoring and controlling their supply. Through consistent cross checks and 

sampling, it is possible to identify inventory levels, potential for future growth and struggles when 

dealing with FLW. Additionally, high quality products can be ensured across the supply chain. 

Communication and information f low  between members is done on a daily basis and 

operations are transparent and distinctly integrated. In order to jointly plan and overcome 

challenges, it is vital that cross-organisational boundaries are transparent and the supply is 

integrated in terms of organisational and product f low structure , rationalising the decisions 

made and directions taken. 

 

 

5.2 Performance Measurements 

Dynamically measuring performance of processes will enable a system to attain a snapshot of its 

operations as well as to track and benchmark them over time. The three entities in the pre-

consumption stages generally quantified the amount of waste they were discarding on a yearly 

basis by weight only, without the use of the FAO’s FLW Standard (Hanson et al. 2016).  

 

Each of them had different reasons for reducing FLW, leading to different definitions and 

measurements of what constitutes, drives, and causes FLW. Farmers and distributors primarily 

quantified FLW economically, with any discard being a loss of resources in terms of capital, 

labour, energy, seeds and water that would eventually harm their financial performance. As FLW 

may jeopardise the availability of these resources over time and also increase their price, they saw 

this issue as an economic cost that may be imposed directly or indirectly. However, as prices vary 
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significantly over time, it is difficult to estimate the financial cost or to compare it over the years. 

Any unsold goods to distributors or directly to retail were sold at a lower market price. They 

tracked progress over time and took measures if the issue kept arising exponentially bigger than 

the previous year. By tracking on weight and in percentage of their overall supply, farmers could 

consistently quantify their baselines and take action accordingly. Once their goal was clearly 

defined, measurement helped them plan, implement and monitor activities over time to reach this 

goal. Additionally, due to their dependence on weather conditions and freshwater, they kept the 

environment in mind without being able to actively measure it within their daily performance. 

 

Distributors and traders quantified and measured their performance also on how much waste 

accumulated over a year. They see it as an economic problem as any waste of resources is also a 

waste of money. To hinder it from happening or even increase year on year, distributors and 

traders closely track their progress and identify any factors that may contribute to this. Although 

their operational performance through the use of transportation, heavy equipment, and 

operations may directly impact green house gas emissions, they envisaged it as a rather 

insignificant contributor. Much more significant was their footprint with pro-actively dealing with 

the waste that accumulates and that should instead be prevented.  

 

When looking at retail, store managers measure FLW as a proxy in percentage of their store’s 

sales and closely monitor this number relative to yearly benchmarks set by headquarters, 

depending on product category. They are fully aware of the amount of potatoes that goes unsold 

in their supermarkets, as shrinkage, the number of produce delivered to the store for sale but not 

sold, remains a challenge that impacts profit margins. All in all it can be said that retailers see FLW 

as a waste of money and resources, and hence to improve their economic performance, they will 

want to cut down on FLW as significantly as possible. Additionally, as consumers are becoming 

more aware of sustainable consumption and production, retailers are also aiming to improve their 

public image by caring for the environment and giving back to society. However, the problem 

that remains is that retailers do not account or report the share of FLW that is at times avoidable 

or unavoidable. Furthermore, rather than preventing waste as a whole, they use waste as an 

alternative to generate more publicity and for other opportunities. 
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All interviews showed that no firm within the system used performance measurement to 

benchmark, rank, or rate themselves against other sectors or companies in the same field, but 

rather only to monitor their own performance over time. It could also be argued that an 

integrated approach that links food supply chain network decisions to the TBL was not achieved 

(Bloemhof & Soysal 2017). The reason is that farmers and distributors in general saw economic 

terms to be the biggest measurement when it came to FLW. The impact on the environment was 

highly important to them but immeasurable. However, food security and social incentives were 

never a considerable aspect in measuring performance. Additionally, on retail level, there was a 

clear dissociation on what was done on top level compared to shop floor. While top management 

aimed to include all facets of the TBL by improving economic performance, while also reducing 

food insecurity and environmental impact without actively measuring it, shop floor management 

only focused on their bottom line and their economic performance. 

 

5.3 The Causes and Drivers 

When looking at FLW, causes and drivers can arise from many different reasons. Literature 

suggested that consumers indeed contribute to the highest proportion of FLW in industrialised 

countries, and single-handily and indirectly impact downstream stages of the supply chain by 

literally shifting FLW onto farmers, distributors, and retailers (Willersinn et al. 2015; Gustavsson et 

al. 2011; Parfitt et al. 2010; Mena et al. 2011). The rise of industrial food production, cheap food 

prices, and an overall growth of affluence prompt consumers to form a disconnect with both the 

origin of food and the consequences of FLW (Willersinn et al. 2015). This further heightens the 

importance of market analyses showing that Danes see quality as their highest priority when 

choosing fresh produce (Landbrug & Fødevarer 2016). Driven by their habits and preferences, 

they set expectations on downstream actors to deliver a product that is readily available, fresh, 

unblemished, appealing and ordinary. This is the reason why all three pre-consumption actors in 

the fresh potato supply chain see quality standards and product specifications as the main cause 

of FLW in the system.  
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Table 5 – The Causes and Drivers of FLW based on empirical data 

 

 

i )  Primary Cause of FLW: Quality Standards and Product Specifications 

To adhere to the demands of consumers, retailers are at the forefront by directly interacting with 

them and setting biased and rigorous quality standards based on product preferences that 

subsequently have an impact onto the rest of the system (Canali et al. 2014; Teller et al. 2017; 

Godfray et al. 2010). Furthermore, following the rules and regulations of the EU, famers are 

obliged to meet the requirements that guarantee a minimum of “sound, fair, and marketable 

quality for European consumers” (European Commission 2017b). Until 2009, EU regulations 

dictated the exact shape, size, and appearance for 36 fruits and vegetables, causing many 

products to perish due to natural imperfections. Although potatoes are not included in the 

Specific Marketing Standard set by the EU for 10 types of fresh produce, quality measures within 

the General Marketing Standard are applied across the supply chain and its actors to comply with 

law. The clear distinction is that within the General Marketing Standard, the produce does not 

need to be graded into quality classes, but needs to be “practically free from damage caused by 
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pests, free from external moisture, clean, free of foreign smell, and sound and intact with no 

bruises or damages on the exterior” (European Commission 2011). Today, there is no EU quality 

standard for potatoes, although actors are also intended to use the UNECE Standard FFV-52 

concerning the marketing and commercial quality control of early and ware potatoes (CBI 2011). 

