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A B S T R A C T   

Mineral aggregates (sand and gravel) have been the fastest growing and the most volumetrically extracted 
material group extracted over the 21st century. This growth has been associated with large-scale ecological 
degradation and violent localized extractive operations. Further, the ongoing rates of sand extraction are already 
resulting in emerging global and local sand scarcities. However, there is a significant lack of critical analysis of 
the ongoing patterns of consumption and distribution of aggregate resources, as well as on alternative pathways 
to address their overextraction and inefficient distribution. This article conducts a systemic qualitative literature 
review to a) highlight the basis of high rates of sand extraction by exploring its interlinkages with economic 
growth and development; and b) conceptualize alternative pathways for aggregate utilization in a socio- 
ecologically viable manner. It articulates how economic growth and development lie at the foundation of 
over-extraction and inefficient distribution of aggregates, and proposes that solutions to the emergent sand crisis 
lie in critical scholarly works that discuss post-growth based systemic changes. It analyses post-growth, post- 
development, steady-state economics, and degrowth literature to provide alternative approaches for transitions 
that can simultaneously address both the reduction of overall throughput and more equitable distribution of 
aggregates. It concludes with five post-growth proposals: reduction of per-capita units of consumption of sand- 
based products; designing and implementing degrowth cities; revival of traditional and vernacular architectures, 
designs and knowledges; transitioning away from concrete as the primary building material by exploring location 
and climate specific alternate building materials; and reducing, limiting, or banning mega-infrastructures and 
mega-structures.   

1. Introduction 

Economic growth over the 20th and 21st centuries has been 
accompanied by rapid and massive increases in global material extrac-
tion (Krausmann et al., 2018; Miatto et al., 2016). Much of this growth 
has been linked with national projects of economic growth and devel-
opment, often operationalized through top-down extractive and neo-
extractive policies (Svampa, 2015; Veltmeyer, 2016; Arsel et al., 2016). 
There is a rich body of literature which focuses on these interlinkages 
across a wide range of extractive projects such as fossil fuels, bulk 
metals, agriculture, fisheries. However, a review of existing literature on 
mineral aggregates indicates a lack of critical analysis on the linkages of 
growth and development to the extraction, consumption, and 

distribution of mineral aggregates. This is especially important because 
aggregates are estimated to be the most volumetrically consumed and 
the fastest growing material group extracted and consumed by human 
society since the 20th century (Krausmann et al., 2009; Miatto et al., 
2016). Analysis of global social metabolism indicate that at least 50% of 
the total global material extraction, which reached 89 Gigatons in 2015 
(Krausmann et al., 2018), was accounted for by non-metallic minerals, 
with aggregates accounting for 71.9% of non-metallic mineral con-
sumption (Miatto et al., 2016).2 Although quantitative data on aggre-
gate extraction are unreliable (Krausmann et al., 2009), lowest estimates 
indicate that global sand extraction3 reached approximately 40 Gt in 
2014 (Peduzzi, 2014; Koehnken and Rintoul, 2018; UNEP, 2019), 
making sand the most extracted material worldwide (Torres et al., 
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2017). 
Continually increasing sand extraction has resulted in intensification 

and expansion of sand frontiers across the world (Bisht, 2021). This has 
caused significant geomorphological changes around sand frontiers 
resulting in substantial ecological degradation and environmental 
pollution (Koehnken and Rintoul, 2018; UNEP, 2019); large-scale 
downstream negative socioeconomic repercussions for downstream 
communities (Bisht, 2021); and social and civic disruptions, including 
generation of ecological distribution conflicts (EDCs) (Bisht and Gerber, 
2017; Bisht, 2021). Consumption and distribution of sand is also plagued 
with operational illegalities, with both domestic and international trade 
involving black markets, illegal extraction and sale, and severe brutality 
of localized violence at sand frontiers (Global Witness, 2010; Beiser, 
2018; Koehnken and Rintoul, 2018; UNEP, 2019; Bisht, 2021). These 
ongoing trends of sand consumption have also resulted in depletion of 
existing resources, and reduced replenishment of natural sand, leading 
to emerging global and local sand scarcities (Bendixen et al., 2019).4 

Simultaneously, large sections of the global population continue to 
be deprived of access to sand-based necessities, such as decent housing, 
public infrastructures, and electronics (UNEP, 2019). Further, existing 
resources are likely to become increasingly essential for additional in-
dividual and social needs-based utilities in the near future. These include 
sand for increasing access to electronics (Girtan, 2014; Beiser, 2018), 
and aggregates for protective infrastructures for climate change-based 
adaptation responses specially in coastal-cities and regions (Sutton- 
Grier et al., 2015). 

However, currently only a limited number of studies discuss alter-
natives and solutions to the emergent sand crisis (Peduzzi, 2014; Torres 
et al., 2017; Koehnken and Rintoul, 2018; Beiser, 2018; Tweedie, 2018; 
UNEP, 2019; Bendixen et al., 2019; Marschke et al., 2020; Bisht, 2021). 
In particular, there is a significant lack of literature critically examining 
the foundations of increasing sand extraction, i.e., its linkages to the 
broader process of economic growth and development. Developing this 
understanding is key to conceptualizing meaningful alternatives to-
wards reduction of overall throughput of aggregates as well as their 
socially efficient distribution. Given the current trends of economic 
growth and development, and the continuing requirement for needs- 
based infrastructure, future increases in sand consumption are pro-
jected to be largely located in the global South (Miatto et al., 2016; 
Koehnken and Rintoul, 2018; UNEP, 2019). As such, this article focuses 
on alternative strategies for aggregate consumption for the global South. 

