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Abstract

Purpose — This study aims to offer a research overview of circular food waste management, covering key
themes and trends. It analyses state-of-the-art research in this field and proposes an agenda to guide future
research.

Design/methodology/approach — This study outlines bibliometric analysis from a sample of 349 articles
with VOSviewer and SciMat software to identify research trend topics.

Findings — The findings reveal a substantial amount of interest in this field. The main research topics relate to
the recovery processes and valorisation of food waste and its conversion into renewable and cleaner materials
or energy sources, towards circularity. However, these processes require consideration of social aspects that
facilitate their implementation, which are currently under-researched.

Practical implications — Companies can target their circular food waste management by considering three
key aspects. Firstly, the establishment of closer and more sustainable relationships with various stakeholders;
Secondly, a regulatory framework and the support of institutions are both required for the correct
implementation of circularity. Finally, what is not measured does not exist. It is therefore necessary to establish
indicators to measure both the level of development of circularity in waste management and the fulfilment of
the established objective.

Originality/value — This bibliometric analysis looks at the application of circularity principles in food waste
management from a holistic perspective, considering different areas of knowledge.

Keywords Food waste, Waste management, Circular economy, Supply chain, Bibliometric analysis,
Research agenda, Thematic analysis, Research hotspots
Paper type Research paper

1. Introduction and background

Achieving a more sustainable food system is relevant in terms of both economic efficiency
and new ethical standards in our society. This interest has been intensified by the need to
achieve the sustainable development goals (SDGs) that would enable improved food security
and sustainability (Santeramo, 2021). Specifically, SDG 12.3 for the fulfilment of the 2030
Agenda, which highlights the importance of halving, per capita, food waste at retail and
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consumer levels and reducing food losses along production and supply chains
(United Nations, 2015; Narvanen ef al., 2020). This requires a break with the current linear
system of the food supply chain, based on value chains inspired by the expression “from field
to fork” (Béné et al, 2019). In these linear food systems, raw materials are extracted and
transformed into final products. Final consumption or generation of food waste is disposed of
with little reuse or recovery. A change that is already reflected in Ericksen’s seminal work
(2008, p. 2) and referred to as “feedback loops”. New trends for a more sustainable food
industry require further research. One such trend argues for an application of circularity
principles to the food supply chain (Santeramo, 2021).

Food waste is a part of biodegradable waste, discharged by humans, which reflects
environmental and health issues (Paritosh et al, 2017). UNEP (2021) The Food Waste Index
Report calculated that in 2019, around 931 million tons of food waste were generated: 61 % from
households, 26 % from food services and 13 % from retail. Food waste is particularly common in
developed countries (Bortihan and Ozbiltekin-Pala, 2022). In Europe, around 50% of the global
municipal solid waste is food waste (Ananno et al, 2021). Thus, new methods of food waste
management are required in its treatment (Pattnaik and Reddy, 2010; Paritosh et al, 2017).

The benefit of reducing food waste from a circular perspective has environmental,
economic and social impacts. At the environmental level, food waste is considered a great
contributor to climate change and greenhouse gas emissions and a large consumer of energy
or materials (Krishnan et al, 2020; Narvanen et al., 2020). From an economic perspective,
circular waste management reduces costs and results in lower food prices (Despoudi ef al,
2021). At the social level, reducing food waste through the utilisation of unwanted food is
beneficial for alleviating hunger (Chauhan ef al, 2018).

Circular supply chain management involves all functions of a supply chain by exercising
greater control over all stages or processes with increased efficiency, resulting in greater
reductions to cost and higher levels of food quality and safety (Corrado and Sala, 2018;
Krishnan et al, 2020; Narvanen et al., 2020). Closed-loop food supply chain implies a circular
economy approach with the use of reverse logistics systems, by means of food waste
recycling and reuse (Jabbour et al, 2021).

In the food supply chain, waste and loss occur at different points in the food value chain
(Schuster and Torero, 2016). Food loss occurs in the early stages, such as in production, while
food waste takes place in the subsequent stages; mainly focused on food distribution and
consumption (Parfitt et al, 2010). Since application of the circular principles involves differing
approaches, depending on the phase analysed, this study has focused on waste management
as it affects more stages of the supply chain.

Indeed, recent studies highlight the need for further research on the implementation of
circularity, considering aspects such as improved processes: collection, storage, the adoption of
new technologies and the creation of new infrastructure and transport (Ciccullo et al, 2021;
Santeramo, 2021). Similarly, further knowledge related to new behaviours and the establishment
of cooperative arrangements with other actors is needed. New routines and habits among
consumers and retailers are required for the reduction of food waste from a circular and green
economy perspective (Aschemann-Witzel et al, 2017; Welch et al., 2018; Santeramo, 2021).