They need to be “free from sprouts that are more than 3mm, not dried or wrinkled, free of green 

coloration or brown stains, and free of soil, pests and external damage such as cracks exceeding 

4mm in depth or any other serious deformity” in a batch made up of uniform tuber sizes, with a 

tolerance of 90% of unity to comply (Miljø- og Fødevareministeriet 2016). Ware potatoes must be 

covered with well-formed skin, i.e. the skin has to be fully developed and mature and cover the 

whole surface of the tuber. However, in the case of early potatoes, a partial absence of the skin 

shall not be considered as a defect. 

 

Nonetheless, quality remains difficult to define and isolate universally and systemically, making it 

arduous to implement verifiable and uniform standards (ISO 2014). This is because monitoring 

food safety and quality standards has shifted away from governmental authorities to distributors 

and retailers, whom base the market requirements or voluntary standards on their engrained 

experience-based causal beliefs from previous years (Gustavsson et al. 2011). Consumers take 

into account intrinsic attributes such as smell, consistency, and ripeness, together with exterior 

appearance and shape. They will then subliminally and impulsively assume whether a product 

actually tastes good (Buck et al. 2016) or if it is safe to eat (Grunert 2005). Due to it being 

multidimensional and subject to perception, quality draws with it a significant amount of 

subjectivity and irrationality of what consumers desire (Brunsø et al. 2002). This is why to reduce 

the amount of potatoes that are returned or unaccepted upon delivery to retail, distributors and 

farmers become extra vigilant when sorting and out-grading any blemished or wrong-sized 

potatoes (Buzby et al. 2015), even though they are exposed to what nature provides them. 

Cosmetic damage by animals, pests of bacterial and fungal diseases such as the renowned potato 

scabs remain a challenge, even though light attacks in no degree affect the safety or nutritional 

value of the product, but rather only the ‘perceived’ external quality (Royal Horticultural Society 

2017). While Soladan and Samsø Grønt only conducted quality checks upon a farmer’s delivery of 

the produce, Danespo implemented random quality control routines prior to delivery, when the 

potatoes are delivered, as well as post-delivery (Danespo 2017) to ensure that products produced 
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and sold are consistent in quality, even though potatoes are volatile crops strongly dependent on 

weather, soil and storage conditions (Esbjerg 2016). Prior to delivery, random samples are 

collected from farmers to inspect quality of the harvest and predict orders. When the potatoes are 

delivered to the station, each batch is inspected for defects, having in mind that certain tolerance 

percentages for the different types of defects are accepted in a single batch (Danespo, 2017, 

Appendix D). For those batches that are accepted, further grading of the potato quality becomes 

ever more difficult. Potatoes are firstly sorted by size and all produce not meeting the 

programmed ideal is sorted out. While a degree of automation can rapidly examine potatoes on 

their colour, machines are over-precautious when dealing with exterior defects or irregularities. 

For this reason, they are only used for grading by size and colour, rather than for defects or 

irregularities now done by packing station employees. 

 

i i )  Further Causes and Drivers in Retail 

Retail aim to consistently satisfy and surpass consumer expectations by regularly and consistently 

replenishing their stock; causing fresh products to overtake older, often still edible produce, on 

the shelves. As the Føtex store employee indicated, “it all comes down to perception as 

consumers buy with their eyes”. Even though potatoes do not have a ‘use-by’, ‘sell by’ or expiry 

date present on packages, many stores count on the renowned LOT number present as a label on 

packages. Used for “tracking and guidance” (H.Knude Larsen, personal communication, 2017), 

the number gives an “indication to the quality” (Føtex, personal communication, 2017) of the 

potato by giving information on the date of packaging. The products will usually “not stay longer 

in store than a week or 10 days…even if it still looks good” (Netto, personal communication, 

2017) as it impacts product liability and reputation of the store. Stores need to continuously and 

permanently display a wide selection of available, fresh produce, and hence need to reorder new 

potatoes although the shelves are still full. This further adds to the problem that by not storing 

them in a cool and dark environment, potatoes will spoil and drastically experience a sharp fall in 

their shelf life. Additionally, store managers are responsible for demand forecasting and product 

ordering that is based relatively high on the human factor but also on historical data in which IT 

systems may at times automatically reorder. In terms of FLW occurring due to overstocking or pre-
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store waste due to delivery rejections (Teuber & Jensen 2016), no relevant data was measured as 

primary research was conducted on store level only and not within distribution centres.  

 

i i i )  Further Causes and Drivers in Distribution and Trading 

Over the last decades, distributors and traders have specialised in cold chain transportation, and 

acquired the right infrastructure, processes and conditions to dry, handle and store potatoes. This 

helped them to overcome the problem of potatoes spilling over accidentally inside the packing 

station and to ensure that “the majority of potatoes that enter the station will also leave the 

station” (R.Madsen, personal communication, 2017).  One challenge, Danespo still faces to date is 

the handling during loading and unloading as soil including stones can damage potatoes as they 

glide through the packaging station. This is particularly problematic when early potatoes with less 

firm surface pass through. Last but not least, due to close communication with partners short-term 

cancellations do not take place and oversupply is nearly never an issue, only with particular 

batches returned to packing stations due to incorrect labelling on rare occasions. 

