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Abstract: 

This research takes a closer look at how smart technologies could be used to help tailor 

down the volume of food wasted in the food setting, including, but not limited to, Artificial 

Intelligence (AI), the Internet of Things (IoT), and data analytics. Food waste is a critical 

problem in the world as it is a source of enormous economic losses, environmental decay, 

and social issues. The study examines how smart technologies can be used to improve 

supply chain visibility, reduce food waste by real time tracking and reuse food waste to 

make value added products. Research also tackles the adoption barriers in case of small 

and medium-sized enterprises (SMEs) adopting these technologies such as the initial high 

cost, low technical knowledge, and change resistance. The results of the research show that 

AI and IoT can facilitate food production, inventory movement, sustainability of food 

service processes. But SMEs are not always well equipped in terms of resources and 

technical knowhow to help them execute these technologies to their full extent. The second 

important lesson learned during the research is that the area of reducing food waste needs 

more attention to cover local farms or online platforms. This has the potential of creating 

new sources of revenue and achieving sustainability. The research provides feasible 

research concerning the motivation of SMEs to adopt smart technologies to efficiently 

decrease food waste upon these hurdles are postponed. 

Keywords: 

Food waste, Smart technologies, Artificial Intelligence, Internet of Things, Upcycling, 

Sustainability, Supply chain transparency, Food service industry, Waste reduction, SMEs, 

Circular economy, Data analytics. 
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1. Introduction 

Food waste is increasingly recognized as a significant global issue with very wide-ranging 

economic, environmental and social consequences. According to the United Nations Food 

and Agriculture Organization, it is estimated that today about one-third of all food 

produced for human consumption, i.e. around 1.3 billion tons of food, is lost or wasted 

every year (FAO, 2021). All this wastage takes place in the whole process through the food 

supply chain that involves production, processing, distribution and consumption. The food 

service industry, which is comprised of restaurants, hotels, caterers, and other hospitality 

services, is one of the various industries that contribute to food waste. According to the 

studies, food service operations contribute up to 5 percent of the total global food waste 

that amounts to millions of tons of food wasted annually (Misra et al., 2021). This has 

significant economic impacts in the sense that food service providers lose huge amounts of 

revenue given that ingredients go to waste and unsold products. Moreover, the 

environmental factor is very high, and the food waste is one of the sources of greenhouse 

gases in landfills as the food is anaerobically decomposed which only emphasizes the 

climate change even more (Swink et al., 2022). 

Food service sector is based on multi-dimensional causes of food waste. The problem is 

even further augmented by overproduction, improper storage, inefficient inventory and the 

uncertainty surrounding the demand of customers. Indicatively, Tiwari et al. (2024) state 

that food service businesses tend to overestimate demand resulting in more food than is 

required being prepared. This excess often is wasted. Fruits, vegetables, dairy and meat 

products are examples of perishable foods which are most subject to waste because they 

are likely to spoil as a result of incorrect storage or transportation conditions. More so, 

ineffective procurement process, e.g. ordering in bulk without precise demand forecasting, 

results in a situation where most of the stock cannot be utilized at the right time (Tiwari 

and Singh, 2024). 

The financial expenses of food waste are overwhelming. The estimated direct waste in 

food service companies is estimated to be 4-10 percent of all the purchased food and 

millions of dollars every year (Tiwari et al., 2024). Food waste does not only have a huge 

footprint in terms of money, but also in terms of environmental impact. Food in landfills 



 

 

releases methane which is a powerful greenhouse gas. Sustenance in the economy that 

comes with reduction of food waste is therefore not only important to the economy but also 

to ensuring that environmental objectives are realised. United Nations sustainable 

development goal 12.3 aims at reducing food waste at retail and consumer levels by 50 

percent by 2030 a target that corresponds to the fight against climate change and 

responsible consumption (FAO, 2021). 

Smart technologies are becoming more popular in the food industry as a solution to these 

challenges to enhance the efficiency of operations and reduce waste. Artificial Intelligence 

(AI) technologies, the Internet of Things (IoT), and data analytics have become strong in 

this respect. The technologies help to predict demand and manage inventory and track food 

quality in real-time. To give an example, AI-based systems will be able to use past data, 

customer behavior, and external influences (e.g. seasonality, local events) to make more 

precise predictions of the demand, thus minimizing the chance of excessive production and 

excessive purchases (Swink et al., 2022). Moreover, the IoT sensors are also able to track 

the storage conditions of the perishable goods in real time, providing the ability to ensure 

that the levels of temperature and humidity be kept within the appropriate ranges, ensuring 

the quality of the food when it will be shipped and stored. Predictive analytics also 

compatible with these technologies to automate procurement operations so that companies 

are able to establish their supply in accordance with the real demand, decreasing waste 

(Misra et al., 2021). 

More so, the existing potential of such technologies is obvious, nevertheless, small and 

medium-sized enterprises (SMEs) in the food service sphere have multiple impediments 

towards acquiring such technology. Common barriers include the high initial costs of 

implementation, lack of technical skills and resistance to change and it is more likely to 

affect smaller businesses that might have challenges with the resources required to roll out 

AI and IoT systems. The results by Ramanathan et al. (2022) indicate that not all SMEs in 

the food service industry have the potential to spend on advanced technologies, and this 

fact restricts their possibility of streamlining the process and minimizing the amount of 

food waste. Also, there are businesses, which are not willing to embrace such technologies 

because they fear that they will interfere with the well-known processes or that employees 

will lose jobs. Such issues should be covered to make the advantages of smart technologies 



 

 

available to all the segments of the food service industry, especially those that have limited 

resources. 

This research explores how AI and smart technologies such as IoT-based sensors and 

predictive analytics could be integrated into food service supply chains so that food waste 

is reduced. It pays attention to the specific challenges of SMEs in adopting these 

technologies and makes suggestions for practical solutions to overcome these barriers. By 

implementing these technologies, the study aims to help SME optimize operations, reduce 

waste and achieve both economic profit as well as environmental sustainability.  

1.1. Research Questions and Objectives 

This research is aimed at addressing the following research questions that aim to 

investigate the role of AI and smart logistics in helping to decrease food waste within food 

service supply chains: 

1. How could intelligent technologies (e.g., IoT, artificial intelligence sensors, and 

data analytics) be successfully incorporated into the food industry to make sure that 

food waste could be monitored and upcycled into new value items and by-products, 

in real-time? 

2. How can new intelligent technologies contribute to making supply chains more 

transparent and more sustainable, thus reducing losses and wastefulness in a 

perishable food supply chain? 

3. What are the ways through which innovative business models and scalability plans 

can make actors in the food industry convert the upcycled food waste into 

economically viable industrial products without going against social and 

environmental sustainability? 

The research objectives are as follows: 

1. Objective 1: To investigate the possibilities to use smart technologies, such as the 

IoT, AI-powered sensors, and data analytics, to become integrated into the food 

industry to be able to monitor the food waste in real-time and convert waste to 

value-added products. 

2. Objective 2: To determine the effectiveness of the new smart technologies in 

improving supply chain transparency and sustainability, work on the issue of 

reduction of perishable food waste to the minimum, as well as lack of efficiency in 

the operations of the latter.  



 

 

3. Objective 3: To comprehend the difficulties and obstacles encountered by SMEs in 

utilizing smart technologies and suggest the strategies that can alleviate those 

challenges and allow successful food waste upcycling.  

 

1.2. Motivation of Research 

This study was inspired by the fact that there is an immediate necessity to reduce food 

waste in the food industry that has profound economic and environmental effects. 

According to Tiwari et al. (2024), food service businesses lose as much as 4-10 percent of 

food that they buy, which in turn causes significant financial losses. This waste is also the 

cause of food production environmental burden, especially because of emitted methane in 

landfills as decomposing food. 

The increasing demand in terms of sustainability and circular economies gives them a 

chance to not only cut the waste but also generate value out of it. Smart technologies like 

AI and IoT are also applicable in the food service industry, which is a potential solution. 

AI could be used to ensure that businesses produce fewer and carry few products that often 

lead to overproduction and waste, which contribute significantly to food waste (Swink et 

al., 2022). Sensors through IoT can also ensure that perishable foods are kept in the best 

condition possible, maintaining all their quality and avoiding spoiling when they are 

transported. 

Nonetheless, SMEs in the food service industry have in many cases been hindered by such 

technologies such as the high startup cost, inadequate technical knowledge and strong 

resistance to change despite the evident potential of such technologies. Being aware of 

these challenges, this study seeks to define the strategies which can assist SMBs to 

overcome all these challenges and adopt technologies, which not only decrease the waste 

but also generate new business opportunities using reuse of the food waste as the upcycling 

material.  



 

 

2. Literature Review 

This section provides background and theory to strengthen this research by exploring the 

existing literature on food loss and waste (FLW) in the food service industry. It is centered 

on how Artificial Intelligence (AI) and smart logistics can be used to address the 

inefficiencies in operations. In this review, the causes and impacts of FLW are addressed at 

various stages of supply chain. It is also an account of the economic and environmental 

effect of food waste. Besides, the future opportunities of AI and digital technologies to 

reduce and increase efficiency in waste are highlighted in this section. The review also 

shows the knowledge gaps, which already exist and emphasizes the power of human-AI 

collaboration. On this analysis, the discussion of the potential of AI-based solutions to the 

food service sector is rooted. 

2.1. Understanding Food Waste in Food Service Supply Chains and restaurants 

Food loss and waste (FLW) in food service sector, especially restaurants and the food 

supply chain, is a historical issue that is associated with far reaching economic, 

environmental and social consequences. It is a result of the inefficiency of different 

processes like procurement, storage, preparation and consumption of all these processes 

which make the foods to be wasted a lot. FLW does not only represent a situation when 

food is thrown away, but is also an indication of deeper operational inefficiencies that can 

be resolved by implementing the use of new technologies, such as Artificial Intelligence 

(AI) and smart logistics. These technologies may assist in the streamlining process, 

optimization of the food purchasing process, and minimization of waste (Misra et al., 2021; 

Tiwari and Singh, 2024). FLW has to be successfully addressed by having a deep 

understanding of the causes and consequences at every workforce of the supply chain. The 

following sections will explore the definitions of food loss and waste, the primary 

contributors to the loss at each supply chain level, the statistics of food waste in the world 

and region and the economic and environmental impacts that follow as a result of such 

inefficiencies.  



 

 

2.1.1. Defining Food Loss and Waste (FLW) in the Food Service Context 

Food loss and waste (FLW) is defined as an edible food that is disposed of unintentionally 

or intentionally either accidentally or deliberately in the entire food service supply chain. 

This process starts in the stage of production, in procurement, storage, preparation and 

service to the customer. Parfitt et al. (2010) distinguish between food loss and food waste, 

where the latter usually occurs at the consumption stage (either in the food service 

establishment or at the consumer level) while food loss is usually something that is wasted 

prior to reaching the consumer (usually during the production, harvesting, or storage 

stage). The problem of FLW in food service contexts is often compounded by other factors 

such as poor supply chain management, improper food storage, excess procurement and 

overproduction. According to Jagtap et al. (2020), much of the food waste in restaurants 

can be attributed to the lack of adequate planning and technology leading to both 

operational inefficiencies, as well as financial losses. 

Furthermore, Tiwari et al (2024) notes that the concept of "food waste" is not limited to 

only food being thrown away. It also covers inefficiencies in the food service supply chain 

that are making food fail to reach its potential. For example, food may be discarded due to 

overproduction, unserved food or expired factors which are preventable with better 

forecasting and inventory management. Hence the role of technology, especially Artificial 

Intelligence (AI) in this regard becomes pivotal in making smarter procurement and 

operational decisions to mitigate the FLW challenge. 

