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Abstract: The resilience of food systems is jeopardized by using food packaging materials that have
adverse impacts on the environment, food quality, food safety, shelf-life, food loss, and waste. There-
fore, a transition into a more sustainable system can only be possible by adopting circular economy
principles and practices that can facilitate the elimination of unsustainable packaging, irresponsible
disposal behaviors, and waste management. This paper mainly focuses on circular packaging prac-
tices in the existing literature to reveal the drivers of circular food packaging applications. The study
also displays the triple combinations of material-sector, material-CE, and sector-CE principles. As a
methodology, a systematic literature review (SLR) has been used for this study. Furthermore, this
study investigates the literature findings, such as the most frequently mentioned food sector and
sub-sector, CE principles, materials adopted for food packaging, and so on. The primary contribution
of this study to the body of literature is the synthesis and mapping of the literature as a whole from
the perspectives of CE principles, both sector-based and national, and the materials used through
circular food packaging, and the attempt to facilitate this transition into a more circular system by
outlining the drivers of circular food packaging.

Keywords: food packaging; circular economy; sustainable packaging; drivers; environmental impact;
packaging material; food supply chain

1. Introduction

The world’s rising dynamism and complexity underline the requirement for the
upward adaptable innovation of food to become more environmentally friendly and
healthy [1]. In particular, the resilience and durability of current food systems are be-
ing threatened by the packaging materials of the food products that are being used, which
have negative impacts on both the environments and, more specifically, the shelf-life of
the products. Therefore, packaging is critical for today’s food systems [2], and it is also
becoming extremely dominant in the global economy in terms of its market value, which
has expanded rapidly in recent years and is expected to surpass USD 1 trillion by 2020,
which is up compared to USD 839 billion in 2015 [3,4].

The term “packaging” is more than just a physical aspect, such as a box or a carton. It
is also a process that allows for more secure, economical, and efficient storage, management,
dealing, distribution, and product promotion across the supply chain (SC) [3,5]. Thus,
food packaging has various functions, such as storage, handling, transit, distribution, food
safety, and conservation, and serves to convey product information [2,6], to maintain these
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processes throughout the supply chain. Setting a suitable equilibrium amidst the product
and its packaging is the main difficulty in packaging design [7].

Irresponsible waste habits and improper plastic waste management have become
a severe concern for the ecosystem in the linear economic model [8,9]. Unsustainable
packaging and consequent consuming patterns have arisen as a danger to sustainable
growth and, subsequently, the establishment of a circular economy (CE) [3]. Due to
the fact that companies keep relying on ecologically deteriorating packaging for their
products, which include single-use disposable plastics and packaging that has multiple
layers, unsustainable package usage and disposal by end users endangers the ecosystem
and the environment [3,10,11].

Therefore, sustainable food packaging is necessary for a variety of reasons, including
food preservation and conservation, convenience, communication [12,13], and environ-
mental concerns. These important features of food packaging are critical for sustainable
development and the elimination of food loss and waste (FLW) [14] because the most
significant environmental implications of packaged foods may be linked to food losses,
which are mostly the result of overproduction and extra-sized portions [7,15]. Furthermore,
the food industry is the greatest single-use packaging user compared to other industries,
accounting for 35% of total global packaging manufacturing [2,16], in which approximately
95% of these food packages are discarded after a single use [17].

From this perspective, the integration of sustainability and circular food packaging
is becoming substantial [18,19]. The transition into the CE considers the possibility for
product reversal cycles, which are classified as closed-loops, cascading, defined as open-
loops, and waste results; thus, circular flows involving material recovery are becoming a
prominent part of supply chains [20,21].

Most of the studies in food value chains have focused on analyzing consumer behavior
to reduce food waste, evaluating the fast development of food systems to boost the revenue
of the farmers, and reducing food costs dependently. Therefore, it is essential to empower
the nationwide food control system for the effective safety of food and incorporating
proactive methods to improve its performance of sustainability [22-25]. Concerning the
safety of food in multiple ecosystems, there are various possibilities for investigating its
position as part of CE, which is fundamentally designed to be restorative and regenerative
and strives, in time, to extract maximum value from goods and their parts [3,20]. Even
though packaging plays an essential role for the SC and the economy, there is a lack of
appropriate execution of Extended Producer Responsibility (EPR) rules in the packaging
sector [3,26] in food systems.

This paper mainly focuses on how circular packaging practices are handled in the
existing literature to reveal the drivers of circular food packaging applications. For this
purpose, related literature from 1996 to 2022 is examined comprehensively from the sus-
tainability and circularity perspectives of plastic food packaging, how CE initiatives meet
the issues of sustainability, and what the drivers are regarding this transition. A systematic
literature review (SLR) has been conducted in this study as a methodology for examining
the existing literature to identify related publications and the mentioned drivers.

RQ1: What is the current state of the food packaging industry in terms of packaging design,
materials used, and adopted technologies?

RQ2: Why is the existing system not enough for the sustainability of the food packaging
industry and what possible solutions are there in the literature?

RQ3: What are the addressed drivers for applying CE principles in the food packaging industry?

The following sections of this paper are as follows: The Section 2 of this study provides
a holistic approach to the current state of the packaging sector and why a transition
into circular packaging is becoming needed in the FSC. The methodology of the study is
expressed in Section 3. In Section 4, the analysis and drivers of circular food packaging are
investigated. Section 5 displays the research findings and reveals the relationships between
the CE principles, the materials used during the food packaging operations, and the food
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subsectors by displaying them in bilateral relations. Depending on the study’s findings,
discussion and implications are proposed in Section 6. The study is concluded in Section 7.

2. Comprehensive Review
2.1. Current State of Food Packaging

Food packaging has a noteworthy influence on reducing the environmental implica-
tions of waste and carbon dioxide (CO,) emissions [27,28]. In recent years, the detrimental
environmental effects of food packaging have sparked growing concern, both by public
media and policymakers [12]. Today, almost 99% of plastic packaging is produced, and
these polymers are derived from petroleum [29]; after the use of these polymers, they can
last for hundreds of years in the environment [30,31]. Furthermore, approximately 50%
of these plastic packages are designed for single-use purposes and are discarded after
use [30,32].