 

iv) Further Causes and Drivers in Farming 

The farmers’ life-long expertise and mastery in the potato production has allowed them 

continuously invest in new infrastructure and equipment, and to optimise and further specialise 

their harvesting techniques and operations. Denmark’s goal is to remain self-sufficient with high 

productive yields and to offer high quality products to its consumers (Andersen & Sørensen 2015). 

This high productivity is due to a number of reasons. The tendency of continued structural 

development of production being concentrated on fewer, larger, consolidated farms, further 

raises high quality yield in the market (Danish Agriculture & Food Council 2014). Additionally, 

research, innovation and education play a significant role as well as knowledge transfer among 

localized farmers. Furthermore, recent trends suggest that more farmers are opting towards 

industrialized production of potato processing and starch, meaning that those that remain in the 

fresh production are “incentivized to make high value potatoes with an interest in making their 

production effective with no waste, even when production levels are going down” (B.Rasmussen, 

personal communication, 2017). 
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The uncertainty of climatic conditions and the time frame may drastically impact their use of 

resources such as soil and water, and eventually their harvest, causing a certain degree of FLW to 

be inevitable (CONCITO 2011). As the potato market develops with new trends and new resistant 

seeds come and old seeds go, they continuously have to adapt and re-invent themselves. As 

potato harvest is heavily exposed to what the environment offers, premature and delayed 

harvesting can have a drastic impact on FLW as “batches of a whole season could be damaged by 

one day of rain alone” (S. Anker, personal communication, 2017). They see all their potatoes as 

gold, which they can sell to consumers or to other opportunities, and therefore with none ever 

being left behind on the field.  

 

 

5.4 Circular Economy & FLW Opportunities 

While FLW arises from many different causes and drivers, the quality standards on product 

specifications set by retailers to adhere to consumer preferences are the highest contributing 

factor leading to FLW in the fresh potato supply chain. It therefore becomes of interest to analyse 

to which opportunities or initiatives actors at various stages divert previously discarded potatoes, 

initially intended for human consumption (Stuart 2009). Rather than seeing waste as an end point, 

actors within the supply chain redirect these potatoes to business, social or animal incentives, 

before opting for less preferred alternative measures such as industrial uses or landfill and 

incineration. The decision for longevity, repair, reuse, and recycle turns a conventionally linear 

supply chain into a loop transitioning towards a circular economy, challenging and guiding 

businesses to rethink their operations of seeing waste as a resource (Ellen MacArthur Foundation 

2014). This entails moving towards an eco-effective system comprised of integrative sustainable 

practices in line with the TBL.  
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Figure 7 – The Food Waste Hierarchy Model of the fresh potato supply chain 

 

 

The food waste hierarchy model establishes a priority order from preparation for reuse through 

business, social or animal incentives, recycling and energy recovery through to disposal, such as 

landfilling (European Commision 2015; Papargyropoulou et al. 2014). While reuse and 

recycling/recovery incentives can lead to eco-effective measures of seeing waste as resource in 

times of global resource constraints, landfilling and incineration can further worsen humanity’s 

impact on the climate (EPA 2017) and are hence the least preferred options.  

 

Downstream, farmers see one man’s trash as someone else’s treasure (Buchner et al. 2012) and 

opt for opportunities that will bring quick economic returns. This often involves doing business 

with catering companies and restaurants, or other farmers for animal feed. They see it as “an 

investment into creating more food cyclically for the community through meat or dairy products”  

(S.Anker, personal communication, 2017), hence additionally sustaining other famers and meeting 

consumer needs. However, this approach also undermines recent environmental studies 

concerning the detrimental impact of meat and dairy production and consumption on our planet 

(Carlsson-Kanyama & González 2009; Nordgren 2012). Potato waste may become a cheaper 
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supplementary alternative (Giggins 2012)  with the needed energy and nutritional value (Bakshi et 

al. 2016)  that may at least partially substitute Denmark’s unsustainable dependence on importing 

cereals and soybeans from across the world to feed cattle and pigs (Hansen 2014; Maynard 1929). 

It may to a degree reduce the destruction of rainforests for further soybean plantations (WWF 

2017), but at the same time the release of threatening methane and emissions from manure 

management and ruminant digestion will not disappear (Andersen & Sørensen 2015).  

 

On the other hand, distributors and traders are seeing it from a different perspective. They 

believe that it is “much easier to make adjustments in production to make high value potatoes 

that meet quality standards, rather than to think of sustainable ways of dealing with waste” 

(H.J.Buur, personal communication, 2017). Their greatest challenge is the “transportation costs 

outweighing or covering the return (they) get from declassified, lower priced potatoes” (H.Knude 

Larsen, personal communication, 2017). Once potatoes are put in the plastic bags, it “becomes 

incredibly expensive to re-open and transport them to other opportunities” (F.Jensen Langhoff, 

personal communication, 2017) and it therefore becomes “easier to discard the potatoes rather 

than opt for more sustainable practices” (H.J.Buur, personal communication, 2017).  Packaging 

therefore becomes a potato biggest friend and fiercest enemy at the same time – it may protect it 

from blemishes during transportation and handling, but it will also drastically reduce its shelf life. 

While some potatoes are sold to local animal farmers, Danespo, Soladan and Samsø Kartofler see 

biogas and organic recycling as the biggest potential. They work hand in hand with businesses 

such as BioVaekst that use organic waste to convert into biogas and valuable organic fertilizer 

compost (BioVaekst 2017). Used as a fuel to replace natural gas in central heating and electricity 

production and with its residues used for fertilisers, biogas could become a critical solution to 

growing garbage problems while simultaneously reducing external energy requirements (Curry & 

Pillay 2012). Nonetheless, it is important to mention that biogas can be at times be claimed as 