2.1.2. Major Causes of FLW in Procurement, Storage, and Preparation 

The section deals with the significant factors behind food loss and waste (FLW) during the 

procurement, storage and preparation of food in the food service sector. It examines how 

waste is caused by over-ordering, improper storage, and over-preparation and the 

importance of technology such as artificial intelligence and smart systems to address the 

areas of waste. 

2.1.2.1 Procurement: 



 

 

 

Over ordering and inaccurate demand forecasting is one of the main causes of food waste 

in food service. Most food service businesses, particularly restaurants, are usually over-

buying raw materials in the event that they run out of stock at the right moment. Swink et 

al. (2022) state that when orders are not predicted correctly because of the absence of such 

tools, one gets more food than is needed. The stocked items may lack their time of usage 

hence spoilage. Moreover, Misra et al. (2020) also comment on the possibility of 

restaurants buying bulk food without paying attention to the consumption speed, which 

results in food surplus that goes to waste. The situation can be greatly improved with 

technological advancement, like AI-based demand forecasting, which predicts future 

demand with more precision and allows food service providers to order what is needed. 

2.1.2.2 Storage: 

Poor storage and handling are other major causes of food waste. Fatorachian et al., (2025) 

underline that improper storage space, inadequate level of humidity and inconsistent 

temperature regulation may trigger food spoilage. An example to illustrate this is 

perishable products like vegetables, fruits and dairy produce which become very sensitive 

to temperature and storage conditions. IoT sensors and intelligent refrigeration systems can 

make a significant contribution to the minimization of food spoilage by constantly tracking 

the state of storage. Ramanathan et al. (2022) address the importance of AI-controlled 

modern refrigeration technologies that help preserve the optimal temperature and humidity 

in different types of food, which guarantees a longer shelf life and decreases waste. 

2.1.2.3 Preparation: 

Food service operations pass through the preparation stage which is a critical point where a 

lot of food waste is experienced. When there are good demand and supply of food, then 

there are fulltime chefs as they can prepare food larger than the demanded one so that they 

are sure of meeting the demands during peak time, but smaller amounts of food are thrown 

away. As Taneja et al. (2023) emphasize, over-formatted and over-cooked portioning and 

over-preparation are prevalent, which is caused by the lack of knowledge of how many 

customers turn up and how the kitchen processes be performed. In addition, foods may be 

spoiled in the process thus resulting in food waste. AI-driven and machine learning-based 



 

 

advanced kitchen management systems can also scale the portion size and preparation 

time, as well as minimize overproduction by predicting meal demand on the basis of 

previous trends and customer behavior (Wu and Tai, 2024). 

2.1.3. Global and Regional FLW Statistics 

According to Misra et al. (2020), the scale of food waste in the world is alarming because 

about 1.3 billion tons of food are wasted every year. This is equal to the food that is 

produced to be consumed by humans- approximately a quarter of the food that is produced 

to be consumed has its economic and environmental impacts. Restaurants and food 

establishments in the context of the food service industry contribute a significant aspect of 

these wastes, in large measures because of inefficiencies in demand planning, inventory 

management and over production. Suali et al. (2024) emphasize that food waste is a 

problem that has become widespread worldwide, but the causes of this issue are regional. 

Food waste in developed nations such as the U.S. and European countries is largely blamed 

on consumer behavior, over consumption, and disposal. Conversely, the third world 

nations face problems of food loss during production, transportation and storage phases 

because of inadequate infrastructure, inadequate storage facilities, and cold chain. 

The geographical statistics indicate that in North America, more than 40 percent of food 

waste is committed at the consumer stage because of inefficiency in food storage and 

transportation facility, in Africa and Asia, most food losses are caused by inefficiencies in 

food storage and transportation. Swink et al. (2022) point to the increasing rates of 

consumption in urbanized areas and the absence of food waste awareness as the driving 

factor of FLW in developed areas. On the other hand, Suali et al. (2024) emphasize that in 

such areas as Sub-Saharan Africa, food could be stored much better, and the transportation 

system would greatly decrease losses of food prior to its even arrival to the market. 

2.1.4. Economic and Environmental Impacts of FLW 

This section discusses the economic and environmental consequences of food loss and 

waste (FLW) in food service industry. It looks at the effects of food waste that causes 

financial losses through the inefficiencies in production, labor and storage. Environmental 

impacts, such as the role of food waste in greenhouse gases and climate change, are also 



 

 

pointed out in the section. Such technologies as AI and IoT are mentioned as possible 

options that can reduce economic and environmental costs. 

2.1.4.1. Economic Impacts 

The problem of food waste is not the only operational challenge meanwhile the food 

service industry is a major economic drain. Jagtap et al. (2020) state that the food waste is 

significantly caused by logistic and food handling inefficiencies in such spheres as 

transportation or storage. These inefficiencies mean that food that otherwise could have 

been utilised is wasted and has a direct financial implication on food service providers. 

Ding et al. (2023) highlight the significance of AI and big data in reducing the food waste. 

They indicate that AI has the ability to support the management of the supply chain, by 

improving how decisions to acquire food are made, overproduction, as well as waste and 

costs reduction. Furthermore, de Los Mozos et al. (2020) mention environmental and 

economic impacts of unsustainable consumption patterns, stating that the minimization of 

food waste in the chain of distribution and delivery can considerably lower the costs and 

environmental effects of operational activities, which will result in a more sustainable and 

economic approach to doing business in food service industries. 

2.1.4.2. Environmental Impacts 

Another matter of concern is the environmental impact of food waste. Food waste does not 

only translate to an unnecessary usage of resources, but also into the release of greenhouse 

gases. As food waste decays in landfills, it also releases methane, a powerful greenhouse 

gas that is a contributor to global warming. Bolwig et al. (2021) state that food waste 

contributes an approximate of 8 percent to greenhouse effects worldwide. The reduction of 

food waste within food service industries is, therefore, a vital measure at reducing climate 

change. As noted by Tiwari et al. (2024), the use of technologies, such as AI and IoT, can 

be used to optimize food production and usage, eliminating waste and decreasing the 

environmental footprint. Composting and recycling are also examples of sustainable 

practices that divert a portion of food waste out of landfills and help in building a more 

circular economy. 



 

 

2.2. Structural Design and Its Role in Food Waste 

The organizational structure of the food services, including sourcing models, vendor 

management, inventory coordination, and menu design are central in reducing food waste. 

Structuring of a food service supply chain through procurement decision to menu outputs 

has a direct influence on the amount of food waste. The optimization of these areas, in 

addition to minimizing wastes, is also improving the efficiency and sustainability of the 

operations. An effective and well-planned framework can be useful in avoiding 

overproduction, simplification of inventory control and eventually lead to minimizing 

waste. With these systems being synchronized with up-to-date technologies, business 

organizations are capable of making better decisions and orienting themselves to the 

changing consumer demands, which get the companies more sustainable in terms of their 

practices. 

2.2.1. Centralised vs Decentralised Sourcing Models 

The decision on whether to adopt centralized and decentralized sourcing models plays a 

key role in determining the effectiveness of food supply chain and food waste level in food 

service business. The centralized sourcing model entails acquisition of food at a central 

place or by one supplier and supplying various food service locations. The advantage of 

such a model is that it frequently results in saving costs by purchasing in bulk and simpler 

logistics. Nevertheless, Misra et al. (2020) emphasize the fact that centralized models may 

result in local level waste in case the demand is not predicted correctly in the outlets. With 

centralized procurement, the demand in each outlet can vary, making it end up in surplus in 

some locations, thus spoilage of perishable goods. As one example, a restaurant in a city 

center could have more foot traffic and need more stock than a restaurant in a suburban 

area. 

Decentralized sourcing, however, enables individual food service outlets or restaurants to 

directly source food out of local suppliers according to local pattern of demand. The model 

is flexible, and less waste can be created since food orders are more in line with the 

particular requirements of the respective outlets, and it is simpler to avoid having too much 

in stock. According to Urugo et al. (2024), decentralized models have significant potential 



 

 

in decreasing food waste levels by providing the outlets with more power in their supply 

chains, meaning that they can have a higher specificity to the local demand. Winkler et al. 

(2023) however suggest that decentralization may be better in the management of waste, 

but with it there must be extremely accurate forecasting or there will be a resulting over-

production at each site. They also suggest that AI-based predictive analytics is used to 

optimize food ordering and inventory management, which will make the system more 

efficient, and the errors related to food ordering and inventory reduction across the 

centralized and decentralized models will be reduced. 

2.2.2. Vendor Management and Inventory Coordination 

Vendor and inventory management and coordination are important aspects to managing 

food waste. The efficiency of the supply chain directly depends on the relationship 

between the food service resources and their suppliers. Failure to deliver food materials in 

time and in required quantities will result to spoiling of food before it is utilized. 

According to Fatorachian et al. (2025), the major reason behind food waste in the food 

service businesses is poor coordination with suppliers since late delivery or incorrect 

orders usually lead to the loss or waste of food that cannot be sold. In this respect, it is 

important to streamline these processes and ultimately cut down on food loss and waste. 

Improved inventory systems have become essential in ordering food in the right quantities 

as well as in consumption of perishable goods before their damage. Bidyalakshmi et al. 

(2025) suggest that food service enterprises should implement AI-based inventory 

management systems that can help provide real-time data on the stock level, more 

accurately predict demand, and automatically change the order to avoid overstocking. This 

technology would greatly cut down on wastage since the appropriate quantity of food is 

ordered avoiding excess preparation. Kumar and Prashar (2021) also indicate that by 

combining IoT with AI, the inventory systems improve further, which enable the food 

service providers to monitor the lifespan of food and conditions of storage. They opine that 

food items on the verge of expiration can be given priority through the application of the 

IoT-based monitoring, thus saving on wastage. But Pereira et al. (2022) suggest that such 

systems should also be backed by workforce preparation and introduction of robotics in the 

food service so that technological growth is entirely used to minimize food waste. 



 

 

Another useful method in minimizing waste is Just-in-Time (JIT) inventory systems. These 

systems are based on real time, and they make sure that food will be delivered in precisely 

the time when it is required and reduce possibilities of overstocking and spoilage. JIT 

however necessitates a high degree of supply chain synchronization to execute. According 

to Misra et al. (2020), JIT systems rely on proper forecasting and deliveries. JIT systems 

may contribute to stockouts or delays unless they are well coordinated with the vendors, 

which can cause food wasted as they are overproduced at the last moment. 

It is also possible to get good information on food shelf-life, storage, and handling through 

establishment of direct relationships with vendors. Gurrala and Hariga (2022) point out 

that communicating freely with suppliers guarantee timely provisions of high quality food 

stuff which properly meet the specific requirements of the restaurant, contributing to the 

reduction of waste caused by broken or spoilt food. Bamidele et al. (2025) also note that 

businesses should remember to embrace flexible vendor contracts where they can make 

returns or replace the items in case, they are inappropriate or when the demand declines 

suddenly which will also minimize food waste. 

2.3. Smart Logistics and Cold Chain Management 

Management of logistics as well as cold chain mechanisms are very important in 

minimizing food scraps especially in managing and transportation of perishable food 

products. Since the distribution of food products is between suppliers and food service 

facilities or retailers, there need to be optimal conditions pertaining to temperature, 

humidity, and overall freshness levels, which are described as means to guarantee food 

safety in addition to reducing spoilage by a significant margin, inventory control, and food 

waste reduction (Çolak, 2023). Modern technology with the help of IoT sensors, AI, and 

complex packaging solutions can simplify the work of the cold chain, improve the 

schedule of product deliveries, and improve the routes to be way more efficient in terms of 

providing transportation contributing to the decline of food waste throughout the supply 

chain. 



 

 

2.3.1. Importance of Cold Chain in Perishable Food Handling 

The management of cold chain is an essential part of the perishable foods handling on the 

supply chain. Dairy, meat, seafood, fruits, and vegetables are some of the most perishable 

products that will easily go to waste because of fluctuations in temperature during storage 

and transportation. Fatorachian et al. (2025) state that constant temperature during the 

period of production until transportation and storage is necessary to prolonging shelf life 

and quality. Any loss in the cold chain causes decay in perishable products in a very short 

time hence loss of food. This is particularly so when it comes to foods such as the dairy 

products which must be refrigerated at every stage to ensure that microbes do not develop 

and deteriorate the foods. 

