
© November 2024 | IJIRT | Volume 11 Issue 6 | ISSN: 2349-6002 

 

IJIRT 169238   INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY      865 

Assessing the Economic Viability of Circular Business 

Models in the Food Industry 
 

 

Dr. Naincy Prajapati 

Assistant Professor Commerce Jwala Devi Vidya Mandir PG College, Kanpur 

 

Abstract: The increasing demand for sustainable 

practices in the food industry is driven by growing 

concerns over resource scarcity, waste generation, and 

climate change. Circular economy (CE) models offer a 

promising approach to address these challenges by 

promoting waste minimization, resource efficiency, and 

environmental sustainability. This research investigates 

the economic viability of CE models in the food industry, 

focusing on their potential for waste reduction and 

sustainable resource use. Through a review of existing 

CE practices, such as upcycling, regenerative agriculture, 

and closed-loop systems, the study examines how these 

models are being implemented and identifies the primary 

challenges and opportunities faced by industry 

stakeholders. Key challenges include high initial costs, 

limited infrastructure for waste recovery, and regulatory 

barriers, particularly for small and medium-sized 

enterprises (SMEs). However, the findings highlight 

significant opportunities in consumer engagement, cost 

savings, and enhanced brand loyalty, which can drive the 

adoption of sustainable practices. Practical 

recommendations are provided for industry stakeholders, 

including the adoption of upcycling technologies, 

consumer education initiatives, and collaborative 

partnerships. Additionally, policy recommendations for 

regulatory bodies emphasize the need for supportive 

frameworks, financial incentives, and public-private 

partnerships to facilitate CE adoption. This research 

contributes to both academic literature and practical 

applications by offering insights that inform business 

strategy and policy-making. Future research directions 

include exploring consumer behavior, supply chain 

dynamics, and the impact of technological innovations on 

circular economy practices in the food industry. The study 

underscores the importance of a multi-stakeholder 

approach in realizing a sustainable and resilient food 

system. 
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INTRODUCTION 

 

The food industry in India is a vast and diverse sector, 

encompassing a wide range of activities from 

agricultural production and food processing to retail 

and export. With a growing population, rising 

disposable incomes, and an increasing demand for 

processed foods, the industry has shown steady 

growth and potential for further expansion. the food 

industry in India is poised for significant growth due 

to a combination of rising consumer demand, 

supportive government policies, and expanding 

market opportunities. However, addressing 

infrastructure, supply chain, and sustainability 

challenges remains essential for fully realizing the 

industry’s potential.  

 

Agricultural Foundation: Agriculture remains a 

major employer in India, with approximately 60% of 

the population relying on it for their livelihoods. India 

ranks among the world’s top producers of various 

agricultural products, including rice, wheat, pulses, 

milk, and spices. It is the largest producer of milk and 

second-largest producer of fruits, vegetables, and 

cereals globally. The diversity in climate and 

geography across India allows for a wide range of 

crops, from tropical fruits and spices in the south to 

grains and pulses in the north. 

 

Food Processing Sector: The food processing 

industry contributes over 8% to India’s GDP and is 

among the largest industries in the country. While 

India is a large producer of raw food materials, only 

about 10% of the total produce is processed. This 

indicates vast potential for growth in food processing 

to reduce food wastage and enhance value addition. 

The industry covers several segments, including 

dairy, grains, meat and poultry, fruits and vegetables, 

and ready-to-eat/ready-to-cook products. The 

packaged food and beverages segment is also 

growing rapidly, driven by demand for convenience 

foods. 

 

Market Trends and Consumer Behavior: 

Urbanization and lifestyle changes are driving 

demand for ready-to-eat and convenience foods, 

leading to a surge in the packaged food sector. There 

is an increasing demand for organic, low-calorie, and 

nutritious foods, with consumers seeking products 

that align with healthier lifestyles. With the rise of 

digital platforms, the online food delivery and 
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grocery markets have seen significant growth. The 

COVID-19 pandemic further accelerated the 

adoption of online food retail. 

Government Support and Initiatives: Initiatives like 

the Pradhan Mantri Kisan Sampada Yojana 

(PMKSY) aim to modernize infrastructure and 

reduce post-harvest losses. The scheme provides 

funding and support for setting up mega food parks, 

integrated cold chains, and agro-processing clusters. 

India prioritizes food security through the Public 

Distribution System (PDS) and other welfare 

schemes to ensure access to staple foods for low-

income populations. The government has allowed 

100% FDI in food processing, creating opportunities 

for multinational companies and promoting domestic 

growth. 

Export Potential: India exports a variety of 

agricultural and processed food products, including 

spices, rice (especially Basmati), meat, seafood, and 

processed fruits and vegetables. India holds a 

competitive advantage in the spice and tea markets 

globally, with a large share in exports. India’s 

growing trade partnerships and agreements aim to tap 

into demand from the Middle East, Europe, and 

Southeast Asia for Indian agricultural and processed 

food products. 

 

Environmental Impact of Food Industry in India 

The food industry in India, from agricultural 

production to processing and distribution, has 

substantial environmental impacts. As the sector 

grows to meet the needs of a large population, it faces 

critical challenges related to resource use, pollution, 

and waste generation. 

 

Agricultural Water Consumption: Agriculture is 

responsible for about 80-90% of India’s freshwater 

use. Key crops like rice and sugarcane require high 

water input, leading to over-extraction of 

groundwater, especially in regions with limited water 

resources. 

 

Groundwater Depletion: Excessive water extraction 

for irrigation, particularly in northwestern states like 

Punjab and Haryana, has led to critically low 

groundwater levels, threatening long-term water 

availability. 

