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Keywords: Since the mid-twentieth century, the extraction and consumption of mineral aggregates (i.e., sand and gravel)
Mineral aggregates has grown at a higher rate and on a larger scale than any other resource group, making it the largest mineral
Extractivism

resource currently consumed globally. Although reliable data for extraction of mineral aggregates (referred to as
sand extraction) are lacking, estimates suggest that current annual extraction is as high as 40 Gt. This has
important social and ecological ramifications. The industry overall is also plagued by rampant illegality, a strong
black market, and intense violence, and results in the generation of severe social and environmental injustices.
Yet despite the wide-ranging impacts of sand mining, there continues to be an acute shortage of research on its
extraction, impacts, and solutions for future resource governance. This article draws on the political ecology
literature, utilizing the concept of the commodity frontier and the theoretical framework of extractivism whilst
engaging with academic as well as non-academic, grassroots literature around sand mining, to introduce the
concept of “sand frontiers”. Using the sand frontier as an analytical tool, four central questions are addressed,
namely: 1) What are the drivers of expansion and intensification of sand frontiers? 2) What and where are the
current and potential sand frontiers? 3) How is the forward movement of sand frontiers occurring? and 4) What
are the identifiable socio-ecological transformations at these frontiers? In addressing these questions, the paper
bridges research gaps around solutions to unsustainable sand extraction, using the lens of post-extractivism (PE)
whilst continuing to put people living at sand frontiers at the centre of proposed solutions.

Ecological distribution conflicts
Sand extractivism
Post-extractivism

1. Introduction microflora, provide protection against floods, cyclones and coastal

storms, and have aesthetic and cultural value through access to beaches

Mineral aggregates (sand and gravel) are estimated to be the fastest-
growing material group extracted over the twentieth and twenty-first
centuries and are currently the most-extracted and consumed material
group worldwide (Krausmann et al., 2009; Krausmann et al., 2017,
Torres et al., 2017). Although not particularly visible, aggregates are
foundational to modern human society (Beiser, 2018; Peduzzi, 2014;
Koehnken and Rintoul, 2018). They are embedded in the everyday lives
of people by being central to the production of buildings, roads and
highways, as well as products such as cell phones and laptop screens,
optical glasses and glass windows. At the same time, naturally occurring
aggregates provide myriad ecosystem services such as clean and filtered
drinking water, support sustenance livelihood activities such as agri-
culture and fisheries, provide habitat for important microfauna and

E-mail address: bisht@iss.nl.

and clean water bodies (Beiser, 2018; Peduzzi, 2014; Koehnken and
Rintoul, 2018). As such, the massive volumetric quantities of global
aggregate use mean that sand extraction' has important
multi-dimensional negative ecological, economic, and social ramifica-
tions, both at the global level as well as locally around sites of extraction.

Although precise quantitative data on sand extraction are unavai-
lable, volumes of extraction can be understood in terms of their repre-
sentation in total global material consumption. Of the total global
material consumption—which reached 89 Gt in 2015 (Krausmann et al.,
2018)—close to 50% is estimated to be non-metallic minerals (Kraus-
mann et al., 2018). Further, non-metallic minerals represent close to
84% of total mineral production (Franks, 2020). The largest component
of non-metallic minerals is accounted for by construction minerals

1 Since aggregates (sand, gravel, pebbles, cobbles, etc.) typically occur and are extracted together (only differing in granular sizes), this process is collectively
referred to as sand mining/extraction (Koehnken and Rintoul, 2018). Naturally occurring sand is a product of erosion of rocks through various mechanisms over
geological timescales. Sand—regardless of its lithologic, mineralogic, or chemical composition—is characterized as a clastic fragment of individual diameter between

0.0625-2mm (Wentworth, 1922).
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(Krausmann et al., 2009). Within construction minerals, mineral ag-
gregates (sand, gravel, and crushed stone) represent the largest
component, accounting for close to 71.9% of construction minerals
(Miatto et al., 2016). Given the lack of reliable quantitative data on
aggregates, they are best represented in terms of data on construction
minerals. Estimates suggest that between 1900 and 2005, construction
minerals grew by a factor of 34, reaching 23 Gt in 2005, and this ma-
terial group alone accounted for 40% of global material consumption
that year (Krausmann et al., 2009).

It should be noted here that non-metallic minerals are the material
group with the highest degrees of quantitative uncertainties (Kraus-
mann et al., 2009; Fischer-Kowalski et al., 2011; Miatto et al., 2016;
Steinberger et al., 2010), and all current estimates are also un-
derestimations by large margins (Krausmann et al., 2009), indicating
that actual quantities of global aggregate flows are likely to be much
higher than presented here.?

Despite these uncertainties, lowest estimates suggest that total global
sand extraction reached close to 28.6 Gt by 2010 (Krausmann et al.,
2017) and 40 Gt per year by 2014 (Peduzzi, 2014; Koehnken and Rin-
toul, 2018; UNEP, 2019). These figures indicate that aggregates quan-
titatively exceed any other material group extracted (Torres et al.,
2017), making it the second most used natural resource by modern
human society, second only to water (Beiser, 2018; Peduzzi, 2014;
Koehnken and Rintoul, 2018), and making sand extraction the largest
form of mineral extraction. Given their wide geographical spread,
large-scale availability, and low-capital inputs for extraction, aggregates
are also estimated to account for the largest number of individual mines
compared to other minerals (Beiser, 2018). Furthermore, the estimated
extraction of 40 Gt in 2014 is double the estimated total sediment
(aggregate) discharge from rivers of 20 Gt (Milliman and Syvitski,
1992), representing the unsustainability of current extraction trends.
Additionally, sand extraction is characterized by a massive black mar-
ket, illegal extraction and an extremely violent industry resulting in a
direct threat to the lives of local people engaged in anti-extractive
activism across a wide geography (Beiser 2018; Bisht and Gerber,
2017; Koehnken and Rintoul, 2018; Bisht, 2019).° In recent decades, the
Global South has been the locus of aggregate consumption, and is the
region which, in the near future, is likely to see the most important in-
creases in aggregate use (Miatto et al., 2016), and is therefore also likely
to be the locus of sand extraction and its related negative implications.

Although currently still limited, in recent years, scholarly work on
sand extraction and its impacts is emerging as a growing field of research
(Peduzzi, 2014; Hilson, 2016; Torres et al., 2017; Bisht and Gerber 2017;
Bisht, 2019; Beiser, 2017, 2018; Marschke et al., 2020; Franks, 2020;
Lamb et al., 2019; Bendixen et al., 2019; Kothari and Arnall, 2020).
There is also significant work by journalists, activists, non-governmental
organizations (NGOs), and grassroots organizations, and increasing
conflicts around sand mining. This article draws on political ecology
literature, utilizing the concept of the commodity frontier and the
theoretical framework of extractivism whilst engaging with
non-academic, grassroots literature around sand mining to introduce a
discourse on the movement of sand frontiers and theorize sand
extractivism.

A scoping review of both quantitative and qualitative studies on sand

2 Since one of the largest uses of aggregates is for construction (Peduzzi,
2014), global consumption of aggregates are estimated using cement con-
sumption data, with average cement-to-aggregate ratio of 1:6 for buildings
(Steinberger, 2010), which may in itself be an underestimation. For instance,
much larger quantities of aggregates are used for road construction, at
bitumen-to-aggregates ratio of 1:20 (Steinberger et al., 2010).

