
 
 

University of Birmingham

Using Artificial Intelligence to Tackle Food Waste
and Enhance the Circular Economy: Maximising
Resource Efficiency and Minimising Environmental
Impact
Onyeaka, Helen; Tamasiga, Phemelo; Nwauzoma, Uju Mary; Miri, Taghi; Juliet, Uche
Chioma; Nwaiwu, Ogueri; Akinsemolu, Adenike A.
DOI:
10.3390/su151310482

License:
Creative Commons: Attribution (CC BY)

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (Harvard):
Onyeaka, H, Tamasiga, P, Nwauzoma, UM, Miri, T, Juliet, UC, Nwaiwu, O & Akinsemolu, AA 2023, 'Using
Artificial Intelligence to Tackle Food Waste and Enhance the Circular Economy: Maximising Resource Efficiency
and Minimising Environmental Impact: A Review', Sustainability, vol. 15, no. 13, 10482.
https://doi.org/10.3390/su151310482

Link to publication on Research at Birmingham portal

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•Users may freely distribute the URL that is used to identify this publication.
•Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 26. Aug. 2023

https://doi.org/10.3390/su151310482
https://doi.org/10.3390/su151310482
https://birmingham.elsevierpure.com/en/publications/9fa0ea83-01ab-4ed3-9d07-44b7c54789fe


Citation: Onyeaka, H.; Tamasiga, P.;

Nwauzoma, U.M.; Miri, T.;

Juliet, U.C.; Nwaiwu, O.;

Akinsemolu, A.A. Using Artificial

Intelligence to Tackle Food Waste and

Enhance the Circular Economy:

Maximising Resource Efficiency and

Minimising Environmental Impact: A

Review. Sustainability 2023, 15, 10482.

https://doi.org/10.3390/

su151310482

Academic Editor: Ada Margarida

Correia Nunes Da Rocha

Received: 11 May 2023

Revised: 21 June 2023

Accepted: 30 June 2023

Published: 3 July 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Review

Using Artificial Intelligence to Tackle Food Waste and Enhance
the Circular Economy: Maximising Resource Efficiency and
Minimising Environmental Impact: A Review
Helen Onyeaka 1,* , Phemelo Tamasiga 2 , Uju Mary Nwauzoma 3, Taghi Miri 1 , Uche Chioma Juliet 4,
Ogueri Nwaiwu 1 and Adenike A. Akinsemolu 5

1 School of Chemical Engineering, University of Birmingham, Edgbaston, Birmingham B15 2TT, UK
2 Public Policy in Africa Initiative, Yaounde, Cameroon
3 Faculty of Environmental Science, University of Nigeria, Enugu Campus 410001, Nigeria
4 Department of Urban and Regional Planning, University of Nigeria, Enugu Campus 410001, Nigeria
5 Institute of Advanced Studies, University of Birmingham, Birmingham B15 2TT, UK
* Correspondence: h.onyeaka@bham.ac.uk

Abstract: Food waste is a global issue with significant economic, social, and environmental impacts.
Addressing this problem requires a multifaceted approach; one promising avenue is using artificial
intelligence (AI) technologies. This article explores the potential for AI to tackle food waste and
enhance the circular economy and discusses the current state of food waste and the circular economy,
highlighting specific ways that AI can be used to monitor and optimise food production and supply
chains, redistribute excess food to those in need, and support circular economy initiatives. As a result,
we can maximise resource efficiency and minimise environmental impact with these applications,
ultimately creating a more sustainable and equitable food system.

Keywords: food waste; circular economy; artificial intelligence; resource efficiency; sustainability;
supply chain optimisation

1. Introduction

Organic waste, particularly food waste, has been viewed as one of the significant
concerns in the last two decades that demand our undivided attention. In many ways, this
form of organic waste has greatly impacted the global environmental, social, and economic
spheres. Wasted food accounts for an estimated 3.3 gigatons of carbon emissions, making it
the third-ranking global producer of greenhouse gases after the United States and China [1].
According to Gustavsson et al. [2], the value of agricultural product waste in the food
industry, calculated based on producers’ prices (excluding fisheries and seafood), amounts
to USD 750 billion. This amount is equivalent to Switzerland’s gross domestic product
(GDP). The quantity of food that is generated and eventually discarded or lost is comparable
to a geographical area the size of China, which is required to generate one-fourth of all
agricultural water utilised yearly [3,4]. The Food and Agricultural Organization (FAO) has
released statistical figures showing that one-third of the food produced for consumption is
lost or wasted, which amounts to nearly 1.3 billion tonnes of food waste. This revelation
has surprised the world and sparked calls to action from international leaders, non-profit
organisations, and grassroots groups.

The issue is becoming more serious given the fact that food is being lost and wasted
and that food prices are rising, coupled with increasing widespread food poverty [3]. These
food chain losses and waste occur at every stage, including production, transport, storing,
processing, selling, and consumption. According to the United Nations Food Waste Index
Report, high-income countries lose an average of 79 kg of food per person each year [5], and
as a result of the “Agenda 2030 for Sustainable Development”, the worldwide community
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has pledged to tackle food scarcity and malnourishment (SDG 2) by decreasing food loss
and waste [6].

According to Gustavsson et al. [2], globally, the number of individuals who experience
chronic hunger is rising, going from an estimated 777 million in 2015 to 815 million in 2016.
In 2015, 119.1 million EU nationals, or one in every four Europeans, faced the prospect of
hardship or social marginalisation, with 42.5 million unable to afford a decent meal every
two days [7,8]. Similarly, it is projected that 88 million tonnes of food are lost each year in
the EU, at a cost of EUR 143 billion [9,10].

In comparison, developed nations see far fewer post-harvest losses than developing
ones due to technological advancement [2]. Households account for around 40% of all food
loss and waste in underdeveloped nations, and the determining factors include consumer
preferences, consumer ignorance, high income, sociocultural norms, and some other value
judgments [11,12]. Food waste has a tremendously detrimental impact on the environment,
finite natural resources, and even the economic fabric, as well as influencing substantial
societal dynamics and regional/individual standards. A high degree of eutrophication in
water bodies, loss of biodiversity, and increased CO2 emissions are all factors that have an
adverse impact on an ecosystem [2,13].

These issues, therefore, evidently connote that food waste signifies a lost chance to
enhance food security on a global scale and reduce the adverse environmental effects of
agriculture. Additionally, if production is to keep up with the demand of the expanding
global population, it will need to be 60% greater by 2050 than it was in 2005/2007 [14].
Therefore, maximising the food produced at the current production rate would contribute
to meeting future demand with a smaller rise in agricultural output [15]. Therefore, reduced
food loss and waste may be a suitable resource-conserving approach [16].

This review article is based on a comprehensive analysis of the existing literature on
food waste, the circular economy, and the use of AI in the food industry. The literature
search includes academic and industry publications, reports, and other relevant sources.
The findings of this literature review are organised into specific sections that cover the
potential applications of AI for addressing food waste and circular economy challenges.

