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ABSTRACT 

 

“Sustainable Culinary Innovation: Integrating Digital Tools for a Greener Kitchen” means adopting new and sustainable 

culinary methods using digital tools to make the kitchen more environmentally friendly. This includes reducing food 

wastage, using energy efficiently and choosing eco-friendly ingredients with the help of digital technologies such as 

apps, software and smart devices, Sustainable kitchen using digital devices. Reduce food waste: Digital calculators and 

apps that suggest recipes based on the ingredients you have available can help reduce food waste. Smart devices that 

track food quality and shelf life can also be helpful. Efficient energy use: Smart appliances, such as AI-powered ovens 

and refrigerators, can automatically optimize their energy consumption. This saves electricity and reduces the burden 

on the environment. Smart use of resources: Digital tools can help monitor and reduce water and energy use, such as 

through efficient irrigation systems. Tracking and sourcing of ingredients: Digital tools can help you track sourcing of 

ingredients and buy ingredients from local and sustainable sources. Better planning and management: Digital tools can 

help plan menus, manage inventory, and track nutrient intake, helping to cook more efficiently and with less waste. This 

paper explores how the hospitality and food production sectors are embracing technology to achieve sustainable 

outcomes. The study will involve a survey of selected five-star hotels and luxury resorts in Raipur, Chhattisgarh, to 

analyze the adoption of digital sustainability tools in culinary operations. It will also highlight blockchain-enabled 

ingredient traceability, carbon footprint tracking, and digital culinary education promoting eco-friendly practices. The 

research concludes that the digital transformation of culinary operations marks a pivotal shift toward ethical 

gastronomy— where innovation, efficiency, and environmental stewardship coexist to create a smarter and more 

sustainable global kitchen. 

 

Keywords: Sustainable culinary innovation; Digital tools; Green kitchen; Food waste reduction; Energy efficiency; 

Smart appliances; Eco-friendly ingredients; Blockchain traceability; Carbon footprint tracking; Culinary technology; 

Sustainable gastronomy; Digital transformation; Hospitality industry; Sustainable food practices; Raipur hotels survey 

INTRODUCTION 

Sustainable culinary innovation is considerably increased by incorporating digital tools and smart technology that 

optimize resource use, reduce waste, and improve efficiency in both commercial and residential kitchens. These 

solutions address environmental concerns by delivering data-driven insights for more informed decision-making. The 

emergence of digital tools that simplify and increase the dependability of greener choices is driving sustainable culinary 

innovation, which is changing the way kitchens operate. The hospitality sector is under more obligation to embrace 

sustainable food practices and reduce its carbon footprint. By combining culinary technology with careful planning, 

sophisticated sourcing, and data-driven decision-making, kitchens are responding to this need. Chefs and managers are 

willing to accept this change as long as the tools are useful and the outcomes are evident, according to a recent poll 

conducted in Raipur hotels. Recycling bins and energy-efficient lightbulbs are no longer the only characteristics of a 

contemporary green kitchen. It is sculpted by software that identifies possibilities to reduce food waste before plates 

mailto:drjhumas@matsuniversity.ac.in
mailto:kumar.bhaskar@aaft.edu.in
mailto:kirti1168@gmail.com


                           International Scientific Journal of Engineering and Management (ISJEM)                                     ISSN: 2583-6129 
                                  Special Edition: Volume: 04 IMCD – 2025                                                                                                          DOI: 10.55041/ISJEM.IMCD041                                                                                                                                         
                                  An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata        
 

© 2025, ISJEM (All Rights Reserved)     | www.isjem.com                                                                                               |        Page 2 
 

even reach guests, sensors that monitor energy efficiency, and smart appliances that modify power consumption. 

Culinary teams now have the ability to determine where resources are used and how they might be saved due to this 

digital change. By exposing the actual impact of each item, blockchain traceability and carbon footprint tracking provide 

another level of accountability. With this knowledge, chefs may use environmentally friendly items that promote 

sustainable cooking without compromising taste or originality. Kitchens can also function more efficiently with the use 

of digital technologies. Scheduling platforms lessen overburden, inventory apps forecast demand, and analytics show 

previously overlooked patterns. As a result, the kitchen is efficient, waste-free, and energy-efficient. Traditional 

replacement is not the goal of sustainable culinary innovation. It is about enhancing it with knowledge, accuracy, and 

openness. As the hospitality business evolves, the connection between sustainability and technology becomes stronger. 

Kitchens can serve memorable food while saving the resources that enable those meals by implementing smarter 

processes and making greener decisions. This route leads to a future in which sustainability is integrated into every meal 

rather than a secondary concern.  

 

 

Smart Feature Technology Used Impact on Efficiency Impact on Sustainability 

Automated Cooking Robotics, AI Reduces manual errors Consistent energy use 

Smart Procurement AI, Cloud ERP Faster ordering Prevents unnecessary purchases 

Digital Workflows Mobile apps, Tablets Streamlined operations Lowers paper waste 

Sensor-Based Maintenance IoT sensors Predictive maintenance Reduces energy loss, extends machine life 

Energy Monitoring Systems Smart meters Tracks usage patterns Cuts carbon footprint 

 

Figure 1. Smart Kitchens and Technology-Enabled Operations 

 

Digital Tools for Food Waste Reduction 

• Artificial intelligence-powered waste monitoring systems, such as Winnow and Kitro, use smart cameras and 

weighing scales in commercial kitchens to automatically recognize, categorize, and quantify thrown food. These 

technologies give chefs with real-time data and analytics, allowing them to change purchasing, portion proportions, and 

menu planning, frequently reducing food waste by over 30%. 

• Inventory Management Software: Cloud-based inventory management solutions assist restaurants and 

households in monitoring ingredient usage and expiration dates, avoiding overstocking and ensuring ingredients are 

consumed before they expire. 

• AI-powered ovens and refrigerators, digital calculators, and smart kitchen apps all contribute to a greener 

kitchen by reducing waste and encouraging wiser decisions. To ensure that consumers only purchase what they will use, 

calculators and apps monitor energy consumption, portion sizes, and ingredient requirements. AI ovens consume less 

power and cook more quickly and cleanly by adjusting the temperature in real time. Smart refrigerators arrange food, 

keep an eye on temperature, and notify users when products are about to expire. When combined, they cut waste, slash 

energy costs, and improve everyday cooking efficiency without requiring additional labour. 

• Consumer-facing Apps: Mobile apps like Too Good To Go and OLIO link customers with companies so they 

may share extra food with neighbours or save it from landfills at the end of the day. Predictive analytics helps chefs 

produce the proper amount of food and prevent overproduction by using machine learning algorithms to estimate demand 

based on past data and consumption patterns. 

 

Integrating Smart Technology for Energy and Water Efficiency 

• Energy-Efficient Appliances: By enabling customers to remotely monitor contents, smart refrigerators with 

built-in cameras save energy loss and needless door openings, chill specific areas and notify you when the temperature 

changes. Compared to conventional gas or electric stoves, induction cooktops are more energy-efficient because they 

directly heat cookware using electromagnetic energy. Sensors are increasingly used in modern ovens, dishwashers, and 
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refrigerators to control power. Depending on how full or dirty the load is, a smart dishwasher modifies the cycle length 

and water pressure. Because the appliance never operates harder than necessary thanks to these characteristics, less 

energy and water are used. 

• Smart Water Management: Modern dishwashers with eco-cycles and sensor-activated low-flow faucets 

drastically cut water use without sacrificing efficiency. To gather water from sinks for non-potable needs like irrigation, 

greywater systems can also be incorporated. Leak detectors and smart faucets safeguard energy and water. Touchless or 

app-controlled faucets minimize waste while cleaning and cooking by controlling flow and shutting off automatically. 