Bibliometric studies on food waste management have been published, focusing on aspects
such as: (1) the context in which it is produced-the urban context (Zhong et al, 2021) or in the
coffee sector (Kourmentza et al, 2018), (2) the processes or technologies with which it is
produced or related, - the food loss ,food waste and food safety nexus (Santeramo and
Lamonaca, 2021), the food waste hierarchy (Teigiserova et al., 2020) or digitisation in food
supply chains (Rejeb et al., 2022).

There are previous bibliometric articles associating waste management with the circular
economy, yet in specific aspects, focusing mainly on processes such as recovery, waste-to-
energy, bio-refinery, anaerobic digestion and pyrolysis (Germar ef al., 2021). Context has also
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been considered in the analysis of the reviewed works. For instance, municipal solid waste
management (Tsai ef al, 2020) or the crisis state marked by Covid-19 and healthcare waste
management (Ranjbari et al., 2022a, b). Two of these papers focus on specific aspects of the
food sector. Casallas-Ojeda et al (2021) examined the cheese whey transformation into energy
by means of anaerobic digestion. Ranjbari et al (2021) analysed research topics related to
circular food waste management highlighting the bio-plastic-based food packaging.

Our bibliometric analysis makes a new contribution to those already published by
considering food waste management and the circular economy from a holistic perspective.
Regarding the fragmentation of research on this topic and its markedly technical nature, it is
necessary to reflect on state-of-the-art research and guide future research from a
comprehensive and managerial standpoint. Research is at its most useful when it reaches
practical application. Therefore, its development should facilitate the implementation of the
concept under study. To provide a research overview on the application of circularity in food
waste management and the main trends of research, this paper proposes the following
research questions:

RQI. What is the historical evolution of the literature on circular economy and
food waste?

RQ2 Which are the most influential journals, authors, countries and institutions that
have published content on this research topic?

RQ3. What is the conceptual structure in this research stream?

RQ4. What are the future research agendas and patterns related to circular economy and
food waste?

This paper is structured as follows. Following the introduction and literature background, the
methodology and bibliometric results are presented as: (1) the historical evolution of
publications, (2) the most influential journals in the field of circular economy and food waste;
authors, countries and institutions most cited and the research areas involved, (3) thematic
organisation in the field, using the co-occurrence analysis by VOSviewer and SciMat to detect
research trends. Subsequently, we established key points for the development of a research
agenda: the discussion, and finally, the conclusions.

2. Methodology

This paper employs bibliometric analysis methodology combined with thematic analysis of the
literature, considering articles that contain the most co-occurrent keywords. In this way, research
hotspots are identified, to support the proposal of a research agenda. This analysis allows us to
make theoretical and practical contributions of interest to researchers and practitioners.

To synthesise previous studies and findings, it is essential to study the relationship
between knowledge elements, such as keywords in co-word analysis (Cobo et al, 2011).
Bibliometric methods follow a quantitative approach of visual representation that is widely
used in fields such as management, entrepreneurship or innovation. These methods provide
evidence to explore the connections of the intellectual structure of a field of study (Zupic and
Cater, 2014; Donthu et al.,, 2021). By interpreting bibliographic data, it is possible to identify
the evolution and currents of research (van Eck and Waltman, 2010) and eventually
characterise the state of development of a specific field (Boyack and Klavans, 2014; Powell
et al.,, 2016; Garousi and Mantyla, 2016). The citation analysis and co-occurrence analysis are
the main methods that we used in the present paper.

Figure 1 shows the methodological process carried out in this article which is divided into
four phases: (1) data collection, (2) bibliometric analysis, (3) research trend topics
identification and (4) research agenda.



[ PHASE 1. SELECTION OF DOCUMENTS

\—

{ PHASE 2. BIBLIOMETRIC ANALYSIS (RQ1 & RQ2)

WoS 'food waste'
AND (‘circular economy' OR 'circular bioeconomy' OR Historical evolution of publications
‘closed-loop food system' OR 'closed-loop food supply N = 556 Most influential journals, authors, institutions, countries and
chain’ OR 'circular food system' OR ‘circular business research areas.
model')

[

[ Social, Sciences, Arts & Humanities Index ]—»[N = 497}
Co-occurrence analysis by VOSviewer and SciMat.
[ Filtered only by articles N = 349
[ PHASE 3. RESEARCH TOPICS (RQ3) ] { PHASE 4. RESEARCH AGENDA (RQ4) ]

Future research opportunities for further development of the field

‘ Identifying hotspots topics in the field by periods

For the data collection, documents were retrieved from the Web of Science Database,
December 2021. The selection of documents was carried out combining the terms: “food
waste” AND (“circular economy” OR “circular bioeconomy” OR “closed-loop food system” OR
“closed-loop food supply chain” OR “circular food system” OR “circular business model”).
The terms were filtered by topic, including title, abstract and author keywords, within the
period 2015 to 2021, obtaining 556 results. Then, we sorted this by Social, Science Citation
Index and Arts and Humanities Citation Index, retrieving 497 papers. Finally, we excluded
Conference Proceedings Citation Index and Book Citation Index, filtered only by articles and
obtaining a total sample of 349 documents.