 

Water Pollution from Fertilizers and Pesticides: 

Runoff from chemical fertilizers and pesticides 

contaminates water bodies, affecting aquatic 

ecosystems and drinking water quality for 

communities. 

Over-Farming: Intensive farming practices, driven by 

the need to maximize output, deplete essential 

nutrients, causing long-term damage to soil quality. 

Monocropping: Widespread cultivation of single 

crops (like rice and wheat) diminishes biodiversity 

and contributes to soil degradation, making the land 

more vulnerable to erosion and nutrient loss. 

Methane Emissions: Rice paddies are a major source 

of methane, a potent greenhouse gas, as are livestock 

operations. India has one of the largest cattle 

populations in the world, contributing significantly to 

methane emissions. 

Carbon Footprint of Food Processing and Transport: 

As the demand for processed foods rises, so does the 

carbon footprint associated with processing, 

packaging, and transportation. Long-distance 

distribution of agricultural products further adds to 

greenhouse gas emissions. 

Impact on Wildlife: Deforestation and intensive 

farming reduce habitats for wildlife, impacting local 

biodiversity. Additionally, pesticide use affects non-

target species, including pollinators essential for crop 

production. 

Reduction of Agro-Biodiversity: The reliance on 

high-yield varieties and monoculture reduces genetic 

diversity in crops, making the agricultural sector 

more susceptible to pests, diseases, and climate 

change impacts. 

High Levels of Post-Harvest Loss: India faces 

significant food waste, particularly in perishable 

categories like fruits and vegetables, due to 

inadequate cold storage and transportation facilities. 

This waste contributes to methane emissions in 

landfills and squanders the resources (water, energy, 

land) used in production. 

Processing and Packaging Waste: With the rise of 

processed foods, the food industry generates 

considerable plastic and packaging waste. This non-

biodegradable waste exacerbates pollution issues and 

contributes to the plastic crisis, especially in urban 

areas. 

Eutrophication: Nutrient runoff from farms can lead 

to eutrophication in rivers and lakes, causing algal 

blooms that deplete oxygen and harm aquatic 

ecosystems, affecting biodiversity and water quality. 

 

Problem Statement 

The food industry faces mounting challenges in 

sustaining long-term productivity and environmental 

integrity due to escalating resource constraints, waste 

generation, and climate change impacts. Traditional 

agricultural and food production practices are heavily 
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reliant on finite resources such as water and arable 

land, leading to soil degradation, water scarcity, and 

biodiversity loss. Additionally, inefficiencies in food 

supply chains contribute to significant waste 

generation, with food waste alone accounting for 

substantial greenhouse gas emissions and 

environmental pollution. Climate change further 

exacerbates these issues, intensifying extreme 

weather events and altering growing conditions, 

which threaten food security and economic stability. 

Despite these urgent issues, the food industry has 

been slow to adopt sustainable practices that can 

mitigate environmental impact and enhance 

resilience. This research seeks to investigate the 

barriers and opportunities for implementing 

sustainable practices within the food industry, aiming 

to identify viable strategies that address resource 

constraints, reduce waste, and adapt to climate-

related challenges. 

 

Significance of the Research 

 

The research on adopting sustainable practices in the 

food industry due to resource constraints, waste 

generation, and climate change holds significant 

value for both academic literature and practical 

applications for industry stakeholders. By 

investigating the economic, environmental, and 

social dimensions of sustainability in the food 

industry, this research will add to the growing body 

of knowledge on sustainable food systems. It 

provides a comprehensive analysis of how resource 

constraints, waste, and climate change are 

interconnected within food supply chains. For 

farmers, producers, and food processors, this research 

will offer actionable recommendations on 

implementing sustainable practices, such as water-

efficient irrigation, waste reduction techniques, and 

alternative energy sources. These insights will be 

tailored to the constraints and opportunities unique to 

the Indian context, making them immediately 

relevant and practical. Sustainable practices often 

reduce resource dependency, enhance efficiency, and 

minimize waste, which can help businesses cut costs 

and improve profitability. By highlighting successful 

strategies and cost-benefit analyses, the research will 

encourage businesses to adopt sustainability 

measures as both a cost-saving and an 

environmentally responsible approach. This research 

will provide evidence-based insights that can inform 

policy recommendations, helping government bodies 

to design supportive regulatory frameworks, 

incentives, and initiatives that promote sustainability 

across the food industry. For industry stakeholders, 

adopting sustainable practices can build resilience 

against climate-related risks. This research will detail 

adaptive strategies that reduce vulnerability to 

extreme weather events, water scarcity, and other 

climate impacts, thereby contributing to the long-

term stability of food supply chains. This research 

will fill critical gaps in academic literature on 

sustainable food systems, offering an 

interdisciplinary perspective on the challenges and 

solutions in the food industry. For industry 

stakeholders, it provides practical, region-specific 

strategies that balance economic and environmental 

goals, supporting a transition toward resilience and 

sustainability in a changing climate. 

 

RESEARCH METHODOLOGY 

 

The current research article is qualitative and 

exploratory in nature. The data has been collected 

from the secondary sources i.e., from several research 

journals, research papers and research articles. 

 

Traditional Linear Models in Food Industry 

 

Traditional linear models, often referred to as "take-

make-dispose" models, are the conventional 

frameworks that have historically governed industrial 

production and consumption systems. This approach 

operates on a straightforward linear trajectory where 

resources are extracted, transformed into products, 

consumed, and ultimately discarded as waste.  

 

Key Characteristics of Linear Models 

• Resource Extraction: The process begins 

with the extraction of raw materials from the earth, 

such as minerals, fossil fuels, and agricultural 

products. This stage heavily relies on finite resources. 