2. Current State of Food Waste and the Circular Economy

Food waste remains a major problem globally, with estimates suggesting that one-third
of all food produced is lost or wasted. Moreover, it costs the global economy USD 936 billion
annually [17]. This has high economic and social costs and contributes to environmental
problems such as greenhouse gas emissions and resource depletion [18].

An important area of effort in the food system for promoting sustainable development,
in addition to dietary and production pattern improvements, is lowering food waste [19].
Adverse ecological effects of the food system can be addressed by minimizing food waste,
increasing the safety of food and water [20], and greatly lowering both the immediate and
long-term implications of food waste on the economy, society, and environment [4].

An approach that values resources and emphasises effectiveness and efficiency in
resource use and waste minimisation is the circular economy (CE) [21]. The persistent
pursuit of waste reduction is one of the objectives of the circular economy (CE) [21]. That
is, the goal is to reduce resource consumption and increase product usefulness while
maintaining the value of goods and materials for a long time [22].

According to the Ellen MacArthur Foundation (EMF), cited in [21], the CE is a com-
prehensive strategy for economic growth, crafted for the benefit of society, industry, and
the environment, as opposed to the “produce-consume-eliminate” linear paradigm. It is
intended to eventually uncouple development from the use of limited resources since it
is regenerative by design [23]. Korhonen et al. propose that the CE is developed using
mechanisms for production and consumption to the greatest extent possible to optimise
the service provided by the linear flow of energy and nature, by utilizing cyclical material
flows, renewable energy sources, and cascade energy flow types [24].
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The circular economy can be applied to different stages in the food system: production,
consumption, waste, and surplus management [25]. The current state of food waste and
the circular economy is complex, with progress in some areas and persistent challenges in
others.

The circular economy approaches used to address food waste face various barriers,
including cultural issues, business and business finance, regulatory and governmental,
technological, and supply-chain management shortfalls [25]. One of the main issues in
emerging economies, such as India, Bangladesh, and Pakistan, is the lack of government
policy surrounding the use of a circular economy [26].

On the one hand, there is growing awareness and commitment to addressing the issue
of food waste, with many governments, businesses, and individuals taking action to reduce
waste and promote more sustainable food systems. On the other hand, the continuous and
growing literature supports implementing a circular economy to stem the problem of food
waste [27].

Ultimately, the successful implementation of a circular economy for food waste will
depend on continued commitment and collaboration from all actors involved in the food
system, as well as ongoing innovation and adaptation in response to changing circum-
stances and emerging challenges [28]. Figure 1 provides an illustrative depiction of the
scope of global food waste, showcasing annual household food waste figures from selected
countries.
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Furthermore, a report released by the United Nations Environment Programme has
brought attention to the alarming scale of global food waste [5]. According to the 2021
Food Waste Index [5], an estimated 931 million tonnes of food are discarded annually, with
an average per capita food waste of 74 kg per household.

Approximately 569 million tonnes of this waste falls under the category of household
waste. However, it is not solely households that contribute to this issue. Supermarkets and
other businesses are also major culprits, disposing of significant quantities of food, which
collectively amounts to hundreds of millions of tonnes each year. The report reveals that
food service establishments are responsible for wasting approximately 244 million tonnes
annually, while the retail sector discards around 118 million tonnes. To provide a visual
representation of the quantities wasted in different segments of the food industry, Figure 2
presents estimates of annual food waste by sector [5].
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These findings underscore the pressing need for concerted efforts and innovative solu-
tions to combat global food waste. Addressing this issue is crucial, as it poses substantial
economic, social, and environmental challenges on a global scale.

2.1. The Circular Economy Concept and Its Potential for Reducing Waste and Increasing Resource
Efficiency

The circular economy (CE) has gained traction over the past few centuries and gath-
ered momentum in recent times as a model that supports more ethical production and
consumption patterns. However, natural resources have been overused due to the increased
growth in global goods consumption. By establishing a system that emphasises material
reduction, reuse, recycling, and recovery across manufacturing, distribution, and con-
sumption, the CE responds to the need to separate environmental pressure from economic
growth [29].

The circular economy (CE) development paradigm is unlike the conventional linear
economy, which follows a model of producing, consuming, and discarding goods. The
circular economy emphasises the principles of reducing, reusing, and recycling (the ‘3 Rs’)
to minimise the negative impacts of human activities [30]. Its goal is to control the flow
of clean energy resources, manage and regulate limited stockpiles, protect and enhance
natural capital, and ensure that all goods, systems, and materials are maximally useful
and valuable [31]. Even though the circular economy (CE) is a concept that has grown
in prominence in recent years and is viewed as an overarching idea aiming to lower the
amount of material used and the amount of trash produced [32], some scholars believe that
there are variances in the definition of the concept [33], traits and features [34], how its goals
are defined [35], how they are carried out, and the metrics used to measure its performance
and effectiveness [36]. Only a recent systematic assessment examined the issue, describing
the CE as a “developing concept that still requires development to consolidate its definition,
boundaries, principles, and associated behaviours” [37].

In the words of Moraga et al. [32], CE aims to cut down on material inputs and
waste production. The validity of this claim shows its direct influence on reducing the
use of organic materials and promoting a shift towards recycling waste as secondary raw
materials. Also, the CE aims to boost items’ chances of being resold and lengthen their
valuable lives. In a nutshell, the CE gives priority to actions that have apparent adverse
effects on the environment, such as using recyclable packaging, promoting eco-friendly
products, lowering emissions and waste, evaluating renewable and alternative energies,
conserving energy, utilising low-impact consumer goods, eco-designing, recovering waste,
and dematerialising [36].

2.2. The Role of AI in Addressing Food Waste and Supporting the Circular Economy

Artificial intelligence (AI) is the mimicking of human intellect using computers. Artifi-
cial intelligence (AI) is regarded as an evolving paradigm that impacts governments and
the scientific community, as well as traditional political and economic means to address
these issues [38]. The latest advancements in AI technologies, including deep learning,
image identification, machine learning, and natural language processing, make it clear that
these technologies will continue to have an influence on daily life [39].

An economic model known as “take, make, and dispose of” powers the world econ-
omy, which depends on taking enormous amounts of finite resources and fossil fuels
from the ground and burning them for energy. This linear economic model has generated
unparalleled riches over the last two millennia but has also ravaged our ecosystem [40].

The group of technologies known as artificial intelligence (AI), which simulates cogni-
tive processes like learning and reasoning in humans, has the potential to alter food systems
and change how food is produced and distributed throughout the world [40]. However,
simply giving computers intelligence or consciousness does not automatically qualify as
artificial intelligence (AI) in the same way as humans. It simply means that a computer can
solve a particular problem or related issues. On the other hand, harnessing the power of
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AI to transition the food system from a linear to a circular model is one of our era’s most
significant technological breakthroughs. According to the Ellen MacArthur Foundation [31]
and Magnin [40], this possibility remains largely unexplored.

In addition to protecting and regenerating biological systems, AI can produce value
rather than extract it. Furthermore, a study by the Ellen MacArthur Foundation identi-
fied three areas where artificial intelligence (AI) can have the most influence on the shift
to a circular food system: obtaining food farmed sustainably and locally when applica-
ble, designing out avoidable food waste, and developing and marketing healthier food
items [31].