3 Whereas no official international database currently exists, large-scale
violence is evidenced by reports in local, national and international newspa-
pers, through NGOs, transnational activist networks, etc. The EJAtlas is one
important database documenting such cases (ejatlas.org).
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mining was conducted. It comprised three major groups of scholarly
works: 1) sand mining, sand extraction and sand conflicts; 2) quantita-
tive analysis of global trends and patterns of social metabolism,
including non-metallic mineral and construction mineral extraction and
use; 3) research on extractivism, specifically that related to artisanal
mining, small-scale mining; and 4) other types of extraction of non-
metallic minerals. Grey literature was collected using web-based on-
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line keyword searches for “sand mining”, “sand crises”, “sand conflicts”,
“sand scarcities”, “sand governance”, and “ecological impacts of sand
mining”. The literature collected was grouped as follows: journalistic
reports, reports from international organizations, reports from advocacy
groups and NGOs, and news articles. Details of ecological conflicts
linked to sand were also extracted from the EJAtlas, a global database of
ecological distribution conflicts (EDCs) and environmental injustices.

Section 2 of this paper explores the linkages between increasing so-
cial metabolism and the creation, proliferation and intensification of
commodity frontiers, and introduces the concept of “sand frontiers”.
Section 3 elaborates on sand frontiers by addressing four research
questions, namely: 1) What are the drivers of expansion and intensifi-
cation of sand frontiers? 2) What and where are the current and po-
tential sand frontiers? 3) How is the forward movement of sand frontiers
occurring? and 4) What are the identifiable socio-ecological trans-
formations at these frontiers? Based on the analysis of creation, prolif-
eration, intensification and transformations at sand frontiers, Section 4
highlights the similarities and discusses the differences between sand
extraction and other forms of mineral extractivism. It reflects on why
extractivism—a framework typically used to study metal or bulk mineral
extraction (Acosta, 2017; Bunker, 1985; Ye et al.,, 2019; Gudynas,
2013)—is an increasingly relevant and necessary theoretical framework
for deeper analysis of sand extraction. Section 5 proposes solutions to
the ongoing patterns of sand frontier expansion, utilizing the rich
literature on post-extractivism (PE) (Acosta, 2016, 2017; Gudynas,
2013; Svampa, 2015). The lens of PE—which engages with problems
around resource extraction whilst keeping socioeconomic and ecological
transformations occurring at frontiers central to the design of sol-
utions—is utilized to enhance the existing, limited, policy recommen-
dations around sand governance to focus solutions for sand frontiers.
The sixth section concludes the article.

2. Increasing social metabolism and the forward movement of
commodity frontiers

The increasing rates and scale of extraction and consumption of sand
resources over the twentieth and twenty-first centuries are commensu-
rate with increasing total global social metabolism across all material
groups. Given the limitation of analyses on sand extraction, it is essential
to first explore, theoretically, the broader history of natural resource
extraction, and resultant ecological and socioeconomic transformations
at frontiers of extraction. Although metabolic interaction between
human society and ecosystem has always existed, the introduction,
reproduction, and ever-increasing scale of capital involved in nature-
society interactions over the past two centuries has led to massive
growth of metabolic demands on nature by the economy (Clark and
Foster, 2010). This increasing social metabolism and global material use
(Muradian et al., 2012; Haberl, 2001; Fischer-Kowalski and Haberl,
2007; Fischer-Kowalski, 1998; Schaffartzik et al., 2014) has been a
product of intensification and expansion of frontiers of resource
extraction—commodity frontiers (Moore, 2000; Clark and Foster, 2010,
2014).

The commodity frontier simultaneously refers to both a specific
geographical place and a socio-spatial movement—typically the “for-
ward movement of the (capitalist) system”, expanding into new spaces
and/or creating new socio-ecological-economic flows (Moore, 2000, p.
412). These have historically been spaces forced open by the combined
agencies of capital, science and empire (Moore, 2000, 2014; Schindler
and Kanai, 2018). Frontier dynamics have been theorized by Moore
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(2014) as nature-capital interactions which treat ecosystems as “cheap
nature”, and appropriate ecological surpluses from local inhabitants
who are both users and stewards by dispossessing them (Schindler and
Kanai, 2018), and by mobilizing “the work of uncommodified human
and extra-human natures in service to advancing labour productivity
within commodity production” (Moore, 2014, p. 286). The first phase of
this frontier expansion, also termed as the “cheap nature strategy” of
early capitalism, was first undertaken during the 15th century, with
expansion of extraction into Africa and Latin America through colo-
nialism and imperialism (Moore, 2014; Schindler and Kanai, 2018). This
has extended well into the 20th century through a combination of in-
struments, such as recommendations of supranational organizations and
state policies (Svampa, 2015; Arsel et al., 2016; Saes and Bisht, 2020).
Frontier expansion has also included generations of ever-increasing new
resource frontiers. This is because as new resources have been metab-
olized by the economy, they are absorbed into circuits of capital, thus
enhancing their commodification and extraction (Schindler and Kanai,
2019).

The forward movement of commodity frontiers typically occurs in
three ways: commodity widening—encroaching into new geographical
spaces for extraction; commodity deepening—introducing new tech-
nologies or organizational logistics to intensify extraction at existing
frontiers; and commodity-transformation—reconstituting the forms of
commodity and their underpinning of socio-ecological systems (Banoub
et al., 2020). These movements are transformative of local ecosystems,
degrading ecosystems and generating environmental pollution, as well
as socioeconomic and cultural dynamics at frontiers (Moore, 2000).
Furthermore, given the self-exhaustive nature of resource extraction,
frontier expansion results in generating forward movements of localized
scarcities (Moore, 2000; Schindler and Kanai, 2018). The extraction of
raw materials, land and labour at commodity frontiers have also been
historically linked to unequal development, dispossessions, violence and
power asymmetries (Moore, 2000; Harvey, 2007; Schindler and Kanali,
2018). Frontier expansion and the negative externalities it engenders
eventually result in the generation of environmental injustices and often
lead to ecological distribution conflicts (Temper et al., 2015).

In recognition of the large quantities of already appropriated and
commodified natural resources, Moore (2014) posited that the early
twenty-first century was witnessing the “end of cheap nature”—a point
beyond which there are no more great global commodity frontiers that
could be transgressed at rates and on scales that would enable further
resource appropriation to enable the next phase of global economic
growth (Moore, 2014; Schindler and Kanai, 2018). However, Schindler
and Kanai (2018) posit that even if there is no longer a single “great” or
global commodity frontier, “rescaled governance regimes may be able to
locate localized commodity frontiers”. Moreover, there is a continually
growing search for new materials and energy sources (Temper et al.,
2015), which is likely to continue pushing and even creating new
commodity frontiers of resources newly incorporated into commodity
regimes. These discussions are particularly relevant in the analysis of
sand extraction because, in recent decades, sand is increasingly
becoming one such “new” resource.

