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Abstract: This study investigates the viability and sustainability of proposed landfill sites
based on the uncapacitated facility location problem framework utilising the SmartPLS4
Structural Equation Modelling. Investigating the Cape Coast Metropolis, a stratified sampling
method selected 400 samples out of which 320 valid respondents were used as the basis for the
analysis. Through statistical analysis, significant correlations were identified among
community acceptance, environmental impact, facility accessibility, site sustainability, and
operational efficiency. However, no significant correlation was found between economic
viability and site sustainability. Furthermore, the proposed indirect mediation pathway from
operational efficiency to site sustainability via facility accessibility was also statistically
insignificant. Employing the use of SmartPLS4 approach in studying the application of
uncapacitated facility location problem framework, deepens the understanding of landfill
viability and sustainability dynamics. This research contributes to the environmental sciences
and sustainability by providing insights into landfill management strategies and emphasising
the importance of community engagement and environmental performance in achieving
sustainable outcomes. Future research could refine the model by including additional variables
like technological advancements and regulatory frameworks, conducting longitudinal studies
to track landfill dynamics over time, and undertaking comparative studies across different
geographical regions. This could provide insights into management approaches’ applicability.
Interdisciplinary collaborations are recommended to address the multifaceted challenges of
landfill sustainability.
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1. Introduction

Landfills play a vital role in global waste disposal (Cao et al., 2019), prompting
a transition to sustainable waste management (Sultana et al., 2023) methods amidst
growing environmental apprehensions (Wanwari et al., 2018). It is imperative to
identify appropriate landfill sites to ensure their long-term viability (Wunder, 2019),
as they serve as pivotal centres for waste handling, resource reuse, and safeguarding
the environment (Bueno et al., 2021; Mebunii, 2022; Pawandiwa, 2013). Incorporating
modern practices like resource recovery and landfill gas capture promotes a circular
economy and enhances sustainability (Hettiaratchi et al., 2021). Landfills must also
ensure proper waste management to prevent environmental contamination (Laner et
al., 2012). Mathematical models like the Uncapacitated Facility Location Problem
(UFLP) (Bas and Yildizdan, 2024) aid in optimal landfill site selection (Ghosh, 2003),
forming the underlying theory for this study. Critical factors influencing landfill
success include location suitability, operational efficiency, economic viability,
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environmental impact, future sustainability, and community acceptance (Nanda and
Berruti, 2021). Economic viability encompasses initial investment costs, operating
expenses, and revenue from recyclables (Matthew, 2011), while environmental
concerns like air and water pollution are significant (Hussain et al., 2024). Future
sustainability, measured by factors such as remaining capacity and post-closure plans,
is crucial (Townsend et al., 2015). Community acceptance, measured by public
engagement and opposition levels, is essential for landfill success (ELARD, 2004;
Hussain et al., 2024; Townsend et al., 2015). Robust software aids in landfill
sustainable analysis (Sivakumar Babu et al., 2017). Future research should focus on
environmental concerns for a sustainable society (Shui et al., 2023). This study
evaluates the long-term sustainability of selected landfill sites in the Cape Coast
Metropolis, exploring their capacity to meet waste disposal needs (Laner et al., 2012).
It examines the mediating effects of facility accessibility and environmental impacts
on the relationship between operational efficiency, economic viability, community
acceptance, and landfill sustainability.

In this study, the UFLP model was employed as a mathematical technique (Ghosh,
2003; Glover et al., 2018; Sonug, 2021) to predict the effects of these variables on the
selection of optimal landfill sites (Zhang et al., 2023) to minimise fixed setup and
variable operating expenses (Verter, 2011). Besides, using the SmartPLS4 model
dwelling on the UFLP model to examine landfill site sustainability opens a new
paradigm in the scholarly literature to predict landfill site sustainability.

This area of study of landfill site sustainable (Hettiaratchi et al., 2021) facility
location still needs to be explored, necessitating a comprehensive approach and a well-
structured problem framework. However, the variables employed in this study still
necessitate further research. Based on six key constructs, we predicted the long-term
sustainability and viability (Salnikova, 2023) of the selected landfill sites using the
study’s variables. Each construct is meticulously measured using specific indicators,
providing a comprehensive analysis. The study further explores the mediating effects
of landfill site facility accessibility and environmental impacts (Donevska et al., 2021)
on the relationship between operational efficiency, economic viability, community
acceptance (ELARD, 2004; Townsend et al., 2015), and landfill site sustainability.
Dwelling on the understanding of the UFLP model, the SmartPLS4 model was used
to predict the relationship among the variables; community acceptance, environmental
impact, facility accessibility, site sustainability, and operational efficiency about
landfill site sustainability to minimise fixed setup and variable operating expenses
(ELARD, 2004; Townsend et al., 2015). In doing this, the study presents a novel
approach to predicting landfill site sustainability using the SmartPL.S4 model based
on the understanding of UFLP. It contributes to the scholarly literature, providing a
more robust and comprehensive approach to assessing landfill sustainability. Also, the
study significantly contributes to environmental management (Agamuthu and Fauziah,
2011) and sustainability, offering a solid framework for landfill sustainability analysis
and facilitating the adoption of sustainable waste management practices. It
underscores the potential of using advanced analytical tools like SmartPLS4 to
enhance our understanding and management of landfill sustainability (Kuhlman and
Farrington, 2010).

The research conducted by Devaki and Shanmugapriya (2023) demonstrated that
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both legislation and top management significantly influence sustainable waste
management in the construction and demolition sector. These findings provide
essential insights for policymakers and stakeholders in waste management. The
methodology used in the study is not specified in this context. However, by integrating
UFLP and SmartPLS4 models in this study, the study introduces a pioneering
methodology for predicting landfill site sustainability, offering valuable insights for
policymakers and waste management professionals. This comprehensive approach
contributes to the advancement of environmental management practices and
emphasises the importance of holistic strategies and community engagement in
achieving sustainable landfill outcomes. The study’s innovative methodology and
findings can significantly impacts academic research and provide practical
implications for landfill sites’ management.

2. Theoretical development

The Uncapacitated Facility Location Problem (UFLP) model is a classic
optimisation problem in the areas of operations research and logistics (Armas et al.,
2017). The UFLP model entails a preselected group of potential facility locations for
building and a defined set of demand points in need of service (Aboolian et al., 2021)
with the aim of determining which facilities to open and distribute demand points to
these facilities. According to Ghosh (2003), the uncapacitated facility location issue
entails choosing appropriate locations from a list of options to fulfil customer needs
while minimising expenses. According to a study by Zhang et al. (2023), UFLP serves
as a valuable tool for enhancing waste management systems. It achieves this by
seamlessly integrating landfill sustainability and viability (Shakoor and Ahmed, 2023)
considerations. By strategically locating facilities (such as recycling centres, waste
treatment plants, or collection points), the UFLP contributes to more efficient waste
handling, reduced environmental impact, and overall system optimisation (Earth5R’s
Blog, 2023). Similarly, Kik et al. (2022) indicated that UFLP enables planners to make
well-informed decisions regarding facility locations, minimising costs, transportation
distances, and environmental impact while optimising service coverage. Integrating
UFLP into landfill siting and management practices can lead to positive outcomes in
waste management systems (Donevska et al., 2021; Kundariya et al., 2021).
(Maheshwari and Deswal, 2017) assert that UFLP enhances sustainability by enabling
planners to strategically choose landfill sites based on environmental, economic, and
social criteria. This approach minimises long-term environmental harm, while also
promoting recycling initiatives (Saha, 2023).

It also improves viability by aiding decision-makers in identifying financially
viable landfill locations (Sharer, 2023), optimising resource utilisation, and
minimising environmental impacts. Properly located landfills minimise infrastructure
costs and human resources for operations.

The study conducted by Pratiwi et al. (2019) focuses on addressing the
Uncapacitated Facility Location Problem through the utilisation of the Cuckoo Search
Algorithm. UFLP involves efficiently managing fixed setup and serving costs across
multiple locations and facilities to meet customer demands without limitations on
facility capacity. The Cuckoo Search Algorithm replicates the nesting behaviour of
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cuckoo species, drawing inspiration from their parasitic behaviour. The computational
analysis showed that by increasing the number of nests and iterations, the total costs
were minimised, and the value of pa, the probability of a cuckoo abandoning its nest
and searching for a new one, was reduced, resulting in improved UFLP solutions. A
paper by Bas and Yildizdan (2022) introduces the binary version of the arithmetic
optimisation algorithm. The authors also propose a novel approach for generating
candidate solutions using the XOR logic gate. Both approaches were evaluated for
their effectiveness in tackling UFLPs and were compared to other binary heuristic
methods. A thorough analysis was conducted on various candidate generation
scenarios, suggesting that the binary version of the arithmetic optimisation algorithm
could be a viable alternative.

