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Abstract: Sand mining is a global practice drawing increasing scrutiny because of its
perceived negative environmental and social consequences. Understanding the scientific
data underlying efficient management is essential in light of growing calls for stricter
mining regulations. Sand demand is especially high in Asia and driven by rapid urbanisation
and infrastructure development. Currently, an enormous amount of sand is extracted
from offshore sources for use in reclamation and construction projects. This systematic
literature review provides an overview and analysis of the extant body of knowledge in
peer-reviewed literature on offshore sand management. Most of the literature focussed
solely on the environmental impacts and effects of sand mining. Although sand mining
is associated with various forms of environmental impacts and concerns, the cessation of
sand mining may achieve some level of ecosystem recovery. Conversely, limited analyses
on management suggest that offshore sand mining is primarily characterised by poor
management practices, leading to environmental, social, and economic deprivation. The
review concludes by highlighting several gaps in the literature, particularly the need for
more emphasis on management and underscoring the necessity of establishing transparent
governance processes to manage offshore sand mining effectively.
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Introduction

Development and construction activities are
increasing globally due to rapid development
in many countries. According to Torres et al.
(2021), construction aggregates, including
sand, gravel, and crushed rock, account for
most anthropogenic masses worldwide. Asia
had the highest sand exploitation rate (Larson,
2018). Urbanisation and infrastructure growth,
including significant dam investments (Torres et
al., 2021), are the main drivers of sand demand
(Hugo, 2019; Hackney et al., 2020). This is
because sand is a raw material that is required
in the production of a wide variety of products,
including cosmetics, pharmaceuticals, glass,
electronics, and concrete (Bendixon et al.,
2021; Pilkey et al., 2023, Rangel et al., 2023).
By 2035, it is expected that there will be 5.6
billion urban dwellers worldwide, with Asian
cities experiencing significant urban growth
(UN-Habitat, 2021). The infrastructure of Asian

cities must be developed urgently, and sand is
a critical component of this development. As
countries address these pressing climate change
challenges, particularly rising sea levels, such
demand will grow even stronger, with massive
amounts of sand required for land reclamation
and flood protection (Torres ef al., 2021). These
events occur as a global crisis caused by sand
scarcity emerges (Bendixon et al., 2019; Anokye
et al., 2023; Jones, 2023; Pilkey et al., 2023;
Rangel et al., 2023).

The United Nations Environment Program’s
(UNEP) 2019 Sand Governance Report (UNEP,
2019) highlighted the weak governance and
research on sand mining. Scientific interest in
sand has grown in recent years, with publications
in science and nature moving beyond synthetic
studies to begin dissecting sand in its granular
form (UNEP, 2019).
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Need for This Study

In this study, we examined peer-reviewed
English-language literature from journals
focusing on the management of offshore
sand mining to identify the literature gap in
offshore sand mining. In addition, we sought
to understand the challenges and difficulties
associated with managing offshore sand mining.
Sand remains inexpensive yet an illegal resource
needed to support global development. However,
such rapid and chaotic development comes at a
cost, which includes but is not limited to social
tension, resource depletion, and environmental
degradation (UNEP, 2019; Hernandez et al.,
2021; Pilkey et al., 2023; Rangel et al., 2023;
World Economic Forum, 2023; Aziz et al.,
2024; Poonia et al., 2024). The management of
sand mining needs to be more closely linked to
larger anthropogenic changes, and the current
governance challenges need to be addressed.
Consequently, a thorough literature review will
assist researchers in determining the research
gaps in this study regarding offshore sand
mining management.

Background

The deep sea consists of important natural
resources that benefit people and the
environment. However, these resources are in
danger and face massive exploitation as seabed
mining moves quickly and becomes a certainty
(Jaeckel, 2020; Pilkey et al., 2023; Rangel et
al.,, 2023;). Over the years, a huge volume of
offshore sand has been dredged and mined
globally (Bendixen et al.,2019; GESAMP, 2019;
Bendixen et al., 2021; Hernandez et al., 2021;
Pilkey et al., 2023; Rangel et al. 2023). The
world is witnessing rapid urban development
and expansion at a scale that has never been
seen before (UNEP, 2019). Rapid development
and urbanisation have resulted in an enormous
increase in the demand for sand, which is the
main element of asphalt and concrete, as well
as a vital component of land reclamation
(Asabonga et al., 2017; UNEP, 2019; World
Economic Forum, 2023). These have occurred
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for many years, and the amount of sand extracted
is much greater than the renewal rate (UNEP,
2014). Offshore sand was selected because it is
rapidly depleting and becoming more expensive
(Asabonga et al., 2017).