Leak sensors under sinks, behind dishwashers, and next to water pipes avoid long-term losses that are frequently 

overlooked by sending out alarms as soon as moisture is detected. 

• Monitors That Display Actual Consumption: You may identify the appliances that use the most energy by 

using energy dashboards and smart plugs. It is simpler to change usage, unplug standby devices, or replace outdated 

equipment when you can monitor peak times and idle consumption. The same clarity is provided by water monitors. 

They monitor flow in real time, allowing you to see peaks and modify routines. 

• Smarter Cooking Tools: Smart controls combined with induction cooktops quickly heat pans and 

instantaneously cut power when removed. Certain systems connect to recipe apps that maximize heat output while 

guiding you through the cooking process. Faster meals with reduced energy waste are the outcome. 

• Automation That Takes Care of the Work: You may organize actions into routines using smart home 

platforms. For instance, you may program the dishwasher to operate at off-peak times or set up the lights and ventilation 

to react automatically based on activity or air quality. These automations operate silently in the background after they 

are set. 

• Information That Promotes Better Habits: Feedback is the main benefit of smart technology. Weekly 

summaries can demonstrate how minor adjustments, such as larger dishwasher loads or shorter preheating times, save 

resource consumption. You can develop long-term sustainable habits with the use of this data over time. 

 

Data-Driven Sustainable Practices 

• Supply Chain Transparency: Long before the items are on the counter, a greener kitchen begins. Restaurants 

and home kitchens make better decisions about what they purchase and how it impacts the environment when they rely 

on transparent, verifiable supply chains. The product's origins, journey distance, and cultivation method can all be 

displayed using data tools. This aids cooks in selecting vendors who practice appropriate water usage, reduced emissions, 

and ethical farming. Additionally, waste areas like extra packaging or ineffective delivery routes are easy to identify 

with real-time tracking. Kitchens may reduce their environmental effect without assuming when they are fully informed 

about the ingredients they use. 

• Customer Education: Data is used for more than just internal decision-making. It can assist customers in 

understanding the consequences of their dietary decisions. Apps and digital menus can display nutritional advantages, 

seasonal options, and carbon footprints. As a result, people can study while they dine in the kitchen. Customers are more 

inclined to embrace sustainable solutions, such as plant-forward meals, locally sourced goods, or dishes cooked using 

recycled products, when they are presented with clear and simple data. Data-driven education fosters long-term habits 

rather than fancies and increases trust. 

• Digital Management Systems: To maintain operational efficiency, a greener kitchen requires robust digital 

infrastructure. Kitchens may purchase only what they will use due to inventory solutions that monitor consumption 

trends and forecast demand. This reduces food waste and storage expenses. In order to minimize spoiling and save power 

use, smart sensors can keep an eye on energy use, equipment performance, and refrigeration stability. Managers may 

see their kitchen's environmental impact in all of its aspects and identify areas that require improvement with the use of 

digital dashboards. Sustainability begins to be an additional responsibility and becomes an integral part of daily work 

when every shift is based on current data. 
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Digital Tool Function in Kitchen Sustainability Benefit Example Applications 

AI-based Menu 

Engineering 

Predicts demand & optimizes 

menus 

Reduces overproduction and food 

waste 
AI forecasting platforms 

IoT Sensors 
Monitors temperature, 

humidity, stock 
Prevents spoilage & energy waste 

Smart refrigerators, IoT 

shelves 

Smart Kitchen 

Appliances 
Automates precise cooking 

Minimizes energy and resource 

use 

Smart ovens, induction 

cooktops 

POS & Inventory 

Software 
Tracks sales & stock 

Supports circular and efficient 

purchasing 
Cloud-based POS systems 

Digital Traceability 

Systems 

Tracks ingredients from farm 

to plate 

Ensures ethical & sustainable 

sourcing 

QR-based traceability 

platforms 

 

Figure 2. Digital Tools in Culinary Operations and Their Sustainability Contributions 

 

LITERATURE REVIEW 

 

The pursuit of sustainability in professional and domestic kitchens increasingly converges with digital innovation. 

Scholars and practitioners frame “sustainable culinary innovation” as the redesign of culinary processes, supply chains, 

and consumption behaviours through technology—aiming to reduce food waste, lower energy and greenhouse-gas 

footprints, and improve traceability and consumer trust (Shabir, 2023; Guimarães, 2024). This review surveys recent 

literature (2018–2025 focus) on four interrelated domains: (1) smart kitchen technologies and operations, (2) food-waste 

prevention and management via AI/IoT, (3) digital traceability and supply-chain transparency (including blockchain), 

and (4) carbon-footprint monitoring and life-cycle approaches. It synthesizes findings, highlights tensions, and identifies 

gaps for future research. 

Scope and Methods 

This narrative review integrates systematic reviews, applied studies, and conceptual work from disciplines including 

food systems, hospitality management, information systems, and environmental assessment. Key themes were identified 

across empirical and review articles that examine IoT/AI in kitchens, blockchain for traceability, and carbon accounting 

for food service. Representative, high-impact recent studies were used to illustrate trends and evidence. 

  1. Smart Kitchens and Technology-Enabled Operations 

Recent literature frames the “smart kitchen” as an ecosystem of connected appliances, sensors, and management 

software that optimize cooking, storage, and ordering processes (Anumudu, 2025). Research documents energy and 

waste reductions when kitchens adopt IoT-enabled refrigeration, demand-responsive cooking appliances, and automated 

inventory systems; some studies report food-waste reductions of substantial magnitudes under controlled deployments 

(Anumudu, 2025; Golshany, 2025). Beyond operational efficiency, smart kitchens can improve food safety through 

automated temperature and hygiene monitoring, which indirectly supports sustainability by preventing spoilage-related 

waste. However, authors caution that high upfront costs, integration challenges with legacy equipment, and data 

interoperability remain barriers to broad adoption.   

2. AI and IoT for Food-Waste Prevention and Circularity 

A growing body of work evaluates AI and sensor systems to predict demand, optimize procurement, and separate 

avoidable from unavoidable waste streams. Recent experimental and field studies show that predictive algorithms—fed 

by POS, reservation, and historical consumption data—can meaningfully reduce overproduction in restaurants and hotels 
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(Clark, 2025). IoT sensors and computer-vision systems that scan plate waste further enable granular auditing and 

targeted behaviour change interventions in kitchen staff and diners. Moreover, digital platforms are facilitating circular 

solutions: redistribution apps, dynamic pricing to move surplus food, and on-site waste-to-energy or composting 

monitoring systems. Nevertheless, researchers note issues of algorithmic bias, data privacy, and the need for human–

machine collaborative workflows to translate predictions into operational decisions.   

3. Digital Traceability and Blockchain: Promises and Pitfalls 

Traceability is central to sustainable sourcing and consumer trust. Blockchain and distributed-ledger technologies are 

widely discussed as mechanisms for immutable product histories—linking farm-level data through processing to the 

plate (Ellahi et al., 2023; Sri Vigna Hema, 2024). Reviews and cases document improved recall speed, fraud reduction, 

and enhanced provenance claims when blockchain is paired with IoT tagging (RFID/NFC) and interoperable databases. 

Yet the literature converges on several limitations: blockchain alone does not guarantee data quality (garbage in, garbage 

out), integration with existing ERP systems is nontrivial, and scalability and governance questions persist—especially 

for smallholder suppliers and low-margin food businesses. Cost, energy usage of certain blockchain architectures, and 

regulatory alignment are additional concerns that temper enthusiasm.   