In the second phase, we examined the historical evolution of publications, the most
influential journals, authors, institutions, countries and research areas on the subject. Then, we
conducted a co-occurrence analysis by VOSviewer and SciMat software to analyse the
thematic organisation. Both are utilised to perform a co-word analysis (keyword co-
occurrence). (1) VOSviewer tool is used to map the scientific research topics in the entire period
under review (2015-2021) and to identify the research trend topics according to: the
occurrences, the average publication year, the average citations and the link strength between
keywords (phase 3). (2) SciMat provides a strategic diagram for period 2 (2020-2021), which
serves to analyse, in detail, the research trend topics (phase 3). Finally, in the fourth phase, we
proposed a research agenda for future opportunities and further development of the field.

3. Results

3.1 Historical evolution of publications

Figure 2 shows the evolution of publications in the field. Since 2015, there has been an
increase in papers published, coinciding with two important milestones: The 2030 Agenda for
Sustainable Development approved by The United Nations General Assembly; and the
Circular Economy Package by The European Commission. Hence, this field is gaining
momentum for research (Rizos ef al, 2015). The years 2020 and 2021 are the most
representative, and for that reason, a section about trending topics in the field is covered in
this work.

3.2 Most influential journals
Table 1 shows the most productive journals in the field. These sources represent 47.85% of
the total sample, which means 167 articles from 349 documents, retrieved by WoS.
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Figure 2.
Historical evolution of
publications in the field

Table 1.
The most

representative journals
in the field
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2015 2016 2017 2018 2019 2020 2021
JCR

Journals (2021) Quartiles Category C D %

Journal of cleaner production 11.072 Q1 (24/279)  Environmental 1,032 41 11.75%
sciences

Waste management 8816 Q1 (36/279)  Environmental 607 23  6.59%
sciences

Science of the total environment 10.753 Q1 (26/279)  Environmental 589 18 516%
sciences

Sustainability 3889 Q2 (133/279) Environmental 378 29 831%
sciences

Bioresource technology 11.889 Q1 (13/119)  Energy and fuels 313 10 286%

Resources conservation and 13.716 Q1 (12/279)  Environmental 246 13 372%

recycling sciences

Renewable and sustainable 16.799 Q1 8/119) Energy and fuels 238 11  315%

energy reviews

Energies 3.252 Q3 (80/119)  Energy and fuels 138 13 372%

Environmental science and 5.190 Q2 (87/279)  Environmental 120 9  258%

pollution research

sciences

Note(s): Abbreviation: D = number of documents; % = from the sample of documents (N = 349) C = total

number of citations

3.3 Authors, institutions, countries and research areas
Table 2 shows the most productive authors in the field, with more than 3 articles published. In
addition, their influence is considered regarding total citations. Underscored, was the fact that
most of them are working for The University of Manchester, in United Kingdom.

From 349 documents selected, 87.36 and 21.23% is represented and gathered, respectively,
showing the 10 most influential countries and institutions. According to the different research
areas, as can be seen in Table 3, there is a greater wealth of research related to environmental

and technological sciences.



Circular

R Author Organization Country D . .
practices in the
1 Sala, S Joint Research Centre (JRC) Brussels 3 248 food waste
2 Azapagic, A The University of Manchester United Kingdom 4 219
3 Cuellar-Franca, R~ The University of Manchester United Kingdom 3 186 manag ement
4 Jeswani, HK. The University of Manchester United Kingdom 3 186
5 Slorach, P.C. The University of Manchester United Kingdom 3 186
6 Zorpas, A.A. Open University of Cyprus Cyprus 4 149 483
7 Principato, L Roma Tre University Italy 3 140
8 Secondi, L University of Tuscia Italy 3 140
9 Mohan, S.V. CSIR-Indian Institute of Chemical Technology = India 6 131 Table 2.
10  D’adamo, I Sapienza University of Rome Italy 4 129 Ten most cited authors
Note(s): Abbreviations: R = rank; D = total of documents published; C = total number of citations in the field
Countries Institutions Research areas
R D % D % D %
1 Italy 79 2263%  Sapieza University 10 287% Environmental 180 51.57%
Rome sciences
2 United 43  1232%  Council of Scientific 9 258%  Engineering 106 30.37%
Kingdom Industrial Research environmental
CSIR India
3 Spain 43 1232%  University of Milan 8 2.29%  Green sustainable 101  28.94%
science technology
4 Peoples 36 1031% Hong Kong 7 201% Energy fuels 56 16.05%
R. China Polytechnic
University
5 India 22 6.30% National Research 7 201% Environmental 38  10.89%
Institute for studies
Agriculture, Food
and the
Environment
(France)
6 United 19  544%  Parthenope 7 201% Chemistry 28  802%
States University Naples multidisciplinary
7  Germany 17  4.87%  University of 7 201% Engineering 28  802%
Cantabria chemical
8  Brazil 16 458%  University of 7 201% Biotechnology 27 773%
Naples Federico II applied
microbiology
9  France 16  458% Indian Institute of 6 1.72% Food science 26 745%
Chemical technology Table 3
Technology IICT P e
10 Sweden 14  401% UniversityofCa 6 172% Agricultural 13 372 DS e e
Foscary Venezia engineering countries, institutions