• Manufacturing: Raw materials are 

transformed into finished goods through 

manufacturing processes. This stage typically 

involves significant energy consumption and the use 

of chemicals, which can lead to pollution and 

environmental degradation. 

• Consumption: Consumers purchase and use 

these products, often with little awareness of the 

environmental impact associated with their 

production. Products are generally designed for 

single-use or short-term consumption. 

• Disposal: Once products reach the end of 

their lifecycle, they are typically disposed of in 
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landfills or incinerated. This stage generates 

substantial waste and can lead to environmental 

pollution. 

 

2. Processes in Traditional Linear Models 

• Sourcing: Raw materials are sourced from 

natural resources without consideration for 

replenishing or restoring these resources. 

• Production: Manufacturing processes often 

prioritize efficiency and cost reduction, which can 

lead to the overuse of resources and neglect of waste 

management. 

• Distribution: Finished products are 

distributed through linear supply chains, emphasizing 

speed and volume, which can result in increased 

carbon footprints and resource depletion. 

• Waste Management: Waste is often viewed 

as a by-product of production and consumption rather 

than a resource to be recovered. This can lead to 

significant environmental issues, including landfill 

overflow, pollution, and habitat destruction. 

 

3. Implications of Linear Models 

• Environmental Degradation: Linear models 

contribute to significant environmental challenges, 

including resource depletion, loss of biodiversity, and 

climate change due to greenhouse gas emissions from 

extraction, production, and disposal. 

• Economic Inefficiency: The linear approach 

often results in economic inefficiencies, as valuable 

resources are wasted, and products are discarded 

rather than repurposed or recycled. This leads to 

increased production costs and resource scarcity. 

• Social Issues: Communities, particularly in 

resource-rich areas, may experience negative social 

impacts, such as displacement, health problems from 

pollution, and loss of livelihoods due to unsustainable 

extraction practices. 

• Waste Accumulation: The emphasis on 

disposal leads to an accumulation of waste in landfills 

and oceans, creating public health concerns and 

environmental hazards. 

Traditional linear models have been foundational in 

shaping industrial practices and economic growth. 

However, their inherent limitations in terms of 

sustainability, environmental impact, and resource 

management highlight the urgent need for a transition 

to circular economy models that prioritize resource 

efficiency, waste reduction, and environmental 

stewardship. 

 

Circular Models Adopted in Food Industry 

In the food industry, various circular economy 

models are being adopted to promote sustainability, 

reduce waste, and optimize resource use. These 

models focus on closing the loop in food production, 

processing, and consumption, thereby minimizing 

environmental impact while enhancing economic 

viability. Here are some notable circular models 

currently being implemented: 

 

1. Waste-to-Resource Models 

• Food Waste Recovery: Many companies are 

developing processes to recover food waste and 

transform it into new products. For example, fruit and 

vegetable peels, leftovers, and other by-products are 

being used to create snacks, sauces, and animal feed. 

• Biogas Production: Food waste is 

increasingly being utilized in anaerobic digestion 

facilities to produce biogas, which can be used for 

energy production. This model reduces methane 

emissions from landfills while generating renewable 

energy. 

 

2. Upcycling 

• Upcycled Food Products: This model 

focuses on converting food by-products and surplus 

food into new, high-quality products. For instance, 

using spent grains from breweries to produce granola 

bars or baking mixes is gaining traction. 

• Ingredients Reclamation: Companies are 

exploring ways to reclaim ingredients from food 

processing waste, such as using vegetable pulp from 

juice production to create nutritious powders or 

snacks. 

 

3. Product-as-a-Service Models 

• Subscription Services: Some companies 

offer subscription models for food delivery that 

emphasize sustainable sourcing and minimal 

packaging. Customers receive fresh, seasonal 

produce or meal kits that come with reusable or 

compostable packaging. 

• Reusable Packaging Systems: Brands are 

adopting models that encourage the use of reusable 

packaging, such as glass jars or containers, where 

customers can return or refill, minimizing single-use 

packaging waste. 

 

4. Closed-Loop Systems 

• Vertical Farming: Vertical farming systems, 

often located in urban areas, utilize waste heat and 

nutrients from other processes (like aquaculture) to 

grow crops in a closed-loop system. This model 
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conserves space and resources while minimizing 

waste. 

• Aquaponics: This integrated farming system 

combines aquaculture (fish farming) and 

hydroponics (growing plants in water) in a closed-

loop cycle. Waste produced by fish provides nutrients 

for plants, which in turn purify the water for fish. 

 

5. Food Co-ops and Community-Supported 

Agriculture (CSA) 

• Local Sourcing and Sharing: Community-

supported agriculture models encourage local 

sourcing of food, where consumers directly support 

local farmers. This reduces transportation emissions 

and promotes seasonal eating, while co-ops can share 

resources and surplus among members. 

• Bulk Buying and Reduced Packaging: Food 

co-ops often focus on bulk buying, reducing the need 

for packaging. Members can bring their containers to 

fill, minimizing plastic waste and promoting 

sustainable consumption practices. 

 

6. Regenerative Agriculture 

• Soil Health Improvement: While not strictly 

a circular economy model, regenerative agriculture 

practices emphasize improving soil health through 

methods like crop rotation, cover cropping, and 

reduced tillage. This enhances biodiversity and 

creates a self-sustaining ecosystem that can provide 

food over the long term. 

• Carbon Farming: Some farms are adopting 

practices that sequester carbon in the soil, effectively 

making agriculture part of the climate solution while 

improving land productivity. 

 

7. E-commerce and Technology Innovations 

• Digital Platforms for Surplus Food: Apps 

and platforms are being developed to connect food 

businesses with surplus food to consumers or 

charities, minimizing waste and promoting food 

recovery. 