Historically, diversion to offshore sand
mining on the continental shelf has resulted
from efforts to reduce landslides (Rona, 2008;
Parr, 2008; Boughen et al., 2010). The industry
expanded widely during the 1970s, 1980s,
1990s, and the 2000s. Consequently, there
were numerous issues regarding offshore sand
mining such as marine mineral rights, beneath
values price for minerals, lack of cost-effective
qualifying technology, indecision concerning
environmental effects, exertion of adopting
mining externalities, weak management and
policy implementation, and the non-appearance
of a strong “social license to operate” in the
sea floor environment (Earney, 2005; Boughen
et al., 2010; Petersen, 2016; Jaeckel, 2020;
Bendixen ef al., 2021). However, until recently,
these problems have remained prevalent and
have yet to be addressed.

UNERP reported that nearly 85% of global
mining activities are related to sand and gravel
production. However, these activities, especially
offshore mining, are largely unnoticed and not
effectively regulated (UNEP, 2019). After
freshwater, it is widely known globally that
sand is the next most oppressed natural resource
(UNEP, 2019; World Economic Forum, 2023).
Offshore sand is generally used for land
reclamation projects, whereas river sand is used
for construction because it is a core component
of cement (GESAMP, 2019; Lim et al., 2021;
Jones, 2023; Mohamad, 2023).

Policymakers have overlooked the issues
caused by offshore sand mining as a whole, and
they have continued to be unnoticed by society
despite the mining of offshore volumes, demand
and dependence on development, and negative
impact on the environment (Asabonga et al.,
2017; Chua, 2019; UNEP, 2019; GESAMP,
2019; Hernandez et al., 2021; Mahyuddin et
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al.,2022; Dou et al., 2023; Pilkey et al., 2023;
Rangel ef al., 2023; Aziz et al., 2024; Poonia et
al., 2024). Given this background, the following
objectives are formulated for the study:

(1) To identify research gaps about the
management and sustainability of offshore
sand mining.

(2) To identify the challenges in managing
offshore sand mining.

Review Methodology

This study utilised a systematic literature review
to identify research gaps and limitations in
offshore sand-mining management. Tranfield
et al. (2003) proposed five stages to conduct
a systematic literature review: Planning,
identification and evaluation, data extraction
and synthesis, reporting findings, and utilising
findings to inform research and practice.

(A) Planning

This study thoroughly summarises the extant
literature on this topic, focusing on established
and new critical factors. We aim to offer
researchers a comprehensive review of previous
studies on the management and sustainability
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of offshore sand mining. Figure 1 illustrates
the scope of this study. The approaches Moher
et al. (2009) used in selecting databases for
the review and methods. This involved the
methods employed to identify and finalise the
specific keywords on offshore sand mining
(concept) and management (context) in four
popular and widely used online databases,
such as Science Direct, Scopus, Springer, and
Emerald. These four databases were chosen
for their comprehensive coverage of offshore
sand mining. The comprehensiveness of these
databases for studies and papers covering a
range of topics and subject areas ensures that
this study can gather the necessary data to
address the research questions. In addition,
these databases also assist with the SLR process
as most of these databases include features and
tools designed specifically for SLR, such as
citation management, tagging, and exporting
capabilities. Furthermore, these databases
provide access to many academic journals,
including some of the most prestigious and
respected publications in various fields. Using
multiple databases ensures a comprehensive,
thorough, and unbiased review, thereby
improving the quality and validity of research
findings.