2.1. Operations research and optimisation theory

The ucapacitated facility location problem is a concept in operations research that
focuses on locating facilities to minimising costs while meeting demand (Mahdian et
al., 2002). In landfill site selection, stakeholders can adapt UFLP to find sites
strategically, relative to waste generation points to reduce transportation costs (Ahire
et al., 2022; Janga and Reddy, 2024). Environmental science and Geographic
Information Systems can be used to evaluate the suitability of candidate sites
(Matthew, 2011) based on ecological, hydrological, and geological criteria. The UFLP
can be integrated with sustainability assessment frameworks (Yousefi et al., 2018) to
evaluate the long-term viability of landfill sites, considering economic, social, and
environmental dimensions (Donevska et al., 2021). Risk management techniques and
uncertainty analysis are also used to account for uncertainties and risks related to
future waste generation rates, regulatory changes, and environmental impacts
(Hussain et al., 2024). Community engagement and stakeholder analysis are essential
for conducting sustainability and viability assessments. By integrating these
theoretical perspectives, UFLP can be a powerful tool for predicting landfill sites and
assessing their viability and sustainability (Donevska et al., 2021).

2.2. Landfill sites sustainability

Landfill sites play a vital role in waste management systems globally, ensuring
current needs are met without jeopardising the needs of future generations (Lin et al.,
2022). Modern landfills are designed to prioritise environmental protection by
minimising harmful gases like methane and carbon dioxide and encouraging the reuse
of resources while reducing waste. For sustainable landfilling (Brown et al., 1987;
Townsend et al., 2015), it is crucial to implement integrated approaches like utilising
landfill gas, incorporating renewable energy sources, treatment of waste and materials
recovery, life-cycle management, site waste management plans, and ensuring
regulatory compliance. To achieve sustainability in a cost-effective manner, several
key factors have been meticulously considered. The seminal work by Chauhan and
Singh (2016) underscores the significance of integrating these methodologies to
address the intricate challenges associated with sustainable healthcare waste
management, identified through a comprehensive analysis of existing research and on-
site investigations.
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2.3. Landfill Site acceptability

Community acceptability (Khan et al., 2018) involves alignment with community
values, needs, and preferences regarding an action, project, or facility. United States
Environmental Protection Agency (USEPA, 1993), discusses facility acceptability as
the process of assessing the suitability of a landfill site for waste disposal. It involves
evaluating factors such as land use, ecological impact (Desta et al., 2023), groundwater
protection, leachate management, air quality, public acceptance (Cook, 2014),
technical factors like stability, leachate collection, groundwater control, transportation,
and regulatory compliance. The site must also comply with safety standards and
guidelines (Paredes, 2023). The results of the siting process are often presented in an
acceptability matrix, aiding local officials in selecting the best site for the proposed
landfill and waste management centre (Donevska et al., 2021). According to Donevska
etal. (2021), the evaluations of the landfill siting criteria indicate that the most frequent
main criterion is environmental, followed by economic and social criteria, while the
most preferred sub-criteria is distance to the surface waters.

2.4. Landfill operational efficiency

Facility management operational efficiency involves assessing the relationship
between an organisation’s output and input, aiming to maximise return on investment.
It consists of minimising inputs and streamlining processes to deliver services and
products cost-effectively (McDonald, 2022). Best practices include streamlining
processes and monitoring performance. Prioritising operational efficiency leads to
desirable profit margins, investor satisfaction, and high-quality products (McDonald,
2022). Efficient operations are essential for effective business management, as
numerous organisations face challenges in boosting profits because of resource
wastage. By incorporating operational efficiency best practices, businesses can
transform their operations by striking the right balance between revenue and resources,
ultimately increasing their return on investment.

2.5. Environmental impact

Assessment of environmental impact (Hussain et al., 2024) involves a crucial
process that evaluates the environmental consequences of proposed projects, policies,
or facilities. It helps identify potential environmental impacts (Ozbay et al., 2021),
make informed decisions, and suggest mitigation measures. It influences landfill site
sustainability (Sauve and Van Acker, 2020) by guiding site selection, design,
operation, leachate management, air quality, biodiversity, health impacts, and climate
change. Environmental impact assessment (Vasarhelyi, 2021) promotes sustainable
landfill practices and contributes to overall environmental well-being (Townsend et
al., 2015).

2.6. Economic viability

Economic viability, essential for investments, must justify costs throughout the
facility’s lifecycle, impacting profitability and public programme viability (McDonald,
2022). Talib et al. (2022) scrutinise data collection instruments for sustainable
facilities management in Malaysian S5-star hotels using Partial Least Squares-
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Structural Equation Modelling. Waste management’s link to infrastructure
development (Jayasinghe et al., 2023) is explored, highlighting community-led efforts
with calls for increased government support (Phonchi-Tshekiso et al., 2020). Experts
stress prioritising integrated solid waste management (Fadugba et al., 2022; Kumari
and Sharma, 2018; Zurbriigg et al., 2012), considering various sustainability factors
beyond technical aspects (Al-Khateeb et al., 2017). Zurbriigg et al. (2012) present a
tailored assessment approach encompassing social mobilisation, stakeholder
involvement, and legal structures.

This method enables policymakers, waste management entities, and researchers
to make well-informed decisions (UNECE, 2018) based on the findings. Thorough
evaluation and statistical examination assist in comprehending the sustainability of
landfills and directing subsequent research endeavours (Chen et al., 2023; Thomas,
2023). The framework supports long-term waste disposal needs, minimises
environmental impact, and ensures community acceptance (Vincevica-Gaile et al.,
2023).

3. Hypotheses development and conceptual development

Researchers formulate and test hypotheses based on evidence, reasoning, and the
context. They also build and organise a theoretical framework or model based on a
literature review, key concepts, variables, and their interrelationships. Both processes
are essential for conducting rigorous and coherent research (Creswell and Creswell,
2018; Kumar and Antonenko, 2014; Sekaran and Bougie, 2016).

3.1. Community acceptance of a landfill site and environmental impact

The acceptance of landfills and their environmental impact is a complex issue.
Landfills, a standard waste disposal method, can cause groundwater contamination,
air pollution, and landfill gas production, contributing to climate change (Abiriga et
al., 2021; Vasarhelyi, 2021). Such impacts can affect the health and well-being of
communities near landfills. Effective management of landfills can increase
community acceptance (Ozbay et al., 2021), while opposition can lead to calls for
better waste management practices (Vaverkova, 2019). The hypothesis suggests that
reducing landfill environmental impact can increase community acceptance,
emphasises the importance of sustainable waste management for environmental
protection and social acceptance. On this basis, it was hypothesised that:

H1: Community acceptance of landfill sites is influenced by the environmental
impact of the landfill.

3.2. Community acceptance, and landfill site sustainability

Public support is pivotal for achieving sustainability goals (Vu et al., 2022),
providing the framework for this study. Initiatives targeting sustainable resource
utilisation necessitate changes in practices and behaviour, relying on consent and
cooperation across various levels, from individuals to multinational entities (Bicket
and Vanner, 2016). Public acceptability holds significance for several reasons. It can
enhance participation and compliance, thus reducing enforcement costs and improving
overall effectiveness and efficiency (Bicket and Vanner, 2016). A landfill site that
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garners greater acceptability can prompt community members to safeguard the landfill
resources, thereby enhancing its sustainability and longevity (Bicket and Vanner,
2016). This study’s premise is rooted in the understanding that community acceptance
(Jugah et al., 2022) significantly influences the success and longevity of projects,
particularly in environmental and waste management contexts (Achillas et al., 2013;
Bicket and Vanner, 2016). Community acceptance is multifaceted, encompassing
awareness, attitudes, and perceptions toward a project (Achillas et al., 2013). When a
community embraces a project, it promotes a sense of ownership and responsibility,
leading to behaviours that support the project’s sustainability (Kinyata and Abiodun,
2020). Site sustainability pertains to a site’s ability to maintain its functions and
services over time (Gallopin, 2003), considering environmental, economic, and social
dimensions (Morelli et al., 2018). In landfill site management, site sustainability
involves efficient facility operation, environmental impact mitigation, and
contributions to the local economy (Morelli et al., 2018). Consequently, examining the
proposed relationship between community acceptance and site sustainability
empirically can assess community acceptance levels and perceived site sustainability.
In light of this, the hypothesis is posited that:
H2: Community acceptance of landfill sites influences its sustainability.