As is the case with all minerals, the mining of sand has seen signif-
icant growth over the last two centuries. Although historically used in
construction, large-scale consumption of sand is today linked to concrete
production (Beiser, 2018). The immense increase in concrete production
since the late nineteenth century (Forty, 2012; Watts, 2019), which
continued over the twentieth century with increasing urbanization and
globalization, has culminated in concrete becoming the world’s most
consumed man-made material in the twenty-first century (Courland,
2011). The increase in concrete production is the most significant driver
of current scales of sand extraction. Given its close linkages with eco-
nomic growth, over the last century sand consumption has spatially and
temporally shifted, with consumption currently being primarily located
in the Global South (Miatto et al., 2016), two of the top domestic con-
sumers being China and India (Koehnken and Rintoul, 2018). China is an

The Extractive Industries and Society 8 (2021) 100904

especially important example here, with the country being the largest
global cement producer in 2018 with an estimated production of 2.37 Gt
of the total 4.1 Gt production that year, representing 58% of global
production (USGS, 2019). Another important factor here is the rate of
growth in construction, which is so rapid that it is estimated that total
cement consumption in China (at 6.6 Gt) between 2011 and 2013 was
greater than consumption in the USA between 1901 and 2000 (at 4.5
Gt), i.e., China consumed more cement in two years than the USA in a
century (Smil, 2014). Rapidly increasing population and urbanization in
the Global South are further expected to push demand for sand in the
near future, e.g., it is estimated that if India follows a development
trajectory similar to that of China, it is likely to result in quadrupling
global sand demand (Koehnken and Rintoul, 2018). This ongoing con-
sumption of sand is already leading to sand scarcities, is likely to drive
prices up further in the near future (Bendixen et al., 2019), and, in line
with frontier dynamics, result in further expansion and intensification of
sand frontiers.

Based on a critical analysis of the frontier discourse and available
qualitative and quantitative data on sand extraction, the next section of
the paper elaborates on the concept of sand frontiers by presenting the
drivers, locations, forward movement of, and transformations at these
frontiers.

3. The emergence, expansion and intensification of sand
frontiers

3.1. Major drivers of increasing social metabolism of sand resources

Sand has diverse and widespread applications, and therefore a large
number of drivers of increasing social metabolism, the most significant
of which are explored here. Given that sand use is dominantly utilized
for construction, the two largest drivers are urbanization and transport
infrastructure (Peduzzi, 2014), although exact figures used in these
global projects are unavailable. Global social metabolism of construc-
tion minerals increased drastically over the 20th and 21st centuries
(Krausmann et al., 2018; Miatto et al., 2016), and is closely linked to
economic growth and development at national level (Steinberger et al.,
2010). Urban spaces require massive quantities of sand for building
construction, roads, pavements, etc., and the construction of 1 km of
highway on average requires close to 30,000 tons of sand (Koehnken and
Rintoul, 2018), with 80% of concrete roads and 90% of asphalt pave-
ments being composed of aggregates (Peduzzi, 2014). Owing to a mix of
increasing population pressures, global capital, and enhanced technol-
ogy and engineering capabilities, this project is currently evolving to
increasingly larger scales. Urbanization has expanded to the production
of megacities and the creation of entire new cities, such as those in Qatar
(Rizzo, 2014), Dubai and the UAE (Nassar et al., 2014; Peduzzi, 2014).
In addition, infrastructure projects have expanded from the production
of roads and highways to much larger-scale projects, such as national
development corridors, special economic zones, transnational high-
ways, and intra-continental transport infrastructures, including the Belt
and Road Initiative (World Bank, 2018), following processes of “infra-
structure-led development” (Schindler and Kanai, 2019). All these de-
velopments lead to massive increases in sand extraction.

The next major infrastructure driver of sand metabolism is land
building or land reclamation. These projects are undertaken for various
reasons, such as land reclamation for expansion of territorial borders, e.
g., Singapore (Koehnken and Rintoul, 2018; Lamb et al., 2019), the
Netherlands (Hoeksema, 2007), Nigeria (Sengupta et al., 2018), Japan
(Suzuki, 2003); for luxury residential projects in countries such as
Dubai/UAE (the Palm Island and The World), Nigeria’s planned Eko
Atlantic City built on 10 million m? of reclaimed land and surrounded by
the protective “Great Wall of Lagos” (Ajibade, 2017); and for national
development projects, such as Indonesia’s planned Giant Sea Wall or
National Capital Integrated Coastal Development project in Jakarta
(EJAtlas, 2019); and for geopolitical reasons, e.g., China’s construction
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of Spratly Islands in the South China Sea (Sengupta et al., 2018; Mora
et al., 2016).

Another driver of sand extraction, currently largely limited to USA, is
hydraulic fracturing (fracking), which requires large quantities (each
well requiring close to 10,0000 tons) of high-grade silica sand as a
“propper” agent to maintain open shale fractures and ensure continuous
gas flow (Biersted, 2015). Frac sand consumption in 2017 in the Permian
Basin (largest fracking basin in the world) stood at 23 million tons, with
estimates that demand will increase to 54 million tons by 2022 (Black
Mountain Sand, 2018). High-grade silica sand—with purity grades of
over 99%—is required for the production of optical lenses, microchips,
and glass (for buildings, electronics, etc.). Finally, an increasingly
important utility of sand is for mining of rare earth minerals and metals,
such as ores of iron, ilmenite ore for titanium, garnet, zirconium, rutile,
etc. (EJAtlas, 2017a, 2017c).

Moreover, ongoing and future needs for sand consumption continue
to exist and even grow. For instance, necessity-based decent housing,
basic public infrastructure and transport access for all is still lacking for
large sections of global society. Construction of protective barriers
especially in low-lying countries, high-density coastal cities, regions
prone to flooding, and Small Island Developing States are likely to
become increasingly important future drivers of sand use due to global
sea level rise (Sengupta et al., 2018). Finally, potential growth of
needs-based sand use is also likely to increase in the production of
electronic devices, which will be ever more important for access to basic
services in a post-COVID-9 world.

Given the increasing extraction of sand, and the geographically
widespread nature of sand availability and extraction, the following
section explores where sand has been and is being extracted, i.e., where
sand frontiers are located.

3.2. Locating sand frontiers

Typically, commodity frontiers are spaces characterized by a com-
bination of abundance of specific natural resources, availability of
technological feasibility for large-scale extraction, and favourable po-
litical conditions. Given their widespread availability, relative ease of
extraction, and lack of regulatory policies in many countries, sand
frontiers are much more diversely located and widespread. Five major
spatial categories which have the potential to convert into sand frontiers
are identified below:

3.2.1. Riverine

Located below surfaces and along coastlines of rivers, riverine sands
are clastic fragments typically composed of different minerals, and have
angular individual grains, making them particularly well-suited for
concrete production, hence their widespread use in construction. They
are also preferred given their general proximity to urban agglomera-
tions. Since riverine sands can be found in all rivers, tributaries and
other flowing surface water bodies, and are easy to access with relatively
lower-grade technological inputs, current and prospective riverine sand
frontiers are constricted only by policy, e.g., in Western Europe
(Koehnken and Rintoul, 2018). Given their ease of access, they are also
much more likely to involve smaller-scale, local extractive actors.
Frontier expansion and intensification have major negative implications
for downstream flooding and drought, fishing and agriculture, and can
severely affect aquatic biodiversity (Koehnken and Rintoul, 2018;
Peduzzi, 2014; Gavriletea, 2017).

3.2.2. Beach/coastal

Beach sands are deposits of clastic fragments carried by rivers as they
enter oceans,” and are composed of angular grains, thus having utility in
construction, albeit to a lesser degree than riverine sands. One of the

4 Exceptions include coral, and volcanic beaches.
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most important applications of beach sands is in land building/expan-
sion. Beach mining has also recently begun including mining for rare
earth minerals, e.g., zircon and ilmenite mining operations on the coast
of Senegal (EJAtlas, 2018). Similar to riverine frontiers, many
beach-sand frontiers are located in unregulated beaches in the Global
South (Tweedie, 2018; EJAtlas 2017a; EJAtlas 2017c). Frontier expan-
sion and intensification have significant implications for dis-
appearing/reducing beaches and inland flooding, increasing climate
vulnerability of coastal cities and affecting livelihoods and
sustenance-based fisheries (Koehnken and Rintoul, 2018; Peduzzi, 2014;
Gavriletea, 2017).