Concept Offshore Sand Mining
Management & Sustainability
Context
Lack of research on
managing and
Issue challenges on offshore
sand mining

Does research

Question gap exist

Figure. 1: Scope of the review
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(B) Identification and Evaluation

Keyword-based searches across scientific
databases found 368 titles, but there is a need to
review the titles and abstracts to ensure that they
are purely offshore sand mining management
with no duplications. This step succeeded in
identifying and obtaining 33 papers that were
purely on the topic of offshore sand mining and
management. Table 1 presents the information
on the number of papers on the management of
offshore sand mining that were searched using
keywords and the number of papers selected
accordingly. Additionally, the keywords used in
this study covered both context and content.

Inclusion and Exclusion Criteria

As previously stated, four major online
databases, which are Science Direct, Scopus,
Springer, and Emerald, were searched to collect
relevant papers published between 1 January
2010 and 31 December 2023. Initially, ten years
of research papers were chosen for examination
(2012-2022). In an effort to obtain more papers
that discussed offshore sand mining, the
coverage range was extended by 3 years, which
is from 2010 to 2023. Furthermore, offshore sand
mining management has not been the subject
of many studies, which is why this period was
chosen to collect pertinent and related studies
that complement the research questions. The
inclusion criteria for papers are that the papers
need to be published in English within the time
frame of 2010 to 2023, and the papers have to be
peer-reviewed at conferences or in journals. On
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the other hand, the exclusion criteria included
unpublished work, books, and book chapters.

Keywords

We focused on offshore sand mining
management and sustainability as the two main
research areas. The search was expanded by
adding additional keywords. It contained the
following keywords: Offshore sand mining,
management, governance, and sustainability.
It was eventually set to a combination set
that included all previously stated individual
keywords. A detailed list of keyword sets used
in this study is presented in Table 2.

Search strategies

We studied the management and sustainability
of offshore sand mines. Our strategy involves
searching for papers in major online databases.
Relevant papers published between 2010 and
2023, including conference proceedings, peer-
reviewed papers, and dissertations, were also
collected. Using a combination of keywords,
a search strategy was used to identify the
papers discussing offshore sand mining about
its management and sustainability (see Table
2). However, there is a risk of publication bias
due to the search strategy used in the selection
process, which is based on the four identified
keywords. This risk includes the inclusion of
more keywords that will capture more papers on
this subject. Therefore, future researchers may
broaden their keyword selection to reduce the
chance of missing pertinent articles.

Table 1: Number of papers on management of offshore sand mining

Detail

Number of papers

Keyword-based search for papers on management in

offshore sand mining (OSM)

368

Selected papers for this study

33
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(C) Extraction and Synthesis

Papers from the four databases using the
extraction method are depicted in Figure 2.
Based on the primary databases, only offshore
sand mining papers that were applied in nature
and connected to management and sustainability
were selected for further review with only 33 out
of 368 papers were chosen for the final review.

This section describes the systematic
review methodology that was used in the paper.
A systematic review of selected studies was
conducted following the PRISMA guidelines
to address the research questions to ensure a
transparent and evidence-based approach (Page
et al., 2021). Figure 2 provides a flowchart
illustrating the study selection process using the
PRISMA methodology. The sections that follow
will go into detail about the study’s procedures
and synthesis analysis.

(D) Reporting Descriptive Findings
Results

In Table 3, there were 19 countries/territories
and 7 regions, which were the focus of the 33
research papers included in this review. China
had the most research (three papers), followed
by Australia, New Zealand and India, each
with two papers. Table 3 lists other countries/
territories and regions, each with one paper.

Figure 3 displays the percentage of papers
based on the selected keywords. Bar graph
displaying papers found through keyword
searches using the terms OSM, OSM+M/G,
and OSM+M+S which are specified in Table 2.
There was a total of 33 papers. Out of the total
number of papers, 63% (21) were on OSM + M,
6% (2) were on OSM + M/G, and 9% (3) were
on OSM + M+ S.

The studies were classified into two types:
Conceptual and empirical. They comprised
8 conceptual studies (24%) and 25 empirical
studies (76%). Conceptual papers do not include
the actual test results. Empirical studies, on
the other hand, are composed of evidence-
based research as well as inputs for testing and
results. The percentage of papers by category
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Studies identifies from the Databases

85

30

25

w
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Identification

Screening

Included

Records identified from:
Science Direct (n=90)
Scopus (n=98)

Springer (n=106)
Emerald (n=74)

Records removed before
screening:

> | Duplicate records removed

(n=48)

Records screened
(n=328)

Records excluded

| (n=257)

Records sought for retrieval
(n=71)

Records not retrieved

(n=0)

A 4

Records assessed for eligibility

(n=71)
!