This article addresses three key research gaps in literature on sand 
consumption and distribution: How are current patterns of aggregate 
use driving over-consumption and inequitable distribution? What 
theoretical and conceptual frameworks can be utilized to provide a 
holistic critique and alternative pathways for socially just aggregate 
distribution? And what are some theoretically grounded practical pro-
posals towards achieving socioecologically just distribution of existing 
aggregate resources? 

In order to answer these questions, this article utilizes the method-
ology of a systematic qualitative literature review. First, scholarly works 
which critically examine and address issues of resource extraction and 
its linkages with economic growth were explored. A primary literature 
analysis revealed that scholarly work directly addressing the inter-
linkages between economic growth and sand extraction, or consumption 
are limited. However, there is a rich literature which deals with projects 
that consume large quantities of aggregates, thus indirectly addressing 
aggregate consumption. This included critical literature on housing, 
architecture, spatial planning, and large-scale infrastructure and ur-
banization. Next, four bodies of literature which provide critical alter-
natives to existing patterns of economic growth-centric resource 

consumption and distribution were identified. These include post- 
development, de-growth, steady state economics and post-growth. 
Again, although these did not directly deal with sand extraction or 
consumption, they addressed a) the broader issues of economic growth- 
based resource over-consumption and inefficient distribution, and b) 
projects that are large-scale consumers of sand resources. These were 
examined in-depth to build a critical discourse which can directly 
address sand consumption. 

The second section presents a critical analysis of the deeply inter-
twined linkages between sand consumption, economic growth and 
development. The third section introduces a post-growth discourse on 
sand use to understand, analyze, and conceptualize alternatives to cur-
rent processes of aggregate consumption and distribution. The fourth 
section analyses post-growth literature to discuss five alternatives to-
wards reducing social sand metabolism. The fifth section concludes the 
article. 

2. Mineral aggregates and economic growth: driving over- 
consumption and inefficient distribution 

As with all other resources, economic growth and development have 
played an important role in the extraction and consumption of sand 
resources. This section analyses these broader processes which have led 
to the high increases in quantities of sand extraction across the world 
over the last few decades. 

The linkages of GDP to aggregate consumption originate from the 
fact that aggregates form the material basis upon which two basic in-
struments of economic growth are founded: nodes of commodities, 
goods and capital exchange; and physical infrastructure networks to 
enable commodity and goods movement (Beiser, 2018; Danyluk, 2018). 
In recent decades, in all world regions, except North America and 
Europe, growth of non-metallic mineral consumption has been closely 
related to Gross National Product (GDP) growth (Miatto et al., 2016). 
Since the 1970s, Asia-Pacific witnessed the strongest increase in 
aggregate use, with consumption growing at close to 6.5% per annum; 
Africa and Latin America witnessed an increase although both regions 
continue to be far below the world average per capita non-metallic 
mineral extraction (Miatto et al., 2016), while North America and 
Europe experienced relative stability. These geographical trends are 
representative of the already built public infrastructure in the global 
North prior to 1970,5 the substantial growth in infrastructure and con-
struction in Asia-Pacific, and the lack, and hence potential, of further 
development of public infrastructures in Latin America and Africa 
(Miatto et al., 2016; Bisht, 2021). The relation of economic growth to 
social aggregate metabolism represents increased access to housing, 
public infrastructures, and basic per capita material access; but also 
increased urbanization, international trade,6 superfluous and luxury 
consumption (Bisht, 2021),7 and ever-increasing scales of infrastructure. 
This section explores the latter. 

Cities have historically served as nodes of commodity and capital 
exchange for intranational and international trade, and urbanization 
originates from, provides suitable conditions for, and further enhances 
processes of commodity and capital accumulation (Molotch, 1976; 
Harvey, 2008; Davis, 2016). In the post-World War II period, expanding 
urbanization began emerging as an important strategy for increasing 

4 Sand is also an essential, although overlooked, resource with respect to 
Sustainable Development Goals. For further details on the interlinkages, syn-
ergies, and conflicts of sand consumption with SDGs see Bendixen et al., 2021. 

5 In the global North sand is still consumed in products such as glass win-
dows, electronic devices, reconstruction/repair of existing infrastructures, and 
indirectly, through global trade.  

6 Global economic growth has been accompanied with drastic increases in 
physical trade of goods (Dittrich and Bringezu, 2010), which has necessarily 
required expansion of transport infrastructure.  