3.2.3. Lakes and creeks

Located on floor/beds of lakes, creeks, and other stagnant or semi-
stagnant water bodies, such sands are deposits of riverine sands, are
angular, and are largely used for construction, but require relatively
large technology and energy inputs. Prominent examples of such
extraction are the large-scale mechanical operations in Lake Poyang
(China) (de Leeuw et al., 2010; Ye et al., 2018), and large-scale manual
operations in Vasai Creek (India) (EJAtlas, 2020). Frontier expansion
and intensification can lead to negative impacts on local livelihoods,
especially from peasant agriculture and fisheries, and altered patterns of
downstream sediment deposition has potential implications for floods
and droughts.

3.2.4. Marine

Located on ocean floors, marine sands are deposits of riverine and
beach sands. Although angular, they are relatively less suitable for in-
dustrial applications owing to higher extraction costs—mechanical op-
erations involving higher capital, technology and energy inputs—and an
expensive stage of salt removal (Koehnken and Rintoul, 2018; Peduzzi,
2014; Gavriletea, 2017). This results in marine-sand frontiers being
relatively few but likely to be more intensive given the higher cost of
operations and thus the involvement of larger extractive players.
Large-scale marine-sand mining has severe negative impacts on benthic
ecosystems, as they disturb or destroy habitats, especially unique eco-
systems such as coral reefs and mangroves. For instance, dredging in
Waa-Tiwi-Diani coral reef (Kenya) of 800,000 m? in the first phase
(EJAtlas, 2017b), followed by 20Mt of sand and 400 tons of stones
extraction in the second phase (Aggregates Business, 2015) resulted in
severe damage to reefs, turtles and fish, and a loss of cultural commons.
These operations are currently funded by the Japanese International
Cooperation Agency and use the Dutch vessel Willem van Oranje
(The Conversation, 2019), indicating the presence of powerful, inter-
national, larger-scale extractive players.

3.2.5. Crushed rock

In cases of limited access to other forms of sand, hills/boulders/rocks
can be mechanically broken down into smaller fragments until granular
sand size is obtained. This activity is capital intensive, making crushed
rock sand frontiers more sparse but likely to involve larger extractive
players and be more intensive. For construction, regular rock/hills/
boulders are crushed to obtain angular particles (Koehnken and Rintoul,
2018; Peduzzi, 2014; Gavriletea, 2017). Other, more specific applica-
tions require specific rocks/stones, and private ownership of rock-
s/hills/boulders, e.g., frac sand—crushed sandstone for fracking (Black
Mountain Sand, 2018)—and powder from talc rocks for cosmetics and
pharmaceuticals (Jadhav et al., 2013).

Desert sand, although available in large quantities, is composed of
individual spherical grains, which are currently incompatible for con-
crete production, thus having no large-scale applications (Zhang et al.,
2006), and hence no current desert-sand frontiers.

Given the potential for sand frontier creation in multiple spaces, the
following section explores how forward movement of sand frontiers is
occurring and can continue to occur.
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3.3. Forward movement of sand frontiers

The forward movement of sand frontiers can be observed to have
occurred through strategies of commodity-widening—geographical and
spatial expansion, and commodity-deepening—intensification of oper-
ations at existing sites. Although quantitative analysis of commodity-
widening is difficult given the lack of data, because of its strong link-
ages to concrete, frontier movement can be expected to have progressed
coterminously with increased construction, since sand is a high-volume,
low-value commodity (Miatto et al., 2016) with a relatively small range
of transportation. Between 1970 and 2010, non-metallic mineral con-
sumption stabilized in North America and Europe, whereas Asia-Pacific
saw an intense increase in extraction, and Latin American and Africa
showed increasing extraction but remained below the world average of
per capita consumption (Miatto et al., 2016). Much of this supplemented
the massive built environment and infrastructure growth in the Global
South, particularly in BRICS (Brazil, Russia, India and China) in the 21st
century (Miatto et al., 2016). Since extracted sand is largely used within
national boundaries, domestic consumption can be expected to be
largely correlated with the expansion of sand commodity frontiers. In
the 21st century, therefore, sand frontiers have transitioned from the
Global North to the Global South, which can be traced along the tem-
poral movement of the projects of economic growth and development.
Another indication of commodity-widening in the Global South is the
presence of sand-related socio-ecological conflicts, which are largely
localized in the Global South.

Along with commodity-widening, processes of commodity-
deepening can be observed at many sand frontiers. This applies espe-
cially to large-scale mechanical dredging operations, which can be
similar to multinationally operated extractivisms in terms of inputs,
processes, and outputs, with high extraction rates, resulting in large-
scale, and long-term ecological degradation. Extraction in the largest
single sand mine in the world—Lake Poyang in China—was estimated at
488 million tons or 236 million m® in 2005-2006 (de Leeuw et al.,
2010), resulting in increased discharge capacity of 1.5-2 times its
pre-extraction average (Lai et al., 2014), and an average annual water
level decline of 0.26 0.75 m between 2000 and 2014 (Ye et al., 2018).
Another example of commodity-deepening is in the Mekong river.
Despite a lack of reliable data, reports from investigative journalism
(Constable, 2017; Beiser, 2018), international and national NGOs and
other transnational actors (Global Witness, 2010), and intergovern-
mental bodies (UNEP, 2019; Koehnken and Rintoul, 2018) indicate that
Cambodia, Vietnam, Lao PDR and Thailand have been large exporters of
sand from the Mekong, mostly for export to Singapore (Lamb et al.,
2019). This implies that the Mekong has emerged as an international
sand frontier for urbanization, construction and development in the
more developed nations in the region. Extraction in the basin was esti-
mated to be around 55 million tons per year in 2011 (Koehnken and
Rintoul, 2018), with volumes of extraction so high as to result in the
Mekong channels in Vietnam deepening by an average of 1.4 m and
material bed losses of 90 million m® between 1998 and 2008 (Brunier
et al., 2014). Furthermore, intensity of extraction in Indonesia was so
high that 24 Indonesian islands are believed to have disappeared be-
tween 2005 and 2014 as a direct result of sand extraction, and 80 islands
remain under threat (Tweedie, 2018). The extractive intensity at the
Mekong riverine frontier, the quantities of sand extracted and exported,
its downstream ecological and livelihood effects on people (Lamb et al.,
2019), and the corruption and illegalities involved,” were so extreme
that exports to Singapore were banned by Cambodia in 2017, Indonesia
in 2007, and Malaysia in 2018 (Reuters, 2020). Following these bans, to
ensure sand availability, the search for resources, their

5 An investigative report comparing value of sand transfer from Cambodia to
Singapore revealed a discrepancy of USD720 million, which was found to relate
to illegal operations run by two Cambodian senators (Global Witness, 2010).
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commodification, extraction and export has spatially shifted to
Myanmar (Reuters, 2020), in line with commodity-widening strategies.