The packaging materials are mainly utilized to hamper contaminants, moisture, and
oxygen from reaching food products; therefore, it is used for maintaining food quality and
safeguarding it from chemical and mechanical stressors [33-35]. Food packaging is neces-
sary for a variety of reasons, including food containment and preservation, accessibility,
and communication [12,13]. Therefore, different food packaging functions influence the
foodstuff packaging materials; thus, the choice of materials for food packaging is heavily
influenced by the nature of the food to be packaged [36-38]. The materials and technologies
used for food packaging have a vital role in various areas, such as food quality, the safety
of the food, FLW, life span, and preservation of natural resources. To address the concerns
of the FLW and food safety, companies and policymakers are attempting to incorporate
features of green and/or CE and sustainability into their operations [39-41].

The traditional economic model has become insufficient due to irresponsible discard-
ing activities and improper plastic waste management, which have become a significant
concern in terms of the environment [8,9]. As a result, a transition from today’s petroleum
and fossil-dominated economy to a bio-based CE is required [42,43] in the FSC. Moreover,
this transition towards sustainability and circularity is required to achieve the long-term
goals of society and cope with rising issues, such as separating economic boosts as an
outcome of environmental pressures, sustainable resource management, and increased
food security [42]. Therefore, CE’s innovative nature has shown progress, in both top-down
and bottom-up directions [8,44] within the FSC.

Thus, due to the emergence of new packaging concepts, ideas, e.g., active and intel-
ligent packaging (AIP) concepts, optimization of the food supply chain, enhancing the
storage life of food, and increasing customer knowledge of food consumption, are facil-
itated [27]. In addition, the amount of functionality that can be included in packaging
materials is quickly growing due to novel materials and creative technologies for the
real-time detection and reporting of food quality [33]. However, this shift entails not only
technological changes, but also changes in customer behavior, regulations, meanings in
culture, infrastructures, and market mechanisms [42,45-47].

2.2. Packaging Materials and Design

Packaging may be thought of as a collection of structural, visual, and linguistic design
elements that can function as customer cues [18,48-50]. A variety of components are used
in food packaging, including the food, packaging material selection, labeling, and design,
along with storage, transportation, and distribution [37]. The primary function of food
packaging is to secure the food, allowing it to arrive at the consumers in an excellent state
and preventing FLW during the transportation, retail, and end-user stages [7]. The basic
function of packaging is to preserve and convey the correct product to the right end-user
in a safe, cost-effective, and user-friendly manner [15]. Therefore, packaging materials
are generally considered the primary source of environmental consequences that have a
direct impact on sustainability [18,51]. Notwithstanding, food packaging waste has been
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reduced in a limited way thanks to improving public knowledge of environmental concerns
resulting from food packaging [2].

The properties and type of food being packed are the primary determinants in the
choice of the appropriate materials of packaging for current or projected target foods [37,52]
and the design of the packaging. Therefore, two major components of packaging are
highlighted in terms of circular food packaging, which are the design and the materials
used for packaging. Initially, packaging design combines structural elements (e.g., ma-
terial) with aesthetic and verbal (informational) aspects [18], and the issue in selecting
the right package design is achieving the correct balance between the product and the
packaging [15]. For this reason, packaging design must meet these verbal, structural, and
aesthetic standards with economic, environmental, and social issues. For instance, food
packaging needs to be designed depending upon the after-use effectiveness of the materials
used (e.g., recycling, reusing, repairing, recovering, etc.), decreasing plastic usage into
natural habitats and detaching plastics from fossil feedstocks to aid in decarbonization and
resource efficiency [14].

On the other hand, the materials used for food packaging are also significant for
the environment. Because food packaging varies, a variety of materials are used, includ-
ing plastic, metals, paper, (e.g., steel and aluminum), glass, wood, and polymers [2,53].
The bulk of food packaging materials are gradually mitigable petroleum-based plastic
polymer materials that cause substantial environmental concerns yet are widely available
to consumers [54,55]. In addition, food packaging is likely most important in consumer-
packaged-goods sectors, which frequently depend heavily on packaging aspects to preserve
the quality of food, avoid FLW, enable distribution and handling, and generate marketplace
distinctiveness [18].

3. Methodology

The main methodology, analytic, and statistical strategy, the systematic literature
review (SLR) technique, is used in this work [12,56]. SLR is a well-planned review that uses
a systematic and clear approach to find, choose, and profoundly examine the results of the
research included in the review [57]. SLR can be described as a process of compiling empir-
ical evidence to address a specific study question in a straightforward and reproducible
way while seeking to include all accessible data on the subject and evaluate the quality of
that evidence [58]. SLR is a significant research endeavor in and of itself, rather than just a
review of prior publications [59]. It answers research questions (RQs) and is a method for
detecting existing research, choosing and assessing contributions, analyzing and synthe-
sizing data, and summarizing the evidence in a way that forms relatively unambiguous
judgments about what is and is not known and may be reached [59,60]. The SLR approach’s
fundamental goal is to decrease the potential for bias and promote transparency through-
out each level of the review process by concentrating on clear, systematic procedures to
eliminate bias in study selection and inclusion, assess the quality of the included studies,
and objectively report them [58,61,62]. The SLR methodology of the paper is as follows:

As shown in Figure 1, the SLR methodology involves three main steps, which are
design, search, and analysis. Firstly, the design step is explained in detail (see Table 1)
and is composed of six sub-steps as follows: identification of a problem, identification of
a research gap, determination of the RQs, setting inclusion and exclusion criteria, setting
search strings, and selection of databases.
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Figure 1. Systematic literature review methodology of the paper.

A statement of the problem that needs immediate attention is the initial step while
designing the systematic research design. After the problem statement, the identification
of the research gap, which has not been examined and is present in the existing literature,
needs to be revealed for emphasizing the study’s contribution to the literature. This gap
could be a lack of applying a specific methodology to a particular sector or an emerged
critical problem that requires immediate attention. Depending on that research gap, re-
search questions need to be formed as a next step. Then, inclusion and exclusion criteria
need to be prepared before starting the search step. The search strings (see Figure 2) need
to be determined because the publications that will be analyzed during the study will be
selected depending on the prepared search strings. Lastly, the databases appropriate for
the topics of the study need to be determined.