Studies included in review
(n=33)

Reports of included studies (n=
33)

Records excluded:

Not relevant for
research(n=12)

Not data of interest (n=13)
Not peer review inadequate
(n=7)

Documentation (n=5)

TOTAL PAPERS OSM + M

Figure 2: PRISMA flowchart for the process of the paper selection

OSM + M/G OSM+M+S

Figure 3: Papers by keyword search categories
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Table 3: Numbers of papers by focus country/territories or region

Focus Country/Territory or Region

Number of Papers

Antigua and Barbuda
Australia
China
Fiji
Ghana
Guatemala
India
Israel
Japan
Korea
Malaysia
Namibia
Netherland
New Zealand
Nigeria
Pakistan
South Africa
Spain
Taiwan
Tanzania
Finland & Sweden

Atlantic Ocean

Wadden Sea (Denmark, Germany and the

Netherlands)
Europe
Caribbean
Black Sea
Global

1

S NG J VY NG N SV UG GG U T SO VO S

Ju—

—_ =

Ju—

is shown in Figure 4. Based on the 33 papers
chosen, empirical research is more appropriate
when the research is based on offshore sand
mining because it includes research based on
observation, experimentation, and verifiable
evidence, as opposed to conceptual research,
which includes abstract ideas and concepts.

Discussion

Table 4 shows papers on keywords combination
number 5 that include OSM and management,
where it summarises the twenty-one papers
on the management of offshore sand mining
with data extracted from the databases as of
1 June 2024. The paper shows that offshore
sand mining management is a complex and

Journal of Sustainability Science and Management Volume 19 Number 10, October 2024: 161-191
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M Empirical papers M Conceptual papers

Figure 4: Percentages by paper type

multifaceted endeavour that addresses various
interconnected issues, such as integrated
coastal zone management (ICZM), climate
change resilience, sustainability, policy
development, and best practice. Offshore sand
mining that is responsible and sustainable
must take an integrated, collaborative, and
adaptive approach that balances economic
development, environmental  protection,
social equity, and cultural preservation. Major
challenges include conflicting stakeholder
interests, limited policy development and
enforcement capacity, and rapid technological
advancements exacerbating governance and
sustainability concerns. Innovation, stakeholder
engagement, knowledge-sharing, and
continuous improvement can help navigate these
complexities, fostering resilience, sustainability,
and prosperity for marine ecosystems, coastal
communities, and future generations.

Table 5 summarises the two papers that
discussed offshore sand mining management
or governance. The two papers (Ehlers, 2016;

Taljaard et al., 2019) emphasise the role
of governance and management and focus
on the legislative frameworks that govern
offshore sand mining, highlighting the need
for environmental protection and the long-term
use and protection of ocean resources. It also
looks at the role of environmental protection
and ocean conservation in offshore sand mining
management, emphasising the importance of
incorporating sustainable practices, regulatory
compliance, and ecosystem stewardship into
governance frameworks.

Meanwhile, the aspects of management
and sustainability of offshore sand mining
were examined in three papers and summarised
in Table 6. Studies on the management and
sustainability aspects of offshore sand mining
to provide a comprehensive overview of current
practices, challenges, and opportunities, as
well as examining the impact of community
engagement, stakeholder involvement, and
participatory approaches in offshore sand
mining projects were reviewed and summarised.

