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About this report

Environmental and social impacts of sand extraction and consumption is a new
issue for the international community. United Nations Environment Programme /
GRID Geneva and the University of Geneva held an expert roundtable event on

11 October 2018 in Geneva, Switzerland to produce an action-oriented starting
point for a global conversation on how sand resources could be consumed and
produced responsibly in future.

This report summarises the problem analysis, case studies and main messages
suggested at this event by twenty primary participants. Expert perspectives were
verified and supplemented with academic and grey literature reviews and an
external review process.

This analysis contained in this report is not intended as prescriptive. Instead, the
goal is to offer constructive overview of the sustainability challenge, governance
gaps, available solutions and options for action for all stakeholders on sand
resources and sustainability.

Funding sources |

Funding for this report was provided by the Swiss Federal Office for the
Environment, Federal Department of Environment, Transport, Energy and
Communication, Division of International Affairs. The roundtable event which
provided much of the content for this report — Sand and sustainability: Finding
new solutions for environmental governance of global sand resources, held on
11 October 2018, Geneva, Switzerland — was co-financed by United Nations
Environment Programme/GRID and the University of Geneva (Geneva-Tsinghua
Initiative).
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Glossary

Definitions for terms as they
are used in the following
report are based on those
available from: McMichael et
al. (2003); Cash et al. (2006);
International Resource

Panel (2011); Lange et al.
(2013); Bodin (2017); Baird
(2018). They are presented in
alphabetical order of primary
terms defined.

Agaregates

Primary
| aggregates

| Recycled
aggregates
Manufactured

‘aggregates
 Avoidance

Circular
economy

Consumption

Efficiency

Extraction

\
i Extraction
rates

| Governance

Green
infrastructure
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A generic term for crushed rock, sand and gravels used in
construction materials, water filtration.

Crushed rock, extracted in hard rock quarries by blasting,
crushing; and sand and gravel extracted from pits by
excavation and crushing, from lakes, rivers and from coastal
beaches or dredged from the sea.

A term for crushed rock, sand and gravel produced by sorting,
crushing and screening of construction and demolition
materials.

| Aterm for substitutes to crushed rock, sand and gravel that are

produced from wastes from other industries.

The avoidance of natural sand resources or its substitutes
through alternative urban design, land use planning,
infrastructure and building design, among other approaches.

The circular economy is one in which waste materials and
products are reused and recycled within the production and

| consumption system. It is the better use of waste for new

materials.

| The use of products and services for (domestic) final demand,

i.e. for households, government and investments.
Efficiency is a broad concept that compares the inputs to a

system with its outputs; it essentially means achieving —more |

with less. Efficiency includes activities to improve productivity
(value added / input) and minimize intensity (input / value
added).

Extraction is the removal of primary (virgin, natural) sand
resources from the natural environment (terrestrial, riverine,
coastal or marine) for extracting valuable minerals, metals,
crushed stone, sand and gravel for subsequent processing.

The rate at which sand resources are removed from the natural
environment by volume over time.

| The on-going interaction between public and/or private entities

with the purpose of realising a collective interest, This process
can vary in its level of institutionalisation, collaboration and
ability to adapt to change. The collective interest ,n the context
of this report is sustainability in the sourcing and use of sand
and its alternatives, so that human wellbeing, environmental
quality and economic performance is maintained or enhanced

| equitably.
| Green infrastructure Is a strategically planned network of

| natural and semi-natural areas with other environmental
| features designed and managed to deliver a wide range

of services such as water purification, flood management,
recreation as either a complement or a substitute to built
infrastructure.
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Foreword

We give such little thought to sand, save perhaps when we are on the
beach or our little ones are playing in sandpit. But sand and gravel

build the foundations of our economlies, finding uses in diverse sectors
from construction to electronics to cosmetics.

As this report shows, demand for sand resources Is rising. Shifting
consumption patterns, growing populations, increasing urbanization
and infrastructure development have increased demand three-fold
over the last two decades. We now need 50 billion tonnes per year, an
average of 18 kg per person per day.

The problem Is that we have been exceeding easily available sand
resources at a growing rate for decades. We are spending our sand
“budget” faster than we can produce it responsibly. We now find
ourselves in the position where the needs and expectations of our
societies cannot be met without improved governance of global sand
resources.

Even though these materials are the second largest resources
extracted and traded by volume after water, they are one of the least
regulated in many regions. Increasingly, sand is being produced
through environmentally damaging extractive practices in sensitive
terrestrial, riverine and ocean ecosystems, Complex questions on how
to deliver on ecosystem and biodiversity conservation goals alongside
necessary Iimprovements in transport, infrastructure, housing and
living standards are looming.

We need to reconcile relevant global policies and standards with

local sand availability, development imperatives and standards and
enforcement realities. We need to recognize the interdependence
between countries and sectors and learn lessons on how to manage
this critical resource sustainably. We need to rethink the relationship
between infrastructure and the social and environmental outcomes for
which we are striving.

This timely report looks at how we can cut consumption of sand and
gravel and deliver this new reality by, for example, reducing over-
building and over-design, and using recycled and alternative materials.
It also looks at how to reduce impacts on ecosystems through
Implementing existing standards and best practices.

Fundamentally, improving governance of global sand resources means
Increasing the will to act, at all levels of government and industry. |
encourage everybody involved in the sector to read this report and
serlously consider its recommendations so we can create Institutions
that sustainably and equitably manage extraction and use of this vital
resource.

Joyce Msuya
Acting Executive Director
United Nations Environment Programme
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- Executive summary

Sand and gravels are the unrecognised foundational material of our economies. They are mined the world over, with
aggregates accounting for the largest volume of solid material extracted globally (Peduzzi, 2014; Beiser, 2018). At the
same time, these materials cannot be produced from our terrestrial, riverine and marine environments in quantities

needed to meet demand from a world of 10 billion people without effective policy, planning, regulation and management.

Such actions remain largely unaddressed by decision makers in public or private sectors. It is time to challenge the
paradigm of infinite sand resources through constructive dialogue and solution-finding. This report aims to be the
starting point from which a productive global conversation on sand extraction can begin.

This synthesis was produced following a United Nations Environment Programme expert roundtable event held on 11
October 2018 in Geneva, Switzerland. The discussions emphasised potential solutions for mitigating mineral sands and
aggregates extraction impacts and generating adequate support for responsible consumption pathways. Expert views
were collated and complemented with additional research and consultation to distil key messages on an agenda for

tackling this issue in 2019 and beyond.
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Key messages

The needs and expectations of our societies are driving the demand for sand resources but a continued responsible
supply cannot be assumed without improved governance of global sand resources.

The scale of the challenge inherent in sand and gravel extraction makes it one of the major sustainability challenges
of the 21st century. These materials are one of the largest resources extracted and traded by volume, yet it is one of
the least regulated activities in many regions. For one of the most traded commodities on the planet, there is very low
general awareness about widespread extraction impacts. Local and international journalists are currently leading in
uncovering the scale of the impacts while science and policies to support responsible consumption and extraction
are lagging behind. Meanwhile, rivers, river deltas and coastlines are eroding, “sand mafias” are thriving and demand

continues to grow.

Preventing or reducing damage to river, beach and marine ecosystems and social risks to workers and communities
in sand extraction sites can be achieved through some already existing solutions:

Avoiding consumption through reducing over-building and over-design ‘
Society can make more efficient use of sourced aggregates through alterations to infrastructure and building
designs so that sand and gravel demand and extraction is reduced to responsible levels.

Using recycled and alternative materials to sand in the construction sector
Society can make more efficient use of sourced aggregates through using substitutes to natural sand where feasible

so that extraction is reduced to responsible levels.

Reducing impacts through implementing existing standards and best practices
Society can implement existing legal and voluntary standards and best practices in the extractives, environmental
and other related sectors while analysing of sourced aggregates through use of substitutes to natural sand so that
extraction is reduced to responsible levels.

International organisations, national governments, private sector companies, civil society groups and local
communities all play critical roles in governance of sand resources. Three main options for joint action are
recommended to these groups for faster and more widespread implementation of existing solutions:




1. Customise existing standards and best practices to national circumstances and extend where necessary to curb
irresponsible and illegal extraction
Current legal frameworks are not sufficient considering the global outlook on aggregates demand and production.
Existing international treaties, law, standards and best practices provide a foundation, but it is incomplete in
places. Where addressed, sand extraction currently crosses extractives, water management, coastal zone
management, biodiversity conservation legal systems and best practices. Without an integrated view on the
governance, planning and management of these resources, sand extraction risks falling between the cracks into
informal, or even illegal practices. Importantly, sand extraction is not regulated in some countries. Guidelines for
governing, planning and managing sand extraction at the regional and international legal scale are needed. So is
support to countries for customising these guidelines in national policy, law and regulation where these do not

currently exist.

2, Invest in sand production and consumption measurement, monitoring and planning
There Is a lack of adequate information on sand extraction. We do not understand sand production and
transport systems well in the context of current day geolagical and hydrological processes. Sand and gravel are
a challenge to trace to their sources. Strategic monitoring for governance, planning and management of global
sand resources Is lacking. Coordination across established economic, social and environmental monitoring
programmes could help quick start a global, regional and national sand resource monitoring programmes.
International community organisations with mandates and access to relevant data need to collaborate on a rapid
information synthesis, design a long-term monitoring programme and produce a rapid assessment tool in the
context of existing processes in EIA, SEA, Responsible Mining and water governance.

3. Establish dialogue between key players and stakeholders in the sand value chain based on transparency and
accountability
The sand industry is fragmented and significantly informal in some parts of the world. Identifying existing sand
extraction and trading companies requires peeling back many layers in a complex value chain— particularly in
emerging economies. While improving legislative frameworks and regulation is critical, all actors from extraction
sites to global levels, will need to be involved in next steps. International community, governments, industries, civil
society including the media, nongovernmental organisations and the research and education sector have a role to
play developing constructive policies and voluntary actions as an enabling conditions for real change.

Steering deep transformation in how we think about, plan for and manage sand resources. It will mean considering
sectoral Interdependence and a mix of solutions and actions with a long-term perspective. The impediments to change
are not technical, but stem from poor awareness and governance. Building consensus through public awareness-

raising and improved coordination across global, regional, national and sub-national levels on this critical sustainability
challenge is the starting point. It will be a long road, but the key to a rapid yet smooth transition to more sustainable sand
resource sourcing, while reducing the demand in parallel, lies in cooperation.
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1. Background

Sand and gravels (hereafter aggregates) are the unrecognised foundational materials of economies. They are mined the
world over, accounting for the largest volume of solid material extracted globally (Peduzzi, 2014). Without them, there

Is no concrete, no asphalt, no glass to build the necessary schools, hospitals, roads, solar panels and other necessary
infrastructure under current construction and industrial production systems and methods.

Sand Is ublquitous in construction and industrial production because it is cheap, versatile and easy to acquire. Yet, all
indications are that we are approaching a future where access to this resource is a critical barrier to sustainability, and
the full costs of uncontrolled sand extraction come due.

Extraction rates are exceeding natural sand replenishment rates (John, 2009). The increasing volume of aggregates
extracted, often illegally, from riverine and marine ecosystems results in river and coastal erosion, threats to freshwater
and marine fisheries and biodiversity (World Wide Fund for Nature [WWF], 2018a). The people who work in unregulated
extraction and those living in and around these sites risk their safety; even their lives when they seek to stop uncontrolled
extraction (Awaaz Foundation, 2017).

The environmental and social impacts of sand extraction is an issue of global significance.

Despite our increasing dependence on these materials, the significant impact that their extraction has on the
environment, and increasing media reportage, the issue is largely unaddressed by decision makers at the global level,

in regional and national public agencies, or private firms. Sand exploitation is occurring with inadequate assessment of
the wider environmental consequences of over-exploitation. Sand cannot be produced from our terrestrial, rivers and
marine environments to meet the increasing demand from a world preparing for 10 billion people without effective policy,
planning, regulation, management and functioning governance.

A paradigm of infinite sand resources dominates and this needs to be challenged through constructive dialogue and
solution-finding. This report presents a synthesis of expert discussions at an United Nations Environment Programme
/ GRID-Geneva and University of Geneva co-hosted roundtable event on 11 October 2018 in Geneva, Switzerland. The
discussions emphasised key issues and potential solutions for mitigating sand extraction impacts and supporting
responsible consumption. The structure and main messages were verified and supplemented with academic and grey
literature reviews. The aim Is to provide a starting point for next steps on planning for production and consumption of
global sand resources in the future,

Tropical beach, Bintan island (near Singapore), Indonesia Photo credit: Delpixel. Shutterstock.com
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2. The Challenge

Crushed rock, sand and gravels are an essential element of urbanisation and infrastructure, water treatment, land
reclamation, hydrological fracturing techniques (better known as gas fracking) and industrial production of electronics,
cosmetics and glass production the world over. For this reason, sand consumption and production has implications

for social and environmental management in infrastructure projects, sustainable cities planning, energy planning,
biodiversity conservation, as well as both circular and green economy policy and planning. Sand and gravels resources
are the second largest resource extracted and traded by volume after water. Yet it is one of the least regulated activities
in many regions. A growing trend of Irresponsible and illegal extraction in marine, coastal and freshwater ecosystems
makes this a sustainability challenge of significant proportions

2.1 State of global sand resources

Sand can be classified by its properties, with each type used in different industries for different purposes (Gavriletea,
2017). Distinguishing between mineral sands and aggregates is a useful beginning since the materials and volumes
involved, extraction impacts and solutions are quite different for these two sand resource types.

Mineral sand' contains metals and minerals such as limenite, rutile and zircon that are used in industrial production
of ceramics, pigments, plastics and other products. The original source is hard rock which is mined, or following long
erosion processes, Is deposited on and mined from river banks and coasts on beaches.