The search step of the study involves five sub-steps: preparation of a paper list,
monitoring the title, abstract, and keywords; inclusion and exclusion criteria; diagonal
reading; removal of duplicated publications; and study of full papers. After database
selection, the paper extraction and preparing a paper list step can start. In this paper, list
preparation, as the first stage, only focusing on the title, main topics, abstract, and keywords
would be sufficient. After the preparation of the paper list, further investigations can be
started, such as diagonal reading, extracting the duplicate publications, and full reading to
eliminate irrelevant publications from the study (see Figure 2 below).
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Table 1. Stages of systematic literature review method.

Steps of Systematic
Literature Review

Sub-Steps of Systematic

Literature Review

Description of the Layers

Adaptation of SLR into This Study

Step 1: Systematic Research Design
of the Review
(Design Process)

V' Current state of packaging sector is becoming
insufficient, resulting from negative issues such
Identification of a Problem: Issues that as food loss and waste, preservation of natural
Sub-step 1: Problem Statement require explanation, solutions, and resources, shelf-life of products, and so on.
attention must be determined. Therefore, adoption of a more circular approach
in FSC in terms of packaging has
become substantial.
Identification of the Research Gap: It V' In the existing literature, there are a large number
must be an area or subject that has not of studies related to the packaging sector.
been studied before, which needs to be However, from circularity and technology
identified as a research gap. It might perspectives, there is limited research that
Sub-step 2: Research Gap also b‘e sciegtiﬁc evidence that has not contain.s circularity and green prac.tices in foocl.
—— been investigated before, or it may be an packaging. Because of this, the major goal of this
application of different methods to a article is to integrate circularity with
well-known area because a method used environmentally friendly practices in the food
in the past studies may have lost packaging industry and to assess our progress
its validity. toward circularity.
v" RQ1: What is the current state of the food
Determination of the Research packaging sector in terms of packaging design,
Questions: A Research Question (RQ) is materials used, and adopted technologies?
a statement of a general or specific v' RQ2: Why is the existing system not enough for
Sub-step 3: Research Questions (RQs) inquiry relevant to the problem that can the sustainability of the food packaging sector
be focused on during the study in a and what possible solutions are there in
clear, concise, transparent, detailed, and the literature?
reproducible format. V" RQ3: What are the addressed drivers for applying

CE in the food packaging sector?
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Table 1. Cont.

Steps of Systematic
Literature Review

Sub-Steps of Systematic

Literature Review

Description of the Layers

Adaptation of SLR into This Study

Sub-step 4: Inclusion and Exclusion Criteria

Setting Inclusion and Exclusion
Criteria: Inclusion and exclusion criteria
can be determined as a set of traits that
are used to identify subjects that will be
included or excluded in a study to
address a certain study question.

Inclusion Criteria: Exclusion Criteria: Language:
Language: English; Publication not in English;
Search Timeline: Type: book, white

2022-1990 paper, workshop

Sub-step 5: Search String

Setting Search Strings: The search
strings are created by combining
keywords that are relevant to the major
themes using the connectors “AND”
and “OR”.

V' Search strings are represented in Table 2 below.

Sub-step 6: Database and Search
Engines

Selection of Database: The use of
databases and search engines to find
articles with all essential data contained
and available is critical for a

good review.

v' Usage of multiple databases and search engines
were planned before starting the search process.
Accordingly, Science Direct, Springer, Google
Scholar, MDPI, Emerald Insight, and Wiley were
determined as the main academic databases and
search engines to be used throughout this study.

Step 2: Initial Step for Searching
Publications (Search Process)

Sub-step 1: Data Evaluation

Preparation of a Paper list: The list of
publications to be examined in further
steps of the study and resulting from the
initial search and collection of
publications, as specified in the first step
and sub-steps.

V' A paper list of this study is introduced in
Appendix A.
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Table 1. Cont.

Steps of Systematic
Literature Review

Sub-Steps of Systematic
Literature Review

Description of the Layers

Adaptation of SLR into This Study

V" Related publications’ title, abstract, keywords,
Monitoring the Title, Abstract etc., were monitored depending upon the
Keywords Inclusion’ and Excl(lsion prepared search strings, and irrelevant
Criteria: Tin‘ ten is f initial publications in terms of the subject, concerns, and
Sub-step 2: First Extraction Step urt:lz:.;m d11rs1; cffiélser?’; farilnlglafd papers not dealing with food packaging were
— Y. .
eliminating publications unrelated to f}i(;icﬁictleizm the paper list based on
predetermined RQs and the study. . . o
v' 214 publications were found in the initial stage of
the search.
Sub-step 3: Second Extraction Diagonal Reading: A rough reading to V' After diagonal reading, the paper was scanned in
Step see if the publication meets the purpose term of usefulness and relevance to the study.
p of the study. v' 142 publications remained after diagonal reading.
Removal of
l]’jlrlfllilccaattiiis- v" Duplications and overlooked irrelevant
Sub-step 4: Duplication Extraction publications Duplicated pubhca'tlons that are not examining food
E— need to be packaging were removed.
removed from V' 139 publications remained
the study.
Study Full Paper: A detailed and L . .
v' 126 publications remained after the final

Sub-step 5: Final Extraction Step

comprehensive reading of the
publications in terms of meeting the
goals of the study.

extraction step, which is studying the full paper.
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Table 1. Cont.

Steps of Systematic
Literature Review

Sub-Steps of Systematic
Literature Review

Description of the Layers

Adaptation of SLR into This Study

Step 3:
Developing
Analysis
Framework
(Analysis
Process)

an

Sub-step 1: Data Collection

Detail Examination of the
Publications for Data: Scrutinizing the
publications for obtaining data such as
extraction types, methods, academic
outlets of publications, etc.

An Excel file was prepared to record the data
obtained through examination of the publications.

Sub-step 2: Coding

Codes, Themes, Categories:
Determining major themes, content,
dimension, concepts, and categories
based on the predetermined statistical
analysis.

Obtained data were categorized into sections
depending upon features such as years,
publication type, sector, etc., for statistical
analysis of the data.

Sub-step 3: Statistical Analysis

Data analytics: Statistical analysis of the
data is necessary for gathering,
analyzing, and presenting massive
volumes of data in order to uncover
underlying patterns and trends.

Collected data were statistically analyzed under
different features to create a meaningful solution
of the data.

Sub-step 4: Interpretation

Interpretation of Findings: The
findings of the statistical analysis need
to be interpreted depending on the
study and specific research area to
provide answers to RQs.

The obtained findings were interpreted for
proposing an answer to RQs.