Journal of Sustainability Science and Management Volume 19 Number 10, October 2024: 161-191
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Table 4: Summary of 21 papers on offshore sand mining and management

No Citation  Author Factors Key Findings
1 2 Mulder et To improve the use of Many factors contributed to the inefficient
al., (2011) Integrated Coastal Zone application of the ICZM. The role of the
Management (ICZM) inthe ~ government is crucial in employing the
Netherlands, as well as to success of the ICZM.
ensure long-term conditions
for flood protection and
coastal function.
2 22 Sakai et al., To investigate the state of The significance of expanding the supply
(2012) environmental and safety of high-quality aggregate through research
regulations in Japan’s and development and effective extraction
suburban aggregate mines as  technologies and approaches.
well as their potential going
forward.
3 32 Lodhia, To evaluate the risk of It is suggested that the stakeholder
(2012) disasters caused by climate approach is the best strategy for
change in the coastal areas of  coordinating the development of the
Gujarat. coastal region, which has significant
policy implications for the state of
Gujarat.
4 24 Yeetal.,  To comprehend the small The overall positive outcome
(2014) number of integrated coastal ~ demonstrated that the ICM in Quanzhou
management (ICM) projects  could be regarded as a success, since the
that were finished, continued, results of many ICM initiatives in China
or deemed effective in China. and other nations are not encouraging.
5 16 Johnson & To explore how Sweden and  The involvement of the state in Sweden
Ericson Finland alter their mineral and Finland is examined historically in
(2015) rights and control over terms of mineral resource ownership,
mining corporations. regulatory norms and control over mining,
and ownership of State-mining and/or
exploration businesses.
6 18 Ramsey et To look into the present A more inclusive, all-encompassing
al., practices in Antigua and management strategy was highly desired,
(2015) Barbuda and their effects on  and all questioned stakeholders indicated
the ecology along the coast. a willingness to engage.
7 39 Puente- To clarify the key Sustainable development in coastal
Rodriguez  components of a broad zones of the Wadden Sea area cannot be
etal., knowledge-practice interface  achieved just via scientific knowledge;
(2015) framework in order to instead, participatory knowledge and

improve the management of
knowledge in coastal zone
management in the Wadden
Sea area.

practices are becoming more and more
necessary to enable the integration of
many knowledge types (such as formal
and informal knowledge) and the
involvement of various stakeholders in
order to improve integrated coastal zone
management.
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8 20 Kosyana & To study of the interface In the Black Sea area, striking a balance
Velikovab  between science and policy between human interests and the
(2016) in integrated coastal zone sustainability of natural ecosystems is far
management (ICZM) in the from being attained at this moment.
Black Sea which is still in its
early stages.
9 4 Sowunmi, To explore the effect of sand  Fishermen’s environmental efficiency is
etal., dredging on environmental negatively impacted by water turbidity in
(20106) efficiency of local fishermen  the research location.
in Nigeria.
10 53 Ellis et al., To examine the limitations Major revamp and full utilisation of the
(2017) of existing best practices, Environmental risk assessment (ERA) and
scientific guidelines, and environmental Impact Assessment (EIA)
established environmental in offshore mining in New Zealand
management principles in
New Zealand.
11 1 Lopezet  To comprehend the situation A legal error governing the division and
al.,(2017)  of coastal erosion, which has  regulation of authority among the several
reached a disproportionate administrations on the Costa Blanca in
level, with around 70% of the =~ Spain is the cause of the managers’ lack of
shoreline eroding in Costa coordination.
Blanca, Spain.
12 11 Chen et al., To investigate if coastal zone In terms of integrated management
(2019) management can support in Taiwan, the practical application
the development of a better architecture is still in its early phases of
framework for coastal implementation.
management in Taiwan.
13 11 Kayhko et  To investigate how challenges Since the health of the marine ecosystem
al., with coastal management supports local livelihoods, various actors
(2019) are caused by the abuse or should be aware of and mindful of their
misuse of marine and coastal  impact on it in order to support the
ecosystems by both external ~ sustainable use of coastal and marine
and local players in Zanzibar, resources in Zanzibar, Tanzania.
Tanzania.
14 3 Hasan er  To describe the regulatory It draws attention to important
al., (2023)  obstacles that offshore sand environmental issues and regulatory
mining faces, point out flaws  obstacles facing Malaysia’s offshore
in environmental impact sand mining sector. They point out
studies, and make the case shortcomings in the current regulatory
for tougher enforcement framework, especially with regard to
and more involvement from  enforcement powers and environmental
stakeholders in Malaysia. impact assessments (EIAs). Stakeholder
participation is highlighted as a crucial
component, and suggestions are made
to improve decision-making processes’
inclusion and transparency.
15 7 Liu & Xing To reconsider and reposition ~ Achieving complete management of
(2019) integrated coastal zone the coastal zone in China requires the

management (ICZM) in
China.

implementation of legislation and coastal
zone planning.