7 These include luxury real estate housing development projects and large 
island building projects Bisht, 2021), ownership of multiple houses, and con-
struction of ‘tall buildings’ (section 4.5 below). 
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economic growth, industrialization, and modernization (Davis, 2016). 
Since the 1990s, further acceleration of urbanization led to the rise of 
two forms of very large, high-density urban agglomerations: ‘mega-cit-
ies’—largely through unplanned, bottom-up expansion, and ‘global 
cities’—created through planned, top-down implementation, and 
serving as ‘command and control’ centers for the global economy (Sas-
sen, 2001; Shatkin, 2007; Goerzen et al., 2013), eventually further 
expanding into larger ‘global-city regions’ (Scott, 2001; Shatkin, 2007). 
By 2018, the world had over 548 cities with populations over 1 million, 
48 cities with populations between 5 and 10 million, and 33 cities with 
populations over 10 million (megacities) or city-regions (UNPD, 2018). 
Further, by 2030, the world is projected to have several meta-
cities—cities with 20 million-plus populations (UNPD, 2018). 

However, urbanization has not necessarily translated to increased 
well-being or improved living conditions for large sections of residents 
(Harvey, 2008; Jedwab and Vollrath, 2015). Instead, urbanization in the 
global South has produced extreme socio-spatial fragmentation and 
exclusionary development resulting in ‘dual-layered’ cities with zones of 
extreme wealth and conspicuous consumption co-existing with ‘zones of 
impoverishment, deprivation and exclusion’ (Rodgers, 2004; Watson, 
2014; Jedwab and Vollrath, 2015; Davis, 2016). Urbanization also 
resulted in under-development of rural areas following dynamics of in-
ternal colonialism, with urban spaces manifesting semi-imperial asso-
ciations with rural areas, becoming cores of material, capital, and power 
accumulation, and draining hinterlands of resources (Davis, 2016). 
Since urbanization is heavily reliant on aggregate consumption, it has 
put heavy burdens on social sand metabolism. 

Production of transport infrastructure networks are another essential 
foundation of globalization and economic growth which require massive 
aggregate inputs (Miatto et al., 2016). Infrastructure has played a 
fundamental role in national and global economic integration by 
increasing mobility of physical goods, commodity capital, and produc-
tion processes. Like urbanization, sizes of infrastructure projects have 
been continually increasing—from roads and highways, to intra- 
national highways, to cross-national infrastructures dedicated exclu-
sively towards production and transport of good and services (e.g., 
Special Economic Zones and Development Corridors). Enlargement and 
interconnectedness of these ever-increasing geographies of production 
and consumption have enabled a logistical bedrock generating continual 
re-production of capitalist social relation across new territories. This is 
an outcome of ever-increasing integrating nodes of extraction (such as 
resource frontiers and agribusiness), value addition, and consumption 
across geo-spatially distant territories through transport infrastructures 
(Danyluk, 2018; Schindler and Kanai, 2019). 

The past decade has witnessed rise of a new category of such in-
frastructures, the ‘mega-infrastructures’—projects connecting world 
regions as part of a strategy of ‘infrastructure-led development’ 
(Schindler and Kanai, 2019). Mega-infrastructures are large intra- 
regional and cross-country projects that are an outcome of consensus 
among supranational institutions and national governments legitima-
tizing projects dedicated exclusively towards production and transport 
of goods, services and raw materials, which largely serve interests of 
global capital (Schindler and Kanai, 2019; Danyluk, 2018). The eco-
nomic advantages these create through capture of extractive frontiers, 
industrial hubs, and market spaces is fast becoming a competitive space 
between nation states, resulting in their increasing numbers and sizes. 

Large infrastructures and infrastructure-led development strategies 
often orient broader national objectives away from well-being of citi-
zens, towards benefiting these regions and the global capital they house 
(Danyluk, 2018; Schindler and Kanai, 2019). Such projects consume 
massive quantities of aggregates, which are now removed from potential 
allocation towards meeting basic needs. These utilizations of aggregates 
are also associated with dispossession of marginalized and income-poor 
communities, resulting in generation of conflicts, and introduce new 
physical infrastructures, circulatory regimes, and socioeconomic dy-
namics which constantly expand geographies of dispossession and 

immiseration (Bisht and Gerber, 2017; Schindler and Kanai, 2019). 
Yet another recent large-scale use of aggregates leading to substan-

tial and often inefficient resource allocation, and large-scale ecological 
degradation is in land building. This includes land building for urban 
expansion (Koehnken and Rintoul, 2018; Global Witness, 2010); island 
building for tourism, business, and leisure/luxury residential buildings 
(Shephard, 2018); and island building for geopolitical national interests 
(Mora et al., 2016). 

Given the linkages of over-extraction and socially inefficient distri-
bution of aggregates and dominant growth-centric development, there is 
a need to explore alternative frameworks to conceptualize solutions. 
One pertinent framework for this can be located in post-growth 
literature. 

3. Shaping the discourse around alternative patterns of 
consumption and distribution of sand resources 

Aggregate deprivation and emerging scarcities juxtaposed with over- 
consumption, necessitate re-examination of current approaches to 
aggregate consumption which have emerged from standard develop-
ment practices. In this context, post-growth literature can provide 
important theoretical underpinnings for critical analysis and conceptu-
alization of alternatives. Gerber and Raina (2018) posit that post-growth 
thinking for the global South covers the body of work which spans across 
post-development, steady state economics (SSE) and degrowth. 