Sub-step 5: Conclusion

Finalizing the Paper: Finalizing the
paper with required implications based
on statistical analyses, discussion,

contributions, and future research ideas.

At the end of the paper, the findings were
discussed to propose managerial and practical
implications, contributions, and further
research ideas.
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Table 2. Search strings.

Circular Economy

“circular economy” OR “sustainable design” OR “circular design” OR “circular product design” OR
“circular product design” OR “close the loop” OR “sustainable packaging strategy” OR “package
design for sustainability” OR “redesign” OR “reuse” OR “remanufacture” OR “repurpose” OR
“refurbish” OR “recycle” OR “circular design” OR “modular design” OR “cradle to cradle” OR
“closed loop” OR “green design” OR “reversible design” OR “transition to circular economy”

AND

Drivers

“drivers” OR “enablers” OR “facilitators” OR “success factors” OR “promoters”

AND

Food

“seafood” OR “meat” OR “perishable” OR “food” OR “dairy” OR “food loss” OR “food waste” OR
“dried food” OR “durable goods packaging” OR “groceries” OR “groceries packaging” OR “dried
food packaging” OR “aquaculture” OR “fishing” OR “aquaculture packaging” OR “fish packaging”
OR “cold chain packaging” OR “liquid” OR “cooking o0il”

AND

Supply Chain and
Logistics

“supply chain in retail” OR “circular food supply chain” OR “meat supply chain” OR “food supply
chain” OR “dairy supply chain” OR “reverse logistics” OR “closed loop supply chain” OR
“wholesale supply chain” OR “intermediate supply chain” OR “perishable supply chain” OR
“durable goods supply chain” OR “groceries supply chain” OR “dried food supply chain” OR
“aquaculture supply chain” OR “fishing supply chain” OR “frozen food supply chain” OR “cold
chain supply chain” OR “closed loop food supply chain”

AND

Packaging Technologies

“bioactive packaging techniques” OR “active packaging” OR “absorbers” OR “ethylene removers”
OR “carbon dioxide emitters/absorbers” OR “multi-layer barrier packaging” OR “modified
atmosphere packaging (MAP)” OR “edible coatings” OR “ethylene scavengers” OR “oxygen
scavengers” OR “moisture absorbers” OR “Aseptic packaging” OR “nanotechnology” OR “bio and
smart packaging technologies” OR “vacuum packaging” OR “barcodes” OR “RFID tags” OR
“biodegradable packaging” OR “smart packaging”

AND

Package Design

“life-cycle design” OR “package design” OR “design for life-cycle” OR “sustainable product service
system (SPSS)” OR “zero packaging” OR “package free” OR “zero-level packaging” OR “packaging
material”




Sustainability 2023, 15, 11703

11 of 30

Identification
Peer-reviewed, refereed
lacademic journals & .
Impact factor Identification of
Published in related field [ * * * Search Space
- @@ @
Y
) S
Circular Food Search Strings

Economy, 'Packaging

-

Articles Keywords

[Exclusion Criteria]

[Inclusion Criteria]

Language: English
Search Timeline:1990- 2022

Language: Except English
Publication Type: Book,

White Paper, Workshop

Screening

Paperlist (214

Publications)
N~— ——

Springer
Science Direct
Emerald Insight
Google Scholar
Taylor & Francis
MDPI
Research Gate
Wiley

Y
( Bibliographic
Information (178
\__publications)

Publications excluded
= = = «> due to included and
excluded criteria

(142 publications)
. J

'd N\
Diagonal Reading|

\\ Publications excluded
due to dublicatation

v

2
2

>
>

Studies included

in SLR (n:126)

e N\
Publications excluded
Full Text "2 due to eligibility
. J
——

|

Figure 2. Search strategy flow diagram.

The analysis step is composed of five sub-steps, which are a detailed examination
of the publications for data, codes, themes, categories, data analytics, interpretation of
findings, and finalizing the paper. The first sub-step in the analysis step is investigating the
literature in terms of collecting data. After this step, related data need to be classified or
categorized into codes, themes, etc., to create meaningful data. Afterwards, the obtained
and categorized data need to be statistically analyzed to uncover unseen patterns and
trends. Lastly, the findings of the statistical analysis must be interpreted for providing
relational implications.

The main topics used while setting the search strings (see Table 2 below) are “circular
wconomy”, “drivers”, “food”, “supply chain and logistics”, “packaging technologies” and
“packaging design”. The connection among these six main topics was determined using a
combination of keywords with the aid of the connectors “AND” and “OR”. The authors
used various combinations of these main topics and keywords for finding more related
papers. For example, the keywords from each of the topics “circular economy”, “drivers”,
“seafood” “supply chain in retail”, “bioactive packaging techniques”, and “life-cycle design”
were used for finding papers, and these combinations were changed to find related studies.

4. Analysis

In this stage of the paper, data collected from the predetermined publications were
examined under specific codes, themes, and categories to demonstrate a statistical analysis.
The charts below were prepared by gathering, analyzing, and presenting a large amount of
data to reveal underlying patterns and trends.

In Figure 3, the databases and search engines adopted through the systematic liter-
ature review were submitted. Based on this figure, it can be deduced that Science Direct
is the most frequently used database/search engine, with 48%, which corresponds to
60 publications. The second-biggest percentage belongs to Google Scholar (17%), which
is equal to 21 publications. MDPI ranked as the third-most used database/search engine
throughout this study which is equal to 17 publications. These three database/search
engines dominate approximately 80% of the database/search engines. The remaining ones
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are Wiley (9%), Taylor & Francis (6%), Research Gate (3%), Springer (3%), and Emerald
Insight (1%), respectively.

Emerald Insight
1%

Taylor & Francis

; 6%
Google V\Ql/ey
Scholar 4 Springer
17% 3%
Science Direct
48%
Research Gate
3%
= = =

Figure 3. Databases/search engine used throughout the study.

Figure 4 displays the historical series of publication types. The timeline of the research
is classified as being between 1996 and 2022. The inclusion criteria of this systematic
literature review involve articles, proceedings (conference), reports, and book chapters.
Therefore, other publication types such as workshops, white papers, and books were ex-
cluded from the study. According to the figure, the least accepted publication types are
reports and book chapters, which both have 2 publications. The most common publication
type adopted during the systematic literature review belongs to articles, with 116 publi-
cations. As seen in the figure, there is an escalating trend in 2019, which is the year that
publications related to circular food packaging practices occur the most. Therefore, the
emergence and integration of CE practices into food packaging practices were gaining
momentum, starting from the year 2016. On the other hand, proceedings (conference) are
the second-most frequently published type in this research, with 6 publications.