Journal of Sustainability Science and Management Volume 19 Number 10, October 2024: 161-191



MANAGEMENT OF OFFSHORE SAND MINING

171

16 12 Singh et al., To improve community Though it is only partially evident
(2021) capacity and governance in through the employment of different
order to handle issues with tactics for managing coastal resources,
efficient law enforcement and rather than through overt declarations and
guarantee the preservation, actions, there is considerable evidence
sustainable use, and that ecosystem care is ingrained in PICs
management of marine and management history in Fiji.
coastal resources in Fiji.
17 8 Kong et al., To explore the application There is a necessity for monitoring
(2021) of the Xiamen Model systems, law enforcement’s ability to
and an integrated coastal apply integrated coastal management, and
management system in China. on-the-job training and courses in China.
18 2 Thom To comprehend the functions  The effects and cooperation of the
(2022) of non-governmental functions and responsibilities of
organisations, integrated Australia’s three levels of government in
coastal zone management in  relation to coastal zone management are
Australia, and federal and distinct.
state government coastal
inquiries and committees.
19 26 Conde et To conduct a thorough There is a pressing need for greater
al., (2022) examination of the politics consideration to enable more critical,
surrounding stakeholder fair, inclusive, and just approaches to the
involvement and development and regulation of deep sea
identification at a global mining at the international level.
level, as well as a more
critical examination of the
definition and understanding
of the seabed, are essential
to the implementation of
planning strategies and
policies.
20 2 Callow et To explore regulatory The findings indicate significant
al., (2023)  shortcomings and the ecological repercussions, including habitat
significance of strong destruction, altered sediment dynamics,
governance and regulatory and implications for marine biodiversity,
monitoring in Australia’s as a result of weak regulatory control,
offshore sand mining with monitoring and enforcement gaps
activities. contributing to environmental damage.
To successfully reduce these impacts
in Australia, enhanced governance
mechanisms are required.
21 30 Anokye et To examine the positive It was found that sand mining has varying
al., and negative effects of sand effects on land-based livelihood security
(2022) mining on people’s lives in Ghana. Some block makers and truck

in Ghana’s urban and rural
areas.

drivers acknowledged favourable benefits
of sand mining on their livelihoods,
however the majority of household
respondents and other key informants
reported that sand mining had negative
consequences on their livelihoods.
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Table 5: Summary of two papers on offshore sand mining management or governance

No. Citation Author Factors Key Findings
1 87 Ehlers  To strike a good balance Creating a comprehensive and sustainable
(2016)  between the usage and ocean governance structure at the global
protection of the seas, level as soon as possible is critical to
particularly the necessity for maintaining a healthy balance between
global ocean governance. using and conserving the oceans. The
rising usage of the seas demands
careful consideration, weighing varied
user interests against environmental
conservation. Achieving sustainable
growth and sustaining equilibrium rely on
effectively resolving these concerns.
2 26 Taljaard To evaluate legislative progress  Effective implementation across all
etal., toward integrated environmental government departments in South Africa,
(2019)  governance in South Africa, however, remains a major difficulty in most

where a significant portion of

sectors, principally due to sectoral capacity

the legal landscape (governing

limits.

activities and developments

that may have an impact on the
coastal marine environment) is
still fragmented among many
sector-based government offices.