4. Carbon Accounting, LCA, and Digital Measurement Tools 

Quantifying the climate impacts of menu items and kitchen operations is essential to prioritize interventions. Life-Cycle 

Assessment (LCA) remains the dominant method, but recent literature highlights efforts to operationalize LCA outputs 

through user-facing digital tools that estimate dish-level carbon, water, and nutritional footprints in near real-time 

(Shabir, 2023; Guimarães, 2024). Studies emphasize methodological variability across LCA implementations (allocation 

rules, system boundaries, regionalization), which complicates cross-venue comparisons. Hybrid approaches—

combining standardized emission factors with real-time operational telemetry (energy meters, procurement databases)—

offer pragmatic pathways for restaurants to monitor trends and test mitigation strategies. Nonetheless, there is still 

limited evidence that footprint labels alone change consumer behaviour; interventions tend to be most effective when 

paired with pricing, nudges, or chef-led menu redesign.   

Synthesis: Integrated systems, Human Factors and Business Models 

Across the domains above, three crosscutting insights emerge. First, digital tools are most effective when integrated end-

to-end—linking procurement, inventory, kitchen operations, and customer interfaces—rather than as isolated point 

solutions. Studies of successful pilots underscore the synergy when AI forecasting feeds inventory automation and 

dynamic pricing systems to move surplus food.  Second, human factors determine success. Technology can enable 

sustainable outcomes, but outcomes depend on staff training, managerial incentives, and trust in algorithmic 

recommendations. Multiple case studies caution that without buy-in from chefs and supply-chain partners, digital 

implementations remain underused or misapplied. Third, viable business models matter. Capital intensity and uncertain 

ROI delay adoption in smaller restaurants. Hybrid business arrangements—Software as a Service (SaaS) for analytics, 

shared procurement platforms, or municipal support for sustainability retrofits—appear promising in the literature but 

require empirical validation across contexts.   

Gaps and Research Agenda 

While progress is notable, several gaps recur in the literature: 

1. Standardization of metrics and transparency. Variability in LCA and footprint methodologies impedes 

benchmarking; research should prioritize interoperable standards and open emission factor repositories for menu items.   

2. Scalability and equity. Many case studies focus on high-resource kitchens; more attention is needed on low-

cost digital solutions accessible to small and informal food businesses, particularly in low- and middle-income countries.   
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3. Behavioural translation. There is limited longitudinal evidence on whether digital labels, predictive systems, 

or traceability claims produce sustained consumer or operator behaviour change—research designs must move beyond 

short pilots.   

4. Environmental trade-offs of digitalization. Ironically, some digital infrastructures (e.g., energy-intensive 

blockchains) carry environmental costs; comparative assessments that include the footprint of ICT infrastructure are 

scarce.   

The literature indicates that digital tools—IoT, AI, blockchain, and foot printing software—offer tangible pathways to 

greener kitchens by reducing waste, improving efficiency, and increasing transparency. However, their benefits are 

conditional: technological integration, governance of data and standards, human adoption, and inclusive business models 

are decisive. Future research should emphasize cross-disciplinary evaluations that jointly measure environmental, 

economic, and social outcomes; test scalable models for small businesses; and examine lifecycle trade-offs of the 

technologies themselves. As evidence accumulates, policy and industry collaboration will be crucial to translate 

promising pilots into sector-wide sustainable culinary innovation.   

 

PROBLEM STATEMENT 

 

Despite increasing global focus on sustainability, the Hospitality Industry continues to face challenges in implementing 

sustainable culinary innovations that adequately reconcile operational efficiency with environmental accountability. 

Although smart appliances, digital tools, and cutting-edge culinary technology have the potential to 

transform commercial kitchens into green kitchens, many hotels still struggle to incorporate these solutions into routine 

operations. The attainment of sustainable gastronomy goals is hampered by problems including insufficient food waste 

reduction techniques, insufficient energy efficiency measures, and uneven usage of eco-friendly ingredients. 

Additionally, many businesses still underutilize technology like carbon footprint tracking and blockchain 

traceability, which can improve accountability and transparency in sustainable food practices. In Raipur, there is no 

empirical research on how hotels are using digital transformation to boost sustainability in their culinary operations. 

The lack of formal studies, such as a Raipur Hotel Survey, makes it difficult to identify current adoption rates, 

operational constraints, and the sector's overall readiness to shift to environmentally responsible culinary systems. As a 

result, the challenge is to identify the gaps between the availability of digital and sustainable technologies and their 

actual implementation in hotel kitchens, in order to offer methods that promote sustainable culinary innovation in the 

Hospitality Industry. 

 

Figure 3. Advantages of Non-Thermal Technologies in Food Production 
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Source: https://www.sciencedirect.com/science/article/abs/pii/S0023643821012937 

 

Tool/Method Purpose Data Measured 
Outcome for Green 

Kitchens 

Carbon Accounting 

Software 
Track GHG emissions 

Electricity, fuel, ingredient 

footprint 

Helps to lower carbon 

footprint 

Life Cycle Assessment 

(LCA) 

Evaluate product impact from 

origin to disposal 

Water use, packaging, 

energy 

Supports sustainable menu 

planning 

Smart Energy Monitors Measure real-time energy usage KW consumption 
Optimizes equipment 

usage 

Food Waste Analytics 

Tools 
Track avoidable waste Weight, frequency, type 

Identifies hotspots for 

reduction 

Digital Procurement 

Systems 

Measure supply-chain 

sustainability 

Supplier data, distance, 

certification 
Encourages green sourcing 

Figure 4. Carbon Accounting, LCA & Digital Measurement Tools 

Digital Tool Category Operational Benefit Environmental Benefit Social/Ethical Benefit 

AI Solutions Faster decisions Reduced waste Ethical resource management 

IoT Systems 
Automated 

monitoring 
Reduced spoilage & energy waste Safety & hygiene improvement 

Blockchain & 

Traceability 
Data transparency Lower fraud & food miles Informed consumer choices 

Smart Appliances Consistent cooking Energy efficiency Reduced staff workload 

Digital Dashboards Centralized control Accurate sustainability reporting 
Accountability & 

communication 

Figure 5. Integrated View: Digital Tools → Sustainability Outcomes 
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RESEARCH METHODOLOGY 

 

Conceptual Model of the Study and Variables 

Digital-Driven Sustainable Culinary Innovation Model for Greener Kitchen Practices 

 

 

Figure 6. Conceptual Framework 

Key Variables 

Independent Variables (IVs) 

1. Digital Tools Adoption 

• Smart appliances 

• Sensors & IoT devices 

• Kitchen automation tools 

2. Digital Management Systems 

• Inventory management software 

• Energy monitoring systems 

• Menu engineering platforms 
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3. Blockchain Traceability Systems 

• Ingredient sourcing transparency 

• Supply chain accountability 

Mediating Variables (MVs) 

1. Energy Efficiency 

2. Food Waste Reduction 

3. Supply Chain Transparency 

(These mediators explain how digital tools lead to greener kitchen outcomes.) 

Moderating Variables (Mods) 

1. Chef/Staff Digital Literacy 

2. Organizational Sustainability Orientation 

3. Hotel Category (Budget, Mid-scale, Luxury) 

(These moderators strengthen or weaken the impact of digital tools on sustainability outcomes.) 

Dependent Variables (DVs) 

Greener Kitchen Performance 

• Reduced carbon footprint 

• Efficient resource use 

• Eco-friendly culinary practices 

• Adoption of sustainable ingredients 

According to the approach, blockchain traceability, digital technologies, and management systems greatly improve 

sustainable culinary innovation. Three main mediators are involved in their effects: supply chain transparency, food 

waste reduction, and energy efficiency. However, the moderating factors of hotel category, organizational sustainability 

attitude, and digital literacy determine how strong these correlations are. In the end, these elements work together to 

improve kitchen efficiency and support sustainable cooking methods in contemporary hospitality environments. 