‘green washing’ as it does not tackle root causes but rather entices further FLW in order to be 

productive. In Samsø, the Biosamfund Samsø is becoming “the ultimate idea to reconvert the 

island’s waste from discarded crops or food scraps into biogas, with all resources of the island 

staying on the island” (G.Hald Mikkelsen, personal communication, 2017). Resources remain in a 

circuit within which potato farmers would receive valuable manure as alternative crop fertilizer in 

return for their discarded potatoes; hence “waste from one production becomes resources for the 
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next” (K.Tybirk, personal communication, 2017). By involving local businesses and communities 

actively, the Biogas2020 project is working to make the island net CO2 neutral and energy 

independent by using local biological and upcycled waste as resources towards a fossil free ferry 

and fertilizers for the farmers (Stensgaard et al. 2017). In the Lammefjørd area, Holbaek Kommune 

takes a different approach by encouraging famers and local distributors to get involved in the 

Dansk Symbiosecenter. Particularly in their project ‘Rest to Resource’, in cooperation with the 

European Regional Development Fund, the municipality aims to assist and guide local businesses 

in accessing new potential partnerships through green business models of using waste and left-

overs as energy and resource saving alternatives (Dansk Symbiosecenter 2017). The aim is to 

bring local farmers in contact with local energy businesses that reconvert their waste into valuable 

resources (M.Johansen, personal communication, 2017).  

 

Retailers in the potato supply chain demonstrate that FLW could indeed bring further business 

incentives that help raise productivity and brand image through CSR. However, others have also 

demonstrated that there is still a long way to go, as discrepancies in interest between waste 

management on store level and top management continue to exist. First and foremost, on top 

management, retailers will want to engage in business incentives to further increase their profit 

margins. Retailers use technology to sell produce close to expiry through apps such as 

‘TooGoodToGo, ‘YourLocal’, or by developing their own such as Netto’s ‘Mad Skal Spises, 

allowing consumers to actively participate in cutting food waste by buying food, otherwise 

discarded, at a lower price. 

 

If produce can no longer be sold to consumers, retailers develop a market for ‘sub-standard’ 

products that no longer meet consumer preferences, and partner with charity organizations in the 

collection and sale of otherwise discarded but still safe products (Gustavsson et al. 2011). Through 

the concept stores of WeFood, selling surplus food since 2016 at lower price for charity 

donations, Dansk Supermarked in cooperation with DanChurchAid, has set a mark in giving away 

potatoes among other products near expiry and then sold at 50% of the normal retail price. Rema 

1000 is actively engaged in supplying discarded produce with dented packaging no longer sold 

on shop floor for free to the charity Projekt Hjemlos, helping homeless citizens in Denmark on a 

daily basis (Rema1000 2017; Rema1000 2015). Additionally, COOP, Dagrofa and Dansk 
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Supermarked partner with fødevareBanken, a nonprofit organization serving and distributing food 

surplus to disadvantaged communities. Furthermore, Dagrofa’s initiative “Spar og Hjælp’ in 

cooperation with Dansk Folkehjælp allows consumers to purchase products that are close to the 

last sale date at a lower price with Kiwi stores donating 1DKR every time a customer buys an item 

to help vulnerable, disadvantaged families in Denmark (Kiwi 2017). 

 

Retailers also operate in the lower tiers of the hierarchy model, as seen in COOP’s ambition to 

have 95% of waste from its stores recycled or converted into biogas by 2020 (COOP 2016; COOP 

2013). Lidl is undoubtedly the frontrunner in recycling organic waste and converting it into energy 

or animal feed through their initiative ‘Waste with opportunities’. It ensures that waste is stored 

and redistributed effectively, with. 98% of waste recycled in cooperation with renovatører and 

local waste management companies (Lidl 2017). By using colours to easily sort organic waste from 

residual waste (Miljøministeriet 2015) within its in-store uniform signage concept, Lidl sees “every 

waste as a resource…and wants to bring it to the right destination such as biogas plants” 

(D.Hansen, personal communication, 2017). To do so, waste is firstly sorted in-store, transported 

on a daily basis back to the central warehouses, and then further shipped to partnering waste 

management companies. 

 

However, the challenge for retailers remains to transparently translate CSR top management 

initiatives into store level business operations. Through the face–to-face participatory discussions 

on shop floor and observations made during dumpster diving outings, it can be said that the issue 

is still not solved. As many supermarkets are operated under franchise, store managers are 

flexible in making decisions of how to discard waste. Some store managers rely on their 

perception of what quality produce means and when it is to be discarded such as Lidl, while 

others rely on the LOT number as a guideline such as Føtex or Rema1000, or discard all produce 

after 7-10 post LOT date such as Netto, Kvickly, and Kiwi. While Lidl and Rema 1000 stores 

decided to solely recycle organic waste for further use in biogas, Kvickly actively used the 

TooGooToGo app to allow consumers to buy residue potatoes at a discounted price after 

opening hours. Føtex decided to reduce its price on potatoes that have been packaged for a 

week, before finally discarding them into conventional bins if unsold. While Netto and Kiwi stores 

proved that they are not following top management’s footsteps of recycling organic waste, 
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sticking stickers on outdated products or donating it to charities, as they simply discarded organic 

and residual waste such as potatoes into general municipal bins destined for incineration, as seen 

in the pictures taken during dumpster diving outings in Appendix E. The conclusion that can be 

made is that, although top management and CSR suggest sustainable practices and initiatives, 

individual shops can make their own localized decisions on what opportunities they would like to 

engage in.  