(E) Utilising the Findings to Guide Research
and Practice

Thefindings from the systematic literature review
enabled the identification of several research
gaps based on the paucity of suggestions from
the extant literature. The research gap in offshore
sand mining management is evident, evidenced
by the scarcity of papers that specifically
address management and sustainability issues
compared to the predominant emphasis on
environmental concerns. Furthermore, the
lack of papers investigating the Malaysian
context from a management perspective reveals
a significant literature gap, particularly in
regulatory frameworks, policy development,
stakeholder engagement, and best practices
tailored to local socioeconomic, environmental,
and cultural contexts. Addressing these research
gaps is critical for improving understanding of
offshore sand mining management challenges,
opportunities, and strategies and fostering
informed decision-making, capacity building,
and collaborative efforts to promote sustainable
and responsible offshore sand mining practices

in Malaysia and worldwide. Three significant
research gaps were identified from the systematic
literature review which are presented in turn:

Research Gap 1: Offshore Sand Mining in the
Context of Management and Sustainability

Only three studies as shown in Table 6 deal
with offshore sand mining in the context of
management and sustainability. Other papers that
have been reviewed include management and
sustainability elements; however, they also have
elements that focus on other factors. Because of
the limited number of papers that have discussed
this topic, researchers should look into this
new phenomenon further. The three papers
that specifically discuss offshore sand mining
management and sustainability are primarily
concerned with guidelines and legislation
(Trop, 2017), stakeholder engagement between
government bodies (Agostin ef al., 2015), and
environmental management in the context of the
environment (Marale, 2013).
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Table 6: Summary of three papers on offshore sand mining management and sustainability

No. Citation Author Factors Key Findings
1 8 Marale  To investigate the numerous  The ecosystem-based management
(2013)  coastal concerns and framework guides India’s costal management
management techniques through strategies such as institutional
in India for effective strengthening, capacity building, policy
environmental management  planning, management plans for degraded
and sustainable development areas, education, and awareness.
in areas that have not
received enough protection
and are under stress.
2 31 Agostini  To describe the main The challenge of creating a common vision
etal.,  processes that resulted in the for the waters surrounding St. Kitts and
(2015)  creation of a draft marine Nevis was successfully accomplished by the
zoning design for St. Kitts stakeholders, who took into account a wide
and Nevis. range of data and navigated challenging
discussions regarding the sharing of ocean
space. In order to maximise the utilisation of
the marine space, stakeholders also developed
a better knowledge of how to best combine
their needs.
Resource management calls for ongoing work
and contributions; this is particularly true for
marine zoning, where cooperation amongst
management authorities is necessary to
regulate the use of maritime space.
3 13 Trop,  To investigate Israel’s He majority of UNCLOS and ICZM policy
(2017)  regulatory, planning, and principles are firmly established in Israeli

legislative frameworks for

regulatory frameworks, as evidenced by

offshore protection.

the principles and rules developed in Israeli
policy in relation to the fundamental ideas of
pertinent international policies.

Research Gap 2: Offshore Sand Mining
Management and Sustainability in Malaysia

Only one paper on offshore sand mining
is available in the context of Malaysian
management, as detailed in Table 6. The research
community, particularly in Malaysia, needs to
conduct more research on this topic, which is
essential for more effective knowledge on this
issue which is of pressing concern. Three of
the analysed papers all focused on China, while
two papers each had India and New Zealand
as their respective countries of focus. Given
Malaysia’s active offshore sand mining-related
activities, more research is required in the
context of offshore sand mining management
and sustainability.

Research Gap 3: Offshore Sand Mining Paper
Focuses

Table 7 details the 33 papers on offshore
sand mining, with 12 articles focusing
on the environmental aspects in terms of
management, 7 papers focusing on legislation,
8 papers emphasising offshore sand mining
management, and 6 papers looking into other
aspects that are involved, such as marine zoning,
marine spatial planning, and others. Thus, it
demonstrates that the gap identified here on
offshore sand mining is appropriately less
studied, particularly studies on its management
and sustainability aspects. In light of this, it is
of the utmost significance that further research
be conducted in this area. Table 7 presents all
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33 papers thoroughly discussed in the paper
with summary information about each paper,
including its focus and highlighted contributing
factors. It also displays the paper relationship
based on the keywords entered. It is important
to highlight that only three reviewed papers
discussed the keywords offshore, management,
and sustainability.

Thechallenges gleaned from the 33 reviewed
papers are succinctly presented in Table 8. This
paper presents some challenges encountered
when dealing with offshore sand mining. The
challenges summarised in Table 8 are relevant to
the research objective of identifying challenges
in offshore sand mining. This analysis therefore
bridges the gap related to the subject, and some
challenges have been explored in previous
research on matters regarding the management
of offshore sand mining.