Post-growth thinking acknowledges human dependencies on 
ecosystem services (Max-Neef, 2010; Escobar, 2015), ecological 
boundaries of social metabolism (Rockstrom et al., 2009), and social 
limits to growth (Hirsch, 1977). It engages with critical examination of 
dominant and established knowledge(s), practices and norms, and calls 
for societal transformations divorced from norms emerging from hege-
monies of growth economics (Latouche, 2004; D’Alisa et al., 2014; 
Demaria and Kothari, 2017). It emphasizes ‘decolonization of the 
imaginary’ with respect to dominant cultural, social, political and eco-
nomic norms (Kallis, 2011), and calls for engagement with questions of 
how cultural and economic hegemonies have shaped ongoing resource 
consumption patterns. It focuses on freeing up conceptual and intellec-
tual spaces towards create enabling environments to rediscover sup-
pressed local, cultural, and ecological knowledges, societal and 
organizational norms, conceptualizations of ‘the good life’ (Latouche, 
2004; D’Alisa et al., 2014; Demaria and Kothari, 2017). It aims towards 
designing systemic transformations to ensure ‘equality and equities’ 
(Acosta, 2017), enable socioecologically and culturally viable local 
progress (Alexander, 2014), and enhance local self-sufficiencies (Max- 
Neef, 2010). 

In order to conceptualize alternatives for consumption and distri-
bution of aggregates, post-growth literature can provide several 
important lines of thinking. These are particularly relevant in context of 
the major drivers of aggregate consumption explored above, i.e., ur-
banization, transport infrastructure development and land building. For 
instance, steady-state economics propounds maintenance of constant 
stock of physical wealth at chosen, desirable levels, along with low rates 
of production and depreciation of existing stocks (Daly, 1974), propos-
ing that once desirable levels of well-being are attained, societal goals 
should shift towards the maintenance of biophysically stability (Czech 
and Daly, 2004). 

Post-development critiques hegemonically prescribed ‘development’ 
models and ideas of social progress —often used to justify environ-
mentally, socioeconomically, and culturally harmful ongoing activities. 
It proposes reviving local, culturally, and ecologically appropriate ways 
of living and being (Ekins and Max-Neef, 1992; Escobar, 1992; Demaria 
and Kothari, 2017) and transitions towards ‘human-scale development 
(Cruz et al., 2009). It also calls for establishing structural and institu-
tional mechanisms conducive to local socioeconomic progress through 
self-determination, governance, and autonomy. Defending, respecting, 
and including perspectives of local, pluralistic grassroots movements are 

A. Bisht                                                                                                                                                                                                                                           



Ecological Economics 191 (2022) 107233

4

considered important sources of knowledge for conceptualizing solu-
tions to ensure distributional justice (Ekins and Max-Neef, 1992; Esco-
bar, 1992; Demaria and Kothari, 2017). Additionally, it emphasizes the 
need for reducing scales of physical structures. This is significant due to 
the absence of scope for active citizen participation within systems that 
are gigantic, hierarchically organized, and where there is hegemonic 
imposition of top-down decisions (Ekins and Max-Neef, 1992). 

Degrowth calls for ‘right-sizing’ of economies, recognizing that 
countries where people lack access to needs-based material and energy 
requirements may need to grow until dignified lives for all are achieved 
(D’Alisa et al., 2014). In proposes solutions towards overall reduction of 
the global biophysical economy, along with radical restructuring of 
economy, society and culture to align societies with ideals of justice, 
democracy, ecological conservation, and human well-being, without 
material and capital accumulation being primary societal goals (Latou-
che, 2004; Martínez-Alier et al., 2010; D’Alisa et al., 2014; Nelson and 
Schneider, 2018; Gerber and Raina, 2018). In production, it also engages 
with questions around breaking dependencies on capital, material, and 
energy intensive large-scale techno-infrastructures—which, for workers, 
reduce autonomies in operations and decision making, enhance 
disposability and precarities, and increase separation from outputs of 
labor (Zoellick and Bisht, 2018). 

As an example, the notion of cultural hegemonies of dwellings is 
explored here. Cultural hegemony of post-industrial buildings, mate-
rials, and designs has resulted in modern dwellings being considered 
better, more advanced, and more desirable than the vernacular coun-
terparts, particularly in the global South. One significant indicator of 
cultural hegemony lies in the history of coinage of the term ‘vernacular 
architecture’, which was originally used by architectural theorists to 
refer to pre-industrial, rural buildings which “seemed not to have been 
“consciously“ designed or affected by the intellectual and artistic currents of 
the Renaissance” (Upton, 1983 p. 262). This colonization of the imagi-
nary of vernacular architectures being un-scientific, un-planned, or un- 
intellectual continues till date (Rashid and Ara, 2015). In a similar vein 
is the imaginary of traditional building materials such as earth or mud, 
versus concrete and other modern materials as representing lower social 
status, technological crudity and ‘dirtiness’ (Cortesi, 2018). Another 
difference in the perception of the ‘modern’ and the ‘traditional’ is a 
dualism which considers the two distinct, in opposition to, and incom-
patible with each other. This dualism assumes the modern to be tech-
nologically advanced and relegates the traditional/vernacular to being 
“inept or technologically crude”, with the vernacular being considered 
inflexible or static, and not prone to combination with the modern 
(Rashid and Ara, 2015, p. 46). 

