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Food loss and waste (FLW) is an environmental, economic, and ethical challenge of global 

proportion, yet very little research has been conducted into FLW reduction in Finnish food-

service operations such as student restaurants and small commercial restaurants. This thesis 

provides insights about how the design and structure of food supply chains, combined with 

digital technologies, may contribute to the reduction of FLW in these contexts. Two key 

questions are described that are (1) how the design and structure of the food supply chain 

structure iinfluence food loss and waste (FLW) reduction at different stages, and (2) how AI, 

big data analytics, IoT, and other digital means are used, or could be used, to monitor and 

reduce FLW. This research uses a qualitative and interpretive approach. Further, data was 

gathered through six written semi-structured interviews with food-service employees in 

various positions, including manager, supervisor, kitchen helper, and restaurant worker. The 

interviews were analysed using thematic analysis supported by NVivo software for 

identifying patterns across the interviews.  

The findings indicate that FLW is shaped both by structural and operational factors. Demand 

uncertainty, procurement practices, delivery frequency, and storage constraints create 

conditions where food is put at risk of being wasted. Everyday routines, such as stock 

rotation, batch cooking, menu planning, and the handling of leftovers, determine how much 

of that risk becomes actual waste. Customer plate waste remains a visible problem, 

especially in buffet-type environments. The study shows that digitalization is uneven: while 

a few units make use of tools, including waste-tracking systems and basic inventory or 



 

 

temperature-monitoring software, others rely entirely on manual practices. Across all cases, 

participants perceive strong potential for AI-based demand forecasting, digital inventory and 

expiry tracking, and IoT-based temperature and waste monitoring in support of more 

accurate planning, real-time control, and learning. This thesis contributes to an improved 

understanding of FLW in Finnish food-service operations by combining supply chain 

structure, daily practices, and digital capabilities. It also provides practical recommendations 

for managers and policymakers who seek to reduce FLW in line with circular economy and 

sustainability goals. 
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1  Introduction 

This is an introductory chapter that gives the background and rationale of the research. It 

initially gives a history of the food loss and waste in the food supply chains in the modern 

world and the applicability of the issue in the Finnish setting. The chapter next outlines the 

research problem and justifies the necessity of investigating the supply chain design and 

digital technologies as the possible remedies. Then, the objectives of the research as well as 

the research questions are given to explain what the study will be focusing on. Last, the thesis 

structure is briefly outlined to lead the reader to the further chapters. 

1.1   Background and Motivation 

Food loss and waste (FLW) have taken vital stage in the discussions of food security, 

environmentally sustainable and economically viable. It has been estimated worldwide that 

an average of one-third of food manufactured to be used by humans is lost or wasted in the 

supply chain (Gustavsson et al., 2011; FAO, 2023; Xue et al., 2017). Besides the moral 

problem of food wastage, FLW is a contributor of significant amount of energy, land, water 

and labour, and it leads to greenhouse gases (FAO, 2013; Stenmarck et al., 2016). In Finland, 

FLW is faced with certain challenges due to structure of food system, long distances of 

transportation and climatic factors. According to national research, a significant portion of 

Finnish food waste is in households and the food-service industry, in food industry and 

(Katajajuuri et al., 2014; Silvennoinen et al., 2015; LUKE, 2024). Simultaneously, Finland 

possesses a rather developed logistics, well-established retail chains and a proactive policy 

agenda regarding the subject of a circular economy and FLW minimization (EEA, 2024; 

Finnish Government, 2022). This renders the Finnish setting an exciting place to explore the 

interaction of supply chain design and daily food-service activities. Over the past years, the 

use of digital technologies, such as the Internet of Things (IoT), artificial intelligence (AI), 

big data analytics and other applications, has been advocated to enhance monitoring, 

prediction, and decision-making in food supply chains (Ruiz-García et al., 2010; Kamilaris 

et al., 2019; Chauhan et al., 2021). They can be temperature sensors of cold chains, digital 

garbage scales, inventory, the model of demand forecasting using AI (Badia-Melis et al., 



 

 

2015; Wu et al., 2025; ECR Retail Loss Group, 2024). Nonetheless, the available studies 

and pilot projects seem to concentrate mostly on retailers or large food corporations, and 

little information about the perceptions and the adoption of these technologies within the 

small and medium-sized food-service organizations like restaurants and canteens remains 

(Renfors et al., 2024; Ahmed et al., 2025). 

The more recent evaluations prove that food waste remains a significant international 

problem. The 2024 data of the UN Food Waste Index show that in 2022 approximately 1.05 

billion tonnes of food were lost in the world, which is equal to approximately 19 percent of 

food produced and offered to consumers, and households represent about 60 percent of it 

(UNEP & WRAP, 2024). On the regional level, in 2022, the European Union produced about 

132 kg of food waste per capita that amounted to 59 million tonnes, of which households, 

manufacturing, and food service were biggest contributors (Eurostat, 2024). As of 2023, the 

level remained elevated, standing at approximately 130 kg per capita, which shows that the 

trends of waste do not change despite the measures implemented on a policy level (Eurostat, 

2025). These revised numbers indicate that FLW is a structural problem and emphasizes the 

need to find new technical and organizational solutions throughout the food chain of supply. 

Recent national surveys also support the importance of the matter in Finland. By the new 

data provided by the Natural Resources Institute Finland (LUKE), the Finnish food system 

produces more than 600 million kilograms of the food loss and waste each year, out of which 

approximately 400 million kilograms is preventable food waste (LUKE, 2024). The 

households contribute around 50 percent, then food industry (23 percent), food services (13 

percent), retail (9 percent) and primary production (5 percent). The latest trends in research 

also indicate a growing interest in packaging design, life-cycle environmental effects, and 

waste drivers unique to the sector (e.g., Ahmed et al., 2025; Renfors et al., 2024; Chauhan 

et al., 2021; Food Packaging Waste Review, 2025). These observations highlight how, in 

Finland, regardless of the developed logistics and the policies related to the circular 

economy, structural and behavioural issues remain, particularly in the small and medium-

sized food-service companies. 



 

 

1.2  Problem statement, aim and research questions 

Although there has been an increasing amount of knowledge about the occurrence and spread 

of FLW and the nature of technologies that could assist. However, there is a severe lack of 

empirical research on how food-service workers themselves experience FLW in their 

everyday practice. Further, which role they perceive the supply chain structure to play, and 

how realistic they perceive digital solutions in their context (Hermanussen et al., 2022; 

Mayanti et al., 2024). Moreover, although digital solutions, including AI, IoT, and big data 

analytics, are marketed as the potential ones to help reduce FLW but their actual impacts are 

uncertain. It is not evident how real, accessible, or useful these tools may be in the framework 

of small and medium-sized food-service organizations, where the resource limits, employee 

patterns, and supply chains are significantly different compared to the large actors in the 

industry. This gap presents a research gap in relation to the feasibility and adoption of digital 

tools practically and at the operational level. This thesis is expected to address the connection 

between food supply chain structure, digital technologies, and FLW mitigation in food-

service settings in Finland, with a specific interest in the understanding of the realities of 

operations and perception of food-service workers. 

The thesis is guided by the following research questions (RQs) 

  

1) How does the design and structure of food supply chain prevent food loss and 

waste (FLW) reduction at different stages? 

2) How are AI, big data analytics, IoT and other technologies being utilized to 

monitor and reduce FLW across the supply chain? 

1.3  Scope and Limitations  

The empirical investigation of the thesis is restricted to food-service businesses in Finland, 

including student restaurants and small commercial restaurants, which play a significant role 

in a national food chain as downstream participants (Silvennoinen et al., 2015; LUKE, 2024). 

The emphasis is on the preparation and serving phases as opposed to the initial production 

or industrial processing. The study is empirically grounded on six written semi-structured 



 

 

interviews conducted with people who are employed in various positions within food-service 

organizations (e.g. manager, supervisor, kitchen helper, restaurant worker). The limited size 

of the sample is characteristic of qualitative case-based research, which does not generate 

the statistical generalization, yet deep insights into the practices and perceptions (Creswell, 

2013). 

The thesis focuses on the perceived role and possible potential of digital technologies like 

IoT, AI, big data analytics and similar tools. It is not about the technicality of a particular 

technology; it is not about exact amounts of waste. Instead, it dwells upon the description of 

practices by practitioners and how they imagine technological support as a complement to 

more quantitative and model-based investigations (Ahmed et al., 2025; Renfors et al., 2024) 

1.4  Structure of Thesis  

This thesis is well structured in a way that it takes the reader through the research background 

to the conclusions in a logical way. Chapter 1 presents the introduction to the study including 

the background and motivation, problem statement, aim/research questions and 

scope/delimitations of the work. Chapter 2 gives the literature review. It presents the 

conceptual framework of food loss and waste (FLW), the multi-dimensionality of FLW and 

provides an overview of past studies on supply chain designs, hybrid network forms and 

application of digital technologies like IoT, AI, blockchain, sensors and predictive analytics 

in the reduction of FLW. Chapter 3 outlines the Application in Finland and chapter 4 explains 

about research methodology, in which the research design was the qualitative, sampling, 

data collection by written interview, and the thematic analysis method. In chapter 5, Data 

analysis part is done and  the empirical findings are reported, and such findings are structured 

in relation to the two research questions. It shows the impact of supply chain forms and 

regularity on FLW and the current use or perception of digital technologies in the food 

service context. Chapter 6 discusses the synthesis of the cross-case analysis and the main 

patterns of the participants. The chapter 7 explains the findings relative to earlier literature 

highlighting how the results contribute to, refute, or extend the knowledge of prior literature 

and illustrates the multidimensional interactions of structural, technological and social 

factors. Chapter 8 closes the thesis providing the key conclusions, and finally, some practical 

recommendations are given to food-service organisations and policy makers. Chapter 9 



 

 

highlights the constraints of the study and provides recommendations on the direction on 

which future research should take. The interview questions and consent form were included 

in the appendices. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

2  Literature Review  

In this chapter, the literature review has involved the available academic literature about 

food loss and waste (FLW) and the measures to reduce it in the form of supply chain design 

and digital technologies. The literature review is aimed at developing a theoretical and 

empirical basis of the study through synthesising the previous literature on the distribution 

and motivation of FLW, supply chain forms, and the impact of new technology like IoT, 

artificial intelligence, and data analytics. This chapter reveals the main notions, prevailing 

conclusions and gaps in the existing knowledge through the critical analysis of the previous 

research, especially the situation in Finland with regard to food-service operations. The 

review also guides the formulation of the research questions and gives a conceptual 

perspective of interpreting the empirical findings of the thesis. 