In Figure 5, the applied methodologies of publications over the years are shown.
Depending on this figure, conceptual/theoretical is the most frequently adopted method
during the analysis. After this, literature reviews and experiments are the second and
third common methodologies, respectively. Empirical studies and modeling were the least
common methodologies during the analysis. Additionally, we pointed out that not all of
the publications could be evaluated using only one methodology. As a result, we analyzed
a few studies using multiple methodologies. The values on the chart appear more because
of this fundamental factor.



Sustainability 2023, 15, 11703 13 of 30

Historical Series of Publication Types

25

20
15
10
)
0
VSR OIS

Figure 4. Historical series of publication types.
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Figure 5. Yearly distribution of applied methodologies of publications.

Figure 6 lays out the distribution of journals. According to this graph, we can deduce
that the Journal of Cleaner Production is the most used journal with the highest score
of 19 publications. Then, Sustainability (12 publications) comes as the second-most fre-
quently used source. Afterwards, Trends in Food Science and Technology (8 publications),
Packaging Technology and Science (7 publications), and Resources, Conservation and
Recycling (4 publications) constitutes the five most popular journals in the circular food
packaging sector.
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Figure 6. Distribution of Journals.

Figure 7 demonstrates the most frequently mentioned food sub-sector in the circular
food packaging sector. Depending upon this figure, the top five sub-sectors that publica-
tions focused on throughout their paper are the meat sector (17%), dairy sector (12%), fish
(10%), beverage (8%), and bakery (7%).

Distribution of Mentioned Food sub-sectors
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14%

Figure 7. Distribution of mentioned food sub-sectors.
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According to Figure 8, plastic, as a material for food packaging, is the most frequently
adopted material, with 26%. Metal is the second-most popular material in food packaging,
with 17%. Then, paper and board is third, with 16%. Glass has 15%, which puts it in the
fourth highest rank in the graph. Furthermore, green material and multi-material have the
same percentage, which is 9%, and share the same rank.

Distribution of Packaging Materials Mentioned in Publications

\_ Multi-material
9%

o Wax
Printing ink

19 \%

= Glass

= Green material

= Metal
Multi-material

= Paper and Board

= Plastic

m Printing ink

m Wax

= Wood

Figure 8. Distribution of packaging materials.

Figure 9 portrays the CE principles mentioned throughout the publications of circular
food packaging. The figure shows that recycling is the most frequently adopted CE principle
in the food packaging sector. Then come reduce and reuse principles, with 23% and 20%,
respectively. Furthermore, Figure 10 shows the distribution of the countries that carried
out studies relevant to circular food packaging.

Most Frequently Mentioned Circular Economy Principles (10R)

Remanufacture = Refuse
4% = Rethink
= Reduce

Reuse

Reuse
20%

= Recycle
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Figure 9. Most frequently mentioned CE principles.
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Distribution of Mostly Mentioned Countries in Publications
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Figure 10. Distribution of mentioned countries in publications.

In Figure 11, the most frequently mentioned keywords in the examined publications
are listed and shows as a tree map to visualize their frequency of being used in the current
literature. Packaging and Food are the most popular taxonomies related to the circular
food packaging concept.
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Figure 11. Tree map of keywords most frequently used in publications.
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Drivers of Circular Food Packaging

Existing literature on the packaging sector has been scrutinized in terms of CE practices
and the mentioned drivers are listed in Table 3. The determined drivers were categorized
into seven dimensions, which are legal, financial, environmental, society, product develop-
ment, technology and innovation, and market organization.

Table 3. Circular food packaging drivers.

Dimensions of Drivers Number Drivers References
D1 Strict waste management laws and legislations [63-73].
L . D2 Global and Regional EU and National Policies [63,64,68].
egal Drivers Supportive institutional /regulatory environmental
D3 PP suiatory [64,65,74,75].
policies
D4 Economic and green growth potential [65,69,76-78].
Financial Drivers D5 Cost efficiency [74,79-89].
D6 Supportive funds, incentive, and taxation [64,69,82,90-95].
D7 Global environmental issues and concerns [8,14,63,65-67,69,77,96-100].
Envi | Dri D8 Renewable energy demand [65,96,101,102].
nvironmental Drivers D9 Pollution concerns [8,63,99,103,104].
D10 Increased amount of carbon footprint [102,105-107].
DIl Shlftmg' consumer behaviors, prevailing attitudes, [28,64,77,99].
and social norms
. . D12 Potential job creation in supply chain [45,65,69,74,79,101].
Social Drivers Consumers’ environmental awareness, sensitivit
D13 ' Y [28,64,65,69,102].
and pressure
D14 Building a brand image and reputational gains [64,108-110].
Technical, Technology, and ;5 Rise of new technologies and technological [63,64,69,74,77,82,00-95].
Innovation-Related innovations
Drivers D16 Technical know-how and capabilities [64,111].

Strict laws and legislations prevent many key issues related to food packaging, such as
creating packaging waste in landfills, prohibiting packaging products containing harmful
chemicals, using non-biodegradable materials, and encouraging companies to recycle, etc.,
and these resulted from the loopholes in existing laws and legislation. In this context, well-
conducted and congruous waste laws and legislations can have a steering effect on the entire
supply chain to become more circular and sustainable in this regard. Global and regional EU
and national policies are substantial for circular food packaging because these packaging
guidelines are provided in national legislation [7]. For instance, the “European Strategy
for Plastics in a Circular Economy” aims to address the environmental consequences of
the production, use, and consumption of plastic [8]. There is the question of what kinds
of global or regional policies are effective in the prevention of waste in a broader manner,
because this issue is far more difficult than recycling or recovery, as it requires the use of
life cycle thinking as well as significant adjustments in our manufacturing, consumption,
and distribution patterns [21,112]. Therefore, to reduce incineration while simultaneously
increasing biological recovery and recycling rates, a supportive institutional /regulatory
environmental policy requiring a separate collection of food waste is required [113].

