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Abstract
The circular economy concept, which aims to minimise waste and make the most of 
resources, has gained global traction as a sustainable alternative to the traditional 
linear economy. In recent years, Australian universities have increasingly adopted 
these principles to align with global sustainability goals to reduce environmental 
impact, enhance resource efficiency, and foster a culture of sustainability within their 
communities. This study examined the implementation of circular economy protocols 
in Australian universities to achieve zero waste and promote sustainable practices. 
Specifically, it assessed universities’ commitment to circular economy strategies, waste 
reduction, resource optimisation, and the net-zero agenda. The research involved a 
systematic literature review of 70 sources from 2012 to 2022. Text mining techniques, 
including co-occurrence analysis, were applied to a secondary dataset to reveal the 
relationships between circular economy principles and universities, thereby enhancing our 
understanding of these connections. Emergent themes centred on sustainability-oriented 
economic models like circular and sharing economies. The analysis underscored the 
importance of sustainability, collaboration, and locality in achieving waste minimisation 
goals. Significantly, there was an overlap between circular economy principles and 
the United Nations’ Sustainable Development Goals (SDGs). Universities showed a 
growing commitment to these goals through sustainable practices. Region-specific 
strategies, dynamic collaborations, and community engagement played key roles in 
waste minimisation. The adoption of sustainable economic models, including the circular 
economy, was prominent. In conclusion, the study provides insights into universities’ 
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roles in waste reduction, resource optimisation, and supporting the transition to a net-zero, circular 
economy.

Keywords
Australian Universities; Circular Economy; Natural Language Processing;  
Sustainable Development Goals; Zero Waste

Introduction
The circular economy (CE) represents a systemic shift that builds long-term resilience, generates business 
and economic opportunities, and provides environmental and societal benefits (Rocca, Veneziani and Carini, 
2023). The premise of a circular economy is to minimise waste and make the most of resources, consequently 
reducing the environmental impact and generating value from what was once considered waste. Higher 
education institutions, including universities, are emerging as key stakeholders in this transition, given their 
role in fostering knowledge, innovation, and societal transformation (Serrano-Bedia and Perez-Perez, 2022). 
Universities are incorporating the principles of CE in their curriculum and implementing them in their 
operations. However, the shift towards a circular economy within universities is not without challenges. Key 
issues revolve around budget constraints, particularly in public schools, where the influx of students and 
the relative stagnation of funding sources pose considerable problems (Dieleman and Martínez-Rodríguez, 
2019). Implementing CE requires understanding the entire systemic level, requiring the cooperation and 
integration of various stakeholders, such as businesses, consumers, and governments. This broad cooperation 
can often be complex and challenging to manage (Serrano-Bedia and Perez-Perez, 2022). Additionally, 
universities must address the competitive environment of higher education institutions and successfully 
navigate the need for sustainable transformation while ensuring their reputation and academic excellence 
(Maruyama, et al., 2019). Overall, the journey to a circular economy within universities is fraught with 
complexities, but it also holds the potential for profound change and progress towards a sustainable future.

Emphasising the urgent need for transformations in waste management, researchers have delineated 
the prospect of aligning the Australian construction and demolition waste management system with the 
principles of the circular economy (Shooshtarian, et al., 2022). A similar paradigm shift has been advocated 
in other sectors. For instance, regional economies in Australia have begun to adopt circular economy 
practices, pointing to the nascent and broadening interest in this area (Fleischmann, 2019). Moreover, 
circular economy-oriented actions are not confined to the industrial and business sectors. Australian 
universities have committed to a circular economy and net-zero emissions (Study Australia, 2023). These 
trends indicate a wider acceptance and implementation of the circular economy framework in diverse 
Australian sectors. In light of these, digital technologies have been recognised as integral in guiding circular 
economy practices towards achieving net-zero emissions. This aligns with the view that net-zero cities and 
circular economy strategies offer multiple avenues for cities to fully realise a net-zero future. The intertwined 
nature of the circular economy and net zero suggests that progress in one area can have positive spillover 
effects on the other. Furthermore, it has been highlighted within academia that universities can contribute 
to the energy transition and circular economy principles (Cahill, 2021). Universities like Monash University 
have established net-zero initiatives, embodying circular economy principles to prioritise the transition 
to sustainability, which is in line with their strategic plan (Impact 2030) and environmental, social, and 
governance (ESG) statement.

The aim of this study was to investigate the implementation of circular economy protocols in Australian 
universities, with a focus on achieving zero waste and promoting sustainable practices. This includes 
assessing universities’ commitment to circular economy strategies, waste reduction, resource optimisation, 
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and the net-zero agenda, using text mining techniques and co-occurrence analysis to elucidate the 
relationships between these principles and higher education institutions.

Literature review

AUSTRALIA’S NET-ZERO AGENDA AND THE POSITION OF UNIVERSITIES

The net-zero agenda in Australia, a response to the global call for climate change mitigation, signals 
the nation’s commitment to drastically reduce its greenhouse gas emissions to achieve carbon neutrality 
(Bernecker, et al., 2022). This transition to net zero is intended to realise environmental sustainability, 
economic resilience, and social justice. Australian universities hold a critical role in successfully executing 
this agenda, not only as educational institutions shaping future generations but also as leading research 
centres and significant operational entities with substantial carbon footprints. The transition towards a net-
zero future presents various challenges that require innovative solutions, many of which can be conceived 
within university campuses. From establishing net-zero programs to pioneering green energy strategies, 
universities across Australia have been at the forefront of transitioning to a low-carbon future (Hull, 2023). 
For instance, as part of its ambitious M-program, Monash University aims to transform its campuses into 
net-zero spaces, showcasing its pioneering position in urban planning and sustainable practices. The net-
zero commitment also extends beyond operational transformations. For example, the Australian National 
University has pledged to achieve net-zero greenhouse gas emissions by 2025 and has revised its travel 
policies to promote sustainability (ANUB Zero, 2022). This illustrates how universities are embedding 
sustainability into their governance and policy-making processes.