Challenges in Managing Offshore Sand

Mining

(1) A summary of challenges in the
management and sustainability of offshore
sand mining is presented in Table 8. Based
on the information provided, offshore
sand mining management challenges can
be identified. Numerous challenges are
outlined in the selected papers. The four
significant challenges that emerged from
carlier research are provided below.

(2) Weak governance: Inadequate sand
legislation and a complex regulatory
framework in the government contribute
to weak governance when dealing with
offshore sand mining. There are gaps in
understanding how offshore sand mining is
managed, including its application, amount
of extraction, and guidelines. (Marale,
2013; Guanqiong et al., 2014; Agostin et al.,
2015; Kosyana & Velikovab, 2016; Ellis et
al.,2017; Gonzalez & Clifton, 2017; Singh
etal.,2021; Zafar et al., 2021; Thom, 2022;
Callow et al., 2023; Hasan et al., 2023).

(3) Stakeholder cooperation: Seven papers
presented the challenges related to
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stakeholder issues. The actors involved in
offshore sand mining activities are diverse,
and responsibility and cooperation are
lacking. Stakeholder involvement is often
a key factor in determining the success of
integrated coastal management (ICM) in
many countries (Archer, 1988; Imperial et
al., 2000; Ernoul, 2010). Furthermore, the
involvement of all stakeholders is critical
for managing sustainable sand-mining
activities (Lamarche & Clark, 2011; Lodhia,
2012; Guangiong et al., 2014; Rodrigue et
al., 2015; Cooper & Yates, 2015; Marin et
al., 2021; Singh et al., 2021; Callow et al.,
2023; Hasan et al., 2023).

(4) Lack of knowledge: Lack of scientific
knowledge and limited guidance on
best practices for conducting and managing
offshore sand mining activities result in
environmental  degradation, economic
loss, and negative impacts on community
livelihoods (Kosyana & Velikovab, 2016;
Ellis et al., 2017; Kayhko et al., 2019).

Lack of data on sand resources: Data on
sand resources are lacking in many major
countries, which has contributed to the lack of
a comprehensive national and global database,
exacerbating these issues and impeding
evidence-based management efforts (Trop,
2017; Kayhko et al., 2019).

Future Research

(1) This review proposes alternative theoretical
underpinnings, such as investigating the
moderating effects of offshore sand mining
management and sustainability, which
have underpinned the existing research.
Future research should be conducted in the
following areas.

(2) Future research should examine offshore
sand mining from the perspective of imports
and exports from countries to gather data
on sand resources, which would benefit the
emerging global data sand supply system.

(3) The effects on the physical and biological
environments are frequently cumulative
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and difficult to quantify and assess. Sand
extraction affects the entire network of
ecosystem services and flow. Future studies
should focus on quantifying and mapping
such effects.

While many studies have focused on the
negative effects of offshore sand mining, there is
no doubt that offshore sand mining is beneficial
for developing countries (Ashraf et al., 2011;
GESAMP, 2019). Therefore, it is recommended
that the benefits of offshore sand mining be
explored.

Conclusion

Based on the systematic literature review,
few researches have been conducted on the
management and sustainability of offshore sand
mining. Previous research has not adequately
explained how management and sustainability
work or provide the best tools to address offshore
sand mining. Consequently, the literature on
offshore sand mining management is in its early
stages and may require further investigation. The
management of offshore sand mining is critical
to the nation and every country that manages
offshore sand mining. Offshore sand mining
sustainability provides additional benefits, such
as improving existing processes, introducing
new business models, and establishing new
service channels to modernise services.

This study addresses two issues. First, this
study discovered gaps in managing offshore sand
mining mines. Second, challenges are associated
with the management of offshore sand mining.
This study contributes to a better understanding
of offshore sand mining management by
investigating its underlying factors. In this
interdisciplinary study, we focus on offshore
sand mining. The implications presented herein
provide researchers and the public with relevant
research and educational references. This study
also assists scholars in providing directions.
The limitations of this study highlight the
challenges faced in research on offshore sand
mining management. This study revealed a
gap in offshore sand mining management and
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sustainability, and the community was asked to
conduct additional research to fill this gap.
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