 

 

2.1  Distribution of Food Loss and Waste (FLW) Across the Finnish Food Supply 

Chain 

Table 1. Sectoral FLW shares and key drivers, synthesized from LUKE (2024) 

 

FLW is a multi-stage phenomenon, and it is important to know how much is lost at each 

stage to be able to design interventions. The world is estimated to lose or waste one-third of 

all food production (FAO, 2023). However, distribution of losses across the supply chain 

varies heavily depending on the contexts. The infrastructural inefficiencies used in low- and 

middle- income countries contribute to the upstream losses, but in the high-income nations, 

such as Finland, the dominant part of the waste profile is occupied by downstream stages. 

Natural Resources Institute Finland (LUKE, 2024) indicates that Finnish households 

produce almost 50 percent of total FLW, which is then followed by the food industry (23 

percent), food services (13 percent), and retail/wholesale (9 percent). This organization 

reflects the overall trends in Europe (Stenmarck et al., 2016; Xue et al., 2017), whereby 

consumer behaviour prevails over the lack of infrastructures. The fact that these proportions 



 

 

remain unchanged despite campaigns and policy highlights that behavioural change is more 

difficult to bring about compared to infrastructural changes. 

The issue is described in the recent research. A life cycle assessment (LCA) of FLW in 

Finland by Mayanti et al. (2024) determined that upstream agricultural production thrown 

away with edible food discards amounts to approximately 0.332 million tonnes of CO 2 -eq 

per year. Only a minor portion (~ −0.05 Mt CO 2-eq) is compensated by downstream waste 

treatment such as anaerobic digestion. This highlights the fact that disposal is not the largest 

environmental impact, but avoidable edible waste produced during the process of supply. 

At the household, food-waste diaries were used to estimate 15.5 -16.9 kg/person/year of 

edible waste as reported by Hartikainen et al. (2025). Nevertheless, their work pointed out 

the biases of underreporting: food that gets wasted during social occasions, or food that gets 

wasted and nobody weighs it, does not always appear in diaries. This is a limitation, and the 

real figures may be much higher. The sub-population studies prove the difference among 

groups. A recent article by Närva et al. (2024) analysed student families and found that even 

with a limited budget, there were high levels of waste because people simply did not plan 

their meals and were confused by terms on packages to check best before dates and did not 

clearly share responsibility in a common kitchen. Likewise, Renfors et al. (2024) have 

discovered that buffet-style restaurants are waste hotspots, and drivers, such as 

overproduction, portions, and inaccurate forecasting, are included. There are some solutions 

that have been piloted in some restaurants such as reduced portions, staff engagement 

initiatives, and redistribution, such as ResQ Club, but have not been adopted uniformly. 

On a national scale, Silvennoinen et al. (2014) approximated that Finnish households 

disposed of ~23 kg of avoidable waste per household per year (approximately 130 million 

kg on a country-wide basis), 65-75 million kg of which was retail waste and 75-85 million 

kg of food-service waste. This is equivalent to household losses of around 70 euro annually. 

These older figures are still viable since new studies have pointed out that household waste 

is still persistently high even after the awareness campaigns. There are institutional levels of 

the problem which are brought into the spotlight by public initiatives. In 2024, Arcada 

University of Applied Sciences ran a Food Waste Week (Hävikkiviikko) campaign. During 

the week, the campus restaurant monitored daily food waste, reporting 16–42 g/person/day, 

with the goal of lowering it to under 20 g/day (Arcada, 2024). These campaigns show how 



 

 

productive public participation can be but also focuses on gap between awareness and 

behaviour change. 

Technology pilots too can be of good insight. The Finnish B2B platform Biovaaka (2025) 

will install digital waste-tracking systems (scales and dashboards) in the kitchens. Case 

studies indicate that the awareness increases, and the waste decreases as soon as kitchen staff 

can see waste data in real time. In a similar fashion, the CozZo mobile app was piloted in 

the LOWINFOOD project, testing the app on 52 Finnish households, where the average 

waste reduction was 43 percent. However, long-term engagement was restricted by user 

burden (manual logging, estimating spoilage). 

Overall, the FLW situation in Finland indicates that the issue is not infrastructural, but 

behavioural and organisational. This has been recognized in the Food Waste Roadmap 

(2022) which aims to address consumer behaviour, better labelling, and systemic 

monitoring. The main issue is how to expand pilot achievements on a national level of 

change. 

 



 

 

2.2  Conceptualising a Multi-Dimensional Approach to FLW Reduction 

FLW cannot be addressed by single-point interventions. Finland has shown how the 

solutions need to be multi-dimensional, including technological, infrastructural, behavioural 

and institutional (FAO, 2023; Hermanussen et al., 2022). Technological dimension. Finland 

has demonstrated that IoT sensors, AI forecasting and mobile applications are promising. To 

illustrate, the CozZo pilot showed great short-term waste minimization through the 

monitoring of expiry dates and recipe recommendations. On the same note, Biovaaka is 

offering granular monitoring tools to kitchens. However, deploying these solutions needs to 

scale and that necessitates interoperability, easy-to-use design and funding, particularly 

among SMEs. 

• Infrastructural dimension: The geography of Finland with a long distance between 

imported goods to the south and the north consumers worsens the risks of waste in 

perishables. These vulnerabilities could be in check by regional hubs and 

decentralised logistics. Finland already possesses good logistics, but Lu et al. (2024) 

stated that the last-mile delivery interruption is a threat to perishables. 

• Behavioural dimension: Finland is dominated by consumer habits. Households still 

over- purchase and misunderstand the labels despite the high awareness (Hartikainen 

et al., 2025). Such campaigns as Hävikkiviikko and education targeted at students 

(Närva et al., 2024) are an example of development but still small-scale. Nudges 

based on behaviour, such as dynamic pricing, smaller servings, campaigns on 

imperfect produce are promising but they need institutional backing. 



 

 

• Institutional dimension: The Finnish Food Waste Roadmap (2022) gives the country 

a national scheme in line with the Circular Economy Action Plan by the EU. Local 

governments can be the focal point of change, and this can be demonstrated by such 

municipal projects as the circular economy policies issued by Jyvaskyla (OECD, 

2025). But the absence of compulsory disclosure and disjointed data governance also 

continue to be significant challenges. Therefore, the Finnish example shows that 

multi-dimensionality cannot be chosen but rather it must be adopted. All of this 

supports one another: technological innovations must be supported by infrastructure, 

institutional incentives encourage behaviour change, and everything must work 

within coherent governance systems. 

2.3   Supply Chain structures and FLW 

The form of food supply chain significantly affects food loss and waste (FLW). Network 

structure, such as the extent of centralisation, decentralisation, and hybridisation, influences 

the efficiency with which the network can transfer products, the susceptibility of the network 

to shocks, and the most probable location of losses. Although the world literature is filled 

with cases of vulnerability in developing countries because of infrastructural constraints, 

Finland offers a good high-income example where highly developed logistics are present 

alongside unresolved waste issues at the retail and consumer end of the chain. 

Finland is a country that has a compressed food system, with supply chains being centrally 

dominated and therefore production and distribution is concentrated in few hubs.  Finnish 

food retailing industry has continuously been reported to be amongst the most concentrated 

in Europe. It has been reported that two or three large grocery retail companies (S Group, 

Kesko, and Lidl) have traditionally dominated a large portion, which is frequently mentioned 

as more than 80 percent of the market (Niemi and Väre, 2019). According to the OECD, 

these three largest companies claimed a total market share amount of 92 in 2023 (Source: 

OECD, 2024).As an example, a large part of imported produce in Finland arrives by the 

ports in the South and is shipped by logistics centres near Helsinki before being dispatched 

to municipalities in the north. The advantages of this structure are economies of scale, lower 

costs and supply stability of storable products like grains, dairy products and frozen foods. 

But in particularly perishable items (e.g. fish, berries, fresh vegetables), long distances and 



 

 

long transit times create spoilage vulnerabilities. Such risks are increased in the winter when 

the weather causes inconveniences to transport reliability. European research attests to the 

fact that centralised models are cost-effective but expose risks to perishables (Apaiah et al., 

2005). 

Conversely, decentralized systems, such as sourcing regional hubs or local farms to direct 

distribution reduce the length of supply chains and transit time, thus minimizing risk of 

spoilage in perishables. In Finland, circular economy initiatives that have increased in 

popularity entail community-supported agriculture (CSA) schemes and regional food hubs. 