The majority of crops are being farmed in a way that depletes soils, agrobiodiversity,
and waterways while taking more from natural systems than it gives back. AI can assist in
the replacement of traditional agricultural techniques like monoculture, the widespread
use of synthetic chemical fertilizers, and intense land usage with more regenerative ones.
Also, AI can assist farmers from the start by minimising food waste and building systems
that minimise wasteful food use [41].

A study by the McKinsey Global Institute [41], discovered that by applying these
strategies to minimise food waste, AI might potentially provide a chance to increase top-
line revenue by much to USD 127 billion per year by 2030; as well as anticipated that by
2030, AI may increase global economic activity by an additional USD 13 trillion.

Food can now be processed cyclically as demand for quick, easy-to-prepare meals rises.
In addition, food innovators and designers can make it simpler for people to obtain healthy
food items by utilising AI as a tool to help them obtain components from regeneratively
grown plants, swap out animal proteins for plant-based ones, reduce processing waste, and
avoid dangerous additives [31]. The integration of AI into the food industry holds immense
potential for addressing food waste, supporting the circular economy, and enhancing
sustainability in food production. By leveraging AI technology, we can unlock more efficient
processes, empower better decision-making, and foster the development of innovative
solutions to tackle the pressing challenges faced by the global food system. To gain a
deeper understanding of the role AI plays in these critical areas, please refer to Table 1,
which highlights the specific ways AI contributes to addressing food waste, supporting
the circular economy, and enhancing sustainability in food production. It serves as a
comprehensive reference that showcases the various applications and benefits of AI in
transforming the food industry towards a more sustainable and efficient future.

Table 1. The Role of AI in Addressing Food Waste, Supporting the Circular Economy, and Enhancing
Sustainability in Food Production.

S/N Technology Application Examples Role in Sustainability References

1 Machine Learning (ML)

ML can analyse consumer
behaviour patterns to predict
food purchases and reduce

overproduction.

ML can help in sustainable food
production by optimising crop

yields based on weather patterns
and soil conditions.

[42,43]

2 AI Image Recognition

Used in quality control for
food items during

manufacturing and packaging.
Helps to minimise waste by

identifying substandard
products before reaching

consumers.

AI image recognition can help
design out food waste by ensuring

only quality products are
packaged and sold, reducing

return rates and subsequent waste.

[44]

3 Natural Language Processing (NLP)

NLP can interpret the feedback
provided by customers about
food products and services to

reduce food waste.

NLP can help in developing
healthier food items by analysing

customer feedback to identify
demand for healthier options or
improvements to existing items.

[45,46]
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Table 1. Cont.

S/N Technology Application Examples Role in Sustainability References

4 AI-Driven Smart Agriculture

AI applications can enhance
farming methods, crop

selection, and yield
predictions, reducing the

unnecessary waste of resources
and promoting a circular

economy.

AI can support local food
production by optimising growing

conditions for local species and
forecasting market demand to

reduce waste.

[47]

5 Internet of Things (IoT) and AI

IoT devices can collect data
about food storage conditions,
and AI can analyse these data
to prevent spoilage, improving
the shelf-life of food products.

IoT and AI can support the
development of healthier food

items by tracking nutritional value
during storage and informing

consumers.

[48]

6 Blockchain and AI

A combination of blockchain
and AI can ensure traceability

in the food supply chain,
decreasing food waste and

fraud.

Blockchain and AI can help design
out food waste by ensuring

transparency and accountability
throughout the supply chain,

reducing losses and inefficiencies.

[49,50]

7 Reinforcement Learning

AI systems can optimise food
logistics and supply chain
management, learning to

improve over time and reduce
food waste.

Reinforcement learning can
support local food production by
optimising delivery routes and
times to ensure fresh, quality

produce.

[51]

2.3. Using AI to Support Circular Economy Initiatives
2.3.1. Use of AI to Identify Opportunities for Waste Reduction and Recycling

Reduce, reuse, and recycle are the three major driving forces behind the circular
economy, which has the dual goals of minimising the use of virgin resources and achieving
sustainable development [52]. A circular economy reduces the carbon footprint involved
with the production of new materials by promoting recycling and reuse. Additionally,
using recycled materials significantly lowers the carbon footprint in an economical and
environmentally responsible way. Additionally, a circular economy greatly reduces waste
production, thus reducing the carbon footprint. The achievement of environmental, social,
and fiscal sustainability is thus seen as being driven by it.

The public’s wish for recycling and reusing recycled materials made research on food
recycling networks possible. AI technologies can spur business innovation in solid waste
management (SWM) when used properly. In almost every industry, the effectiveness,
security, and calibre of production processes can all be enhanced with artificial intelligence
(AI). AI is presently being used to deal with complex problems in SWM, social security,
safety, health, climate, energy, facilities, transport, and other areas. AI automation boosts
efficiency and business processes to new heights of consistency, speed, and scalability while
lowering costs. As a result, the application of AI algorithms for SWM improvement has
grown significantly on a global scale [53].

The application of artificial intelligence can analyse new data from a variety of sources
and produce results in almost real-time, adapting as necessary. However, for governments,
the degree of precision is essential [54,55].

Globally, the use of AI algorithms for SWM optimisation keeps growing [53]. Second,
AI applications can analyse new data from numerous sources and generate results almost
instantly, adapting as required. This level of precision is highly valued by governments.

A circular economy includes a variety of industries, including those in the economy,
metallurgy, chemical, biotechnology, and information technology and communications
(ITC), and ITC can help to govern and advance a circular economy [56]. Regarding manu-
facturing, circular economy principles can be translated into various approaches, including
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remanufacturing, recycling, industrial symbiosis, etc. This concurrent approach is known
as circular manufacturing (CM) [57].

Artificial intelligence (AI) can be used to encourage data collection for sustainable
goals, particularly concerning the manufacturing industry [58].

2.3.2. Applications of Artificial Intelligence (AI) in Waste Management and Recycling

AI assists in identifying the most suitable and affordable disposal options for the vari-
ous returned products if regenerative processes cannot be implemented [59]. AI can be used
to create decision-support tools that assess a product’s quality, the need for reprocessing,
and whether regenerative methods can be used.

In recent years, the recovery of resources, including reusing, recycling, and obtaining
energy from refuse, has received increased attention using cutting-edge techniques like
artificial intelligence [53,60].

With the ultimate aim of reusing waste as a resource, artificial intelligence is used to
support decision-making for biowaste treatments and to develop bioenergy by depending
on criteria that cover the social, environmental, and economic aspects [61]. Implementing
AI technologies to improve sustainable trash management will aid in reducing the overall
amount of natural resources consumed by recycling, reusing, or recovering materials before
they reach the end of their usefulness [62].

The amount of natural resources consumed can be reduced by reusing, recycling, or
recovering some materials before they end their useful lives. AI technologies can be used
to improve sustainable waste management [62]. AI is used for tracking an item to help
monitor its condition and assess its suitability for reuse, as well as observe its environment
to determine recycling possibilities.