 

Within the potato supply chain in Denmark, actors act upon these preferred options, while 

regulations and governmental incentives continue to reshuffle the setting and inducing 

(un)sustainable actions. With one of the lowest landfilling rates in Europe, Denmark achieved, via 

a combination of regulatory instruments such as the tax on landfilling in 1987 and a ban on 

landfilling of all waste, suitable for recycling or incineration, in 1997, to move away from toxic 

landfills (Dakofa 2017; Danish Environmental Protection Agency 1999). However, although it 

slowly aims to change the current course of events (The Danish Government 2013), Denmark 

continues to further invest in incineration with new plants to be opened in the years to come. This 

is not in line with the European Parliament’s recent ambitions of 70% of municipal waste (from 

households and businesses) to be recycled or prepared for re-use by 2030 (The European 

Parliament 2017). Denmark hence concentrates its energy generation on a business model based 

on acquiring as much waste as possible rather than preventing it. It entices stakeholders to 

operate in the lower levels of the hierarchy model (Papargyropoulou et al. 2014) by further 

seeding attitudes that see the disposing of resources as cheaper than reusing them (Zero Waste 

Europe 2015). With high capital costs and in most cases owned by municipal companies, 

incinerator operators typically require contracts with local authorities to steadily supply them with 

a minimum amount of waste to burn for a period of up to 25-30 years, further encouraging waste 

production rather than waste prevention in the community (Friends of the Earth 2007; WTERT 

2014). Rather than taxing incineration and subsequently encouraging recycling, Denmark is 

currently sending more than half of its municipal waste toward incineration and with only 24% 

being recycled (Eurostat 2015), shockingly polluting communities nearby with toxic emissions 

(Ecocycle 2011). This also means that still today thousands of tons of biodegradable FLW make 

their way into municipal residual waste bins sent for incineration in which valuable resources end 

up in smoke each and every day rather than being unpacked from their plastic bags, sorted and 
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separated into organically recycled waste, and subsequently diverted towards composting, 

anaerobic digestion and biogas. It is clear that it will not be enough to reduce the negative 

footprint of FLW by redirecting discards to other opportunities, but one should rather prevent it 

from occurring by tackling its roots causes eco-effectively and reshaping elements of the supply 

chain scenario through redesign strategies. 

 

5.5 Redesign Strategies & FLW Prevention 

The real problem in managing and controlling complex networks is the uncertainty that plagues 

them (Persson 1995). The more uncertainty there is, the more waste there will be. Although FLW 

may present actors with opportunities, the first preferred intention of the system should be to 

prevent FLW systemically in the future. When looking at FLW, each cause of FLW can be fully or 

partially be attributed to uncertainty. An increased awareness of the existence of supply chain 

disturbances and their causes may enable a system to be better prepared or to even generally 

prevent disturbances from occurring (Van Der Vorst & Beulens 1998). For redesign strategies to 

be implemented effectively, pre-consumption actors would need to set their own quantifiable 

FLW metrics such as through the FLW Standard, and monitor and control these over time to find 

out where, how, and why certain FLW was generated. It therefore becomes empirical to 1) identify 

and analyse the sources of decision making uncertainties and to 2) identify and apply appropriate 

redesign strategies that eliminate disturbance by acting on these sources of vulnerability (Vlajic et 

al. 2012; Van Der Vorst et al. 2013). It is my intention to not only reduce a disturbance and its 

negative impact, but to instead prevent it fully from occurring through eco-effective redesign. 

 

While most initiatives in Demark have focused on seeing opportunities in managing often 

inevitable FLW, only a few have been have been set up to prevent FLW in the long-term by 

tackling the uncertainties that cause this phenomenon. These examples include REMA 100’s 

multi-offer product promotions ban or Danespo’s collaborative decision with retailers to reduce 

potato package sizes and alternatives. Through smaller package sizes consumers buy only the 

quantity they can actually consume, while new packaging alternatives can spare potatoes of being 

exposed to light for a long period of time. However, no initiative or strategies have thus far been 

undertaken to cut FLW within its most contributing factor: quality standards and specifications.  As 
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it remains relatively unknown how to define suitable and safe quality especially intertwined with 

habits and behaviours of consumers, uncertainty trickles down the system, causing it to 

subsequently underperform and create FLW. Notions of what a ‘good’ potato thus span across 

production, storage, selling, buying, and cooking (Esbjerg 2016). Hence, uncertainty can be 

expressed as: What constitutes a high quality potato that is still safe and edible for the consumer?  

 

In order to make the supply chain eco-effective, the supply chain would have to undergo a supply 

chain redesign strategy that will help it in reducing this uncertainty that arises from these quality 

standards and specifications. The source of decision-making uncertainty originates from 

information inaccuracy and asymmetry. As the potato passes through the different stages of the 

supply chain, different actors are involved and each of these actors has their own judgment about 

the quality of the product. Hence, quality is seen subjectively in the eye of the beholder (Van der 

Vorst et al. 2011). These judgments and decisions will influence the final quality of the product as 

perceived by consumers. The aim is therefore not only to understand how quality is guaranteed as 

the potato passes through the stages (Van Der Vorst & Beulens 1998) but also how quality is 

controlled and monitored optimally and effectively. The solution is to entirely rethink the way the 

system operates and configures. While the supply chain actors see and focus on quality 

differently, the general agreement is that subsequent links (upstream and downstream) are 

competent and have an interest in providing a high quality product.  Although notions of what 

constitutes quality differ, consumers are frequently the starting point with other actors providing 

consumers with high quality potatoes that meet their expectations (Esbjerg 2016). Therefore 

decisions made by consumers influence the operations of downstream suppliers and actors they 

do not directly interact or align with (Van der Vorst et al. 2009). Consumer preferences and habits 

have changed in terms of being volume driven (want many products) to value driven (want quality 

products) (Willersinn et al. 2015). Retailers have an important role in shaping consumer demand 

with the power they possess in the market and the influence they can excel on what, where, and 

how consumers should buy. By “turning the table around”, retailers in close coordination with 

farmers and distributors, can alter current consumer behaviors, promote, educate and nudge 

towards sustainable consumption, and explore ways to (re)defining quality in terms of consumer 

habits and preferences  through close interactions with consumers and their own in-store actions 

(Adam 2015). Just like with any other environmental fallacy, supply chains fail to solve the issue at 
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hand systemically with no one taking responsibility or setting clear long-term initiatives to make 

systematic changes. Due to the power retailers have and the close contact they sustain with 

consumers within the buyer-driven, they are the bridge between distributors and farmers on one 

side and consumers on the other. Retailers are therefore, in my eyes, the actor to step forward to 

coordinate and cooperate with all other actors, streamlining information flows from upstream to 

downstream, and initiating the integration of processes and measurements.  