• Blockchain for Transparency: Technologies 

like blockchain are being used to trace food products 

through the supply chain, improving transparency 

and enabling better waste management and resource 

allocation. 

 

8. Circular Supply Chains 

• Collaborative Supply Chains: Companies 

are forming partnerships to create circular supply 

chains, sharing resources and logistics to reduce 

waste and increase efficiency. This collaboration can 

include sharing transportation, storage facilities, or 

processing equipment. 

• Circular Procurement Practices: Businesses 

are adopting procurement strategies that emphasize 

sustainable sourcing and waste minimization, such as 

choosing suppliers that prioritize circular economy 

practices. 

 

These circular models represent innovative 

approaches that the food industry is adopting to 

create sustainable systems. By focusing on waste 

reduction, resource efficiency, and community 

engagement, these models not only address 

environmental challenges but also offer economic 

benefits and enhance resilience in food systems. As 

awareness of sustainability continues to grow, it is 

expected that these models will become more 

widespread, driving further transformation in the 

food industry. 

 

Challenges in implementing Circular Models in Food 

Industry 

Implementing circular models in the food sector 

presents various challenges due to the complex nature 

of food production, distribution, and consumption. 

Here are the main challenges that need to be 

addressed to facilitate the transition: 

Lack of Processing and Recycling Facilities: The 

food industry often lacks adequate infrastructure for 

recycling, composting, and converting food waste 

into usable by-products, especially in emerging 

markets. 

Technology Gaps: Technologies needed to upcycle 

food waste or manage resources efficiently (such as 

anaerobic digestion for biogas or advanced 

composting) are either unavailable, costly, or not 

widely adopted in the food sector. 

Cold Chain and Storage Requirements: Circular 

models require efficient logistics to minimize waste, 

but many regions lack the cold storage and transport 

infrastructure needed to reduce spoilage and optimize 

resource use. 

Investment Requirements: Transitioning to circular 

models often requires significant upfront investment 

in new infrastructure, technology, and training, which 

can be a financial burden, especially for small and 

medium-sized enterprises (SMEs). 

Economic Viability: The financial returns on certain 

circular practices, such as biogas production from 

food waste, are not always immediately apparent, 

which can discourage adoption. High costs can also 

make sustainable packaging alternatives 

unaffordable for many businesses. 
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Fragmented Supply Chains: Food supply chains are 

highly fragmented, involving multiple players from 

farmers to processors, distributors, and retailers. 

Coordinating circular practices across these entities 

can be challenging, requiring collaboration, 

transparency, and streamlined logistics. 

Perishability and Safety Concerns: The perishable 

nature of food products adds complexity to reuse, 

redistribution, and recycling efforts. Strict food 

safety regulations must be adhered to, making it 

difficult to recover and repurpose food waste. 

Resistance to Change: Consumers and businesses 

alike can be resistant to adopting circular practices, 

especially if they perceive them as inconvenient, 

costly, or less familiar than traditional linear options. 

Inconsistent Regulations: In many regions, policies 

around food waste, recycling, and resource recovery 

are inconsistent or lacking. Regulations around food 

safety and waste management can sometimes hinder 

circular practices, such as redistributing surplus food 

or using food by-products. 

Limited Data on Waste and Resource Use: 

Implementing circular models requires reliable data 

on food waste, resource inputs, and emissions across 

the supply chain. Many food businesses, especially 

smaller ones, lack systems to track this data 

effectively. 

Market Acceptance of Upcycled Products: 

Consumers may be hesitant to accept upcycled food 

products, which can limit market demand and 

profitability for companies investing in food waste 

valorization. 

Market Competition and Pricing Pressure: The food 

sector is highly competitive, and many companies 

operate on thin profit margins, making it challenging 

to invest in circular practices that may increase costs. 

Environmental Trade-Offs: Some circular solutions 

may introduce other environmental concerns. For 

example, biodegradable packaging that relies on 

agricultural resources can increase land and water 

use, potentially offsetting the environmental benefits. 

 

Opportunities in implementing circular models in the 

Food Industry 

Implementing circular models in the food sector 

presents significant opportunities that can enhance 

sustainability, drive economic growth, and contribute 

to environmental resilience. Here are the main 

opportunities that circular economy practices bring to 

the food industry: 

Reducing Food Waste: Circular models provide 

opportunities to minimize food waste across the 

supply chain, from farms to consumers. Practices 

such as food recovery, redistribution of surplus food, 

and transforming waste into by-products help retain 

valuable resources and cut down on the high 

environmental costs of waste disposal. 

Efficient Resource Use: Circular models encourage 

maximizing resource use by creating closed-loop 

systems that reuse water, energy, and nutrients. For 

example, using food waste for biogas or as compost 

reduces the need for chemical fertilizers and cuts 

down on the industry’s dependency on finite 

resources. 

New Revenue Streams from Upcycling: Upcycling 

food waste into valuable products like snacks, animal 

feed, or bio-based packaging creates new revenue 

opportunities. Companies can capitalize on the 

growing market for eco-friendly, upcycled, and 

waste-derived products, appealing to consumers 

interested in sustainability. 

Cost Savings: Circular practices like reducing raw 

material usage, reusing packaging, and lowering 

waste disposal costs can lead to significant savings. 

By making production more efficient, businesses can 

reduce costs associated with resource extraction, 

waste management, and energy consumption. 

New Job Opportunities: Implementing circular 

models creates demand for new roles, such as waste 

management specialists, food recovery coordinators, 

and sustainable packaging designers. Circular 

economy practices promote job creation in areas such 

as recycling, composting, and upcycling, leading to 

diverse employment opportunities. 