The application of AI technologies constantly improves the processes for collecting,
transporting, sorting, and recycling various wastes [63].

AI allows for the proper use of data collected from industrial systems because it can
watch and monitor data related to processes and products [64,65].

2.3.3. Potential Benefits of an AI-Supported Circular Economy Initiative

Recent years have seen a significant increase in interest in resource recovery from
refuse [66].

Artificial intelligence can support the use of circular manufacturing strategies, improve
energy efficiency, and extend the usable life of products and components by extracting as
much value as possible from resources [67].

Artificial intelligence supports the decision-making process at the factory level (i.e.,
for goods and processes), accelerating an increase in circular economy values by tracking
and monitoring products in real-time to determine their residual value [68].

Artificial intelligence helps with the challenges of transformation by incorporating
information into operational aspects in a secure manner [69] and using rapid methods that
increase system adaptability [70].

The creation of visual tools that provide an understandable overview of data flows
relating to products, resources, and processes can be encouraged with the help of AI.
These tools make it easier to investigate the benefits of a circular economy that are not
yet fully understood [71]. Figure 3 highlights the different ways AI is used in food waste
management and how they help in achieving UN sustainable goals.
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3. Using AI to Monitor and Optimise Food Production and Supply Chains

In the agricultural industry, technological advances will always play a big role in the
production process and supply chain. As pointed out in [72], using tractors and harvesters
in the last two centuries improved agricultural output. Presently, artificial intelligence
(AI) can bring innovation and help improve this output even more at a lower cost. This is
because machine-aided predictions and simulation of factors that affect agriculture and
food production can be tackled at a much bigger scale with very good results compared
to human analysis. Due to the increase in the world’s population and changes in climate
conditions, new aspects of the agri-food supply are beginning to emerge. It is now possible
to use a vast amount of data to analyse produce yields and end-user needs for optimum food
production and supply [73]. In addition, Ramirez-Asis et al. [74] emphasised that AI, aided
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with complex computer networks, can be used to achieve the required targets to improve
food safety, delivery, and logistics. This section explores how AI, which is now regarded
as a significant paradigm for science [75], can influence food production, processing, and
transportation. The supply of processed products and potential applications to reduce food
waste will also be discussed.

3.1. Using AI to Analyse Data on Factors Such as Weather Patterns, Crop Yield, and Consumer
Demand to Optimise Pre- and Post-Harvest Food Production and Supply Chains

To develop strategies for mitigating climate change, Sahil et al. [76] propose using
AI to monitor several parameters that can affect humans globally. These factors include
temperature, CO2 concentration, natural disasters, and climate conditions associated with
a particular region. If properly used, the authors believe AI can achieve the ‘Climate action’
of the UN sustainable development goals. In addition, AI may be used to ensure that
global emissions are maintained below 2%, which will help prevent social, political, and
international disasters. To better understand the climate, it has to be micromanaged for
optimum benefit. It is now possible to practice more precise agriculture by monitoring the
climate closely. A system for monitoring climate at a micro-scale has been described [77],
and in that report, it was highlighted that data from microclimate parameters could be used
to identify the exact water requirement for irrigation. In combination with sensors, the
temperature and soil moisture content may be used to estimate evapotranspiration, which
paves the way for any mitigation required and ensures that smart farming is achieved.

Smart farming uses digital technologies to improve outsourcing, procuring, and
planning in the supply chain [78], and it may help bring about the needed change in the
food supply system that will satisfy the growing demand for sustainable food production
globally. AI is believed to play a big role in next-generation farming because the innovative
analysis can establish variations in crops and fields, leading to higher yields and less lateral
loss of produce in the supply chain [79]. AI can also aid the transition to a drastic rather than
small incremental change if a trans-disciplinary model is used to optimise the relationships
between technology, humans, and the environment [80].

3.2. Examples of AI Applications in Agriculture, Food Processing, and Transportation

Consumers are constantly concerned with the nutritional value of foods, their method
of processing, and their increased shelf life. To monitor these concerns, AI can be used
to monitor drifts due to its multi-disciplinary nature, and any adjustment required can
be carried out [81]. AI, by way of synthesis and analysis of big data, is used to monitor
pre- and post-harvest processes and trace different types of products in the supply chain.
A recent systematic review found that in all stages of the food system, different artificial
intelligence algorithms are used to monitor processes [82]. The first stage of food production
is carried out in the field or farm, and AI has been applied in fields. Sharma et al. [83] used
image-based computer analysis to estimate the categorical age of crops. It was pointed out
that computational intelligence might be useful to prevent the excessive use of fertilizer
and ensure optimal nitrogen utilisation.

Chen et al. [84] reviewed the use of physical fields for processing dried vegetables
and fruits with the aid of AI technology and found that problems associated with nutrient
loss, sensory analysis, poor drying, and energy consumption can be resolved together with
online process control. In aquaculture and fisheries, catching fish has improved with the use
of data mining to process complex data, which helps to intelligently perform tasks, forecast
problems, and provide precision solutions [85]. In the European dairy supply chain, the use
of AI for ensuring food safety with an early warning system has been highlighted. When
the numbers of Rapid Alert for Food and Feed (RASFF) notifications were analysed by
Liu et al. [86], it was revealed that significant correlations existed among many indicators
and differences were found among countries. Another product among many that can
benefit from AI innovation is meat products found in cold chain logistics. A study by Ren
et al. [87] focused on how meat is packaged, evaluated, and controlled. They found that
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digital intelligent quality assessment and monitoring could improve the cold chain supply
chain. Following the supply of food, sensory acceptance by consumers is critical for any
food product to sustain its journey from farm to fork. Hence, a huge amount of sensory
data can also be subjected to AI analysis. A review by Nunes et al. [88] noted that AI is now
important because it can explore and correlate data between sensory tests by humans and
instruments to obtain solutions that will meet the needs of both consumers and producers.

3.3. Potential Benefits of AI Optimisation, including Reduced Food Waste and Increased Resource
Efficiency

Gedi et al. [89] reported that food waste can be optimised to produce value-added
products, which may include products that contain micronutrients. That report also noted
that new functional materials could reduce carbon emissions across the supply chain.
Of note is that valorised food waste products contain high dietary fibre and beneficial
nutrients. The consensus is that global food demand can be significantly reduced if food
waste material is valorised. Manufacturers and retailers of food products are in a perfect
position to point out areas of high food waste. Pimental et al. [90] analysed factors that can
reduce waste in the supply chain from a retailer’s perspective. The study showed that there
were up to 46 factors that can help reduce food waste, and it was concluded that retailers
are in a very good position to monitor waste reduction. Such monitoring can be made more
efficient with the innovative application of AI. Applying intelligent approaches can enable
real-time decision-making and process optimisation, and if supported by the government,
food waste can be minimised and maximised for a sustainable future [91].