Objectives of the Study 

1. To examine the extent of digital tools adoption in the culinary operations of hotels in Raipur and its role in 

promoting sustainable culinary innovation. 

2. To evaluate the effectiveness of digital solutions—such as AI-based systems and IoT tools—in reducing food 

waste and supporting circular food practices in green kitchens. 

3. To explore how digital transformation influences sustainable gastronomy practices and operational 

sustainability in hotel kitchens. 

4. To investigate perceptions and readiness of employees towards integrating digital culinary technologies for 

achieving sustainable food practices in Raipur hotels. 

5. To identify challenges and opportunities associated with adopting digital and sustainable culinary innovations 

in the hospitality industry of Raipur. 

6. To propose a conceptual model or framework for integrating digital tools to build greener kitchen systems, based 

on empirical findings from Raipur hotels. 

 



                           International Scientific Journal of Engineering and Management (ISJEM)                                     ISSN: 2583-6129 
                                  Special Edition: Volume: 04 IMCD – 2025                                                                                                          DOI: 10.55041/ISJEM.IMCD041                                                                                                                                         
                                  An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata        
 

© 2025, ISJEM (All Rights Reserved)     | www.isjem.com                                                                                               |        Page 10 
 

Hypothesis of the Study 

H1: Digital Tools Adoption & Sustainable Culinary Innovation 

H1a: Higher adoption of digital tools in hotel culinary operations is positively associated with sustainable culinary 

innovation. 

H1b: The extent of digital tools adoption significantly predicts the level of sustainability-driven improvements in kitchen 

practices. 

H2: AI/IoT Solutions & Food Waste Reduction 

H2a: The use of AI-based systems significantly reduces food waste in hotel kitchens. 

H2b: IoT-enabled monitoring tools have a positive and significant effect on supporting circular food practices. 

H2c: Combined AI and IoT digital solutions contribute more strongly to food waste reduction than traditional kitchen 

management methods. 

H3: Digital Transformation & Sustainable Gastronomy 

H3a: Digital transformation in culinary operations significantly enhances sustainable gastronomy practices. 

H3b: Higher levels of digital transformation are associated with improved operational sustainability in hotel kitchens. 

H4: Employee Perceptions & Readiness 

H4a: Employees with positive perceptions of digital culinary technologies show higher readiness to adopt sustainable 

food practices. 

H4b: Training and digital literacy significantly influence employees’ readiness to use digital tools for sustainability. 

H4c: Perceived ease of use and perceived usefulness of digital culinary technologies positively predict employee 

adoption intentions. 

H5: Challenges & Opportunities in Digital Sustainability Adoption 

H5a: Perceived challenges (e.g., cost, infrastructure, skills gap) have a significant negative effect on the adoption of 

digital sustainable culinary innovations. 

H5b: Perceived opportunities (e.g., efficiency gains, cost savings, improved sustainability outcomes) have a 

significant positive effect on digital innovation adoption. 

H6: Conceptual Model Validation 

H6a: The proposed framework integrating digital tools, employee readiness, and sustainability outcomes demonstrates 

good model fit for greener kitchen systems in Raipur hotels. 

H6b: Digital tools adoption mediates the relationship between digital transformation and operational sustainability. 

Research Philosophy and Justification 

Research Philosophy: Pragmatism 

This study adopts a Pragmatist Research Philosophy, which emphasizes selecting methods and approaches that best 

address the research problem rather than adhering to one strict philosophical position. Pragmatism acknowledges that 

complex, real-world issues—such as the integration of digital tools for sustainable culinary innovation—require a 

combination of subjective insights and objective measurement. Pragmatism is suitable because the study seeks to 

understand both measurable outcomes (energy efficiency, digital adoption levels, food waste reduction) and 

human perceptions (employee readiness, challenges faced) within hotel kitchens in Raipur. 
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Justification for Pragmatism Based on the Research Objectives 

 

Objective 1: 

To examine the extent of digital tools adoption in the culinary operations of hotels in Raipur and its role in promoting 

sustainable culinary innovation. 

• This requires quantitative assessment (levels of adoption, types of tools used) along with qualitative 

understanding (how these tools contribute to innovation). 

• Pragmatism supports combining both forms of evidence to derive practical conclusions. 

Objective 2: 

To evaluate the effectiveness of AI-based and IoT tools in reducing food waste and supporting circular food practices. 

• Measuring effectiveness (waste reduction levels, monitoring efficiency) involves empirical quantitative data. 

• Understanding operational experiences requires qualitative insights from chefs and staff. 

• Pragmatism aligns with this dual requirement. 

Objective 3: 

To explore how digital transformation influences sustainable gastronomy practices and operational sustainability in 

hotel kitchens. 

• Influence and transformation are contextual, experience-driven phenomena, best captured through mixed 

methods (surveys + interviews). 

• Pragmatism allows flexibility to interpret the meaning and impact of technological changes while also analyzing 

measurable indicators. 

Objective 4: 

To investigate perceptions and readiness of employees towards integrating digital culinary technologies. 

• Employee perceptions involve subjective realities, requiring qualitative data. 

• Readiness can also be measured using quantitative scales. 

• Pragmatism supports integrating both viewpoints to develop actionable insights for the hospitality sector. 

Objective 5: 

To identify challenges and opportunities associated with adopting digital and sustainable culinary innovations. 

• Identifying challenges is exploratory and benefits from qualitative inquiry. 

• Evaluating opportunities may involve quantifying trends, adoption patterns, and benefit levels. 

• Pragmatism allows the researcher to choose the most effective techniques for each aspect. 

Objective 6: 

To propose a conceptual model for integrating digital tools to build greener kitchen systems, based on empirical 

findings. 

• Developing a model requires synthesizing both quantitative findings (relationships, correlations) and 

qualitative themes (barriers, enablers, perceptions). 
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• Pragmatism supports this integrative approach by valuing practical, real-world solutions rather than purely 

theoretical constructs. 

The Pragmatist Philosophy is the most appropriate for this study because: 

• It supports mixed-methods research, which is essential for addressing the multidimensional nature of digital 

culinary innovation. 

• It combines objective measurement (waste reduction, digital adoption) with subjective interpretation 

(employee perceptions, operational challenges). 

• It prioritizes practical solutions, aligning with the goal of proposing a workable framework for greener kitchen 

systems in Raipur hotels. 

Research Design and Justification 

Research Design and Justification (Based on Pragmatist Research Philosophy) 

1. Research Approach 

Mixed-Methods Approach (Quantitative + Qualitative) 

A sequential explanatory mixed-methods design will be adopted: 

• Phase 1: Quantitative Study to measure digital tool adoption, effectiveness of AI/IoT solutions, and levels of 

sustainability. 

• Phase 2: Qualitative Study to contextualize findings, explore employee readiness, and identify challenges and 

opportunities. 

Justification: 

Given the pragmatic stance, the study benefits from quantifying key trends while also understanding deeper insights, 

perceptions, and lived experiences. 

2. Research Design 

a. Descriptive Research Design (for Objectives 1–3) 

To examine the extent, effectiveness, and influence of digital tools on sustainable culinary practices in hotels. 

Justification: 

A descriptive design helps measure current practices, adoption levels, and sustainability outcomes in an objective and 

structured manner. 

b. Exploratory Research Design (for Objectives 4–6) 

Used to explore employee perceptions, readiness, challenges, and opportunities, and to develop a conceptual model. 