Food safety and minimization of food wastes depends on cold chain management. Bolwig 

et al. (2021) pay attention to the green and digital technologies in food waste reduction, 

noting that cold chain management could help avoid food spoilage significantly, in case it 

coping is adequately carried out. They stress that digital tracking systems and intelligent 

logistics play a critical role in ensuring that the food transportation and storage remain at 

the appropriate temperatures, particularly when transporting perishable products. Balan et 

al. (2023) complement this with the emphasis on the significance of the temperature 

monitoring system that would provide real-time monitoring of the conditions of perishable 

products. They state that the failure to control the temperature properly may result in the 

rapid deterioration and wastage. Besides, Rasool and Bhat (2025) speak about the 

possibility of AI and machine learning to promote sustainability in cold chains by 

automating inventory management and additional temperature control, which leads to the 

minimization of human error and enhances the precision of food storage. 

2.3.2. Role of Transportation Delays and Mismanagement 

One of the primary causes of food waste is transportation delay and mismanagement of 

logistics in terms of food, particularly perishable goods. According to Ramanathan et al. 

(2022), transportation delays may cause greater exposure to adverse conditions, including 

temperature change, which causes spoilage. In most cases, the delays in transportation 

happen because of the ineffective route, not expected traffic, or improper shipment 



 

 

schedule management. The long delay of time can result in the loss of the goods when they 

are perishable and the products lose their quality and, finally, there is food waste. 

According to Gurrala and Hariga (2022), poor transportation logistics management may 

increase the issue of food waste by rendering the product untimely, unacceptable 

temperature, or spoiled. This mismanagement may happen in case proper communication 

is not being made between the supply chain partners or there is poor utilisation of the 

transportation resources. A case in point is the delivery of food to restaurants at times when 

the restaurant is not busy, which will require the business to get rid of unsold food. Swink 

et al. (2022) also mention that the lack of coordination between transportation companies 

and food service businesses can result in overstocking because the food delivery may be 

fast or improperly planned to fit the demand. 

These problems can be addressed through the introduction of AI and machine learning into 

the transportation management sphere that will optimize the transportation routes, 

anticipate possible delays, and enhance the overall efficiency of the delivery schedules. 

According to Fatorachian et al. (2025), it is vital that the timing of the transportation 

process should be tracked and the routes optimized dynamically, which could potentially 

reduce the time of transportation and lower the risk of exposure to elements promoting the 

creation of food waste. 

2.3.3. Packaging Solutions for Freshness Preservation 

Packaging is vital in preserving quality of the perishable foods and their freshness. Areche 

et al (2022) explain how innovative trends in packaging, can help in reducing food waste 

by productive storage of food. Precisely, they indicate that active packaging technologies, 

including the oxygen-absorbent or carbon dioxide-releasing packaging, are a prerequisite 

in maintaining the quality of perishable goods. Along with this, Loh et al.(2024) 

concentrate on the way restaurants are using digital technologies to enhance food 

sustainability. They state that food quality can be monitored in real-time with the help of 

smart packaging systems because wastes can be reduced, and the performance is also 

enhanced. Tulsidas (2024), on the other hand, argues that modified atmosphere packaging 



 

 

(MAP) is important as it removes air inside the packaging and replaces it with special air 

that helps to prevent the growth of bacteria and molds, especially in fresh produce and 

meat. On the one hand, these technological advances help to minimize the wastage of food 

and on the other hand, respond to increasing expectations of more sustainable food 

packaging methods. 

Smart packaging, the one with integrated sensors to measure the temperature and humidity 

conditions, allows one to get real-time information about the conditions that the food is 

kept in. This assists in maintaining food products in the best condition and minimizes the 

spoilage effect. Swink et al. (2022) reference the increased application of RFID tags that 

can track the temperature history and location of a food product in the supply chain and 

provide more detailed information. These kinds of innovations allow avoiding the loss of 

the food according to wrong handling or environmental circumstances during 

transportation and storage. 

Besides conventional approaches, Gurrala and Hariga (2022) point out that 

environmentally friendly packaging, including biodegradable or recyclable products, is 

gaining popularity, reflecting the sustainability strategy of food service business. 

Sustainable packaging has the potential of decreasing the issue of food waste by improving 

the capacity of the entire supply chain to store and transport commodities more effectively 

with minimum environmental change. 

2.3.4. Smart Delivery Scheduling and Route Optimization 

It requires smart delivery planning and optimization of routes that will decrease food waste 

in transportation. Effective time management allows deliveries to reach food service 

facilities on time so that stocks are not overstocked and spoiled. According to Misra et al. 

(2020), AI-based systems can track the delivery schedules, according to the anticipated 

demand, time of the day, and geographical reasons, which will guarantee the food arrives 

on time and in the best conditions possible. These systems can take into account real time 

traffic information, weather, and other external information and provide a dynamic strategy 

to reduce delay and minimize exposure to conditions that may cause food spoilage. 



 

 

Ramanathan et al. (2022) also elaborate that AI algorithms could be also useful in the 

dynamic distribution of resources, i.e., trucks or storage facilities, according to real-time 

requirements. This guarantees that there are no delays and wrong conditions in perishable 

goods and chances of waste are minimized. When businesses combine the system of route 

optimization with cold chain monitoring systems, they are able to ensure that food is 

delivered at the right speed and temperature, which would reduce the amount of waste 

made due to the delivery. 

What is more, Fatorachian et al. (2025) also emphasize that through consolidating 

deliveries made by multiple suppliers into one and more efficient route, food service 

providers will be able to cut down the number of trips required, consequently decreasing 

fuel usage and carbon emissions that will result in the creation of a more sustainable 

supply chain. Maximizing the delivery routes does not only contribute to the waste 

management of food, but also cost of operations is minimized hence this is a characteristic 

of economic sustainability as well as environmental sustainability of food service logistics. 

2.4. Artificial Intelligence and Digital Solutions in Waste Disposal. 

Digital technologies and Artificial Intelligence (AI) transformed the work of most 

industries, and the food service industry is not an exception. Mahusain et al. (2025) claim 

that AI and other digital tools offer strong solutions to waste reduction of food through 

maximization of demand prediction, inventory and food handling. With AI, Internet of 

Things (IoT) gadgets, intelligent systems, and data analytics, food service enterprises can 

simplify operation, reduce wastage and enhance the sustainability. This part will discuss 

the use of AI-based systems, IoT, and smart inventory systems, and data analytics in waste 

reduction in food service supply chains. 

2.4.1. AI-Based Demand Forecasting and Purchasing Systems 

The most suitable techniques in minimizing the food waste include accurate demand 

forecasting. Conventional techniques tend to use historical sales data, which is not usually 

sensitive to changes in demand because of such circumstances as seasonality, holidays, or 



 

 

special events. The author points out that AI-based demand forecasting systems may help 

to improve demand prediction by considering other non-traditional variables (including 

weather conditions, social media opinions, and local events) (Agya, 2025). The systems 

can make sure that the ordered food is in exact amounts which will mean that 

overproduction and wasting are minimized. Furthermore, the authors of the article by 

Özturk and Heathcote-Fumador (2025) argue that machine learning algorithms should be 

regarded as a means to increase the accuracy of forecasts, the improved demands of which 

will ensure a better inventory management process by minimizing spoilage. Nevertheless, 

Ma et al. (2024) claim that AI-based systems should be combined with real-time data about 

various sources to ensure food supply chains are optimized to the maximum and reduce 

wastage. 

The optimization of routes and the scheduling of delivery smartly is the key to decreasing 

the consumer wastes in transportation. Effective scheduling keeps the delivery time at the 

right time when the food service outlets require them before they are spoiled. According to 

Misra et al. (2020), the AI-premised systems might be used to optimize the delivery time 

according to the forecasted demand, time of the day, and geographical conditions to ensure 

that the food is delivered at the right moment and in a perfect condition. These systems are 

able to take the real time traffic issues, weather and other external influences into 

consideration and this can dynamically change routes to ensure less time is wasted in 

traffic, they risk exposure to weather conditions that could cause spoilage of food. 

Ramanathan et al. (2022) also indicate that AI algorithms can also be used in the dynamic 

distribution of resources including trucks or storage facilities according to the needs as 

they arise. This will make sure that there are no delays or bad conditions to the perishable 

goods and chances of the wastage are minimal. Combining route optimization with cold 

chain monitoring systems, the businesses can ensure delivery of food in an efficient and 

appropriate temperature and finally reduce the amount of waste produced by 

transportation. 

Purchasing systems can also be combined with these systems to alter the quantity of orders 

on an automatic basis and minimize the possibility of overstocking. Misra et al. (2020) also 



 

 

believe that AI can be used to prevent overbuying since fluctuating demand can be 

predicted by analyzing the historical purchasing patterns by businesses. Such accuracy 

results in an efficient supply chain, which minimizes food waste as a result of excess 

supply that fails to pass its use before expiry. Gurrala and Hariga (2022) stress that AI-

based forecasting optimizes the procurement so that the food service business can modify 

its production schedule in relation to demand and eliminate excess production and waste. 

2.4.2. IoT Monitoring and alerting devices in Real-time. 

Combination of IoT (Internet of Things) systems with food service allows companies to 

observe food quality and weather at the same time. Suali et al. (2024) explain how the IoT 

sensors are able to monitor vital parameters which include temperature, humidity, and 

other storage conditions inside the refrigerators, freezers and storage rooms and give alerts 

whenever the conditions are not within the optimal settings. With these real-time 

monitoring systems, the food service operators can act immediately before the spoilage and 

waste occurs. 

To give an example, as Ramanathan et al. (2022) mention, the temperature of perishable 

items in transit can be monitored using IoT sensors in the cold chain management. 

Whenever the temperature of a refrigerated truck reaches a higher level than the 

standardized temperature, the system will raise an alarm, and the operators will be able to 

correct the problem before the food is polluted. Likewise, as described by Fatorachian et 

al. (2025) IoT devices can trace the expiration date of food, and alert the staff when the 

product is nearing its expiry date, which assists with product rotation and care to use. The 

data that is obtained through the IoT sensors may also be examined to determine the 

pattern of waste i.e. objects that are always discarded because of poor storage or lack of 

proper handling. 

2.4.3. Smart Inventory Systems and Expiry Tracking 

One of the best measures of minimizing food wastage is having accurate demand 

forecasting. The traditional approaches are usually based on sales data of the past, which 



 

 

might not reflect the change in demand because of seasonal, holidays, or special events. 

Although these issues can be resolved by AI-based systems performing demand 

forecasting, Ma et al. (2024) insist that it has totake into account different aspects, 

including local events and weather, as well as consumer behavior. These systems offer the 

benefit of helping the food service businesses forecast customer demand and prevent 

overstocking. Furthermore, Pamisetty (2024) states that machine learning should be a 

constituent component of AI-based systems, which can be used to make better forecasts 

and control inventory more efficiently. Guo (2025) describes the effective examples of 

implementation of AI-led systems in food service establishments by showing how it could 

make demand prediction and minimise food waste.  

Moreover, Swink et al. (2022) explain the importance of the RFID (Radio Frequency 

Identification) technology in intelligent inventory technologies. RFID tags are automated 

to monitor the food products as they are introduced into the supply chain to the point when 

they are consumed. They have tags that are very detailed in the location, storage and the 

date when a product becomes expired, and the businesses are able to know their stocks in 

real time. This minimizes long shelf life of food and makes sure that food plans are rotated 

in the right direction which minimizes wastage as a result of expiry. 