 

While growers want potatoes that entail high yield and are easy to grow, distributors prefer 

products that are easy to store, and retailers mainly focus their quality criteria on dimensions such 

as shelf life and high turnover. On the other hand, consumers take into consideration aspects such 

as appearance (colors, shape, size), taste, freshness, nutritional value, convenience and safety (Van 

der Vorst et al. 2011; Trienekens et al. 2012). The understanding that actors have constructed on 

these consumer preferences come from the basis of product development efforts and 

consequently translating these into quality criteria and quality control practices (Callon & Muniesa 

2005). When looking at preferences in appearance, consumers could be questioned and offered a 

broader quality range of products (Raymond 2012; Stuart 2009), hence setting benchmarks for 

what quality is acceptable. Retailers will have to give away some of the power in determining such 

criteria and instead integrate the consumer into the decision-making. One way of doing so would 

be to directly interact with consumers through surveys on what they see important within 

appearance and taste and eventually define criticality points in the supply chain where this aspect 

of quality is attained or at times lost. Through their habit and preferences, consumers have in no 

doubt the power to influence quality standards (Stuart 2009; Gustavsson et al. 2011). 

 

Furthermore, consumer habits will have to be addressed through improved cooperation and 

communication across all stages on topics such a) potato preparation, b) potato storage and 

handling, and c) potato safety in order to overcome uncertainty and information asymmetry. 

There are a wide range of varieties of potatoes that exist, with each having a distinctive taste 

depending on seasonality and their preparation, as seen in Appendix B. While these varieties can 

at times be used interchangeably, some are more robust to last storage and certain ways of 

preparing them according to their prescribed use (baked, boiled, peeled etc). Their taste and 

consistency will be greatly impacted if these precautions are not taken. It is therefore key that 
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downstream actors communicate such information to the final consumer and make these 

differences apparent. Secondly, Danish consumers tend to be conservative and slow to adopt 

innovations (Esbjerg 2016), yet they want products that are visually attractive and convenient in 

terms of easy to prepare and cook. This makes retailers and distributors wash and polish potatoes 

to be smooth and clean, further reducing their shelf life. Although potatoes do not have a ‘best-

before’ or expiry dates (Miljø- og Fødevareministeriet 2017; Gassin 2016),  their consistency and 

appearance is greatly diminished once exposed to warmer and lighter conditions as seen in-store. 

Furthermore, once a potato is packed and washed, it loses “half its longevity in an instant” (B. 

Rasmussen, personal communication, 2017). Thus far, packages produced cheaply and 

standardised on volume leave little room to alter templates with indications that can guide or 

nudge consumers towards sustainable consumption. Lastly, potato safety is kept in focus at all 

times throughout the high-value system, and potatoes will only lose their nutritional value when 

water evaporates and they eventually decompose; although common misconceptions remain that 

the existence of ‘toxic’ sprouts signifies this change. Sprouts depict that a potato is ‘dormant’ and 

full of nutritional value, and actually does not jeopardise the quality of the product when cut off. If 

these basic principles and facts were shared and educated from downstream players to upstream 

actors then consumers would potentially recognize their current misinterpretations and change 

their habits and preferences accordingly. If consumers are aware and willing to understand the 

enormity of the issue, then their buying and household habits will change, eventually leading 

them to unconsciously alter their expectations and potentially their preferences of what a high-

value product stands for in the long term (Stuart 2009; Willersinn et al. 2015). 

 

All in all, the quality of potatoes gets conceptualized, measured, observed and enacted differently 

in the interrelated practices of the various actors, as they have different ideas on what a good or 

bad potato truly is. The supply chain scenario would be significantly altered if common 

benchmarks were developed, cooperation and communication were improved, power evened 

out, and all four primary actors were integrated into the decision-making. Rather than reducing 

FLW generation at each pre-consumption stage, the problem should be tackled holistically where 

retailers play the orchestrating role of assisting actors to coordinate, plan, monitor and control 

quality systemically to enable streamlined, sustainable practices and flows from field to fork.  
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6. CONCLUSION 
 
This study has helped to fill gaps in literature by combining various frameworks and models to 

create a contextual, systemic snapshot of the specific, integrated network of fresh potatoes in 

Denmark through the self-produced ‘Eco-effectiveness Model of Food Loss and Waste’. Previous 

studies have aimed in understanding the main causes and drivers behind FLW, and the 

implementation of eco-effective and green product design to move closer to a circular economy, 

but thus far none have suggested to eliminate - not only reduce, minimise or avoid- the very 

concept of waste by the eco-effective design of a whole supply chain. By initially analysing the 

existence of the main causes and drivers of FLW in the supply chain, this study further identifies 

what elements of a systemic redesign in the supply chain scenario would reshape this integrated 

network into an eco-effective and sustainable supply chain.  

 

Various studies have revealed that FLW in the developing world is mainly attributable to lack of 

knowledge, equipment and infrastructure in production and distribution, while in developed 

countries it comes down to retailers and consumers’ expectations for the perfect product (Godfray 

et al. 2010; Buchner et al. 2012; Gustavsson et al. 2011; Parfitt et al. 2010).  This study established 

that various causes and drivers arise at different stages of the fresh potato supply chain. However, 

quality standards and product specifications remain the most prominent source of uncertainty at 

all stages and the cause that drives further supply chain inefficiencies in terms of FLW in the value 

system. Due to the preferences and expectations of consumers, downstream actors are forced to 

rigorously discard potatoes that do not meet the perceived quality of consumers. The habits, 

preferences, and expectations of the consumers therefore shift FLW from consumers to 

downstream stages of the supply chain. Consumers therefore not only waste large quantities in 

their households but also have a direct and influential impact on previous links in the chain that 

cause systemic FLW. Due to their peculiar preferences, they pressure retailers to set rigorous 

quality standards and product specifications onto the rest of the chain to which other downstream 

actors have to adhere to. As potatoes pass through the chain across all stages, they are judged 

based on their appearance and their shelf life, creating significant supply chain inefficiencies 

through poor coordination, information asymmetry and uncertainty of what a ‘good’ potato truly 

stands for. Retailers are forced to continuously reorder and replenish their displays, distributors 
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need to rigidly grade the potatoes they pack, while farmers, often exposed to what nature 

provides them, have to discard potatoes with cosmetic damages. This causes a large share of 

potatoes to never reach the consumer.  