Meeting Consumer Demand for Sustainability: 

Consumers are increasingly interested in eco-friendly 

products and sustainable brands. By adopting circular 

practices, companies can align with consumer values, 

strengthen brand loyalty, and differentiate 

themselves in the market. 

Building Resilience to Climate Impact: Circular 

agriculture practices, such as regenerative farming 

and water recycling, enhance soil health, conserve 

water, and increase resilience to extreme weather 

conditions. By promoting biodiversity and soil 

fertility, circular models support ecosystems that can 

better withstand climate-related disruptions. 

Driving Technological Innovation: Circular economy 

practices encourage investment in technologies that 

improve food processing, waste management, and 

packaging. Innovations like biodegradable 

packaging, energy-efficient recycling systems, and 

precision farming are by-products of the transition to 

circularity. 
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Promoting Digitalization in Food Systems: 

Technologies like blockchain and IoT can improve 

traceability and supply chain transparency, 

supporting circular practices. For instance, digital 

platforms for food recovery and surplus 

redistribution enhance food security while reducing 

waste. 

Leveraging Government Incentives: As governments 

increasingly recognize the importance of circular 

models, businesses can benefit from regulatory 

support, subsidies, and incentives for sustainable 

practices. Companies implementing circular models 

may receive tax breaks, grants, or other advantages, 

making the transition financially appealing. 

 

Types of circular Economy Models 

Circular economy models are designed to create 

closed-loop systems that minimize waste, optimize 

resource use, and extend the lifecycle of products. 

Here are the main types of circular models, each with 

specific principles and applications, especially 

relevant to industries like food, manufacturing, and 

retail: 

Closed-Loop Supply Chains: This model emphasizes 

keeping materials and resources within the supply 

chain by reusing, recycling, or repurposing them 

rather than discarding them after use. For example, in 

the food sector, organic waste can be converted into 

compost or bioenergy, closing the loop and reducing 

waste. Manufacturing processes might focus on 

recycling scrap materials back into production. 

Product Life Extension (Reuse and Repair): Extends 

the useful life of a product through repair, 

refurbishment, remanufacturing, and reselling. This 

approach maximizes the value of products by 

delaying their entry into the waste stream. Examples 

include appliance repair services, refurbished 

electronics, and the resale of gently used products. In 

the food industry, equipment or machinery is 

maintained and repaired rather than replaced, 

reducing waste and conserving resources. 

Product-as-a-Service (PaaS): Under this model, 

companies retain ownership of products and lease or 

rent them to customers, allowing products to be 

returned, maintained, and reused after each cycle. 

The emphasis is on providing a service rather than a 

one-time sale. This model is common in B2B services 

like industrial equipment leasing, car-sharing 

programs, and subscription-based software.  

Sharing Economy: Based on collaborative 

consumption, this model allows individuals or 

businesses to share access to resources, products, or 

services, reducing the need for new products and 

optimizing resource use. Examples include shared 

kitchens or community-supported agriculture (CSA) 

programs where farms provide produce directly to 

consumers. It also includes food delivery apps that 

redistribute surplus food from restaurants to 

customers at reduced prices. 

Circular Supply Chain: This model focuses on 

sourcing renewable, recyclable, or biodegradable 

resources from the outset, ensuring materials are 

compatible with circular processes throughout the 

product lifecycle. In manufacturing, companies 

choose renewable or recycled materials, reducing 

reliance on finite resources. 

Industrial Symbiosis: This model connects different 

industries so that the by-products or waste of one 

process can serve as the raw materials or energy input 

for another, creating a mutually beneficial ecosystem. 

Examples include using brewery by-products to feed 

livestock or converting agricultural waste into 

biofuel. Industrial symbiosis is also seen in eco-

industrial parks where companies share resources 

like heat, water, and waste materials. 

Upcycling: Upcycling transforms waste materials 

into new, higher-value products. Unlike recycling, 

which may degrade the quality of materials, 

upcycling preserves or enhances the material’s 

quality and value. In the food sector, upcycling might 

involve transforming fruit pulp from juicing into 

nutritious snacks or creating natural dyes from food 

waste. It also includes using spent grains from 

breweries to make food products like bread or 

granola bars. 

Biological Cycles (Bio-based and Biodegradable 

Materials): Biological cycles emphasize using 

materials that can safely return to the environment 

through composting or biodegradation, creating a 

regenerative cycle within natural systems. For 

example, food scraps and organic waste are 

composted to enrich the soil, promoting regenerative 

agriculture. Biodegradable packaging made from 

bio-based materials, such as cornstarch or algae, 

follows this model, breaking down naturally after 

use. 

 

Existing Business Models Implemented by 

Companies and Organizations 

Several companies and organizations across 

industries are implementing circular business models 

to improve sustainability, reduce waste, and increase 

resource efficiency. Here’s a brief overview of some 

of the most common circular models in practice: 
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1. Product Life Extension 

• Example: Patagonia offers repair services 

and resells second-hand gear, prolonging the life of 

their products and reducing the need for new 

resources. IKEA has also begun offering furniture 

buy-back programs to refurbish and resell pre-owned 

items. 

• Goal: Extends the product lifecycle through 

repairs, refurbishments, or resales, helping to 

conserve resources and decrease waste. 

 

2. Product-as-a-Service (PaaS) 

• Example: Rolls-Royce provides "Power by 

the Hour," where clients pay for engine use based on 

hours rather than purchasing engines outright. In the 

fashion sector, Rent the Runway allows customers to 

rent high-quality clothing and accessories, 

eliminating the need to own and reducing fashion 

waste. 