Misra et al. (2020) also discuss that with the incorporation of smart inventory systems with 

other technologies like demand forecasting tools, food service businesses could have a 

smooth, effective supply chain as the food is replenished to use right in time without 

wasting it or spending large amounts of money on storage. Such systems also serve the 

purpose of tracking of products of seasonal nature, surplus ingredient management, in 

ensuring food is put into good use and minimization of wastes. 

2.4.4. Waste Pattern Detection Data Analytics 

Data analytics is important to detect and decrease food waste in food service transactions. 

With the help of AI-driven forecasting systems, IoT sensors, and inventory management 

tools, businesses will be able to identify patterns of waste and know how to be more 

efficient in their supply chains through studying big data. According to Fatorachian et al. 



 

 

(2025), making use of advanced analytics can help identify certain areas that waste occurs 

the most, be it through overproduction on the kitchen or spoilage on the way or even 

unutilized inventories because of inadequate demand forecasting. 

As an illustration, Tiwari et al. (2024) state that with the data on food waste over a certain 

period, companies could determine patterns like days of the week or time of the year when 

the waste was greater. This data can be incorporated further to change the ordering trends 

or alter the processes of the kitchen in order to minimize waste during the peak levels. 

Moreover, Swink et al. (2022) state that data analytics can assist food service businesses to 

have a more meaningful insight into consumer preferences which positively relate to more 

appropriate demand forecasting and minimized waste. 

Waste also may be reduced with the help of data analytics that would give the 

understanding of how effectively the food waste mitigation strategies are. According to 

Ramanathan et al. (2022), a business can measure the impact of various changes on 

minimizing waste, including changing the quantity of portions, utilizing some types of 

food in more efficient ways, or changing the management of its supply chain. Through 

constant observation of waste patterns and utilization of pattern outcomes, food service 

operators will be making informed decisions that would result in the reduction of wastes in 

the long-term. 

2.4.5. Automation Tools Supporting Stock Rotation 

One of the technologies that can be used to minimize food waste is to have the stock 

rotation automated. According to Dey et al. (2025), the automation systems are able to 

monitor the movement of inventory to ensure that the old products are consumed before 

they are thrown into waste. They also concentrate on the fact that the new technology of 

this sort allows companies to become more efficient with inventory management since the 

machine learning algorithm enables the device to track expiration dates and modify stocks 

accordingly, so that the perishable goods could be consumed before they die. These 

technologies are used in minimizing human error during inventory management. 

Moreover, Bamidele et al. (2025) emphasize that intelligent supply chain technology can 



 

 

be used together with automation tools to automatize the management of stock and 

enhance the overall waste reduction, which can contribute to the efficiency of work and its 

sustainability. 

As an example, Gurrala and Hariga (2022) talk about automated systems of managing 

stocks that can notify the employees in the kitchen about when the products are going to 

expire or that a specific ingredient that is used is almost over. This saves on time and labor 

expenses as well as waste since manual inventory check is eliminated. Also, Ramanathan 

et al. (2022) point out that automated systems can be used to optimize storage by sorting 

the products based on their shelf life and usage frequency so that food could be sold before 

it expired. 

Smart refrigerators and automated shelves are other automation tools that can be used to 

reduce wastes further with integration with stock systems through minimizing employee 

input in terms of stock rotation. With these systems, businesses are able to concentrate on 

the customers instead of wasting time in handling the inventory by hand, leading to 

efficient business operations and less wastage of food. 

2.5. Food Service Human-AI Collaboration 

The application of AI to the food service sector is changing the dynamics of the business 

that will introduce a lot of efficiency, accuracy, and waste minimization. Nonetheless, the 

effective adoption of AI technologies does not imply the substitution of human employees 

but, on the contrary, the establishment of cooperation between people and AI. According to 

Rasool and Bhat (2025), the cooperation between AI and humans will be able to balance 

their strengths with AI performing routine and data-driven tasks and humans making 

decisions, being creative, and talking to customers. Such cooperation is especially useful in 

such fields as kitchen operation, food preparation and inventory management, customer 

service, where AI devices can help human workers to make smarter decisions and improve 

the speed of performance and overall performance of the work. 



 

 

2.5.1. Kitchen and Planning Augmented Decision-Making 

AI is able to greatly contribute to decision-making in terms of the kitchen operations and 

business planning by offering real-time insights, predicted analytics and optimization. 

Mahusain et al. (2025) opine that one way AI can play a role in augmented decision-

making is that it can apply the complex patterns in data and provide insight that would not 

be discovered by humans. Particularly, this is significant in terms of menu development 

and ingredient control, within which AI may provide processing of historical data and 

demand forecasting. Garg et al. (2022) identify that an AI-based system in the kitchen can 

assist the chef by recommending food amount portions depending on the demand forecast 

and availability of ingredients, thereby minimizing food waste due to excessive production. 

Also, Bamidele et al. (2025) speak about the use of machine learning models in order to 

optimize the operations in order to reduce the spoilage of foods and improve inventory 

management by making sure that perishable products are consumed before the expiration 

date.  

Swink et al. (2022) address how AI can be used to streamline the processes in the kitchen, 

including the use of ingredients in a kitchen and waste disposal. As an illustration, AI-

powered software will be able to monitor the list of ingredients, propose recipes in case of 

the necessary products, and inform employees when stocks is running out, all with 

references to other factors such as customer preferences and sales trends. Ramanathan et 

al. (2022) also add that in larger food service facilities, AI will be able to aid in the 

monitoring of the working situation in the kitchen environment in real-time and allow the 

manager to make more effective decisions regarding staffing, working process, and 

working resources allocation. This minimizes the chances of making mistakes, enhances 

efficiency of the kitchen and the overall food quality, which will guarantee that there are 

minimal food wastes. 

2.5.2. Digital Tools in Staff Operations and Monitoring 

The use of digital tools that include AI-based scheduling service, inventory analysis 

software, real-time monitoring systems is transforming the work of the staff in food service 



 

 

companies. This is the reason why Fatorachian et al. (2025) note that such tools will not 

only improve efficiency in operations but also offer more information about the 

performance of employees, their inventory locations, and the level of customer service. 

Monotonous activities like inventory checks, tracking the ingredients, and processing the 

orders can be automated by AI-based systems, and the staff can be prioritized with activity 

more related to the customer, hence resulting in higher productivity and customer 

retention. 

Staffing can also be optimized using AI as it predicts the peak timings and alters the 

number of staffs. According to Tiwari et al. (2024), scheduling with the assistance of AI 

may prevent overstaffing and understaffing, which can cause inefficiencies and the rise in 

operational costs. In addition, real-time performance monitoring systems can assist in 

monitoring the performance of the staff and ensuring that they follow the safety standards 

which include food hygiene and temperature control and thus enhance safety of the food as 

well as prevent wastage due to mishandling. 

Besides, Suali et al. (2024) say that AI may be used as an enhancement of training and 

development by detecting the lack of skills and offering individualized opportunities to 

learn to employees. It is particularly necessary in high-pressure settings where the ability to 

gain knowledge of the latest technologies and processes as fast as possible is essential to 

reduce wastage and enhance efficiency. 

2.5.3. Efficient use of AI in the food service environment 

Successful application of AI to the business operations of the food service industry will 

need to provide proper training to the staff members so that they are aware of how to 

handle these tools. Gurrala and Hariga (2022) emphasize that employers should be trained 

in terms of the AI technologies and their applications, and how the staff can use them to 

make more informed decisions and optimize the existing processes. Its staff should be 

familiar with AI-driven tools, decoding AI-generated information, and incorporating it in 

their work. 



 

 

The training should not be based on getting to know the technicals of AI but rather 

building upon a collaborative attitude where assistance is viewed by the staff as AI is a tool 

that helps them get better, not removes their roles. Swink et al. (2022) believe that it should 

be considered how to boost staff proficiency through AI to do data-intensive workload, 

release the human resources to participate in creative and customer-cultivating work. As an 

illustration, chefs ought to be trained to operate A.I. based inventory management systems 

capable of monitoring product expiration dates, demand, and make menu changes in 

accordance with their available ingredients. 

In addition, Ramanathan et al. (2022) imply that continuous training and guidance are the 

key factors to handling new AI technologies when they change. The possibility of new 

knowledge and skill updates flow will be relevant so that employees working in the food 

service domain would be able to make maximum use of AI to eliminate waste and 

optimize the workflow and work with the customers in a more favorable way. 

2.5.4. Practical examples of AI-Human alliances 

The successful implementation of the AI technologies in the daily processes is emphasized 

by real-life examples of the AI-human collaboration in the field of the food service 

industry. Fatorachian et al. (2025) outline the adoption of AI in major restaurant chains that 

have used AI to simplify operations, enhance decision-making, and minimise waste 

(including Domino pizza, or McDonalds). The example of Domino, where AI-based 

technologies are utilized to anticipate demand and streamline the process of preparing the 

pizzas to make them fresh and minimize food waste, changing the amount of ingredients 

and the route taken to deliver the food. Using the predictive nature of AI, in conjunction 

with human supervision, Domino Pizza has been in a position to increase the efficiency of 

its operations and minimize food waste. 

The authors Gurrala and Hariga (2022) also point to the mitigation of waste in food supply 

chain with the help of AI addressed in such companies like Amazon and Walmart, where 

AI systems are employed to predict demand, monitor stocks, and optimize deliveries. Such 



 

 

companies can predict customer orders with the help of AI to make sure that the food is 

delivered in a reasonable amount at the right time as to not produce in excess and not spoil. 

The other example is that of human-AI collaboration in the delivery of food services. 

Tiwari et al. (2024) justify why delivery companies like Uber Eats are considering AI to 

forecast demand, the most effective transportation routes and deliver foods to customers in 

the shortest time possible without reducing its quality. In the restaurant, AI can also be 

used to enable its owners to make more intelligent food preparation, ordering, and 

customer service decisions, as well as to reduce waste. The partnership between the 

capabilities of AI to analyze the data and the human skills on customer service leads to the 

increased operational efficiency and minimization of food waste. 

Misra et al. (2020) refer to the AI in the success of a smart kitchen, when AI serves in the 

assistance of a chef because AI can track the process of cooking and control temperatures 

and even change the menu according to customer taste or the stocks. This active 

partnership between artificial intelligence devices and professional cooks enhances the 

quality and efficiency of food preparation and reduces waste due to the overproduction or 

poor management. 

2.6. Challenges and Gaps in Technology Adoption 

Since the food service industry continues to embrace technology in an attempt to 

streamline operations and minimize waste, there are a few obstacles impeding the 

extensive adoption of advanced technologies like AI, IoT, and smart logistics. These 

problems are high costs, technical expertise demands, behavioral opposition, and ethical 

issues as each of them may delay or hinder an efficient implementation of these 

technologies. Garg et al. (2022) report the potential challenges the barriers that limiting the 

implementation of AI and IoT technology in the food sector present due to these barriers, 

especially the high costs and the necessary expertise. It is these challenges, the business 

will thoroughly comprehend to unlock the potential offered by digital transformation in 

reducing food waste, improving efficiencies and ultimately increasing the sustainability in 

the food service industry. 



 

 

2.6.1. High Costs and Technical Skill Requirements 

Some of the greatest challenges encountered by the food services business include high 

costs related to the implementation of advanced technologies. According to Hassoun 

(2024), the new technologies in the food industry including AI systems, IoT, and predictive 

analytics demand huge investments both in technology and training as well as 

infrastructure. These expenses pose a huge obstacle especially to small and medium-sized 

enterprises with small budgets. Also, Garg et al. (2022) dispute that though IoT 

applications can streamline operations in food processing, they are costly to install and 

expensive to maintain by small-scale establishments. They note that in the case of small 

businesses, the implementation of these innovative technologies can be difficult due to the 

lack of corresponding financial resources. Moreover, Mahusain et al. (2025) observe that 

big firms have an apparent advantage since they can bear the high expenses of technology 

adoption due the economies of scale but the small ones could be left behind. 