Note(s): Abbreviations: R = rank; D = number of documents; % = from the sample of documents (V = 349)

and research areas

4. Thematic organisation of the field

4.1 Co-occurrence analysis by vosviewer software: discovering research hotspots

In a co-occurrence analysis, the links and frequency between keywords help to find the
research topics they represent, contributing to comprehending the cognitive structure of a
specific field (Borner ef al., 2003) and to locating the hot topics of a research stream (Schildt

et al., 2006).
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Figure 3.
Co-occurrence analysis
by VOSviewer
software

The VOSviewer output (Figure 3) shows the co-word analysis in the field from 2015. There
are 4 clusters grouped by keywords, represented in red, green, blue and yellow. According to
the main research focus in the field and considering the strength of the links between the
keywords, these clusters are created from a threshold based on the co-occurrence identified by
the VOSviewer software. The total link strength measures the strength between the keyword
relationship (van Eck and Waltman, 2010). For this case, out of the 349 articles selected, we
obtained 2,161 words, with a minimum of 10 occurrences, 44 keywords met the threshold.

Table 4 has been elaborated to better understand the structure and content of the
identified clusters, along with the research trend. It shows clustered keyword information on
their occurrences, their average publication year -when the keyword appears- (Figure Al
Appendix), the average citations of the article that contains the keyword, the number of links
-the number of keywords that a keyword co-appears with in a paper- and the total link
strength which points the total strength of the keyword links. Additionally, the five most co-
occurring keywords are presented.

4.1.1 Cluster 1: anaerobic digestion. The first cluster in red relates “food waste” to “anaerobic
digestion”. Anaerobic digestion is a process of decomposing biodegradable material which
releases gases used as energy. The “sewage-sludge” obtained within food waste produces
volatile fatty acids that allow the production of bio-fuels (Battista et al, 2020), eventually
generating value from organic waste.

Most of the keywords in this cluster relate to the production of “biogas” by means of
“municipal solid waste” in the anaerobic digestion and the “co-digestion” phase. This process
is considered for the generation of “renewable energy” — the most recent keyword of this
cluster-towards biofuels production such as the biomethane (Paul ef /., 2018) to achieve a
reduction of “greenhouse-gas emissions” (Cecchi and Cavinato, 2019).

4.1.2 Cluster 2: circular food supply chain. The green cluster links new sustainable systems
in food supply chains applying circular principles. It is fundamental to modify the linear and
traditional supply chains models towards “sustainability” -the most common keyword of the
analysis, and circular business systems to improve “performance” and “management”. This
new framework suggests challenges in consumption patterns (Fogarassy et al, 2020),

Cluster 3: Waste
valorisation
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biorafinery

valorgation biofass energy technologies
extragtion  DY-Prod!
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zzzzz Jar bgeconomy S
water
wagte sngrey. e impact
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recavery
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o oot oofiaste e Rpoducion
quaity
sustaipability circular&gnomy Waste management
-~ biggas
consusiption ol co-digstion
framawork
L= organiewaste
genatior nicdractior B uds:
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‘‘‘‘‘‘‘‘ W ereray municipaliplid-waste

Cluster 1: Anaerobic
digestion

Cluster 2: Circular
food supply chains
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Circular

Keyword Occurrences  APY AC Links TLS Most co-occurring keywords . .
practices in the

Cluster 1: Anaerobic digestion food waste

Food waste 196 2020.02 17.20 43 685  Circular economy (117); anaerobic
digestion (51); LCA (40); management management
(38); sustainability (36)

Anaerobic 73 2019.86  20.04 39 322 Food waste (51); circular economy

digestion (37); biogas (26); energy (19); 485
co-digestion (12)

Biogas 44 2019.74 21.80 35 221  Food waste (34); anaerobic digestion
(26); circular economy (23);
co-digestion (17); biogas (12)

Co-digestion 33 201991  20.39 31 153 Food waste (25); circular economy
(18); biogas (17); anaerobic digestion
(12); energy (9)