Such systems usually cater to local restaurants, school kitchens and households. Although 

they save time to market, they might not have developed a cold-storage facility, they might 

face duplication in their logistics, and they might have fewer cushions against changes in 

demand. Decentralized models are very effective in niche products (e.g. organic vegetables, 

artisanal dairy) however, in case of bulk commodities scalability is limited. 

The hybrid supply chains are used to combine a centralized efficiency in stable goods and a 

decentralized responsiveness in perishable goods. As mentioned in Section 3.3, Finland is 

especially promising in hybrid models due to their difficulties in geography and product mix. 

Pilot initiatives like adoption of Biovaaka waste-tracking in food-service kitchens along with 

adoption of dynamic pricing by retailers note that the hybrid solutions are starting to emerge. 

However, integration implies the need to have governance structures to coordinate, and 

research indicates that a barrier to data-sharing is a major issue (OECD, 2025). 

In addition to structural design, network analysis methods may also show concealed 

hotspots. To illustrate, Konar and Karakoc (2023) used flow mapping in the U.S to determine 

the most critical nodes that had potentials to cause losses. Mapping Finland in the same way 

might point to things like the bottleneck position held by southern ports in imports of 

perishable goods or the vulnerability of long-distribution routes serving Lapland. By 

including Finnish logistics data in these kinds of models, it may be possible to make region-

specific interventions, and where the marginal benefit of a waste-reduction investment is 

highest. 

Resilience and efficiency should also be included in the structural models. COVID-19 and 

energy price shocks proved that the systems based on rigid centralisation chains can be easily 



 

 

shaken and broken. Agile and flexible chain models that permit quick re-direction of flows 

or response to changes in demand are promising FLW reduction during crises. 

In the case of Finland, the introduction of flexibility in the logistics via regionalised storage, 

digital forecasting, and cooperative networks would not only decrease wastage but would 

also increase the food security resilience. The other factor is the consumer interface in the 

structural designs. Indicatively, the chain model, that is, fast chain, in which the supply is 

sensitive to trends, poses a risk of overproduction followed by wastage in case of sudden 

changes in demand. This is apparent in Finland in seasonal spikes (i.e. strawberries in 

midsummer, Christmas hams in December). Excessive demand of these products may lead 

to serious wastage whereas its underestimation may compromise customer confidence. This 

balancing of the cycles involves accurate forecasting and logistics that are adaptive. Lastly, 

the sustainability policies overlap with structural configurations. 

The Finnish Food Waste Roadmap (2022) suggests that municipalities should consider 

methods of a circular economy, which in many cases have decentralised or flexible 

structures. The difficulty is to get these localised projects matched to national-level logistics 

controlled by centralised hubs. In the absence of integration, duplication and inefficiencies 

could be formed. 

Altogether, the structural configurations define the location of FLW as well as the 

effectiveness of reduction. The case of Finland implies that hybrid and flexible models 

would be most appropriate to facilitate a compromise between efficiency, resilience, and 

waste reduction. Such models should be piloted, with greater emphasis on data sharing and 

incorporating resilience indicators in structural design, as the subject of research and policy. 

2.4   Hybrid Models and Network Design 

Over the last few years, scholars and practitioners have begun to realise that none of the 

existing supply chain model can deliver enough to handle the intricate problems of food loss 

and waste (FLW). Rather, hybrid models (that is, centralised and decentralised supply 

chains) are becoming a topic of interest as effective means to ensuring the balance between 

efficiency, responsiveness, and resilience. 



 

 

Early Marsden et al. (2000) work had noted the importance of food supply chains which 

combine scale and proximity on a global scale to provide the benefits of both economic 

efficiency and a fresher product. This observation holds true in the contemporary era: 

although it is true that the staple products with a long shelf life (e.g., grains, frozen foods) 

can be produced at a central place and shipped to any location around the globe, the 

perishable commodities (e.g., dairy, fish, vegetables) can be supplied by shorter routes, 

which are localised and minimise the transit time and risk of spoilage. 

The network design itself, i.e. the location, size and the way in which the facilities are 

interconnected are critical in mitigating FLW. Indicatively, Apaiah et al. (2005) 

demonstrated that optimisation of the spatial arrangement of processing and storage facilities 

ensures firms minimise on unnecessary handling, minimise the transport time as well as 

ensure product quality. 

2.4.1   Multi-objective approaches to network design 

The modern supply chain network design (SCND) is no longer cost reduction only. The 

recent research implements multi-objective optimisation frameworks which attach 

importance to both cost and service quality, environmental and social concerns. As an 

example, Pan (2025) showed that installing condition monitoring with the use of IoT and the 

incorporation of a mixed fleet of electric and conventional vehicles can help to tackle 

simultaneously the issues of spoilage, carbon emissions, and expenses. 

On the same note, Zarejeddi et al. (2025) created a tri-objective model aiming to balance the 

economics with reduction of emissions and address the coverage of demand, which 

demonstrates that the strategic position of the facilities and transport routes can result in 

considerable waste reduction. These models make a key insight that freshness is not 

predetermined, but a design parameter that varies depending on the location and installation 

of infrastructure.  

2.4.2   From static networks to “sense-and-respond” systems 

The other significant change is that the traditional networks are being replaced by data-

driven and dynamic networks. Wu et al. (2025) demonstrated that dynamic shelf-life (DSL) 



 

 

systems with real-time environmental sensing in both transport and storage can achieve a 

large decrease in the retail food waste compared to the traditional best before dates. The 

retailers can make improved decisions regarding pricing, redistribution, or re-routing using 

the actual remaining life of products rather than average estimates to base stock rotation and 

markdowns. 

These findings are supported by practical experiences of the European retail operations. 

According to the ECR Retail Loss Group (2024) waste can be reduced by 43 by merely 

adding an extra day of shelf life to products and by 33 by not unpacking products in stores 

but in distribution centres. These are minor design decisions; however, they illustrate that 

network design and process decisions can minimize FLW directly. 

2.4.3   The Finnish context 

Centralised hubs are effective with products that are stable and can withstand a longer 

storage period e.g. packaged dairy, frozen foods and grains. However, in the case of 

perishable goods such as fresh fish and berries and leafy vegetables, regional centres or 

micro-distribution centres nearer to consumers can aid in keeping the products fresh. Mixed 

fleet, whereby electric cars play the role of making short deliveries within the city and 

conventional trucks undertake long routes, is more efficient and reduces emissions (Pan et 

al., 2025). 

Finland has already promising examples. Kesko (K-group) has already announced that the 

store-level food waste has decreased by 21 percent over the years of 2019-2024 thanks to 

the demand forecasting, the implementation of Markdown Automation (the so-called red-

label discounts), and the upcycling of unsold food into new, own-label produce (Kesko, 

2025). Such programs demonstrate that hybrid thinking, which involves centralized control, 

but local sensitivity can be a tangible change. The main instruments of mitigating FLW by 

hybrid design. 

Based upon the recent research and practice, the following five design levers are of specific 

importance in reducing FLW in the context of hybrid SCND: 



 

 

1. Perishable regionalisation, stable centralisation: The reduction of the supply chain of 

sensitive products helps in minimising spoilage and centralisation of stable products 

helps in ensuring cost efficiency (Marsden et al., 2000; Pan, 2025). 

2. FEFO and DSL systems endowed with IoT. Routing and sensible markdowns are 

made possible through the management of inventory using the actual remaining life 

(instead of definite dates), (Wu et al., 2025). 

3. Flexible transport facilities. Mixed fleets and regular micro-replenishment of 

perishables make it impossible to have old stock in-store (Pan et al., 2025). 

4. Interrelated governance and data sharing. Having uniformity in the way the condition 

information is being gathered and distributed across the chain enables all the actors 

to move swiftly at the time when the products are expired (Sathiya et al., 2024). 

Future directions Although hybrid models are theoretically well established, there is a 

limited amount of evidence on the field-level in Finland. It could be tested by the future 

studies on regionalised hubs in Northern Finland where perishables are especially 

susceptible since of the long distance, or on the effect of dynamic automation of markdown 

connected with DSL systems on retail waste. Interoperability frameworks are another area 

of research. 

Hybrid models cannot reach their full potential when data standards are not shared between 

retailers and processors, and between these companies and logistics providers. Overall, 

hybrid supply chain models can be viewed as a viable way in which Finland can achieve its 

national goal of reducing food waste by 50 percent by 2030. Centralised efficiency, coupled 

with decentralised responsiveness, can create a more sustainable, as well as more resilient 

and consumer friendly, food system, which can be built strategically by Finland. 

2.5  Digital Technologies in FLW Reduction 

Digital technologies are now a significant facilitator to alleviate food loss and waste 

throughout food supply chains. These technologies do not just exist as solution to a problem, 

but they enhance improved monitoring, prediction and decision making at various levels of 

food handling and distribution. The most recent studies focus on the increased position of 

Internet of Things technologies in enhancing real-time monitoring of the state of the storage 



 

 

and transport facility, whereas the artificial intelligence and machine learning are 

increasingly employed to predict demand and optimise inventory levels. Simultaneously, the 

quality-to-product fit is achieved by data-driven methods like dynamic shelf-life modelling 

and online traceability systems. These technologies are explained further in the following 

sub-sections and how these technologies are applicable in reducing FLW in practice. 