Aggregates is a generic term for crushed rock, sand and gravels, which can be sub-categorised by formation process
(natural or manufactured), composition, and grain size distribution (Gavriletea, 2017). For the purposes of this report,
three aggregates groups are defined:

« Primary Aggregates, Crushed Rock, extracted in hard rock quarries by blasting and crushing; and sand and gravels,
extracted from pits by excavation, crushing, screening and washing (if required), dredged or pumped from lakes and
rivers, removed from coastal beaches, or dredged from the sea bed (also termed Marine Aggregates).

+ Recycled Aggregates, Crushed rock, sand and gravels produced by sorting, crushing and screening of construction
and demolition materials.

«  Manufactured Aggregates, Crushed rock, sand and gravels substitutes produced from wastes from other industries.

Crushed rock, sand and gravel account for the largest volume of solid material resources extracted from systems
globally (Peduzzi, 2014; Beiser, 2018). An estimated 40-50 billion metric tonnes is extracted from quarries, pits, rivers,
coastlines and the marine environment each year (Peduzzi, 2014; Beiser, 2018, See Box 1). The construction industry
consumes over half of this volume annually (25.9 billion to 29.6 billion tonnes in 2012: UNEP, 2014) and could consume
even more in future (Beiser, 2018).

Though little public data exists about extraction volumes, sources and uses we know that, with some exceptions, most
sand and gravels extracted from natural environments are consumed regionally because of the high costs of transport.
For example, two thirds of global cement production occurs In China (58.5%) and India (6.6%) (United States Geological
Survey [USGS], 2017; Gavriletea, 2017). These two countries also lead in global infrastructure construction (Bagnasco et
al., 2015; Global Construction 2030; World Economic Forum [WEF] 2019) as these nations look to rapidly transition their
populations out of poverty.

The Global Aggregates Information Network [GAIN] suggests that at one end of the scale, least developed regions use
3-4 tonnes/capita per year and developed regions with slow growth, flat terrain use 4-8 tonnes/capita per year (based on
2016 data). Growing economies with rugged terrain and harsh climates can use between 8-16 tonnes/capita per year.
China stands out for aggregates production at 14.3 tonnes/capita per year. In total, China, India and Asia represents 67%
of global aggregates production.

The industry outlook to 2030 is one of strong growth in Asia, particularly India, Africa and Latin America (Gavriletea,
2017). GAIN estimates global aggregates demand will likely rise to 60 billion tonnes per annum by 2030 driven by
increasing population, urbanisation and economic growth. However, mineral resources can only be worked where they

lie = and their distribution is a consequence of the slow geological processes that created them. Often, access to sand
is constrained by competing or conflicting land use (USGS, 2002). Desert sand, though plentiful, is unusable for most
purposes because its wind-smoothed grains render it non-adherent for the purposes of industrial concrete (USGS, 2002;
Gavriletea, 2017). Sand can be manufactured from gravel or crushed rock where not available. However, this does require

1 See for example, Sibelco's websie.Available at:https://www.sibelco.com/materials/mineral-sands/, last accessed 28 January 2019
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additional investment on extractives processing. It is extraction from rivers and sea shores, though often illegal where
regulated, that is surging to meet growing demand for global sand resources (WWF, 2018a). Such sands are estimated
to be 10-15% of the total global demand for aggregates currently (with the remaining 90% coming from terrestrial
quarries and sand and gravel pits); but this relatively small part of aggregates consumption is causing severe concern
due to negative environmental and social impacts.

Box 1: A note on global sand extraction data

| Although more aggregates are extracted from nature than any other material after water, reliable data on their extractioniis only avail-

| able In certain developed countries. Though sand, gravels and crushed rock are used in other ‘bound’ products, such as asphalt used
to surface roads, and a varlety of ‘unbound’ end-uses, such as sub-base for roads and railways, we can use the better data available
on cement production for concrete to estimate global production of these materials.

| Sand, aggregates and cement (and water) are mixed in standardised volumetric proportions to produce various concrete grades. The i
{ UK composition of concrete is generally defined as 1.5% air, 10% cement, 18.5% water, 25% fine aggregate (sand) and 45% coarse
| aggregate (crushed rock/gravel) by volume. The building industry uses between 6-10 tonnes gravel for each tonne of cement used.

Given that annual cement production is reported by 150 countries as having reached 4.1 billion tonnes In 2017 the use of agaregates

| for concrete can be estimated at between 28.7-32.8 billion tonnes for 2017 alone.

| China produces the most cement globally at an estimated 2.4 billion tonnes in 2017 (USGS, 2018), followed by India at 270 million

tonnes and the USA at 86.3 million tonnes in the same year. In the USA, for every 1 ton of cement, 10 tons of aggregates are used.
Using this ratio Implies that as global annually cement production is expected to increase to 4.83 billion tonnes in 2030, aggregate
use will likely reach close to 50 billion tonnes per year in 2030,

Figure 1: There are no global monitoring on the use of sand. However, cement is well reported. Tracking this data shows that the

production of cement has tripled in the last two decades.
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2.2 Impacts

People working in sand extraction at the river Dibamba, Cameroon © Minette Lontsie

Many sand extraction operations in emerging and developing economies are not in line with extractives and
environmental management regulations. Resulting social and environmental impacts have been reported in India, China,
and other locations across Asia, Africa and South America (See Gavriletea, 2017:17).

China and India head the list of critical hotspots? for sand extraction impacts in rivers, lakes and on coastlines (Sreebha
& Padmalal, 2011), most likely because these countries also lead globally on infrastructure and construction. Other
countries touched by regional and national construction booms exhibit similar trends. For example, Cambodia, Vietnam
and Indonesia are the legal and illegal sources of aggregates materials for regional economic corridor development
and land reclamation projects in Southeast Asia (Global Witness, 2010; WWF, 2018a). Sierra Leone, Kenya, Tanzania in
Africa (Isaya, 2014; Shaghude et al., 2012) and Colombia in South America have been identified as places presenting
sustainability challenges for the aggregates sector (Villas-Bbas & Barreto, 2000).

These cases, and others, demonstrate how uncontrolled extraction comes at the expense of other economic sectors,
local livelihoods and biodiversity. Direct safety risks for those working in the sector and living in the communities where
this takes place include drowning (of workers removing sand from river beds), subsidence and landslides in extraction
areas (Awaaz Foundation, 2017).

Legal and illegal operations are increasingly reported adjacent to and Inside established biodiversity reserves and
protected areas (WWF, 2018a) - the unique places society has agreed are so ecologically and culturally significant that
they cannot host economic activities that are not compatible with the biophysical integrity of these ecosystems. On site
impacts on habitats for marine and freshwater fisheries and birdlife, and threatened species like turtles and freshwater
dolphins have been reported in some cases (WWF, 2018a).

2 For current case studies, please see: http://www.sandstories.org/; http://coastalcare.org/sections/inform/sand-mining/ last accessed 28 January
2019
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Indirectly, safety, livelihoods and other impacts can result from the widespread environmental change wrought by
remaving significant amounts of material from dynamic environments like rivers and coasts (as opposed to static
environments like quarries).

Aggregate extraction in rivers has led to pollution and changes in pH levels (Saviour, 2012), instability of river banks
leading to increased flood frequency and intensity (Sreebha & Padmalal, 2011), lowering of water aquifers (Myers et

al., 2000) exacerbating drought occurrence and severity (John, 2009). Damming and extraction have reduced sediment
delivery from rivers to many coastal areas, leading to reduced deposits in river deltas and accelerated beach erosion
(Kondolf, 1997). This adds to effects of direct extraction in onshore sand extraction in coastal dune systems and near-
shore marine dredging of aggregates, which may locally lead to long-term erosion impacts (US: Thornton et al., 2006; UK:
Pye & Neal, 1994). Nearshore and offshore sand extraction in New Zealand continues despite considerable uncertainty of
the environmental impacts (Hilton & Hesp, 1996) and the cumulative effects of mining, climate change and urbanisation
of the coast.

Tourism is affected by loss of key species and beach erosion (Kondolf, 1997), while both freshwater and marine
fishing — both traditional and commercial — has been shown to be affected through destruction of benthic fauna that
accompanies dredging activities (Cooper, 2013; Desprez et al., 2010; Stelzenmueller et al, 2010). Agriculture land has
been affected by river erosion in some cases (John, 2009) and the lowering of the water table (Kondolf, 1997). The
insurance sector Is affected through exacerbation of the impact of extreme events such as floods (Kondolf, 1997),
droughts (John, 2009) and storm surges which can affect houses and infrastructure (Thornton et al., 2006; John,
2009). A decrease in bed load or channel shortening can cause downstream erosion including bank erosion and the
undercutting or undermining of engineering structures such as bridges, side protection walls and structures for water
supply (Padmalal et al., 2008; John, 2009). -

Local and indigenous peaples living in communities where sand extraction takes place are rarely heard in the mix of
informal and formal governance, illegal and criminal activities; though when riverine or coastal societies are in crisis, they
participate in sand extraction processes because it is their only possibility to make a living in the short run (Anongos et
al.,, 2012; Awaaz Foundation, 2017).

2.3 Gaps in the current governance system for global sand resources

Sand extraction and use is defined by its local geography and governance context and does not have the same rules,
practices and ethics worldwide.

Sand-extraction and use value chains are predominately governed at national and regional levels given the construction
sector aims to reduce high transport costs by minimising distance between where material inputs are produced and
used. Where sand extraction is regulated, national mining and environmental protection legislation provide the basic
framework. Regulatory regimes may be devolved to often under-resourced sub-national level administrations. This formal
governance structure can result in many small administrative entities having responsibility for policy |mp|ementat|on and
enforcement without adequate human resources and financial capacity.

For example, production of crushed rock tends to be strictly permitted (some in the aggregates industry would argue
over-regulated, depending on the jurisdiction). lllegal operations of any significant size are therefore relatively rare.
However, production of sand and gravel in smaller pits sometimes operate knowingly and unknowingly outside
regulations. Importantly, while many countries have banned sand extraction from lakes, rivers or beaches (de Leeuw et
al., 2010), the legislation is either insufficient or not enforced adequately due to corruption, the absence of monitoring, or
resources to prosecute offenders.

Part of the challenge is that the sand industry is fragmented and significantly informal in some parts of the world. It

can be a complex value chain as artisanal and small-scale operations are legion in the sector - particularly in emerging
economies (Gavriletea, 2017). Globally, there are a few significant commercial supply chains into which the majority

of crushed rock, sand and aggregates flow. The top five companies for marine sand extraction are: Chinese Harbour &
Construction Ltd; Boskalis (Dutch); Van Oord (Dutch); Deme (Belgium); Jan de Nul (Belgium — Luxembourg). In the United
States of America, national legislation® only allows national company to operate in the marine sand extraction industry
and the (large) domestic sector is dominated by Great Lakes Ltd. In the UK, for example, 80% of production is delivered
by a small number of companies (See Section 3). Construction material businesses can be global multinationals with

3 The Jones Act requires that all goods transported by water between U.S. ports be carried on U.S-flag ships, constructed in the United States, owned by
U.S. citizens, and crewed by U.S. citizens and U.S. permanent residents.2019
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interests around the world. However crushed rock, sand and gravels are also extracted and traded illegally in large
quantities in some regions of the world, at times by organised crime ‘sand mafias’ (See Box 2).

Box 2: Sand mafias, i[iegal sand extraction and smuggling in Morocco

| InMorocco, half of the sand ~ 10 million cubic metres a year — comes from illegal coastal sand extraction. Sand

1 smugglers have transformed a large beach into a rocky landscape between Safi and Essouira. Sand is often removed
| from beaches to build hotels, roads and other tourism-related infrastructure. In some locations, continued construc-

| tion is likely to lead to an unsustainable situation and destruction of the main natural attraction for visitors — beaches
| themselves. Asilah, in Northern Morocco, has suffered severe erosion of its beaches, due to regulatory issues, and

| pressures relating to tourism. Many of the structures near the coast are now in danger from the erosion that created

' them.

Sources: The Economist (2005); Khardijamal (2011); Au fait (2011); Middle Eastern Eye (2016); Coastalcare (August 2016)

To add to this, sand extraction Is fast becoming a transboundary issue due to sand extraction bans, international
sourcing of sand for land reclamation projects and impacts of uncontrolled sand extraction beyond national borders.

International trade in sand and gravel is growing due to high demand in regions without local sand and gravel resources
and Is forecast to rise 5.5% a year with urbanisation and infrastructure development trends (Freedonia, 2014). There

Is also the question of how reclamation and infrastructure works are completed, resulting in security concerns and
international diplomatic tensions. For example, the use of sand in reclamation practices is thought to have led to
increased turbidity and coral reef decline in the South China Sea (Liu, 2019). In the Mekong basin, the impact of sand
mining in Laos, Thailand, and Cambodia is felt on the Vietnam delta erosion (WWF, 2018a). Singapore demand for sand
and gravel in land reclamation projects have triggered an increase in sand mining in Cambodia and Vietnam (See Box 3).

: 4 D =, -

Degradation for development, Tanzania
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Box 3: A growing international trade in sand?

Singapore, the Southeast Asian city-state famous for its development miracle, continues to develop rapidly in size.
Given its small area, Singapore needs more space for its growing population. To respond to this demand, the city has
increased its land area by more than 20% in the last 40 years (an addition of 130 square kilometres), mostly by using
aggregates to reclaim land from the sea (See Figure 2). Having imported a reported 517 million tonnes of sand over
the last 20 years, Singapore is by far the largest importer of sand world-wide.

Sand was typically imported mostly from Indonesia, but also from the other neighbouring countries of Malaysia,
Thailand and Cambodia. Export of sand to Singapore was reported to be responsible for the disappearance of some

| 24 Indonesian sand islands. It is reported that this triggered political tensions regarding maritime borders between the

two countries.

