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The hospitality sector, especially hotel and restaurant kitchens, struggle with dealing with food waste and 
sustainable operations. The current research explores how Artificial Intelligence (AI) and Internet of Things (IoT) 
can be implemented in real-time monitoring of waste in hospitality kitchens. With the use of intelligent technologies 
like sensor-enabled smart bins, predictive analytics platforms, and automated tracking systems, AI and IoT together 
provide sophisticated solutions for minimizing waste, optimizing operations, and reducing costs. 

Employing secondary data from scholarly articles, industry reports, and case studies, the study selects principal 
technological interventions and their efficacy in reducing food waste. The results confirm the benefits of AI-IoT 

integration in enhancing precision in waste classification, improving inventory and consumption predictions, and 
promoting sustainable choice-making. Nevertheless, obstacles in implementation such as excessive capital 
expenditure, insufficiency of digital literacy, and limitations in infrastructure continue to exist, particularly for small 
and medium-sized businesses. 

This research highlights the revolutionary potential of AI and IoT technologies in fueling a circular economy in the 
hospitality industry, calling for wider implementation and customized strategies to overcome operational and 
financial hurdles.  
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Introduction 

The food service sector of the hospitality 

industry is a major generator of global food 

waste, with kitchens producing high 

amounts of avoidable waste on a daily basis 

(FAO, 2019; UNEP, 2021). Effective waste 

management in hospitality operations has 

therefore become an essential issue, not just 

from an environmental point of view but 

also in terms of operational effectiveness 

and cost savings. New technologies like 

Artificial Intelligence (AI) and the Internet 

of Things (IoT) have been incredibly 

promising in revolutionizing how waste is 

tracked, analyzed, and controlled in real-

time in commercial kitchens (Chowdhury et 

al., 2022; Ghosh, 2023). 

http://www.ijaas.in/
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AI allows predictive analytics and 

automation through learning from past waste 

patterns, while IoT devices enable real-time 

data streaming from intelligent bins, sensors, 

and kitchen appliances (Mahdavinejad et al., 

2021). When combined, these technologies 

form a smart waste tracking system that 

offers actionable insights, minimizes food 

excess production, and encourages 

sustainable kitchen practices (Intuitive AI, 

2021; Winnow, 2021). For example, AI-

powered smart bins with weight sensors and 

visual recognition enabled by IoT can 

identify the nature and amount of waste 

disposed of and offer real-time information 

to kitchen personnel (Yu et al., 2021). 

In addition, AI-IoT systems facilitate 

decision-making through the detection of 

waste root causes, inventory management 

optimization, and menu adjustments 

recommendation based on consumption 

patterns (Zhu & Raza, 2023). These 

technologies complement the increasing 

focus on sustainability in hospitality, where 

technology adoption not only improves 

resource efficiency but also addresses 

consumer expectations for environmentally 

friendly practices (Radosavljević, 2022; 

Jones et al., 2016). 

In spite of the advantages, adoption of AI-

IoT systems in hospitality kitchens is 

hindered by high capital expenditures, 

integration of data, and the unavailability of 

skilled workers (Chowdhury et al., 2022). In 

spite of this, combining AI and IoT is 

opening doors for smart, sustainable 

hospitality kitchens that are able to make 

quick decisions to reduce food waste and 

promote long-term sustainability 

(Chowdhury et al., 2022). 

The international hospitality sector, which is 

a key player in the food service market, is 

coming under rising pressure for its 

environmental impact, specifically with 

regards to food loss and inefficiency in 

kitchen operations (FAO, 2019; UNEP, 

2021). Hotel, resort, and restaurant kitchens 

produce large amounts of organic and 

packaging waste, much of which is 

preventable. As per the United Nations 

Environment Programme (2021), more than 

931 million tons of food are wasted across 

the world every year, of which a great deal 

comes from commercial kitchens. This 

rising wastage is not only contributing to 

environmental damage and greenhouse 

emissions but also costs companies a major 

loss of business in an already competitive 

market. 