Moreover, the technical competencies involved in the implementation of these 

technologies are also a major impediment. Implementation of AI and smart systems will 

demand not only the allocation of such technology but also learning of specific knowledge 

and skills. According to Gurrala and Hariga (2022), the issue of food service business 

requires the company either to provide their personnel with training in data analytics, 

machine learning, and AI system integration or recruiting new staff members who have 

mastery of these fields. These systems are complex and therefore a business might first 

have to develop dedicated IT departments or engage consultants to optimize and maintain 

the systems. 

In the case of smaller operations, this could translate to either an increase in the operation 

costs or failure to actually harness the potential of the technology. Fatorachian et al. (25) 

also suggest the absence of technical skills is a potential source of incorrect 

implementation or insufficient usage of AI tools in order to restrict the efficiency of the 

related system and deprive businesses of the opportunity to enjoy the benefits of these 

technologies in terms of cost-saving and waste minimization. This is a challenge that 



 

 

cannot be overcome by committing financial resources only but by preparing a strategy of 

having the technical capacity of utilizing the systems in the long run and preserving them. 

2.6.2. Behavioral Resistance and Fear of Change 

Behavioral resistance among the employees and management is also another major 

obstacle to the adoption of technology in the food service industry. According to 

Ramanathan et al. (2022), individuals in the food service business sector are usually 

reluctant in embracing new technologies and especially those that require them to change 

the working methods. Employees might perceive that robot systems, automation, or any 

other digital tools might substitute their jobs which will contribute to job insecurity and 

reluctance to accept the changes. The apprehension of the loss of place or the need to work 

less and less might precondition the development of the negative attitude to new 

technologies, whereas these means are to facilitate the work of workers but to provide no 

threat to substitute the workers. 

Besides job displacement concerns, according to Tiwari et al. (2024), a food service 

worker is not conversant with advanced technologies, and he/she might be intimidated or 

confused by it. It is also a reason why this lack of familiarity will cause resistance simply 

because employees are more inclined to work in the tried and tested ways. Employees used 

to work manually (Inventory management and Customer Support) might not appreciate the 

immediate benefit of the automated system and this is particularly so when the systems 

appear to be cumbersome, or are considered too hard to master, etc. 

Misra et al. (2020) also point out that it is crucial to win this resistance by managing it and 

communicating clearly regarding the value of technology. To reduce fears, companies need 

to invest in extensive training exercises that will show how artificial intelligence and 

automation systems will simplify and streamline the working experience, not to eliminate 

workers. The employees must be assured that AI and automation will liberate them to 

repetitive duties in favor of more creative and more valuable tasks, including interacting 

with customers or preparing meals as examples of how AI and automation can be used. 

The authors suggest that companies need to bring their employees on board at the very 



 

 

stage of the decision-making process, including them in the process of choosing and 

introducing new technologies to guarantee their buy-in and collaboration (Gurrala and 

Hariga, 2022). 

2.6.3. Ethical Concerns and Data Privacy Issues 

There is a myriad of ethical questions and data privacy challenges that the food service 

businesses may be asked to mitigate as they upgrade to AI and other digital solutions. AI is 

frequently associated with large quantities of data, both sensitive customer data, as well as 

operational data, stored, analyzed, and sent. The use of this data, its accessibility, and 

protection mechanisms are mentioned as the issues that Suali et al. (2024) raise regarding 

its possible misuse or misuse. 

The privacy of the data is of utmost importance in the cases where the AI-driven systems 

are collecting data about customers, including payment details, preferences, and behavioral 

patterns. According to Fatorachian et al. (2025), the unethical aspect is that personal data 

are used to customize them personally or in the most effective way to optimize the 

inventory systems, which might be unacceptable by many customers. This frustration may 

result in mistrust in the business which may eventually affect the relationship with the 

customers adversely. Swink et al. (2022) emphasize that the businesses need to implement 

transparent and succinct data privacy policies that explain how the available data of the 

customers will be shared, stored and protected. This openness is necessary in developing 

and sustaining the trust in the customers. 

In addition, the issue of algorithmic bias is also an ethical concern associated with AI. 

According to Tiwari et al. (2024), when AI systems are trained using biased or incomplete 

data, they might end up making biased decisions, in the sense of disadvantaging certain 

groups of individuals, be it in terms of the pricing, menu suggestions or staffing choices. A 

menu recommend system based on AI could, as an example, give an unequal 

recommendation of what foods the specific demographic group prefers, turn other groups 

of customers off. To curb these problems, Ramanathan et al. (2022) suggest that companies 

should periodically conduct AI system audits to ensure equal treatment by all customers 



 

 

and employees, in this way, these algorithms are created to emphasize fair results to every 

customer and employee. 

In order to manage such issues of ethics, the businesses ought to also employ stringent data 

governance policies defining how the data is to be managed and distributed to ensure that it 

does not violate data protection laws like the GDPR. According to Gurrala and Hariga 

(2022), the encryption methods, access control, and regular security audits are 

recommended to businesses to ensure sensitive data protection and reduce the risk of cyber 

threats or data leakage. 

2.6.4. Bridging the Gaps and Overcoming Barriers 

The solution to the challenges of cost, technical skills, behavioral resistance, and ethical 

issues involves a holistic approach involving investment in education and training, 

effective communication, and openness in introducing technology. 

1. Cost Management: AI, IoT, and smart logistics can be considered more affordable 

on cloud-based platforms available to food-service businesses, which are scalable 

and less expensive at the start. According to Tiwari et al. (2024), one can begin 

with small manageable implementations and gradually increase as this technology 

is demonstrated to be beneficial to the business. 

2. Developing Skills: To address the technical skill gap in business, Ramanathan et al. 

(2022) suggest that the companies should form partnerships with technology 

providers offering individual training programs and continuous employee support. 

Also, by offloading technical activities to the services of consultants or managed 

service providers, the small business lacking professional knowledge can reduce 

loads. 

3. Overcoming Resistance: The challenge of behavioral resistance needs to be tackled 

by reminding AI and automation tools of the collaborative aspect. It is also 

recommended that businesses promote a spirit of knowledge acquisition and 

flexibility whereby all the employees must be furnished with the expertise and the 

confidence to effectively utilize the new technologies. Misra et al. (2020) also 

suggest the gradual nature of integration, which involves implementing the systems 



 

 

that directly facilitate the increased productivity of the staff and then transitioning 

to more sophisticated AI solutions. 

4. Ethical Practices: In order to address ethical and data privacy issues, companies 

should adopt effective data protection measures and explain to their customers how 

their data is being used. To establish trust, Swink et al. (2022) recommend 

educating the customers about the advantages of using AI and data gathering and 

demonstrating how their data is utilized to enhance their dining experience and 

ensures their privacy. 

  



 

 

3. Research Methodology: 

The proposed study will be based on the qualitative research design since the research 

design is the most appropriate to examine intricate phenomena, in-depth observations of 

the opinions, experience, and behaviours of the participants (Creswell, 2014; Patton, 2002). 

The qualitative research would be applied specifically in such instances where such an aim 

as to study the subjective meaning and insight that individuals accord their experience is 

the aim of the current study to understand the potential in the AI, IoT, and data analytics in 

managing food waste, upcycling, and enhancing supply chain transparency in the 

restaurant sector (Braun and Clarke, 2006). Unlike quantitative research, which is oriented 

to its measurement and quantification of variables (Neuman, 2014), the qualitative method 

also gives an opportunity to conduct a more free and comprehensive investigation of the 

perception and experience of the latter among the employees of the restaurant, which 

makes the industry obstacles and opportunities more detailed and context-specific (Denzin 

and Lincoln, 2011). 

The study is done in Finland since the country is the leader in sustainability and 

technological advancement practices in the food industry. Finland provides a special 

environment where one can notice an increase in the demand to introduce smart 

technologies to a range of industries, such as the food service industry. Also, the Finnish 

restaurant sector is heterogeneous, including small and medium-sized restaurants that in 

most cases are struggling with the issue of food waste management and sustainability. 

Concentrating on the example of Finland, the study can give significant information 

regarding the integration of such technologies in a real-life context, and the results can be 

potentially applied to other similar markets where similar challenges are present. 

Moreover, the robust focus on environmental sustainability and digitalization ensures that 

Finland will be a perfect case study where one can discuss the possibility of the advanced 

technologies to make a positive change in the food waste management and encourage the 

adoption of the circular economic principles. 

The primary data collection method was semi-structured interviews. The questionnaire was 

initially created with the help of specialists working in the sphere of food waste processing 

and intelligent technologies to make sure that the questions were topical and covered all 



 

 

the areas. Their comments were used to further develop questions so that they resonated 

with the goals of the study and made all the essentials of food waste management, smart 

technologies introduction, and upcycling implementations. After that, one participant was 

run through pilot interview to see the clarity and relevance of the questions. The pilot 

interview also provided the opportunity to make further modifications to the questionnaire 

according to the suggestions of the participant and make sure that the final version would 

be easy to understand, topical, and able to invoke specific answers. When those 

adjustments were made, full-scale data collection commenced, in the form of semi-

structured interviews held in a wide range of participants (small and medium-sized 

restaurants). In this way flexibility was introduced in learning what different individuals 

have to say but a consistency was present in the policy areas of discussion which 

eventually resulted in a comprehensive dataset to answer the research questions. 

The sample of the respondents was determined in small to medium sized restaurants in 

Finland, thus having a wide spread of roles in the restaurant industry. Eight interviewees, 

who consisted of chefs, kitchen assistants, supervisors and restaurant owners, were 

interviewed. The sample was selected according to their direct experience in managing the 

food wastes and makes decisions on the use of technologies, especially AI and IoT. Such a 

purposive sampling was used to insure that the sample placed the appropriate experience 

and enlightenment about the issues under study. The selection was done to capture various 

opinions about the individuals that actively participated in the operations and strategic 

management of food waste within the respective set ups. The participants were contacted 

according to their knowledge of food waste practices and the capacity to provide the 

research objectives with the fact that the information gathered will be extensive and 

informative to the research questions. 

The phone calls and face to face meetings were quite resourceful, since the interviews gave 

the participants a chance to share their experience openly. The interviews took a time of 

between 30 and 45 minutes. The interview questions were intended to identify how they 

manage their food waste, their attitude towards AI and IoT, and their attempts at upcycling 

food waste. The interviews were taped with the consent of the participants in order to have 

correct data being gathered and analyzed. 

Thematic analysis was used to analyze the data. This approach to qualitative research was 

selected as enables unearthing and interpretation of patterns in the data. Thematic analysis 



 

 

was most suitable for this study because it assisted in connecting the data collected during 

the interview and the research questions and offered a thorough insight into the adoption of 

smart technologies in food waste disposal and upcycling. 

3.1. Thematic Analysis Process 

In this research, the data were analyzed using the six phase method of thematic analysis 

developed by Braun and Clarke (2006). The initial step entailed the process of getting to 

know the data by means of transcription and repetition of reading the transcripts. The 

second phase involved the production of initial codes manually in order to get the relevant 

data points as pertaining to the research questions. The third step involved theme search by 

sorting through the codes into broad themes of representation of significant patterns. In the 

fourth stage, the themes were tested and narrowed down to create consistency between the 

topics and the inquiring questions. The fifth stage entailed development and naming of 

themes which were well explained in the results. Lastly, during the sixth stage, the themes 

were used to build a comprehensive narrative that would provide answers to the research 

questions by identifying the foremost patterns and learning that assisted in comprehending 

the intended place of AI and IoT in managing food waste. 

3.2. Ethical Considerations 

The research process involved consideration of ethics. Each of them was given an 

informed consent form which explained to them the purpose of the study, that they were 

participating in this study voluntarily as well as that they were given the right of opting out 

at any time without any penalty. They were assured that the information they would give 

would not be disclosed to any third party and that the information will be utilized by 

research only in the course of this research. 