Solutions to the myriad problems associated with aggregate con-
sumption require an integrated analysis of a) the major problems asso-
ciated with drivers of overconsumption and inefficient distribution 
identified in section 2, and b) the theoretical framework and conceptual 
underpinnings from post-growth literature explored in section 3. Based 
on these, six overlapping foundational principles, which can guide the 
proposals towards both overall throughput reduction and socially just 
distribution of sand resources, can be identified. These are: a) equitable 
distribution—both inter-generationally and intra-generationally; b) 
basic/decent living material access for all; c) identifying and dis-
incentivizing superfluous aggregate consumption at individual and so-
cial levels; d) empowering decentralization of production; e) alternative 
patterns of use and distribution of sand resources at varying levels of 
governance; and f) rediscovering traditional knowledges. The aim of 
post-growth solutions would be to address a combination of these 
foundational principles. The next section presents some first lines of 
thinking towards these alternatives. 

4. Post-growth transitions for aggregate consumption 

Based on the six foundational principles, this section presents five 
broad lines of thinking about alternatives and solutions for the future of 

aggregate consumption and distribution. 

4.1. Reduction of consumption 

Some important proposals for managing global sand extraction are 
reduction, recycling and replacement of aggregates (Bendixen et al., 
2019; UNEP, 2019). Currently, efforts to manage aggregate use, where it 
is a consideration at all, largely focus on recycling and using sustainable 
development practices in new constructions. However, research in-
dicates that current net addition to stock of aggregates is substantial, and 
potential for recyclability comparatively much lower (Haas et al., 2015). 
Further, Xue (2015) show that standard sustainable housing develop-
ment practices even in metropolitan Copenhagen have not resulted in 
decoupling of negative environmental impacts from housing sector 
growth. As such, although increasing recycling and sustainable devel-
opment practices are essential, there is a need for more holistic solutions 
(Haas et al., 2015). 

Based on post-growth principles explored above, one important di-
rection, at the policy level would be to focus on reduction of social 
aggregate throughput, once sufficiency in housing, material, energy, and 
basic commodities, is achieved. For instance, this would include 
reducing superfluous, wasteful, low-social utility, and luxury applica-
tions, particularly for projects focused exclusively on increasing indi-
vidual and corporate wealth, or GDP growth. Where production of new 
infrastructures and buildings is necessary, it should be primarily towards 
achieving housing sufficiency and providing common, communal public 
built environments. New production would also need to be created in 
ways to ensure enhancing the longevity of structures to reduce potential 
reproductions. Finally, all new production should be undertaken with 
(at least) partially recyclable materials to enhance recycling to improve 
material circularity and reduce material loops. 

At the individual level, there is a need to critically reevaluate the 
ownership of multiple houses, for the purpose of obtaining rents through 
a rentier economy model, to capture space in the housing market, to 
serve as financial investments, or as objects of conspicuous consump-
tion, and status symbols. Rather, these spaces need to be recognized as a 
means to “responding to needs, such as shelter, recognition and secu-
rity in a socially equitable fashion” and to function as “places to fulfil 
important social needs and basic human rights…an element of social 
networking, conviviality, good universal accessibility” (Schneider, 
2018, p 14). Additionally, individual product consumption choices also 
play an important role in sand consumption since sand is an important 
component of electronics. In this case, superfluous consumption prac-
tices are often driven by a combination of conspicuous consumption, 
driven by advertising; and necessity driven by planned obsolescence 
(Satyro et al., 2018). As such, policies for regulating and controlling 
advertisements driving superfluous conspicuous consumption and 
regulating businesses which embed planned obsolescence within elec-
tronic devices are essential. 

4.2. Degrowth cities: smaller, slower, and sustainable 

Large, globalized cities are industry, business, or corporate driven, 
and serve as points of migration for labor, often resulting in draining 
investment from rural regions through an ‘urban bias’ (Harvey, 2008). 
They often lead to peri-urban or rural land dispossession, either directly 
(Harvey, 2008), or through expanding urban gentrification (Steel et al., 
2017). They are also increasingly characterized by standardized land-
scapes, homogenous, transnational architectures and planning styles, 
large space allocation for vehicles, fast paced lives, noise, and ever- 
increasing presence of business and shopping complexes. 

Structurally, they are largely oriented towards continual reproduc-
tion of ‘single-minded spaces’—spaces designed with specific, and often 
stringent purpose in mind, lacking diverse utilities, reducing spontaneity 
(Arefi, 1999), and stimulating a sense of haste (Walzer, 1986). These 
include highways—which exclusively serve vehicular transport rather 
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than city-streets serving pedestrians, exclusive residential blocks and 
business zones rather than communal spaces and neighborhoods, or 
shopping malls rather than local market squares or piazzas (Walzer, 
1986). These single-minded spaces result in a loss of sense of place-
lessnes and territorial identity, inauthenticity, dislocation, and erosion 
of distinctive local cultures (Arefi, 1999; Mumford, 1961). Another 
prominent feature is immense speed, which has resulted in cities man-
ifesting as ‘spatial counterpart of fast production’ with speed being top 
priority in urban planning (Dogrusoy and Dalgakiran, 2011). Moreover, 
these enhancements have themselves come at an unprecedented scale 
and speed. 