Economic and green growth are two intertwined concepts that influence each other.
Green growth is a theory that claims that ongoing economic growth is or can be made to
be consistent with our planet’s environment [114]. In addition, ever-changing economic
conditions can be a facilitator for the entire supply chain for the transition into more
circular packaging materials, designs, and practices. Another difficulty in promoting proper
plastic waste management in food packaging is regulating the taxation, incentives, and
responsibilities of both producers and consumers. As a result, regulating manufacturers
and providing supportive funding, incentives, and taxation might stimulate redesign,
as efforts will be made to increase the ease of recycling owing to the duty to recycle or
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manage the items at the end of their lifecycle [115]. For instance, the COVID-19 pandemic
disrupted the entire SC and changed all the dynamics for good; however, from these
changes can also emerge new potentials and opportunities and expedite the transition into
more circular food packaging. Hence, supportive funds and taxation are crucial drivers
for food packaging resulting from the application of CE principles in real life, but this is
not an easy task to perform. In particular, funds and taxes generally do not concern the
industrial waste disposed in landfills; thus, most of the economic waste policies avoid tax
on landfill [116]. Therefore, by being in collaboration with microfinance institutions and
international financing groups, the government should create an environmental funding
program and initiatives [117].

Several research papers investigated the impacts on sustainable consumption of en-
vironmental concerns [8,48,100]. All environmental drivers (e.g., minerals, temperature,
freshwater, biodiversity, dirty energy sources, land, soils, etc.) for building a more circular
agricultural system should be considered [1,118]. Awareness of the negative environmental
and health influences of the usage of plastics is driving individuals worldwide to adjust
their consumption patterns depending upon the planet’s requirements [8]. The creation,
usage, and disposal of single-use food packaging all pose environmental risks [2] and
global environmental concerns. In addition, producers are offering enormous amounts
of products to retail supply chains, which frequently necessitates intensive agriculture
techniques reliant on chemical fertilizers and fossil fuel energy [119], and these inputs have
a substantial worldwide environmental impact [2,120].

Because of the extremely diverse structure of the food industry, numerous food pro-
cessing, handling, and packing processes generate wastes of varying quality, and if they
are not managed appropriately they might cause increased disposal concerns and serious
pollution problems [121]. In particular, non-biodegradable materials are now employed
in food, beverage, medical, and pharmaceutical packaging, as well as in industrial ap-
plications, causing environmental pollution concerns [122]. Another important driver of
circular food packaging is renewable energy demand resulting from the increased carbon
footprint. As we know, energy needed in circular food packaging must be created from
renewable sources and used as effectively as feasible in a CE, for, e.g., co-generation of heat
and electricity [123]. As a result, as the level of circularity rises, so does the requirement for
renewable energy to improve the recoverability and recyclability of food packaging.

The worldwide problem of plastic waste, pollution, and litter has dramatically influ-
enced consumer pathways [8,103,124]. Shifting consumer behaviors, prevailing attitudes,
and social norms are other substantial drivers that affect the transition into circular food
packaging. At the consumer level, there is a growing preference for greener options, such
as bio-degradable and compostable packaging, as well as a growing need for sustainable
packaging for products [3,125]. In particular, consumers’ opinions regarding products and
buying behaviors are influenced by their concerns about environmental issues, especially
for eco-friendly or environmentally friendly things [126,127]. Therefore, changes in cus-
tomer preferences, as well as the desire for safe and high-quality meals, have resulted
in the development of novel and imaginative methods of food packing technologies [34].
Hence, consumers’ environmental awareness, sensitivity, and pressure have a substantial
effect on consumer behaviors, preferences, and attitudes regarding circular and sustainable
food packaging options. Building a brand image depends on being circular and can gain
the attention of consumers who are conscious and aware of environmental issues, and
that kind of recognizability bring reputational gains to the brand. However, if packaging
organizations and companies fail to effectively communicate, consumers may have an
imperfect awareness of both the role of packaging and the role of sustainable packaging,
resulting in product selections that they assume are sustainable but, in fact, are not [18].

5. Findings
In this section of the study, the relationship between the adopted CE principles, the
materials used during the food packaging operations, and related food sub-sectors is
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investigated by establishing bilateral relations to create a comprehension of the related field.
These interactions might be useful to demonstrate the current state of the food packaging
industry in terms of the most frequently used materials and CE principles. Considering this
information, existing problems in the food sub-sectors can be assessed and eliminated with
the help of integrating the drivers shown in the previous section to overcome packaging-
related issues and transition into a more circular food packaging system.

As seen in Figure 12, the relationship between CE principles (10R) and sub-sectors
of food packaging has been represented. According to the figure, we can deduce that
reduce is the most frequently adopted CE principle among the other Rs. When the reduced
principle of CE was analyzed independently in light of these data, it was seen that it was
mostly used in the meat and grocery sub-sector. On the other hand, meat, groceries, dairy,
and beverages are among the food subsectors where recycling, the second-most used CE
principle, is most prevalent. Similarly, the sub-sectors where the reuse principle of CE,
which is the third-most frequently used CE principle in the food packaging industry, is
seen the most are meat, grocery, dairy, and soft drinks. The principles of repair (milk, sauce,
and milling), reuse (grocery and fish), rethink (dairy and bakery), remanufacture (beverage
and tobacco), and refurbish (meat) were subsequently widely utilized in the pertinent
sub-sectors, which are denoted in parenthesis. Lastly, repurposing is the least adopted CE
principle in the food packaging sector. The sub-sector that is mostly seen in the repurpose
principle is the tea and coffee sector.
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Grocery
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Other
Repair
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Figure 12. The relationship between CE principles and food packaging sub-sectors.

The mutual relations of CE principles and materials used in the food industry are
portrayed in Figure 13. According to the figure, we can see that plastic, metal, paper
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and board, glass, and multi-material are the most used materials in recycling. Similarly,
plastic, metal, paper and board, and glass are the most frequently adopted materials for
applying to the reduce principle of the CE. Furthermore, looking at the figure, it is stated
that plastic, metal, paper and cardboard, glass, multi-material, wood, and wax are the most
used materials for the reduction principle. On the other hand, reuse and repurpose are
the least popular CE principles adopted through food packaging operations. Accordingly,
plastic is still the most common material used for food packaging.
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Figure 13. The relationship between CE principles and food packaging materials.