Recent developments in Artificial 

Intelligence (AI) and the Internet of Things 

(IoT) provide a revolutionary solution by 
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facilitating real-time waste monitoring and 

anticipatory decision-making in hospitality 

kitchens (Chowdhury et al., 2022; 

Mahdavinejad et al., 2021). AI programs are 

capable of scanning massive amounts of 

data to identify trends, project waste 

patterns, and take automatic correction 

measures, whereas IoT sensors, smart trash 

bins, and internet-connected kitchen devices 

offer real-time flow of data regarding food 

consumption, storage environments, and 

food waste generation (Ghosh, 2023). This 

collaboration between IoT and AI enables 

smart monitoring systems that are capable of 

notifying chefs and managers when food is 

approaching spoilage, detecting commonly 

wasted items, and recommending portion 

size adjustments to reduce overproduction 

(Intuitive AI, 2021; Yu et al., 2021). 

Hospitality kitchens are increasingly using 

intelligent waste monitoring systems based 

on image recognition and weight sensors to 

categorize and measure waste materials in 

real time (Winnow, 2021). For example, 

Winnow and Intuitive AI have developed 

AI-enabled platforms that can automatically 

scan what is discarded, giving data-driven 

insights that help kitchens cut food wastage 

by as much as 50% (Winnow, 2021). Such 

systems serve not only the purpose of 

environmental sustainability but also bring 

about substantial cost benefits, better 

operational efficiency, and adherence to 

green certifications and corporate social 

responsibility standards (Radosavljević, 

2022; Kasemsap, 2018). 

In addition, the integration of AI-IoT 

systems facilitates predictive maintenance of 

kitchen appliances, inventory management, 

and intelligent forecasting, all of which 

serve to enhance a circular economy strategy 

in food service management (Zhu & Raza, 

2023). For instance, AI can forecast 

inventory levels and patterns of demand 

fluctuations and thereby assist in curbing 

excess buying and promoting responsible 

sourcing. 

Yet, implementation of these technologies 

comes with their challenges. Their 

prohibitive cost of implementation, limited 

digital infrastructure, issues with data 

security, and minimal technical capability 

among hotel staff can discourage mass 

uptake, particularly among SMEs 

(Chowdhury et al., 2022). In spite of such 

impediments, the long-term advantages of 

AI and IoT integration such as lower food 

costs, improved sustainability scores, and 

better guest satisfaction render them an 

attractive innovation for the hospitality 

sector in the future. 
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Literature Review 

The food and beverage operations of the 

hospitality industry are a major contributor 

to global food waste, hence the need for 

innovative waste management solutions 

(Jones, Hillier, & Comfort, 2016). The use 

of Artificial Intelligence (AI) and the 

Internet of Things (IoT) in waste 

management has been a revolutionary 

method of dealing with this issue, 

particularly in hotel and restaurant kitchens. 

AI and IoT in Waste Monitoring 

Artificial intelligence technologies 

particularly machine learning, computer 

vision, and data analytics are being applied 

more and more in hospitality kitchens to 

forecast food consumption, streamline 

inventory, and reduce overproduction 

(Ghosh, 2023; Radosavljević, 2022). When 

integrated with IoT-enabled sensors and 

smart devices, these systems allow real-time 

monitoring of food usage, waste, and 

recycling processes (Mukherjee & 

Yigitcanlar, 2021). For instance, intelligent 

bins with AI and IoT can sort and weigh 

food waste automatically, providing kitchen 

managers real-time feedback (Intuitive AI, 

2021). 

Leanpath and Winnow Solutions have 

shown that AI-enabled systems are able to 

monitor food waste to the ingredient level, 

generating actionable intelligence that 

results in a 40–70% decrease in food waste 

in hospitality sites (Leanpath, 2024; 

Winnow, 2021). They don't just minimize 

waste but also help in cost-saving and 

sustainability reporting for corporate social 

responsibility. 

Real-Time Decision Making and 

Automation 

IoT devices offer real-time monitoring and 

automation of waste disposal and recycling. 

Sensors integrated into kitchen appliances 

track food storage conditions, alerting to 

spoilage hazards and encouraging timely use 

or disposal (WasteHero, 2023). Machine 

learning algorithms process the data 

gathered to identify patterns of inefficiency, 

thereby supporting predictive maintenance 

and more precise procurement (MachineQ, 

2024). 

The combination of IoT and AI also 

improves traceability and transparency in 

waste production, essential for sustaining 

certifications and adhering to the 

environment regulations (Kasemsap, 2018; 

UNEP, 2021). Some hotels managed by IHG 

have incorporated such technologies to 

enhance operational sustainability, recording 

substantial kitchen waste reductions using 

AI-based instruments (IHG Hotels & 

Resorts, 2019). 
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Challenges and Gaps 

Although it has promise, AI and IoT 

integration in hospitality waste management 

is not without impediments. These are 

exorbitant implementation costs, technical 

skills shortages, and privacy concerns over 

data (Chowdhury, Paul, Kaisar, & Moktadir, 

2022). Small- and medium-scale hospitality 

businesses suffer most from budgetary 

issues and limited avenues for scalable 

technology solutions (Mensah, 2020). 