3.3. Environmental impact and site sustainability

The hypothesis “Environmental impact directly influences site sustainability”
suggests a link between environmental impact and site sustainability (Nallapaneni et
al., 2023; Vu et al., 2022). To develop this hypothesis effectively, precise definitions,
context, and a testable relationship are crucial (Mair and Smith, 2021). Environmental
impact (Khamis et al., 2024) encompasses pollution, resource depletion, and habitat
destruction, while site sustainability entails ecological balance, social equity, and
economic viability (Brown et al., 1987). The hypothesis suggests that as
environmental impact rises, so site sustainability declines (Mair and Smith, 2021).
Quantitative measures of environmental impacts (Basiago, 1998; Vaverkova, 2019)
can be collected from construction projects, and regression modelling can assess the
relationship (Basiago, 1998; Nuiez et al., 2011). This approach enables researchers to
investigate the relationship effectively, contributing to environmental management
and sustainable development (Bartelmus, 2013; Tuckett, 1994; Worku, 2017). Thus,
it is hypothesised that:

H3: Environmental impact directly influences site sustainability.

3.4. Economic viability and environmental impact

The economic viability of a landfill is closely linked to its environmental impact
(Khamis et al., 2024). The cost-effectiveness of its operation, including construction,
maintenance, post-closure care, and potential revenue generation through recycling
materials or energy production, are key factors. However, environmental impacts like
air and water pollution, greenhouse gas emissions, and land degradation can have
significant costs (Kumar et al., 2022). The hypothesis suggests that landfills managed
effectively for minimising environmental impact are more economically viable (Allen,
2023), highlighting the importance of sustainable waste management practices for
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environmental protection (Usoh, 2024) and economic efficiency. Further research is
needed to test this hypothesis and explore the complex relationship between economic
viability and environmental impact in landfill management. On this premise, we
hypothesised that:

H4: Economic viability has direct influence on environmental impact.

3.5. Economic viability and facility accessibility

Economic viability is a critical consideration for facilities managers, since
financial planning ensures facilities yield positive returns on investment (Jones et al.,
2008). The hypothesis statement, “Economic viability directly impacts facility

2

accessibility,” suggests a direct relationship between the economic viability of a
facility and its accessibility (Moharekpour et al., 2024). This relationship can be
explored through various dimensions of economic viability (Morelli et al., 2018), such
as operational costs, maintenance costs, and revenue generation, and their effects on
the accessibility of a facility (Okitasari et al., 2022; Stessens et al., 2017). For instance,
high operational costs could limit the accessibility of a facility (PPPLRC, 2022;
Stessens et al., 2017) by necessitating higher user fees or limiting the hours of
operation (Smith, 2020). Maintenance costs could influence facility accessibility
(Bhakuni and Das, 2023) by affecting the quality and safety of the facility, which in
turn could impact user access. Qualitative methods, such as interviews and case studies,
could provide insights into the mechanisms through which economic viability
influences facility accessibility (Bhakuni and Das, 2023; Stessens et al., 2017). In
conclusion, the hypothesis statement suggests a complex and multifaceted relationship
between economic viability and facility accessibility (Stessens et al., 2017).
Considering this premise, the hypothesis is formulated as follows:
HS5: Economic viability of a landfill site influences its accessibility.

3.6. Economic viability and landfill site sustainability

Economic viability entails covering costs and generating returns while ensuring
reliable landfill services (Vivien, 2023), whereas site sustainability involves
minimising negative impacts and maximising resource recovery over time (Mor and
Ravindra, 2023). Both concepts are interconnected (Desta et al., 2023; Osazee, 2021;
Sivakumar Babu et al., 2017). Landfills are vital for waste disposal (Nanda and Berruti,
2021) but pose environmental and social challenges (Vasarhelyi, 2021). Economic
viability relies on revenue from waste disposal fees, recycling, and energy generation,
while sustainability encompasses environmental compliance and social acceptance.
Sustainable practices yield economic benefits like revenue from recycling and
offsetting operational costs (Allen, 2023; Qureshi, 2023). Conversely, unsustainable
operations lead to increased costs and reputational damage. However, establishing a
causal relationship depends on research specifics, available data, and context. Further
research is needed to establish a causal relationship, and on this basis, we hypothesised
that:

H6: Economic viability influences landfill site sustainability.



Journal of Infrastructure, Policy and Development 2024, 8(8), 5545.

3.7. Facility accessibility and site sustainability

The hypothesis speculates a causal link between facility accessibility and site
sustainability, emphasises the importance of access to waste disposal facilities in
maintaining landfill sites’ long-term viability (Bhakuni and Das, 2023). Defined as the
ease of access and utilisation of waste facilities by stakeholders, facility accessibility
plays a crucial role (Bhakuni and Das, 2023; Xiao and Wang, 2022). Site
Sustainability encompasses environmental, social, and economic viability while
ensuring ecosystem and community health (Cappuyns, 2016). Thus, facility
accessibility can directly and indirectly affect landfill sustainability (Maleki and Zain,
2011). The proposed relationship suggests that higher facility accessibility leads to
increased sustainability (Cervero, 2005). To test this, quantitative measures of
accessibility (e.g., distance, availability, affordability) and sustainability (Bhakuni and
Das, 2023) (e.g., environmental impact, social acceptability) can be collected and
analysed using statistical methods like correlation or regression (Nuiiez et al., 2011).
By investigating this relationship, researchers can provide valuable insights into
landfill and waste management (Parvin et al., 2021). Upon this premise, it is
hypothesised that:

H7: Facility accessibility directly influences site sustainability.

3.8. Operational efficiency and facility accessibility

Operational efficiency and facility accessibility are paramount in landfill
management. Operational efficiency, defined as delivering superior services with
minimal resources (Jeong and Phillips, 2001), involves optimising waste disposal
processes, resource utilisation, and waste reduction. Facility accessibility (Bhakuni
and Das, 2023) refers to the ease of accessing public amenities. Research indicates its
impact on housing prices and public health (Liu et al., 2022). Improved operational
efficiency may mitigate landfill impacts, enhancing community acceptance and
accessibility (Sharma, 2023), although outcomes may vary based on local conditions
and management practices. Therefore, prioritising operational efficiency and
enhancing facility accessibility can foster more sustainable waste management
practices. Upon this premise, it is hypothesised that:

HS: Operational Efficiency directly influences facility accessibility.

3.9. Operational efficiency and site sustainability

The hypothesis statement “operational efficiency directly influences site
sustainability” suggests a direct relationship between the operational efficiency of
waste management facilities, such as landfills, and the sustainability of these sites
(Pagell and Gobeli, 2009). To develop this hypothesis effectively, it is essential to
clarify the key terms, provide context, and propose a testable relationship. Operational
efficiency is the ratio of output to input in a production system (C. Y. Lee and Johnson,
2014). In the context of landfill and waste management, it could refer to the
effectiveness of waste disposal processes, the utilisation of resources, and the
reduction of waste (Morris and Barlaz, 2011). Site sustainability, however, denotes the
ability of a landfill site to maintain environmental, social, and economic viability over
time, without compromising the health and safety of the surrounding ecosystem and
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community (Seo et al., 2023). Operational efficiency in waste management practices
can influence the environmental impacts and costs of waste disposal (Gupta, 1995).
For instance, efficient waste management practices can reduce the amount of waste
that ends up in landfills, thereby reducing the environmental impact (Gupta, 1995).
Based on the literature and the context, the following hypothesis can be formulated:
Higher levels of operational efficiency in waste management lead to increased site
sustainability (Seadon, 2010). This hypothesis suggests a positive relationship,
proposing that as operational efficiency in waste management improves, the
sustainability of landfill sites also improves (Das et al., 2019). In conclusion, by
formulating a clear hypothesis based on the key terms, context, and literature,
researchers can effectively investigate the relationship between operational efficiency
and site sustainability, contributing valuable insights to the field of landfill and waste
management. On this premise, it is hypothesised that:
H9: Operational efficiency directly influences site sustainability.