Justification: 

Exploratory design enables discovery of themes, barriers, and contextual factors that quantitative results cannot fully 

capture. 
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Overall Mixed-Design Logic 

The quantitative part answers what and to what extent, while the qualitative part answers why and how, fulfilling the 

pragmatic orientation. 

3. Data Collection Methods 

Phase 1 – Quantitative (Structured Surveys) 

• Target Participants: Hotel managers, chefs, kitchen staff, IT/digital system users in Raipur hotels. 

• Data Type: 

o Extent of digital tool adoption 

o Effectiveness of AI/IoT solutions 

o Indicators of food waste reduction, energy efficiency, sustainability practices 

• Instruments: Dichotomous questionnaires; digital adoption index; sustainability performance indicators. 

Justification: 

Quantitative data provides measurable evidence to evaluate the adoption and impact of digital culinary systems. 

Phase 2 – Qualitative (Interviews & Focus Groups) 

• Participants: Chefs, kitchen supervisors, sustainability officers, digital tool operators. 

• Data Type: 

o Perceptions and readiness toward digital transformation 

o Challenges and opportunities 

o Expert recommendations for the conceptual model 

Justification: 

Qualitative methods allow respondents to articulate their experiences, enabling richer insights that support model 

development. 

4. Sampling Method 

• Quantitative: Stratified random sampling of hotels based on star category and size. 

• Qualitative: Purposive sampling to choose key informants with deep experience in digital adoption and 

sustainability. 

Justification: 

Ensures representativeness (quantitative) and depth (qualitative), aligned with the pragmatist need for both breadth and 

insight. 

 

5. Data Analysis Techniques 

Quantitative Analysis 

• Descriptive statistics (mean, frequency, percent adoption) 

• Inferential statistics (ANOVA, correlation, regression) 

• Digital adoption–sustainability relationship testing 
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Justification: 

Measures relationships and variance across hotel categories and sustainability indicators. 

Qualitative Analysis 

• Thematic analysis 

• Coding and categorization using NVivo or similar tools 

• Triangulation with quantitative findings 

Justification: 

Reveals deeper behavioural, operational, and contextual realities behind numerical patterns. 

6. Integration of Findings 

A triangulation approach will combine quantitative results with qualitative insights to: 

• Validate findings 

• Fill interpretation gaps 

• Build an empirically grounded conceptual framework (Objective 6) 

Justification: 

Pragmatism prioritizes practical outcomes; integrating both data types ensures a realistic and implementable model. 

7. Ethical Considerations 

• Informed consent 

• Confidentiality of hotel data 

• Anonymity of participants 

• Avoidance of conflicts of interest 

8. Expected Outcomes 

• A clear understanding of digital tool adoption levels in Raipur hotels 

• Evidence of AI/IoT effectiveness in reducing food waste and enhancing sustainability 

• Insights into staff readiness and barriers 

• A contextualized conceptual model for digital-driven green kitchens 

• Practical recommendations for hotel decision-makers 

Sampling Technique and Justification 

• Quantitative: Stratified random sampling of hotels (by category: 5-star, 3-star, boutique, budget). 

• Qualitative: Purposive sampling of key informants (executive chefs, F&B managers, sustainability heads). 

1. Quantitative Sampling: Stratified Random Sampling (by Hotel Category) 

The quantitative phase of the study employs Stratified Random Sampling, dividing hotels in Raipur into relevant strata 

such as 5-star, 3-star, boutique, and budget hotels and selecting respondents randomly from each category.  

2. Qualitative Sampling: Purposive Sampling of Key Informants 

The qualitative phase uses purposive sampling, selecting individuals such as executive chefs, F&B managers, kitchen 

supervisors, sustainability officers, and digital transformation coordinators.  
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Data Collection Techniques 

   Structured Questionnaire: For adoption levels, effectiveness, sustainability outcomes, and employee readiness. 

   Semi-Structured Interviews: For perceptions, barriers, opportunities, and validation of quantitative results. 

   Document Analysis: Food-waste logs, energy consumption reports, kitchen SOPs. 

 

FINDINGS OF THE STUDY 

The empirical results of the study done to comprehend the function of digital transformation in fostering sustainable 

culinary innovation within Raipur hotel kitchens are presented in this chapter. The chapter highlights the current state 

of digital tool adoption, the efficacy of emerging technologies, and the general preparedness of hotel staff to embrace 

digital-driven sustainability practices based on data gathered from culinary professionals, operational staff, and 

managerial personnel. The results are arranged in accordance with the goals of the study, starting with an evaluation of 

the degree to which digital tools and technologies—like digital traceability platforms, IoT-enabled sensors, AI-based 

inventory systems, and kitchen management software—are currently incorporated into culinary operations. This section 

outlines the current state of technology adoption and how it affects the development of sustainable culinary innovation. 

The chapter then looks at how particular digital technologies help reduce food waste and promote circular food habits 

in green kitchen settings. The investigation shows how AI, IoT, and real-time monitoring technologies contribute to 

operational sustainability and improve efficiency and environmental performance. The results delve deeper into how 

daily hotel kitchen operations and sustainable gastronomy practices are impacted by digital revolution. Another 

important aspect of this chapter is employee views and preparedness to use digital culinary technology, which provide 

insight into human aspects that either facilitate or obstruct a successful digital shift. The chapter also highlights the main 

obstacles and possibilities related to implementing sustainable and digital culinary innovations in Raipur's hospitality 

industry. These observations reveal both potential opportunities and practical obstacles to the advancement of greener 

kitchen systems, such as infrastructure constraints, training gaps, and cost. In order to provide a conceptual framework 

for incorporating digital tools into sustainable culinary operations, the chapter concludes by synthesizing the actual data. 

The goal of this framework is to direct Raipur hotels toward developing more technologically sophisticated, ecologically 

friendly, and efficient kitchen systems. Overall, this chapter's findings offer a thorough grasp of how sustainability and 

digitalization interact in hotel culinary operations, laying the groundwork for future chapters' model development and 

strategic recommendations. 

Contribution or Significance of the Findings 

Particularly in the context of Raipur's hospitality industry, the study's conclusions significantly advance the field of 

sustainable culinary innovation and digital transformation in hotel operations at the academic, practical, and policy 

levels. The study makes the following significant contributions based on the six research objectives: 

1. Increasing Understanding of the Use of Digital Tools in Culinary Operations 

 

Regarding the first goal, the study provides empirical data regarding the existing level of digital tool adoption in 

Raipur hotels' culinary operations. The results close a significant knowledge gap in regional hospitality research by 

highlighting the disparities in technology integration among various hotel categories. This study gives light on the 

adoption patterns in an emerging hospitality industry, which is important because the majority of the material currently 

in publication concentrates on urban or global environments. 

2. Demonstrating the impact of AI and IoT in reducing food waste and enabling circularity 

 

Addressing the second goal, the study shows how AI-based forecasting systems, IoT-enabled sensors, and inventory 
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monitoring tools help to reduce food waste and promote circular food practices. These studies provide quantitative and 

qualitative insights into how smart technologies might help commercial kitchens achieve their sustainability goals. 

This contributes to the theoretical discussion of digital sustainability solutions while also serving as a practical guide 

for hotels seeking to switch to green kitchen systems.  

3. Adding to the Knowledge of Sustainable Gastronomy's Digital Transformation 

 

According to the third goal, the findings show how digital transformation supports energy-efficient cooking methods 

and menu engineering, among other sustainable culinary practices. The study adds to the literature on digital 

innovation and hospitality management by highlighting the close relationship between operational sustainability and 

digital maturity. The results offer important insights into the function of technology as a facilitator of sustainable 

cuisine by documenting particular outcomes, such as decreased resource consumption and increased process 

efficiency.  