Municipal solid 29 2019.86 2255 31 136  Food waste (18); circular economy

waste (15); anaerobic digestion (14); LCA
(12); systems (8)

Generation 21 2019.79 2219 34 96  Circular economy (12); biogas (7);
anaerobic digestion (3); municipal
solid waste (3); energy (3)

Sewage-sludge 15 2020.07 15.80 27 69  Circular economy (12); food waste (11);
co-digestion (8); biogas (4);
management (3)

Impact 14 2020.14 14.07 21 57  Food waste (13); circular economy (8);
anaerobic digestion (6); LCA (5);
biogas (3)

Greenhouse-gas 12 201950 2142 21 59  Food waste (7); municipal solid waste

emissions (6); LCA (6); systems (5); anaerobic
digestion (4)

Organic waste 11 201945 21.18 20 54  Circular economy (9); food waste (7);
anaerobic digestion (7); circular
economy (6); LCA (4)

Renewable 10 2020.20  15.00 22 52  Circular economy (7); food waste (6);

energy Biogas (7); municipal solid waste (4);
LCA ()

Organic fraction 10 2020.11  15.60 19 42 Circular economy (6); LCA (4);
municipal solid waste (4); co-digestion
(4); food waste (3)

Methane 10 2019.80 19.30 15 37  Food waste (7); anaerobic digestion

production (6); co-digestion (5); biogas (4); circular
economy (2)

Quality 10 201960 21.50 16 31  Circular economy (6); food waste (5);
organic waste (2); generation (2);
municipal solid waste (2)

Cluster 2: Circular food supply chains

Circular 197 202010 1557 42 666 Food waste (117); management (48);

economy LCA (42); sustainability (39);
anaerobic digestion (37)

LCA 67 2019.87 19.58 40 305  Circular economy (42); food waste (40);
anaerobic digestion (22); management
(18); sustainability (14)

Management 67 2020.34  14.90 41 301  Circular economy (48); food waste (38);

anaerobic digestion (20); LCA (18);
recovery (8) Table 4.

. The major research
(continued) topics in the field
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Table 4.

Keyword

Occurrences

APY

AC

Links

TLS

Most co-occurring keywords

Sustainability

Systems

Recovery

Challenges

Performance

Framework

Emissions

Consumption

Food supply
chain
Food

55

33

27

18

17

16

11

11

10

10

Cluster 3: Waste valorisation

Valorisation

Biomass

Waste

Biorefinery

Optimization

Bioeconomy

Fermentation

Resource
recovery

29

23

20

18

18

15

15

14

202048

2019.23

2020.04

2020.12

2020.31

2019.67

2019.64

2020.20

2020.20

2019.90

2020.32

2020.04

2020.05

2019.82

2019.89

202043

2020.40

2020.36

14.95

16.36

15.15

22.78

1741

25.06

24.73

15.55

20.00

18.30

12.28

18.04

18.65

24.67

17.00

17.60

17.33

15.57

37

39

35

28

30

25

20

15

13

19

30

27

26

28

30
22

24

27

207

157

105

83

80

75

44

42

38

33

109

94

58

77

73

71

50

61

Circular economy (39); food waste (36);
management (15); LCA (14);
framework (7)

circular economy (20); food waste (19);
LCA (13); anaerobic digestion (10);
municipal solid waste (7)

Circular economy (20); food waste (12);
management (8); sustainability (5);
systems (3)

Circular economy (14); food waste (11);
management (8); sustainability (5);
framework (4)

Food waste (13); circular economy
(12); sustainability (5); waste
management (4); biogas (4)

Circular economy (13); food waste (10);
management (9); LCA (4); challenges
@)

LCA (6); circular economy (5);
anaerobic digestion (4); sustainability
(4); energy (3)

Circular economy (8); food waste (6);
management (5); systems (4);
sustainability (4)

Circular economy (7); management (3);
emissions (3); challenges (3); LCA (3)
Circular economy (7); sustainability
(4); food waste (3); recovery (2);
systems (2)

Circular economy (18); food waste (13);
management (8); LCA (7); anaerobic
digestion (6)

Food waste (13); circular economy (9);
energy (8); anaerobic digestion (7);
biorefinery (6)

Circular economy (11); management
(5); food waste (4); LCA (3);
sustainability (3)

Food waste (12); circular economy (8);
biomass (6); sustainability (4);
anaerobic digestion (3)

Food waste (10); circular economy (8);
management (5); LCA (5); biogas (4)
Food waste (11); circular economy (8);
valorisation (6); anaerobic digestion
(6); management (5)

Food waste (10); anaerobic digestion
(5); circular economy (4); biomass (3);
valorisation (3)

Circular economy (12); anaerobic
digestion (4); biogas (4); sustainability
(3); energy (2)

(continued)