Although AI is being used to create sustainable food systems in Europe, there are
some concerns and challenges. According to Yadav et al. [92], one current problem includes
sustainability, stringent government regulation, food security, and traceability issues. A
business model can also affect the use of AI. When different business models were examined
by Ciccullo et al. [93] for sustainable food waste reduction with the aid of big data, it was
found that some businesses did not exploit their full potential. Also, other investigators [94]
found that the type of AI used depends on the industry, and some models were more
popular than others. Furthermore, algorithmic bias and external disruptions were identified
by Galaz et al. [95] as systemic risks, which may affect sustainability when AI is used. Others
argue that there is a need to rethink the readiness of agri-tech firms for the use of AI [96].
Despite some uncertainties, it is believed that using big data and AI to manage risks at all
production and supply chain stages can play a big role in preventing food recalls, which
may be expensive and damaging to a company’s brand [97]. Overall, we conclude that
despite any shortcomings, AI is here to stay and will most likely become the gold standard
for monitoring food quality and safety in all production and supply chain stages.

3.4. Examples of AI Applications in Food Production

AI in the food industry is rapidly evolving, with many companies already leveraging
technology to improve their operations and reduce waste.

Here are some examples of AI applications in food production:

IBM Food Trust: This blockchain-based platform uses AI and other technologies to track
food products from farm to table, enabling suppliers and retailers to identify the source of
any safety or quality issues quickly. By providing end-to-end traceability, IBM Food Trust
can help to reduce waste caused by recalls and increase consumer trust in the food supply
chain [98].
Blue River Technology: This company uses computer vision and machine learning algo-
rithms to identify and selectively spray weeds in agricultural fields. By targeting only
weeds, Blue River Technology can reduce the use of herbicides and increase crop yield,
thus improving efficiency and sustainability in agriculture [99].
Brightloom: This company uses AI and predictive analytics to optimise menu offerings and
pricing for food retailers. By analysing data on sales and customer preferences, Brightloom
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can help retailers to reduce waste caused by overproduction and ensure that their offerings
are aligned with customer demand [100].
AgShift: This company uses computer vision and AI to automate the process of quality
inspection for commodities such as grains, fruits, and vegetables. By analysing images and
other data, AgShift can quickly and accurately identify defects, reducing waste caused by
human error [101].
ImpactVision: This company uses hyperspectral imaging and machine learning to analyse
the composition of food products, enabling suppliers and retailers to ensure that their
products meet quality standards. By identifying quality issues early, ImpactVision can help
to reduce waste caused by recalls and improve overall efficiency in the supply chain [102].

4. AI-Powered Food Redistribution Systems
4.1. Using AI to Match Food Donors with Food Banks and Other Organisations That Distribute
Food to People in Need

AI-powered food redistribution has the potential to reduce food waste and insecurity
by increasing food access to at-risk individuals and the most vulnerable communities. In
addition, leveraging AI has the following potential benefits:

Food waste can be significantly reduced by using AI to match food donors with
organisations that distribute food to the most vulnerable people affected by food insecurity.
AI can help ensure that food donations are distributed to the areas most needed and in the
right quantities, thereby reducing food waste [103].

AI-powered food redistribution can improve and increase food access, affordability,
and stability for vulnerable populations such as families besieged by financial instability,
individuals experiencing homelessness, and those who are unemployed. Furthermore,
by optimising the allocation of resources and identifying areas of high need, AI can help
ensure that food donations are distributed to at-risk individuals [104].

AI-powered food redistribution can help improve the efficiency of food distribution
systems. By using machine learning algorithms to analyse data on food donations, quanti-
ties donated, quantities supplied and demanded, and distribution patterns, organisations
can identify the most efficient food distribution strategies. Furthermore, ML can be used
for food recognition and food nutrition estimation [105].

AI-powered systems can help ensure that donated food is safe for consumption. Ap-
plying machine learning and computer vision technology can assist in visually identifying
and categorizing food items [106]. Therefore, food donors and food banks can identify any
items that may be spoiled or contaminated and remove them from their inventories.

AI-powered distribution can promote sustainability by ensuring that donations are
distributed efficiently and reducing food waste. In addition, AI applications to food systems
can potentially divert food from landfills, thereby reducing the environmental impact of
food production and waste.

The magnitude and complexity of the challenge of food insecurity require sophisticated
interventions to improve food access, availability, and stability. Moreover, at minimum, six
of the Sustainable Development Goals are centred around food sustainability [107].

Digital technologies and AI applications, including predictive analytics, can remove
many challenges faced by the food supply chain [104]. Food banks are an important
channel through which food insecurity can be reduced. Food banks can be defined as non-
profit organisations that distribute food freely to people without charging them a price to
improve access to food and reduce hunger [108]. Factors that drive individuals to use food
banks include loss of income and employment, lack of financial stability due to household
unemployment, a delay in cash transfers to individuals receiving state social support, and
sanctions [109]. A study by Bertmann et al. [110] showed that food banks and pantries
supported food access and improved food and vegetable intake for the most vulnerable
class of the population. Charitable organisations have also jumped on the bandwagon
and partnered with healthcare systems in some countries in a bid to assist and support
individuals experiencing food-related issues including limited access, affordability, and



Sustainability 2023, 15, 10482 13 of 20

instability [111]. AI presents an opportunity to match food donors with food banks and
charitable food systems. The following aspects of AI can be optimised to allocate resources
and help reduce food waste and connect donors with food banks and other organisations
involved in the distribution of food to the most at-risk individuals:

Natural language processing (NLP) can be used to enable the interaction between
computer programs and food donors, food banks, and beneficiaries. Donors can describe
the type and quantity of food they want to donate, and the AI system can match their
donations with the needs of food banks and other organisations. Moreover, NLP can assist
in determining the nutritional quality of food at the food banks and the recipes possible
from the donated food [112].

Machine learning (ML) algorithms can be used to analyse large datasets on food
donations, locations, population size, frequency of donation by food donors, and patterns
in food distribution by food banks and other charitable organisations. This information
will help make supply and demand forecasts as well as identify areas or regions with the
largest number of individuals affected by food insecurity. Furthermore, ML could establish
dietary patterns in the affected individuals who are recipients of the food [113,114]. Based
on the ML algorithms applied, efficient and effective distribution locations, quantities, and
strategies can then be put in place

Computer vision can be leveraged to identify and categorise food items visually. This
will improve the process of matching donors with recipient organisations and individuals.
Moreover, computer vision can assist in recognizing food, establishing quantities, and
accurately sensing and measuring key parameters that determine the safety of the food
donated as well as its quality [115]. For example, computer vision technology can identify
perishable items that need to be distributed quickly and identify food items that food banks
commonly request.

Geographic information systems (GISs) can be used to map hotspots of food insecurity
and the locations of food banks and food donors. They can also be used to analyse data on
food distribution patterns to optimise the allocation of resources [116].

4.2. Examples of AI-Powered Food Redistribution Systems

Having established the fact that there is an upsurge in food waste in many countries,
it is pertinent, therefore, to generate innovative solutions to tackle this waste.

Demand for quick, reasonably priced, and easily accessible food alternatives has
changed as a result of shifting customer preferences, which have transformed the food and
beverage sector. Utilizing AI and machine learning (ML) technologies help the food sector
manage food waste, scale up processing, and remain competitive in a changing market
context.