The last relationship is between food packaging sectors and used materials in food
packaging (see Figure 14). As we observe from the other figures and graphs, plastic is the
most used material throughout the entire sub-sectors of food packaging. Examining the
current literature and real-life cases related to circularity in food packaging, it can be seen
that the meat, dairy, fish, other foods, bakery sub-sectors, etc., are the sectors where plastic
material is preferred the most. When the usage of paper and board is evaluated, meat,
grocery, and fish are more noticeable among the sub-sectors where this material is utilized
the most. Additionally, among the sectors where metal materials are primarily employed
are those in meat, dairy, grocery and beverage, seafood, and other food subsectors.
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Figure 14. The relationship between food packaging materials and sub-sectors.

6. Discussion and Implications

Despite the fact that there have been many papers written about the food sector and
several studies conducted on it in a variety of media, the number of studies in the area of
food packaging, which is crucial for ensuring food safety, has remained unaffected. The
integrity and safety of food depends greatly on the packaging of the product. By serving as
a barrier of defense, it guards against physical harm, microbiological development, and
contamination, extending shelf life and minimizing food waste. To guarantee that they do
not interact with food or convey dangerous elements, packaging materials are carefully
chosen. Additionally, packaging improves convenience for customers, conveys important
information to them, and promotes branding and marketing initiatives in the food business.
Food packaging has a variety of negative effects on the environment as well as on public
health, including microplastics and wildlife harm from excessive packaging, especially
single-use plastics. All these issues are made worse by improper food packaging recycling
and disposal. To reduce environmental damage and safeguard public health, it is critical
to investigate environmentally friendly packaging options and to support ethical waste
management methods. For that reason, the CE is required, in which food packaging uses
eco-friendly materials that promote public health and are cost-effective. In light of this
information, this study, unlike others, investigated papers in the food sector literature to
conduct an in-depth review based on sectoral, CE principles and the materials employed.
Various combinations, including material-sector, material-CE principles, and sector-CE
principles, were evaluated, reported, and submitted to the literature in this triple analysis.
In addition, the drivers of food packaging were listed in this paper.

Different viewpoints, options, and requirements for packaging in the environmental,
social, and economic domains emerge in the existing literature in this setting. For instance,
consumer worries about the environment have pushed the importance of sustainability to
the top of the corporate agenda [15]. However, companies continue to rely on ecologically
deteriorating packaging solutions, such as disposable plastics and multi-layered packaging,
while packaging usage and disposal by end users put environmental demands on the
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ecosystem [3,10,11]. Therefore, the concept of a CE arose in reaction to the fact that today’s
take-make-dispose economy is a major contributor to global changes in the environment
and ecosystem damage [4,83,128-131]. There are several studies in the current literature
related to how packaging is crucial for food products and how sustainability, CE, and green-
oriented food packaging can work. For instance, Ref. [132] demonstrated how packaging
may be a crucial component of sustainable food consumption by reducing food waste
and losses while also reducing resource usage and waste management. Ref. [133] used
a systematic review as a technique to assess the introduced CE literature and identify
the most important drivers and hurdles that impact business leaders’ decisions to adapt
their firms for CE participation. Ref. [14] aimed to create a decision-support framework
and key indicators to help with the development and selection of new innovative food
packaging in the context of the CE. Ref. [134] highlighted many techniques focusing on
different components of the value chain and provides insight into the level of adoption
of CE principles in manufacturing enterprises that are members of the Italian national
packaging consortium, which includes 900,000 packaging manufacturers and consumers.
Furthermore, ref. [3] tried to map and critically examine ongoing SPSCM research activities
and analyze the field’s potential for development and expansion in CE, using an SLR
technique. Depending on these studies, we tried to examine circular food packaging
options and opportunities for food sectors by examining and dividing the food sectors into
sub-sectors and analyzing them in terms of adopted and used CE principles and materials.

The material-sector, material-CE principles, and sector-CE principles triple combina-
tions, as shown in the study’s results section, have been examined and depicted in the
food industry to show which materials and CE principles have been adopted in which
sector. This analysis was carried out because each food sub-sector has distinct needs and
uses various materials, etc. Based on this data, it becomes clear which CE principles and
materials the various food subsectors use and do not use, and this data can be used to locate
the companies’ positions in the food packaging sector. These data, which are essential for
identifying the circularity transition, can be utilized to provide guidance on how to become
more circular for various food subsectors. According to the study’s findings, reduce is the
CE concept among the four Rs that is most usually applied. Recycling is the second-most
popular CE concept, with a focus on the meat and grocery subsegments. The third-most
frequently applied CE principle in the food packaging sector is reuse. In the related subsec-
tors, the words “repair”, “refuse”, “rethink”, “remanufacture”, and “refurbish” are also
frequently used. The least used CE concept in the food packaging industry is repurposing.
Furthermore, when we examine the CE principles and materials, we see that the most
frequently utilized materials in recycling and reduce include plastic, metal, paper and
board, glass, and multi-material. The majority of food packaging materials are made of
plastic, and the meat, dairy, fish, other foods, and bakery sub-sectors are those where
plastic is most frequently utilized. The industries that use this material the most are those
where paper and board are more obvious. The meat, dairy, grocery and beverage, seafood,
and other food subsectors are where metal materials are used most frequently. Lastly, the
connections between the CE principles (10R) and the various areas of food packaging are
the most crucial information in this article. The CE principle of “reduce” is the one that is
most frequently applied, primarily in the meat and grocery industries. The second-most
applied CE principle is recycling, while the third-most applied CE principle is reuse. In
the related subsectors, the phrases “repair”, “refuse”, “rethink”, “remanufacture”, and
“refurbish” are also frequently used. The tea and coffee industry is where the repurposed
CE concept is most frequently observed.