• Goal: Shifts focus from ownership to access, 

allowing companies to maintain control over product 

life cycles, ensure maintenance, and retain the option 

to refurbish and reuse. 

 

3. Recycling and Resource Recovery 

• Example: Terra Cycle partners with 

companies to recycle difficult-to-recycle waste 

materials, transforming them into new products. 

Loop, an offshoot of Terra Cycle, offers reusable 

packaging for brands like Nestlé and P&G, 

promoting a closed-loop system. 

• Goal: Focuses on reclaiming valuable 

materials from waste streams and reintegrating them 

into production processes, thereby reducing the need 

for virgin materials. 

 

4. Upcycling and By-Product Utilization 

• Example: Toast Ale brews beer using 

surplus bread, reducing food waste. Rubies in the 

Rubble creates condiments from fruit and vegetable 

waste, transforming potential food waste into high-

quality products. 

• Goal: Adds value to by-products or waste, 

transforming them into new items with minimal 

additional resources, supporting waste reduction. 

 

5. Circular Supply Chains 

• Example: Unilever and Danone are adopting 

regenerative agriculture in their supply chains to 

restore ecosystem health and enhance soil 

productivity, supporting a circular approach to food 

production. 

• Goal: Incorporates sustainable practices 

throughout the supply chain, often sourcing 

renewable or recyclable inputs to enable closed-loop 

processes from raw materials to end-of-life disposal. 

These existing business models illustrate how 

companies can innovate within circular economy 

principles to reduce waste, conserve resources, and 

offer sustainable options to consumers, contributing 

to economic growth while minimizing environmental 

impact. 

 

Circular Models, if Economically Vable could 

Influence the Food Industry’s Approach to Waste 

Reduction and Sustainability 

If economically viable, circular models have the 

potential to revolutionize the food industry’s 

approach to waste reduction and sustainability in 

several transformative ways: 

 

1. Reduction of Resource Consumption and Waste 

Generation 

• Impact: Circular models like product life 

extension, regenerative agriculture, and waste-to-

energy systems reduce dependency on virgin 

resources by maximizing the lifecycle of materials 

and minimizing waste. 

• Influence: Food companies would 

increasingly focus on resource efficiency, using 

fewer raw materials and reducing both production 

waste and post-consumer waste. For example, food 

by-products could be repurposed as animal feed or 

compost, reducing disposal costs and creating 

secondary revenue streams. 

 

2. Enhanced Cost Savings and Profitability 

• Impact: Economic viability makes circular 

practices a profitable choice rather than a mere 

expense. Models such as upcycling food waste into 

new products or leasing reusable packaging generate 

additional revenue streams while lowering disposal 

costs. 

• Influence: Financially sustainable circular 

practices would encourage more companies, 

especially SMEs, to adopt them. Cost reductions 

from resource recovery and waste minimization 

would increase profitability, making sustainable 

practices integral to business strategy. 

 

3. Improved Brand Reputation and Consumer 

Loyalty 

• Impact: As consumer demand for 

environmentally conscious brands rises, companies 
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using circular practices can attract more loyal 

customers, boosting market competitiveness. 

• Influence: Economically viable circular 

models would lead companies to integrate 

sustainability into brand positioning, emphasizing 

transparency and traceability. For instance, 

businesses might promote products made from 

upcycled or reusable packaging, enhancing brand 

reputation and appealing to sustainability-focused 

consumers. 

 

4. Strengthened Supply Chain Resilience 

• Impact: By sourcing renewable or 

recyclable materials, food companies can stabilize 

supply chains and mitigate risks associated with 

fluctuating prices or shortages of raw materials. 

• Influence: Circular models would 

encourage businesses to rethink supply chain 

strategies, favoring local or regenerative sources. For 

example, companies might shift to sourcing from 

regenerative farms, reducing environmental impact 

and supporting long-term resource availability. 

 

5. Incentive for Innovation and Technological 

Advancement 

• Impact: As companies see the financial 

benefits of circular models, there would be more 

investment in technological innovations like AI for 

demand prediction, blockchain for supply chain 

transparency, and advanced recycling technologies. 

• Influence: Profitability-driven circular 

practices would fuel industry-wide advancements in 

sustainability technology. This could lead to 

enhanced efficiency, automated waste segregation, 

and high-value by-products, accelerating sustainable 

transformation. 

 

In sum, economically viable circular models would 

prompt the food industry to view sustainability as 

both a fiscal asset and an ethical imperative. This 

shift would support industry-wide efforts toward 

reducing waste, conserving resources, and fostering 

resilience—driving a transformation from linear, 

extractive practices to a regenerative, circular 

economy. 

 

Trade-offs and Limitations of using the Concept of 

Circular Economy in Food Industry 

While the concept of a circular economy (CE) holds 

promise for sustainability in the food industry, 

implementing CE practices also comes with trade-

offs and limitations that can affect its feasibility and 

effectiveness. Here are some of the main 

considerations: 

 

1. High Initial Costs and Capital Investment 

• Trade-Off: Many circular practices require 

significant upfront investment in technology, 

infrastructure, and training. For instance, setting up 

systems for recycling organic waste into biogas or 

creating regenerative agriculture programs involves 

substantial initial costs. 

• Limitation: These costs can be prohibitive 

for small and medium-sized enterprises (SMEs) and 

may not yield immediate returns, making it difficult 

for smaller businesses to justify the investment. 

 

2. Complexity in Supply Chain Integration 

• Trade-Off: Circular models often require 

integrating new processes into the supply chain, such 

as tracking materials for reuse, handling multiple by-

product streams, or coordinating reverse logistics for 

packaging take-back. 