2.5.1 Internet of Things (IoT) and Real-Time Monitoring 

The Internet of Things (IoT) has gained a significant role as an enhancer of food supply 

chain visibility and responsiveness, and it can significantly contribute to food loss and waste 

(FLW) reduction. IoT uses combine sensors, connectivity, and data analytics and use them 

to keep track of the environmental conditions, products, and asset behaviours across the 

supply chain in real-time. As they offer a stream of information on even crucial parameters, 

IoT technologies allow responding before the quality of products is disrupted and the risks 

of any losses are minimized. Moreover, various quality and environmental monitoring. The 

direct uses in FLW management related to one of the most direct applications of IoT can be 

seen in monitoring the environmental conditions that determine the quality and shelf life. 

Such parameters to be registered with sensors include temperature, humidity, and 

concentration of ethylene, which have a considerable effect on the deterioration of fresh 

produce (Ruiz-Garcia et al., 2010). 

These data may be used together with analytics to aid in dynamic shelf-life (DSL) estimation, 

allowing stock rotation, mark downs or redistribution decisions to be made based on the real 

remaining life of products instead of the set expiry date of those products. Recent research 

proves that DSLs that are informed by IoT-data can significantly minimize the retail waste 

because they can resort to implementing more accurate and precise markdown and 

reallocation strategies (Wu et al., 2025). 

The condition of assets and predictive maintenance. The second intelligence application of 

IoT usage is in tracking the efficiency of equipment and infrastructure. Refrigeration units, 

compressors, and transport vehicles can also use telemetry data to identify evidence of 

movement early enough to implement predictive maintenance and repairs before it becomes 

too late to avoid loss (Barge et al., 2014). Reviews in the industry suggest that using AI on 

the IoT data will allow identifying operational violations in real time and mitigating the risk 

of mass spoilage processes due to equipment malfunctions (Smart Cold Chain, 2025). 



 

 

Exception management and traceability. IoT enhances the logistics coordination and 

traceability. RFID, GPS, and Bluetooth beacons enable location and timing information that 

with combination with condition monitoring make it possible to quickly react to deviations. 

To illustrate, in case a refrigeration unit in transit malfunctions, a self-instructed notification 

can activate diversion to a different destination, priority unloading or even transfer into 

backup storage facilities (Badia-Melis et al., 2015). Additionally, expiration tracking 

concerning research indicates that automated markdowns, coupled with inventory records, 

may decrease retailing food waste in the targeted products hubs about 10 percent (Barriola 

et al., 2023). 

3  Applications in Finland 

The latest partnerships in Finland demonstrate how IoT-based solutions can be used to 

facilitate the objectives of national waste reduction. Biovaaka is a smart food waste 

monitoring system aimed at recording and analysing the data on food waste management in 

professional kitchens in the food service industry (including restaurants, cafes, etc.) by using 

connected smart scales and digital dashboards. The system allows managers to see the 

insights into the category level (e.g. preparation losses, plate waste) and allows taking the 

targeted measures, e.g. portion work or menu design. Finland has trialed Biovaaka and has 

found it not only a waste reducer, but it is also more likely to promote knowledge and 

behavioural change among staff members (Ahmed et al., 2025; Biovaaka, 2025). At the 

domestic level, Finland was involved in the EU funded LOWINFOOD project that placed 

as a test CozZo mobile application. The application combines scanning bar codes and expiry 

notifications to aid in better organization and consumption of food at home. The pilot 

outcomes in Finland, Austria, and Greece showed positive, but quantifiable, decreases in 

self- report household waste, although it relied on the usability and motivation of households 

to use the tool (LOWINFOOD, 2024). Major Finnish retail chains have introduced IoT based 

solutions to enhance expiry control and markdowns in the retail business. A case in point is 

Kesko (K-group), which has reduced food levels in the individual stores by 21% (Kesko, 

2025) targeting, in part, enhanced demand forecasting alongside automated red-label 

promotional activities as well as recycling the products that have found no buyers into new 

own-brand items. 



 

 

These projects show that data integration and monitoring by IoT can be cross scaled across 

retail networks to provide significant waste reduction. All these developments depict how 

the role of IoT is increasing significantly as a strategic driver of FLW reduction. Also 

bringing together the environmental monitoring, predictive maintenance, and real-time 

traceability with advanced decision support tools, including dynamic shelf-life estimation, 

IoT solutions form a sense-and-respond supply chain. Other apps in Finland, like Biovaaka, 

home apps, and retail markdown automation, prove that IoT technologies are not 

experimental and already offering results in the form of measured food waste reduction. 

Placing these solutions on a larger scale, with a guarantee of interoperability between actors, 

is one avenue of realizing the Finnish goal of cutting food waste by 50 percent by 2030. 

3.1  Artificial Intelligence/Predictive Analytics. 

Artificial intelligence (AI) and predictive analytics are coming into increasing prominence 

as paradigm changing outputs in attempts to minimize food loss and waste (FLW). Through 

AI, it has the potential of forecasting trends, tracking product quality, and automating moves 

across the food supply chain because of enormous data volume, machine learning (ML) 

algorithms, and sophisticated optimisation. These capabilities eliminate the major sources of 

waste, namely, the mismatched production and demand, undetected spoilage, and delayed 

resposes, which give rise to massive waste in the past. Predicting demand and optimising 

inventory. 

The best way to prevent food waste is to accurately predict customer demand. Traditional 

methods, which rely only on simple trend following or manager intuition, fail because they 

don't account for the complex factors that drive food consumption today such as seasonal 

events, special promotions, holidays, and even the weather. 

The models based on AI, specifically any model that employs deep learning or another 

machine that employs ensembles combine various data types, including past sales, weather 

predictions, macroeconomic factors, and societal events to obtain high-resolution forecasts. 

It has been demonstrated in the literature that the use of AI to predict demand can help 

prevent spoiled fresh products by 20-79 percent, in large part because seed orders are more 



 

 

accurate, and because replenishment can be adjusted to match real-time demand (Li et al., 

2020). 

 Since the large retailers in Finland, including S-Group, have started implementing 

predictive analytics into inventory systems to minimize instances of overstocking of 

perishable items. This aligns with S-Group’s reported 29% reduction in food waste between 

2013 and 2023 (S-Group, 2024). Prediction of shelf-life and dynamic decision making. 

Another application of AI, predicting shelf life, implicates the modelling that predicts the 

remaining freshness of food items, based upon sensor data, past storage history, and 

chopping conditions. This transcends standard determinations of the use by, or best before 

date by coming up with product-based estimates of product life. These predictions can be 

used in inventory contingency to make dynamic adjustments in markdowns, relocation to 

high-turnover stores or donation, prior to out of date. 

As Nahor et al. (2018) managed to prove, supplementing sensor data with AI models could 

enhance the performance in terms of predicting the shelf-life of perishable products. Wu et 

al. (2025) more recently confirmed dynamic shelf-life (DSL) models that consume AI to 

optimise markdown timing and routing, and result in vast improvements in waste in retail. 

Finnish retailers are the first to experiment with DSL in the systems of the IoT-enhanced 

cold chains, though the large-scale implementation is still underway because it cannot be 

easily interoperable with suppliers and store systems (Kesko, 2025). In contrast to manual 

(‘by hand’) inspection, automated quality detection using computer vision has proven more 

accurate. Computer vision with deep learning is also another promising area of use. Images- 

recognition because of having product images with annotations by people and training on 

the images of thousands of products and then detecting bruising, spoilage, ripeness or 

contamination can be done with greater accuracy than hitting, feels like manually going 

through them (Feng et al., 2019). They have found especially useful applications in sorting 

and grading fresh produce at packhouses or distribution centres, where human inspection 

mistakes are quickly prone to transfer into retail shrinkage.  

With recent progress in cheap vision sensors and edge artificial intelligence (AI), real-time 

grading is now possible even with small and medium-sized enterprises (SMEs). 

EU project of 2024 showed a 30 percent reduction in the number of errors at the grading 

stage when computer vision was incorporated into automated sorting lines directly 



 

 

decreasing waste downstream. Applications have also been presented in Finland in berry and 

vegetable supply chains, where computer vision is helping in grading during peak periods of 

short seasons when labour short makes input more likely not reduce losses instead of 

increasing loss rates (LUKE, 2024). 

Decision support and Optimisation through AI. In addition to single tasks, AI can also 

coordinate optimisation on a system-wide level; AI simulates and tests many possible 

decision-makes. As an example, it is possible to refer to reinforcement learning (RL) 

algorithms to calculate optimal routing and redistribution plans of near-expiry food, 

considering costs, emissions, and reduction (minimisation) of waste in all combinations 

(Protopappas et al., 2025). Possibly, AI also can assist in conducting a scenario analysis 

where business executives can test the impact of promotions, price-setting, or supply shocks 

on waste amounts. 

Notably, AI systems work well in high-viability scenarios, including the segment of fresh 

products and bakery where shelf lives tend to be limited and the demand tends to fluctuate 

drastically. Traditional safety-stock policy in such wages usually leads to chronic 

overstocking. On the contrary, AI models are dynamically adjusted to the size of orders and 

frequency of delivery, decreasing surpluses and stockouts (Benmehaia, 2024). 