From a post growth perspective, cities, towns, and even villages need 
to be reconceptualized, planned, and constructed to maximize convivi-
ality, community building, economic localization, equity, environ-
mental sustainability, local ecological preservation, and local cultural 
preservation. An important step towards such a movement is to under-
stand, articulate, and define what is desirable. Increasing literature on 
degrowth for cities makes an effort to articulate these (Gehl, 2010; 
Wächter, 2013; Florentin, 2018; Varvarousis and Koutrolikou, 2018; 
Nelson and Schneider, 2018; Demaria et al., 2019). Further, the 
degrowth for housing literature also serves as an important foundation 
to reimagine housing and to shift towards “simplifying and redistributing 
access to housing; halting industrial urbanization… sharing dwellings more; 
and developing low-level, low-impact, small-scale, decentralized, compact 
settlements” (Schneider, 2018, p. 11). This would include designing 
spaces to maximize human well-being by having more open spaces, less 
space for cars, walking paths and cycle paths; spaces for parks, preser-
vation of old trees, spaces for community activities, and overall, to 
design cities for people (Gehl, 2010; Varvarousis and Koutrolikou, 
2018). 

From a local governance perspective, one alternative approach is 
‘slow urbanism’ or ‘slow cities’—a form of sustainable planning which is 
designed to serve as an antithesis of speed to resist urban cultures shaped 
for and by fast consumption (Mayer and Knox, 2006; Latouche, 2007; 
Pink, 2009; Dogrusoy and Dalgakiran, 2011). Alternatives must 
emphasize necessity for social connection for enhancing quality of life, 
thriving of local social culture, and maintenance of continued historical 
context (Knox, 1987; Arefi, 1999). There is also a need for expansion of 
open-minded spaces intentionally designed to allow for multiplicity of 
uses, including unanticipated and unpredictable utilities, and are 
accessible and used by a wide range of groups of people (Walzer, 1986; 
Arefi, 1999). Expansion of open-minded spaces is also a way to utilize 
aggregates more equitably and meaningfully. 

4.3. Vernacular architectures, designs, and knowledges 

Architecture, spatial planning, and design are linked to the ways in 
which daily lives of residents and patterns of consumption are shaped, 
and have important impacts on both well-being of residents, and influ-
ence the ecological burdens of built environments (Thorpe, 2012). 
However, architectural trends over the past decades across the world 
have largely followed similar building designs and materials, resulting 
in homogenized and globalized cityscapes (Bodach et al., 2014). This 
adoption of homogenous architectures and urban planning is not guided 
by geographic and climatic compatibility but is rather a product of 
economic and cultural hegemonies, and colonized imaginaries of 
architectural aesthetics. This homogenization is evidenced from the fact 

that material composition of most buildings globally is largely con-
crete.8 An example of the colonized imaginaries of architectural aes-
thetics is the increasing adoption of architectures with large glass 
surfaces in the global South, which are energy inefficient given the 
typically warmer temperatures which increases cooling loads (Sayed 
and Fikry, 2019). Given that glass making requires large inputs of high- 
grade silica sand, these resources are inefficiently distributed, especially 
in regions where large sections of populations continue to be deprived of 
access to glass-based necessities, such as electronics. 

Critique of homogenous architectures, need for alternatives, and 
seeking inspiration from local and traditional architectures has been 
discussed and executed by architects, scholars and thinkers, since at 
least the early 20th century. Further, many of the most radical in-
novations in architecture are those that are influenced by vernacular 
architectures (Rashid and Ara, 2015). Traditional architectures evolved 
as a result of climatic and material optimization across hundreds of 
years, producing comfortable and socio-culturally appropriate living 
environments, utilizing easily available local materials and low energy 
input construction technologies (Bodach et al., 2014). They are better 
adapted to local climates, made with ecologically lighter materials, and 
utilize climate-specific passive heating/cooling technologies, thus being 
more energy and resource efficient in construction and energy con-
sumption throughout life of the building (Rashid and Ara, 2015). 

Given that vernacular, traditional, local and indigenous architectures 
carry within them embedded cultural technologies, designs, and 
knowledges, their expansion and proliferation can also help preserve 
and maintain important cultural heritage, and knowledges which would 
otherwise be lost (Bodach et al., 2014). Expansion of such architectures 
are also likely to be more conducive to decentralized production, easier 
to skill people in, built using locally available resources, and not 
requiring high technology, capital, and energy inputs. They also have 
higher degree of scope for ‘frugal innovations’ in construction 
(Schneider, 2018), and potential for decentralized implementation at 
smaller levels of government, for example, villages, towns or cities. 
Significance of vernacular designs also extends beyond dwellings, to the 
realm of redesigning public spaces, for example, planning which is 
better suited towards increase, and better integration of culture-specific 
common spaces. This is primarily because vernacular planning is 
influenced and perfected through adoption and integration of local so-
cial and cultural logics (Rashid and Ara, 2015), and hence oriented to-
wards enabling and accommodating public and communal interactions, 
in stark opposition to common modern/post-industrial architectures 
which are conducive to and designed for individuals or small 
households. 