The reported sand exported from Indonesia to Singapore declined sharply since a temporary ban declared in February
2002. Other neighbouring countries are now reporting few exports to Singapore. Overall, the reported total amount of
sand imported by Singapore (517 million tonnes) and the sum of sand exports to Singapore from its four neighbouring
countries (637 million tonnes) does not match, showing an underestimation of 120 million tonnes of sand imports.
Obviously, these statistics do not include illegal imports and highlight the need for better monitoring. There is also an

' alleged illegal sand trade. As the price of sand increases, so does the traffic of sand by local mafias. The average price
 of sand imported by Singapore was US $3 per tonne from 1995 to 2001, but the price increased to US $190 per tonne
| from 2003 to 2005.

' Though probably less than 5% of global aggregates production moves across borders, some countries and regions
 have less geological availability of these materials and so the need for national and international trading. Singapore is
 severely constrained in natural resources, but does that make it an early warning signal of a potential future trend for

|

other resource-constrained countries? Dubai and Saudi Arabia have previously imported sand from Australia because

 of depleted marine sand resources in the region. What other countries might follow suit?

Figure 2. Expansion of Singapore's territory since 1973 using sand from neighbouring countries, as observed by satellite imagery.
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Based on images from Landsat 1 MSS (17 Oct.
PIIGT  1973), Landsat 5 TM (13 Sept. 1989), Landsat 5
TM (8 Feb. 2009) and Landsat 8 OLI (27 June
2013) and Landsat 8 OL| (24 May 2018).
Remote sensing, GIS analysis and cartography,
Pascal Peduzzi, UNEP/GRID-Geneva, 2018

éources: Remote sensing analysis (UNEP/GR!['J'-'GenevaJ; Hilton & Manning ( 1995}; Guerin (2003); New York Times (27 March 201b); Milton (2010); Handron

(2010); Peduzzi (2014); UN Comirade (2014); Aquaknow (2014); Rayasam (2016); Gavriletea (2017). GAIN (Expert opinion given in writing in December 2018)

Some uncertaintles and disagreements between experts on priority gaps are worth noting:

While there was a general agreement that the market is a good intervention point for improved governance, there
are different perspectives on how to coordinate public and private roles and interventions. What responsibilities
lie where? For example, sand extraction and consumption is linked to regional economies but five major European
companles are thought to be deeply involved in sand resource flows and use the world over, including Cemex,
Heldelberg, Lafarge Holcim, CRH, Sibelco. These and other businesses produce annual reports and corporate
documents which indicate the scope of their global aggregates businesses.

aware of the challenges with certification before adopting it for addressing sand extraction and use challenges. For
example, sand trading is not dealing with the public directly so sustainability premiums are not likely to be relevant,

and traceability is going to be an issue. Would it really work for sand?
Transparency and data go hand in hand. All actor should have access and capacity to use information — but how

does this really work with proprietary data?

Sand and sustainability: Finding new solutions for environmental governance of global sand resources
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Five priority gaps were identified through the 11th October expert discussions and subsequent literature reviews and
consultations for action in 2019 and beyond:

| Awareness

'Knowledge and science

National governments, producers across the sand value-chain, and the general public do
not know why the state of the global sand resource and extraction impacts are relevant to

' them. The resource has been freely available, cheap and used widely, and so the general

public has little perception of sand as a limited resource. Reconciling the image of endless
deserts with this notion is a challenge without understanding that desert sand has been

| unusable in construction and land reclamation projects to date because it is too finely

polished by desert winds. Continued supply is simply assumed.
Basic information about sand resource flows and extraction impacts is in short supply.

| Yet basic data is essential to effective planning and management. Priority questions to be

| answered include:

« How much sand is required for the future under different demand scenarios,

acknowledging different forms of development and the rate of population growth?

|+ What could future demand imply for future sand extraction and consumption impacts?

: Transparency and
' accountability

These impacts happen over large temporal and spatial scales that need a systems view |
to be understood.

|'»  What s the real cost of unsustainable sand resource extraction and consumption,

including externalities associated with its extraction and use? What is the value of sand
in our economies and socleties? Can we value the ecosystem value of sand in fluvial
and coastal systems?

|= Sand Is not equally distributed around the world or within states. Where is it in relation

to projected demand? What does that mean for future sand needs and flows? How will it |
affect future trade and price-setting?

« Who is involved? What can they do? How will they be affected? Who owns the rights to

sand resources and the land, rivers or marine areas from which they are extracted? This |
is a crucial question for governance and management. ‘

| There is currently no level playing field across governments, companies, contractors,

subcontractors in the sand value-chain. Accountability is something that needs to cross
boundaries and borders, right down the value chain. While we may know how much sand

| is being extracted from a location, we rarely know where it goes. Similarly, we can estimate

Stakeholder
' relationships and
platforms

how much sand is being consumed but we cannot say where it comes from, Transparency

|'and information sharing by, and between, companies and governments is extremely

limited along the sand value change. Nor do we know who holds relevant existing data or
mandates for relevant data collection. This is a common issue for the extractives industry.

| Relationships between stakeholders are key to building transparency and accountability. Yet
|there is currently no international body with a mandate to mediate differing interests on sand |

resources to reach a broad consensus on what is the best interests of all stakeholders, and |
where possible, on the standards and best practices, recommended policies and effective

| procedures to help realise the collective interest.

Fragmented
| participation by key
| actors

A focus on the players who need to adjust their practices is needed. That implies working

' within existing or creating new interfaces that include companies, local communities and

impacted stakeholders. We need to bring governments, local and indigenous communities,

i and industry players of all related sectors together to co-produce constructive governance,

Key messages

The scale of the challenge inherent in sand and gravels extraction makes it one of the major sustainability challenges
of the 21st century. For one of the most traded commaodities on the planet, there is very low general awareness about
widespread extraction impacts. Local and international journalists are currently leading in uncovering the scale of the
impacts while science and policies to support responsible consumption and extraction are lagging behind. Meanwhile,
rivers, river deltas and coastlines are eroding, “Sand mafias” are thriving and demand continues to grow.

9
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3. Available Solutions

Improving sustainable consumption and production of sand resources does not imply waiting for new global laws or
rules to enable international cooperation. Avoidance strategies, alternative materials, standards and best practices
already exist on which to build for action at regional, national and site levels. The 11th October 2018 roundtable
discussion focussed on solutions in the construction sector - the largest consumer of global sand resources.

A hierarchy of three major strategies emerged that could lay new foundations for improved governance of sand
resources in 2019 and thereafter:

1) Avoiding unnecessary natural sand consumption in construction;

2) Using alternative materials to replace natural sand in construction; and

3) Reducing sand extraction impacts with existing standards and best practices.

At current infrastructure production rates, avoidance is a challenge and alternatives cannot yet substitute a significant
share of the 2.7 billion tonnes of aggregates demand in Europe, let alone the 20 billion tonnes in China. The emphasis
must be on reducing natural sand extraction and its impacts in the near term.

Figure 3. Suggested hierarchy of available solutions

Usingrecycled and alernative

materials to replace
natural'sand

Reducing natural san
and sacial impacts

3.1 Avoiding unnecessary consumption

Society can make more efficient use of sourced aggregates through land use planning, and pursuing alternative
infrastructure and building design and construction methods. The goal of this strategy is reducing unnecessary
construction. The second is avoided use of cement and concrete where possible, so that demand for natural sand is
reduced to responsible levels. Available solutions identified for avoiding unnecessary expansion of built environments or
use of concrete in construction include but are not limited to:

*  Spatial planning for compact urban growth where total resource requirements are reduced. One example of how this
is achieved Is compact city policies and performance indicators (OECD, 2012).

+ Avoiding surplus construction projects, such as those for speculation or prestige. The Republic of Ireland is a clear
example. Ireland experienced a period of economic growth from 1992 to 2007 which led to, among other outcomes,
an unprecedented speculative investment in the domestic housing market. Years after the 2007 recession, ‘ghost
estate’ residential developments were left empty and often unfinished (O'Callaghan et al., 2014). These are wide
spread practices. In Dubai, the Burj Khalifa tower dominates at 828 metres, but this is clearly for prestige as 31% of
office space was vacant in the centre of Dubai in 2014 (Peduzzi, 2014).

+ Employing green infrastructure in place of built infrastructure where possible. The US EPA (2010) illustrates ten
municipal-level examples of green infrastructure approaches to managing stormwater events across the United
States (also, See Box 4: Case Study — Scaling the use of permeable pavements).

+  Substituting traditional concrete where possible in building design with traditional materials like timber, and non-
traditional options emerging from materials sciences innovation (Brownell, 2019),

+  Optimising concrete mixes to increase resource efficiency and lifespan of concrete materials (Saha et al., 2018)
(noting CO, emission concerns with cement production).

Investing in infrastructure maintenance and retrofitting rather than demolishing old buildings to extend the lifetime
of the current bullt environment. Some studies suggest adaptive reuse is attractive to investors and urban planners
because it is profitable and effective at reducing abandoned or neglected urban areas (Bullen, 2007; Stas, 2007).

+ Reviewing and verifying technical standards for construction projects to ensure appropriate quality of sand is being

used in building projects (known as "over-design” in the engineering sector) (Orr et al., 2019).

Sand and sustainability: Finding new solutions for environmental governance of global sand resources
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Avoidance of irresponsible sand consumption must be designed-in to our infrastructure projects, construction projects
and industrial products from the beginning. In some cases, this requires crossing some new frontiers in infrastructure
design and engineering. In others, we already have long experience to draw from, like land use and spatial planning have
which is well established in European countries (Albrechts & Balducci, 2013) and the exciting focus on green building
design and construction emerging in architectural sectors in recent years (Kibert, 2016).

One caveat needs to be considered. As construction design is altered, new environmental and social risks are created.
For example, for example replacing concrete construction with timber construction increases pressure on forested
regions. For this reason, sustainable compact urban planning is the preferred solution. A key priority is to mainstream
sand resource policy, planning and management into on-going sustainable cities and sustainable infrastructure
initiatives, though the time horizon for impact on the ground is a long-term one.

| Box 4: Case study - Scaling the use of permeable pavements

Ever-expanding paved surfaces accompany ever-growing cities. When rain falls on impervious paving, that water flows
| across the surface of the land. With large volumes of rainfall, urban floods become more likely and more severe. Even |
' moderate rainfalls can result in significant erosion and water pollution as any fuel, oil or chemical substances are

washed into rivers, lakes, and coastal waters.

Permeable pavement (sometimes called porous pavement) is one example of green infrastructure that replaces tradi-
| tional concrete and asphalt to allow for absorption and infiltration of rainwater and snow melt in urban environments.
It is used in cities around the world, particularly in new cities projects in China and India to reduce surface water runoff
volumes and rates by allowing water to infiltrate soil rapidly, helping to reduce flooding while replenishing groundwater
reserves.

' In many cases, permeable roadways, pedestrian walkways, playgrounds, parking zones can also act as water retention
| structures, reducing or eliminating the need for traditional stormwater management systems. Vegetated surfaces in

' cities are also allowing water absorption, store CO2 and have esthetical value. Additional proven benefits include im-

- proved water quality, reduced pollutant runoff into local waterbodies, reduced urban heat island effects (great advan-

' tage for adaptation to climate change), lower cost of road salting (in cold environments), among others. Less noted

| is the indirect contribution to reduced demand for natural sand both in constructing these permeable surfaces, and in

| reducing the need for built drainage systems.

Most permeable pavement designs — porous (or pervious) concrete, interlocking pavement slabs, crushed rock and

gravels, or clay, amongst other materials — do not use fine agaregates (sand). For example, pervious concrete is 15-

| 25% porous space made by mixing coarse aggregate materials, cement or cement-like additives (i.e. bottom ash or fly

| ash) and water with little or no sand, depending upon the strength of concrete required. Recent experimentation has
shown that introducing end-of-life tyre aggregates can increase flexibility of rigid permeable pavement systems, and

| with that their capacity to cope with ground movement or tree root systems. New compositions are being developed

to improve strength and allow for heavier weight loads. And as each design issue is resolved, the opportunities for

scaling increase

Sources: Schalz & Grabowiecki (2007); Center for Neighborhaod Technology (2010); Admute et al. (2017) ; Disfani et al. (2018); Wang et al,, (201 8); Yuan et
al,, (2018).