Furthermore, universities are crucial in generating research and knowledge on climate change and 
sustainability, significantly influencing policy pathways towards a net zero-carbon-built environment 
(Prasad, et al., 2023). The academic community is also studying the implications of net-zero emission 
targets on organisational practices and financial markets, underlining the breadth of this agenda’s impact 
(Parashar, 2023). Australian universities are actively engaging in and contributing to the national net-zero 
agenda. Australian universities lead by example, innovate in their operations, and provide valuable insights 
through their research. The societal position affords them a privileged platform for leading and facilitating 
change (Hull, 2023). In their capacity as education providers, research hubs, and large-scale operational 
entities, universities are primed to implement effective strategies that align with the net-zero ambition. 
Notably, their actions are not limited to energy use or operational modifications. Consequently, universities 
are revising policies in broader areas, such as university-related travel, reflecting their commitment to 
overarching sustainability (ANUB Zero, 2022).

Collaborative research, inter-university cooperation, and alliances with governments and private sectors 
are vital to the universities’ approach. These partnerships promote sharing best practices, drive systemic 
change, and add value through a net-zero energy strategy (Roche, et al., 2022). Universities’ research 
also provides a foundational understanding of the economic, social, and environmental implications of 
transitioning to a net-zero future, thus informing policy pathways and driving critical discourse (Prasad, 
et al., 2023; Parashar, 2023). Undoubtedly, universities are instrumental in ensuring that Australia’s net-
zero agenda is successful. Through their actions, universities reduce their carbon footprint and influence 
the behaviour and attitudes of their students, staff, and wider communities. Australian universities form a 
crucial nexus of knowledge, innovation, and action, pushing boundaries and exploring novel pathways to 
sustainability. Thus, the journey to net zero offers a unique opportunity for Australian universities to further 
their mission of creating a positive societal impact and preparing future generations for a sustainable, low-
carbon world.

Ogunmakinde

Construction Economics and Building,  Vol. 25, No. 2  July 20253



CIRCULAR ECONOMY STRATEGIES IN AUSTRALIA

The importance of a circular economy for resource optimisation and waste reduction aligns with the United 
Nations’ sustainability agenda through the Sustainable Development Goal (SDG) 11 (Moghayedi, et al., 
2021). The circular economy aligns with sustainability principles by espousing the judicious use and reuse 
of resources, with the construction industry playing a pivotal role in such implementation (Osobajo, et al., 
2022). Nonetheless, the interplay between systems thinking and continuous improvement in this sector 
is worth noting, underlining the need for a holistic, not fragmented, approach (Omotayo, et al., 2020). 
The circular economy should not be viewed as a panacea for all environmental woes but considered part 
of a broader sustainability strategy. Additionally, the management of post-consumer waste, as depicted by 
Oke, et al. (2021), presents a key area in which the circular economy can concretely manifest. However, 
this necessitates an understanding and adaptation to consumer sentiments. The review of sustainability 
performance reporting by Osobajo, et al. (2022) underscores the importance of consistent, critical evaluation 
and transparency for continuous improvement in sustainability and circular economy strategies.

Embarking on a circular economy necessitates a holistic transformation, incorporating far-reaching 
modifications to business frameworks, supply chains, and financial systems. This transition is underpinned 
by inventive thought and a collaborative ethos shared by the entirety of the university community, including 
students, teaching and administrative personnel, stakeholders, and wider society (Maruyama, et al., 2019). 
Furthermore, the task for universities to incorporate principles and practices associated with the circular 
economy into their academic syllabi has emerged. This undertaking calls for a novel pedagogical model that 
advocates for sustainable cognition and the real-world application of circular economy tenets (Serrano-
Bedia and Perez-Perez, 2022). By doing so, higher education institutions can play a critical role in equipping 
future generations with the necessary skills and knowledge to address a world marked by limited resources 
and assist in hastening the transition towards a more sustainable economic and social framework (Rocca, 
Veneziani and Carini, 2023). While the transition towards a circular economy provides an attractive solution 
to the sustainability hurdles facing universities, the shift itself is an intricate process requiring significant 
dedication, resource distribution, and a cultural revolution. However, this move to a circular economy 
presents an exceptional opportunity for universities to spearhead sustainability endeavours and contribute 
substantially to a more environmentally friendly and sustainable future. When scrutinising the incorporation 
of circular economy strategies within Australia, it is evident that numerous potential advantages are on offer.

Nevertheless, the journey to realising these benefits is filled with obstacles and intricacies. This section 
critically dissects these strategies, particularly emphasising the construction industry—a major contributor 
to waste—and the broader Australian economy. Adopting a circular economy within the Australian 
construction and demolition waste management system is critical. Shooshtarian, et al. (2022) proposed 
the Less of Waste, More of Resources (LoWMoR), a model premised on circular economy principles, 
to steer the analysis of pertinent Australian literature. The model underscores waste reduction, reuse, and 
recycling, aiming to minimise the environmental footprint of construction activities. However, it is essential 
to confront the barriers impeding the successful introduction of the circular economy model in this sector, 
such as regulatory constraints, market deficiencies, and a lack of awareness and education. Simultaneously, 
efforts to incorporate circular economy principles are discernible across the wider Australian economy. 
Halog, et al. (2021) charted the evolution and insights gleaned from circular economy strategies in Australia, 
accentuating the need for a deeper introspection into Australia’s potential. Notably, the shift towards 
a circular economy model has not been uniform across different sectors, which is a testament to each 
industry’s complexity and distinct nature.