• Limitation: These integrations can 

complicate supply chain management, increase 

operational costs, and demand resources for 

coordination. Lack of supply chain infrastructure and 

collaboration across industries can further hinder the 

successful implementation of circular models. 

 

3. Regulatory and Compliance Challenges 

• Trade-Off: The food industry is highly 

regulated to ensure food safety, which may limit 

certain circular practices, especially those involving 

food waste or by-products used as ingredients or 

animal feed. 

• Limitation: Compliance with health, safety, 

and waste management standards can be costly and 

time-intensive, and differing regulations across 

regions can complicate the global adoption of circular 

models. Some circular practices, like upcycling food 

waste, face strict scrutiny to prevent contamination 

and ensure safety, which limits the flexibility of 

circular practices. 

 

4. Potential Quality and Perception Issues 

• Trade-Off: Using recycled or upcycled 

materials may lead to consumer perception issues, as 

some customers may view products made from 

“waste” as less desirable or safe. Additionally, 

maintaining the same quality with reused or recycled 

materials can be challenging. 

• Limitation: Consumer education is needed 

to change perceptions around circular products, and 
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companies may need to invest in marketing to assure 

customers of quality and safety. Moreover, 

maintaining high product standards with upcycled 

ingredients can sometimes be difficult due to 

variability in input quality. 

 

5. Technology and Infrastructure Gaps 

• Trade-Off: Efficiently implementing 

circular practices often depends on advanced 

technologies like AI for supply chain optimization, 

blockchain for traceability, or anaerobic digesters for 

waste-to-energy conversion. 

• Limitation: In many regions, these 

technologies and infrastructures are either 

underdeveloped or expensive, making it difficult for 

companies to establish effective circular systems. 

This is especially true in low-resource areas, where 

logistical challenges can hinder the collection, 

sorting, and recycling of materials. 

 

Practical Recommendations and Actionable Insights 

for Food Industry Stakeholders 

1. Invest in Waste Reduction and Upcycling 

Solutions 

• Action: Identify waste streams that can be 

repurposed into by-products or upcycled products, 

such as creating animal feed from food waste, using 

organic waste for compost, or developing new 

products from food by-products (e.g., fruit skins, 

spent grain). 

• Recommendation: Start with high-impact, 

low-cost upcycling initiatives that provide a clear 

economic benefit. For instance, breweries could 

explore partnerships with food companies to turn 

spent grain into baking products. 

 

2. Adopt Regenerative Agriculture Practices 

• Action: Partner with farmers or suppliers 

who practice regenerative agriculture, which 

enhances soil health, biodiversity, and resilience to 

climate change. 

• Recommendation: Provide financial 

incentives or long-term contracts to suppliers 

implementing regenerative practices. Collaborate 

with local farms to create a more resilient, sustainable 

supply chain that benefits from healthy ecosystems 

and soil fertility. 

 

3. Implement Reusable and Recyclable Packaging 

• Action: Switch to sustainable packaging 

options that are recyclable, compostable, or reusable 

to reduce plastic waste and extend the lifecycle of 

packaging materials. 

• Recommendation: Experiment with a 

deposit-return scheme for reusable packaging to 

encourage customer participation. For example, 

companies can adopt durable containers for product 

refills or a take-back system for packaging. 

 

4. Leverage Technology for Traceability and 

Efficiency 

• Action: Use technologies like blockchain 

for supply chain traceability and AI for demand 

forecasting to optimize resource use, reduce 

overproduction, and minimize waste. 

• Recommendation: Invest in digital tools that 

monitor supply chain efficiency and ensure 

transparent reporting. Technology can support 

circular practices by allowing real-time tracking of 

resources, waste flows, and product lifecycles. 

 

5. Engage and Educate Consumers on Circular 

Products 

• Action: Educate consumers on the 

environmental and economic benefits of circular 

products, such as those made from upcycled 

ingredients or sold in reusable packaging. 

• Recommendation: Clearly communicate 

sustainability benefits through product labeling, 

marketing, and transparent reporting. Consider 

launching awareness campaigns to foster positive 

perceptions and encourage consumer participation in 

circular initiatives. 

 

Policy Recommendations/Suggestions for 

Regulatory Bodies to Support Circular Business 

Models 

To effectively support the implementation of circular 

business models in the food industry, regulatory 

bodies can adopt the following policy 

recommendations: 

1. Establish Clear Regulatory Frameworks for 

Circular Practices 

• Recommendation: Develop comprehensive 

guidelines that define circular economy principles 

and outline best practices for food businesses. This 

framework should clarify the legal status of upcycled 

products, composting, and waste recovery initiatives. 

• Benefit: Clear regulations will provide 

businesses with the certainty needed to invest in 

circular practices and innovations, reducing 

ambiguity and compliance risks. 

 



© November 2024 | IJIRT | Volume 11 Issue 6 | ISSN: 2349-6002 

 

IJIRT 169238   INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY      875 

2. Incentivize Sustainable Practices through 

Financial Support 

• Recommendation: Offer grants, tax credits, 

or low-interest loans to companies adopting circular 

economy models, particularly for small and medium-

sized enterprises (SMEs) that may struggle with 

upfront costs. 

• Benefit: Financial incentives can lower 

barriers to entry, encouraging more companies to 

invest in sustainable technologies and practices that 

align with circular principles. 

 

3. Create Extended Producer Responsibility (EPR) 

Policies 

• Recommendation: Implement EPR 

programs that hold producers responsible for the 

entire lifecycle of their products, including waste 

management and recycling. This can include 

mandates for product take-back systems or 

requirements for the use of recyclable materials in 

packaging. 

• Benefit: EPR encourages companies to 

design products with end-of-life considerations in 

mind, promoting waste reduction and material 

recovery. 