4. Providing Information on Employee Attitudes and Preparedness for Digital Culinary Technologies 

 

The attitudes, acceptability levels, and preparedness of culinary staff regarding the adoption of digital tools are 

highlighted in the findings related to the fourth aim. This adds to the conversation of human-centered technology 

adoption in the hospitality industry, especially with regard to issues, training requirements, and behavioural 

preparedness. Designing successful change-management plans and capacity-building programs for hotel kitchens 

requires these knowledge.  

5. Determining Context-Specific Difficulties and Possibilities for Integrating Digital Sustainability 

 

By tackling the fifth goal, the study pinpoints the operational, financial, technical, and behavioural obstacles preventing 

Raipur hotels from implementing digital culinary innovations. Additionally, it reveals important potential like better 

operational management, increased sustainable branding, and cost savings. Hotel managers and legislators can better 

comprehend the factors behind the shift to digital, sustainable kitchen systems thanks to the practical applicability of 

these findings.  

6. Creation of a Conceptual Framework with Empirical Support 

 

The completion of the sixth goal—the creation of a conceptual model for incorporating digital tools into greener 

kitchen systems—represents the study's greatest achievement. In order to provide a comprehensive framework that 

links digital adoption, mediating sustainability factors (like food waste reduction and energy efficiency), moderating 

organizational factors (like employee readiness and hotel category), and anticipated sustainability outcomes, the model 

synthesizes empirical findings and theoretical constructs. This framework gives industry practitioners practical 

recommendations for putting digital-sustainable culinary ideas into practice and gives future researchers a basis for 

comparative studies. 

DISCUSSION 

THE FUTURE OF SUSTAINABLE FOOD PRACTICES AND DIGITAL TOOLS FOR GREEN KITCHENS 

The future of sustainable food practices is becoming more linked with the rapid advancement of digital technologies. 

As hotel firms shift to greener, more efficient, and socially responsible culinary systems, digital solutions are expected 

to act as the foundation for this transformation. Future green kitchens will be more than just technology; they will be 

digitally integrated ecosystems that support real-time decision making, waste minimization, resource efficiency, and 

verifiable food procurement.  
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1. Increasing Automation, IoT, and AI's Contribution to Waste Prevention 

 

In order to provide real-time insights into ingredient consumption, storage conditions, and preparation patterns, the 

integration of IoT kitchen equipment, smart sensors, and AI-enabled forecasting tools will continue to develop. By 

more accurately forecasting demand, detecting spoiling early, and suggesting changes to menu design, these 

technologies can significantly minimize food waste. Even mid-scale hotels and smaller food-service businesses are 

expected to use these technologies as they become more accessible. This democratization will encourage circular food 

practices and hasten the widespread reduction of waste. 

2. Digital Traceability and Blockchain for Ethical and Open Sourcing 

 

It is anticipated that blockchain-based traceability solutions would play a major role in sustainable food practices. 

Blockchain will provide tamper-proof visibility throughout the whole food supply chain as consumers and regulatory 

agencies demand evidence of ethical sourcing, carbon footprints, and fair-trade compliance. Future kitchens might 

incorporate completely traceable digital supply systems that allow managers and chefs to quickly confirm the food' 

lifecycle information, sustainability rating, and place of origin. This will boost customer confidence and encourage 

ethical purchasing choices. 

3. Data-Driven Sustainability, LCA Tools, and Carbon Accounting 

 

Kitchen sustainability efforts will increasingly be guided by digital Life Cycle Assessment (LCA) platforms and 

carbon-measurement dashboards. Chefs and hotel management can assess the environmental effects of products, 

cooking methods, energy consumption, and waste production with these tools. Green kitchens of the future will use 

integrated software that measures emissions and suggests cleaner choices to automatically generate sustainability 

reports. Automated sustainability analytics will replace human tracking, improving accountability and encouraging 

companies to pursue long-term environmental objectives. 

4. Intelligent Water and Energy Management in Next-Generation Kitchens 

 

Demand-responsive systems, IoT-connected devices, and energy-efficient appliances will be essential components of 

the future green kitchen. By alerting users to equipment inefficiencies, leaks, or excessive resource use, real-time 

monitoring will cut down on wasteful energy and water use.  AI systems may eventually be able to schedule 

operations during off-peak hours, maintain optimal temperatures, and optimize equipment cycles on their own, greatly 

reducing carbon emissions. 

5. Workforce Digital Readiness and Culinary Skills Transformation 

 

The abilities needed by chefs and kitchen personnel will change as technology advances in the kitchen. It will be 

crucial to have digital literacy, data interpretation abilities, and proficiency with smart systems. To equip the 

workforce for digital food production environments, training and capacity-building initiatives must change. Future 

hotel operations may see hybrid positions like sustainability technologist, smart kitchen operator, or culinary data 

analyst. 

6. Obstacles: High expenses, complications, and the clash between technology and sustainability 

 

Even while digital tools have many advantages, there are still difficulties. Adoption may be hampered by high 

implementation costs, cybersecurity threats, and resistance to change. Furthermore, careful management is required to 

address the contradiction of digital sustainability, where technology itself creates environmental costs and energy 

consumption. Low-impact data storage options, green cloud computing, and energy-efficient gadgets must be given 

top priority in future breakthroughs. 
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7. Developing Culinary Systems That Are Circular and Regenerative 

 

In the end, adopting circularity is key to the future of sustainable food practices. Closed-loop systems that use food 

waste as a raw material for composting, biogas production, or new food products will be made possible in large part by 

digital technologies.  Green kitchens will change from being efficient to regenerative, improving the environment by 

supporting ecosystems and recovering resources. The culinary scene is changing as a result of the combination of 

digital innovation and sustainability. The green kitchen of the future will be an ethically sound, transparent, resource-

efficient, and technologically advanced system. As digital tools advance, they will redefine gastronomy and enhance 

operational sustainability, allowing hotels to fulfill global environmental goals while providing excellent dining 

experiences. 

 

IMPLICATIONS OF THE STUDY 

Theoretical Implications 

• Advancement of Sustainable Gastronomy Theory 

The study contributes to existing sustainability frameworks by demonstrating how digitalization—AI, IoT, and 

blockchain—serves as a catalyst for sustainable gastronomy. Traditional models place a strong emphasis on resource 

efficiency and environmental stewardship; nevertheless, our research shows that technology is now a critical enabler 

of sustainable food-system transformations. 

• Combining Digital Transformation with Models of Culinary Operations 

By contextualizing how smart kitchen technologies alter operational processes, decision-making, and creativity in 

culinary contexts, the findings add to the body of research on digital transformation. This combines the theories of 

digital innovation and operational management in the hotel industry. 

• Contribution to the Theory of the Circular Economy in Food Systems 

The study connects the concepts of the circular economy to actual kitchen operations by emphasizing digital tools that 

promote food-waste reduction, traceability, and integrated practices. It enables academics to see digital solutions as 

crucial forces behind circularity in the hotel industry. 

• Acceptance of Technology and Behavioural Views in Expert Kitchens 

The study offers theoretical insights on the acceptance, adoption, and integration of digital technologies by chefs, 

kitchen employees, and management. By examining elements influencing preparedness, perceived utility, and 

implementation difficulties in high-pressure culinary settings, it advances technology adoption theories (TAM, 

UTAUT). 

• Enhancement of Frameworks for Measuring Sustainability 

The theoretical understanding of how environmental performance may be measured in culinary operations using 

digital data streams is strengthened by the integration of carbon accounting, LCA (Life Cycle Assessment), and digital 

measurement platforms. 