Shooshtarian, et al. (2023) investigated the hindrances and catalysts influencing the circular economy 
within Australia’s architecture, engineering, and construction (AEC) industry. They underlined the necessity 
to confront technical, economic, and behavioural barriers to the circular economy. The authors advocated 
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for policy interventions and industry development activities suitably tailored to the specific context of the 
Australian AEC industry. Circular economy strategies in Australia span various sectors and engage diverse 
stakeholders. Acknowledging and addressing the unique challenges posed to each sector, harnessing their 
potential, and devising contextually appropriate strategies are paramount. The shift towards a circular 
economy requires a systemic approach, integrating policy, practice, and societal behavioural modifications 
to accomplish sustainability. Incorporating circular economy strategies in Australia is a promising yet 
multifaceted endeavour. The challenges may be numerous, but the potential benefits are equally substantial. 
Overcoming the barriers to a circular economy requires strategic planning, robust policy support, industry 
collaboration, educational initiatives, and a commitment to perpetual learning and adaptation.

WASTE REDUCTION AND RESOURCE OPTIMISATION FOR CIRCULAR ECONOMY IN AUSTRALIAN 
UNIVERSITIES

In light of the global call for sustainability, Australian universities are shifting focus towards the principles 
of a circular economy, particularly in waste reduction and resource optimisation. Universities can drive a 
circular economy and improve resource sustainability through engagement with the waste management 
and resource recovery sector (Shooshtarian, et al., 2022). However, examining how these engagements are 
being materialised and the inherent challenges posed by this paradigm shift is critical. Although Australian 
universities are posited as crucial actors in the circular economy, there is a dearth of detailed studies on 
integrating circular economy principles into their operational and strategic frameworks. It is not merely 
enough to advocate for waste reduction and resource optimisation; specific, actionable strategies must be 
developed and implemented.

Furthermore, the benefits of university–industry engagement in driving the circular economy must be 
systematically evaluated and optimised. Given Australia’s mineral-rich landscape, the mining industry’s 
role in a circular economy is particularly noteworthy. Although Lèbre, Corder and Golev (2017) proposed 
a framework for resource management at the mine site level, the application of such strategies within 
Australian universities remains underexplored. Mining-related courses could incorporate circular economy 
principles to prepare future professionals for sustainable resource management, thereby optimising mineral 
utilisation. Universities could learn from their innovative practices, such as using solar-powered energy 
systems, to reduce resource consumption and enhance campus sustainability. While Australian universities 
have begun to embrace the circular economy’s principles, there is still significant scope for improvement. 
Systemic changes, cross-sectoral collaboration, and a critical reassessment of current practices are 
necessary to achieve sustainability in waste reduction and resource optimisation. Implementing a circular 
economy within the sustainable development of universities in Australia necessitates multi-level thinking, 
including innovations in housing and construction, incentivisation for green practices, and effective waste 
management. However, the aspiration for a circular economy must be tempered with realistic expectations, 
aligned with broader sustainability strategies, and supported by comprehensive, transparent reporting 
mechanisms. Through these multifaceted approaches, a circular economy can be optimised, delivering its full 
potential for environmental sustainability and continuous improvement in the built environment. Thus, the 
text mining approach would be applied to ensure that lessons from other universities globally are extracted 
for Australian universities as a contribution to knowledge.

NATURAL LANGUAGE PROCESSING: TEXT MINING FOR CIRCULAR ECONOMY RESEARCH

The adoption of text mining in big data analytics has transformed how researchers and practitioners 
interpret large amounts of unstructured data, fundamentally altering the landscape of knowledge discovery 
(Hassani, et al., 2020). Nevertheless, it is paramount to acknowledge the intricacies and constraints 
associated with its deployment. Feldman and Sanger (2007) noted that the architecture of text mining 
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systems may be bound by constraints, which can impact the potential outcomes. Ignatow and Mihalcea 
(2016) extensively surveyed text mining tools, elucidating the benefits, drawbacks, and suitability for 
specific research questions and data types. Such a nuanced understanding can guide the apt application of 
text mining in diverse contexts. O’Mara-Eves, et al. (2015) advocated for applying text mining to identify 
themes in systematic reviews, albeit acknowledging the nuances associated with the process. Text mining 
provides a powerful tool in big data analytics. Its implementation necessitates a keen awareness of its 
limitations and appropriate usage contexts, thereby ensuring the delivery of insightful and accurate analyses.

Among text mining techniques, Natural language processing (NLP) is exceptional for its in-depth 
analysis and interpretation of human language. Unlike the common keyword-based methods, which 
utilise precise matches and may neglect context, NLP employs machine learning and linguistic principles 
to determine the meaning of words, phrases, and sentences (Khan, et al., 2023). This enables more 
precise entity identification, topic modelling, and sentiment analysis ( Jim, et al., 2024). NLP models may 
automatically learn from big datasets, improving over time compared to statistical techniques (Gudivada, 
Rao and Raghavan, 2015). Overall, NLP’s capacity to manage ambiguity, context, and the nuance of human 
language makes it a better option for drawing significant insights from text.

THE APPLICATION OF CAPABILITY MATURITY MODELLING FOR CIRCULAR ECONOMY 
IMPLEMENTATION

The concept of the Capability Maturity Model (CMM), originally applied in information technology fields, 
has been extended to shed light on the implementation of the circular economy (Howard, et al., 2018). 
This adoption is an innovative methodological approach and underscores the potential for interdisciplinary 
dialogue to address complex sustainability challenges. The development of the CE CMM provides a new 
lens to understand how organisations evolve their practices towards more sustainable production and 
consumption patterns (Miemczyk, Carbone and Howard, 2022). The multi-level perspective offered by this 
model is a nuanced approach that recognises the factors at the individual, organisational, and systems levels 
that play a crucial role in successfully implementing CE principles. Similarly, Brendzel-Skowera (2021) 
engaged with the concept of organisational maturity concerning the circular economy, particularly within 
the small and medium enterprises (SME) sector. The study contributes valuable insights into the practical 
application of the circular economy, especially within an organisational context traditionally seen as less 
equipped to engage with sustainable innovation. Furthermore, the application of the CMM and systems 
thinking has also been highlighted in the construction industry, demonstrating its relevance for continuous 
improvement (Omotayo, et al., 2020). In another study by Omotayo and Kulatunga (2017), an IDEF0-
based continuous improvement framework was proposed for post-contract cost control, underscoring the 
potential of these approaches for strategic realignment and process improvement.