3.2   New business opportunities and threats in Finland 

The use of AI to reduce FLW in Finland is in line with large-scale digitalisation and 

objectives of the circular economy. Predictive analytics that help retailers to plan demand 

and manage markdown is already used by Kesko and S-Group and pilot projects are being 

considered in conjunction with logistics operators, using AI to build DSL models. Other 

research institutions in financing the operation of AI with the use of life-cycle assessment 

tools are also studying ways to simulate the environmental impact of waste minimization 

measures (LUKE, 2024). However, problems exist. Differences in data silo among the actors 

in the supply chain, incompatibility of IoT with business systems, and high cost of computer 

vision infrastructure are some barriers to adoption AI. In the case of SMEs, lack of technical 

expertise is also a hindrance. Nonetheless, as Finland is the country with the most reliable 

policy of reducing food waste by half by 2030 due to this decision, the need to scale AI- 



 

 

powered solutions to food forecasting, shelf-life prediction, and streamlining of production 

processes is becoming increasingly apparent. 

3.3  Traceability and provenance 

The ability to trace-back products with fast and reliable speed is one of the most interesting 

advantages of blockchain. Conventionally, it might require days or weeks to track food products back 

through intermediaries and a series of suppliers. With blockchain, provenance data can be accessed 

within a matter of seconds, shortening the reaction time in the event of a food safety incident or 

quality failure. Swift trace-back can reduce the quantity of product that should be withdrawn, 

avoiding precautionary mass recall and the waste resulting (Kouhizadeh et al., 2021). This is 

especially important with perishable goods in which the time it takes to make the decision can be 

directly reflected in wastage. On the one hand, in Finland, consumer confidence in food quality is 

elevated, and consumers are increasingly demanding transparency in organic and local foods, so 

blockchain-enabled traceability serves as an added value in this context. Nordic agri-food networking 

pilot projects have proven that in some instances, blockchain can link farm data (harvest time, 

pesticide application, etc.) to retail data (expiry dates, logistics, etc.) to ensure that consumers and 

regulators know the provenance and discourage needless disposal over doubt (OECD, 2025). 

3.4  Quality monitoring and accountability 

Blockchain is also good at empowering quality control, as it keeps a record of the 

environmental and handling conditions that the products have been subjected to 

(temperature, humidity, and storage history, etc.). Since these records cannot be changed, 

this gives high motivation to all supply chain actors to stick to agreed handling protocols 

(Tian, 2016). As an example, a temperature excursion may be recorded by the IoT sensors 

during the transportation, and since this data cannot be changed in the blockchain ledger, 

quick interventions like a markdown, redistribution, or donation can be made before the 

products become spoiled. Such transparency creates accountability as players understand 

that they are being watched and their activity can be monitored along the chain. Research 

indicates that this form of assured accountability enhances adherence to standards and 

opportunistic behaviours, like the relabelling of expired items (Fatorachian, 2025). In 

Finland, the method may be applied to support vulnerable product chains like dairy and 



 

 

seafood where stringent temperature regulation is necessary and confidence in quality 

reports is paramount in export markets. 

3.5  Emerging evidence and practice 

Blockchain in food systems has not been fully implemented, but more pilot projects point to 

its possibilities. Kamilaris et al. (2019) asserted that the blockchain system applied in 

European supply chains made product tracking more straightforward, thus resolving an 

uncertainty situation that could potentially allow safe goods to be wasted. More 

contemporary reviews posit that blockchain is presently being mostly deployed in markets 

for high-value or certification-sensitive products-including organic produce, prime meat, 

and special foods-where proving origin assures one market entrance (Kouhizadeh et al., 

2021). In Finland, blockchain solutions have been debated in the organic and local food 

industry, where consumer readiness to pay on transparency is comparatively high. 

Incorporating the blockchain in the Finnish circular economic model could mark the 

emergence of new business models, such as certified redistribution platforms for surplus that 

will ensure almost no waste and greatly increase consumer confidence (OECD, 2025). 

3.6   Restrictions and Recommendations  

However, despite this potential, blockchain uptake is fraught with various challenges. These 

are problems of scalability, excessive power consumption in certain platforms, and common 

data standards among actors. Further, it is possible that smaller suppliers are not technically 

or financially able to engage fully. To realise its potential in Finland pilot projects will have 

to mitigate interoperability across blockchain platforms, interface with existing IoT 

infrastructure and prove business value in a clear way to promote uptake throughout the 

supply chain. However, blockchain can serve as a valuable avenue towards establishing 

open, credible, and accountable food supply chains. Blockchain can help achieve efficiency 

and sustainability goals by ensuring that condition and provenance data is verifiable, and by 

facilitating automated redistribution and smart contract-based automated redistribution. As 

Finland moves towards its 2030 food waste goals, blockchain-based traceability systems will 



 

 

have an increasingly important role, especially in products with trust, certification, and safety 

as key elements of market success. 

4  Methodology 

4.1   Research approach 

In this study, a qualitative research method is used. Qualitative research is the way to 

investigate and comprehend the meanings applied by individuals or groups of people to a 

social or human issue (Creswell, 2013). It gathers enriching and descriptive data, which 

enable the participants to explain themselves using their own words and also enable the 

researcher to explain a phenomenon in detail and in real life situation. The phenomenon 

considered in the given thesis is the issue of food loss and waste (FLW) in Finnish food-

service environments and the perceived contribution of digital technologies, i.e., AI, big data 

analytics and IoT. This area is a relatively understudied one and the aim is to learn about the 

daily life habits and impressions of individuals working in restaurants and canteens not to 

form some statistical generalizations. This is why the qualitative approach is the most 

suitable one.  

4.2   Research Design and Sampling 

The research design is naturalistic and interpretive. Naturalistic qualitative designs also 

focus on proximity to real life, common-sense knowledge and exercise of interpretive 

practices bringing the phenomena into view in their actual conditions (Patton, 1987; Bogdan 

and Biklen, 1992; Creswell, 2013). The descriptions given by the participants about their 

work, limitations and remedies about FLW and digital tools were interpreted. The research 

design is in form of small multiple -case study, with the individual food-service unit (e.g. 

student restaurant, small commercial restaurant) under the Finnish food system considered 

as a case. This allows the comparison of patterns and differences that recur in different 

settings but at a manageable size to engage in an in-depth analysis. A purposive sampling 

technique was used. The participants were chosen based on following factors. 



 

 

They work in a restaurant or food-service organization based in Finland. 

They have direct involvement in purchasing food items, storing and preparation, as well as 

waste handling. 

They have worked with food loss and waste and, optionally, with digital tools in their 

practice.  

In general, 6 people participated in the study comprising of a food-service manager, 

restaurant supervisors, a kitchen helper, a part-time worker and a waitress/shareholder. Such 

combination of actors gives the managerial as well as the front-line view of the same 

phenomenon. The purposive sampling concept of qualitative research is also applicable in 

the data collection process because the researcher has had some personal experience working 

part-time in a restaurant located in Lappeenranta, which helped in getting access to potential 

participants such as owners and managers (Patton, 2015). Other contacts were acquired via 

Edu Café, in which one of the managers was willing to participate. Additional participants 

were contacted via restaurants and cafes located in LUT university through phone calls and 

emails. Response time was high, as the participants had a very tight schedule, and one had 

to send multiple follow-up messages before obtaining the completed interviews, which is 

normal in the case of qualitative data collection in the food-service industry. There are a 

number of contextual and policy-related factors that justify the choice to narrow down on 

Finland specifically. Finland has also created national goals and objectives to reduce food-

waste with the aid of its Roadmap to a Circular Economy (national monitoring data taken by 

the Natural Resources Institute Finland, LUKE, 2023). Moreover, the European Waste 

Framework Directive and the European Green Deal have mandatory reduction obligations 

on the member states, placing Finland in a highly regulated European policy framework 

(EEA, 2022). The operations of food service in Finland are also characterised by peculiarities 

of its structure: high labour, stringent hygiene and, 2020). The discussed contextual 

characteristics present Finland as a rather applicable location to study how the supply chain 

structure and digitalisation affect food loss and waste in practical contexts. 



 

 

4.3   Data Collection 

Data collection was carried out through written semi-storage standards, seasonal fluctuation 

of demand, and growing use of digital technologies which are backed by national programs 

such as Digital Food System Programme by Sitra (Sitra, 2021). Besides, the Finnish 

restaurants (also with small and medium sizes) have limited storage facilities and operational 

margin, which makes FLW a cost concern, and a regulatory concern (Ministry of Agriculture 

and Forestrystructured interviews. Semi-structured interviewing is a widely used technique 

in qualitative research, as it offers both guiding structure and flexibility in obtaining in-depth 

insights due to open-ended questions (Gill et al., 2008; Rubin & Rubin, 2011). 

In this research, instead of face-to-face or online spoken interviews, the researcher prepared 

a Word document containing: 

4.3.1   Information and consent section 

Explaining the aim of the research, voluntary sample, confidentiality, and use of data. The 

ethical considerations of this study were put into consideration. Since the research entails 

organizational information and views, ethical issues revolve around provision of informed 

consent, anonymity of the respondents and their respective companies and details of any 

information. The participants were made aware that the responses would be anonymized and 

aggregated and no personal or organizational identifying information would be involved in 

the thesis or any other publication, which safeguards them against possible reputational or 

competitive damage. Methods of involvement were fully optional, and one had the right to 

drop out. 

4.3.2   A set of open-ended questions grouped into key topics 

The questionnaire was made up regarding the two primary research questions (RQs) of this 

thesis. The RQs related to the role of the supply chain structure and application of digital 

technologies (AI, IoT, Big Data) to lessen the food loss and waste (FLW) were initially 

divided into a set of sub-themes. These sub-themes were mapped to certain parts of the 

interviews to make sure that all questions were appropriate and responded directly to the 



 

 

answer of the RQs. The order was logically structured as a funnel with general and non-

sensitive background questions to build a rapport and background and then the technical and 

procurement-specific questions, and finally close-up questions on obstacles and prospects. 