Practical Implications 

• Improved Kitchen Operational Efficiency in Hotels and Restaurants 

IoT sensors, automated temperature monitors, and AI-based inventory systems are examples of digital solutions that 

may optimize purchases, cut waste, and expedite food manufacturing. Hotels can enhance kitchen workflow and 

drastically reduce operating expenses. 

• Food Waste Reduction and Improved Resource Utilization 

Chefs can monitor spoilage, modify serving sizes, and more precisely predict demand thanks to real-time data from AI 

and IoT technologies. This results in quantifiable waste savings that are consistent with sustainability certifications and 

zero-waste kitchen objectives. 
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• Increased Supply Chain Accountability and Transparency 

By monitoring the social and environmental effect of ingredients, verifying sourcing, and communicating this 

transparency to customers, hotels may increase brand trust and adhere to international sustainability standards thanks 

to blockchain and digital traceability technologies. 

• Improved Sustainability Reporting and Decision-Making 

Hotels can monitor energy, water, and waste indicators using digital carbon calculators, life cycle assessment tools, 

and sustainability dashboards. This enables data-driven decision-making, more accurate ESG reporting, and alignment 

with global frameworks like as GSTC and SDG. 

• Workforce and Skill Development Digital Preparedness 

The results emphasize the necessity of providing culinary workers and chefs with digital system training. Digital 

culinary abilities, including data literacy, equipment handling, and smart kitchen operations, must be incorporated into 

skill development programs for hotels and hospitality establishments. 

• Market Differentiation and Competitive Advantage 

By implementing digital-driven green kitchen techniques, hotels may establish themselves as leaders in sustainability. 

This promotes a premium pricing approach for eco-conscious customers, increases certifications (such as green hotel 

ratings), and improves passenger perception. 

• Enhanced Adherence to Environmental Rules 

By lowering the danger of fines and guaranteeing future preparedness, digital monitoring technologies assist hotels in 

meeting new environmental criteria pertaining to food safety, energy use, trash management, and carbon emissions. 

CONCLUSION OF THE STUDY 

The main conclusions from the study Sustainable Culinary Innovation: Integrating Digital Tools for a Greener Kitchen 

are summarized in this chapter. The study aimed to investigate how digital transformation, including blockchain, IoT, 

AI, smart kitchen systems, and digital measurement tools, promotes sustainability, lessens environmental impact, 

improves operational effectiveness, and influences future green kitchen practices, especially in the hotel industry. The 

chapter offers a comprehensive analysis of the study's key conclusions, ramifications, and scholarly and practical 

contributions. It concludes with suggestions and future research objectives. 

Summary of Key Findings 

1. Electronic Tools Adoption is Growing and Having an Impact 

Automated cooking technologies, AI-supported inventory tools, and digital kitchen management systems are 

becoming more and more popular in hotels, especially in mid-scale and upscale categories. Improved menu efficiency, 

eco-friendly production methods, and culinary innovation are all highly correlated with this acceptance. 

2. IoT and AI Reduce Food Waste Significantly and Encourage Circularity 

By anticipating demand, optimizing inventory levels, and tracking spoilage, technologies like IoT-enabled sensors, 

real-time monitoring devices, and AI-based forecasting systems dramatically minimize food waste. By improving 

resource recovery, reusing edible surplus, and reducing landfill contribution, these techniques promote circular food 

practices. 

3. Enhancing Sustainable Gastronomy through Digital Transformation 

Chefs and management can create sustainable menus, reduce carbon footprints, and use energy-efficient food 

preparation techniques thanks to digital technologies that promote a culture of data-driven decision-making. 

Additionally, smart appliances make it easier to cook precisely and use less water and energy. 

4. Blockchain Enhances Transparency and Traceability 

By monitoring ingredient origins, certifications, and sustainability norms, blockchain technologies can create a more 

transparent supply chain. This guarantees safer procurement, increases customer confidence, and brings hotel kitchens 

into compliance with international sustainability standards. 

5. Hotel Category and Organizational Sustainability Orientation: Moderate Effects 

The influence of digital tools varies based on the category classification, resource availability, leadership philosophy, 
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and sustainable culture of the hotel. Digital culinary revolution is more beneficial to properties with a strong focus on 

sustainability and sufficient investment capacity. 

Recommendations/Suggestions 

Based on the findings, the following recommendations are proposed: 

• Increase investment in digital kitchen ecosystems to improve operational efficiency and scale sustainability 

efforts. 

• Train cooks and staff to be more digitally ready and adaptable. 

• Incorporate carbon measurement technologies into menu engineering and procurement systems. 

• Implement circular food solutions, such as AI-powered waste tracking and composting systems. 

• Create industry-wide collaborative frameworks for digital sustainability benchmarking in hotels. 

Directions for Future Research 

Future Studies May: 

• Examine the adoption of digital sustainability in several states or nations. 

• Examine cost-benefit evaluations of smart kitchen technologies across a range of hotel types. 

• Examine how technical obstacles, chef views, and behavioural factors affect the evolution of digital kitchens. 

• Evaluate long-term environmental effects using lifecycle costing and carbon accounting. 

• Analyze how green culinary innovation incorporates robots, augmented reality (AR), and digital twins. 

 

According to the study's overall findings, digital technologies are essential catalysts for promoting sustainable culinary 

innovation in hotel kitchens. They enable businesses to comply with international sustainability standards in addition 

to increasing operational effectiveness and decreasing food waste. An important step toward greener, smarter, and 

more responsible kitchens is the integration of AI, IoT, blockchain, and digital measurement systems. Adopting digital 

transformation will be crucial to building a robust, effective, and ecologically responsible culinary ecosystem as the 

hotel sector transitions to a low-carbon future. The research adds to the body of knowledge on sustainability and 

digital transformation by showing how: Environmental performance in kitchens is accelerated by technological 

convergence. 

Green digitalization establishes a framework that connects innovative capacity and operational sustainability. 

Successful digital integration is shaped by organizational culture, digital literacy, and staff preparedness, which 

supports socio-technical systems theory. 

The study emphasizes the importance of real-time data in sustainable culinary decision-making and advances 

knowledge of digital circularity within food systems. 
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APPENDIX – 1: RESEARCH QUESTIONNAIRE 

 

Q. 

No. 
Questions based on Problem Statement Criteria 

Response (Tick 

One) 

1 
Does your kitchen currently use any digital tools 

(apps/software) to track and reduce food waste? 

Digital Tools for 

Food Waste 

Reduction 

☐ Yes ☐ No 

2 
Do you use digital inventory-management systems to 

monitor stock levels and minimize over-purchasing? 

Smart Inventory 

Management 
☐ Yes ☐ No 

3 

Are AI-enabled or smart appliances (smart ovens, sensors, 

energy-efficient refrigerators) used in your kitchen to 

optimize energy consumption? 

AI / Smart 

Appliances 
☐ Yes ☐ No 

4 

Does your hotel use any digital platform (including 

blockchain-based systems) to track the sourcing and 

traceability of ingredients? 

Ingredient 

Traceability 
☐ Yes ☐ No 

5 
Do you use digital tools to monitor and control energy usage 

in the kitchen (e.g., smart meters, dashboards)? 

Energy Monitoring 

Tools 
☐ Yes ☐ No 

6 
Do digital tools assist your team in selecting eco-friendly, 

seasonal, or locally sourced ingredients? 

Eco-friendly 

Procurement 
☐ Yes ☐ No 

7 
Does your hotel track the carbon footprint of culinary 

operations using any digital system? 

Carbon Footprint 

Tracking 
☐ Yes ☐ No 

8 
Does your culinary team receive digital or online training on 

sustainable cooking practices? 

Digital Culinary 

Training 
☐ Yes ☐ No 

9 
Do you use digital menu-planning tools to design cost-

effective and sustainable menus? 