RESEARCH AIM

Incorporating the CMM in the sphere of the circular economy portends a significant step forward in 
operationalising the principles of sustainable development in diverse sectors and not only universities. This 
research highlights holistic and multi-level perspectives that acknowledge the dynamic interplay between 
various elements within complex systems of circularity in university campuses for implementation in 
Australian universities. To reduce the typologies of circularity for a CMM, text mining analysis would be 
deployed as part of the natural language processing approach.

Method and materials
Figure 1 illustrates the flowchart of the methodological process employed in this study. The research 
was conducted to scrutinise the interplay of Australian universities in the facilitation of CE strategies, 
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waste reduction and resource optimisation, and their stance on the net-zero agenda through a qualitative 
secondary data approach. A systematic review of the literature published from 2012 to 2022 used the 
keywords in Table 1. The 70 peer-reviewed articles, conference papers, books, and chapters were extracted 
as full text. The publications concentrated on the circular economy and related aspects within the context of 
Australian universities. The data were compiled from Scopus academic databases. The exclusion criteria, as 
presented in Table 2, were established to filter out non-peer-reviewed reports, opinion pieces, dissertation 
news articles, and publications over a decade old. A co-occurrence analysis was conducted in RStudio to 
understand the relationships between various terms within the dataset. This process involved calculating 
co-occurrence counts and statistics, visualising the results using dendrograms, and performing significance 
testing.

Systematic Review
of Literature

Inclusion 
Criteria

Exclusion 
Criteria

Article identification
Final

Selection
= 70

Data
Analysis

End

Start

Figure 1.	 Methodological flowchart.
Source: Author’s own (2024)

Table 1.	 Keywords used in publication search.

Subtopic Keywords

Australia’s net-zero 
agenda and the position 

of universities

“Net zero” OR “Climate change mitigation” OR “Carbon neutrality” 
OR “Greenhouse gas emissions” OR “Sustainable practices” OR 

“Low-carbon future” OR “Operational transformation” AND

Circular economy 
strategies in Australian 

universities

“Australian universities” AND “Circular economy” OR “Resource 
consumption” OR “Reduce, reuse, recycle” OR “Structural 
changes” OR “Supply chains” OR “Economic systems” OR 

“Sustainable thinking” OR “Educational model” OR “Resource-
constrained world” OR “Sustainability initiatives” AND

Waste reduction and 
resource optimisation in 
Australian universities

“Waste reduction” OR “Resource optimisation” OR “Waste 
management” OR “Resource recovery” OR “Sustainability” OR 

“Operational frameworks” OR “Strategic frameworks”
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Table 2.	 Inclusion and exclusion criteria for the data search.

Criteria Inclusion Exclusion

Publication 
type

Peer-reviewed articles, conference 
papers, books, book chapters, theses, 

and dissertations.

News articles, non-academic reports, 
and opinion pieces.

Time span Articles published in 2012–2022. Articles published more than 10 years 
ago.

Language Articles published in English. Articles published in other languages.

Subject 
matter

Studies focusing on circular 
economy, waste reduction, resource 
optimisation, net-zero agenda, and 
text mining and capability maturity 

modelling in the context of Australian 
universities.

Studies not relevant to the specific 
context of Australian universities or 
not related to the specified subject 

matter.

Methodology Quantitative, qualitative, and mixed-
method studies.

Studies without a clear methodology 
or substantial evidence supporting 

their claims.

Geographic 
location

Studies conducted in Australia, 
specifically targeting Australian 

universities.

Studies conducted outside Australia 
or not specifically targeting Australian 

universities.

Access Studies that are accessible in full text. Studies for which only abstracts or 
summaries are available.

Quality Studies that have undergone rigorous 
peer review and have been published 

in reputable academic journals.

Studies with poor methodological 
quality or published in low-impact-

factor journals.

Table 2 outlines the selection criteria for the studies used in the research. The inclusion criteria target 
scholarly publications from 2012 to 2022 in English, focusing on the circular economy and related subjects, 
specifically in the context of Australian universities. These publications must offer full access, emanate 
from Australia, and have undergone rigorous peer review. The exclusion criteria discard news articles, 
non-academic reports, older studies, publications in languages other than English, studies irrelevant to the 
defined subjects, those lacking a clear methodology, studies conducted outside Australia or not specifically 
targeting Australian universities, and studies with poor methodological quality.

With 18 publications, as indicated in Figure 2, Australia leads the academic discourse on the circular 
economy and sustainable practices in universities, contributing to 14.2% of the selected works. The United 
Kingdom and Spain, with 12 and 10 publications, respectively, contribute 17.4% of the studies. The United 
States (eight publications) and Malaysia (five publications) account for 10.3% of the total works, while 
other nations like Belgium, Brazil, Canada, China, the Netherlands, and South Africa, each with four 
publications, collectively comprise 15.9%. The remaining countries collectively contribute 42.2% of the total 
publications, affirming the widespread global interest in this topic.
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Analysis

TEXT MINING THROUGH CO-OCCURRENCE

Using RStudio, the co-occurrence of keywords on the circular economy and Australian universities was 
conducted (see Appendix A). The R script used to perform a text mining and analysis task followed the 
following steps:

Step 1. Load packages: The code loads the necessary R packages for text analysis, network analysis, and 
visualisation.