Keyword Occurrences  APY AC Links TLS Most co-occurring keywords

By-products 14 202036  14.36 21 54  Circular economy (7); management (7);
food waste (6); valorisation (4);
extraction (3)

Circular 12 201992 21.08 17 33 Food waste (7); anaerobic digestion

bioeconomy (3); optimization (3); resource recovery
(2); fermentation (2)

Extraction 11 202045  9.82 15 26  Circular economy (5); food waste (3);

by-products (3); valorisation (3); waste

@

Cluster 4: New energy technologies

Energy 45 201951 2531 37 210 Food waste (32); circular economy
(27); anaerobic digestion (19); LCA
(14); biogas (13)

Waste 26 202012  20.62 28 108  Food waste (19); circular economy

management (16); LCA (11); anaerobic digestion (8);
energy (6)

Technologies 12 202027 2642 27 52  Circular economy (8); food waste (7);
management (5); anaerobic digestion
3); LCA (2)

Water 12 2020.08 14.75 19 39  Food waste (6); circular economy (5);
management (3); sustainability (3);
energy (3)

Acid 11 201982 927 17 27 Food waste (4); anaerobic digestion
(3); circular economy (2); biogas (2);
LCA (2

Recycling 10 2019.20 26.80 17 32 Food waste (6); circular economy (5);

energy (3); waste management (3);
systems (2)
Note(s): Abbreviations: APY = average publication year; AC = average citation; TLS = total link strength
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Table 4.

improving food “recovery” for preventing food surplus and achieving a closed-loop food
supply chain (Teigiserova et al., 2020).

In addition, this node pertains to “Life Cycle Assessment” (LCA), an analytical technique
for assessing the environmental impacts associated with all stages of a product’s life.
Researchers have frequently used this methodology to measure the environmental impact of
food supply chains (Krishnan et al., 2020).

4.1.3 Cluster 3: waste valorisation. In the blue node, keywords focus on “waste valorisation”
linked with the “optimisation” and a “resource recovery” from food waste. The “extraction”
process, the most recent keyword of the cluster, is involved in food waste valorisation and
biorefinery technology (Zuin et al,, 2020; Ebikade et al,, 2020). The “fermentation” process is
linked to food raw materials in biogas production (Kumar et al, 2021).

The “biorefinery” technology produces bio-based value products via organic waste
recycling (Moretto et al, 2020). This plays a key role towards “circular bioeconomy”.
Bioeconomy supports the replacement of fossil carbon with “biomass”. Circularity practices
in biceconomy imply the integration of organic waste in processes to adopt stronger
sustainable food waste management (Mak et al, 2020).

4.1.4 Cluster 4: new energy technologies. In yellow, the “new energy technologies” cluster is
linked to new “technologies” — the most recent keyword in this group-related to food
processes, to obtain renewable sources of energies. The volatile fatty “acids” cultivated from
anaerobic digestion to produce biogas in the methane formation enable renewable “energy”
based on green chemicals (Tampio ef al, 2019).
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Figure 4.

Strategic diagram per
number of documents
by scimat software in
period 2 (2020-2021)

Waste-to-energy technologies from municipal solid waste enhance a more effective “waste
management” by means of “recycling” and waste separation (Istrate ef al, 2021). Other
technologies are focused on wastewater valorisation treatments from waste (Chen et al., 2020),
the use of microalgae as a nutrient source (Sutherland and Ralph, 2021) and the
implementation of Industry 4.0 to reduce waste generation towards circular economy
business models (Jabbour ef al., 2021).

4.2 Co-occurrence analysis by SciMat software: 2020 and 2021 research trend topics

SciMat software (Cobo et al, 2011) displays a strategic diagram of the terms which identifies
keywords based on their development and internal cohesion (density) and the relationship
with other research topics (centrality). In addition, this software allows one to divide the study
into periods. This leads to the classification of the topics into (1) motor themes, (2) basic and
transversal themes (3) more developed and isolated themes and (4) emerging or disappearing
themes (Callon et al, 1991). This provides an improved understanding of the evolution of the
field. As this software also allows the study to be divided into periods, the diagram (Figure 4)
was obtained for the last two years (2020-2021).
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The first motor theme is “circular economy” (Figure A2 Appendix). It appears with the terms
“food waste”, “anaerobic digestion” and “Life Cycle Assessment” which suggests it is one of
the methodological tools most widely used (Krishnan ef al, 2020). The second theme is
“biorefinery”, which plays a key role in the transition towards circular “bioeconomy”.
Biorefineries uses “biomass” as a renewable energy resource. The third theme is “methane
production”, employed in the “anaerobic digestion” with “municipal solid waste” to produce
“biomethane” (Martin-Pascual et al, 2020). The fourth theme is “biogas”, obtained from
organic waste and widely used as a “renewable energy” in households towards improved
waste management (Bedoic et al., 2020). The fifth theme is “performance”. This topic sits
between a motor theme and basic or transversal theme. Its networks show that the
implementation of food waste prevention “strategies” to improve “performance” and
“management” is fundamental. Other terms are linked such as “recycling” and “supply
chain”, in relation to new circular business models (Borrello et al, 2020). The sixth theme is
“fertilizer”, used in the “agriculture” sector. New techniques such as “composting”, compost
obtained from organic waste, can be implemented following more sustainable and circular
practices (Haouas et al,, 2021).