Forward movement of commodity frontiers is both responsible for
localized ecological exhaustion and provides impetus for further
expansion, thus creating a cyclical loop of scarcities, commodification,
and increasing extraction along its movement. Localized sand scarcities
are already emerging across the world, especially in South-east and
South Asia. These scarcities are likely to increase prices, further
commodify sand, push sand frontiers, and increase transnational
movement of sand resources. This is corroborated by a global system
dynamic model of sand, gravel, crushed rock and stone, which concludes
that localized sand scarcities are presently increasing demand, signalling
that global trade in these materials is likely to continue growing in the
near future (Svedrup et al., 2017).

The forward movement of sand frontiers, as all commodity frontiers,
is associated with the continuing movement of ecological and socio-
economic transformations, which are examined in detail in the following
two sections.

3.4. Ecological transformations at and downstream impacts of sand
frontiers

As explored in Section 2, commodity frontiers are spaces where
capital-nature interactions lead to appropriation of cheap nature
through exploitation of ecosystems and labour, and are characterized by
profound transformations of land and ecosystems as well as labour and
socioeconomic relations (Moore, 2000; Frederiksen and Himley, 2019).
All these transformations can be identified at sand frontiers. Geo-
morphologically, frontier intensifications lead to changes in river
channel morphology resulting in localized increase of river-bed slope
and increased flow velocities (through channel deepening); sediment
composition (through extraction of medium to coarse grains, thus
reducing median-size grains); reduced river sediment load (through
extraction of large volume of materials); and impacts on water quality
(resulting in altered light penetration impacting algal, vegetation
growth, and biotic life) (Koehnken and Rintoul, 2018). Intense riverine
sand frontiers also impact deltas and coastal zones, due to insufficient
sediment deposition, which is essential for production and maintenance
of beaches. Coastal sand dredging heightens vulnerabilities through
reduction of beaches and increased inflow and access of sea water and
can damage ecosystems such as mangroves, which serve as first lines of
defence against extreme weather events (Koehnken and Rintoul, 2018).

Ecological transformations at sand frontiers have severe implications
since aquatic ecosystems are habitats for diverse flora and fauna,
including endangered species. The Mekong is an ecological hotspot
supporting over 800 species of fish, 165 long-distance migratory species
and one of three largest remaining populations of freshwater Irrawaddy
dolphin; Ganga supports at least 12 freshwater turtles, two crocodiles,
48 aquatic birds and two mammal species (Rao, 2001); Waa-Tiwi-Diani
in Kenya (Constable, 2017) and Spartly Islands (Mora et al., 2016) are
important coral reefs ecosystems, and Southern Asian countries’ coast-
lines have protective and biodiversity-rich mangrove ecosystems, which
are at serious risk of loss. Moreover, impacts can last over extended time
periods, with one post-cessation evaluation study in an intense extrac-
tion site off the coast of southern England (>10 h/day dredging within a
100 m? block over 25 years) showing localized benthic recolonization
did not recover even 6 years post-cessation of extraction (Boyd et al.,
2005).

Sand frontiers also generate significant downstream transformations
that extend beyond the frontier. Socioeconomically, altered river flows
have serious downstream impacts affecting the livelihoods of peasant
and fishing communities; for example, the Mekong supports the world’s
largest inland fishery providing a critical food source for 18 million
people (Brunier et al., 2014), and the Ganga basin supports close to 40%
of India’s population (Ganga Action Plan).
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3.5. Socioeconomic transformations at sand frontiers

Sand frontiers also introduce new, often exploitative labour re-
lations, livelihood precarity and risk to life. Although typically only
small-scale illegal mines and artisanal small-scale mines (ASM) utilize
manual labour, in cases where frontiers are located in labour surplus
regions, large-scale operations can be run fully manually. One pertinent
example is Vasai Creek in Mumbai, India (EJAtlas, 2020). It is estimated
that operations employed over 75,000 daily wage labourers—a mix of
migrants and local traditional fishing communities—with operations
involving unprotected free diving up to 40-50 feet, 200-300 times a day
to the creek bed to collect sand using iron buckets. Investigations
revealed that miners regularly died by being swept away by un-
dercurrents, or by burial beneath underwater sand dunes (EJAtlas, 2020;
Srivastava 2017). Such manual mining labour has been described as the
“new mining precariat”, composed of destitute people working in un-
stable, insecure, exploitative, unregulated, often illegal jobs which
involve high risk and no occupational protection, often in locations that
are not easily accessible and are lacking in basic services (Lahiri-Dutt,
2018). Given the insecurity and danger involved in manual sand-mining
operations, people employed here—as with ASMs—often belong to so-
cioeconomically vulnerable sections of society, rural and previously
agrarian peasant populations suffering from declining returns on tradi-
tional livelihoods and failure to meet basic daily needs, thus engaging in
fluid or flexible low-skill work as a form of income diversification or
“livelihood multiplexity” to supplement agrarian outputs (Bryceson,
2002; Lahiri-Dutt, 2018). These engagements are, however, inadequate
in terms of incentivizing skilling, technical innovation, and overall
improvement of people’s well-being (Bryceson, 2002). As a result, in
regions where manual sand mining has emerged as an alternative live-
lihood option, “deagrariarization” occurs both as a result and further
reinforcement of the dissolution of traditional livelihoods (Bryceson,
2002; Bryceson and Jonsson, 2010), following tendencies of extracti-
vism towards the creation of monoproductive local economic systems.

On the other hand, sand mining has historically been carried out
through ASM for small-scale, individual housing or other construction
applications all over the world, and is a traditional livelihood source, for
instance, for the areneros (traditional manual sand miners) of Colombia
(Hougaard and Velez-Torres, 2020). This has largely been possible due
to the non-commodification, easy access and widespread availability of
sand. However, the presence of larger-scale extractive players able to
mobilize technology, capital and especially power (both legal and
illegal) in local settings results in commodification and reduced access to
sand commons for local communities. There is an important need here to
draw clear distinctions between small-scale traditional sustenance op-
erations as opposed to illegal sand extractors, e.g., the sand mafia. For
instance, sand frontiers are not spaces where traditional, manual,
communal, small-scale and subsistence-based sand extraction occurs,
but rather where large-scale extraction, controlled and consolidated by
powerful actors, for accumulation occurs.

Sand frontiers are often sites of transformed social relations through
the introduction of illegal extractive actors, which results in related
violence creating severe disruption to the lives of local communities
(Bisht and Gerber, 2017; Bisht, 2019; Beiser, 2018; Constable, 2017). In
many countries, large percentages of sand consumed are illegal (Beiser,
2017). Illegality enables a complete lack of accountability with respect
to environmental or social impacts, labour conditions, or extracted
quantities and has significant economic implications, ensuring that
illegal sand is far cheaper, thus reducing the economic viability of legal
operations. Protection and preservation of these illegal operations has
resulted in intense and brutal localized violence against anti-extractive
activists and citizens across the world. For instance, India has wide-
spread “sand mafia” responsible for the intimidation, maiming and
murder of activists, journalists, and police officers of all ranks (Bisht and
Gerber, 2017; Bisht, 2019), Cambodia has witnessed the imprisonment
of activists, an activist in Mexico was murdered in 2019, and a Kenyan
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police officer’s body was found with his head crushed and eyes pierced
(Beiser, 2017; Constable, 2017).