3.2 Using recycled and alternative materials to replace natural sand in construction

Where construction or traditional cement cannot be avoided, reduction of natural sand use can be achieved through
some tried and tested, as well as new emerging technologies and materials. Experimentation has led to a wide varlety of
“green concrete” forms such as bottom ash or fly ash concrete, ultrahigh performance concrete, geopolymer concrete,
lightwelight concrete (Liew et al., 2017). Table 1 provides some recent examples of available solutions which can be

summarised as:

- Reusing waste aggregates on construction sites.
+ Recycling concrete from waste asphalt.
+  Substituting fine aggregates (sand) and coarse aggregates (gravel) in concrete production with materials like:
o Waste by-products of other processes, for example, fly ash left over after waste incineration, waste foundry sand;
o Waste by-products of other processes, for example stainless steel slag, coconut shells, sawdust;
o Desert sand fine sand aggregate in concrete.
- Manufacturing fine and coarse aggregates by recycling construction and demolition waste material.
« Innovating on concrete designs to increase materials efficiency and environmental performance, with:
o Foamed concrete
o Geopolymer concrete
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Table 1: Some recent examples of studies on substitute materials to traditional concrete

___ Authors | Year : gt ' SR Title - | Country

Gokee et al. 2019 | Effect of fly ash and silica fume on hardened properties of foam concrete Turkey

Dogan-Saglamtimur 2018 | Waste Foundry Sand Usage for Building Material Production: A First Geopolymer Record | Turkey
In Material Reuse

Mohammadinia et al. 2018 | Mechanical behaviour and load bearing mechanism of high porosity permeable Australia
pavements utilizing recycled tire aggregates

Swamynadh & Muthumani 2018 | Properties of structural lightweight concrete contalning treated oil palm shell as coarse India
aggregate

Yuan et al. 2018 | Environmental and economic Impacts assessment of concrete pavement brick and China
permeable brick production process - A case study in China

Shietal,. 2018 | Sustainability assessment for portland cement concrete pavement containing reclaimed | United States
asphalt pavement aggregates

Bhardwa] & Kumar 2017 | Waste foundry sand in concrete: A review Indla

Shi et al. 3 2017 | Mix design formulation and evaluation of portland cement cancrete paving mixtures United States
containing reclaimed asphalt pavement

Aslam et al. 2016 | Benefits of using blended waste coarse lightwelight aggregates in structural lightweight Malaysia
aggregate concrete

Prasad et al. 2016 | Partial Replacement of Coarse aggregate by Crushed Tiles and Fine aggregate by Granite | India
Powder to improve the Concrete Properties

Shreekant et al. 2016 | Utllisation of Mine Waste In the Construction Industry — A Critical Review India

Salman et al. 2015 | Construction Materials from Stainless Steel Slags: Technical Aspects, Environmental Belgium
Benefits, and Economic Opportunities

Siddique et al. 2015 | Comparative investigation on the influence of spent foundry sand as partial replacement | India
of fine aggregates on the properties of two grades of concrete

Aggarwal & Siddique 2014 | Microstructure and properties of concrete using bottom ash and waste foundry sand as India

' partial replacement of fine aggregates

Meddah et al. 2014 | Use of shredded rubber tire aggregates for roller compacted concrete pavement Algeria

Singh and Singla 2014 | Utilization Of Waste Ceramic Tiles As Coarse India
Aggregate In Concrete

Shafighetal. 2014 | Structural lightweight aggregate concrete using two types of waste from the palm oll Malaysia

! industry as aggregate

Thomas et al. 2014 | Strength, abrasion and permeation characteristics of cement concrete containing India
discarded rubber fine aggregates

Note: This table is not a product of a systematic review.
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Lightweight foamed cdncrele is a substitute material for traditional concrete in building construction © Oloo / Shutterstock.com
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Green concrete innovations are heing driven by a variety of factors including the drive o reduce green-house gas
emissions by nation states and private actors, resource costs and, at times, the search for ecanomic uses of waste by-

products (Liew et al., 2017).

Some countries already have high aggregate recycling rates because of virgin aggregates costs (Germany recycles

87% of its waste aggregates?). However, it is the intersection of materials cost minimisation pressures in construction
projects and locally-available waste streams that seems to create some key enabling conditions for substitution away
from primary agaregates, For example, in India there are cases of used non-toxic municipal waste as a replacement for
aggregates in road-building, as well as the use of waste foundry sand used (Siddique et al. 2004, 2015}, waste rubber
(Gupta et al., 2014), waste tiles (Singha & Singla, 2014) to produce concrete. Iragi researchers have experimented with
waste plastic In conerete mixtures {Ismail & Al-Hashmi, 2008). Oil palm kernel and coconut production waste has been
tested as replacement coarse aggregate in Malaysia (Shafigh et al., 2014) and Nigeria (Emiero & Oyedepo, 2006). The
spread of waste-to-energy solutions in respanse to growing waste production around the world, shrinking landfill space
availahility and, in some countries, landfill quotas or taxes, offers opportunities at perhaps an even greater scale (See Box
5, Case study : Manufactured aggregates from municipal Solid Waste Incineration bottom and fly ash by-products).
Where the cost of sand and aggregates is low, extraction taxes have been put in place to incentivise reduction of primary
aggregates and support Increased usé of recycled aggregates (EEA, 2008). It is worth noting that such economic
instruments can have perverse consequences like creating or supporting illegal aggregates extraction and trade, as has
been seen In waste management in Europe following introduction of fandfill levy schemes (Dunne et al., 2008; United

Nations, 2012; Europol, 2018).

1 German Federal Ministry for the Environment, Nature Gonservation and Nuclear Safety. Relrieved from: https://www.bmu.de/en/topics/water-waste-
soll/waste-management/types-of-waste-waste-flows/construction-waste/, fast accessed 28 January 2019,
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Workers on a road construction site

3.3 Reducing extraction impacts through implementing existing standards and best practices

Many existing standards and best practices already exist that do not include sand extraction and consumption currently,
but could provide the basis of a coherent framewaork for improved global sand governance if adjusted. The following
available solutions are relevant, to varying degrees, in global sand resources governance and management:

Normative / legal
environmental and
social standards at
global level

The Sustainable Development Goals: These are not legally binding and do not explicitly ad-
dress sand sustainability challenges, but the Goals are setting new norms relevant to address-
ing these issues.

International conventions: These are legally binding international law for signatory countries
and spur these national governments to create national legal frameworks and regulation,
economic Instruments and voluntary mechanisms. An initial list (non-exhaustive) produced
through expert discussions and further desktop research identified the following international
laws as potentially relevant to a) identifying ‘no-go’ zones for sand resource extraction, b) min-
imum practices for sand extraction or c) legal rights and/or best practices for sand extraction
impact assessment. In order of date of entry into force:

Convention for the International Council for the Exploration of the Sea (ICES), 1964
Wetlands of International Importance, especially as Waterfowl Habitat (Ramsar), 1971
Protection of the World Cultural and Natural Heritage (World Heritage Convention), 1972
Environmental Impact Assessment in a Transboundary Context (Espoo), 1991

Law of the Sea (UNCLOS),1992

Convention on Biological Diversity (CBD), 1992

Protection and Use of Transhoundary Watercourses and International Lakes (International
Watercourses Convention),1992

o Berlin Rules on Water Resources, 2004

Convention to Combat Desertification (CCD),1994

Convention on the Law of the Non-Navigational Uses of International Watercourses, 1997

Protocol on Strategic Environmental Assessment (SEA Protocol), 2003 15
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Normative / legal
environmental and
social standards at
reglonal level

Regional conventions: These are legally binding international law for signatory countries
and provide frameworks for these national governments to create national policies, laws and
regulations, economic instruments and voluntary mechanisms. An initial list produced through
expert discussions and further desktop research identified the following (non-exhaustive)
list of international agreements relevant for standards and best practices for sand extraction
covering transboundary seas, rivers and some terrestrial landscapes. Transhoundary
freshwater and marlne zone governance and management mechanisms overlap significantly
with sand extraction geographies and impacts.

Regional cooperation on development, security issues

«  Convention for the Protection of the Natural Resources and Environment of the South
Pacific Regicn, 1986

« Sanya Declaration (for peace, security, development and cooperation between BRICS
countries), 2011

Marine ecosystems

+ Protection and Development of the Marine Environment and Coastal Region of the
Mediterranean Sea Barcelona Convention, Barcelona, 1976

= Convention for Co-opération on the Protection of the Marine Environment from Pollution,
Kuwait, 1978

- Protection of the Marine Environment and Coastal Area of the South-east Pacific, Lima,
1981 X

«  Cooperation in the Protection and Development of the Marine and Coastal Environment of
the West and Central African Region, Abldjan, 1981

- Conservation of the Red Sea and the Gulf of Aden Environment, Jeddah, 1982

+  Protection and Development of the Marine Environment of the Wider Caribbean Region,
Cartagena de Indlas, 1983

+  Protection, Management and Development of the Marine and Coastal Environment of the
Eastern African Region, Nairohi, 1985

+  The Convention for the Protection and Development of the Marine Environment in the Wider
Caribbean Region (WCR} (Cartagena Convention), 1986

o Protocol Concerning Specially Protected Areas and Wildlife (SPAW) in the Wider
Caribbean Region, 2000

+  Protection of the Marine Environment of the North-east Atlantic OSPAR Conventlon, Paris,
1992

+  Protection of the Marine Environment of the Baltic Sea Area 1992 Helsinki Convention,
Helsinki, 1992

+ Protection of the Marine Environment of the Caspian Sea, 2003

Freshwater Ecosystems

UN-Water states there are over 3,600 treaties related to international water resource governance

and management.® For sand extraction, some relevant examples include;

+ Indus Water Treaty (India and Pakistan), 1960

+ Mekong River Agreement {Laos, Thailand, Cambodia, Viet Nam), 1995

«  Protocol on Shared Watercaurse Systems in the Southern African Development Community
{SADC) region, 1995

+ Nile Basin Initiative (Burundi, DR Congo, Egypt, Ethiopia, Kenya, Rwanda, South Sudan, The
Sudan, Tanzania and Uganda. Eritrea participates as an observer), 1999

5

See UN Water (nd), Avallable al: hitp://www.un,org/waterfortifedecade/transboundary_waters.shtm, last accessed 28 January 2019,
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In addition to the global and regional instruments listed above, sectoral-based global initiatives, national legislation and
voluntary schemes contribute to a starting point for sand-extraction standards and best practices:

Extractives
sector

Existing extractives sector regulations, standards and best practices can be adapted to sand
extraction activities. ISD (2018) identifies the Initiative for Responsible Mining Assurance as a top
performer encompassing pre-existing global and reglonal standards covering worker health and
safety, social and environmental domains.® Lessons can be learned from the extensive experience
already developed on improving environmental and social performance in mining activities

(See Case study 3). UEPG (Europe) members run several projects on responsible aggregates
extraction.” Going one step further, environmental enhancement after mining activities cease

is currently being explored in Europe. The Belgian project “Life In Quarries”, co-financed by the
European Commission, promotes dynamic biodiversity management in aggregates mines with
some good results: 90% of all eagle owls and 94% of sand martins in Wallonia nest in active sites.?

Engineering &
Construction
sector

Best practices in the engineering sector may be a part of the problem because at times they
result in over design and waste in construction (Orr et al., 2019). Engineering requirements can
be too strict for the final purpose to which sand resources are being used. Or can be applied

in a risk-averse behaviour that is a barrier to alternatives becoming mainstream in engineering
and construction practices. Addressing over-design issues through voluntary standards and
certification schemes can be part of the solution, though success depends on careful design of
such schemes. One example in operation is the Cement Sustainability Initiative (Previously under
the World Business Council for Sustainable Development, transferred to the Global Cement and
Concrete Association in early January 2019°). Another is the BES 6001 Responsible Sourcing of
Construction Products certification system in the United Kingdom,"

Water,
Conservation,
Environmental
management
sectors

Domestic regulations for coastal zone management, water management, freshwater and marine
fisheries management and land use planning are relevant to informing extraction permits (where
such system are in place), to controlling illegal sand extraction and to determining sustainable
sediment removal limits. In addition, nationally-legislated Key Biodiversity Areas, World Heritage
Sites, National Parks, biodiversity reserves, terrestrial and marine Protected Areas identify regions
where extraction should be avoided. Some conservation projects offer opportunities for better
defining If sand extraction can ever be sustainable or just responsible. For example, sediment
dredged to prevent river blockages has been recycled to support new wetland creation in the
Mississippi river (Powers & Duffy, 2018). Wetlands International are pioneering in this field of
sustainable dredging with the Benin Ramsar site also"'.

© Pavel Tvrdy/Shutterstock.com

See Initiative for Responsible Mining Assurance (n.d.): https://responsiblemining.net/.

See Life In Quarries (n.d.): wwwi.lifelnquarries.eu

L]

7 See Safequarry.com (n.d.): http://www.safequarry.com
k]

9

See Global Cement and Concrete Association (n.d.): https://gccassociation.org/,
1 See BSI Group (n.d.): http://www.bsigroup.com/en-GB/bes-6001-responsible-saurcing-of-construction-products/
' See Ramsar Benin Information Site (n.d.):https://www.ramsar.org/wetland/benin.
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Box 6: Case study 3 — Learning lessons for mitigating sand extraction impacts in Suriname

' Braamspunt is a biodiverse coastal area 15 km from the capital of Suriname, Paramaribo, on the Northeastern Coast
 of South America. This sandy beach on the eastern shore at the mouth of the Sutiname river is in a Multiple Use

' Management Area (MUMA) designated under the 2010 Integrated Coastal Zone Management plan. This plan aims for
| balanced economic development while preserving ecological values in this landscape of pristine mangrove forest.

i Among fishing, tourism and other uses, Braamspunt is a critical coastal defense against flooding and erosion for

| Paramaribo North at a time when natural defenses have been undermined by removal of mangroves, It is also home

| to nesting grounds of leatherback sea turtles and green sea turtles, considered vulnerable and endangered by the

| IUCN Red List of Threatened Species respectively. Yet, until recently active sand extraction took place on the beach,
% accelerating the erosion of this already vulnerable sand spit.

| Despite a previous temporary ban in 2015 and protests from environmental groups and citizens, the Ministry of Natural

| Resources gave concessions for sand extraction to four Surinamese construction companies in February 2017, This

| coincided with the beginning of turtle nesting season. These concessions were given out without the knowledge or

' consultation of the line ministry overseeing the MUMA, the Ministry of Ministry of Spatial Planning, Land and Forest

' Management. As Environmental and Social Impact . As Environmental and Social Impact Assessments are voluntary

| in Suriname, the local companies legally extracting sand were not required to evaluate their impact on the beach.

} Moreover, as part of the MUMA, the beach is not a legal protected area designated for conservation of biodiversity

| alone. Even though the turtle species themselves are protected, their nesting grounds at Braamspunt are not.