Step 2. Activate klippy: klippy::klippy() activates a copy-to-clipboard button, which can be handy for copying 
results or data to the clipboard.

Step 3. Load files: It reads in a Word document using the read_docx function from the officer package. Then, it 
extracts the summary of contents from the document.

Step 4. Read text: It extracts the paragraphs from the content and then accesses the actual text. It then cleans the 
text by squishing multiple spaces into single spaces and removing all “-”.

Step 5. Tokenisation: It splits the text into individual words (tokens) using the tidytext::unnest_tokens function.
Step 6. Create data frame: It creates a data frame of bigrams, which are pairs of words that appear together, and 

counts their frequencies.
Step 7. Define stopwords: It defines stopwords, words that are to be ignored in the text analysis.
Step 8. Clean bigram table and corpus: It cleans the bigram table and corpus by removing the stopwords.
Step 9. Tokenise corpus: It tokenises the cleaned corpus and extracts the bigrams.
Step 10. Text processing: It squishes the sentences, removes punctuation and non-word characters, and squishes 

spaces again.
Step 11. Corpus construction: This step entails the formation of a corpus derived from the refined sentences.
Step 12. Supplementary purification: This phase involves the further sanitisation of the corpus by eradicating 

punctuation and numerical values, converting all text to lowercase, and excising additional specific words.

Figure 2.	 Distribution of publications used in the text mining analysis.
Source: Author’s own (2024)
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Step 13. Development of document-term matrix: This step engenders a document-term matrix (DTM), a 
mathematical matrix that portrays the frequency of term occurrences within a compendium of documents.

Step 14. Computation of co-occurrence tally: This stage calculates the co-occurrence tally, revealing the frequency 
with which terms appear jointly within a document.

Step 15. Co-occurrence metrics: During this stage, the computation of co-occurrence statistics for a specific term 
occurs. This process aids in comprehending the context in which the term is used.

Step 16. Visualisation of findings: This phase involves the visual representation of results using various plotting 
styles, such as dendrograms.

Step 17. Testing for significance: The final step involves conducting significance tests to ascertain whether the 
observed co-occurrences are of statistical significance.

One of the primary methods to quantify co-occurrence or association between two or more terms is to 
calculate the pointwise mutual information (PMI). PMI is a measure of association used in information 
theory and statistics. The formula is given as follows:

PMI(x, y) = log [P(x, y)/(P(x) * P(y))]� (1)

P(x, y) is the probability of both words x and y occurring together.
P(x) and P(y) are the probabilities of words x and y occurring independently.
The probability of a word occurring in a text could be calculated by integrating all the positions in the 

text where the word could occur, normalised by the total length of the text:

P(x) = ∫ dx/L� (2)

dx represents an infinitesimal segment of the text where the word x occurs.
L is the total length of the text.
The joint probability of two words occurring together could be calculated by integrating over all the pairs 

of positions in the text where the words could occur together, normalised by the total number of such pairs:

P(x, y) = ∫ dx dy/(L^2)� (3)

dx and dy represent infinitesimal text segments where x and y occur, respectively.
L is the total length of the text. These formulas are somewhat abstract and not directly used in practice, 

as in real-world applications, we generally count the occurrences and co-occurrences directly rather than 
integrate them over the text.

The natural logarithm (ln) was used in the PMI calculation instead of the base-2 logarithm (log2) 
to maintain consistency with the statistical methods employed throughout the analysis. Although the 
base-2 logarithm is commonly used in information theory and NLP applications (Pantel and Lin, 2002; 
Martin and Jurafsky, 2009), the choice of logarithmic base does not affect the relative ranking of PMI 
values. The logarithmic base merely scales the results without altering their comparative significance. 
Consequently, the findings of this research remain consistent, as the relationship between the terms in the 
analysis is preserved across varying logarithmic bases.

CO-OCCURRENCE ANALYSIS THROUGH TEXT MINING

Co-occurrence tables and dendrograms are statistical tools that allow researchers to understand and visualise 
relationships between different terms or variables within a dataset. A co-occurrence table displays how 
frequently certain terms appear together in a dataset. This table often includes additional metrics like Phi 
(φ), a measure of association between two terms, and chi-squared (χ2), which tests the independence of 
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two terms. A higher φ-value indicates a stronger relationship, while a higher χ2-value signifies a stronger 
divergence from expected independent frequencies. “CoocTerm” refers to the term that co-occurs with 
the main term, while “TermCoocFreq” is the frequency of their co-occurrence. A dendrogram is a tree-
like diagram used to illustrate the arrangement of the clusters produced by hierarchical clustering. Each 
branch of the dendrogram represents a cluster, and the height of the branch indicates the distance (or 
dissimilarity) between clusters. Reading a dendrogram starts from the “leaves” and moves towards the “root”. 
The more closely connected the “leaves”, the more similar they are. Therefore, both tools provide insight 
into relationships within data, aiding in identifying patterns, similarities, or differences that may not be 
immediately apparent from raw data.

In the context of the “economy” (Figure 3), the most significant co-occurring terms include “circular”, 
“sharing”, “material”, “sdgs” (Sustainable Development Goals), and “achievement”. Each of these terms is 
statistically significant (p < .001) and indicates a higher-than-expected frequency of co-occurrence with the 
term “economy”. This may point towards a shift in economic discourse towards sustainability and resource 
efficiency, with the high occurrence of “circular” and “sharing” suggesting increased interest in circular 
and sharing economy models, respectively. “Material” could be connected to discussions around material 
usage and efficiency, while “sdgs” suggests a focus on sustainable development. Finally, “achievement” may 
indicate attention to achieving these sustainability-oriented economic goals. Regarding the “university” 
context (Figure 4), the terms “partnerships”, “Australian”, “sustainability”, “community”, and “author” occur 
significantly more often (p < .001). This may imply universities’ increasing focus on sustainability and 
collaborative work or partnerships. The high association of “Australian” with “university” could reflect an 
Australian context or a specific focus on Australian universities. “Community” may refer to the university 

Figure 3.	 Dendrogram for the circular economy co-occurrence context.
Source: Author’s own (2024)
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community or the broader local community where universities operate. The co-occurrence with “author” may 
suggest the importance of individual authors in university discourse or research outputs. These combinations 
suggest emerging themes around sustainable development, resource efficiency, and collaboration in both the 
economy and university sectors, with potential regional distinctions.