Sand frontiers can also introduce cultural transformations if expan-
sion and intensification lead to the loss of or loss of access to precious
aquatic ecosystems that are cultural commons, and species of inherent
value or which are revered by indigenous peoples and local commu-
nities. This also extends to the loss of aesthetic ecosystem services such
as beaches valued and used by broader sections of society. Given these
socioeconomic and ecological transformations, the movement of sand
frontiers results in altered patterns of access to natural resources, dis-
possessions, local power asymmetries, violence, environmental and so-
cial justice incursions, with sand extraction eventually leading to
localized EDCs (Bisht, 2019; Bisht and Gerber 2017; Hougaard and
Velez-Torres, 2020).

Table 1 presents a brief summary of the typologies of sand, its uses
and impacts of high ratesand scales of extraction. Given these facets of
sand frontier expansion and intensification, which are resulting in
serious negative socioeconomic and ecological implications, it is
necessary for sand extraction and sand frontier movement to be further
analysed. This requires utilization of a pertinent and relevant theoretical
framework which can enable a deeper examination of existing problems,
as well as designing alternatives to ongoing patterns of sand extraction.
In this context, the following sections explore the theoretical framework
of extractivism.

4. Locating sand within the framework of mineral extractivism

As has been explored in the previous section, sand frontiers have
been and still are continually intensifying and expanding. This frontier
movement is associated with large-scale ecological degradation, altered
patterns of access to natural resources by local communities, and the
introduction of or increase in social violence at sand frontiers. Given
these features of sand frontier movement and the associated socioeco-
nomic and ecological transformations, the most pertinent theoretical
framework to deconstruct, analyse and provide alternatives for trans-
formations away from existing trends and patterns of sand extraction
can be found within the rich literature on mineral extractivism.
Extractivism is theorized as the process of human appropriation of
natural resources at scales large enough and rates high enough to be
beyond the regenerative capacities of natural systems. This appropria-
tion is effected through structures, processes and modalities which are
exploitative of local ecosystems and peoples, and which propagate an
outward flow of nature from frontiers of extraction to spaces of con-
sumption (Acosta, 2017). This includes large-scale extraction of fossil
fuels and bulk minerals, but can also extend to large-scale monoculture
plantations and agricultural activities or fisheries. The inherently
self-depleting nature of extractivism combined with increasing global
resource requirements implies that extractive expansion is inevitable,
and occurs either through intensification in existing extractive locations,
or movement of frontiers of extraction to new geospatial locations
(Temper et al., 2015; Bunker, 1985; Ye et al., 2019), often leading to
social mobilizations and generating EDCs (Bebbington et al., 2008;
Temper et al., 2015). Extractivism is also characterized by the acquisi-
tion of extreme wealth by extractive agents through processes referred
to as “accumulation by dispossession” (Harvey, 2007), and result in
cost-shifting of externalities to local communities (Temper et al., 2015).

There are several key differences between extraction of sand and
other resources: individual sand extraction operations are usually much
smaller in scale than individual bulk mineral operations, they require
lower capital, energy and technology inputs, extractive agents are
typically not internationally powerful actors, trade and transport are
limited to relatively short distances, and, unlike most other minerals,
sand is available across a widespread geography (Sections 3.2 and 3.3;
Beiser, 2018). However, similar to other forms of extractivisms (Bunker,
1985; Acosta, 2017; Gudynas, 2013; Harvey, 2007; Ye et al., 2019), and
based on the analysis provided in the previous section, sand extraction is
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Table 1
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A brief overview of typologies of sand, its uses and impacts of high rates and scales of extraction.

Types of sand Description of formation Description of Major uses Major impacts

individual
particles

Riverine Wind and water erosion, attrition, Angular Construction industry, glass Livelihood impacts, river course shifts, altered access to

microbial action. making water downstream, altered sediment deposition
downstream, floods, droughts, access to water, cultural
implications.

Beach Wind and water erosion, attrition, Angular Construction industry, Rare Loss of beaches, inland flooding, loss of mangroves,
microbial action, coral degradation, earth metals, land building and enhanced vulnerability of coastal cities, cultural
degradation of volcanic rocks. reclamation implications.

Lakes, creeks and Wind and water erosion, attrition, Angular Construction industry Altered drainage of water into downstream river systems,
other stagnant microbial action. altered sediment deposition downstream, enhanced
water bodies potential of flood and droughts, livelihood impacts

(fisheries and agriculture), cultural impacts.

Marine Wind and water erosion, attrition, Angular Land building and reclamation Loss of coral reefs, and other ecosystems, loss of
microbial action, oceanic activity- mangroves, benthic and marine species habitat
based erosion. degradation and destruction, cultural impacts.

Crushed rocks Created by manually or mechanically ~ Angular Construction, fracking, Loss of mountains/hills, generation of air pollution,
breaking down of rocks from hills cosmetics and pharmaceuticals cultural impacts.
and mountains (Talc)

Desert Wind erosion Spherical None None

characterized by the following extractive features. First is the presence
of disproportionately powerful extractive actors. Although typically not
a multinational corporation or the state, these actors hold extreme po-
litical power and economical wealth at local, regional or national level
and are able to engage in processes which undermine the democratic
rights, interests and values of local communities. Unlike other extrac-
tivisms where value accumulation directly feeds into multinational
corporations, the state or global markets, here value is concentrated
with locally powerful actors, thus reinforcing local power asymmetries
(Sections 3.5 and 3.3). Second, even though individual mines are smaller
and scattered, operations in a region are often widespread—along long
stretches of river ecosystems or coastal zones. The cumulative scales
typically result in extensive ecological degradation, negative implica-
tions of which are often cost-shifted onto local communities, frequently
leading to social and environmental injustices (Sections 3.1, 3.4 and
3.5). Third, sand is largely transported away from extractive zones,
essentially resulting in the export of nature to different spaces where
value addition and consumption takes place, e.g., for urbanization,
large-scale transport infrastructures, land building, etc. (Sections 3.1
and 3.2). The benefits of extraction through access to value-added
products and the flow of monetary compensation are not accrued by
local populations, and even if direct income or employment opportu-
nities are created, they are complemented by high degrees of exploita-
tion of the employed workforce (Sections 3.5). Fourth, large-scale and
intensive operations result in the elimination or endangerment of pre-
vious livelihood generation activities, such as agriculture and fisheries,
because resultant ecological degradation often renders traditional live-
lihoods ineffective, thus making sand extraction the most economically
lucrative activity. This leads to the establishment of monocultural or
monoproductive systems, which can result in local people becoming
integrated with and dependent upon monoproductive, self-depleting
extractive activities (Sections 3.3-3.5). Fifth, violence—against peo-
ple, nature, animals, knowledge, cultures, traditions, etc.—is not only a
byproduct, but a necessary precondition for extractivism (Gudynas,
2013, 2018), a feature which is especially prevalent in sand extraction
(Sections 3.3 and 3.5). Finally, similar to the creation of “parastates” and
“deterritorialization” observed in the case of other extractivisms
(Acosta, 2017), sand extraction zones or enclaves often fall under the
control of locally powerful illegal extractive agents who control flows of
sand and are able to subvert the interests of communities for the benefit
of extractive operations, e.g., India’s sand mafias (Sections 3.3 and 3.5).
As with other mineral extractivisms, each of these features flow in sync:
they require, complement and compound each other.