 

4. Support Research and Development in Circular 

Technologies 

• Recommendation: Fund research initiatives 

aimed at developing new technologies and processes 

for waste reduction, resource recovery, and 

sustainable packaging in the food sector. 

• Benefit: Investing in R&D will stimulate 

innovation in circular economy practices and enable 

businesses to adopt more efficient and effective 

solutions. 

 

5. Facilitate Public-Private Partnerships 

• Recommendation: Encourage collaboration 

between government bodies, businesses, and 

research institutions to develop and implement 

circular economy initiatives, such as community 

composting programs or local food recovery 

networks. 

• Benefit: Public-private partnerships can 

leverage resources, expertise, and networks to drive 

the adoption of circular practices and create 

sustainable ecosystems. 

 

Implementing these policy recommendations can 

create a robust supportive framework for circular 

business models in the food industry, encouraging 

sustainability, innovation, and collaboration across 

the sector. By fostering a conducive regulatory 

environment, stakeholders can work together to 

achieve significant progress toward a more 

sustainable and circular food system. 

 

Future Research Directions 

1. Assessment of Economic Impacts 

• Focus: Conduct comprehensive studies to 

quantify the economic benefits of circular economy 

practices in the food sector, including cost savings, 

job creation, and profitability. 

• Rationale: Understanding the economic 

impact can help justify investments in circular 

initiatives and promote wider adoption among 

stakeholders. 

 

2. Consumer Behavior and Engagement 

• Focus: Investigate consumer attitudes, 

perceptions, and behaviors towards circular products 

and practices, including willingness to pay for 

sustainable options. 

• Rationale: Insights into consumer 

preferences can help tailor marketing strategies and 

improve product design, ensuring better alignment 

with market demands. 

 

3. Technology and Innovation in Circular Practices 

• Focus: Explore emerging technologies (e.g., 

blockchain, AI, IoT) that facilitate circular economy 

practices, such as supply chain traceability and 

resource optimization. 

• Rationale: Identifying innovative solutions 

can enhance the efficiency and effectiveness of 

circular initiatives, driving technological 

advancements in the food sector. 

 

4. Lifecycle Assessment (LCA) of Circular Models 

• Focus: Conduct LCAs of various circular 

economy models to evaluate their environmental 

impacts comprehensively, comparing them to 

traditional linear models. 

• Rationale: Detailed assessments can provide 

evidence of the sustainability benefits of circular 

practices, guiding decision-making and policy 

formulation. 

 

5. Circular Supply Chain Management 

• Focus: Investigate the complexities of 

circular supply chain management, including 

collaboration, logistics, and resource recovery 

systems. 
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• Rationale: Understanding the dynamics of 

circular supply chains can help organizations 

optimize operations and enhance the resilience of 

their supply networks. 

 

By pursuing these research directions, scholars, 

industry practitioners, and policymakers can advance 

the understanding and application of circular 

economy principles in the food industry, driving 

meaningful progress toward sustainability and 

resource efficiency. 

 

FINDINGS 

The findings from research on the adoption of 

circular economy models in the food industry would 

likely reveal insights into the feasibility, challenges, 

and benefits of implementing these sustainable 

practices. The level of adoption of circular economy 

models varies significantly across different segments 

of the food industry. Large corporations are more 

likely to implement circular practices compared to 

small and medium enterprises (SMEs) due to greater 

access to resources and technological capabilities. 

SMEs may face barriers like limited funding, lack of 

expertise, and insufficient infrastructure for adopting 

circular models. Product life extension (such as 

upcycling food waste and repairing equipment), 

resource recovery, and regenerative agriculture are 

among the most widely implemented circular models 

in the food sector. These models are preferred as they 

are more straightforward to integrate within existing 

operations and often yield quick returns on 

investment through reduced waste and cost savings. 

Circular practices in the food industry lead to 

significant reductions in waste generation, 

greenhouse gas emissions, and resource usage. For 

instance, by-products like food waste are commonly 

repurposed for animal feed, compost, or bioenergy. 

These practices contribute directly to environmental 

sustainability, showcasing a clear link between 

circular economy models and measurable ecological 

benefits. Many circular models offer economic 

benefits in the long term, though initial costs can be 

high. Companies implementing circular practices 

report cost savings from waste reduction, new 

revenue from upcycled products, and increased 

consumer loyalty. Financial gains reinforce the 

business case for circular practices, but they may take 

time to materialize, requiring initial investments and 

adjustments in business operations. Key challenges 

include high implementation costs, lack of access to 

relevant technology, limited infrastructure for waste 

recovery, and regulatory constraints. SMEs, in 

particular, report difficulty in transitioning to circular 

practices due to these barriers. Policy support, 

incentives, and partnerships could help overcome 

these obstacles, especially for smaller companies 

seeking to adopt circular practices. There is a 

growing consumer preference for sustainable 

practices, and many customers are willing to support 

brands that adopt circular models, such as upcycled 

products and reusable packaging. Circular models 

can enhance brand image and customer loyalty, with 

potential for increased market share among 

sustainability-conscious consumers. Effective 

implementation of circular economy practices often 

requires collaboration between businesses, 

government, and industry bodies. Policy frameworks, 

such as tax incentives for circular practices and grants 

for green technology, have proven helpful. 

Stakeholder collaboration and supportive regulatory 

environments are critical for scaling up circular 

economy practices in the food industry. Technologies 

like blockchain for traceability, AI for demand 

forecasting, and advanced recycling methods offer 

future potential for more efficient circular models. 

Continued research and innovation are essential to 

developing cost-effective solutions and enhancing 

the scalability of circular practices. 
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