Additionally, although numerous pilot 

projects have registered encouraging results, 

there is a scarcity of empirical studies 

analyzing the long-term performance of AI-

IoT integration on operational performance 

and customer satisfaction in hospitality 

kitchens (Papargyropoulou et al., 2016). 

Future Directions 

Subsequent research should aim to create 

cost-effective AI-IoT waste monitoring 

models specific to SMEs, incorporating 

sustainability performance indicators, and 

evaluating kitchen staff behavioral impact. 

Optimal design and implementation of these 

technologies can be achieved by adopting an 

interdisciplinary strategy combining data 

science, hospitality management, and 

environmental science (Ghosh, 2023; 

Mukherjee & Yigitcanlar, 2021). 

Research Objectives 

 Analyze the current waste 

management issues in hospitality 

kitchens. 

 Discuss the use of Artificial 

Intelligence (AI) and Internet of 

Things (IoT) technologies in real-

time waste monitoring in the 

hospitality sector. 

 Research and analyze the utility of 

AI-enabled equipment and IoT 

products (such as smart bins, 

sensors, and analytics tools) to lower 

food wastage in restaurant and hotel 

kitchen areas. 

 Discuss how the integration of AI-

IoT affects the operational 

efficiency, cost savings, and 

environmental responsibility of 

hospitality businesses. 

 Explore the barriers and enablers to 

the adoption of AI and IoT solutions 

for waste management in small and 

medium-sized hospitality businesses. 

Methodology 

This research employs a qualitative research 

strategy using secondary data analysis to 

explore the integration of Internet of Things 

(IoT) and Artificial Intelligence (AI) 
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technologies in real-time waste monitoring 

in hospitality kitchens. The study is 

grounded on a comprehensive review of 

literature, such as peer-reviewed journal 

articles, industry reports, conference papers, 

and reliable online sources published 

between 2015 and 2024. Major databases 

like Science Direct, Springer Link, IEEE 

Xplore, Scopus, and Google Scholar were 

utilized to collect relevant data. The review 

of literature concentrated on the 

determination of AI and IoT implementation 

in managing food waste, hospitality 

sustainability, smart kitchen systems, and 

digital transformation in waste tracking. The 

criteria for source selection involved 

pertinence to hospitality operations, 

technology integration, and empirical 

research on effectiveness and impact. The 

themes that are highlighted in the analysis 

include real-time tracking, predictive 

analytics, cost saving, operation efficiency, 

and environmental performance. Secondary 

data from entities such as the United Nations 

Environment Programme (UNEP) and FAO, 

and industry platforms including Winnow 

and Intuitive AI were also leveraged to 

substantiate findings. Through integration of 

these sources, the research endeavors to 

yield an overall consideration of the 

technological environment and assess the 

advantages, obstacles, and potential of the 

future for AI-IoT integration within 

sustainable hospitality kitchen operations. 

Results and Discussion 

Existing Waste Management Issues in 

Hospitality Kitchens 

The hospitality sector, especially kitchens, is 

challenged with efficient management of 

food waste. FAO (2019) and UNEP (2021) 

studies indicate that most food waste in 

hospitality is caused by overproduction, 

incorrect storage, and the absence of real-

time consumption and spoilage data. Manual 

tracking of waste is labor-intensive, 

inaccurate, and does not yield actionable 

insights. Jones, Hillier, and Comfort (2016) 

highlight that conventional approaches are 

dependent on staff vigilance and regular 

audits, which are not scalable and consistent. 

The lack of systematic analysis of data 

results in restricted knowledge of waste 

patterns, hindering kitchen managers from 

making well-informed decisions. 