The last questions went through to assure that they are open ended (with How, what, 

Describe) to allow as much depth and richness of the qualitative data to be gained as possible. 

The questions covered: 

 background and role of the participants. 

 supply chain and procurement (ordering, suppliers, delivery frequency); 

 storage and handling: cold storage, labelling, stock rotation, temperature challenges. 

 operational practices and typical sources of FLW. 

 Use of digital tools where relevant currently (e.g., tracking of waste, inventory systems, 

temperature monitoring) 

 Perceived potential of AI, big data analytics, IoT and other technologies for reducing FLW. 

 The document was emailed to participants. They read the information and consent text first, 

after which they agreed to participate by filling in the file. Participants typed their answers 

directly into the same Word document and returned them by email when finished. This 

approach is like the written interview formats used when participants have limited time for 

scheduled meetings but can respond flexibly (Rashid et al., 2019). 

The questionnaire was developed on the basis of the refinement process which was 

introduced by the contribution of the iterative elaboration to define the questionnaire clarity, 

relevance, and correspondence to the research objectives. The first question set also 

comprised of twenty open ended questions which were drafted based on the literature and 

the two research questions. Two scholarly professionals have also examined this draft and 

have given suggestions about its length and word usage and the alignment of its concept. 

According to their suggestions, redundant and unnecessary questions were eliminated, and 

the rest were made more specific to the areas of interest of the study. This led to the final 

questionnaire being cut down to twelve well-structured questions. Prior to the actual 

distribution of the questionnaire to the participants, a pilot test was carried out with one 

representative of the target profile. The pilot was meant to evaluate the clarity of each 



 

 

question, the logical sequence of sections and the general time that was needed to complete 

the written interview. The pilot attested that the refined set of questions was proper and 

capable of being filled without it being too burdensome. There were slight changes in 

wording to enhance comprehension, however, there were no significant changes to be done. 

This enabled the consistency of the final interview instrument. 

5  Data Analysis 

The final dataset thus consists of six completed written interview documents. An inductive 

thematic analysis based on the six-step model by Braun and Clarke (2006) was used to 

analyse the data of the interview, and this approach is widely known as appropriate in 

studying the lived experience and practice-grounded phenomena in participants. The process 

started with a lengthy familiarisation period whereby all six written responses of the 

interview were read repeatedly as a means of developing a holistic picture of how food-

service workers perceive and deal with food loss and waste (FLW). This is a key part of the 

research process that cannot be done without by immersing oneself in the reading, as it is 

necessary because, as Creswell (2013) and Bogdan and Biklen (2007) point out, it helps the 

researcher internalise context, subtle meanings, and recurring issues. At this point, the memo 

was created that recorded the new findings in terms of supply chain practice, storage habit, 

utilization of technologies, and operation limitations. Systematic coding was conducted 

manually in the second step, which is consistent with the advice of Patton (2015) to use the 

inductive and data-driven method of coding in qualitative research. All the meaningful 

phrases or sentences were reviewed and tagged with respect to their applicability to the 

research questions. This created a large set of descriptive codes including but not limited to: 

unpredictable customer flow, limited refrigerated storage, bulk deliveries cause pressure, 

manual checking of expiry, the use of digital systems, and an interest in AI-based 

forecasting. Such early codes were a structured coding frame, which embodied operational 

routines as well as structural supply-chain issues. The third step entailed sorting out the codes 

into larger conceptual groups through analysing the conceptual relatedness of the codes. 

Codes relating to procurement issues, suppliers’ delivery schedules and discrepancies 

between deliveries and daily demand were classified as patterns relating to rigidity of supply 

chains. Themes of physical and organisational constraints were grouped together to include 

the codes that described expired items, inconsistent labelling, temperature problems, or 



 

 

overcrowding in the storage. The codes concerning AI, digital inventory systems, and IoT 

sensors were included with the themes of digital preparedness and perceived technological 

opportunities. This process of clustering conforms to suggestions of Guest, MacQueen and 

Namey (2012), who note that the theme development needs the transition between 

fragmented observations to the relevant patterns of analysis. These initial theme clusters 

were reconsidered and narrowed down in the fourth stage, and they had to have internal 

consistency, a solid foundation in the data, as per the principles of trustworthiness identified 

by Nowell et al. (2017). Themes were reviewed against the entire data to make sure that they 

were supported by several participants, and where the clusters were too broad, or 

overlapping, they were narrowed down. Extracts of data were re-assessed with the aim of 

ensuring that the themes were all true reflections of the empirical content and not 

predetermined. The fifth step was the definition and naming of the final themes in such a 

way that each one covered a distinct conceptual focus but was still directly related to the 

experiences of the participants. This led to demand uncertainty and overproduction pressure, 

structural and storage-related constraints, operational mitigation practices, and digital gaps 

and perceived technological opportunities. These themes were generated to conform to the 

requirements of Braun and Clarke (2013) of generating analytically rigorous and empirically 

based themes. The last step was to create an analytic narrative that was integrated to relate 

the themes to the research questions and conceptual frames that related to the structure of 

the supply chain, information asymmetry and technology adoption in food-service settings. 

In the whole analytic process, reliability and transparency was also enhanced through the 

keeping of an elaborate coding trail, comparisons of themes with raw data were done 

systematically and cross-checking of the coding decisions was also done continuously to 

reduce the risk of researcher bias as recommended by Lincoln and Guba (1985). In this 

systematic and demanding procedure, the analysis came up with a rich, multidimensional 

understanding of how Finnish food-service employees feel FLW and how they believe AI, 

IoT, and data-driven solutions can potentially alleviate it. 



 

 

5.1   RQ1 – How does the design and structure of the food supply chain prevent food 

loss and waste (FLW) at different stages? 

5.1.1  Demand uncertainty and changing customer numbers 

Demand uncertainty is one of the themes in the interviews. Majority of participants state that 

they experience a huge day-to-day fluctuation in the number of customers and therefore, it 

is hard to plan on purchasing and preparation. Restaurants must make decisions on the 

amount of food they order and prepare to cook yet they are uncertain of the number of 

customers who will come. When their demand is overestimated the ingredients and prepared 

dishes are not sold and could be wasted. According to one manager, their buying is based on 

the number of students who like having a daily lunch, but the information on the number of 

the students is revealed only after the service begins. Another respondent talked of demand 

uncertainty as the greatest hindrance and elaborated that the high fluctuation in the number 

of diners is a normal occurrence to over-preparation. The waitress/shareholder of a small 

restaurant has mentioned” The hardest part is we can’t forecast the number of customers 

every day. It changes a lot, and that makes it difficult to prepare the right amount of food”. 

Throughout the interviews, the structural feature of the local supply chain is the demand 

uncertainty. It impacts ordering, production planning and storage, at restaurant level and is 

a major cause of FLW where prepared food or ingredients are not used in time. 

5.1.2  Procurement and ordering 

All the participants associated FLW with the process of purchasing and ordering the food to 

suppliers. The restaurants purchase the food products of the local suppliers and wholesalers 

and have limited time and resources to buy based on delivery time and cost. Some of the 

interviewees indicated that they purchase in large amounts to receive discounts. An 

interviewee mentioned that “We buy ingredients from local suppliers and wholesalers, often 

in bulk. Because we don’t use technology to track stock accurately, sometimes we overorder, 

especially items like vegetables or cheese that spoil quickly. This can lead to waste if the 

demand that week is lower than expected”. 



 

 

 Although that is cost effective, it may cause over-ordering particularly in perishable goods 

in case the real demand is below the anticipated demand. According to one of the 

supervisors, the costs decrease when you purchase vegetables and cheese in large quantities, 

however, when the demand during the week is less than projected, some of it would be 

spoiled before being utilized. Another structural factor is the frequency of delivery. Other 

restaurants are being delivered once a week and thus they need to place an order that can 

serve them several days. This prolongs storage durations and chances of products going out 

of date before their expiry. Interviewees also expressed instances of having to deal with a 

bigger delivery than expected or on time, which meant they had to hold more stock and the 

possibility of wasting the product being higher. In these descriptions, procurement (such as 

the volume of purchases) and ordering (e.g. whether to make the purchases once a month or 

once a quarter, whether to select suppliers or not) are directly related with FLW. Lack of an 

efficient match of supply and the unpredictable demand leads to an excess supply that leads 

to wastage. One of the interviewees mentioned that “sometimes we overorder, especially 

items like vegetables or cheese that spoil quickly. This can lead to waste if the demand that 

week is lower than expected”. 

5.1.3  Storage and temperature conditions 

Another theme is on storage, labelling and control of temperature. The six respondents all 

mentioned issues in this area, but restaurants had different degrees of issues. The lack of 

cold-storage areas, overloading of fridges and freezers, and constant opening doors during 

busy service makes it not that easy to hold the temperatures. One of the supervisors said that 

the products at the back of shelves can be forgotten in storage even after the use-by date, 

whereas another one mentioned the broken packaging that can render the product unusable. 