Figure 4.	 Dendrogram for the university co-occurrence.
Source: Author’s own (2024)

In terms of emerging themes within the context of “economy”, the dominance of terms like “circular”, 
“sharing”, and “material” underscores a growing interest in sustainability-oriented economic models. The 
circular economy is a system aimed at minimising waste and making the most of resources. Conversely, 
the sharing economy is a socio-economic system built around sharing human and physical resources. The 
term “material” may indicate discussions around material science or material efficiency in this circular 
and sharing economy paradigm. The term “sdgs” stands for Sustainable Development Goals, suggesting a 
growing concern about integrating these global goals into economic policy and practice. The co-occurrence 
of “achievement” could refer to the measurement or attainment of these goals. On the “university” side, 
“partnerships” hints at an increased emphasis on collaborative work, possibly towards a shared goal such 
as achieving the sdgs. “Australian” may signify specific studies or policies related to Australian universities 
or suggest a geographic focus on this region. “Sustainability” underscores the increased role of universities 
in promoting sustainable practices and education. “Community” may indicate a growing awareness of 
universities’ roles and responsibilities to local communities. Lastly, “author” may focus on individual 
academic contributions or indicate the university’s role in producing scholarly work. The data suggest that 
the “economy” and “university” sectors are becoming increasingly intertwined with themes of sustainability, 
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Table 3.	 Co-occurrence statistics.

Term CoocTerm Term 
CoocFreq

CoocFreq p χ2 Phi Significance

Circular economy

Economy Circular 12 244 0.00 234 0.03 p < .001

Economy Sharing 6 78 0.00 172.6 0.03 p < .001

Economy Material 8 286 0.00 78.7 0.02 p < .001

Economy SDGs 7 319 0.00 50.4 0.02 p < .001

Economy Achievement 5 131 0.00 64.4 0.02 p < .001

Economy Competence 4 68 0.00 78.3 0.02 p < .001

Economy Core 4 120 0.00 41.5 0.01 p < .001

Economy Flow 4 148 0.00 32.5 0.01 p < .001

Economy Goals 5 305 0.00 23.1 0.01 p < .001

Economy Features 3 100 0.00 24.8 0.01 p < .01

Economy Measuring 2 34 0.00 28.4 0.01 p < .01

Economy Cycle 3 166 0.01 13.2 0.01 p < .01

Economy Advantage 2 70 0.01 12.3 0.01 p < .01

Economy Resource 3 214 0.01 9.3 0.01 p < .05

Economy Distinctive 2 77 0.01 11 0.01 p < .05

Economy Greenhouse 5 696 0.02 6.2 0.01 p < .05

Economy Gas 5 728 0.02 5.7 0.01 p < .05

Economy Productivity 2 105 0.02 7.4 0.01 p < .05

Economy Climate 6 1,010 0.02 5.3 0.01 p < .05

Economy Development 8 1,600 0.02 5 0.01 p < .05

Economy Regulators 1 11 0.02 9.8 0.01 p < .05

Economy Opportunities 2 112 0.02 6.7 0.01 p < .05

Economy Sustainable 9 1,945 0.02 4.7 0 p < .05

Economy Decarbonisation 1 12 0.03 8.9 0.01 p < .05

Economy Initiating 1 13 0.03 8.1 0.01 p < .05

Economy Optimise 1 16 0.03 6.4 0.01 p < .05

Economy Cultural 2 135 0.03 5.2 0.01 p < .05

Economy Establishing 1 18 0.04 5.6 0.01 p < .05

Economy Mediating 1 21 0.04 4.7 0 p < .05

Economy Guidelines 1 21 0.04 4.7 0 p < .05

Ogunmakinde

Construction Economics and Building,  Vol. 25, No. 2  July 202513



Term CoocTerm Term 
CoocFreq

CoocFreq p χ2 Phi Significance

Economy Educations 1 22 0.05 4.4 0 p < .05

Economy Guidances 1 22 0.05 4.4 0 p < .05

Economy Emissions 5 914 0.05 3.4 0 p < .05

Economy Embrace 1 23 0.05 4.2 0 p < .05

Economy Author 4 640 0.05 3.4 0 p < .05

University

University Partnerships 5 62 0.00 58.9 0.02 p < .001

University Australian 8 236 0.00 35.5 0.01 p < .001

University Sustainability 27 2,308 0.00 21.3 0.01 p < .001

University Community 7 253 0.00 22.8 0.01 p < .001

University Author 11 640 0.00 17.8 0.01 p < .001

University Case 7 274 0.00 20.2 0.01 p < .001

University Student 9 455 0.00 18.1 0.01 p < .001

University Service 6 207 0.00 20.2 0.01 p < .001

University Initiatives 8 392 0.00 16.6 0.01 p < .001

University Students 8 451 0.00 13 0.01 p < .01

University Studying 2 14 0.00 30.3 0.01 p < .01

University Organic 4 117 0.00 15.2 0.01 p < .01

University Campus 9 591 0.00 11.2 0.01 p < .01

University Satisfaction 4 120 0.00 14.7 0.01 p < .01

University Garden 4 123 0.00 14.2 0.01 p < .01

University Mobility 5 206 0.00 12.3 0.01 p < .01

University Course 4 130 0.00 13.1 0.01 p < .01

University Qualitative 5 214 0.00 11.6 0.01 p < .01

University Component 3 69 0.00 14.1 0.01 p < .01

University Campuses 3 71 0.01 13.6 0.01 p < .01

University Perceived 4 162 0.01 9.4 0.01 p < .01

University Modest 2 30 0.01 12.7 0.01 p < .01

University Collected 3 90 0.01 9.8 0.01 p < .01

University Provision 2 32 0.01 11.7 0.01 p < .05

University Unusual 2 40 0.02 8.8 0.01 p < .05

Table 3.  continued
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collaboration, and locality, driven by a shared desire to address global challenges such as the Sustainable 
Development Goals.