A quick and effective heuristic prediction technique, such as big data analysis (BDA),
is required for forecasting hazards, risk assessment, and prevention connected to food
safety. The food processing lines benefit from automation, and a sizable quantity of data
is gathered, saved, processed, and utilised for risk assessments in addition to helping to
strengthen the food supply chain [117].

BDA and related technologies improve the functionality of the Internet of Things
(IoT) for supply chain monitoring and food safety to address food security challenges.
Using RFID-based transparency to carry out rights and rules is essential for guaranteeing
food security and redistribution. Also, substantial data are produced at an unprecedented
rate using modern digitalisation for optimal choices to address the growing issues with
agricultural output, investigate the complicated agrarian potential, and keep an eye on
machinery performance [118].

4.3. Connection between GIS and AI

Artificial intelligence (AI) has grown quickly in recent years and has matched or
even exceeded human competence in certain activities including text translation, reading
comprehension, and image recognition. AI is the ability of a machine to perform a task
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that typically requires a certain degree of human intelligence. This is made possible using
several engines, one of which is machine learning. It uses algorithms powered with data to
learn from data and share the information needed. Deep learning is a novel approach to
machine learning that uses neural networks created with computers that are similar to and
inspired by the human brain to identify and tackle issues and forecast outcomes [119].

New opportunities are emerging as a result of the confluence of AI and GIS. A series of
technologies known as AI GIS integrates artificial intelligence (AI) with GIS functions such
as spatial data processing and analysis algorithms. In recent years, AI GIS has increasingly
taken centre stage in geoscience investigation and implementation [120].

Artificial intelligence (AI) for GIS is the use of AI to enhance the intelligence of GIS
programs with techniques including AI attribute collecting, AI survey and the mapping
process, AI cartography, and AI interaction. On the other hand, GIS for AI is the ability
of GIS to enable AI by utilising its geographical visualisation and spatial analytic skills
to systematically analyse and extract data in response to AI recognition discoveries. In
order to automate procedures, enhance predictive modelling, and obtain competitive
advantages, the food industry, as well as other sectors and businesses are systematically
utilising artificial intelligence (AI), particularly machine learning, and using location data
as a unifying link [120].

Manufacturers utilise AI solutions to streamline supply chains, automate inspections
and quality control, plan predictive maintenance, and spot any unforeseen events before
they stop production. On the other hand, suppliers use machine learning and location
intelligence for choosing a store, customer assistance, pricing formulating, supply chain
maximisation, location-based advertising, and creating individualised consumer experi-
ences. Even government organisations use georeferenced drone and satellite images to
automate fieldwork, simulate growth scenarios, estimate agricultural yields, and continu-
ously check crop health [121].

Not all soils can be utilised for agriculture, and not all crops can be effectively grown
under particular soil conditions because various crops have varied nutritional requirements
and different soils have distinct physico-chemical properties. For this reason, researchers
think it is critical to map the appropriateness of terrain [122]. As a result, land suitability
studies are required to ensure an effective and sustainable supply of food from these limited
natural resources [123]. The integration of GIS and AI models and analytic methodologies
has therefore enabled the development of a variety of high-quality decision-making systems
that carry out complicated treatments involving several factors [122].

5. Discussion

The use of artificial intelligence (AI) for supporting circular economy initiatives and
waste management has shown promising results. AI technologies have the potential to
identify opportunities for waste reduction and recycling, which are essential components
of the circular economy. By analysing new data from various sources, AI algorithms can
generate real-time results and adapt as necessary, providing governments with precise
information for effective decision-making.

In the context of solid waste management (SWM), AI can enhance the effectiveness,
security, and quality of production processes. It enables automation, boosting efficiency
and scalability while reducing costs. The application of AI algorithms in SWM optimisation
has been growing globally, indicating its value for addressing complex problems in waste
management, social security, safety, health, climate, energy, facilities, and transportation.

Furthermore, AI can support data collection for sustainable goals, particularly in the
manufacturing industry. It can analyse data related to processes and products, allowing for
improved monitoring and decision-making. The integration of AI in waste management
processes, such as collection, transportation, sorting, and recycling, has the potential to
optimise these processes and improve resource efficiency.

The benefits of AI-supported circular economy initiatives are numerous. AI can
help extract as much value as possible from resources, improving energy efficiency and
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extending the usable life of products and components. By reducing waste and increasing
resource efficiency, AI can contribute to the achievement of environmental, social, and
economic sustainability goals.

In the domain of food production and supply chains, AI plays a crucial role in optimis-
ing various stages of the process. Using an analysis of data on weather patterns, crop yields,
and consumer demand, AI can provide insights into optimising pre- and post-harvest food
production and supply chains. This enables more precise agriculture practices, leading to
higher yields and less waste in the supply chain.

AI applications in agriculture, food processing, and transportation are diverse. They
include image-based analysis for estimating crop age, physical field processing with AI for
improved drying and energy consumption, data mining for intelligent fisheries manage-
ment, and AI-assisted food safety monitoring systems.

The potential benefits of AI optimisation in the food sector are significant. AI can help
reduce food waste by identifying areas of waste and enabling real-time decision-making
and process optimisation. By leveraging AI and big data, risks can be managed at all stages
of production and supply chains, preventing costly food recalls and enhancing food quality
and safety.

However, it is important to critically evaluate the implementation of AI in these con-
texts. While AI has the potential to bring numerous benefits, challenges and concerns exist.
These include issues of sustainability, government regulations, food security, traceability,
algorithmic bias, and external disruptions. The readiness of agri-tech firms and the choice
of AI models also play a role in the success of AI applications. Despite these challenges, AI
is expected to become the standard for monitoring food quality and safety in production
and supply chains.

Overall, the results of using AI in circular economy initiatives and food production
and supply chains are promising. AI has the potential to improve efficiency, reduce waste,
and enhance sustainability in various sectors. However, careful consideration of ecological
and economic factors is necessary to ensure that the benefits of AI outweigh the associated
infrastructure requirements.

6. Conclusions

Food waste is a significant global issue with far-reaching economic, social, and en-
vironmental impacts. Fortunately, the circular economy approach provides a promising
solution to this challenge by promoting waste reduction and increasing resource efficiency.
In recent years, the use of artificial intelligence (AI) in the food industry has gained traction
to address food waste and enhance circular economy initiatives. AI can be utilised to
monitor and optimise food production and supply chains, redistribute excess food to those
in need, and support waste reduction and recycling efforts. By leveraging AI technologies,
we can maximise resource efficiency, minimise environmental impact, and create a more
sustainable and equitable food system. The potential benefits of AI-supported circular
economy initiatives are numerous, including improved energy efficiency, extended product
lifespan, and enhanced decision-making processes. Continued investment and research
in AI technologies are crucial to unlocking the full potential of the circular economy and
reducing food waste on a global scale.

Author Contributions: H.O.: conceptualisation, writing—original draft and editing. P.T.; writing—
original draft and editing. U.M.N.: writing—original draft and editing. T.M.: writing—original draft
and editing. U.C.J.: writing—original draft and editing. O.N.: writing—original draft and editing.
A.A.A.: writing—original draft and editing. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.