In order to protect confidentiality, they were named with pseudonyms, rather than referring 

to the actual names of participants, and no information regarding the participants or their 

restaurants could be identified in the final report. All the sessions were recorded and the 

transcripts were kept in accordance with the ethical considerations stated by the 

Lappeenranta-Lahti University of Technology (LUT). At all times the research was 



 

 

conducted following ethical standards since the study respected the subjects and their 

privacy. Moreover, it was made known to the participants that the results would be a 

contribution to academic knowledge in the areas of sustainability and smart technologies in 

the restaurant sector. 

 

  



 

 

4. Data Analysis 

This thematic analysis presents the major findings of the interview data and correlates 

those findings to the research questions. The discussion center around the ways smart 

technologies including IoT, AI-enhanced sensors, and data analytics can be incorporated 

into the restaurant sector to facilitate the organization of the food waste management and 

monitoring of the supply chain as well as upcycling food waste into a value-added product. 

The responses to the interview may be a useful contribution to the understanding of the 

present position of technological adoption and the presumptions of further integration. 

Table 1: Interviewees and Their Details 

Interviewee 
Years of 

Experience 
Position Company Location 

Participant 1 4 
Chef, portion 

control 
Pizzeria Kotka 

Participant 2 6 

Server, food 

waste 

management 

Restaurant Helsinki 

Participant 3 8 

Kitchen, food 

prep, portion 

control 

Breakfast 

Restaurant 
Kouvola 

Participant 4 10 + 

Kitchen 

assistant, food 

prep, lunch & 

coffee 

Breakfast 

andLunch 

Restaurant 

Kouvola 

Participant 5 5 

Kitchen 

assistant, food 

prep, waste 

reduction 

Small 

Restaurent 
Lappeenranta 

Participant 6 7 

Supervisor, 

kitchen 

management 

Mid-sized 

restaurant 
Helsinki 

Participant 7 10 

Restaurant 

owner, kitchen 

& staff 

management 

Restaurant Kouvola 

Participant 8 9 

Owner, kitchen 

& staff 

management, 

pizzeria 

Pizzeria Kotka 

 



 

 

Research Question 1: How could intelligent technologies (e.g., IoT, artificial intelligence 

sensors, and data analytics) be successfully incorporated into the food industry to make 

sure that food waste could be monitored and upcycled into new value items and by-

products, in real-time? 

Judging by the responses, it becomes obvious that in spite of the fact that there is great 

potential for the implementation of smart technologies in the sphere of management of 

food waste, their usage in the restaurant business is still the exception.  

Theme 1.1: Lack of technology adoption points to the fact that the majority of the 

respondents are still in the process of tracking food waste via manual processes, i.e. 

watching the leftovers or using a record to track waste trends. As an illustration, Participant 

1, a chef, explained that they do not deal with any intelligent technology. We maintain a 

record of waste by merely maintaining a record of the remaining waste and it demonstrates 

one of the results of using traditional methods as opposed to the use of technology-driven 

solutions. 

The possible advantages of adopting AI in food waste management in restaurants are very 

well-known among the respondents, with some stating that AI-related solutions can 

transform the process of food waste management and monitoring. Among the AI adoption 

benefits, the capacity to turn waste monitoring into a more efficient process through the 

availability of real-time monitoring of waste production at the food preparation, serving, 

and storage stages can be noticed. AI systems also make the process in demand prediction 

more precise, which helps a restaurant not to produce more than demanded and less waste 

through the unsold food. According to the answers of Participant 4, AIs may not only be 

useful in the monitoring of waste more efficiently but also in the ability to predict and 

optimize demand and adjust portions to reduce food waste. Through predicting customer 

demand and patterns of orders, AI can enable restaurants to optimize the portion of food 

preparation, and only the amount of food required will be prepared. 

In addition, the results of IoT sensors can be used to enable AI functions to control the 

levels of food storage, guaranteeing the preservation of perishable food items, including 



 

 

dairy, vegetables, and meat, in the most favourable environment. These sensors measure 

temperature, humidity and other environmental factors to limit spoilage to have a longer 

shelf life of food and minimize wastage. Participant 5 discussed this possibility in more 

detail and said, IoT sensors would allow us to keep track of the storage conditions of food 

and the optimal environmental conditions that would preserve the perishable products, 

which shows how smart technologies may directly affect the quality and food preservation. 

Overall, the combination of AI and IoT may allow making food waste management more 

dynamic by letting restaurants not only detect waste dynamic but also intervene 

effectively. Moreover, AI in combination with real-time data analytics would enable 

restaurants to adopt automated sorting mechanisms, where food waste would be properly 

identified and sorted out to be upcycled or composted. As Participant 4 emphasized, by 

using AI-driven systems, what kind of food produces are wasted the most, and how to 

convert them back into products, such as compost or animal feed, it can be demonstrated 

that the problem of food waste can be rechallenged and transformed into value-added by-

products with the help of AI-driven insights. 

The specified insight reflects Theme 1.2: Potential of AI and IoT Integration, meaning that 

AI and IoT integration would result in better demand forecasting, real-time waste 

monitoring, and even smoother inventory management. Nevertheless, the prevalence of 

manual business in the restaurant industry can be taken as a pointer in the unwillingness to 

adopt and use new technologies. The necessity of resources and the insufficient level of 

technical skills tend to become the reasons behind this hesitation since both factors create 

serious problems when it comes to the implementation of smart technologies. Based on the 

reactions of the participants, one could see that although people are aware of all the 

possible benefits that AI and IoT have to offer, the practical application of these 

technologies has yet to become a reality among many. Like Participant 1, we do not have 

any intelligent technology to track food wastage. The same we simply follow with our 

fingers and change according to how we see is going to waste most of all. This reaction 

indicates the use of manual tracking as default because there are no resources available to 

adopt better systems. Worst still, the lack of financial resources to purchase the 

technologies aggravates the problem especially to small businesses that cannot afford the 

initial expenditure. Participant 2 also concurred with this worry asserting that they are not 



 

 

even utilizing any high-tech systems. All this is done manually. The staff can simply do 

leftover tracking manually without the need to install technology since the budget does not 

permit it. This also highlights how the cost barrier and the resistance to change by staff are 

the biggest challenges to the implementation of the technologies despite the apparent 

benefits of technology. One of the main causes that lead small-sized restaurants to feel 

financial pressure is exhausted by the reasons to feel comfortable and use the manual 

online approach instead of investing in AI or IoT systems. 

Furthermore, Participant 4 also wrote, I understand AI would be able to track waste, 

predict demand, and tailor portions and we just do not have the money or technical 

knowledge to process it. This quote underscores the knowledge and skill gap in the field of 

technical skills since there are several respondents with restaurants, particularly in the 

smallest operation, who do not know or are not trained to apply AI-based solutions 

successfully. AI is also very specific in its skills, i.e., data analysis and software 

deployment of which small restaurants cannot be stocked. Finally, Participant 5 stated, 

"Most of us were not trained in AI, although we know it could be able to aid and the cost 

of implementing AI is too high to be applied to a small restaurant like the one, we operate. 

This once again proves the fact that financial constraints and technical capabilities are 

fundamental in obstructing the use of AI and IoT solutions, which will replace manual 

systems. Another similar problem is the resistance of the staff to implementing new 

technologies which they are not used to. Most of the participants mentioned that they 

preferred the traditional methods due to their familiarity and convenience, despite it 

seeming that the traditional methods are not as efficient. 

The high potentials of AI and IoT technologies to upcycle food waste and convert it to 

value-added products were also cited by the respondents as the active part of smart 

technologies that may not just monitor food waste, they also can upcycle it to useful value-

added products. The fact that AI and IoT can keep food waste under surveillance and 

analyze waste data in real-time makes it possible that restaurants can turn waste that would 

traditionally go to the landfill into new sources of economic value. Smart technologies to 

upcycle food waste can be associated with the concept of the circular economy, according 

to which the life cycle of food products is prolonged, and waste is reduced by 

implementing other potential uses to reuse it. 



 

 

Participants noted that AI-based systems can be instrumental in determining the patterns of 

waste by monitoring what kind of food is the most wasted and why. The tracking of the 

waste patterns can be used to enable AI to deliver useful insights that can guide the 

restaurants to modify their operations either by changing their menu items, decreasing the 

portion volume, or enhancing food storage. In addition, the IoT appliances within 

warehouses would allow us to monitor the temperature and humidity in real time and make 

sure that perishable goods are kept in the best conditions to avoid spoilage and minimize 

waste before it can be produced. Participant 3 referred to the capabilities of AI-based 

systems in this aspect and said, as the most wasted food materials can be observed and can 

be applied to suggest the reuse of such material in compost or as feed to animals. This line 

commentary demonstrates that AI has not merely helped to trace the waste but convert 

food waste into by-products such as compost or animal feed. Using machine learning, AI 

has the potential to learn patterns by accessing previous waste data and anticipate them, 

which means that certain food items may be suggested as food to be upcycled, and they 

will not be discarded. 

Besides composting and animal feed, food scraps would also be re-used in other value-

added products including biofuels or bioplastics, this would give the restaurant industry 

another way out of environmental liability. The restaurant sector could therefore be put on 

a more sustainable circular economy approach where the food waste is not just reduced but 

converted into more effective by-products and one is no longer dependent on the usual 

waste management system which causes landfills and carbon emissions. According to the 

participant 4, the industry can get transformed into a circular economy whereby the waste 

in food is not just minimized to a lowest possible value but is repurposed and instead 

converted into some useful products. Additionally, IoT sensors should be used as a 

supplement to AI systems because in this way real-time monitoring of food items can be 

performed not only during storage, but also during transportation. Smart logistics systems 

may be used as an example to monitor the shelf life of perishable goods and transportation 

routes to minimize food spoilage. As the machine learning develops into the system, then 

the restaurant would be able to issue alerts to employees working in the kitchen to identify 

when the food items were starting to be near the end of their shelf life, so that the food can 

be utilized more efficiently, whether to be upcycled or in other innovative menu dishes, 

and hence the upcycling process became as efficient as possible. In the case of a restaurant 



 

 

business, this re-orientation towards the circular economy with the introduction of smart 

technologies will need drastic adjustments to the business models and strategies of 

scalability. Dining establishments will have to accept partnerships with local agricultural 

resources, sustainability initiatives, and recycling organizations so that the food waste is 

recycled. Such partnerships will not only make the restaurant viable but new sources of 

revenue will be developed and recycled products such as compost, animal feed, and even 

biofuels will be sold to add to their bottom line. 

Nevertheless, a range of obstacles to the implementation of these technologies was also 

found. Theme 1.4: Barriers to Smart Technology Integration highlights the issue of high 

cost, absence of technical expertise and resistance by the employees. Participant 7 said that 

we lack the resources to use high-tech solutions such as AI, and it is hard to implement it 

in a small restaurant. This implies that although people are aware of the possible positive 

outcome of smart technologies, small restaurants have big obstacles regarding both the use 

of money and technical possibilities. 

Research Question 2: How can new intelligent technologies contribute to making supply 

chains more transparent and more sustainable, thus reducing losses and wastefulness in a 

perishable food supply chain? 