: Between 2015 and 2017, environmental groups sought an immediate halt to excavation at Braamspuntso so that

| protected species are not just protected on paper. The result would be that turtle nesting sites are automatically

| protected irrespective of where they are located (inside or outside a protected area). This will take time. Environmental
I and social impact assessments seen as a barrier to development, an additional cost burden on the private sector, and |

| there are a lack of funds for enforcement.

|

! With that in mind, local NGO Green Heritage Fund Suriname is aiming to learn lessons from what has worked on

| other legal and illegal extraction sectors such as forestry and gold and accelerate voluntary action while legislation,
| safeguards and enforcement catches up. One successful strategy In other responsible mining efforts outside

i of Suriname has been to get illegal extractors organised to request concessions that have already undergone

! environmental and social impact assessments financed by government agencies.

Sources: WWF (2016); Fritz (2017); Deltares (n.d.); Green Heritage Fund Suriname (n.d.); Nadine McCormick (IUCN), personal communication in writing
December 2018.
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18 Aerial image of a deep blue gravel lake in which sand is mined for the construction industry. © Géogff )Shuttersi‘ock
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Key messages

A quick start for sand resource governance is possible if we work with the many available solutions and adjust existing
legal frameworks, standards and regulations. However, some new standards and best practices are likely to be required
in the near term to tackle sand extraction impacts.

Current legal frameworks are not sufficient considering the global outlook on aggregates demand and production.
Existing international treaties, law, standards and best practices provide a foundation, but it is an incomplete.

Where addressed, sand extraction currently crosses extractives, water management, coastal zone management,
biodiversity conservation legal systems and best practices. Importantly, sand extraction is not regulated in some
countries. In other countries, sand extraction Is regulated but trade-offs are made given other priorities such as the need

for new infrastructure.

For example, in marine ecosystems, existing models predict the outer limit of beach-nearshore sand exchange. An
agreed standard might advise against extraction inside this limit or advise appropriate assessment criteria if extraction
is proposed within these limits. In a similar vein, the existing legal frameworks in freshwater systems focus on water
allocation, water quality and security, cooperation, and development of the basin for energy and other economic
purposes. A major gap related to sand resources and extraction impacts is sediment flow management.

Without an integrated view on the governance, planning and management of these resources, sand extraction risks
falling between the cracks into informal, or even illegal practices.

Sand and sustainability: Finding new solutions for environmental governance of global sand resources
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4. Options for Action

Actions can be taken today by all stakeholders to achieve responsible extraction, reduced consumption and
normalisation of alternatives. International organisations, national and local governments, private sector companies,
civil society groups and local communities all play critical roles in governance of sand resources. Three main actions for
faster implementation of available solutions were identified in the 11th October roundtable discussion and subsequent

consultations:

1. Strengthen standards and best practices to curb irresponsible extraction
2. Invest in sand production and consumption measurement, monitoring and planning
3. Establish dialogue based on transparency and accountability

The options are not prescriptive, nor comprehensive — but they are critical next steps that can be taken.
4.1 Strengthen standards and best practices to curb irresponsible extraction

Ideally, each country should have appropriate legal frameworks and regulations through which either a permit or a license
is required for sand extraction activities, and seek to reduce irfesponsible and illegal extraction activities. Every case is

different, however.

Firstly, sand extraction occurs in a range of geological (sand supply) situations. ‘Go’ zones that are appropriate for
extractive practices are context-specific and so-called “produce and use locally” principles can only work where sand is

locally avallable.

Secondly, the results of preventative and protective measures proposed by responsible extraction depend upon the
significance of the impacts that may arise from extraction in these locations. A developed, indigenous regulatory regime
will be able to determine the acceptability (or otherwise) of extraction - and there are good examples of this working in
both UK and Europe.

Thirdly, local governance differences present a challenge to replicating legal frameworks across in countries. For
example, Europe is very rich in sand and gravel and has developed effective management systems over 40 years of
exploitation that is not comparable to circumstances in other global regions. However, there are opportunities to learn
from these experiences, which may accelerate the transition towards robust policy, planning and regulatory regimes.

National laws are needed, but there are limitations to be dealt with involving enforcement and transboundary regulation.
Providing guidance on good practice to existing industry is a clear starting point, but to implement well localised
economic, political, social and cultural factors must be taken into consideration. These include transfers of legislative
frameworks; voluntary standards; skills; knowledge; established customs and traditions, and best practices. The practical
solution will be to work within international standards, but localise recommended rules, legislation, and voluntary efforts

appropriately.
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Recommendations:

Prepare guidelines for governing, planning and managing sand extraction at the regional and international legal scale
and support countries to customise these for national policy, law and regulation where these do not currently exist.

The principle aim should be to build enabling conditions for the introduction of responsible sand extraction and use

of alternative options to natural sand as rapidly as possible. A first step may be to build consensus on classification

of global sand resources and impacts. The UN Economic Commission for Europe (UNECE) Committee on Sustainable
Energy and its subsidiary bodies on anthropogenic resources classification for sustainable resource management under
the 2030 Sustainable Development Agenda may provide some early momentum for such an initiative (United Nations,
2018).

Commission review and analysis of existing law and voluntary initiatives at global, regional and national levels to
identify critical regulatory gaps and ‘low hanging fruit’ opportunities for integrating sand into established frameworks
and programmes. This list provided in Section 3: Available Solutions provides a starting point for this activity.

Ralse awareness through commissioning rapid scenario analyses identifying the role of sand and gravels in building
and sustaining particular regional and national ecosystems, societies and economies, including potential futures and
thresholds of natural sand extraction and use beyond risks are increased. Existing methods, data and collaborative
research efforts on systems analysis for aggregates analysis in manufacturing systems (See Tesfamariam & Lindberg
(2005) as one example) and green economy and circular economy analyses are directly applicable to this effort’.

4.2 Invest in sand production and consumption measurement, monitoring and planning.

Countries and rivers for which there are high quality studies of sand extraction impacts are not, In fact, the countries
where extensive illegal sand extraction is increasingly reported by domestic and international media (WWF, 2018a).
While we do not have to wait for perfect data before making choices, improving available knowledge is a fundamental
contribution to sand resource governance, planning and management. We need some basic information flows on sand
extraction, its impacts and consumption that are specifically geared to support decision-making.

We have a poor understanding of sand production and transport processes in particular. The geological context for sand
resources is important — not just knowing the origins of deposits but also understanding the current physical processes
that act upon them. Sediment transport pathways are often largely ignored in research and decision support information.
The result is that downstream and cross-boundary impacts of disrupting sediment flows are not considered where
formal environmental impact assessments are undertaken.

Secondly, traceability of sand in supply chains within the construction sector is extremely weak. How can we have
responsible consumption without tracing and differentiating responsible and irresponsible sand sources? The

Roundtable on Sustainable Palm 0il (RSPO) example for palm oil tracing might be a source of lessons. In addition, data ‘
sharing between international agencies, national governments and national and multinational companies is critical but

difficult given the lack of accurate reporting.

Thirdly, environmental monitoring programmes often focus on state and input- output monitoring and reporting, but have
more difficulty monitoring outcomes in such a way that creates feedback for organisational leaders in their decision-
making. This is especially true for environmental and social outcomes with time horizons greater than standard project
or programme cycles, or impacts that are experienced far from the source of the problem.

The best measurement, monitoring and data visualisation systems cannot replace good governance and leadership; but
they can be designed to help these behaviours emerge however (See Table 2).

12 Some useful entry points an Green Economy and Circular Economy scenario analysis are the Green Growth Knowledge Platform (http://www.
22 greengrowthknowledge.org/about-us); the EU-funded Circular Impacts project {(Woltjer, 2018)
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Table 2: Why undertake sand resource measurement, monitoring and evaluation?

Purpose

Relevance

Benchmarking and
monitoring

Indicators provide a quantitative baseline of the state of the environment and related
socioeconomic factors that are integral to sand resource production and consumption, or are
impacted by these processes. Baseline and thresholds offer a means of monitoring changes or
progress towards set goals.

Problem
identification &
goal-setting

Data on sand consumption at project and national levels is needed to set appropriate goals

for replenishment, extraction rates and consumption at appropriate scales and levels. Monitor
replenishment rates, extraction rates (and associated morphological evolution of the rivers and
coasts), and materials supply flows and costs can help identify problems and opportunities to
Improve governance and management.

Prioritising
interventions &
planning

Choices in priority-setting can include short or long-term interventions, as well as real-time
decisions on resource allocation and management, responding to emerging or pressing issues.
Data and related analysis supports future planning and policy-setting.

Facilitating cross-
sectoral & cross-
scale dialogue

Measurement and monitoring in sustainability encourages, if not requires, integrating
knowledge from different related sectors. In this case, the process is just as important as the
resulting datasets and analysis. Data collection and synthesis is an opportunity for dialogue
among different stakeholders, helping them to jointly establish goals, identify problems, and
negotiate the trade-offs that are implicit in balancing competing uses and priorities within
ecosystems. Eventual monitoring results may help to renegotiate and change institutions to
Improve ecosystem management and local communities’ wellbeing.

Increasing public

Indicators summarise a substantial amount of data and information into a coherent narrative
are often useful as a public communication tool to raise awareness on progress towards or

Accountability

awareness
; threats to overall welfare.

Facilitating To measure the effectiveness of chosen policies, providing transparency and accountability,

Transparency & particularly if the public has been involved in the goal-setting process. Building open knowledge

bases on sand availability and property rights may also help assess claims to extract sand
resources. In many cases sand extraction locations are politically decided and not necessarily
underpinned by geology or responsible sourcing.

Revenue raising

In some contexts, accurate accounting is a precursor to recovering local or regional mining

royalties.

Sources: 11 October 2018, Expert Roundtable discussions; Reviewers* input

© lampang_naomark/Shutterstock.com
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Recommendations:

Commission basin-wide and coastal region studies to determine quotas for sand and sediment inflows to river deltas
and coastal beaches so that replenishment is adequate for river forms, deltas and beaches to be maintained. This
implies understanding the geological origins of the resources in question, where these resources occur, and how they
relate to modern geological processes to establish baselines, This requires a) basin-wide and coastal sediment budgets
(identifying natural sources by grains size, and natural and human-made sinks b) a quota for how much each specific
river can produce and where extraction sites should be located ¢) monitor extraction rates and their impacts.

International community organisations with mandates and access to relevant data could collaborate to create a

rapid information synthesis, design a long-term monitoring programme and produced a rapid assessment tool in the
context of existing processes in EIA, SEA, Responsible Mining and water governance. Coordination across established
economic, social and environmental monitoring programmes could help quick start a global, regional and national sand
resource monitoring programmes. UN agencies, in collaboration with private sector partners and national governments,
are well-placed to design a cost-effective global monitoring programme for sand resources. Global level programmes
with linkages to sand resources include:

«  HydroSHEDS (WWF, USGS)*
«  Protected Planet (United Nations Environment Programme, WCMC, IUCN)™
+  Ramsar Site Information Service (Ramsar)'®
+  Transboundary Waters Assessment Programme (United Nations Environment Programme, GEF)®
« UN Comtrade (UNTAD)"
«  Water Risk Filter (WWF) '@
«  World Environment Situation Room (United Nations Environment Programme, GRID Geneva)'
+  WRI Resource Watch Database™
«  WWF Sight*
«  Some national reporting regimes for production and use of sand and gravel already exist. For example:
o An Aggregates Monitoring Survey Is undertaken by the British Geological Survey on behalf of British
Government.?
o For marine production, the marine mineral owner (The Crown Estate) publishes annual reports detailing total
tonnage dredged and to where this was supplied. Where marine extraction activities occur, ‘black box’ Electronic
Monitoring Systems are a common requirement.?

Review and evaluate implementation of established social and environmental safeguards and impact assessment
procedures and identify key performance indicators to be included for the treatment of sand sustainability issues. Such
a review could include global, regional and key national Environmental Impact Assessment and Strategic Environmental
Assessment and responsible extractives standards to understand if these are being applied at the right scale, (i.e.
landscape vs. project vs. site-specific scales) and whether they have included sand appropriately.

4.3 Establish dialogue based on transparency and accountability

A focus on constructive dialogue and rapid lesson learning is needed to create awareness and voluntary action today.
We have an opportunity to act early to prevent avoidable environmental damage and biodiversity loss while transitioning
to a new pathway of responsible sand extraction and consumption. We have the experience and existing international
environmental treaties, industry standards and best practices, and international, regional and local civil society
communities to make a start in the right direction. International community, governments, industries, civil society - all
relevant stakeholders (See Table 3: Stakeholders in sand and sustainability issues) — need to participate in developing
constructive policies, regulation and voluntary actions.

3 http://www.hydrosheds.org/

4 https://www.protectedplanet.net/

5 https://www.ramsar.org/document/using-the-ramsar-sites-information-service
16 http://twap-rivers.org/

7 https://comtrade.un.org/

8 http://waterriskfilter.panda.org/

¥ http://www.uneplive.org/situation

2 https://www.wrl.org/resource-watch

21 https://www.wwf.org.uk/updates/wwf-sight-conservation-intelligence

2 htips://www.thecrownestate.co.uk/media/2484/marine-aggregates-statistics-201 7.pdf.
2 https://www.gov.uk/government/collections/minerals.
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Responsible industry players are committed to phaslhg out illegal extraction and use of river and beach sand; and they
have significant power to drive good practices on sand resource consumption and production. While the number of small
and informal operations in sand extraction are large, there are thought to be around 10 large multinational players that

are significant “pinch points" for influential action in the sand value chain;

«  Sibelco Group, Belgium

« Heidelberg Cement, Germany

«  CRH, Ireland

+  Holcim, Switzerland

+  Chinese Harbour & Construction Ltd., China

« Boskalis, Netherlands

+  Van Oord, Netherlands

+ Deme, Belgium

« Jan De Nul, Belgium & Luxembourg

+  Great Lakes Dredge & Dock Company (GLDD), United States of America
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The Mekong Delta and surrounding coastal areas In Viet Nam depend on sand Inputs from the Mekong River.
https://commons.wikimedia.org/wiki/File:Mekong_delta.Jpg
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' Box 7: Private sector voluntary action on sand and sustainability standards in the United Kingdom

| The United Kingdom has some interesting examples of private sector voluntary action on sand. The UK mineral

! industry published a Minerals Strategy in 2018 which sets out the social, environmental and economic issues that will

| need to be addressed to ensure sustainable supplies of minerals to 2050. The UK marine industry published a good
practice guidance for marine aggregate extraction in 2017, endorsed by the national government. The industry has
also been reporting on seabed dredging for 20 years as part of its commitment to transparency. The Aggregates Levy,
a tax placed on sales of primary aggregates in the UK (sand, gravels & crushed rock - both land and marine), was used

| to fund research to develop understanding and improve practices to minimise environmental effects of extraction.

| In terms of terrestrial operations, an awards scheme is in operation to champion and showcase restoration and
biodiversity opportunities following extraction projects.