In addition to that information, literature findings were also submitted throughout the
study. According to the literature, plastic is the most frequently utilized packaging material
in almost every food sub-sector and CE principles despite it being for single-use purposes
and the damage it causes to the environment. In order to overcome this issue, bioplastics can
be used as opposed to plastics as a more environmental-friendly option. In addition, plastic
is widely adopted in the meat, grocery, and beverage sectors as a food packaging solution.
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In particular, for the beverage sector, plastic PET bottles are extensively used, which are
generally produced from one material. In this context, there are very sustainable systems
implemented throughout the world for reducing plastic pollution and for recycling these
plastics to be reused again and again. For instance, the majority of recycled PET bottles are
clear, and even when they are colored, only the colors blue, green, and brown are frequently
utilized. This enables the efficient separation of colored bottles into different recycling
streams [135]. Separation, recycling, and reusing these PET bottles are widely adopted
strategies to deal with plastic pollution. Furthermore, for the meat industry, generally,
tube and tray packaging alternatives are used. When we examine these two different
plastic options, both have different characteristics in terms of environment, food waste and
loss, and preservation of the food product, etc. Hence, the usage of bioplastic materials
can be a solution for eliminating plastic pollution and environmental hazards. However,
bioplastic materials are divided into two categories, which are materials made of bio-based
renewable resources and materials that have biodegradable properties [136]. While bio-
based renewable resources use raw materials that are replenishable and renewable through
natural processes, biodegradable materials can be decomposed by microorganisms in the
environment over time [36,137]. The use of tamarind seed powder (TSP) and fenugreek seed
powder (FSP) as biodegradable food packaging film materials showed some encouraging
results, according to [138], and can be adopted by firms as more circular approaches for
food packaging. Similar to this, another study [139] investigates the usage of TSP for
coating fruits such as apples and pears under various storage circumstances.

On the other hand, the grocery store is a unique sector from which food can be
consumed without the need for any packaging material. In this sense, the number of zero-
packaging grocery stores, which are food stores with minimal waste and no packaging,
needs to be increased. Moreover, natural materials such as utilizing banana leaves to
package fresh fruits and vegetables in order to cut down on single-use plastic waste seem
like the best option for the grocery sector. In addition, producers might provide a convenient
deposit and delivery system for these grocery products to eliminate non-biodegradable,
nonrenewable, and noncompostable materials from usage. Therefore, depending on the
major findings of the analysis of the relationship between CE principles, materials used, and
food sub-sectors for circular packaging, these implications can be elaborated and integrated
with the drivers found throughout the literature to fasten the transition into a more circular
food packaging system. Therefore, this study tried to identify the drivers of the food
packaging industry and presents how to manage this switch between the traditional and
the circular system by examining the existing relations between CE principles, food sub-
sectors, and materials used throughout the operations. For further understanding, the
drivers studied in this study can be analyzed under specific food packaging sub-sectors for
more customized results.

The primary contribution of this study to the body of literature is the synthesis and
mapping of the literature as a whole from the perspectives of CE principles, both sector-
based and national, and the materials used through circular food packaging, and the
attempt to facilitate this transition into a more circular system by outlining the drivers of
circular food packaging.

7. Conclusions

The increasing dynamism and complexity of the world highlights the need for a
more adaptive, flexible, and resilient food system in order to become more sustainable
and healthier and for minimizing the threats and concerns caused by packaging materials.
Unsustainable packaging materials have a detrimental effects on both the environment and
product shelf life. Despite the environmental and health consequences of packing materials,
there is also a supply chain component that entails secure, cheap, and effective storage
of goods, management, transportation, and marketing across the SC. As a result, food
packaging acts as a way of transmitting product information to sustain these operations
across the supply chain, as well as storage, handling, transportation, distribution, food
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safety, and conservation. Therefore, more sustainable food packaging systems are required
for a variety of reasons, including food preservation and conservation, convenience, and
communication, as well as environmental, health, and product shelf-life considerations.
The CE evaluates prospects for closed loops, open loops, and waste outcomes, and as
a result it is playing an increasingly important role in supply chains for circular flows,
including material recovery. In this context, the CE concept has a lot to offer the food
packaging industry in terms of achieving all of the above goals.

In order to uncover the drivers of circular food packaging applications, this research
focused on how circular packaging techniques are treated in the current literature. To
that end, relevant literature from 1996 to 2022 from the viewpoints of sustainability and
circularity of plastic food packaging was analyzed exhaustively, along with how efforts
address sustainability challenges and what the motivations are for this transformation.
This study adopted SLR as an approach for examining the current literature and identified
connected articles and identified drivers. For this purpose, 216 publications were examined
to reveal the interaction between adopted CE principles and the materials used in various
food sub-sectors. Furthermore, drivers for the transition into more circular food pack-
aging have been listed to facilitate the sector’s switch into more circular and sustainable
food packaging.

Further studies can be performed using a quantitative method or case study to investi-
gate the barriers found throughout the literature in a sector-specific manner. In addition,
the driver table we found in this study can be examined using an MCDM method. The
driving forces in front of food packaging can also be matched to remove barriers. This kind
of SLR study can also be applied to other sectors in terms of packaging, such as the fashion
and textile industry, pharmacy, furniture, logistic activities, and so on.
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Appendix A

Table Al. Coverage areas of the food sub-sectors classified throughout the study.

Food Sub-Sectors

Meat: chicken, turkey, pork, beef, sausage, buffalo meat, poultry

Fish: tuna, shrimp, sardine, mussel, salmon

Dairy: butter, margarine, milk, yoghurt, cheese

Bakery: bread, cookie, pasta

Milling: wheat, rice, grain

Beverages: soft drink and breweries, carbonated soft drink, wine, liquor, tea, coffee
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Table Al. Cont.

Food Sub-Sectors

Grocery: fruit and vegetables

Dried food: seasoning, dressing and spice, fried baked snacks,

0Oil: sunflower seed oil, olive oil, sesame oil

Frozen food: ice manufacturing (frozen)

Tea and Coffee: tea, herbal tea, coffee whitener, coffee

Other food: snacks, appetizer, syrup, cereal, noodle, popcorn, food-to-go (packaged and processed food) sweets, pet food

Sauce: puree, chopped tomato, peeled tomato, marmalade

Table A2. Coverage areas of used materials in food packaging sector classified throughout the study.

Materials

Plastic: cellophane plastics, film, bag, bottle, styrofoam box, plastic pouch

Metal: aluminum foil, steel, tin, iron, zinc, copper, gold, nickel, silver, titanium, zirconium, mica tinplate

Paper and board: paper bag, newspaper, magazines, paper foil, recycled paper, disposable paper foil, paperboard, paper box,
carton, cardboard, greaseproof paper, kraft paper, sulfite paper, parchment paper

Wood: wooden plate, cellulose, timber pallet, wooden boxes

Glass: glass bow, cup, jar, bottle

Green material: nanomaterial, biodegradable, starch lends, plant-based material, leaves

Multimaterial: polymer, composite, polypropylene, polyolefin, bio-nanocomposites multilayer

Printing ink: printing inks, adhesives, photoinitiators, solvents, plasticizers, surfactants and pigments, processing aids
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