The adoption of new digital technologies, namely, AI and IoT, is considered to be one of 

the key factors contributing to the supply chain transparency and sustainability within the 

restaurant business. Theme 2.1: Real-Time Monitoring and Inventory Management states 

that the IoT sensors are very useful in tracking the area of food storage, such as the 

industry temperature and humidity, to keep the perishable food in ideal conditions 

throughout the supply chain. It is a real-time monitoring that helps to minimize spoilage, 

shelf life, and finally minimize food waste. Participant 4 emphasized the positive aspects 

of the IoT sensors and said, "IoT sensors can be used to check the temperature and 

humidity of perishable goods on their transportation to ensure that they are stored 

appropriately with food. Such capability to perform surveillance and control of optimal 

conditions of perishable products would save much on the spoilage and consequently 

prolong their expiry duration on the shelf, which is a major factor in food waste 



 

 

prevention. Likewise, Participant 6 noted the significance of IoT technologies to enhance 

storage conditions. Monitoring food waste is done using digital scales and systems. With 

IoT sensors, they said, it would have been a game changer when it comes to keeping 

perishable foods, fresh, in transit. This implies that with the assistance of IoT sensors, the 

storage conditions can be improved and the freshness of food guaranteed when it is 

transported through the supply chain. Participant 2 mentioned as well that IoT sensors 

would assist us to keep the environment of perishable goods in optimal conditions. 

Monitoring the temperature will help to make sure that food does not go to waste before it 

is consumed. This assertion resonates with the above answers, highlights the importance of 

the IoT sensors in ensuring the food quality is maintained, as well as preventing food spoils 

in storage and transportation. Moreover, Participant 5 mentioned that, as much as IoT 

sensors would assist in preservation of food, AI can also optimize demand projection and 

prevent surplus production. They stated that AI would assist us in making a prediction of 

what the customers want, and IoT would help avoid cases of food waste due to lack of 

need. Restaurants can markedly optimize the supply chain and minimize the fatalities of 

food through the adoption of AI in enhancing demand forecasting and the use of IoT to 

track food storage. 

The advancement of AI in supply chain sustainability is also acknowledged. The survey 

respondents cited that AI would assist in demand forecasting so that restaurants would be 

in a better position to predict food production based on customer needs. Participant 5 

pointed out that AI would assist in the automatization of inventory and reduction of food 

production that was not necessary by predicting demand, which suggests that AI would 

prevent overproduction, which is the main cause of food waste in restaurants. 

Moreover, Theme 2.2: Traceability was also a central idea that facilitated the advancement 

of the supply chain transparency. A number of interviewees expressed that blockchain 

would come in handy when tracing food products being moved between the farm and plate 

to enhance the food chain, and foster consumer confidence. Participant 6 said, Blockchain 

might be applicable in providing transparency in food waste practices especially in 

reporting sustainable practices. The capacity of blockchain to create a discontinuous record 

of the food sourcing procedures and waste management systems can contribute to the 

increase of accountability and the promotion of more sustainable activities in the industry. 



 

 

Theme 2.3: Reducing Inefficiencies in Supply Chain with AI and IoT demonstrates that the 

use of AI and IoT technologies would radically reduce inefficiencies in the inventory 

management and demand forecasting as one of the primary contributors to food waste in 

the restaurant industry. By having the capability of collecting and analyzing real-time data, 

AI can be useful in assisting restaurants to optimize inventory levels, predict demand more 

effectively, and modify production levels with it. This would minimize excess production, 

only sufficient quantity of food can be prepared in the restaurants and excess will not be 

wasted. By being able to give real time data on the conditions of the food storage, IoT 

sensors can also contribute to minimizing the wastes related to unsold food, since the 

perishable products are kept at the right temperature and humidity to avoid spoilage during 

storage and transportation. Participant 5 added that AI technologies can assist in predicting 

the most demanded products and making modifications to the stocks in order to minimize 

the volumes of food wasted on the meaningless creation. The statement shows the ability 

of the AI to analyze the past and determine what consumers may like through aspects such 

as seasonality, customer behavior, trends, and others. In this way, AI can assist companies 

in preventing overstocking of products that are not in demand and changing the inventory 

level on the fly which will decrease the chances of overproduction. As another example, 

Participant 6 described it, stating that with the use of AI, following previous orders, the 

time of the day, and even the weather we could predict the demand of what to put into the 

menu. When we are absolutely certain on what our customers desire then we may make 

changes in the size of portions, and inventory to suit and we do not waste on preparing 

plenty of food. This shows how demand forecasting that has been developed by AI can be 

used to keep restaurants in a more accurate inventory, such that production is at the right 

time, to meet the preferences of the customers and when demand is high or low, resulting 

in the reduction of food waste and improvements in resource allocation. In addition, IoT 

sensors can be used hand in hand with AI, in purpose of giving real-time information about 

the conditions of the storage of perishable goods. To illustrate, Participant 4 remarked, IoT 

sensors might also allow us to monitor the temperature and the humidity of perishable 

items on the way to our place and, consequently, keep food at the appropriate temperature. 

This would aid in prevention of spoilage and increase shelf life. The IoT sensors are 

capable of providing optimal conditions thus preventing the spoiling of perishable foods, 

including fruits, vegetables, dairy, and meat before their expiry dates, thus painting a better 

picture in supply chain operations and lowering the amount of wastage. Specifically, 



 

 

temperature and humidity meters inform personnel wherever the storage conditions are not 

at optimal levels so that they can take appropriate measures in good time to avoid spoilt 

food. Both participant 2 added, saying that, with AI and internet collaborating, we would 

be able to forecast both the demand of the customers as well as the availability of the 

inventory too, in real time. It would allow responding to change much quicker and 

minimize the risks of overstocking or running of ingredients. This reaction also underlines 

the supplement effect of AI in demand prediction and IoT in the provision of important 

information on real-time decision-making. The combination of the two technologies allows 

restaurants to maintain a tight check on the level of inventory, as well as modify the 

production timetables and shopping choices in order to avoid needless overproduction. 

Research Question 3: What are the ways through which innovative business models and 

scalability plans can make actors in the food industry convert the upcycled food waste into 

economically viable industrial products without going against social and environmental 

sustainability? 

Reusing food waste to produce useful by-products has become one of the most popular 

new interests in the restaurant industry as part of sustainability and the circular economy. 

Nevertheless, although the idea of upcycling food waste gets increasingly popular, 

expansion of such practices is still a challenge, and the main factors of it are monetary 

constraints and the absence of infrastructure.  

Theme 3.1: Upcycling Practices and Current Challenges implies that even though 

upcycling steps (such as the reuse of organic waste by composting) and donating edible 

food are widespread in numerous restaurant settings, the transformation of food waste into 

more economically feasible products (such as biofuels or animal feeds) is hindered by 

numerous obstacles. These operations are big investments in terms of money, logistical and 

technical skills, which can hardly be afforded by small operations. Participant 3 reported 

that we have recycled most of our trash but are considering the possibility of finding a use 

of the scraps to generate animal food. However, to expand such operations in order to 

produce by-products that are in an economically viable state such as biofuels or animal 

feed is costly and requires massive investment and infrastructure, which is not a possibility 



 

 

at many small restaurants. This underscores one of the most important problems of 

upcycling: when the simplest forms of upcycling, like composting and food donation, are 

widely used, it is economically challenging to develop the processes of large-scale 

upcycling (such as the transformation of food waste into biofuels or animal food) into 

large-scale activities. The consideration to invest in specialized equipment, infrastructure 

and personnel training needed to undertake these large-scale upcycling programs is a 

significant challenge to the small and medium sized restaurants. Participant 5 also reported 

on the problem of scaling up the activity of upcycling because of the great cost: “The 

concept of repurposing food scraps into animal feed or otherwise by-products is excellent, 

but it is a very expensive endeavor in time and money. It requires equipment, storage, and 

alliances and we are simply not able to afford that at the moment. This also highlights the 

fact that when such projects are started, the initial capital investment required may be very 

high and particularly to restaurants with a small budget. Furthermore, as pointed out by 

Participant 6, biofuels or other types of commercial by-products would only be made 

possible in collaboration with bigger operations or sustainability entrepreneurs. It may be 

interesting to cooperate with farms, waste management firms, or sustainability-focused 

startups, which would allow us to scale up. However, the right partners and resources on 

such kind of collaborations are quite difficult to find. This leads to the realization that there 

should be collaborative models of restaurants, sustainability startups, and local farms to 

develop an effective model of scaling up of the upcycling. Nevertheless, interconnection 

and communication between these actors are still a major problem. Waste collection and 

waste processing are another impediment. Participant 7 has indicated that most restaurants 

lack the necessary infrastructure to collect and process food waste properly: "We lack the 

facilities to sort and process waste on-site and it would be too expensive to pay a company 

that would make us do it. Unless there is the right infrastructural support, food scraps 

cannot be converted to useful by-products. In this remark, the author highlights the idea 

that the infrastructure constraints of the project, like storage space, sorting plants, and the 

technology needed to process food waste effectively, are also a major issue with scaling up 

food waste upcycling. Although the obstacles to the increase of food waste upcycling are 

significant, there are possibilities to overcome them. Participant 8 proposed that their 

upcycling practices can be encouraged through financial incentives and government 

policies that would assist restaurants to adopt the same. Government credits, tax incentives, 

and subsidies in case of sustainable practices would be able to offset expensive initial costs 



 

 

of establishing such technologies. It would not be so hard to invest in the initial project of 

equipment to undertake upcycling with some financial assistance. This reaction shows that 

policy backing and financial incentives play a significant role in assisting restaurants to 

surmount the first investment obstacle. 

One strategy that can address the current challenges encountered during the upcycling 

process expansion is collaborative business models as highlighted by the participants. 

Theme 3.2: Collaborative Business Models highlights the idea of partnership with local 

farms, sustainability startups, and digital platforms such as ResQ Club as they can establish 

synergies that would not only assist in reducing the reaches of waste into food but convert 

it into economically viable by-products. Through the merits of various parties, restaurants 

can circumvent the challenge of finance and logistics, which commonly hamper the 

upcycling growth. Participant 5, as an example, told me that they utilize a digital platform 

that allows restaurants to sell the leftovers at a lower price called ResQ Club as one of the 

methods to minimize food waste and make their business more sustainable. We use ResQ 

Club in which we sell the remaining food at a discount in an attempt to minimize food 

waste, thus making the restaurant more sustainable, they said. This brings out the 

importance of digital platforms in generating more revenue that can be used by the 

restaurants and the fact that it will also ensure more food waste is minimized. The sale of 

the non-sold food will help the restaurant avoid the loss of perfectly good food into the 

landfill thus benefiting both the business and the community. In the same way, Participant 

6 commented on the possibility of collaborating with local farms, namely, to transform 

food scraps into animal feed. One of them would be collaboration with the local farms to 

convert the food remains into animal food to create a win-win relationship. This is 

indicative of a significant approach in transforming leftover foodas valuable by-products. 

Farmers who require cheap feed materials can also enjoy food scraps as a source of 

affordable feed materials and restaurants can also have a sustainable place to dispose of 

their waste materials which would otherwise have to be discarded. Continuing on this 

thought, Participant 7 emphasized that these collaborations with sustainability startups 

might be beneficial to make upcycling efforts go large-scale in terms of infrastructure and 

expertise. Through collaborating with startups that are geared towards sustainability, we 

can use their technological capabilities and expertise to transform our food waste into more 

useful by-products e.g. biofuels or compost. This may be a game changer in rendering the 



 

 

upcycling practices viable economically as they put it. This assertion highlights the 

potential of collaborating with startups to deliver the technical solutions and infrastructure 

that is necessary to scale up upcycling processes to enable restaurants exploit sustainability 

objectives as well as be financially viable. In addition, Participant 8 mentioned that 

government support is much important in promotion of collaborative efforts. Tax relief and 

government grants on sustainable practices would facilitate easier collaboration with local 

farms or other businesses that are concerned about sustainability. This would help us to 

boost our upcycling projects and develop a more environmentally friendly business model, 

they added. This implies that the local governments or any other institution giving out 

financial incentives would like to encourage more restaurants to participate in collaborative 

forms of doing business, where the restaurants would scale up their upcycling activities 

without having to bear the full financial burden. Besides local farms and sustainability 

startups, digital platforms such as ResQ Club are an influential destination where 

restaurants can discard food waste. Such platforms are useful in bridging the linkage 

between restaurants and consumers willing to buy discounted and unsold food, and 

additional waste reduction. Restaurants will be able to lower the waste as well as give back 

to the sustainable food ecosystem by introducing technology solutions, such as ResQ Club, 

which increase their reputation and profitability. 