Integration of AI and IoT in Real-Time 

Waste Monitoring 

The fusion of AI and IoT technologies has 

been a hopeful solution to the above 

challenges. IoT sensors are able to monitor 



International Journal of Advanced and Applied Sciences, 12(8) 2025, Pages: 67-77 

 
 

73 
 

weight, temperature, and expiration dates, 

whereas AI algorithms analyze patterns to 

identify waste trends, forecast demand, and 

maximize the use of inventory (Ghosh, 

2023; Chowdhury et al., 2022). For instance, 

smart kitchen appliances such as Winnow 

Vision employ image recognition to track 

and analyze wasted food in real time, 

providing actionable recommendations for 

chefs and managers (Winnow, 2021). IoT-

enabled bins from Intuitive AI employ 

machine learning to self-classify waste types 

automatically, enhancing segregation and 

recycling. These collaborations allow 

kitchens to transition from reactive waste 

management to proactive, data-informed 

interventions. 

Efficiency of AI-Based Tools and IoT 

Devices in Waste Minimization 

Evidence indicates that AI-IoT tools 

effectively minimize food waste in 

hospitality environments. Radosavljević 

(2022) reports that hotels that implemented 

AI waste analytics experienced a 30–50% 

decrease in food waste in the first year of 

implementation. Chowdhury et al. (2022) 

also discovered that predictive analytics 

resulted in improved forecasting of guest 

preferences and food demand, reducing 

overproduction. Smart dumpsters with IoT 

sensors not only mechanize the monitoring 

process but also provide better precision and 

accountability in tracking waste. These 

technologies have proven to improve 

adherence to sustainability targets as well as 

encourage a culture of ongoing 

improvement among employees. 

Impact on Operational Efficiency, Cost, 

and Sustainability 

Integration of AI and IoT enhances both 

operational effectiveness and sustainability 

performance. Automated waste management 

systems liberate employees from time-

consuming measurement duties, enabling 

them to concentrate on value-added 

processes like menu engineering and 

customer interactions (Kasemsap, 2018). 

Cost reduction comes from less food buying, 

lower waste removal charges, and better 

inventory turnovers. For example, hotels 

implementing Winnow's AI solutions posted 

savings of as much as $50,000 in food costs 

per year (Winnow, 2021). Additionally, 

there are environmental gains such as lower 

greenhouse gas emissions and enhanced 

waste diversion rates, all in accordance with 

international sustainability agendas such as 

the UN Sustainable Development Goals 

(UNEP, 2021; Papargyropoulou et al., 

2016). 
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Adoption Barriers and Enablers for 

Small and Medium Enterprises (SMEs) 

Notwithstanding its advantages, a number of 

barriers limit the adoption of AI and IoT 

technology in waste management by SMEs. 

High up-front costs, a lack of technical 

proficiency, and resistance to change are 

primary hurdles (Mensah, 2020). Smaller 

organizations lack infrastructure and digital 

maturity to handle advanced AI systems. 

Enabling factors like government subsidy, 

vendor promotion, and scalable, cloud-based 

AI offerings availability are facilitating 

adoption (Chowdhury et al., 2022). 

Moreover, increasing demand from 

customers for eco-friendly brands works as a 

big push factor for SMEs to implement 

efficient smart waste management 

technologies.  

Conclusion 

The hospitality sector is, more and more, 

realizing the significance of implementing 

high-end technological measures to resolve 

the long-standing problem of food and waste 

management in kitchen processes. This 

research delved into the use of Artificial 

Intelligence (AI) and Internet of Things 

(IoT) technologies as a revolutionary 

strategy for real-time waste monitoring in 

hotel kitchens. The results show that the use 

of AI-IoT systems like intelligent bins, 

predictive analytics, and sensor-based 

tracking has a significant positive impact on 

the efficiency, accuracy, and sustainability 

of waste management operations. 

The integration of AI and IoT facilitates 

proactive decision-making through real-time 

insights into data, minimizing 

overproduction, and limiting food wastage. 

This not only results in significant cost 

reductions but also contributes to global 

sustainability efforts by lessening the 

environmental footprint of hospitality 

operations. Successful implementation of 

these technologies, however, hinges on 

overcoming a range of barriers, such as high 

initial costs, technical expertise deficits, and 

limited awareness, especially among small 

and medium-sized enterprises (SMEs). 

Going forward, increased coordination 

among technology providers, policymakers, 

and hospitality industry stakeholders will be 

essential to scale these solutions. Incentives, 

training initiatives, and cloud-based 

solutions designed for SMEs can also 

complement mass adoption. In summary, AI 

and IoT offer a powerful opportunity to 

transform waste management in hospitality, 
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creating both environmental stewardship and 

operational excellence. 
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