It is important to note here that vernacular designs of both dwelling 
and settlements need to be translated and adapted to modern comfort-
able living requirements (Bodach et al., 2014). The post-growth 
framework allows space for recognition of flaws in vernacular archi-
tectures and acknowledges the scope of improvements towards 
achieving social and ecological justice. For instance, the lack of indoor 
toilets in many traditional dwellings in India have important implica-
tions from gender, caste, and public health perspectives (Doron and 
Jeffrey, 2014). However, these designs can be easily improved. 

Finally, vernacular architectures utilize materials from local geol-
ogies (rocks, minerals, clay), and ecologies (timber, wood, bamboo, 
mud) (Benghida, 2016). As such, their propagation can help re-discover 
materials that could be used as alternatives and supplements/ 

8 The widespread availability and low cost of concrete is associated with the 
economic hegemonies given the industrial mass production of the material 
since the 19th century (Forty, 2012). Another important reason for the large- 
scale use of concrete is its high mechanical strength. This is especially impor-
tant in the context of large urban clusters, especially where high densities 
vertical populations agglomerations are required to be housed (Courland, 
2011). 
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complements to concrete thus reducing aggregate consumption in 
concrete. 

4.4. Beyond concrete 

Modern concrete, invented in the late 1700s, has increasingly 
covered more built area globally since the late 1800s (Forty, 2012; 
Watts, 2019). It is currently the worlds most consumed man-made ma-
terial (Courland, 2011), and has significant negative environmental 
impacts (Watts, 2019). Concrete is also the largest consumer of aggre-
gates (sand and gravel). Concrete for building production is composed of 
close to 70% aggregates, and for roads/highway construction of 80–90% 
aggregates. As such, finding alternatives to concrete is paramount to 
reducing global sand consumption. 

Negative socioecological impacts of concrete extend much further 
than aggregate consumption. Concrete is extremely energy intensive 
(Pacheco-Torgal and Jalali, 2012), with concrete production accounting 
for close to 8–9% of global anthropogenic greenhouse gas emissions 
(Miller, 2018). Further, concretization contributes significantly towards 
Urban Heat Island effect, further raising the emissions associated with its 
use (Mohajerani et al., 2017). Concrete production consumes large 
quantities of water (Watts, 2019) and concretization impedes rainwater 
drainage and unconfined/semi-confined aquifer recharge thus reducing 
local groundwater tables, altering ecological aesthetics, and enhancing 
risk of flooding during extreme precipitation events. For instance, floods 
in Chennai in 2015, which resulted in the displacement of 1.8 million 
people, were in part caused by expanding concretization, including 
concretization of lakes (Down to Earth, 2016). 

Till date, solutions have largely focused on enhancing production 
efficiencies (Damineli et al., 2010; Miller et al., 2015) and increasing 
albedo by whitening/lightening concrete surfaces. However, a more 
holistic approach needs to aim towards reduction of concrete cover and 
replacement with green/earth cover and discovering alternatives to 
concrete. This need is also highlighted by experts at the Architecture of 
Emergency Climate Summit 2019, where giving up concrete was 
underlined as the most significant contribution of architects towards 
environmental issues (Dezeen, 2019; Harper, 2019). 

Historically, construction has used diverse materials, such as earth 
materials, bamboo, wood, minerals, rocks etc. An extensive field of 
research on earth materials (earth architecture/construction) already 
exists which aims to design ecologically lighter materials for modern 
building applications (Pacheco-Torgal and Jalali, 2012; Eires et al., 
2013; Niroumand et al., 2013a; Niroumand et al., 2013b; Benghida, 
2016). Earth architectures have myriad benefits. Materials are diverse 
and often locally available, have high degrees of location-specific tem-
perature comfort efficiency, provide good noise and thermal insulation, 
and regulation of indoor humidity, and are non-toxic, non-allergenic 
and fireproof (Sameh, 2014). 

Given that earth constructions are labor intensive, they can be 
especially beneficial for countries with labor surplus populations. Here 
skilling people in traditional construction methods can additionally help 
preserve cultural knowledge, whilst enhancing skill set of workers 
(Sameh, 2014). Moreover low-concrete architectures are more 
amenable to decentralization of production, enabling people to build 
structures themselves, or providing higher degrees of autonomy in 
production, thus increasing linkages of people with the outputs of their 
labor. Adoption of such materials, combined with designs would 
resulting in enhanced local autonomies, self-sufficiencies, and reduction 
of dependencies on external capital or knowledges. 

Further, adaption and redesign of materials and architectures by 
increasing mixture of different materials or complementing/supple-
menting concrete can reduce concrete dependencies. Moreover, dis-
carded materials such as plastics, rubber, industrial waste, and 
demolition waste can also be used for construction, thus enabling clos-
ing of circulatory loops. For instance, increased utilizations of ‘green’ 
concrete (Sivakrishna et al., 2020). 

4.5. Mega-infrastructures and megastructures 

Certain forms of large-scale aggregate consumption which are 
wasteful, harmful, or have extremely low social utility can be strongly 
regulated, limited, and even banned. These include mega-infrastructures 
(discussed in section 2) and mega-structures. 