Sustainability 2023, 15, 10482 16 of 20

Conflicts of Interest: The authors declare that they have no known competing financial interests or
personal relationships.

References
1. Mganga, P.P.; Syafrudin, S.; Amirudin, A. Students’ Awareness on Food Waste Problems and their Behaviour towards Food

Wastage: A Case Study of Diponegoro University (Undip)-Tembalang Campus. Master’s Thesis, School of Postgraduate Studies,
Diponegoro University, Kota Semarang, Indonesia, 2021.

2. Gustavsson, J.; Cederberg, C.; Sonesson, U. Global Food Losses and Food Waste: Extent, Causes, and Prevention. In Proceedings
of the Study Conducted for the International Congress Save Food, at Interpack 2011, Düsseldorf, Germany, 16–17 May 2011;
FAO: Rome, Italy, 2011. ISBN 978-92-5-107205-9.

3. FAO. Global Food Losses and Food Waste—Extent, Causes and Prevention; FAO ONU: Roma, Italy, 2011.
4. Kummu, M.; de Moel, H.; Porkka, M.; Siebert, S.; Varis, O.; Ward, P. Lost Food, Wasted Resources: Global food supply chain

losses and their impacts on freshwater, cropland and fertilizer Use. Sci. Total Environ. 2012, 438, 477–489. [CrossRef] [PubMed]
5. United Nations. UNEP Food Waste Index Report. 2021. Available online: http://www.unep.org/resources/report/unep-

foodwaste-index-report-2021 (accessed on 27 March 2023).
6. Delgado, L.; Schuster, M.; Torero, M. Reality of Food Losses: A New Measurement Methodology; IFPRI: Washington, DC, USA, 2017.
7. Key Figures on Europe, Eurostat, Luxembourg: Publications Office of the European Union. 2017. Available online: https:

//ec.europa.eu/eurostat/documents/3217494/8309812/KS-EI-17-001-EN-N.pdf/b7df53f5-4faf-48a6-aca1-%20c650d40c9239 (ac-
cessed on 19 June 2023).

8. Xiong, X.; Yu, I.K.M.; Tsang, D.C.W.; Bolan, N.S.; Ok, Y.S.; Igalavithana, A.D.; Kirkham, M.B.; Kim, K.-H.; Vikrant, K. Value-added
chemicals from food supply chain wastes: State-of-the-art review and future prospects. Chem. Eng. J. 2019, 375, 121983. [CrossRef]

9. World Bank; Natural Resources Institute; FAO. Missing Food: The Case of Postharvest Grain Losses in SubSaharan Africa; Report
N. 60371-AFR; The International Bank for Reconstruction and Development/The World Bank: Washington, DC, USA, 2011;
p. 12. Available online: https://openknowledge.worldbank.org/bitstream/handle/10986/2824/603710SR0White0W110
Missing0Food0web.pdf?sequence=1&isAllowed=y (accessed on 5 June 2023).

10. Thyberg, K.L.; Tonjes, D.J.; Gurevitch, J. Quantification of food waste disposal in the 946 United States: A meta-analysis. Environ.
Sci. Technol. 2015, 49, 13946–13953. [CrossRef] [PubMed]

11. Koester, U.; Loy, J.-P.; Ren, Y. Measurement and Reduction of Food Loss and Waste Reconsidered; Leibniz Institute of Agricultural
Development in Transition Economies: Halle, Germany, 2018.

12. Bellemare, M.F.; Çakir, M.; Peterson, H.H.; Novak, L.; Rudi, J. On the Measurement of Food Waste. Am. J. Agric. Econonmics 2017,
99, 1148–1158. [CrossRef]

13. Hafner, G.; Barabosz, J.; Schneider, F.; Lebersorger, S.; Scherhaufer, S.; Schuller, H.; Leverenz, D.; Kranert, M. Ermittlung der
Weggeworfenen Lebensmittelmengen und Vorschläge zur Verminderung der Wegwerfrate bei Lebensmitteln in Deutschland; Institut für
Siedlungswasserbau, Wassergüte- und Abfallwirtschaft: Stuttgart, Germany, 2012.

14. Alexandratos, N.; Bruinsma, J. World Agriculture towards 2030/2050: The 2012 Revision; Food and Agriculture Organization of the
United Nations (FAO): Roma, Italy, 2012.

15. Food and Agriculture Organization. The Future of Food and Agriculture—Trends and Challenges. Rome. 2017. Available online:
https://www.fao.org/3/i6583e/i6583e.pdf (accessed on 5 June 2023).

16. Thünen-Institut. Lebensmittelverschwendung Befeuert Klimawandel Neue Studie Bilanziert Treibhausgasemissionen der in Deutschland
Konsumierten Lebensmittel und Zeigt Wege Auf, Lebensmittelabfälle zu Reduzieren; Thünen Institute: Braunschweig, Germany, 2019.

17. Jamaludin, H.; Elmaky, H.S.E.; Sulaiman, S. The future of food waste: Application of circular economy. Energy Nexus
2022, 7, 100098. [CrossRef]

18. USDA Food Waste and Its Links to Greenhouse Gases and Climate Change. 2022. Available online: https://www.usda.gov/
media/blog/2022/01/24/food-waste-and-its-links-greenhouse-gases-and-climate-change (accessed on 5 June 2023).

19. Willett, W.; Rockström, J.; Loken, B.; Springmann, M.; Lang, T.; Vermeulen, S.; Garnett, T.; Tilman, D.; DeClerck, F.; Wood,
A.; et al. Food in the Anthropocene: The EAT–Lancet Commission on healthy diets from sustainable food systems. Lancet
2019, 393, 447–492. [CrossRef] [PubMed]

20. FAO. Food Wastage Footprint: Impacts on Natural Resources. Rome. 2013. Available online: www.fao.org/docrep/018/i3347e/
i3347e.pdf (accessed on 21 June 2023).

21. Ellen MacArthur Foundation. Towards the Circular Economy Vol. 1: An Economic and Business Rationale for an Accelerated
Transition. Cowes. 2013. Available online: https://ellenmacarthurfoundation.org/towards-the-circular-economy-vol-1-an-
economic-and-business-rationale-for-an (accessed on 21 June 2023).