3.10. Community acceptance environmental impact, and landfill site
sustainability

The environmental impact (Choo et al., 2024) of a landfill site, including air,
water, and soil pollution, is a crucial aspect of waste management (Abubakar et al.,
2022; Siddiqua et al., 2022; Vasarhelyi, 2021). It can be influenced by factors like
methane emissions, leachate production, and improper waste management.
Community acceptance is influenced by the perceived environmental impact of the
landfill site, which can lead to protests and legal challenges (Otterbring and
Folwarczny, 2024; Zhang et al., 2021). Landfill site sustainability is the ability of the
site to minimise environmental impact, comply with regulations, and be socially
acceptable (Osazee, 2021). The environmental impact can mediate the relationship
between community acceptance and sustainability (Cope et al., 2022; Schmitz et al.,
2019). High environmental impact may lead to low community acceptance and
struggle to achieve sustainability, while low impact may lead to high acceptance and
sustainability (Okitasari et al., 2022; Steyer, 2021; Toniolo et al., 2023; Zheng et al.,
2021). A possible hypothesis is that efforts to reduce environmental impact can
increase community acceptance and improve the site’s sustainability (Guillette, 2016).
However, this hypothesis depends on the specific research question, available data,
and the context of the study. Further research is needed to establish a causal
relationship. On this premise, we hypothesised that:

H10: Environmental impact mediates community acceptance and landfill site
sustainability.

3.11. Economic viability, facility accessibility and landfill site
sustainability

Landfill facility accessibility (Stessens et al., 2017), economic viability, and
sustainability are crucial aspects of waste management. Accessibility refers to the ease
of transporting waste to the landfill site, while economic viability involves the ability
of the site to generate revenue and support its long-term operation. Accessibility, a key
factor influencing landfill performance (Mahmood et al., 2024), refers to the ease of

10
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reaching the facility and the quality of transport infrastructure (Okitasari et al., 2022).
Sustainability involves operating the landfill in a manner that minimises
environmental impact, complies with regulations, and is socially acceptable. The
accessibility of a landfill facility can mediate the relationship between economic
viability and sustainability.

A possible hypothesis is that improving landfill facility accessibility, such as
improving transportation links or extending operating hours, could lead to increased
economic viability and improved sustainability (Stessens et al., 2017). On this note, it
is hypothesised that:

HI11: Facility accessibility mediates economic viability and landfill site
sustainability.

3.12. Economic viability, environmental impact and site sustainability

Landfills’ environmental impact is closely linked to their economic viability and
site sustainability. Strict environmental regulations dictate waste management,
leachate control, and methane emissions, which can lead to site sustainability. Site
selection is also influenced by environmental factors, requiring locations away from
sensitive ecosystems and residential areas. Waste diversion and recycling efforts
reduce waste volume, but this reduces revenue from tipping fees. Advances in waste-
to-energy technologies and alternative waste treatment methods offer environmentally
friendly alternatives to landfills. Externalities like odour, traffic congestion, and visual
blight also impact landfills’ economic viability. Balancing environmental
considerations with economic factors is crucial for the long-term success and
sustainability of landfill projects. On this note, it is hypothesised that:

H12: Environmental impact mediates economic viability and landfill site
sustainability.

3.13. Operational efficiency, facility accessibility and site sustainability

Facility accessibility significantly influences the operational efficiency and site
sustainability of landfills in several ways. Firstly, easy accessibility facilitates the
transportation of waste materials to the landfill site, reducing transportation costs and
improving operational efficiency, thus ensuring timely waste disposal and smooth
operations. Secondly, accessibility impacts the overall logistics of waste management
within the landfill site. Well-designed access roads and layout allow for efficient
movement of vehicles, machinery, and personnel within the facility, optimizing
workflow and reducing operational bottlenecks. This enhancement in productivity and
operational efficiency ultimately contributes to the economic viability of the landfill.
Regarding site sustainability, facility accessibility can impact environmental
considerations such as air and noise pollution. Furthermore, accessibility influences
the social aspect of landfill operations by affecting community relations and public
perception, contributing to the long-term sustainability of the site by reducing the
likelihood of opposition or regulatory challenges. In summary, facility accessibility is
integral to the operational efficiency and site sustainability of landfills. By facilitating
waste transportation, optimizing logistics, enabling emergency response capabilities,
and minimizing environmental and social impacts, accessible landfill facilities can

11
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enhance overall performance and contribute to the successful and sustainable
management of waste. On this basis, it is hypothesised that:

H13: Facility accessibility mediates operational efficiency and landfill site
sustainability.

3.14. Conceptual framework

The conceptual framework for exploring the viability and sustainability of
landfill sites proposed and identified using the Uncapacitated Facility Location
Problem (UFLP) model involves several interconnected components (Armas et al.,
2017). Firstly, it encompasses constructs including site suitability, operational
efficiency, economic viability, environmental impact, facility accessibility, and
community acceptance, among others, all of which are deemed to collectively
contribute to landfill site viability and sustainability (Ali and Ahmad, 2020). These
constructs are operationalised (Bhattacherjee, 2023) as latent variables within the
framework, with site suitability reflecting factors such as geographical location,
operational efficiency encompassing waste management processes and resource
utilisation, environmental impact addressing emissions reduction and ecosystem
preservation, facility accessibility focusing on transportation logistics and
infrastructure, and stakeholder engagement and social equity.

In the context of waste management and landfill siting, addressing sustainability
and viability challenges, emphasis the need for environmentally sound and
economically feasible solutions (Higham, 2014). This allows for decision makers to
adopt systematic methods to evaluate siting strategies, ensuring environmentally
sound, socially acceptable, and economically feasible solutions. This approach
includes utilising optimisation criteria such as waste generation rates, transportation
costs, and environmental impact to determine optimal landfill site locations.
Additionally, the framework explores the interrelationships among the factors and
considers moderating factors such as technological advancements, regulatory
frameworks, and community engagement strategies as precursors of the relationship
predicted (Votruba et al., 2018). This comprehensive framework facilitates systematic
analysis of the complex interactions and trade-offs involved in landfill site selection
and management, informing decision-making processes for promoting more
sustainable waste management practices (Pereira et al., 2024).

In a recent study for example, Hamad et al. (2022) investigated the complex
relationships between sustainable waste management practices, domestic tourism
activities, and their collective impact on environmental pollution. Using structural
equation modelling and SmartPLS software, the study provided valuable insights into
the relationships among these factors, highlighting the need for effective waste
management strategies to mitigate environmental pollution induced by domestic
tourism. However, this current research delves into a related but distinct area of inquiry:
the viability and sustainability of proposed landfill sites. While the previous study
focused on the broader implications of waste management and tourism activities on
environmental pollution, this study specifically examines the dynamics of landfill
management and its environmental, economic, and social implications. This study
bridges the knowledge gap regarding how sustainable waste management practices
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can influence landfill sites’ viability and long-term sustainability. Specifically, the
study explores the use SmartPL.S4, to examine how factors such as community
acceptance, environmental impact, and operational efficiency influence the overall
effectiveness of landfill management strategies. Additionally, it assesses the role of
sustainability in mitigating environmental pollution associated with landfill operations,
drawing parallels with the broader context outlined in the previous study. The network
of relationship is exhibited in Figure 1 and explains the paths of the phenomena of
relationship examined.

Figure 1. Conceptual model.
(Source: The authors’ own creation, 2024).
Note: EV = Economic Viability, CA = Community Acceptance, OE = Operational Viability, EI =
Environmental Impact, FA = Facility Accessibility, and SS = Site Sustainability. The deep arrows
indicate direct relationships.

4. Materials and methods

This study explores the viability and sustainability of landfill drawing its
understanding from UFLP models and using SmartPLS4.0 SEM path modelling.
SmartPLS is suitable for this study due to its capability to handle reflective and
formative constructs (Sarstedt et al., 2021). It is also adept at managing complex data
with multiple relationships, including mediation and moderation such as this study
(Hair et al., 2017; Nitzl, 2016). A total of 400 samples were collected, out of which
320 valid responses were used. The researchers utilised a standardised questionnaire
to collect these responses, with the assistance of teaching assistants from the
Mathematics and Statistics Departments at Cape Coast Technical University.