Sources: Newell & Woodcock (2013); British Marine Aggregate Producers Assoclation (2017; 2018); Mineral Products Association (2018); Mineral Products

Association (n.d.); UEPG Biodiversity (n.d.)

Table 3: Stakeholders in sand and sustainability issues

Stakeholder group

Relevance

Local communities

Individuals and communities living close to extraction sites live with the impacts of
irresponsible sand extraction; they may also be engaged in the sector as owners or employees.

Local sand extraction

Directly engaged In extractive activities in rivers, on beaches, in quarries; where pursued legally,

sub-national
governments

companies this implies engaging with permitting authorities to identify preferred sites for extraction.
Transporter, Trading | Middle men in the sand supply chain.

companies

Engineering & Directly engaged in sourcing crushed rock, sand, gravels and using these materials in
construction firms construction activities. )

Municipal / In some cases, local government entities have the authority to issue permits for extraction

activities; also the responsibility to implement regulations and plans for local spatial

planning, economic development, water management, fisheries management, environmental
management. Sub-national administration procurement for public infrastructure and buildings
may play a role in driving demand for local sand resources. They may also play a role in local
monitoring and reporting.

National
governments

Line ministries with responsibilities for natural resources, mining and extractive industries
may be the authority to issue concessions or permits or bans for extraction activities, Other
national line ministries hold the responsibility to determine development pathways, support
equitable development and local livelihoods under which sand extraction livelihoods may fall;
uphold and implement environmental and social protection laws. National governments also
play significant roles in public Infrastructure procurement, national monitoring and reporting.

Transboundary
coopetration
platforms

These entities facilitate regional transboundary cooperation on economic development, joint
management of ecological zones like shared water bodies (lakes, river basins, seas). In some
cases, they may hold the authority for management decision-making on resource use, such as
is the case for some river authorities. More generally, they may play a role on data monitoring

Multinational firms

Major consumers of crushed rock, sand and gravels in the sand value chain include cement
firms and construction firms; a wide range of producers use industrial grade sand for
manufacturing glass, pigments, engineered stone, etc.

Education & research
institutions

Engineering and materials sciences experimentation and innovation for alternatives to
concrete, cement. Capacity for socioeconomic, policy, management analysis to support
declslon-making on sand extraction legal and voluntary standards and best practices. These
institutions also lead on education for future government policy makers, land use planners,
engineers and architects.

Nongovernmental
Organisations

International NGOs engaged in environmental and social issue-based advocacy globally,
regionally and nationally; Peer support and capacity development for local and regional civil
society groups; global awareness raising. Local NGOs lead on awareness raising and early-
warning of irresponsible and illegal activities on the ground. They also lead on supporting local
communities to defend their rights.

Inter-Governmental
Organisations

Norm-setting, knowledge transfer, convening, consensus-building, synthesis research, global

monitoring programmes.

Societies’ demand for construction materials, and the need for this to be met in the most sustainable manner possible,

2t WWF: Dr. Marc Goichot, personal communication in writing December 2018
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is relevant to every nation. However, two nation states are likely to be pivotal for any positive action: India and China.
China increased its concrete use by 540% in the last 20 years, exceeding the use of all the other countries combined
{See Figure 4), Even as domestic consumption rates begin to stabilise, China-overseas investment in infrastructure
development through the Belt and Road Initlative will drive dernand for aggregates in approximately 70 countries.
Furthermore, domestic demand in India Is expected to drive strong future growth in Asia (Gavriletea, 2017). These
countries are also the source of solutions when it comes to alternative materials (See Table 1 in Section 3. Available
Solutions) and new huilding strategies. The Mining Engineers Association of India held a major national conference on
urgent replacement of lllegally-sourced sands by manufactured sands in August 2018.

Finally, local communities and civil society groups have a critical role to play through awareness raising, empowerment
and organisation of citizens in extraction sites or affected by extraction (Anongos et al,, 2012). In Cambodia, villagers
living on the Mekong river started chasing away sand extractors when they saw the direct link between this activity and
loss of agriculture land to river bank erosion.? As a second example, Awaaz Foundation campaigns against ‘sand mafias’
and their support to local communities seeking justice has resulted in reat policy change in India {Awaaz Foundation,

2017),
Recommendations:

One key barrier on which to focus is the transparency of the extractives supply chain for aggregates. A positive step
forward would be to integrate crushed rock, sand and gravels sourcing into the Extractive industries Transparency
Initiative (EITI) standard for published information on the oll, gas and mining industries25 At a minimum, a lessons
learning analysis could reveal some key guidelines on how to establish transparency initiatives for the aggregates sector

specifically.

The sand value chain needs to be better understood - including all stakeholders - to implement avoidance and
reduction strategies well. What is the structure of sand value chains? How formal, informal and mixed are they? What
are the financing structures underpinning sand demand and supply? These are some priority questions that need to be
answered for assessing the business case, Including full cost analyses and risk assessments, for alternative sources.

Cross-sector collective action platforms are needed. One suggested priority is exploration of cooperation mechanisms
for managing water and sediments as a shared resources in a responsible manner for the long term. A second is
collaborative design of processes to encourage financing of bankable sand for sustainable urban planning and

Infrastructure projects.
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5. Conclusions

Sand production is not rocket science, At its most basic, it needs hoats and pumps, shovels and trucks, hammers and
rocks. The main limitation to responsible sand extraction is not technical; it is an awareness and governance issue. A
paradigm of infinite sand resources still dominates. Challenging this is the difficult task ahead as we aim for a rapid yet
smooth transition to more sustainable sourcing, while reducing consumption and demand in parallel.

To do this, we must first acknowledge the scale of the issue as one of the major sustainability challenges of the century.
Most large rivers of the world have lost between half and 95% of their natural sand and gravel delivery to ocean. The
damming of rivers for hydro-electricity production or irrigation is reducing the amount of sediment flowing downstream.
This broken replenishment system exacerbates pressures on beaches already threatened by sea level rise and intensity
of storm-waves induced by climate change, as well as coastal developments. “Sand mafias’ are thriving, with activists
against their activities being threatened and even killed. Sand and gravel is one of the largest extracted resources by
volume, possibly one of the most profitable illegal traded while also being one of the least regulated. Yet awareness is
very low, with media uncovering the scale of the Impacts while science and policies are lagging behind

Large-scale multipronged actions are urgently needed to implement technical and institutional innovations designed at
the scale of regional infrastructure projects, large river basins and their downstream connections to deltas and coasts
and global construction materials markets. This will need to involve a wide range of players = public, private and civil
society organisations — from local to global levels. A new frame for collaborative action is needed. Together, we can:

Build consensus through improved coordination and public awareness-raising at the global, regional and national levels
on how much our current development trajectory is dependent on sand supply and the sustainability challenges this
poses. This will involve developing understanding from many perspectives, as well as a vocabulary to define aggregates
characteristics and their extraction impacts. We do not yet know the appropriate language and definitions to use in
discussing this topic across the stakeholder groups. These definitions are needed for transboundary, cross-sectoral and
cross-scale dialogues, institutionalising new technical standards and best practices, and establishing regulation.

Define what success looks like for sand production and consumption in sustainable development. As long as it

is planned, regulated and managed appropriately, sand extraction can be responsible. It is about being aware of its
resource potential and making the right choices from the very beginning in a knowledge-based resource management. It
is about the right resources being worked in the right place and in the right way. This will involve identifying sand sources
that might be harvested at a sustainable level and according to guidelines, and with the support of agreed standards,
best practices and decision support tools, that are developed with inputs from all stakeholders.

Reconcile globally-relevant policies and standards with the local realities of domestic sand resource availability,

local development imperatives and standards and enforcement realities. There are a wide range of experiences in the
management and use of sand globally, reflecting the wide range of maturity in the regulations, controls and awareness of
individual nations to these issues. Consequently, the principles of good practice derived from practical experiences and
hard lessons are available and should be readily shared for customisation to new contexts.

Sand and sustainability: Finding new solutions for environmental governance of global sand resources

29




R




Reference and Resources

Scientific articles

Admute, AM; Gandhi, AV; Adsul, SS; Agarkar, AA; Bhor, GS; Kolte, GP. (2017). Permeable pavements: new technique for construction of
road pavements in India. International Research Journal of Engineering and Technology (IRJET), 04(04), 1810-1814. Retrieved from
URL: https://www.irjet.net/archives/V4/i4/IRJET-V414378 pdf.

Aggarwal, Y; Siddique, R. (2014). Microstructure and properties of concrete using bottom ash and waste foundry sand as partial
replacement of fine aggregates. Construction and Building Materials 54 (March 2014): 210-23. https://dol.org/10.1016/j.
conbuildmat.2013.12.051.

Albrechts, L; Balduccl, A. (2013). Practicing strategic planning: in search of critical features to explain the strategic character of plans.
DisP - The Planning Review, 49(3), 16-27. https://doi.org/10.1080/02513625.2013.859001.

Aslam, M; Shafigh,P; Jumaat, MJ; Lachemi, M. (2016). Benefits of using blended waste coarse lightweight aggregates in
structural lightweight aggregate concrete. Journal of Cleaner Production 119 (April 2016), 108-17. https://doi.org/10.1016/].
jclepro.2016.01.071.

Baird, J; Schulz, L; Plummer, R; Armitage, D; Bodin, 0. (2018). Emergence of collaborative environmental governance: what are the causal
mechanisms? Environmental Management, https://doi.org/10.1007/s00267-018-1105-7.

Bodin, 0. (2017). Collaborative environmental governance: achieving collective action in soclal-ecological systems, Science 357, no.
6352, eaan1114. https://dol.org/10.1126/science.aan1114

Bullen, PA. (2007). Adaptive reuse and sustainability of commercial buildings, Facilities, Vol. 25 Issue: 1(2), 20-31. https://doi.
org/10.1108/02632770710716911.

Cash, DW; Adger, WN; Berkes, F; Garden, P; Lebel, L; Olsson, P; Pritchard, L; Young, 0. (2006). Scale and cross-scale dynamics:
governance and information in a multilevel world. Ecology and Society, 11(2). 8. Retrieved from: https://www.ecologyandsociety.org/
vol11/iss2/art8/.

Cheng, TW; Ueng, TH; Chen, YS; Chiu, JP. (2002). Production of glass-ceramic from incinerator fly ash. Ceramics International 28(7)
(January 2002), 779-83. https://dol.org/10.1016/50272-8842(02)00043-3.

Chuang, KH; Ly, CH; Chen, JC; Wey, MY. (2018). Reuse of bottom ash and fly ash from mechanical-bed and fluidized-bed municipal
incinerators in manufacturing lightwelght aggregates. Ceramics International 44(11) (August 201 8) 12691-96. https://dol.
org/10.1016/j.ceramint.2018.04.070.

de Leeuw, NH; Catlow, CRA; King, HE; Putnis, A; Muralidharan, K; Deymier, P; Stimpfl, M; Drake, MJ. (2010). Where on Earth has our water
come from? Chem!cal Communications, 46, 8923-8925. https://doi.org/10.1039/C0CC02312D.

Desprez, M; Baltzer, A; Fournier, M; Le Bot, S; Lafite, R. (2010). Morphological and sedimentary Impacts and recovery on a mixed sandy
to pebbly seabed exposed to marine aggregate extraction (Eastern English Channel, France). Estuarine, Coastal and Shelf Science,
89(3), 221-233. https://dol.org/10.1016/j.ecss.2010.06.012.

Disfani, MM; Mchammadinia, A; Narsillio, GA; Aye, L. (2018). Performance evaluation of semi-flexible permeable pavements under cyclic
loads. International Journal of Pavement Engineering, 1011. https://dol.org/10.1080/10298436.2018.1475666.

Dogan-Saflamtimur, N.(2018). Waste Foundry Sand Usage for Building Material Production: A First Geopolymer Record in Material
Reuse. Advances in Civil Engineering 2018, 1-10. https://dol.org/10.1155/2018/1927135.

Dunne, L; Convery, FJ; Gallagher, L. (2008). An investigation into waste charges in Ireland, with emphasis on public
acceptability. Waste Management 28, 2826-2834. Retrieved from: http://citeseerx.ist.psu.edu/viewdoc/
download?doi=10.1.1.670.7873&rep=rep1&type=pdf.

Ferreira, S; Gallagher, L. (2010). Protest responses and community attitudes toward accepting compensation to host waste disposal
infrastructure Land Use Policy 27(2) (April 2010), 638-52. https://doi.org/10.1016/j.landusepol.2009.08.020.

Freeman, P L; Millar, AJ. (2017). Valuing the project: a knowledge-action response to network governance in collaborative research.
Public Money & Management 37(1), 23-30. https://doi.org/10.1080/09540962.2016.1241577.