22. Tamasiga, P.; Miri, T.; Onyeaka, H.; Hart, A. Food Waste and Circular Economy: Challenges and Opportunities. Sustainability
2022, 14, 9896. [CrossRef]

23. Ouro Salim, O.; Guarnieri, P.; Leitão, F. Food Waste from the View of Circular Economy: A Systematic Review of International
Literature. Rev. Gestão Soc. E Ambient. 2021, 15, e02579. [CrossRef]

24. Korhonen, J.; Honkasalo, A.; Seppälä, J. Circular economy: The concept and its limitations. Ecol. Econ. 2018, 143, 37–46. [CrossRef]
25. Jurgilevich, A.; Birge, T.; Kentala-Lehtonen, J.; Korhonen-Kurki, K.; Pietikäinen, J.; Saikku, L.; Schösler, H. Transition towards

Circular Economy in the Food System. Sustainability 2016, 8, 69. [CrossRef]

https://doi.org/10.1016/j.scitotenv.2012.08.092
https://www.ncbi.nlm.nih.gov/pubmed/23032564
http://www.unep.org/resources/report/unep-foodwaste-index-report-2021
http://www.unep.org/resources/report/unep-foodwaste-index-report-2021
https://ec.europa.eu/eurostat/documents/3217494/8309812/KS-EI-17-001-EN-N.pdf/b7df53f5-4faf-48a6-aca1-%20c650d40c9239
https://ec.europa.eu/eurostat/documents/3217494/8309812/KS-EI-17-001-EN-N.pdf/b7df53f5-4faf-48a6-aca1-%20c650d40c9239
https://doi.org/10.1016/j.cej.2019.121983
https://openknowledge.worldbank.org/bitstream/handle/10986/2824/603710SR0White0W110Missing0Food0web.pdf?sequence=1&isAllowed=y
https://openknowledge.worldbank.org/bitstream/handle/10986/2824/603710SR0White0W110Missing0Food0web.pdf?sequence=1&isAllowed=y
https://doi.org/10.1021/acs.est.5b03880
https://www.ncbi.nlm.nih.gov/pubmed/26551283
https://doi.org/10.1093/ajae/aax034
https://www.fao.org/3/i6583e/i6583e.pdf
https://doi.org/10.1016/j.nexus.2022.100098
https://www.usda.gov/media/blog/2022/01/24/food-waste-and-its-links-greenhouse-gases-and-climate-change
https://www.usda.gov/media/blog/2022/01/24/food-waste-and-its-links-greenhouse-gases-and-climate-change
https://doi.org/10.1016/S0140-6736(18)31788-4
https://www.ncbi.nlm.nih.gov/pubmed/30660336
www.fao.org/docrep/018/i3347e/i3347e.pdf
www.fao.org/docrep/018/i3347e/i3347e.pdf
https://ellenmacarthurfoundation.org/towards-the-circular-economy-vol-1-an-economic-and-business-rationale-for-an
https://ellenmacarthurfoundation.org/towards-the-circular-economy-vol-1-an-economic-and-business-rationale-for-an
https://doi.org/10.3390/su14169896
https://doi.org/10.24857/rgsa.v15.2579
https://doi.org/10.1016/j.ecolecon.2017.06.041
https://doi.org/10.3390/su8010069


Sustainability 2023, 15, 10482 17 of 20

26. Ada, N.; Kazancoglu, Y.; Sezer, M.D.; Ede-Senturk, C.; Ozer, I.; Ram, M. Analyzing Barriers of Circular Food Supply Chains and
Proposing Industry 4.0 Solutions. Sustainability 2021, 13, 6812. [CrossRef]

27. Kumar, M.; Raut, R.D.; Jagtap, S.; Choubey, V.K. Circular economy adoption challenges in the food supply chain for sustainable
development. Bus. Strategy Environ. 2022, 32, 1334–1356. [CrossRef]

28. Alonso-Muñoz, S.; García-Muiña, F.E.; Medina-Salgado, M.-S.; González-Sánchez, R. Towards circular economy practices in food
waste management: A retrospective overview and a research agenda. Br. Food J. 2022, 124, 478–500. [CrossRef]

29. Negrete-Cardoso, M.; Rosano-Ortega, G.; Álvarez-Aros, E.L.; Tavera-Cortés, M.E.; Vega-Lebrún, C.A.; Sánchez-Ruíz, F.J. Circular
economy strategy and waste management: A bibliometric analysis in its contribution to sustainable development, toward a
post-COVID-19 era. Environ. Sci. Pollut. Res. Int. 2022, 29, 61729–61746. [CrossRef] [PubMed]

30. Li, H.; Bao, W.; Xiu, C.; Zhang, Y.; Xu, H. Energy Conservation and Circular Economy in China’s Process Industries. Energy
2010, 35, 4273–4281. [CrossRef]

31. Ellen MacArthur Foundation. Growth Within: A Circular Economy Vision for a Competitive Europe; Ellen MacArthur Foundation: Isle
of Wight, UK, 2015.

32. Moraga, G.; Huysveld, S.; Mathieux, F.; Blengini, G.A.; Alaerts, L.; Van Acker, K.; de Meester, S.; Dewulf, J. Circular economy
indicators: What do they measure? Resour. Conserv. Recycl. 2019, 146, 452–461. [CrossRef]

33. Geissdoerfer, M.; Savaget, P.; Bocken, N.M.; Hultink, E.J. The circular economy—A new sustainability paradigm? J. Clean. Prod.
2017, 143, 757–768. [CrossRef]

34. Ghisellini, P.; Cialani, C.; Ulgiati, S. A Review on Circular Economy: The Expected Transition to a Balanced Interplay of
Environmental and Economic Systems. J. Clean. Prod. 2016, 114, 11–32. [CrossRef]

35. Morseletto, P. Targets for a circular economy. Resour. Conserv. Recycl. 2019, 153, 104553. [CrossRef]
36. Iacovidou, E.; Velis, C.A.; Purnell, P.; Zwirner, O.; Brown, A.; Hahladakis, J.; Millward-Hopkins, J.; Williams, P.T. Metrics for

optimising the multi-dimensional value of resources recovered from waste in a circular economy: A critical review. J. Clean. Prod.
2017, 166, 910–938. [CrossRef]

37. Merli, R.; Preziosi, M.; Acampora, A. How do scholars approach the circular economy? A systematic literature review. J. Clean.
Prod. 2018, 178, 703–722. [CrossRef]

38. Sharma, S.; Gahlawat, V.K.; Rahul, K.; Mor, R.S.; Malik, M. Sustainable Innovations in the Food Industry through Artificial
Intelligence and Big Data Analytics. Logistics 2021, 5, 66. [CrossRef]

39. Davenport, T.H. From analytics to artificial intelligence. J. Bus. Anal. 2018, 1, 73–80. [CrossRef]
40. McKinsey & Company. How AI Can Unlock a $127 B Opportunity by Reducing Food Waste; McKinsey & Company: Atlanta, GA,

USA, 2019.
41. McKinsey Global Institute. Notes from the AI frontier: Tackling Bias in AI (and in Humans); McKinsey Global Institute: Washington,

DC, USA, 2019.
42. Van Klompenburg, T.; Kassahun, A.; Catal, C. Crop yield prediction using machine learning: A systematic literature review.

Comput. Electron. Agric. 2020, 177, 105709. [CrossRef]
43. Garre, A.; Ruiz, M.C.; Hontoria, E. Application of Machine Learning to support production planning of a food industry in the

context of waste generation under uncertainty. Oper. Res. Perspect. 2020, 7, 100147. [CrossRef]
44. Sundaram, S.; Zeid, A. Artificial Intelligence-Based Smart Quality Inspection for Manufacturing. Micromachines 2023, 14, 570.

[CrossRef]
45. Adak, A.; Pradhan, B.; Shukla, N. Sentiment Analysis of Customer Reviews of Food Delivery Services Using Deep Learning and

Explainable Artificial Intelligence: Systematic Review. Foods 2022, 11, 1500. [CrossRef] [PubMed]
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