4.1. Sampling technique

The population of this study constitutes of all residents of Cape Coast Metropolis
who are potential users of landfill sites. Cape Coast Metropolis covers an approximate
area of 122 square kilometers with a housing population of 189,925 according to Cape
Coast Metropolitan Assembly (n.d.). These population were all considered to be
potential users of landfill sites. Therefore, to construct a robust sample, the researchers
employed the stratified sampling method (Stellingwerf and Lwin, 1985). This method
divided the population into two distinct strata (Cohen, 1992): Cape Coast North and
Cape Coast South. The researchers selected 200 respondents within each stratum using
a simple random sampling technique. Given the population size of 189,925 (Abdul-
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Barik, 2012; Krejcie and Morgan, 1970), criterion was used as the basis of the sample
selection. A population 189,295 correspond with 400 sample size as chosen for this
study. This sample size was deemed adequate for the exploratory study as explained
by Hair et al. (2017). However, as mentioned earlier, a valid response rate of 320 was
validly used for this study. This application provides reliable statistical analysis of
intricate relationships among several variables within a model. Notably, it estimates
path coefficients and effect sizes by Hair et al. (2017). The use of SmartPLS4
programme is now a widespread tool in analysing multivariate data across diverse
domains, including environmental sciences. It examines intricate interactions between
latent variables, both independent and dependent. These latent variables are measured
using sets of observable variables, effectively allowing the calculation of equations
where all variables are directly observed (Sarstedt et al., 2020).

In this study therefore, the methodology adopted allowed for the examination of
the usage and perspective landfill sites sustainability among residents of Cape Coast
Metropolis. The objective of this approach was to analyse potential differences in
landfill usage across various geographical regions within the metropolis. Two hundred
(200) respondents were selected from each stratum using a simple random sampling
technique, resulting in 400 participants with a 320 response rate. The chosen sample
size for this study was considered appropriate given its exploratory nature, as detailed
by Hair et al. (2017). Despite diligent efforts to achieve a sample size of 400, a
response rate of 320 respondents was attained. Although this response rate may impact
the generalizability of the findings, it was deemed sufficient for conducting statistical
analysis of the relationships between variables within the model. This analysis
facilitated a deeper understanding of landfill viability and sustainability by calculating
path coefficients and determining their potential significance (Hair et al., 2017).

4.2. Data analysis and measurement scale

The study analyses the variability and sustainability of a facility located (a
dumpsite or a landfill site) using constructs such as facility accessibility, operational
efficiency, economic viability, environmental impact, site sustainability, and
community acceptance. The study’s independent variables consist of operational
efficiency, economic viability and community acceptance while mediating variables
are comprising facility accessibility and environmental impact all of them predicting
landfill site sustainability, the dependent variable.

These variables were the focal points of the investigation. The questionnaires
were mainly quantitative using 5-point Likert scale with categories (1—Strongly
Agree, 2—Agree, 3—Not Sure, 4—Disagree and 5—Strongly Disagree) (Bhandari
and Nikolopoulou, 2020).

Cleaning the initial data processing is always recommended to improve
convergent validity of the indicator items (Ramayah, Francis, et al., 2017; Sarstedt et
al., 2021). During the factor analysis, items falling below the minimum threshold were
systematically eliminated, as proposed by Ramayah, Francis, et al. (2017); Sarstedt et
al. (2021). According to Hair et al. (2017), a value of 0.70 is usually considered an
adequate threshold for exploratory studies. Additionally, values higher than 0.90
indicate that all construct elements are highly correlated (Hair et al., 2017). The

14



Journal of Infrastructure, Policy and Development 2024, 8(8), 5545.

average variance extracted (AVE) should also fall above 0.50 to meet the convergent
validity threshold (Cheung et al., 2023). Similarly, the composite reliability, and
Cronbach alpha need to be greater than 0.70, with a better corresponding AVE
(Cheung et al., 2023).

In this study, some of the indicator loadings were below the recommended
threshold of 0.70 (Hair et al., 2017), and were deemed that convergent validity
condition have not been met hence they were cleaned accordingly. However, those
indicator loadings that were within the threshold were maintained and deemed that
convergent validity condition have been met. Figure 2 and Table 1, illustrate the
measurement model showing the results of factor loadings, AVE, path coefficient with
six latent variables and their corresponding indicators.

Table 1 summarises the results of construct validity and reliability including
outer loadings, composite R, and the average value extract (AVE) for the latent
variables in the measurement model

Table 1. The results of construct validity and reliability.

Latent Variables Indicators Outer loadings  Composite R AVE

CAl 0.770 0.853 0.591
) - CA2 0.767
Community acceptability (CA) CA3 0.749
CA4 0.789

Ell 0.797 0.872 0.629
Environmental impact (EI) F4 0.7%0
EI5 0.778
EI6 0.807

EV3 0.774 0.835 0.629
Economic viability (EV) EV4 0.825
EV5 0.778

FAl 0.885 0.869 0.692
Facility accessibility (FA) FA3 0.903
FA4 0.690
OE1l 0.769

Operational efficiency (OE) OF2 0171 0.8%6 0.619
OE4 0.800
OE5 0.799

SS1 0.975 0.978 0.938
Site sustainability (SS) SS3 0.958
SS4 0.972

Source: Authors creation on measurement model (Hair et al., 2009).
Note(s): EV = Economic Viability, CA = Community Acceptance, OE = Operational Viability, EI =
Environmental Impact, FA = Facility Accessibility, and SS = Site Sustainability.
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Figure 2. Measurement model results, final algorithm.
Source: The authors’ own creation.
Note: EV = Economic Viability, CA = Community Acceptance, OE = Operational Viability, EI =
Environmental Impact, FA = Facility Accessibility, and SS = Site Sustainability. The deep arrows
indicate direct relationships.

4.3. Assessment of measurement model

The measurement model analysis evaluates the reflective model’s internal
consistency, indicator reliability, convergent validity, and discriminant validity
(Ramayah, Cheah, et al., 2017). We use composite reliability to assess internal
consistency. Furthermore, we evaluate the loading of indicators to establish their
reliability. Calculating the average variance extracted (AVE) is essential for
determining convergent validity. When assessing discriminant validity, we utilise the
Fornell-Larcker test, cross-loading, and the Heterotrait-Monotrait ratio (HTMT) of
correlations (Hair Jr. et al., 2017). The criteria for the measurement model involve
item loadings above 0.7 (Hair Jr. et al.,, 2017; Ramayah, Cheah, et al., 2017), a
composite reliability value of at least 0.7, and an AVE of at least 0.5 (Hair et al., 2009;
Hair Jr. et al., 2017).

Nevertheless, loadings above 0.6 are considered acceptable (Hair Jr. et al., 2017),
thus the loading 0.690 was considered to have met the required threshold. Convergent
validity confirms that an item accurately reflects a latent variable, while AVE
measures the extent of estimation errors (Hair et al., 2009; Hair Jr. et al., 2017;
Henseler et al., 2015; Siang, 2014). The results from Table 2 provide insights into
construct validity and reliability across various latent variables, indicators, outer
loadings, composite reliability, and average variance extracted. Indicators CA2 and
CA4 of the construct community acceptance show high outer loadings of 0.984,
indicating strong correlations with the latent variable (J. F. Hair et al., 2021).
Indicators EI4 and EI5 of the construct environmental impact exhibit robust outer
loadings of 0.976 and 0.972 respectively, indicating solid associations with the latent
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variable. The indicators EV3, EV4, and EVS5 of the construct economic viability
exhibit outer loadings ranging from 0.766 to 0.830, signifying moderate to strong
correlations with the latent variable (J. F. Hair et al., 2021). Indicators FA1 and FA3
of the construct facility accessibility demonstrate high outer loadings of 0.909 and
0.926, respectively, indicating solid correlations with the latent variable. The provided
composite reliability and AVE values indicate good construct validity and reliability.
Indicators OE1 and OEG6 of the construct operational efficiency exhibit robust outer
loadings of 0.907 and 0.941, respectively, indicating solid associations with the latent
variable, indicating good construct validity and reliability (J. F. Hair et al., 2021).
Indicators SS2 and SS4 of the construct site sustainability show moderate outer
loadings of 0.815 and 0.713, respectively, indicating correlations with the latent
variable. composite reliability and AVE values are provided, with SS4 displaying
relatively lower values, suggesting potential issues with construct validity (J. F. Hair
et al., 2021).