Practices in labelling are not necessarily systematic. In certain kitchens, they put clear date 

labels, and the older stock is kept at the fore; in others, labelling is not made consistently 

hence it is difficult to keep track of expiry dates. In a poorly organised storage place, 

employees will end up not knowing which ones there are and which ones to be used initially, 

therefore resulting in unnecessary wastage. Overall, storage and temperature issues are a 

weakness of the physical supply chain. Despite precise procurement and demand planning, 

the bad storage conditions still lead to the wastage of products. Moreover, interviewees have 

also mentioned similar problems in their answers to questions. As one of the participants 



 

 

stated that “Some challenges include limited cold storage space and inconsistent delivery 

times for suppliers” and another interviewee gave his statement that “The main challenge is 

maintaining the correct temperature in refrigerators and freezers, especially during busy 

hours”. 

5.1.4  Operational practices to reduce waste 

In spite of these structural limitations, the practices in all the participants were operational 

practices that strive to reduce FLW within the restaurant. The practices serve as cushions 

between the imperfection in supply chain and the ultimate level of waste. One such 

commonly applied principle is that of first-in, first-out (FIFO): the expectancy is consumed 

by older goods, prior to new delivery. The staff also attempt to prepare ingredients and dishes 

in smaller quantities and change production in the middle of a service depending on the 

perceived restaurant busyness. One of the supervisors clarified that they cooked in small 

portions and altered cooking according to demand so as to avoid a lot of food left at the end 

of the day. There are a number of restaurants that repackage safe leftovers. They can be 

things such as taking up the remaining items and using them with specials of the day, using 

them as staff meals, or offering up the additional meals at a discounted price just before 

closing. On one occasion, the restaurant has been giving away some of the excess food to 

food-aid organizations. These practices demonstrate that internal policies and routines can 

greatly minimize FLW, even in the case of imperfect demand forecasting and procurement. 

One of the applicants gave statement that “Better planning for everything and following 

customer´s habits” that means to reduce FLW the behavior and attitude of customers matter 

in that case. It was also mentioned by an interviewee that “We try to prepare ingredients in 

small batches and use older stock first”. In addition to this it was also added by one 

participant that “We adjust our rice and chicken preparation based on daily sales data and 

we saw a noticeable drop in the food waste” 

5.1.5  Staff behaviour and customer plate waste 

Lastly, the interviews focus on the part played by people, the staff and the customers, in 

creating and preventing FLW. Employee behaviour is the key to the degree of observing 



 

 

operational practices. The employees are to properly store, label, divide, quality test and 

creatively reuse ingredients. Interviewees noted that experience and training enabled the 

staff to make more effective decisions, but time and workload could be overwhelming, and 

it might be hard to adhere to all practices. The behaviour of the customers, especially self-

service and buffet facilities is also a contributor to FLW. The employees in student 

restaurants attempt to minimize plate waste by reminding clients to only take food they can 

consume and by providing a takeout option on uneaten food. In different environments, 

customers would make orders of smaller sizes or opt to take the leftover food along. Still, 

one interviewee made an estimation that despite the fact that roughly 90 percent of them do 

not wish to waste food, there are still a small percentage of customers who leave a lot of 

food on their plates. These results reiterate that the food supply chain is not a material flow 

system but also a social system. Employee knowledge, procedures and interaction with the 

customers, and customer dispositions with waste determine the ultimate food disposed. An 

interviewee states on that “Customers sometime request smaller portions or take leftovers 

home, which helps reduce waste indirectly”. And from the employees’ side they are educated 

to use right portions as it was explained by one interviewee” Employees are trained to use 

the right portion sizes and report any issues with ingredients”. 

5.2  RQ2 – How are AI, data analytics, IoT and other technologies used to monitor 

and reduce FLW across the food supply chain? 

5.2.1  Existing digital tools and their perceived benefits 

The interviews display a mixed picture in relation to digitalisation. On the one hand, there 

are already restaurants where digital solutions can be used to track waste and control stocks. 

Three participants mentioned systems like Biovaaka and rather basic digital order/inventory 

software. Biovaaka helps in the weighing and recording of various types of waste (such as 

plate waste by customers and line waste by kitchen) and generation of daily reports. The 

users who take part in the exercise described it as very effective as it gives precise 

information regarding the extent of food waste per day and its source. The other restaurant 

operates a simple digital platform on which orders and stock status are recorded and 

equipment to measure refrigerators. These tools can be used to make sure that food is kept 



 

 

at the right temperature and stock is visible so that it becomes easier to plan what to buy, 

preventing over-ordering. In the case of the existence of such tools, it seems they enhance 

the awareness and facilitation of more data-driven decision-making in purchasing, 

production and storage, thus, helping to reduce FLW. The benefits of these tools were 

acknowledged by one of the participants and he said “We monitor food waste daily using 

the Biovaaka application. With the app, we know both plate waste and line waste” 

5.2.2  Manual tracking and low level of digitalisation 

Conversely, fifty percent of the interviewees said that their restaurants did not have 

sophisticated digital features to manage FLW. In such situations, monitoring is entirely 

performed by the human eye, unstructured communication and in the form of informal notes. 

Inventory inspection is performed through peering into fridges and freezers, and the 

decision-making process regarding what and how to order is to a greater extent dependent 

on experience. According to one of the kitchen employees, they are not using any 

sophisticated digital solutions such as apps or sensors and that they are mostly tracking staff 

manually by checking and communicating with each other. Another supervisor has indicated 

that all things are done manually, stock check, ordering and waste tracking. The respondents 

indicated that this manual system is very time consuming and inaccurate at times particularly 

during a busy time in the kitchen. Consequently, they are not always informed of the precise 

amount of waste and which products contribute to most of the losses, which undermines 

their capacity to develop effective interventions. Here, it can be implied that the general 

degree of digitalisation in the restaurants in question is relatively insufficient and 

asymmetrical now. A small number of sites have incorporated digital waste or inventory 

mechanism in their day-to-day activities. 

5.2.3  Perceived potential of AI, data analytics and IoT 

Even in restaurants that still depend on manual ways to track things. Participants shared 

some pretty clear thoughts on how AI, data analytics, and IoT might cut down on food loss 

and waste down the line. They talked about three key kinds of tech help during the 

interviews. 



 

 

5.2.4  Digital inventory and expiry tracking 

A few participants suggested digital systems for inventory and expiry dates. These would 

log stock levels on their own and keep track of when things expire. They figured it would 

lead to better ordering choices. It could also cut spoilage by pointing out items to use up 

first. Plus, it would flag stuff getting close to going bad. 

5.2.5  Demand forecasting and decision support 

Others brought up demand forecasting and tools to help with decisions. Apps or AI setups 

could look at old sales info to guess what is needed next. They might even suggest amounts 

to order and prep each day. This seemed useful for handling unpredictable demand. It would 

lower chances of making too much food. 

5.2.6   Sensors and smart storage 

Sensors and smart storage came up too. Things like temperature monitors in fridges and 

freezers got mentioned. Smart refrigerators with alerts for temp changes were another idea. 

These could stop spoilage that happens without anyone noticing. One of the participants 

views about that are here “Yes, we use a simple digital system to record daily orders and 

track inventory. We also use temperature monitoring devices in refrigerators to ensure proper 

food preservation.” And another participant said about that “I would improve the storage 

system by reorganizing shelves and using smart refrigerators with temperature alerts to 

prevent spoilage.” It might come from temp swings or broken gear. People thought IoT 

gadgets like that would warn early. They would also help keep storage safer overall. In the 

interview one interviewee mentioned that “Technologies like digital inventory systems, 

waste tracking  

apps, or even simple sensors for temperature control could really help reduce food  

waste. They would make it easier to monitor stock levels, spot issues early, and keep  

food fresh longer”. 



 

 

All in all, the talks show that advanced tech is not in wide use yet. Still, those in the field see 

real promise in AI, big data analytics, and IoT. These could link up demand, buying, and 

storage details. They might allow quicker and sharper steps to fight food loss and waste. 

5.3. Summary of Analysis 

Taken together, the analysis suggests that FLW in the studied food-service settings results 

from the interplay of various factors. On the structural side, uncertainty of demand, 

procurement practices, and storage constraints set up the amount of food that is put at risk 

of being wasted. On the operational side, everyday practices by staff-such as FIFO, small-

batch preparation, and reuse of leftovers-along with customer behavior in buffets and plate 

waste, determine how much of that risk is realized. 

Technologically, the situation is currently uneven: some restaurants have integrated systems 

like Biovaaka and basic inventory software, while others rely exclusively on manual means. 

However, participants clearly see the opportunities afforded by more developed 

digitalisation, particularly AI-based demand forecasting, digital inventory and expiry 

tracking, and IoT sensors for storage monitoring. These tools are expected to enhance 

transparency, forecasting and control, and thus support more systematic reduction of food 

loss and waste along the food supply chain. 

6. Discussion  

The results of the presented study give the insight into the specifics of how food loss and 

waste (FLW) arise in the realm of Finnish food-service business and how the 

technological solutions are viewed in real life. Unstable customer demand and inaccurate 

forecasting were said to result in overproduction by workers, and procurement practices 

like bulk buying or infrequent delivery were said to raise the chances of spoilage, 

especially in highly perishable goods. Storage issues such as cold space, unreliable 

temperature regulation and inconsistent labelling were also widely mentioned as having 

led to forgotten or expired products. The operational routines like FIFO, batch cooking 

and leftover reuse, though trying to reduce such risks, in most times fail to achieve this 



 

 

when faced with structural pressures. There is another unavoidable waste in the 

behaviour of the customer particularly in buffets setting. In general, these results 

demonstrate that FLW is not only a problem of everyday practices in the kitchen but a 

product of structural conditions and operational realities. Restaurants function under a 

set of limitations which means that they cannot plan properly and effectively use 

inventories or minimize wastes only due to internal operations. 