 

The second part of the research question then attempted to discuss the reshaping of the supply 

chain scenario through redesign strategies in order to move closer to eco-effectiveness and long-

term sustainability. The supply chain scenario consists of a network of four primary stakeholders 

(farmers, distributors and traders, retailers, and consumers) and various secondary stakeholders 

that assist and guide the main actors in their daily operations. In terms of processes and 

components, the different actors are involved in order fulfilment, relationships, and procurement, 

while also planning and controlling, and actively sharing information between them. Each of the 

different actors measure their performance based on their goals and strategy deriving from one 

ore more elements of the TBL, with none of the businesses following the recommended FAO FLW 

Standard. While farmers and distributors primarily measure FLW based on their economic returns 

and the waste in resources, they also see the environmental footprint as an important factor 

impacting their daily business, even though it remains immeasurable to them. On the other hand, 

retailers base their measures on shrinkage whilst also aiming to cut down FLW to improve their 

public image. Top retail management aims to include all facets of the TBL, while on store level 

they are primarily focused on their bottom line and their economic performance. For the potato 

supply chain to move towards long-term sustainability, the system will have to integrate all actors 

and their performance measures, enabled through benchmarking across sectors, in order to 

effectively evaluate and measure overall supply chain performance.  

 

For those potatoes that are subjectively seen as unfit for consumption, businesses engage in 

various opportunities within the food hierarchy model by re-using, recycling, and recovering them 

as valuable resources rather than waste within a circular loop. Farmers opt to cooperate with 

fellow dairy and animal farmers by selling their residue potatoes as animal feed, while also 

additionally selling them to hotels, restaurants and caterers. Distributors and traders opt towards 

animal feed, while also additionally engaging in initiatives leading to organic recycling and biogas 

production. Retailers are involved across various opportunities that range from selling products 

near expiry to consumers for a lower price through applications such as ‘TooGoodToGo’ or ‘Your 
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Local’. Additionally, they partner with charity organisations such as WeFood, Projekt Hjemløs or 

fødevareBanken in giving away edible and safe food to disadvantaged communities, or they opt 

to recycle their organic waste further to biogas. However, initiatives put forward by CSR and top 

managers do not reflect and translate into actions on the shop floor as many potatoes still end up 

in residual municipal waste bins destined for incineration or landfills.  

 

However, for the system to move closer to eco-effectiveness and long-term sustainability, it will 

not be enough to simply redirect FLW to other opportunities but to instead prevent it from 

happening. By changing and adjusting elements of the supply chain scenario through redesign 

strategies, the system will reduce uncertainties and disturbances, and subsequently move closer 

to optimal supply chain performance, eco-effectiveness, and long-term sustainability. To do so, it 

becomes essential to incorporate factors from all dimensions of sustainability through the TBL and 

capturing the performance of the entire supply chain, rather than individual firms, as suggested by 

the FAO’s FLW Standard. Monitoring and controlling these over time to find out where, how, and 

why certain FLW was generated will be imperative, and allow the system to 1) identify and analyse 

the sources of uncertainties and to 2) identify and apply appropriate redesign strategies that 

eliminate disturbance by acting on these sources of vulnerability. Additionally, it becomes vital to 

integrate all actors into the decision-making, coordinate and cooperate, and streamline shared 

information effectively. This can be done by aiming to alter consumer preferences and habits by 

committing to advice, support, and educate consumers on how to prepare, store, and handle 

potatoes as well as on the apparent differences that exist for potatoes, often misinterpreted as 

mundane or ordinary. By actively engaging with consumers, downstream suppliers together with 

retailers as the bridging entity, can nudge sustainable consumption while optimising their own 

production by effectively planning, controlling, and monitoring quality holistically. Furthermore, 

triggers can also further be inserted through incentives and regulations of policy makers, pressure 

from NGOs and other secondary stakeholders. Rather than concentrating on reducing or 

minimising the negative footprint of FLW, it becomes paramount to envisage an eco-effective and 

sustainable system whereby a share of FLW remains at times unavoidable destined to be recycled 

or reused in a circular loop, and other avoidable FLW is eliminated over time through the effective 

and systemic (re)design of the supply chain.  
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7. LIMITATIONS 
 

Whilst the delimitations of the study were discussed in Section 2.3, there are also various 

limitations one needs to account for. The lack of available and reliable data was severely 

restricted, as retailers were unwilling to cooperate and data was at times unreliable due to the 

restricted sources available. Additionally, those interviewees prone to cooperate did so because, 

in their eyes, they had nothing to fear of being revealed and may have reported according to the 

‘social norm’ habit. Scientific generalisations were therefore misguiding and multiple sets of 

replicated experiments under different conditions would have enabled consistency. Secondly, the 

lack of prior research into the FLW generally in literature or specifically in the fresh potato supply 

chain made accessible data limited. Due to the currency of the issue, sources used in the literature 

review were relatively recent and heavily reliant on statistics that were accumulated through 

different metrics and definitions, making it difficult to compare and cross-analyse. Despite these 

existing gaps in literature in terms of reliability, incompleteness and quality,  this study limited its 

scope contextually, both geographically and for the product, that included various actors from 

across a specific supply chain. 