Firstly, regarding community acceptability, all indicators (CA1, CA2, CA3, CA4)
demonstrate strong representation of the latent variable, as indicated by high outer
loadings ranging from 0.749 to 0.789. However, while the composite reliability
exceeds the recommended threshold at 0.853, the average variance extracted (AVE)
falls below the desired level at 0.591, suggesting that the indicators collectively may
not explain a sufficient amount of variance in community acceptability, potentially
indicating the presence of unmeasured factors (J. F. Hair et al., 2021). Conversely,
environmental impact exhibits strong representation, with all indicators (EI1, EI4, EIS5,
El6) displaying high outer loadings ranging from 0.778 to 0.807, accompanied by a
composite reliability of 0.872 and an AVE of 0.629, indicating good internal
consistency reliability and sufficient explanation of variance. Regarding economic
viability, the indicators (EV3, EV4, EV5) also demonstrate strong representation, with
high outer loadings ranging from 0.774 to 0.825, along with satisfactory composite
reliability (0.835) and AVE (0.629), indicating robust internal consistency reliability
and adequate explanation of variance. Facility accessibility showcases strong
representation through its indicators (FA1, FA3, FA4), displaying high outer loadings
ranging from 0.690 to 0.903, supported by a composite reliability of 0.869 and an AVE
of 0.692, suggesting good internal consistency reliability and sufficient explanation of
variance. Operational efficiency exhibits strong representation, with all indicators
(OE1, OE2, OE4, OES) showing high outer loadings ranging from 0.769 to 0.800,
alongside a composite reliability of 0.866 and an AVE of 0.619, indicating robust
internal consistency reliability and adequate explanation of variance (J. F. Hair et al.,
2021). Lastly, site sustainability displays exceptionally strong representation, as
evidenced by extremely high outer loadings for all indicators (SS1, SS3, SS4) ranging
from 0.958 to 0.975. Similarly, the composite reliability of 0.978 far exceeds the
recommended threshold, and the AVE of 0.938 is well above the desired level,
indicating excellent internal consistency reliability and substantial explanation of
variance. Overall, the SmartPLS analysis underscores the reliability and validity of the
model, with most latent variables exhibiting strong representation by their indicators.
However, attention may be needed to enhance the AVE of community acceptability
and further explore potential unmeasured factors influencing this latent variable (J. F.
Hair et al., 2021).

17



Journal of Infrastructure, Policy and Development 2024, 8(8), 5545.

4.4. Enhancing discriminant validity assessment in the study

In our research, we conducted a thorough analysis of factor loadings, composite
reliability, and average variance extracted to evaluate the validity of our study
constructs. Specifically, we focused on discriminant validity (Ronkko6 and Cho, 2022),
which ensures that distinct constructs are indeed different from one another. Initially,
the Fornell-Larcker criterion was applied to gain a comprehensive understanding of
the validity measurement. However, it’s worth noting that some scholars, including
(Henseler et al., 2015), have raised concerns about its robustness. Despite these
criticisms, we included the Fornell-Larcker criterion to provide a broader context for
our validity assessment within the field. Recognising limitations in the Fornell-
Larcker approach (Henseler et al., 2015), we also employed the Heterotrait-Monotrait
Ratio (HTMT) method. Two tables (referred to as Tables 2 and 3) present the results
of our discriminant validity analysis. The bolded values along the diagonal in these
tables indicate that the discriminant validity criterion is met (Ronkko and Cho, 2022;
Voorhees et al., 2016). In summary, our findings demonstrate that the distinct and
well-defined relationships between our study constructs support the validity of our
research. These validity assessments enhance the robustness of our research and
contribute to a deeper understanding of the underlying associations.

Table 2. Fornell-Larcker criterion.

Construct  CA El EV FA OE SS
CA 0.769

El 0.269 0.793

EV 0.280 0.320 0.793

FA 0.290 0.341 0.236 0.832

OE 0.341 0.283 0.324 0.227 0.786

SS 0.342 0.334 0.128 0.328 0.361 0.968

Source: Authors creation on measurement model (Hair et al., 2009).
Note(s): EV = Economic Viability, CA = Community Acceptance, OE = Operational Viability, EI =
Environmental Impact, FA = Facility Accessibility, and SS = Site Sustainability.

Table 3. Heterotrait-Monotrait ratio (HTMT)—Matrix.

Constructs CA El EV FA OE SS
CA

El 0.340

EV 0.375 0.420

FA 0.371 0.420 0.296

OE 0.434 0.354 0.429 0.273

SS 0.396 0.377 0.150 0.370 0.410

Source: Authors creation on measurement model (Hair et al., 2009).
Note(s): EV = Economic Viability, CA = Community Acceptance, OE = Operational Viability, EI =
Environmental Impact, FA = Facility Accessibility, and SS = Site Sustainability.

Table 4 presents the results of hypotheses testing, including the paths, original
sample values, z-statistics, p-values, and decisions for each hypothesis. The table
indicates whether each hypothesis was accepted or rejected based on the significance
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level. Additionally, mediation effects are examined, showing specific indirect paths
between variables.

Table 4. The result of hypotheses testing.

Hypothesis Path Original sample (O) aé}g$%léi/|) P values Decision
H1 CA — El 0.195 3.315 0.001 Accepted
H2 CA —> SS 0.187 3.183 0.001 Accepted
H3 El - SS 0.189 3.137 0.002 Accepted
H4 EV — El 0.265 4.640 0.000 Accepted
H5 EV - FA 0.181 2.749 0.006 Accepted
H6 EV — SS -0.103 1.855 0.064 Rejected
H7 FA — SS 0.180 2.859 0.004 Accepted
H8 OE — FA 0.169 2.593 0.010 Accepted
H9 OE — SS 0.236 3.476 0.001 Accepted
Mediation (Specific indirect)

H10 CA—>EI—>SS 0.037 2.017 0.044 Accepted
H11 EV—>FA—SS 0.033 2.092 0.036 Accepted
H12 EV > ElI—-SS 0.050 2.807 0.005 Accepted
H13 OE —-FA—SS 0.030 1.627 0.104 Rejected

Source: Authors creation on measurement model (Hair et al., 2009).

Note(s): EV = Economic Viability, CA = Community Acceptance, OE = Operational Viability, EI =
Environmental Impact, FA = Facility Accessibility, and SS = Site Sustainability. The arrows indicate
direct relationships.

The table displays the results of hypothesis testing on the relationships between
different factors that impact site sustainability. An analysis was conducted on the
interconnections between community acceptance, environmental impact, economic
viability, facility acceptance, operational viability, and site sustainability. The analysis
uncovers noteworthy direct connections between community acceptance and both
environmental impact (p = 0.001) and site sustainability (p = 0.001), indicating that
community acceptance has an impact on environmental impact and overall site
sustainability. In addition, there is a significant relationship between environmental
impact and site sustainability (p = 0.002), suggesting that improved environmental
impact results in enhanced site sustainability. The impact of economic viability on
environmental outcomes and the acceptance of facilities is significant, as indicated by
the statistical significance of environmental impact (p = 0.000) and facility
accessibility (p = 0.006). Nevertheless, the correlation between economic viability and
site sustainability is not statistically significant (p = 0.064), indicating that site
sustainability may not be directly influenced by economic viability alone. In addition,
facility acceptance has a substantial impact on site sustainability (p = 0.004),
highlighting its importance in the overall sustainability of the site. The significance of
operational viability is evident in its effect on facility accessibility (p = 0.010) and site
sustainability (p = 0.001), highlighting its crucial role in determining the acceptance
of facilities and overall site sustainability. Further examination of mediation effects
reveals the presence of indirect relationships between variables. The indirect paths
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from community acceptance to site sustainability via environmental impact (p = 0.044),
economic viability to site sustainability via facility accessibility (p = 0.036), and
economic viability to site sustainability via environmental impact (p = 0.005) are
statistically significant, highlighting the need to consider various factors in promoting
sustainability. Nevertheless, limited significance of the mediation hypothesis
operational efficiency to site sustainability via facility accessibility (p = 0.104) implies
that the indirect path from operational viability to site sustainability through facility
accessibility may hold little influence in this context. These findings offer valuable
insights for stakeholders engaged in sustainability initiatives, highlighting the
importance of addressing community acceptance, economic viability, and operational
viability to improve site sustainability.

Table 5. The table presents path coefficients and associated confidence intervals for
various direct.

Paths Original sample (O)  Sample mean (M) 2.5% 97.5%
CA—El 0.195 0.201 0.084 0.315
CA—SS 0.224 0.224 0.103 0.342
El - SS 0.189 0.187 0.064 0.301
EV — EI 0.265 0.268 0.151 0.376
EV - FA 0.181 0.182 0.052 0.306
EV — SS -0.021 -0.018 -0.122 0.086
FA — SS 0.180 0.182 0.059 0.303
OE —» FA 0.169 0.177 0.048 0.302
OE —» SS 0.266 0.269 0.140 0.39%4
Mediators

CA—>El—>SS 0.037 0.038 0.009 0.080
EV—>FA—>SS 0.033 0.032 0.006 0.067
EV—> El—»SS 0.050 0.049 0.017 0.088
OE—»>FA—>SS 0.030 0.033 0.004 0.077

Source: Authors Creation on Measurement Model (Hair et al., 2009).