“Sustainable management” appears as a basic and transversal theme (Figure A3
Appendix). This is linked to “consumer”, “behavior” and “attitudes”; whilst “systems” is
between a basic, transversal and emerging theme. Studying the subnets, we can observe the
link between “urban waste” and “cities” and their relationship between “greenhouse-gas-
emissions” and “carbon footprint”.

Between the emerging themes (Figure A4 Appendix) we obtained the terms “feedstock”,
which it is highly linked to insects as a raw material. “Ecology” related to “SDGs” and
“reduction”, one of the 3 Rs principles, connected to circular economy. “Organic fraction”
which is used in composting and associated with “volatile-fatty-acids” from food waste, and
“framework” related to “surplus-food” and the required “transition” to a more sustainable and
circular models.

“Growth” is an isolated theme related to “nitrogen” and “ph” involved in “organic-matter”.
“Green” is a more developed theme associated with “bioplastics” and “biodegradation” in the
food industry, moving towards circular and sustainable business models (Figure A5
Appendix).

5. Discussion and research agenda

Following the co-occurrence analysis and clusterisation, this section presents a discussion to
establish an interpretation of the results and sets out lines of development for a research
agenda.

5.1 Discussion

The word “2030 Agenda” doesn’t appear in any of the clusters analysed. This absence is
remarkable considering the fact that the 2030 Agenda underscores food waste management
as a key part of achieving several of its objectives. SDGs are mentioned, yet as an emerging
issue. In light of this, Priyadarshini and Abhilash (2020) point out the lack of implentation in
waste management. Is research taking place in isolation from the full achievement of
the SDGs?

The analysis of the results demonstrates the absolute weight of the technical and process
concepts in the research. It should not be forgotten that the operation of new procedures is
conditioned by social and cultural aspects. Research in new technologies focuses on the
different processes that allow renewable and sustainable energy to be obtained from organic
matter within the food chain. Although this is undoubtedly a field of great application and
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usefulness for various sectors, technological development must cover new requirements,
such as the need for deeper relationships with suppliers and customers and greater
traceability. Is research accompanying realities in the sector such as the application of
artificial intelligence and Blockchain in food waste management?

Sustainable management is related to consumer behaviour and attitudes. Consequently,
stakeholder training and awareness-raising is essential (Leipold et al, 2021; Bortihan and
Ozbiltekin-Pala, 2022) to coin the term “circular society” in the field of waste management. To
encourage circular consumer behaviour, factors such as process and packaging design
improve food recovery (Teigiserova et al., 2020).

One of the topics attracting most attention from researchers is the circular bioeconomy in
sustainable food waste management (Mak et al, 2020). This new paradigm supports the
substitution of fossil carbon with biomass for food, feed and energy supply. The
incorporation of nutrients from food waste into animal and farm feed is a significant
environmental improvement and generates wealth and employment opportunities.

5.2 Research agenda to achieve a circular management of food waste

The first proposal of the research agenda would be related to the application of SDGs to the
improvement of food waste management from social and educational angles. With less than
eight years to the deadline set by the 2030 Agenda, the related research should be further
developed and more closely linked to the other circular economy (CE) principles and their
social and economic aspects.

The second proposal is associated with the need for more research into aspects beyond the
environment and technical and technological development. A better understanding of the new
characteristics of circular relationships needs to be established with a wide range of
stakeholders (Moggi and Dameri, 2021). Deeper and more frequent relationships are required,
as they are key to the successful implementation of circular economy principles (Dora, 2020).

Awareness-raising, although a necessary condition, is no longer sufficient. Institutional and
regulatory support is needed to implement circular waste management for both companies
and consumers (Narvanen et al, 2021). The third proposition is based on the creation of a
regulatory or normative framework supported by the institutions and allowing for the
encouragement or penalisation of certain actions. Taxation policies for example, could help to
discourage food waste, which would contribute to improving individual food waste behaviour
(Ang et al, 2021). It should also contemplate new realities such as data processing or access to
certain information. The use of tools within the framework of the Internet of things or the
management of information through big data would facilitate the design of strategies and
decision-making (Velvizhi et al., 2020). This will require further research at the technological
level, while considering regulatory adjustments to establish the rules of the game.