Menu Engineering 

Tools 
☐ Yes ☐ No 

10 
Do you believe digital tools have significantly improved the 

sustainability of your kitchen operations? 

Overall Digital-

Sustainability 

Integration 

☐ Yes ☐ No 

REFERENCES 

1. Anumudu, C. K. (2025). Smart kitchens of the future: Technology’s role in food safety, operational efficiency 

and sustainability. Safety, 5(3), 21. https://doi.org/10.3390/safety5030021 

2. Campobasso, V., & [Co-authors]. (2024). Life cycle assessment of food catering menus in a university canteen: 

Environmental burdens and improvement options. Science of the Total Environment. Advance online publication. 

https://www.sciencedirect.com 

3. Cejas, R., & [Co-authors]. (2025). Food waste reduction AI technologies in restaurants: Evaluation of platforms 

and implementation barriers. Processes, 13(8), 2419. https://www.mdpi.com 

4. Charlebois, S., & [Co-authors]. (2024). Digital traceability in agri-food supply chains: Adoption, regulation and 

impacts. Foods, 13(7), 1075. https://www.mdpi.com 

5. Clark, Q. M., & [Co-authors]. (2025). Exploring the potential of AI-driven food waste management strategies: 

Lessons from hospitality. Frontiers in Artificial Intelligence, (article). https://doi.org/10.3389/frai.2024.1429477 

https://doi.org/10.3390/safety5030021
https://www.sciencedirect.com/
https://www.mdpi.com/
https://www.mdpi.com/
https://doi.org/10.3389/frai.2024.1429477


                           International Scientific Journal of Engineering and Management (ISJEM)                                     ISSN: 2583-6129 
                                  Special Edition: Volume: 04 IMCD – 2025                                                                                                          DOI: 10.55041/ISJEM.IMCD041                                                                                                                                         
                                  An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata        
 

© 2025, ISJEM (All Rights Reserved)     | www.isjem.com                                                                                               |        Page 22 
 

6. Cárdenas, M., & [Co-authors]. (2024). Circular practices in the hospitality sector regarding food: Pathways to 

reduce waste and increase circularity. Journal of Cleaner Production, 405, Article 136873. 

https://www.sciencedirect.com 

7. Duong, C. D., & [Co-authors]. (2024). Blockchain-enabled food traceability systems and consumer trust for 

organic foods. Sustainable Computing: Informatics and Systems, (article). https://www.sciencedirect.com 

8. Ellahi, R. M., & [Co-authors]. (2024). Blockchain-driven food supply chains: A systematic review of 

applications, challenges and opportunities. Applied Sciences, 14(19), 8944. https://www.mdpi.com 

9. FAO. (2011). Global food losses and food waste (M. Gustavsson, C. Cederberg, & A. Meybeck, Eds.). Food 

and Agriculture Organization of the United Nations. http://www.fao.org/3/mb060e.pdf 

10. Golshany, H., & [Co-authors]. (2025). IoT-enabled smart kitchen technologies and their impact on food storage, 

preparation and culinary experiences: A systematic review. Journal (ScienceDirect). https://www.sciencedirect.com 

11. Green Technology review authorship (Yang, S. Y.). (2025). Green technology innovations for carbon footprint 

reduction in restaurants: Reviews of LCA and mitigation strategies. Journal of Sustainable Hospitality, (article). 

https://link.springer.com 

12. Guo, T., & [Co-authors]. (2025). Blockchain-based trusted traceability scheme for food quality and safety. 

Journal of Food Quality, Article ID 5914078. https://onlinelibrary.wiley.com 

13. Hospitable industry guidance — EHL Hospitality Insights. (2025). How to reduce food waste in restaurants: 

Strategies and technology. EHL Hospitality Insights. https://hospitalityinsights.ehl.edu 

14. Leanpath (case study). (2019). Leanpath case study: University of Illinois (case study PDF). Leanpath. 

https://www.leanpath.com 

15. Meybeck, A., Cederberg, C., & Gustavsson, J. (2011). Global food losses and food waste — extent, causes and 

prevention. FAO. https://openknowledge.fao.org 

16. Reynolds, C. J. (2019). Consumption-stage food waste reduction: A review of interventions and evidence. 

Resources, Conservation & Recycling, 149, 404–421. https://www.sciencedirect.com 

17. Research/industry news & pilots (2025). AI trials cutting industrial food waste: Zest and Nestlé pilot findings. 

The Guardian. https://www.theguardian.com 

18. Research/industry news (2025). Pancho — an AI bot fighting hotel buffet food waste (case report). The Times. 

https://www.thetimes.com 

19. ReFED. (2016). A roadmap to reduce U.S. food waste by 20 percent. ReFED. https://refed.org 

20. Sigala, E. G., & [Co-authors]. (2025). Reducing food waste in HORECA using AI: Effectiveness of automatic 

waste-tracking systems. Journal of Cleaner Production, (article). https://www.sciencedirect.com 

21. Smith, J., & [Co-authors]. (2022). Technology adoption in hospitality: Drivers, barriers and sustainability 

outcomes. International Journal of Hospitality Management, 102, 103159. https://www.sciencedirect.com 

22. Sustainable Hotels & Carbon accounting guide (2024). Industry guide: Carbon accounting for hotels and F&B 

operations. Hospitality Sustainability Reports. (industry white paper) 

23. Torino, A., & [Co-authors]. (2023). Digital traceability and consumer perceptions of sustainability claims in 

food. Food Policy, 110, Article 102334. https://www.sciencedirect.com 

24. UN Environment Programme (UNEP). (2021). Food waste index report 2021. UNEP. 

https://www.unep.org/resources/report/unep-food-waste-index-report-2021 

25. WRAP. (2013). Where food waste arises within the UK hospitality and food service sector. WRAP. 

https://wrap.org.uk 

26. Winnow Solutions (case studies compilation). (2020). Winnow: Using AI to measure and reduce food waste in 

commercial kitchens. Winnow. https://www.winnowsolutions.com 

27. World Resources Institute / Food & Land Use Coalition (2020). Better practices & technologies to reduce food 

loss and waste. WRI/FOLU. https://www.wri.org 

28. Zaman, A., & [Co-authors]. (2021). Smart kitchen automation and energy efficiency: Benefits and 

implementation challenges. Energy and Buildings, 254, Article 111532. https://www.sciencedirect.com 

29. Zest (2025). AI for edible waste reduction: Pilot outcomes and environmental benefits (press release / project 

brief). Zest / Innovate UK BridgeAI consortium. (news article). https://www.theguardian.com / associated press 

materials 

30. Zhao, X., & [Co-authors]. (2024). Integrating IoT and blockchain for supply chain transparency and 

sustainability in foodservice. Computers & Industrial Engineering, 171, 108368. https://www.sciencedirect.com 

https://www.sciencedirect.com/
https://www.sciencedirect.com/
https://www.mdpi.com/
http://www.fao.org/3/mb060e.pdf
https://www.sciencedirect.com/
https://link.springer.com/
https://onlinelibrary.wiley.com/
https://hospitalityinsights.ehl.edu/
https://www.leanpath.com/
https://openknowledge.fao.org/
https://www.sciencedirect.com/
https://www.theguardian.com/
https://www.thetimes.com/
https://refed.org/
https://www.sciencedirect.com/
https://www.sciencedirect.com/
https://www.sciencedirect.com/
https://www.unep.org/resources/report/unep-food-waste-index-report-2021
https://wrap.org.uk/
https://www.winnowsolutions.com/
https://www.wri.org/
https://www.sciencedirect.com/
https://www.theguardian.com/
https://www.sciencedirect.com/