One key divergence in the theorization of extractivism that is

relevant to sand is related to international export of primary materials.
Gudynas (2018) delimits the definitional ambit as only those minerals
that satisfy the criteria of national volumetric export of over 50%
(Gudynas, 2018), so sand is not considered a form of extractivism. In
contrast, Ye et al. (2019) propose that the “essence of extractivism” is
not situated in the type of resource, but rather in the control of flows,
and that the key feature of extractivism is the “monopolistic control over
a wide range of resources that is exerted by, and through, an operational
centre” (Ye et al., 2019, p. 6), thus allowing for the potential expansion
of modalities of extractivism to new resources. This movement through
time and space is a critical aspect which makes extractivism “a
politico-economic formation that is constantly on the move: on the one
hand, it is feeding itself by ruthlessly exploiting (and depleting) the re-
sources it controls; on the other, it is grabbing new resources in order to
continue its operation” (Ye et al., 2019; p. 5). Further, as Schindler and
Kanai (2018) posit, new governance regimes continually create novel
forms of frontiers. Therefore, although sand differs from bulk mineral
extraction in several aspects, the essence and modalities of extractivism
still apply. Furthermore, lack of reliable data and research on sand
transport is significant. For instance, although commonly perceived not
to be internationally exported in high volumes, the case of South-east
Asian countries and the strong presence of a black market suggests
that the large-scale undocumented export/import of sand is ongoing and
has the potential of further expansion across new territories (Section
3.3). Finally, trade dynamics are still relevant even domestically,
because in most cases of unsustainable sand extraction, resources are
“traded” to supply the needs of spatially dislocated, often urban ag-
glomerations (Sections 3.1 and 3.2).

Moreover, the inclusion of the sand lens can significantly contribute
towards research in the field of mineral extractivism. First, the sand lens
broadens the ambit of mineral extractivism—which has largely focused
on metals and bulk minerals—to also include within its framework and
address issues related to non-metallic, or “minor”, or “development”
minerals. These consist of minerals including, but not limited to, stones,
granite, marble, talc, limestone, etc., and rare earth metals (increasingly
extracted from beach sands). This contributes towards analysing re-
sources which differ from currently studied “extractivisms”, but which
could still result in the expansion of capitalist social relations across new
territories and in significant localized negative socioeconomic trans-
formations, downstream effects, altered access to ecosystem services,
consequently affecting large numbers of people, both directly and
indirectly, and generating EDCs (Sections 3.3-3.5). Second, the inclu-
sion of the sand lens can help address gaps in and improve research on
alternatives for resource governance, especially in the context of easily
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accessible, widespread resources, and can also help make important and
much-needed contributions around the governance of ASM operations
and actors across different resources. Third, as explored above, extracted
sand and its value currently suffer from high (but unknown) degrees of
inequitable social distribution, e.g., for use in superfluous/luxury in-
frastructures and through “export” for territorial expansion or island
building, rather than necessity-based applications (Section 3.1). As such,
the inclusion of the sand lens can expand perspectives on the equitable
distribution of increasingly scarce local resources and address intra-
generational and intergenerational equity concerns. Finally, sand has a
relatively recent history of being directly commodified, integrated into
global trade—yet not being regulated or priced at an international or
national level (developmentminerals.org, Bendixen et al., 2019)—and
appropriated through extractivism. Its inclusion therefore enables the
study of materials which are either currently undergoing or will in the
near future undergo commodification, large-scale privatization, and
extractive appropriation and will enter global commodity markets.

This conceptualization of sand frontiers and sand extractivism is
essential in terms of both a critical analysis of the problems associated
with sand and the design of appropriate solutions. Following on from
this, the next section explores the rich literature on post-extractivism as
a relevant and pertinent framework in which to conceptualize alterna-
tives and solutions to existing problems at sand frontiers.

5. Exploring post-extractive options for sand extraction

Given the high degree of similarities in the characteristics of
extractivism which can be identified with respect to the ongoing pat-
terns of sand extraction, the substantial body of PE literature can help
provide socially and ecologically relevant and desirable trans-
formations. Although some reports propose policy recommendations for
the future of sand governance, no scholarly work currently integrates
post-extractivist principles and perspectives into existing policy pro-
posals. Some of these global policy programmes for alternatives to sand
governance and use can be located in Bendixen et al. (2019), UNEP
(2019) and Koehnken and Rintoul, 2018. For instance, Bendixen et al.
(2019) propose a 7-point policy programme to develop a global agenda
for sand extraction, which includes: identification of sustainable sour-
ces; replacing, reducing and reusing extracted sand; developing an in-
ternational and/or multilateral framework and set of good practices for
regulation and governance; educating the broader public on sand
extraction; and monitoring ongoing quantities, rates and locations of
sand extraction. These proposals are discussed below, and the lens of
post-extractivism used to expand on proposals for sand resource
governance, specifically with respect to adaptation at sand frontiers. In
broad terms, the PE lens helps in setting the agenda and introducing the
foundations for a more decentralized, localized regulatory and gover-
nance framework for extraction of sand resources at frontiers. This en-
sures that research on sand extraction, extractivism, regulation and
governance are addressed in a manner that includes people at sand
frontiers, and that the benefits of these proposals are accrued by the
people closest to the negative externalities of continued patterns of sand
extractivism.

Founded upon critiquing processes of growth and development as
the sole means to achieving enhanced social and economic progress, PE
focuses on the critique of large-scale resource extraction and distribu-
tion. It centres on nation states’ promotion of large-scale extraction and
international trade of primary commodities with the purported objective
of achieving growth, which is eventually expected to translate into
increased national GDP, development, societal progress and human
well-being (Hollender, 2015; Escobar, 2015; Arsel et al., 2016). How-
ever, it proposes neither complete bans, nor abrupt cessation of all
extractive operations; rather, in line with sustainable degrowth (Marti-
nez-Alier et al., 2010), it aims to build space for “substantial downsizing
whereby the only ones left are those that are genuinely necessary [and]
meet social and environmental conditions” (Gudynas, 2013, p. 175). It
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calls for the optimization of efficiencies of utilization of extracted re-
sources to maximize social benefit, rather than a continual increase in
extraction volumes (Acosta, 2017). Post-extractive proponents focus on
breaking economic dependencies between peripheries/frontiers of
extraction and cores where value is accumulated. These linkages are
often responsible for the “underdevelopment” of frontiers, and their
dissolution is envisioned as a necessary precondition for peripheries to
eventually build socioeconomic structures whereby opportunities for
meeting basic socioeconomic needs and supporting dignified, sustained
livelihoods for local communities can be created (Bunker, 1985). It also
calls for this rebuilding to enable enhanced societal well-being in ways
compatible with local cultures, cosmovisions, and needs whilst elimi-
nating environmental injustices. Rather than ceasing extraction, PE
envisages transformations towards building alternative extraction re-
gimes which enable achievement of two imperative conditions: poverty
eradication and biodiversity loss prevention (Gudynas, 2013). The
following sections explore some PE solutions for sand frontiers.

5.1. Assessment of needs and regulation of extraction

Increasing sand use seems inevitable in a number of locations within
countries in the Global South, given the needs for appropriate housing
and basic public infrastructures spaces. However, it is essential that
existing, already limited sand resources be targeted towards basic needs-
oriented utilities, dwellings, and community utility maximizing public
built environments and protective public infrastructures, while dis-
incentivizing superfluous, luxury and rentier-economy-oriented, and
global or national capital centric or capital-oriented consumption. Along
with keeping needs-based applications central to consumption, local
extraction can be limited on the basis of biological carrying capacities,
for instance by implementing local extraction caps. Extraction bans and
limits already exist in many countries/regions. In most of Western
Europe, sand extraction was banned or heavily regulated around the
1980s and 1990s (Koehnken and Rintoul, 2018), and British Columbia
(Canada) limits sand extraction only for purposes of public safety or
flood mitigation (Koehnken and Rintoul, 2018). In India, the National
Green Tribunal has consistently banned large-scale sand mining in many
cases, although without much practical success. Finally, if extraction is
limited by a needs-based approach, a significant part of new sand
extraction can be limited by recycling or reusing construction and de-
molition waste, rates of circulation of which are currently relatively low
(Haas et al., 2015). This is especially relevant for the Global North,
where there is a limited need for an increase in built infrastructure
(Torres et al., 2017).