Note(s): EV = Economic Viability, CA = Community Acceptance, OE = Operational Viability, EI =
Environmental Impact, FA = Facility Accessibility, and SS = Site Sustainability. The arrows indicate
direct relationships.

Table 5 presents path coefficients and associated confidence intervals for various
direct and mediated pathways within a structural equation model. In examining the
results: The table offers a thorough understanding of the direct and indirect
connections between essential factors that impact site sustainability—analysing the
direct connections between community acceptance, environmental impact, economic
viability, facility accessibility, operational efficiency and site sustainability, while also
considering mediation pathways. It is worth mentioning that community acceptance
has a significant impact on both environmental impact and site sustainability, with
path coefficients of 0.195 and 0.224, respectively. In the same vein, the effects on the
environmental impact and the accessibility of the facility are greatly influenced by
economic viability highlighting its significant role in shaping sustainability outcomes.
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Nevertheless, the correlation between economic viability and site sustainability lacks
statistical significance, indicating the necessity for additional investigation.

Operational efficiency, plays a crucial role in driving facility accessibility and
site sustainability, highlighting its significance in bolstering sustainability initiatives.
Mediation analysis uncovers complex pathways, illustrating the indirect effects of
community acceptance and economic viability on site sustainability through
environmental impact. The findings highlight the intricate factors that influence
sustainability outcomes and offer valuable insights for stakeholders seeking to
promote sustainability initiatives. Further research could investigate additional
variables or contextual factors to enhance our understanding of sustainability
dynamics in the studied context.

5. Results/discussion

The analysis uncovers a strong link between community acceptance and
environmental impact. The p-value of 0.001 signifies the statistical significance of this
connection, highlighting the influential role of community attitudes on environmental
outcomes (David, 2023; Vetters, 2023). The acceptance of Hypothesis H1 indicates
that communities that are more accepting of landfill sites also tend to be more tolerant
of their environmental effects. This finding is consistent with previous research that
emphasises the significant impact of community attitudes on environmental outcomes
(Wunder, 2019). It underscores the importance of actively involving the community
to achieve sustainable waste management practices (Ozbay et al., 2021; Vaverkova,
2019). Extensive research consistently shows the significant influence of community
acceptance on waste management practices and environmental policies (Zhang et al.,
2021). Thus, the strong connection between community acceptance and environmental
impact highlights the need to focus on strategies involving communities in tackling
the adverse environmental effects of landfill sites (Vukovic, 2024).

The analysis reveals a significant direct correlation between community
acceptance and site sustainability, supported by a p-value of 0.001, indicating a
substantial impact of community attitudes on overall site sustainability (Kalra, 2020).
The acceptance of Hypothesis H2 strengthens this finding, highlighting a robust
connection between community acceptance and the enduring viability of landfill sites
(Zhang et al., 2021). This finding is consistent with prior research emphasising the
crucial role of community support in fostering sustainable waste management
practices (Mair and Smith, 2021). Community engagement plays an important role in
enhancing the sustainability of waste management initiatives by raising public
awareness, fostering acceptance, and promoting cooperation (David, 2023b). Thus,
the significant association between community acceptance and site sustainability
underscores the importance of collaborative efforts with local communities to achieve
sustainable waste management objectives.

The analysis uncovers a robust link between environmental impact and site
sustainability, supported by a significant p-value of 0.002, underscoring the
importance of reducing environmental harm to bolster site sustainability (Beth Howell,
2024). Hypothesis H3 supports this correlation, suggesting that taking measures to
reduce ecological impacts can improve the overall sustainability of landfill sites. This
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discovery echoes earlier research emphasizing the critical importance of mitigating
environmental harm and embracing sustainable waste management practices
(Nallapaneni et al., 2023; Vu et al., 2022). Research highlights the importance of
effectively managing and mitigating ecological impacts to ensure the sustainability of
landfill sites and the surrounding ecosystems (Mair and Smith, 2021). The strong link
between environmental impact and site sustainability highlights the importance of
environmental conservation initiatives led by professionals to maintain the efficiency
of waste management practices (Sirisha, 2023).

The analysis highlights the strong influence of economic viability on
environmental outcomes, as evidenced by a p-value of 0.000, underscoring the need
to consider economic factors when making waste management decisions in addition
to environmental considerations (Allen, 2023). The connection between economic
viability and environmental impact is confirmed by Hypothesis H4, as demonstrated
by Khamis et al. (2024). This discovery resonates with earlier research highlighting
the intricate interplay between economic factors and ecological outcomes in managing
landfill sites, as discussed by Kumar et al. (2022). Financial factors are crucial in
determining waste management practices and policies, frequently impacting decision-
making processes (Usoh, 2024). Hence, the robust correlation between economic
viability and environmental impact underscores the critical need for implementing
sustainable waste management strategies that skillfully reconcile economic interests
with environmental sustainability (Cohen, 2020).

The analysis highlights the importance of economic viability in determining the
accessibility of waste management facilities (Cohen, 2020), as evidenced by a
statistically significant p-value of 0.006. Hypothesis HS supports the correlation,
indicating that economic factors significantly influence public perceptions and
accessibility of waste management infrastructure (Staley, 2023). This finding
reinforces earlier research emphasising the substantial influence of economic factors
on public perceptions of waste management facilities (Yasmeen et al., 2023). Financial
stability is a crucial factor when assessing the approval of a facility. Facilities that
demonstrate economic viability are seen as reliable and trustworthy (Begum and Ehsan,
2020). Thus, the connection between financial sustainability and ease of access to
facilities underscores the significance of considering economic factors to improve
public acceptance of waste management facilities.

The analysis suggests no statistically significant correlation between economic
viability and site sustainability. The p-value of 0.064 indicates that economic viability
alone may not directly influence site sustainability. As a result, Hypothesis H6 is
rejected, suggesting no significant correlation between economic viability and site
sustainability. While economic factors play a crucial role in shaping waste
management strategies, it is essential to recognise that economic viability alone may
not guarantee the suitability of a landfill site (Begum and Ehsan, 2020; Emilio and
Escamilla-Garcia, 2024). This finding challenges the findings of previous research
studies that have highlighted the economic advantages of sustainable practices, such
as generating revenue from recycling and reducing operational costs (Afroze, 2023;
Martinez Sanchez et al., 2021). The surprising outcome emphasises the intricate nature
of the various factors that impact the long-term viability of a site. It also emphasises
the importance of conducting additional research to understand better the connection
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between economic feasibility and sustainable waste management practices (Allen,
2023; Mor and Ravindra, 2023; Qureshi, 2023).

The analysis emphasises the significant impact of facility accessibility on on-site
sustainability, as supported by a p-value of 0.004, which underscores its importance
in the overall sustainability of the site, highlighting the critical role of facility
accessibility in determining suitable landfill locations (Ali and Ahmad, 2020b;
Donevska et al., 2021; Kharat et al., 2016). Hypothesis H7 suggests that public
perceptions and attitudes towards facility accessibility and site sustainability can
influence the long-term sustainability of waste facilities (Yu et al., 2019). This finding
is consistent with the existing literature highlighting the significance of public
acceptance in promoting sustainable waste management practices (Enserink and
Koppenjan, 2007). Establishments that inspire trust and approval from the community
are more likely to attract support and cooperation, leading to better outcomes in terms
of sustainability (McNeish et al., 2022). Thus, the strong link between facility
accessibility and site sustainability highlights the value of fostering positive
connections between waste management facilities and the communities they serve.

The importance of operational efficiency is evident in its effect on site
sustainability (Muscad, 2023), with a p-value of 0.001, highlighting its critical role in
determining overall site sustainability. Hypothesis H9 proposes a connection between
operational efficiency and site sustainability, suggesting that landfill sites that are
well-managed and operated efficiently have a higher likelihood of being sustainable
in the long term (Ololade and Orimoloye, 2022). This finding is supported by previous
research that has consistently shown a link between operational efficiency and the
overall sustainability of waste management practices (Nicolli, 2019). Studies
conducted by Gupta (1995) and Pagell and Gobeli (2009) have provided evidence for
this connection. Efficient operational management is crucial for achieving better waste
management results, improving environmental performance, and ensuring community
satisfaction, all of which are essential for the long-term sustainability of the site, as
emphasised by Seadon (2010). Hence, the evident link between operational efficiency
and site sustainability underscores the significance of prioritising operational
excellence to establish sustainable waste management practices.