Financial incentives are necessary in order to make upcycling practices economically 

viable. Theme 3.3: Financial Incentives to Scalability The government grants, tax relief 

and subsidies would prove important in supporting the adoption and scaling up of 

upcycling practices by small restaurants. According to the opinion expressed by Participant 

7, Government grants and financial support would help the small restaurants to invest into 

technologies that will find waste and recycle it, which highlights the necessity of including 

policy support in the efforts to make the practices more lucrative to small businesses. 

  



 

 

5. Discussion: 

These research findings suggest that AI, IoT and data analytics have potential advantages 

to food waste management and supply chain transparency within the restaurant sector. 

These technologies can help in cutting down the amount of food that is wasted by 

improving the real-time monitoring, enhanced demand prediction, and inventory 

optimization optimization. Nonetheless, in spite of the potential that has been realized 

about these technologies, its application in the restaurant industry has been minimal 

particularly in small to medium restaurants. The research given pinpoints the advantages of 

implementing smart technologies and the issues that prevent their proliferation. 

The main study observation is that even after long years, many restaurants need to 

implement advanced AI and IoT systems instead of using manual waste management. The 

biggest complaint that had been made by the participants was the use of manual means of 

tracking, e.g. leftovers, customer reviews, and the need to change portions as per the 

leftovers at the end of the day. This aligns with the results of Swink et al. (2022), who have 

indicated that small restaurants tend to have difficulties implementing smart technologies 

because it is too expensive and technically complicated to do so. 

The results of this research provide awareness of the critical gap in the implementation of 

smart technologies in the context of small restaurants in the management of food waste 

based on AI and IoT. This paper has shown that, as promising as these technologies are, 

only a few restaurants work with the help of manual tracking systems because of the 

financial limitation and the absence of resources to install sophisticated systems. The 

participants pointed out that the unwillingness to implement these technologies is also 

strongly informed by the high costs of implementation which is a frequent obstacle 

mentioned in the prior studies, including the one conducted by Ramanathan et al. (2022). 

Nonetheless, this research contributes to the field due to its focus on the fact that this 

barrier not only restrains the use of technology, but it also influences the possibilities of the 

industry to optimize the management of food waste. The discussion on financial limitations 

and resource constraints in the context offers a fresh insight into the issues how small 

companies are not able to shift to a more sustainable and technologically improved 

endeavor. The finding also indicates that such barriers need to be addressed by provision of 



 

 

necessary financial support and motivation which has not been emphasized adequately in 

the previous literature. 

The interviews highlighted some major obstacles to using AI and IoT technologies in small 

and medium restaurants. The greatest challenges were noted to be high costs of 

implementing these systems which many participants pointed as the barrier to the small 

players. Furthermore, lack of technical skills of staff in skills to manage and operate these 

technologies was also evident and contributed to the failure of adoption. Also, many 

respondents opposed change due to the fear of the introduction of AI and IoT systems to 

the established workflow or job loss. Nevertheless, a few of the respondents have 

mentioned that food waste could be reduced by upcycling the food waste into value added 

products like compost or animal feeds. But lack of infrastructure and financial constraints 

to facilitate such action was also noted to be obstacles in the scaling up of such endeavors. 

The proposed solutions to these challenges that would allow introducing smart 

technologies and upcycling to a larger scale include external funds and the collaboration 

with local farms or sustainability efforts. 

Although small restaurants are unlikely to compete with larger enterprises due to their 

serious drawbacks, like financial resources and resources availability, this paper finds the 

possibility of AI and IoT engagement in food waste management to be evident. The 

respondents stressed the usefulness of AI in enhancing demand prediction, waste tracking, 

and inventory among people, which cannot be underestimated (as reported by Tiwari et al. 

(2024), the automation of processes such as portion control and predicting the customer 

demand can cut food waste by an impressive margin). The new value of this work is that 

the restaurant employees, especially in smaller institutions, can acknowledge the fact that 

AI could be used to mechanize these processes, although they have difficulty in 

implementing the technology. This observation makes contributions to the existing body of 

literature by illuminating how at least small businesses can be considered to be trailing 

behind in technology uptake but are becoming conscious of the potential that AI might 

have in streamlining the management of food waste. 

Moreover, participants noted that the use of IoT sensors can provide more benefits in 

supply chain management, in terms of temperature and humidity monitoring to guarantee 

the goods are kept at the best possible conditions. This discovery helps to shed some new 



 

 

light on literature as it indicates that the role of IoT is not as limited to management of food 

waste in the storage setting only but also to logistics of transportation which has somehow 

been overlooked in the previous literature. The new way of thinking highlights the 

significance of real time monitoring with a view of preventing food spoilage which is also 

a valuable contribution to the current literature which mainly addresses the issue of food 

waste in storerooms. 

The most important technology that was introduced in the study is the tools of AI and IoT 

that gave great prospects to minimize food waste through upcycling. Respondents 

identified that the technologies would assist in tracking waste pattern trends, in addition to 

assisting in the identification of certain types of food, which have high rates of wastage. 

With the help of AI, restaurants can forecast which products might be thrown away most of 

the time, and it will be possible to approach the problem of waste in a more specific way. 

Moreover, IoT sensors might be helpful in the monitoring of the conditions that produce 

waste (e.g., temperature and humidity inside a storage location), and such information 

might be useful later in the uptake of the upcycling procedure. Another theme that was 

pointed out by reactors is the role of AI and IoT proposing practical solutions aimed at 

converting food waste into by-products which comprised compost, animal feed, or even 

biofuels. As an illustrative instance, AI may recommend the most appropriate processes to 

be used in food upcycling as to real-time data, streamlining the procedure of aiding in the 

decision-making of food repurposing. This would enable restaurants to minimize wastage 

as well as generate useful products out of the things that would be thrown away. The 

possibility of upcycling these technologies promotes the idea introduced by Jagtap et al. 

(2020), who believe that AI and IoT could be of paramount importance in transforming the 

sector of the restaurant industry and turning it into a circular economy where waste is not 

used but reused. 

Nevertheless, notwithstanding the potential that can be seen, participants also specified a 

number of impediments that exist in the path to integrating AI and IoT to be utilized in 

upcycling. The initial cost which is high and the absence of technical expertise and 

opposition to change were identified as major obstacles. In order to deal with these 

obstacles, introduction of financial subsidies and training would be essential so that small 

to medium sized enterprises can use these technologies. In addition, the paper recommends 

that restaurants, sustainability startups, and local farms should also work together to 



 

 

become more effective in terms of upcycling initiatives so that food waste can be turned 

into products of value that can add to the sustainability of the economy and environment. 

The paper also contributes to the existing body of knowledge as it highlights the role of AI 

and IoT that are not only essential to streamline food waste management but also can be 

used to establish new opportunities in the domain of the creation of sustainable value 

through upcycling. Through the combination of these technologies, the restaurant sector 

might be an exemplar to other industries potentially implementing the idea of a circular 

economy and, thus, related to the overall sustainability objectives. 

Although the possibility of upcycling is acknowledged, the process of scaling them is still 

a major dilemma. Many participants mentioned the financial burden of IoT system 

implementation and upcycling infrastructure creation as a detriment to implementation. 

Participant 6 clarified that by collaborating with the local farms on transforming the food 

scraps into animal feed, a win win relationship can be established. However, it is expensive 

in terms of infrastructure and capital equipment to scale this up, and most of the small 

restaurants are incapable of doing so. This meets results of Ramanathan et al. (2022), who 

reported the unavailability of infrastructure to be a significant obstacle to small businesses 

trying to implement upcycling technologies. Moreover, the technical background and 

resistance of the staff to the new technologies are also a hindrance to the use of AI and IoT 

in the upcycling processes. Participant 7 explained that we do not have the technical 

expertise to incorporate these systems and the employees are not acquainted with using the 

technologies. This shows that training programs and capacity building activities are 

necessary so that the restaurant employees are well positioned to implement such 

technologies. 

5.1. Contributions: 

The study also contributes significantly to the knowledge on the introduction of smart 

technologies in SMEs in the food service industry. In contrast to former studies in which 

the main emphasis was put on the large-scale operations (Swink et al., 2022), the issues 

encountered by the SMEs in adopting AI and IoT technologies are highlighted in the study. 

The results present actable information and solutions to the challenges in the financial, 

technical and opposition-based aspects thereby guiding SMEs in swelling food waste and 

boosting sustainability. It can also be acknowledged that the research is another step in the 



 

 

development of the existing knowledge of circular economies because it illustrates how 

food waste may be turned into valuable outputs, including compost, animal feed, or 

biofuels (Misra et al., 2021). 

 



 

 

6. Conclusion: 

This research set out to explore how smart technologies, namely, the IoT, AI-based 

sensors, and data analytics, can be applied to the food service industry to ensure food waste 

management, supply chain visibility, and the possibility of upcycling food waste into by-

products of value. The results indicate that AI and IoT technology can be used to a 

considerable degree to improve food waste management in SMEs by enhancing the 

predictability of demand, lowering excessive production and improving inventory control. 

Specifically, IoT sensors can give an opportunity to monitor the conditions in the storage 

in real-time, so that perishable foods could be preserved and spoilage in transportation and 

storage reduced. 

Nonetheless, even with the potential that these technologies hold, the research has 

identified some challenges that the technologies face in one of their adoption in the food 

service industry among SMEs. The key obstacles are high initial expenses of operating AI 

and IoT systems and the lack of technical skills among restaurant employees and 

reluctance to change. Most SMEs noted that without external capital, they would not be 

able to invest in modern technological solutions. Moreover, the lack of financial capability 

and adequate infrastructure restricts the upcycling activity by some of the SMEs, who 

already pursue simple forms of upcycling such as composts and food donations. 

The research also proposes collaboration with local farms, sustainability, online platforms 

such as ResQ Club as the potential way to upscale the upcycling. These partnerships would 

not just minimize food waste, but also help SMEs enter into new revenue source, which 

will render the environment sustainable as well as economical. SMEs could also 

incorporate even more principles of the circular economy by turning food waste into 

animal feed, compost, or biofuels. 

This study, in terms of contributions, provides useful information regarding the use of 

smart technologies in the food service sector, especially among SMEs. Although most 

literature is based on large scale operations, this paper is specific to small establishments 

and their challenges which are specific to how the establishments can overcome these 

challenges provided. The study indicates that SMEs need to offer personalized assistance 



 

 

in the process of adopting AI and IoT, especially, by means of monetary incentives, 

governmental policies, and training programs. 

6.1. Limitations: 

Although this research offers important insights about AI and IoT integration in SMEs in 

the food service industry, it has certain limitations. The study relied on a qualitative design 

and a moderate sample of SMEs in Finland that might be insufficient to generalize the 

findings across other areas and domains of SMEs. Nevertheless, this small research 

provides a confidence in the field of study and gives a way to the next research to expand 

the topic to a larger and more diverse perspective. The research might be extended to a 

larger sample and use quantitative research to confirm and extrapolate the results (Patton, 

2002). Irrespective of these constraints, the research offers useful information that can be 

used in future studies and practice in the industry. 

6.2. Future Research: 

Further studies are needed to increase the sample size, covering more SMEs in different 

regions to generalize the results. Also, the quantitative methods applied would reinforce 

the conclusions and give tangible information to substantiate the findings of this paper. 

Long-term effects of AI and IoT technologies on food waste management could also be 

explored using a longitudinal study which would provide a more in-depth view of the 

sustainability of this type of solutions in the short and mid-term. Another way of research 

includes further studies on the implementation of AI and IoT in other spheres, like 

agriculture and logistics, to see how these technologies can be applied on a larger scale 

than the food service industry and play a part in decreasing food waste in the world 

(Creswell, 2014).  
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