5.2. Documentation of social and environmental injustices

One of the most significant issues surrounding sand is the lack of
reliable quantitative data around extraction, import, export, extractors,
location of extraction and dispatch (Koehnken and Rintoul, 2018;
UNEP, 2019; Torres et al., 2017). This makes it difficult to estimate the
extent of resultant ecological, social, and economic damages, and to
develop targeted, evidence-based solutions. As such, there is a need to
establish monitoring systems which are transparent and recorded and
make real-time data publicly available. Successes in reliable data
collection have been evidenced in Zambia and Cameroon under the
ACP-EU Development Minerals Programme (Franks, 2020; Hilson, 2016;
developmentminerals.org). Another important indicator symptomatic of
illegal and/or unsustainable extraction and any social or environmental
injustice is the presence of social resistance, protests, or com-
plaints—legally or publicly—by local citizens, civil society actors, or
NGOs, etc. As such, an important part of data collection is the docu-
mentation of EDCs, the discontents and demands of anti-sand extraction
movements. For instance, an analysis of mineral extractivism EDCs
across India revealed that over half had resulted from sand extraction
(Bisht and Gerber, 2017; Bisht, 2019). Such documentation is essential
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to provide insights into locations of unsustainable extractivism.
5.3. Management of outward flow of value

Under current extraction regimes, the value of sand is typically
appropriated by a small, locally powerful minority, often operating
“sand enclaves”. Exploring alternative resource governance options is
therefore crucial. Goals of intergenerational and intragenerational eq-
uity can be accomplished by imposing and regulating resource caps,
combined with empowering localized self-regulation by village co-
operatives. In Telangana (India), sand extraction through a village
cooperative increased local incomes and autonomy (Telangana Today,
2018) and, given the proximity of local communities, ensured preven-
tion of over-extraction. In Colombia, areneros, who have traditionally
mined sand sustainably, have resisted the entry of large-scale private
extractors to defend their rights to sand commons, which are increas-
ingly being threatened by privatization of sand resources; this is likely to
reduce their access to sand and eliminate sustenance livelihoods, while
enabling the outward flow of value to corporations or large-scale,
non-local extractive actors (Hougaard and Velez-Torres, 2020). To
safeguard the success of alternative governance regimes, it is also
essential to provide avenues for the realization of resource value. This is
especially true in the case of enclaves captured by illegal actors with no
legal/formal markets for local trading. Here, building effective and
efficient local markets can help provide avenues for fair income gener-
ation, thus disincentivizing illegal extraction. Finally, redistribution of
value, especially by large-scale private entities is essential. One mech-
anism for this is the District Mineral Funds in India, which collects part
of the royalties from extractive operations, eventually making funds
available for local projects (Banerjee and Shalya, 2017). Although this
mechanism is currently suffering from implementation problems, it still
offers a model for ensuring the redistribution of value of sand commons.

5.4. Local power asymmetries: illegal operations and violence

The scale and severity of illegal operations present a complex chal-
lenge which will require many levels of community, government, and
civil society engagement. One step is locating illegal activities by insti-
tutionalizing decentralized, open-access digital platforms for
community-based, anonymous, and real-time reporting that are publicly
accessible, to help track illegal activities and hold perpetrators
accountable. One operational example of a similar idea is community-
based monitoring to enhance the collection of data on environmental
liabilities in Ecuadorian Amazon oil frontiers (Mena et al., 2020).
Another is for the state to set up digital platforms and new institutions to
monitor sand extraction, e.g., India’s Sand Mining Framework 2018
proposes the use of IT for allocating, ordering, monitoring, and deliv-
ering sand.

5.5. Banning certain zones and forms of extraction

Extractivism often operates in ecologically sensitive and biodiverse
zones, sacred lands of indigenous people, vulnerable and threatened
megafauna corridors and habitats, and sources of important ecosystem
services, e.g., rivers, lakes and aquifers, or large, ancient, native forests.
Given this background, it is essential to delineate some activities and
zones where sand extraction is banned for intergenerational and intra-
generational equity and access, for both human and non-human ends.
For instance, with respect to locations, this could include establishing
no-sand extraction zones, e.g., coral reefs, mangroves, and sacred and
culturally significant aquatic bodies. In addition, bans could also be
extended to extraction dedicated to specific applications which are
extremely harmful, e.g., hydraulic fracturing. Fracking has already
resulted in EDCs with local communities in the USA (Biersted, 2015),
where NGOs and community resistance has been active against frac sand
operations, which threaten ecosystems and the health of local residents.

The Extractive Industries and Society 8 (2021) 100904

6. Conclusions

Global sand extraction has seen a sharp increase over the last two
centuries. In order to analyse this increase in sand extraction, the
commodity frontier provides an important analytical tool. This article
proposes that this increase has resulted in the creation of localized
frontiers of sand extraction spread across the world—particularly in the
Global South—and introduces the concept of sand frontiers. Sand fron-
tiers are sites of capital-nature interactions where “surplus” or cheap
sand is being extracted, resulting in ecological and geomorphological
transformations, which have led to multidimensional and cascading
negative downstream effects. Furthermore, there is a perceptible
reproduction of capitalist relations at frontiers, where new social and
socioeconomic relations and often exploitative labour conditions have
been introduced. The forward movement of sand frontiers can be
observed to have occurred through processes of commodity wide-
ning—from the Global North to the Global South and continually
expanding across new regions within the Global South—and commodity
deepening, with increasingly larger scales of operations, and intensifi-
cation of extraction at existing sites. The article also concludes that,
given the global scale of extraction, the local intensity and patterns of
sand extraction, socioeconomic dynamics at frontiers, increasing local-
ized scarcities, growing international trade, and the local conflicts it is
engendering, sand is increasingly emerging as a form of extractivism.
Built on this conceptualization of sand extractivism, by utilizing cri-
tiques from literature on bulk mineral extractivisms and combining
literature on post-extractive solutions, the article provides some PE-
based solutions and alternatives for monitoring, governance and regu-
lation at sand frontiers.

Existing patterns of sand extraction can have serious repercussions
for intergenerational equity (limiting access to future generations),
intragenerational equity (reducing access for less socioeconomically
privileged sections of society), social and environmental injustices, and
EDCs. Despite its significance, increasing extraction and projected
scarcities, research on sand extraction is limited, making future work on
sand resources both important and imminent. Given the large data and
research gaps, there is an urgent need to ensure availability of reliable
extraction, consumption, and trade data; to analyse linkages with larger
political economic processes; to analyse and find solutions to massive
illegal operations, the black market, and the violence involved; as well
as to discuss and develop alternative frameworks—both theoretical and
analytical—in order to understand this all-pervasive yet invisibilized
resource further. Overall, there is an urgent need to regulate and limit
sand extraction, and reduce the continuing forward movement of sand
frontiers, in order to slow or halt the impending emergence of sand as a
new frontier of global resource scarcity.
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