The research contributes to the knowledge base because it draws attention to the frontline 

employee perspective a group in which the experience is seldom considered when 

conducting scholarly research on FLW. Their observations demonstrate the interactions 

of supply chain structures and kitchen practices in real time including the way systemic 

inefficiencies are translated into day-to-day operation challenges. The findings also shed 

light on the disparity in the access to the flexibility of supply chains to small or large 

businesses; small businesses do not always have the forecasting tools, degree of delivery 

or storage facilities that can allow them to react conveniently to uncertainty in the 

demand. The improvised approaches adopted by the personnel, like making small-scale 

production or tracking products manually, also indicate the informal approaches that 

frontline employees are adopting to offset the structural flaws. Compared to the available 

literature, the findings are in line with the previous research that finds demand variability, 

storage problems and supply-chain design as key waste determinants. It also expands 

existing information by demonstrating that operations constraints in smaller food-service 

environments are usually worse than thought previously and criticize the belief that 

improvements in operations can substantially decrease FLW without necessarily 

changing the underlying structural constraints.  

The second research question was investigated with a focus on how digital technologies 

are applied or seen as helpful in the food-service environment: AI, IoT and data-driven 

tools. The results indicate that there exists a distinct difference in the digitalisation of 

establishments. Other restaurants have simple tools, such as waste-tracking systems such 

as Biovaaka or simple inventory and temperature control applications. Nonetheless, there 

are still numerous other employees who use manual processes including visual 

inspection and writing notes by hand. Despite this, employees have always stated that 

AI-related forecasting, digital expiry and IoT-based storage surveillance would be 

worthwhile waste reduction tools. They underlined the possible advantages of less 



 

 

complex, easy to access systems providing support in making decisions, enhancing 

visibility and saving time and effort devoted to performing routine activities. Moreover, 

the findings of this research are substantially derived from the prior studies as they 

indicate that in food-service environments, low-end and simple digital technologies (like 

low-end inventory tools, temperature monitors and waste-tracker programs), can 

enhance visibility and assist in the daily decision-making process. This is consistent with 

the previous findings that indicate that simple tools can be better than complex systems 

in organisations with limited resources. The findings also contribute to the existing 

literature by revealing that frontline workers are more inclined to the use of technologies 

that help to minimize the amount of manual work and regular effort. This is one of the 

aspects that have not been emphasized in the past studies on FLW. The results also 

somewhat deny research that presupposes speedy and wide-spreading application of 

sophisticated AI and IoT systems. In this research, the unevenness of digitalisation in 

small food-service units was found, and employees favoured convenient and non-

complicated solutions that could be accommodated in their hectic working schedule. 

Overall, these findings indicate that the effectiveness of digital tools is not only 

preconditioned by the technology but also competence, workload, and daily routine of 

the users. It is possible to observe the multidimensionality of this study with reference to 

three key areas. To begin with, the structural dimension comprises of procurement 

routines, storage conditions and changes of daily demands. These aspects define the flow 

of food on a supply chain and the point of losses. Second, it has a technological aspect, 

which refers to the visibility, monitoring and decision support tools and the degree of 

readiness of the organisation. Third, social aspect involves behaviour of the employees, 

abilities and practices and customer behaviour that affects waste. When these three 

dimensions are considered as a whole, it becomes evident that FLW is not brought by a 

single factor. Rather, it is the product of interaction between the structure of supply chain 

as well as the state of technology and daily human activities. That is what causes the 

approach in this thesis to be multidimensional. 

The findings also demonstrate that the main obstacles to digitalisation do not have to do 

with the attitude of workers but rather with the cost, complexity and the perceived 

inapplicability of offered technologies to small kitchen setting. The results add new 

knowledge to the literature as the study offers a worker-level view of how technologies 

are supposed to work in practice, which is usually not considered in more technical 



 

 

literature. They also point out the disconnect between the technology potential presented 

in the scholarly literature and the real-world challenges of implementation in the small 

and medium-sized food-service companies. This study contrasts with other research that 

presupposes the progressive growth of digital tools throughout the industry, as the 

adoption is uneven with many technologies being available and of low cost, which could 

present the most plausible way to move forward with many restaurants. Its findings are 

consistent with the current literature that shows the advantages of the IoT and AI-based 

solutions but dispel the notion that the technologies are already adopted similarly. 

Rather, the results indicate that the issues of digitalisation lie not so much in the 

technological constraints but in the organisational ability, employee education and 

compatibility of workflows. When combined, the findings on the two research questions 

reveal that FLW is a result of the multifaceted factors of structural supply-chain 

restrictions, organisational operations and operational digital capability of food-service 

organisations. The structural aspects precondition the risk conditions of waste; the 

operational routines define the ways in which these risks are realised in everyday 

practice; and digital tools can decrease the level of uncertainty and enhance control only 

on the condition that it is available and that it is coordinated with the actual work patterns. 

It is this cohesive knowledge that requires a multi-dimensional strategy to the reduction 

of FLW, which is focused on supply-chain design, frontline worker support, and the 

increased access to viable, easy-to-use technological solutions. The multidimensionality 

that is found in the current study finds much support in previous results that FLW is a 

product of various interacting factors and not a mono-cause. It builds on earlier studies 

by demonstrating the interaction between structural, technological and social aspects 

within routine food-service businesses. It simply conflicts with the more positive 

premises of others, who study digitalisation, which suggest that new high-tech solutions 

will be rapidly and evenly implemented in the sector. 

7. Conclusions and Recommendations 

The aim of this thesis was to explore how the design and structure of food supply chains 

affect FLW in Finnish food-service settings and to find out how AI, big data analytics, 

IoT, and related technologies are used or perceived as potential solutions. Based on six 



 

 

qualitative written interviews and thematic analysis, several key conclusions can be 

drawn: 

Demand uncertainty, procurement volume, frequency of delivery, and storage 

constraints all combine to create conditions under which food may be wasted. 

Simultaneously, daily operational practices - such as how staff plan menus, rotate stock, 

cook in batches, and handle leftovers - determine how much of this risk becomes actual 

waste, in line with multi-level analyses of FLW.  

This thesis makes new contributions to FLW literature in a number of significant ways. 

First, it highlights the frontline employee point of view which is not much represented 

in the research. The study explains how waste is really created in the field and how 

employees cope with insecurity, time constraints and physical constraints by telling what 

workers go through in their daily operations. This offers a better reality of FLW as 

compared to the research that concentrate on management or high level supply-chain 

processes. Second, the study demonstrates that structural factors, including storage room, 

delivery frequency, purchase volumes and varying demand by customers, are highly 

influential in FLW prevention. These factors have been discussed independently in the 

earlier studies but this thesis illustrates the interaction and the restriction that they pose 

on the effectiveness of operational prevention. This puts into question the notion that 

improved kitchen operations can lead to a great deal in waste reduction and provides one 

reason why small food-service units have greater challenges than larger organisations. 

Third, the study contributes to the fresh knowledge in the field of digitalisation in small 

food-service facilities. It demonstrates that the digital adoption process is not uniform 

and that the employees would be willing to use easy-to-use tools that do not challenge 

their everyday routine. This observation challenges some of the previous literature that 

presupposes that such advanced technologies as AI and IoT will become widespread in 

a short period of time. Rather the research suggests that the planning of the digital 

solutions of FLW should consider the organisational capacity, staff skills and workflow 

fit. Lastly, the thesis is valuable because it demonstrates that FLW must be perceived 

simultaneously in the several dimensions structural, technological and social. It shows 

the interplay between these dimensions in real food-service contexts and the impacts on 

waste based on the interaction of these dimensions rather than a singular cause. This 



 

 

provides a more comprehensive and viable insight into FLW and forms a basis of future 

study and more viable interventions. 

7.1. Limitations and Suggestions for Future Research 

This research has various limitations. Its sample is very small only six participants and is 

limited to a small selection of food-service organisations in Finland. Due to this, it is 

impossible to generalise the findings to all restaurants and even to other countries. The study 

is qualitative in nature and its focus therefore is on in-depth comprehension and not general 

representativeness and hence the findings represent the experiences of the participants 

chosen and may not reflect the entire picture of practices in the bigger sector. The data also 

have their foundation in written interviews which are self-reported and might fail to capture 

all the aspects of everyday work, which might be observed in the field (Creswell, 2013). The 

other weakness is that the study primarily examines the food-service level and fails to 

incorporate other actors that are closer to the supply chain end, like producers, wholesalers 

or logistics providers.  

Future studies might overcome such limitations by: 

 Conducting larger and more diverse studies across different regions and types of food 

service units. 

 Combining interviews with observations and quantitative waste measurements to validate 

and complement self-reported information. 

 extending the analysis to upstream and downstream actors, to see how data sharing and 

collaboration across the supply chain affects FLW (Xue et al., 2017; Mayanti et al., 2024). 

 Assessing specific digital interventions (for instance, AI demand forecasting or IoT 

temperature monitoring) in real restaurant settings over time. (Wu et al., 2025; Barriola et 

al., 2023) 

 While these limitations need to be recognized, valuable insight is nonetheless gained from 

this study into how FLW is experienced and managed in Finnish food-service operations and 

how digital technologies are perceived as part of the solution. It thus provides a useful basis 



 

 

for further work at the intersection of food supply chain design, FLW reduction, and digital 

innovation. 
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