Based on the dendrogram in Figures 2 and 3 and Table 3 for the circular economy and Australian 
universities, the emerging combination of themes is adopting SDGs towards a circular economy, 
collaboration, and partnership; Australian region-specific contexts; community engagement; and Australian 
university circular economic models. These themes will be discussed as contributions of the study.

Discussion

CONTRIBUTION TO KNOWLEDGE: ZERO WASTE LESSONS FOR AUSTRALIAN UNIVERSITIES 
TOWARDS A CIRCULAR ECONOMY

Adopting sustainable development goals towards a circular economy

As the circular economy garners interest, it becomes a pivotal platform to operationalise the United 
Nations’ SDGs (Ogunmakinde, Egbelakin and Sher, 2022). Halog and Anieke (2021) noted a significant 

Term CoocTerm Term 
CoocFreq

CoocFreq p χ2 Phi Significance

University Undergraduate 3 111 0.02 7.2 0.01 p < .05

University Local 4 201 0.02 6.6 0.01 p < .05

University University 0 950 0.02 3.7 0 p < .05

University Value 5 309 0.02 6 0.01 p < .05

University Businesses 3 120 0.02 6.4 0.01 p < .05

University Demands 2 46 0.02 7.3 0.01 p < .05

University Approach 8 702 0.02 5 0.01 p < .05

University Quality 5 329 0.02 5.3 0.01 p < .05

University Offers 3 125 0.02 5.9 0.01 p < .05

University Uses 2 53 0.03 6 0.01 p < .05

University Complex 3 134 0.03 5.3 0.01 p < .05

University Highlight 2 56 0.03 5.6 0.01 p < .05

University Needs 2 63 0.04 4.7 0 p < .05

University Scale 2 65 0.04 4.5 0 p < .05

University Food 5 387 0.04 3.7 0 p < .05

University Methodology 4 267 0.04 3.8 0 p < .05

University Impact 5 393 0.04 3.6 0 p < .05

University Examine 2 70 0.05 4 0 p < .05

University Quantify 2 71 0.05 3.9 0 p < .05

Table 3.  continued
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overlap between the concepts of the circular economy and SDGs, suggesting their co-dependence and 
mutual reinforcement in fostering sustainable development. The application of the circular economy 
extends to various sectors, including construction, where waste minimisation has profound implications 
for sustainability (Ogunmakinde, Egbelakin and Sher, 2022). Successfully implementing circular economy 
strategies requires knowledge sharing and capacity building. Universities, as knowledge hubs, play a crucial 
role in this respect, although barriers persist in integrating circular economy concepts into their curricula 
(Halog and Anieke, 2021). Addressing these challenges necessitates robust strategies that embed circular 
economy principles into educational institutions and broader society.

University collaboration and partnership for waste reduction and resource optimisation

In sustainable development, collaborations and partnerships are instrumental in driving positive change. 
This is particularly true in waste reduction and resource optimisation, where academia can offer innovative 
solutions. With their rich pool of resources and intellectual capital, universities are increasingly seen as key 
players in spearheading sustainability initiatives (Massaro, et al., 2021). One such example is the strategic 
design approach developed by a partnership between Politecnico di Milano University and Bocconi 
University. This approach encourages systemic resource optimisation and stimulates the formulation of 
beneficial relationships and partnerships that facilitate environmentally friendly innovation. Equally, in 
reverse logistics, cooperative alliances can optimise recycling vehicle routing. The application of such 
cooperation in two-echelon reverse logistics networks has proven to be effective in improving the stability 
of the network (Wang, et al., 2018). By fostering collaborations and partnerships, universities, industry, 
and other stakeholders can make significant strides in achieving the dual objectives of waste reduction and 
resource optimisation.

Australian region-specific contexts of circular economy

Delving into region-specific contexts, the CE takes on unique characteristics influenced by local cultural, 
socio-economic, and environmental factors. In Australia, for instance, CE strategies are tailored to suit 
its distinct regional contexts, enhancing effectiveness and relevance (Arora, Mutz and Mohanraj, 2023). 
A detailed understanding of end-of-life (EoL) options for materials, particularly plastics, is vital in these 
region-specific approaches. For example, Venkatachalam, Pohler and Spierling (2022) underscored the 
significance of life cycle assessment in defining system boundaries for plastic waste management in specific 
regions. The interplay of local contexts and CE strategies underlines the complexity yet feasibility of 
transitioning to sustainable practices, underscoring that successful implementation is always embedded in 
the region’s specificities.