Thus, quantification with direct or indirect measurements could be carried out. The fourth
line of a future research should consider the need for waste measurement differentiating.
Researchers have frequently used LCA in measuring the environmental impact of food
supply chains (Krishnan et al., 2020). Further exploration of other measurement alternatives
would allow for a more comprehensive measurement framework compared to direct
measurements, which are more complex, yet at the same time more reliable. Indirect
measurements require different quantification approaches with various actors to achieve
greater precision (Corrado and Sala, 2018).

The fifth and last of the proposals on the research agenda relates to measurement
constraints. Concepts must be measured by considering both the context in which they are
produced and the interrelationships between them. The interpretation and measurement of
these terms will be conditioned by the context in which they occur (D’Adamo et al, 2021).
There are interrelationships between the concepts studied that need to be considered.



Improved waste management would have a positive effect on solving other issues such as
food loss (Kibler et al., 2018).

6. Conclusions

To achieve food waste management in a more sustainable method, breaking with the
inefficient linear model used up to now, numerous recent studies have analysed food waste
management related to the circular economy. This study presents the cognitive structure of
food waste management with the circular economy in a broader sense; providing information
on the state of academic contributions and the links between the two topics.

Despite initial research on the topic in 2015, interest continues to rise, with more
accelerated growth from 2018. The period 2018-2021 stands out, with research doubling
compared to the previous year (RQ1). The results reveal that journals in environmental
sciences are the most representative. No journal in the social sciences is among the most cited,
although the most influential author, Serenella Sala, interestingly belongs to this area.
Regarding institutions, The University of Manchester is the most influential (RQ2). The main
research topics are related to the recovery processes of food waste towards the conversion
into renewable and cleaner materials or energy sources (RQ3). To respond to RQ4, a
discussion and a research agenda has been established that has important theoretical and
practical implications.

6.1 Theoretical contributions

In terms of theoretical or academic implications, this study represents a new perspective on
previous bibliometrics in the field of food waste management by bringing three contributions:
(1) The incorporation of the circular economy from a holistic approach compared to previous
papers, which focused on more specific aspects of this paradigm. (2) the use of two
complementary software -VOSviewer and SciMat-to a better understanding of the research
topics evolution. In this way, SciMat displays a strategic diagram based on its density and
centrality. In addition, the results obtained in SciMat make it possible to validate the
VOSviewer results. Hence, the clusterisation performed by VOSviewer as the most recent
keywords, e.g. “sustainability”, coincide with the topics considered as emerging in SciMat
such as “sustainable management”. (3) The scarcity of research coming from the social
sciences means incorporating areas of knowledge such as management, law, psychology or
anthropology is essential. The theoretical framework in future research should be enriched
with different perspectives or areas of knowledge to achieve successful implementation of
circular economy principles in food waste management.

6.2 Practical contributions

Linked to these aspects, it also offers practical implications. Companies must manage
stakeholder expectations and evaluate their sustainability efforts (Leén Bravo et al, 2021).
Therefore, it also affects all supply chain actors and requires their involvement for the
operation of circular procedures and techniques (Despoudi et al, 2021). However, two
additional aspects should be considered. On the one hand, the need to create a regulatory and
support framework held by institutions at different levels (Narvanen ef al,, 2021). On the other
hand, firms need to establish indicators to measure both the level of circularity development
in waste management and the compliance with the settled objectives (D’Adamo et al., 2021).

6.3 Limitations and future research lines
This paper is not free of limitations. Relying solely on one database — WoS- implies the
exclusion of papers that are useful for the study (Secinaro et al, 2022). Articles written in
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English only have been considered in this paper, meaning there is scope for greater insights in
publications of other languages. In addition, the interpretation of the co-word analysis maps
visualised by VOSviewer has a subjective component that cannot be ignored.

Future research lines can focus on monitoring the evolution of the topics to check whether
the emerging topics are finally consolidated and whether new relationships are established
between the terms. The creation of databases with relevant information for research on food
waste would facilitate the development of new research and requires both public and private
cooperation. Additionally, a replication of this study with a focus on food loss would allow a
comparison with the present study. This would facilitate a better understanding of how to
improve the application of circularisation principles throughout the food supply chain.

Finally, empirical works need to be extended to other food products (Krishnan et al., 2020),
other geographical areas (Battista ef al., 2020), other context (Hebrok and Heidenstrom, 2019)
and comparisons between different companies (Kazancoglu et al, 2021).

Food waste management is a complex phenomenon that can be facilitated by the
application of circular economy principles. However, achieving circular food waste
management requires complementing the extensive technical and technological knowledge
already achieved, with knowledge from the social sciences.
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Figure Al.

Overlay visualisation
of the co-occurrence
analysis by VOSviewer
software

Figure A2.
Motor themes
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