Gallagher, L; Ferreira, S; Convery, F (2008). Host community attitudes towards solid waste landfill infrastructure: comprehension before
compensation Journal of Environmental Planning and Management, 51:2, 233-257. https://dol.org/10.1080/09640560701864878.

Gavriletea, M. (2017). Environmental impacts of sand exploitation. analysis of sand market. Sustainability, 9(7), 1118. MDPI AG. http:/
dx.doi.org/10.3390/su9071118.

Gokge, HS; Hatungimana,D; Ramyar, K. (2019). Effect of fly ash and silica fume on hardened properties of foam concrete. Construction
and Building Materials 194 (January 2019), 1-11. https://dol.org/10.1016/j.conbulldmat.2018.11.036.

Hilton, MJ; Hesp, P. (1996). Determining the seaward limits of beach-nearshore sand systems and the impact of offshore sand mining.
Journal of Coastal Research 12, 496-519. Retrieved from: https://www.researchgate.net/publication/279602206_Determining_the_
limits_of_beach-nearshore_sand_systems_and_the_impact_of_offshore_coastal_sand_mining.

Hilton, MJ; Manning, SS. (1995). Conversion of coastal habitats in Singapore: Indications of unsustainable development. Environmental
Conservation 22, 307-322.

https://dol.org/10.1017/50376892900034883.

Ismail, ZZ; Al-Hashmi, EA. (2008). Reuse of waste iron as a partial replacement of sand in concrete. Waste Management, 28(11).
10.1016/j.wasman.2007.07.009,

John, E. (2009). The Impacts of Sand Mining in Kallada river (Pathanapuram Taluk), Kerala. Journal of Basic and Applied Biology, 3
(1&2), 108-113. ,

Kondolf, GM. (1997) Hungry water: effects of dams and gravel mining on river channels. Environmental Management 21,(4), 533-551.
Retrieved from: https://www.wou.edu/las/physci/taylor/g407/kondolf_97.pdf.

Krausmann, F; Gingrich, S; Eisenmenger, N; Erb, K-H; Haberl, H; Fischer-Kowalski, M. (2009). Growth in global materials use, GDP and
population during the 20th century. Ecological Economics, 68(10). https://doi.org/2696-2705.10.1016/j.ecolecon.2009.05.007.

Lange, P; Driessen, PPJ; Sauer, A; Bornemann, B; Burger, P. (2013) Governing towards sustainability—conceptualizing modes of
governance. Journal of Environmental Policy & Planning 15, (5), 403-425. https://doi.org/10.1080/1523908X.2013.769414.

Sand and sustainability: Finding new solutions for environmental governance of global sand resources




Liew, K.M., A.0. Sojobi, and LW, Zhang. (2017). Green concrete: praspects and challenges. Canstruction and Building Materials 156,
1063-95. hitps://doi.org/10.1016/j.conhuildmat.2017.09.008,

Lin, KL. (2006). Feasibllity study of using brick made from municipal solid waste incinerator fly ash slag. Journal of Hazardous Materials
137(3) (October 2006), 1810~16. https://doi.org/10.1016/j.jhazmat.2006.05.027.

Meddah, A; Beddar, M; Bali, A. (2014). Use of shredded rubber tire aggregates for rofler compacted concrete pavement. Journal of
Cleaner Production 72 {June 2014), 187-92. https://dot.org/10.1016/j Jclepro.2014.02.052.

Mohammadinia, A; Disfani, MM; Narsilio, GA; Aye, L. (2018). Mechanical behaviour and load bearlng mechanlsm of high porosity
permeable pavements utilizing recycled tire aggregates. Construction and Building Materials 168 (April 2018), 794-804. https://doi.
org/10.1016/f.canbuildmat.2018.02.179.

Myers, N; Mittermeler, A; Mittermeler, G; da Fonseca, B; Kent, ). (2000). Biodiversity hotspots for conservation priorities. Nature 403, 853-
858, dol;10,1038/35002501.

0O'Callaghan, C; Boyle, M: Kitchin, R. (2014) Post-politics, crisis, and Ireland’s 'Ghost Estates’. Political Geography 42 (September 2014):
121-33, hitps://doi.org/10.1016/j.polgeo.2014.07.006.

O, J; Drewniok, M P; Walker, I; Ibell, T; Copping, A; Emmitt, 8. {2019). Minimlsing energy in construction: Practitioners’ views on material
efficiency. Resources, Conservation and Recycling, 140, 125136, https://dol.org/10.1016/j.resconrec.2018.09.015.

Padmalal, D, Maya, K, Sreebha, S et al. (2008). Environmental effects of river sand mining: a case from the river catchments of
Vembanad lake, Southwest coast of India Environmental Geology 54, 879-889. https://dol.org/10.1007/500254-007-0870-2.

Peduzzi, P (2014a), Sand, Rarer Than One Thinks. Global Environmental Alert Service (GEAS), United Nations Environment
Programme.10.1016/j.envdev.2014.04.001.

Peduzzl, P (2014b). Sand, Rarer Than One Thinks. Environmental Development, 11, 208-218. 10.1016/j.envdev.2014.04.001.

Prasad, NN; Hanltha, P; Anil, NC. (n.d.). Partlal replacement of coarse aggregate by crushed tiles and fine aggregate by granite powder
to Improve the concrete properties. Retrieved from: http://www.iosrjournals.org/iosr-jmce/papers/vol13-Issueb/Version-5/
W130605168176.pdf.

Pye, K; Neal, A, (1994), Coastal dune eroslon at Formby Foint, north Merseyside, Engtand: causes and mechanisms. Marine Geology 119
(1-2), 39-56. hitps://doi.org/10.1016/0025-3227(94)50139-2.

Saha, AK: Khan, MNN; Sarker, PK; Shaikh FA; Pramanik. A. {2018) The ASR mechanism of reactive aggregates in concrete and its
mitigation by fly ash: A critical revlew, Construction and Building Materials 171 (May 2018): 743-58, https://dol.org/10.1016/j.
conbuildmat.2018.03,183.

Salman, M; Dubals, M; DI Maria, A; Van Acker, K; Van Balen, K. {2015). Construction materiats from stainless stee! slags: technical
aspects, environmental benefits, and economic opportunities. Journat of Industrial Ecology (06 August 2015). https://dot,
org/10.1111/jlec.12314.

Saviour, NM. {2012). Environment impacts of soll and sand mining: a review. Internatlonal Journal of Sclence, Environment and
Technology, 1, {3), 125134, Retrlieved from: hitp://www.ijset.net/vol/ijset-3.pdf.

Scholz, M; Grabowleckl, P. {2006). Review of permeable pavement systems. Building and Environment, 42, 3830-3836, Retrieved from:
http://jtc.sala.ubc.ca/reports/Review_of_Permeable_Pavement_Systems.pdf.

Shafigh, P, Bin Mahmud, H; Bin Jumaat, MZ; Ahmmad, R; Bahei, S, (2014). Structural lightwelght aggregate concrete using two types of
waste from the palm oil industry as aggregate. Journal of Cleaner Production 80 (October 2014), 187-96. https://dol.org/10.1016/].
jctepro.2014,05.051.

Shaghude, YW; Jiddawi, N.S. (2012}, Village vulnerability assessments and climate change adaptation Planning (V & A): Jambiani and
Paje, Zanzibar, Tanzania. Climate Change Adaptation Series: Document 10, Narragansett, Rl: Coastal Resources Center, University of
Rhode Island. Retrieved from: hitps://www.crc.uri.edu/download/T22010CC008_PajeJambiani_508.pdf.

Shi, X; Mukhopadhyay, A; Zollinger, D.{2018) Sustainabllity assessment for Portland Cement concrele pavement contalning
reclaimed asphalt pavement aggregates.” Journal of Cleaner Production 192 {August 2018), 569-81. https.//dol.org/10.1016/].
iclepro.2018.05.004.

Shreekant RL; Aruna, M; Vardhan, H. (2016). Utilisation of mine waste in the construction industry - a critical review International
Journal of Earth Sciences and Engineering. 09(01) (February 2016),182-195. retrieved from: htips://www.researchgate.net/
profile/Harsha_Vardhan28/publication/308222621_Utliisation_of_mine_waste_in_the_construction_industry_-_A_Critical_Review/
links/57e1069508aec6cedf2ac212.pdf,

Siddique, R. {2010) Use of municipal solid waste ash in concrete. Resources, Conservation and Recycling 55 (2) (December 2010),
83-91, https://dol.org/10.1016/j.resconrec.2010.10.003,

Siddique, R; Nournowe, A (2008). Utilizatlon of spent foundry sand In cantrolled low-strength materials and concrete, Resources,
Conservation and Recycling 53(1-2) (December 2008), 27-35. hitps://dol.org/10.1016/j.resconrec.2008.09.007.

Siddique, R; Singh, G; Belarbi, R; Alt-Mokhtar, K; Kunal (2015). Comparative investigation on the Influence of spent foundry sand as partial
replacement of fine aggregates on the propertles of two grades of concrete. Construction and Butlding Materials 83 (May 2015),
216-22. https://doi.org/10.1016/].conbuildmat.2015.03.011. .

Singh, P; Singla, RK {2015) Utilization of waste ceramic tiles as coarse aggregate in concrete Journal of multidisciplinary engineering
science and technology (JMEST) (November 2015) 2{11). Retrieved from: hitp://www.jmest.org/wp-content/uploads/
JMESTN42351216..pdf.

Sreebha, S; Padmalal, D. (2011) Environmental impact assessment of sand mining from the small catchment rivers in the soutwestern
coast of India: a case study. Environmental Management, Vol 47, 1, 130-140. https://dol.org/10.1007/500267-010-9571-6.

Stas, N {2007). The Economics of Adaptive Reuse of Old Bulldings: A Financial Feasibility Study & Analysis. Masters Thesis UWSpace.
Retrieved from:.http://hdl.handle.net/10012/2707.

Tesfamariam, D; Lindberg, B, (2005). Aggregate analysls of manufacturing systems using system dynamlcs and ANF. Computers &
Industrial Engineering 49(1) (August 2005), 98-117. https://dol.org/10.1016/j.¢ie.2005.05.001.

Thomas, BS; Gupta, RC; Kalla, P, Cseteneyi, L. {2014)}. Strength, abrasion and permeation characteristics of cement concrete contalning
discarded rubber fine aggregates. Construction and Building Materials 59 (May 2014), 204-12, hitps://doi.org/10.1016/j.
conbuildmat.2014.01.074,

Thornton, PK; Jones, PG; Owiyo, TM: Kruska, RL; Herrero, M; Kristjanson, P; Notenbaert, A; Bekele, N; Orindi, V; Otiende, B; Ochieng, A;
Bhadwal, S; Anantram, K: Mair, S; Kumar, V; Kulkar, U, (2006), Mapping climate vulnerability and poverty in Africa. 200p. Nairobi
{Kenya): International Livestock Research Institute (ILRI). Retrieved from: https:/hdLhandle.net/10568/2307.

Sand and suslainability: Finding new salutions for environmenta} governance of global sand resources




Vu, DH; Wang, KS; Chen, JH; Nam, BX; Bac, BH. (2012). Glass—ceramic from mixtures of bottom ash and fly ash. Waste Management
32(12) (December 2012), 2306-14. https://doi.org/10.1016/j.wasman.2012.05.040.

Wang, T; Xiao, F; Zhu, X; Huang, B; Wang, J; Amirkhanian, S. (2018). Energy consumption and environmental impact of rubberized asphalt
pavement. Journal of Cleaner Production, 180, 139-158. https://doi.org/10.1016/j.jclepro.2018.01.086

Ye, C., Chen, M., Chen, R, Guo, Z (2014). Multi-Scalar Separations: Land Use and Production of Space in Xianlin, a University Town in
Nanjing, China. Habitat International 42 (April 2014): 264-72. https://doi.org/10.1016/j.habitatint.2014.01.005.

Yuan, X; Tang, Y; Li, Y; Wang, Q; Zuo, J; Song, Z. (2018). Environmental and economic impacts assessment of concrete pavement
brick and permeable brick production process — A case study in China. Journal of Cleaner Production, 171, 198-208. https://doi.
org/10.1016/j.jelepro.2017.10.037.

Technical Reports

Anongos, A; Berezhkov, D; Boengkih, SJ; Cavanaugh-Bill, J; Martinez de Bringas, A; Goodland, R; Kirsch, S; Moody, R; Nettleton, G;
Pyagbara, LS; Wyatt, B (2012) Pitfalls and Pipelines:

Indigenous Peoples and Extractive Industries Tebtebba Foundation. International Work Group for Indigenous Affairs (IWGIA) Indigenous
Peoples Links (PIPLinks) Retrieved from: https://www.iwgia.org/images/publications/0596_Pitfalls_and_Pipelines_-_Indigenous_
Peoples_and_Extractive_Industries.pdf, last accessed 28 January 2019.

AquaKnow. (2014). World Water Development Report 2014, Water and Energy. Retrieved from: https://aquaknow.jrc.ec.europa.eu/
document/world-water-development-report-2014-water-and-energy. _

BES 6001: Helping You Prove Your Sustainable Building Approach. Retrieved from URL https://www.bsigroup.com/en-GB/bes-6001-
responsible-sourcing-of-construction-products/.

British Marine Aggregates Producers Association. (2017). Good Practice Guidance; Extraction by Dredging of Aggregates from
England’s Seabed. London, United Kingdom: The Crown Estate, British Marine Aggregates Praducers Association (BMAPA).
Retrieved from: https://bmapa.org/documents/BMAPA_TCE_Good_Practice_Guidance_04.2017.pdf.