Australian university community engagement for waste minimisation

The transformation towards a circular economy within the Australian construction and demolition waste 
management system necessitates dynamic interactions and collaborations (Shooshtarian, et al., 2022). 
University–industry engagement (UI-E) plays a crucial role in achieving waste minimisation objectives, 
highlighting the significance of cross-sector partnerships. Moreover, understanding cultural diversity 
and community attitudes towards waste is paramount, as exemplified in the Canterbury-Bankstown 
study ( James, et al., 2019). Such shared responsibilities and community engagement provide a nuanced 
comprehension of waste management, fuelling context-specific waste reduction strategies. Hence, it is clear 
that a successful transition to a circular economy hinges on collective efforts that encapsulate industry, 
academia, and community perceptions.
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Australian university circular economic models

The shift to sustainable economic models within the academic sector is a focal point in Australia’s transition 
towards a circular economy, with various universities implementing innovative practices and conducting 
substantive research. Fleischmann (2019) expounded on this, detailing how Queensland universities play 
a significant part in instigating circular economy practices. However, there is an imperative need for the 
industry to transition from linear supply chain models to circular ones, a challenge that universities could 
overcome through research and collaboration with industry stakeholders (Shooshtarian, et al., 2023). As 
such, the role of Australian universities extends beyond pedagogy and research, forging a path towards a 
sustainable and circular future for the entire society.

CAPABILITY MATURITY MODELLING FOR CIRCULAR ECONOMY IN AUSTRALIAN UNIVERSITIES

As the discourse around sustainable development gains traction, the integration of the CE concept in 
various sectors is becoming an area of intense focus. Achieving a CE necessitates a series of structured 
stages, defined through the lens of a CMM, a tool that facilitates continuous improvement by incrementally 
building upon existing capabilities (Omotayo, et al., 2020; Howard, et al., 2018). The CMM is divided into 
five states: initial, managed, defined, quantitatively managed, and optimising. Combining these five stages 
with the themes provided, the CMM for the circular economy in Australian universities was structured 
accordingly (Figure 5).

Figure 5.	� CMM for circular economy attainment in Australian universities. CMM, Capability 
Maturity Model.

Source: Author’s own (2024)
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The first stage, “Adopting sustainable development goals towards a circular economy”, entails embedding 
SDGs within organisational objectives to drive the transition towards CE. The CMM at this level revolves 
around understanding the nuances of CE and gearing organisational strategies towards SDG attainment.

The second stage, “University collaboration and partnership for waste reduction and resource 
optimisation”, reflects the critical role of academic institutions in shaping the circular transition (Omotayo, 
et al., 2020). The development of a CMM at this juncture involves fostering synergies between industry and 
academia to enhance waste management and resource efficiency.

The third stage, “Australian region-specific contexts of circular economy”, highlights the significance 
of regional nuances in the CE adaptation process. CMM development in this context would necessitate 
understanding and adapting to regional-specific constraints and opportunities.

In the fourth stage, “Australian university community engagement for waste minimisation”, the focus 
shifts towards leveraging university-led initiatives for community awareness and engagement in waste 
reduction (Omotayo, et al., 2020). The CMM at this level would map the progression of community 
engagement activities.

In the last stage, “The Australian university circular economic models” accentuates the role of universities 
in shaping CE practices through research and innovation (Brendzel-Skowera, 2021). Here, the CMM 
would track the evolution of university-led circular business models and their impact on broader CE 
transformation.

By structuring the CE transition in these stages, organisations can apply the CMM to benchmark their 
progress, identify areas of improvement, and drive continuous advancement towards a circular economy.

The findings of this study highlight the theoretical significance of integrating circular economy 
principles within higher education institutions. By demonstrating the alignment between circular economy 
practices and the United Nations’ SDGs, the study underscores the potential for universities to serve as 
catalysts for broader societal shifts towards sustainability. The emergent themes of collaboration, locality, 
and sustainability-oriented economic models suggest that universities can play a pivotal role in fostering 
sustainable development.

Conclusion, limitations, and further research
The assimilation of a CMM into Australian university frameworks exhibits an innovative approach to 
driving the transition towards a CE. Encompassing various stages, from SDG adoption to developing 
region-specific contexts, this methodology has the potential to catalyse considerable positive change. Each 
progressive stage introduces new objectives that culminate in optimising circular economic models within 
universities. The breadth and depth of Australian contributions to academic discussions around CE and 
sustainable practices further underscore the country’s leadership. Nevertheless, this intricate process does 
not come without its challenges. For instance, the initial stage of understanding CE nuances and aligning 
them with SDGs can be complex, demanding meticulous strategic planning. Simultaneously, contrasting 
objectives and operational practices may hinder fostering meaningful collaborations between academia 
and industry. Moreover, regional-specific contexts can introduce unique variables that may complicate 
the standardised approach offered by the CMM. Lastly, engaging communities effectively for waste 
minimisation and gauging the impact of university-led circular models can be a daunting task due to the 
diverse interests of stakeholders. Therefore, it would be valuable to explore the specific mechanisms through 
which universities can enhance their circular economy initiatives, including the role of policy frameworks 
and stakeholder engagement. More so, examining the long-term impacts of these initiatives on both 
academic and local communities could provide deeper insights into the effectiveness of circular economy 
strategies in achieving sustainability goals.
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Additionally, using text mining as an analytical tool, although powerful, has limitations. The architecture 
of text mining systems may inadvertently impose constraints that affect potential outcomes. Furthermore, 
the suitability of this tool is highly dependent on the research questions and data types at hand, 
necessitating a clear understanding of its application context. Consequently, a balanced perspective is 
needed to harness the benefits of text mining while acknowledging and navigating its limitations. The NLP 
approach in this study faces challenges such as data sparsity, which can lead to unreliable word association 
estimates, especially in smaller datasets. Language ambiguity, including polysemy and homonymy, also 
affects model accuracy. Additionally, generalising models across different contexts is difficult due to the 
variability in language use across domains. Therefore, there is a need for methods to mitigate data sparsity 
in smaller datasets. Also, the complexity of integrating the CMM within universities serves as a reminder 
of the multifaceted nature of CE transformation, a journey that requires continuous refinement and 
adaptation.
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APPENDIX A: TEXT MINING R-STUDIO SCRIPT FOR CIRCULAR ECONOMY STRATEGIES
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