The first category of megastructures are tall buildings. Critics view 
tall buildings as undesirable exhibition of technical and economic power 
(Ali and Al-Kodmany, 2012), which engender a sense of placelessness 
both for residents and pedestrians using city streets (Al-Kodmany, 
2017), whilst consuming massive quantities of sand. Over the 21st 
century, tall buildings have witnessed drastic increases—both in size 
and numbers, with increasingly taller new categories being continually 
introduced. Skyscraper (150 m+) construction drastically increased 
since 2000 (Ali and Al-Kodmany, 2012), and between 2000 and 2020 
Supertall skyscrapers (300 m+) increased in number from 24 to 176 
(The Skyscraper Center, skyscrapercenter.com). In 2010, the Burj Kha-
lifa ushered in the next, larger, category—the mega-tall skyscrapers 
(600 m+) (Hollister, 2012). By 2019, 3 megatall skyscrapers were 
completed globally (with a fourth—the Ping An Finance Center standing 
at 599 m), and the under-construction Jeddah Tower in Saudi Arabia is 
expected to hit 1000 m mark. Although increasing in numbers across the 
world, the negative implications of tall buildings are being recognized 
even by dominant mainstream political regimes. An example of note is 
China, which recently imposed a ban on 500 m + skyscrapers (BBC, 
2020; CNN, 2020). 

The second category are large statues. These are grounded almost 
exclusively in national sentiments or associated with political meanings. 
Trends of such megastructure production have been linked to autocratic 
regimes led by leaders who use them to project power, dominance and 
strength to their electorates/citizens and to the international community 
(Vale, 1999). Autocratic regimes and leaders often implement such 
projects even at high social, economic, cultural, and ecological costs 
(Gjerløw and Knutsen, 2017). One pertinent example is the highest 
statue in the world—the Statue of Unity in India. This megastructure, 
and its associated highways, required dispossession of local Adivasi 
(tribal) communities and resulted in large-scale protests (Desai, 2018; 
Business Standard, 2018). Although sand use in such individual struc-
tures’ accounts for a minuscule portion of national or global sand use, it 
still represents superfluous or wasteful consumption of a limited 
resource. Moreover, they can have large implications with respect to 
creating local sand frontiers and generating localized sand scarcities and 
EDCs. 

The third category are mega-structures for mega-events (sporting or 
cultural events) which are often abandoned and unused after the specific 
events. In several cases, such structures have been associated with large- 
scale negative externalities, for example, ecological degradation for the 
Brazilian FIFA world-cup 2014 (The Nation, 2014; Mitra, 2015), and 
labor-rights violations related to the upcoming Qatar 2020 FIFA world- 
cup (Bruslé, 2012; Salama et al., 2017). Where already constructed, 
there is a need, and easily manageable opportunities for such structures 
to be continually used (Alm et al., 2012), or refurbished and reused for 
alternative purposes. 

Mega-infrastructures and mega-structures cause massive increases in 
domestic extraction and ecological degradation in both their production 
and their consumption of aggregates. In case of sand-scarce construc-
tion-driven countries, they additionally require international trade, 
sometimes from geospatially distant locations. 

5. Conclusion 

This article explores how growth economics is deeply inter-
twined with, and has driven, both over-consumption and inequi-
table distribution of aggregates. The article focuses on the global 
South because of existing socially inefficient aggregate use, and 
since near-future aggregate consumption trajectories and needs, 
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are located here. In multiple countries across the global South, growth 
of mega-infrastructures, mega-structures, luxury real-estate and tourism 
related island building, large-scale urbanization, and Global Cities, are 
juxtaposed with continued lack of access to basic housing of large sec-
tions of population, dual-layered mega-cities, expanding and intensi-
fying sand frontiers, and large-scale ecological degradation. This is 
exacerbated by the already emerging global and local sand scarcities 
across several countries, which is likely to further limit the availability 
of sand for needs-based applications, such as housing, electronics, and 
protective infrastructures. This highlights the urgency to radically 
rethink society’s aggregate consumption and distribution strategies. 

This article proposes that the critical theoretical foundations 
required to analyze and frame transformations away from ongoing 
aggregate consumption patterns can be located in post-growth, post- 
development, steady-state economics, and degrowth literature. This 
framework allows deep critical engagement with current patterns of 
sand use and expands the scope of analysis beyond the material re-
quirements of aggregates. It enables a more holistic approach towards 
radical restructuring of current patterns of aggregate consumption and 
distribution by engaging with ideas such as placelessness and place- 
making, open and closed-minded spaces, well-being and social engage-
ment, cultural and economic hegemonies of modern architectures and 
materials, revival of traditional forms of architectural designs and 
spatial planning, enhancing skill-sets for decentralization in production, 
and equity and justice in aggregate consumption. 

The proposals presented include reduction of per-capita units of 
consumption of sand-based products; designing and implementing 
degrowth cities; revival of traditional and vernacular architectures, 
designs and knowledges; transitioning away from concrete as the pri-
mary building material by exploring location and climate specific 
alternate building materials; and reducing, limiting or banning mega- 
infrastructures and mega-structures. More mainstream strategies such 
as enhancing efficiency of cement and concrete production, re-using and 
recycling demolition waste are acknowledged as complimentary stra-
tegies which are important and need to be expanded, but not sufficient 
to reduce social sand metabolism. Overall, this article presents a first 
step towards framing a post-growth discourse towards the conceptuali-
zation of alternatives and expansion of research around aggregate con-
sumption and distribution, which needs to be further developed. 
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