The importance of community engagement in environmental management
practices is underscored by the p-value of 0.044, which indicates the indirect
connection between community acceptance and site sustainability through
environmental impact. This finding aligns with prior research that emphasises the
substantial impact of community attitudes on ecological outcomes in waste
management activities (Wijntjes, 2023). Studies conducted by Oftterbring and
Folwarczny (2024) and others have provided evidence to support this. Communities
prioritising environmental responsibility adopt sustainable practices (Natalie Ricklefs,
2022), leading to reduced environmental impacts and improved sustainability, as
evidenced by research conducted by Cope et al. (2022) and Schmitz et al. (2019).
Therefore, the connection between community acceptance and site sustainability
highlights the importance of involving the community in promoting environmentally
friendly waste management practices.

The significance of economic viability, site sustainability, and facility
accessibility is underscored by the statistically significant p-value of 0.036,
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emphasising the interdependence of these factors in waste management practices. This
finding is consistent with prior research that highlights the substantial influence of
economic factors on public opinions and attitudes towards waste management
facilities, as shown by Mahmood et al. (2024). Economically viable facilities are often
considered more efficient and effective, increasing public acceptance and support and
ensuring their long-term sustainability, as highlighted in studies conducted by Stessens
et al. (2017). Therefore, the connection between economic viability and site
sustainability, specifically regarding facility accessibility, highlights the importance
of integrating economic factors to enhance the long-term sustainability of waste
management practices.

The significance of the economic viability of site sustainability and
environmental impact is highlighted by the statistically significant p-value of 0.005,
highlighting the intricate relationship between financial factors, environmental
outcomes, and the overall sustainability of waste management practices. The
acceptance of this hypothesis underscores the link between economic viability and site
sustainability, underscoring the significance of financial factors in shaping
environmental outcomes (Lanfredi et al., 2023). This finding is consistent with prior
research that emphasises the complex connection between economic viability,
environmental impact, and sustainability, as demonstrated by Siddiqui (2020).
Research conducted by Khamis et al. (2024) has demonstrated that economically
viable practices or technologies can positively impact environmental performance and
site sustainability in the long term. Therefore, the connection between economic
viability and site sustainability, influenced by environmental impact, emphasises the
importance of including economic factors in environmental decision-making to
promote sustainable waste management practices.

The mediation hypothesis of operational efficiency to site sustainability via
facility accessibility, with a p-value of 0.104, indicates that the indirect path from
operational viability to site sustainability through facility accessibility may have
minimal impact. The rejection of Hypothesis H13 indicates that there might be
additional factors that exert a more significant influence on facility accessibility and
site sustainability in waste management practices. There appears to be no notable
connection between the practicality of operations and the site’s long-term
sustainability, specifically in terms of how easily the facility can be accessed (J. Lee
et al., 2023). This unexpected finding contradicts previous research that suggested a
connection between facility accessibility and landfill sustainability (Maleki and Zain,
2011), ensuring the performance and reliability of the facility is crucial for maintaining
operational viability (Domenek et al., 2022). Therefore, the absence of a strong
connection between operational efficiency and site sustainability through facility
accessibility emphasises the need for further investigation into the factors that impact
facility acceptance and site sustainability in waste management practices.

6. Conclusions and implications

The results yield invaluable insights into the intricate interplay of various factors
that influence site sustainability and provide significant implications for stakeholders
involved in sustainability initiatives. Hypothesis HI1 suggests that the level of
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community acceptance has a significant influence on both the environmental impact
and site sustainability. The significance level is set at 0.05. The results indicate that
community acceptance has a significant impact on environmental impact (p = 0.001)
and site sustainability (p = 0.001), exceeding the acceptable threshold. The importance
of community involvement and support in driving environmental initiatives and
fostering overall site sustainability cannot be overstated. Stakeholders must focus on
implementing strategies that effectively engage and gain support from local
communities to improve sustainability outcomes. Hypothesis H3 posits a positive
association between environmental impact and site sustainability, with a significance
level set at 0.05. The analysis uncovers a noteworthy correlation between
environmental impact and site sustainability (p = 0.002), meeting the acceptable
threshold. Enhancing environmental performance is crucial for achieving long-term
sustainability goals, ensuring site sustainability, and emphasising the significance of
adopting sustainable environmental practices. Hypotheses H4 and HS suggest that
economic viability has a significant impact on both environmental impact and facility
accessibility, with a significance level of 0.05. The results demonstrate the substantial
effects of economic viability on environmental impact (p = 0.000) and facility
accessibility (p = 0.006), which meet the acceptable thresholds. However, the
correlation between economic viability and site sustainability (p = 0.064) is not
statistically significant, suggesting that economic viability alone might not directly
impact the overall sustainability of the site. This emphasises the necessity of a holistic
approach that encompasses economic, environmental, and social facets of
sustainability. Hypotheses H8 and H9 investigated the impact of operational efficiency
on facility accessibility and site sustainability, with a significance threshold of 0.05.
The analysis uncovers noteworthy impacts of operational efficiency on both facility
accessibility (p = 0.010) and site sustainability (p = 0.001), surpassing the acceptable
thresholds.

The significance of efficient operations in promoting facility accessibility and
overall site sustainability cannot be overstated. Stakeholders must prioritise improving
operational efficiency and effectiveness. The existence of notable indirect connections
between variables, demonstrated by mediation hypotheses (H10—H13), highlights the
intricate nature of factors that impact sustainability outcomes. While some indirect
paths show statistical significance, others do not meet the acceptable thresholds,
indicating different levels of influence in promoting site sustainability. It is essential
for stakeholders to thoroughly evaluate these indirect relationships and their
implications when developing sustainability interventions and strategies.

6.1. Practical implications of the study

The study provides a detailed analysis of the sustainability and viability of
landfills using SmartPLS. The findings can guide policymakers, waste management
professionals, and stakeholders in developing more effective strategies for landfill
management, such as optimising locations, enhancing waste diversion and recycling
efforts, and implementing innovative technologies. The study also emphasises the
importance of incorporating sustainability considerations into landfill planning and
operations, such as investing in renewable energy generation, implementing best
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practices for waste handling and disposal, and engaging with local communities. This
study offers valuable insights into the future of landfills and provides practical
guidance to improving their sustainability.

6.2. Theoretical implications

The study has important theoretical implications. This research utilises SmartPLS,
a cutting-edge method in waste management, to enhance our understanding of the
methodology and stimulate discussions on its potential in intricate systems such as
landfill viability and sustainability. The study highlights the importance of
incorporating sustainability into landfill management practices. It aims to contribute
to ongoing discussions on sustainable development and influence decision-making in
waste management. It provides valuable insights into the dynamics of landfills,
sparking theoretical discussions on complex systems theory in effectively managing
these dynamic systems. The study also combines advanced statistical techniques with
technological innovation, emphasising the potential of technology in improving
landfill viability and sustainability.

6.3. Economic implications

The study “Unveiling the Future of Landfills” offers valuable insights into the
viability and sustainability of landfills. It analyses operational costs and revenue
streams, offering cost-effective strategies through SmartPLS analysis. The focus on
sustainability can lead to long-term savings by reducing waste disposal expenses and
addressing environmental issues. The findings could encourage investment in
technological innovation to enhance landfill efficiency, minimise environmental
impact, and optimise resource recovery, driving economic growth and job creation.

6.4. Social implications

The study emphasises the importance of efficient landfill management practices
for environmental justice and pollution reduction. It underscores the need for
community involvement in decision-making processes and the potential benefits of
sustainable practices. The survey promotes community engagement and
empowerment in waste management decisions, enhancing their well-being and
contributing to collaborative efforts. The study also serves as an educational resource,
raising awareness about landfill operations’ environmental and social impacts.

6.5. Future directions of siting landfills

The study suggests future directions for siting landfills, emphasising strategic
locations, sustainability, and economic feasibility. It suggests using SmartPLS
techniques to aid decision-making, involving stakeholders through public
consultations and workshops, and incorporating sustainable practices. The study also
highlights the importance of proximity to recycling facilities and renewable energy
resources. It also suggests exploring habitat restoration and conservation opportunities.
Future landfill siting should prioritise adaptability and resilience, considering climate-
related risks. Advanced technologies like landfill gas capture systems and remote
sensing monitoring can enhance site operations and reduce environmental impacts.
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