 

Thirdly, primary data collection was entirely qualitative with quantitative secondary data in the 

terms of statistics. Primary data collection through interviews contained a range of limitations. In 

order to be valid and reliable, an interview had to contain all aspects and facets of the topic at 

hand. Questions were asked with a degree of openness and flexibility, tailored and adjusted 

specifically to the interviewee. Hence there was no systematic procedure, making generalisations 

only possible in terms of themes or re-occurring messages. For instance, as many causes and 

drivers are interrelated, it was not my aim in settling to find a direct answer on all of them through 

redesign strategies, but to rather interpret common grounds and concentrate on a highly 

prioritised one that was mentioned by most, if not all, actors interviewed. To ensure validity, 

multiple sources were selected as well as triangulation through observations to further collect 

insightful data. However, self reported data is prone to sources of bias in terms of selective 

memory of remembering or not remembering certain events, telescoping and not seeing 

everything that might of importance, and exaggeration of representing events more significantly 
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then they were. There was a significant sense of subjectivity and this was difficult to eliminate 

entirely.  

 

As quality standards were identified as the main cause of FLW in the supply chain, it further added 

to the complexity that these were immeasurable and purely down to subjectivity and perception. 

Although the EU has clearly identified pinpoints to take into account when defining quality in 

potatoes, so far no uniform quality standard for potatoes is in place for actors to follow. This 

makes the uncertainty even greater of whether certain aspects of the FLW are indeed avoidable, 

hidden or actually unavoidable, and to what extent. Still today, no uniform understanding or 

measurement on what FLW is avoidable or unavoidable exists and it remains difficult to 

distinguish entirely what degree of FLW arose due to supply chain inefficiencies or other 

conditions such as the climate.  

 

Last but not least, the reliance on relatively recent and divergent secondary data as well as 

information gathered in Danish, make this study prone for subjectivity and misinterpretations. Due 

to my limited Danish language skills, the interview with Svend Anker, Storøhage Kartofler, was 

conducted with assistance from a native Danish speaking person, Stig Andreasen. The interview 

was recorded and then translated into English. During the interview, I first asked the question in 

English, they were translated and, communicated to Svend and then responded back to me in 

English. I then clarified to ensure everything was understood clearly and then shared with Stig 

what needed to be asked next. Significant elements of data could therefore have been lost in 

translations or at times been misinterpreted, hence leading to a significant deficiency that needs 

to be acknowledged. In terms of secondary data, literature and studies of FLW have only recently 

been acknowledged and incentivized. Due to the various different definitions, scopes, and angles 

surrounding FLW, it was important to concentrate on cross-referenced journals and official reports 

by trusted third party sources. 
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8. FURTHER RESEARCH 
	
While the scope of simply focusing on the pre-consumption stage of the ware and early potatoes 

supply chain in Denmark has allowed me to deepen my knowledge, it has however also limited 

me to certain degree. Further studies a) expanding the contextual scope, b) looking at different 

types of value systems and c) including consumers, would become of interest to extend this 

research. Firstly it would be of interest to replicate this study onto different varieties of potatoes 

such as seed and processed potatoes and compare FLW within these categories. This study was 

limited to businesses primarily operating as ware potato producers in the areas of Lammefjørd, 

Samsø, and Copenhagen urban area. By further including other geographical areas as well a 

wider range of businesses, this study would have been even more representative. Additionally, 

analyses into various products would further stimulate the world’s response in tackling this issue 

systemically and holistically one value chain at a time. Lastly, by incorporating exports and imports 

it would have also been possible to declare how FLW is created across boundaries. As these 

studies are contextually driven, different settings and scopes could be integrated to achieve an 

overall cross-country overview where countries and businesses can learn from one another’s 

different initiatives as well as how they could cooperate in the future cross-culturally.  

 

Secondly, as the movement towards organic production is gaining pace, it would be of interest to 

evaluate how organic may actually further contribute to FLW or instead help to tackle it. 

Additionally, investigations into how costly it would become to reduce FLW across these 

parameters and the trade-offs that might occur among different stakeholders would be a further 

step in systemically stopping FLW. To do so, common uniform standards and performance 

measures would have to be implemented to achieve consistency and reliability. Furthermore, 

supply chain actors would need to distinguish between edible and inedible, avoidable and 

unavoidable waste. Due to insufficient and ineffective metrics to date, it remains a severe 

limitation to make this distinction. Furthermore, a system is bounded rationally depending on the 

focus of the research. Due to various constraints in time and access to data, this research focused 

on pre-consumption actors only, limiting it to suppliers, distributors and retailers. While other 

secondary stakeholders were mentioned and acknowledged, their impact remained limited to the 

final outcome of the study.  
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In order not to misinform, misinterpret, or make false inferences, more studies need to be 

conducted in the area of consumer quality perception and its impact on FLW. Investigations into 

how influential packaging, labelling, pricing, and advertising are on quality perception, while also 

determining which share of FLW is driven solely by aesthetic standards rather than food safety 

and legislation, would also be of further interest. Especially, the definition, determination and 

application of food labels on products would be of great value to explore in the light of FLW. 

Furthermore, different segments of society would need to be investigated to get an adequate 

picture of how FLW affects different demographics, as consumers have different needs depending 

on their household, age, economic status, and lifestyle. For future studies it would therefore be 

interesting to further integrate the consumer more explicitly and to investigate short or inclusive 

value chains and their implications in connecting producers to consumers on FLW. 

 

Last but not least, while this study did look into the goals and strategies of individual firms in 

regards to the TBL, further studies could be conducted to additionally analyze the supporting 

facets of sustainability – risk management, transparency, and culture– that can assist firms to 

adopt and integrate sustainability into their business operations next to the TBL dimensions. As 

this study aimed to analyze the problem holistically in order not to commit an economic fallacy, 

further studies would be essential in considering the different hands-on actions a company can 

specifically undertake in its daily operations to overcome the issue of FLW.  
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10. APPENDICES 
 

Appendix A – Share of food wasted globally in 2015, by food category (Business Insider & FAO, 

2017) 
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Appendix B – Danespo’s guide on potato varieties  (Danespo, 2017) 
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Appendix C – The processes at farmers and distributors (primary research) 

 

 



	 98	

Appendix D – Quality control by Danespo (Danespo, 2017) 
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Appendix E – Pictures taken during and after dumpster diving outings (primary research) 
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