British Marine Aggregates Producers Association. (2018). The area involved - 20th annual report: Marine Aggregate Extraction 2017.
London, United Kingdom: The Crown Estate, British Marine Aggregates Producers Association (BMAPA). Retrieved from: https://
www.bmapa.org/documents/BMAPA_CE_20th_Ann_Rep_Aug18.pdf.

Center for Neighborhood Technology. (2010). The Value of Green Infrastructure: A Guide to Recognizing Its Economic, Enviranmental
and Social Benefits. Retrieved from URL: https://www.cnt.org/sites/default/files/publications/CNT_Value-of-Green-Infrastructure.pdf

Cresswell, D {2007) Municlpal Waste Incinerator Ash In manufactured Aggregate. Characterisation of Mineral Wastes, Resources
and Processing technologies - Integrated waste management for the production of construction materlal. WRT 177 / WR0115.
Retrieved from: http://www.smartwaste.co.uk/filelibrary/Incineratorbottomash_ManufacturedAgg.pdf , last accessed 28 January
2019.

Deltares. (n.d.), Integrated Coastal Management — Suriname. Retrieved from: https://dspace.library.uu.nl/bitstream/
handle/1874/310284/078_ICZM_Suriname_reduced_1_.pdf?sequence=1. Last accessed 25 January 2019.

Freedonia Group, The. (2014). World Asphalt (Bitumen): Industry Study with Forecasts for 2017 & 2022. Available at: https://www.
freedoniagroup.com/industry-study/world-asphalt-bitumen-3129.htm.

Global Witness. (2010). Shifting sand: How Singapore's demand for Cambodian sand threatens ecosystems and undermines good
governance. London, United Kingdom: Global Witness. Retrieved from: https://www.globalwitness.org/en/archive/shifting-sand-
how-singapores-demand-cambodian-sand-threatens-ecosystems-and-undermines-good/.

Mineral Product Association. (2017, October 20). Quarries and Nature Zone. Retrieved from https://mineralproducts.org/quarries_and_
nature_zone.htm, last accessed 21 January 2019.

Mineral Products Association. (2018, July). UK Minerals Strategy: Meeting the demand for minerals and mineral products sustainably for
the next 25 years. Retrieved from: https:/mineralproducts.org/documents/UK_Minerals_Strategy.pdf.

Mineral Products Association. (2018, December). Marine aggregate dredging 1998-2017: A twenty year review. Retrieved from: https:/
www.bmapa.org/documents/BMAPA_CE_Marine_Aggs_20yr_2018.pdf

Newell, RC; Woodcock, TA (Eds.). 2013. Aggregate Dredging and the Marine Environment: an overview of recent research and current
industry practice. The Crown Estate, 165pp ISBN: 978-1-906410-41-4. Retrieved from: https://bmapa.org/documents/Aggregate._
Dredging_and_the_Marine_Environment.pdf.

OECD. (2012). Compact City Policies: A Comparative Assessment, OECD Green Growth Studies, OECD Publishing, Paris. Retrieved from:
https://doi.org/10.1787/9789264167865-en. Last accessed 25 January 2019.

Public Works 2030. (2016) Who's Pushing For Growth. Retrieved from: https:/www.webuildvalue.com/en/megatrends/public-works-
2030-who-s-pushing-for-growth.html.

Sutphin, DM; Drew, LJ; Fowler, BK; Goldsmith, R. (2002). Techniques for assessing sand and gravel resources in glaciofluvial deposits—
An example using the surficial geologic map of the Loudon quadrangle, Merrimack and Belknap Counties, New Hampshire, with the
surficial geologic map by Richard Goldsmith and D.M. Sutphin. U.S. Geological Survey Professional Paper 1627, 21 p., 1 plate, scale
1:24,000. Retrieved from: https:/pubs.usgs.gov/pp/p1627/p1627.pdf.

United Nations. (2014). Global Governance and Global Rules for Development in the Post-2015 Era Policy Note. Committee for
Development Palicy, Economic and Social Affairs. Retrieved from: https://www.un.org/development/desa/dpad/publication/cdp-
policy-note-2014/ , last accessed 26 November 2018,

US EPA. (2010) Green Infrastructure Case Studies: Municipal Policies for Managing Stormwater with Green Infrastructure. Retrieved
from:http://www2 ku.edu/~kutc/pdffiles/Green%20Infrastructure%20Case%20Studies.pdf , last accessed 25 January 2019.

USGS. (2012). The 2010 Minerals Yearbook - Cement. Reston, Virginia: U.S. Geological Survey.
USGS. (2013a). Cement, Statistics and Information. Reston, Virginia: U.S. Geological Survey.

USGS. (2013b). Sand and Gravel (Construction) Statistics. Kelly, TD; Matos, GR. (Eds.). Historical Statistics for Mineral and Material
Commodities in the United States. Reston Virginia: U.S. Geological Survey Data Serles,

USGS. (2017). Mineral Commaodity Summaries 2017. Reston, Virginia: U.S. Geological Survey. https://doi.org/10.3133/70180197. 33

Sand and sustainability: Finding new solutions for environmental governance of global sand resources




USGS. (2018). Cement, Statistics and Information. Reston, Virginia: U.S. Geological Survey. Retrieved from: https:/minerals.usgs.gov/
minerals/pubs/commodity/cement/mcs-2018-cemen.pdf.

Waste to Energy Council. (2016) World Energy Resources: Waste to Energy | 2016. World Energy Council. Retrieved from: https:/www.
worldenergy.org/.../WEResources_Waste_to_Energy_2016.pdf , last accessed 28 January 2019.

Woltjer, G. (2018) Scenario Analysis for a Circular Economy. Circular Impacts project. Ecologic Institute. Retrieved from: https://circular-
impacts.eu/sites/default/files/D5.1v2_Scenario-Analysis-for-a-Circular-Economy.FINAL.pdf, last accessed 29 January 2019.

WWF. (2018b). The Ayeyarwady River And The Economy Of Myanmar: Volume 1: Risks And Opportunities From The Perspective Of
People Living And Working In the Basin. World Wide Fund for Nature, Greater Mekong. Retrieved from: https://wwf.panda.org/our_
work/water/freshwater_resources/?328353/Ayeyarwady-River-and-Myanmar-Economy, last accessed 25 January 2019.

WWF. (2016). Impacts of sand mining on beaches in Suriname. World Wide Fund for Nature, Guianas. Retrieved from: https://
d2ouvy59p0dg6k.cloudfront.net/downloads/impacts_of_sand_mining_on_beaches_in_suriname.pdf. Last accessed 25 January
2019.

WWEF. (2018a) Impacts of Sand Mining on Ecosystem Structure, Process and Biodiversity in Rivers. World Wide Fund for Nature, Greater
Mekong. Retrieved from: http://d2ouvy59p0dgék.cloudfront.net/downloads/sandmining_execsum__final_.pdf.

Books

Beiser, V. (2018). The world in a grain: The story of sand and how it transformed civilization. New York, United States: Riverhead Books.
Kibert, C.J. (2016). Sustainable construction: Green building design and delivery. Hoboken, NJ: John Wiley.
Villas-Bbas, RC; Barreto, ML. (2000). Mine Closure in Iberoamerica. Rio de Janeiro, Brazil: CYTED; IMACC; UNIDO.

Websites

£

BSI Group (n.d.): http://www.bsigroup.com/en-GB/bes-6001-responsible-sourcing-of-construction-products/, last accessed 28 January
2019.

Europol. (2018, April 21). lllegal Waste Trafficking: How To Make Eur 1.8 Million From 200 000 Used Tyres. Press Release. Retrieved
from: https://www.europol.europa.eu/newsroom/news/illegal-waste-trafficking-how-to-make-eur-18-million-200-000-used-tyres, last
accessed 29 January 2019.

EuroSTAT (n.d.) Eurostat (n.d.): https://ec.europa.eu/eurostat/statistics-explained/index.php/Municipal_waste_statistics#Municipal_
waste_generation, last accessed 29 January 2019.

Federal Ministry for the Environment, Nature Conservation and Nuclear Safety. (n.d.) Construction Waste. Retrieved from: https://www.
bmu.de/en/topics/water-waste-soil/waste-management/types-of-waste-waste-flows/construction-waste/

Global Cement and Concrete Association (n.d.): https://gccassociation.org/, last accessed 28 January 2019.

Green Growth Knowledge Platform (n.d.): http://www.greengrowthknowledge.org/about-us), last accessed 29 January 2019.

Green Heritage Fund Suriname (n.d.) http://www.facebook.com/pages/Green-Heritage-Fund-Suriname/129859957040929, last
accessed 10 February 2019. -

Green Heritage Fund Suriname (n.d.) http://www.greenfundsuriname.org/en/environmental-organizations-oppose-beach-sand-mining-
at-braamspunt/

Initiative for Responsible Mining Assurance (n.d.): https://responsiblemining.net/, last accessed 28 January 2019.

Life in Quarries. (n.d.). Retrieved from http://www.lifelnquarries.eu/

Luiz Eduardo Osorlo participates in the launch of Vale Quartz, in Switzerland. (2018, August 6). Retrieved from: http://www.vale.com/EN/
aboutvale/news/Pages/luiz-eduardo-osorio-participa-lancamento-vale-quartz-suica.aspx

Maroc — Safi : La menace de la « guerre des sables » continue. (2011, August 09). Retrieved from http://khardijamal.wordpress.
com/2011/08/09/maroc-safi-la-menace-de-la-guerre-des-sables-continue

Mineral sands | limenite, Rutile & Zircon. (n.d.). Retrieved from: https://www.slbelco.com/materials/mineral-sands/
Pereira, K. (2016). SandStories.org. http://www.sandstories.org/, last accessed 21 January 2019.

Ramsar Benin Information Site (n.d.):https://www.ramsar.org/wetland/benin, last accessed 28 January 2019.

Safe Quarry. (n.d.). Retrieved from: https://www.safequarry.com/

UEPG Biodiversity. (n.d.). hitp://www.uepg.eu/key-uepg-topics/case-studies/biodiversity, last accessed 21 January 2019

Databases

Ramsar (n.d.) https://www.ramsar.org/document/using-the-ramsar-sites-information-service

UN Comtrade. Import of Natural sand except sand for mineral extraction as reported. UN Comtrade | International Trade Statistics
Database. (n.d.). Retrieved from: https://comtrade.un.org, last accessed September 2018.

United Nations Environment Programme, GRID-Geneva (n.d.) http://www.uneplive.org/situation

United Nations Environment Programme, UNEP-DHI, Global Environment Facility, IUCN (n.d.) http://twap-rivers.org/
United Nations Environment Programme, WCMC, IUCN. (n.d.) https://www.protectedplanet.net/

World Resources Institute (n.d.) https:/www.wri.org/resource-watch

WWF (n.d.) http://waterriskfilter.panda.org/

Sand and sustainability: Finding new solutions for environmental governance of global sand resources




WWF (n.d.) https://www.wwf.org.uk/updates/wwf-sight-conservation-intelligence
WWF, USGS. (n.d.) http://www.hydrosheds.org/

Media articles

Concrete Is more than a material. It's about life. (2019, January 14). Retrieved from: https:/gccassociation.org/

Brownell, B. (2019, January 10). Material Trends to Watch in 2019 Architect. Retrieved from: https:/www.architectmagazine.com/
practice/material-trends-to-watch-in-2019_o, last accessed 28 January 2019.

Fritz, R (2017, March 27). Sand mining ban lifted on beach in Suriname, causing public backlash. Mongabay.. Retrieved from: https://
news.mongabay.com/2017/03/sand-mining-ban-lifted-on-beach-in-suriname-causing-public-backlash/, last accessed 25 January
2019.

Greene, M. (2016, August 4). Why are beaches disappearing in Morocco? Middle East Eye. Retrieved from: http://coastalcare.
org/2016/08/why-are-beaches-disappearing-in-marocco/, last accessed 21 January 2019.

Guerin, B. (2003, July 31). The shifting sands of time — and Singapore. Asia Times. Retrieved from: http://www.atimes.com/atimes/
Southeast_Asia/EG31Ae01.html, last accessed 21 January 2019.

Handron, B. (2010, February 12). Singapore accused of launching sand wars. The Telegraph. Retrieved from: https://www.telegraph.
co.uk/news/worldnews/asia/singapore/7221987/Singapore-accused-of-launching-Sand-Wars.html, last accessed 21 January 2019,

Indonesia's Islands Are Buried Treasure for Gravel Pirates. (2010, March 27). New York Times. Retrieved from: https://www.nytimes.
com/2010/03/28/weekinreview/28grist.html, last accessed 21 January 2019,

Maroc - Safi : La menace de la « guerre des sables » continue. (2011, August 09). Retrieved from http://khardijamal.wordpress.
com/2011/08/09/maroc-safi-la-menace-de-la-guerre-des-sables-continue, last accessed 21 January 2019.

Milton, C. (2010, August 4). The Sand Smugglers. Foreign Policy. Retrieved from: https://foreignpolicy.com/2010/08/04/the-sand-
smugglers/

Pereira, K. (2016). SandStories.org. Retrieved from: http://www.sandstorles.org/

Pillage et vol de sables de mer et des dunes du littoral: Le consell de gouvernement adopte un projet de loi incriminant. (2011, May 4).
Retrieved from http://www.aufaitmaroc.com/actualites/science—environnement/2011/5/4/le-conseil-de-gouvernementadopte-un-
projet-de-loi-incriminant# UvANMva5e2w, last accessed 29 January 2019.

Powers, J.; Duffy, S. (2018, October 22). Dredging And Wetlands Creation-An Environmental Success Story. Waterways Journal.
Retrieved from: htips://www.waterwaysjournal.net/2018/10/22/dredging-and-wetlands-creation-an-environmental-success-story/,
last accessed 25 January 2019.

Rayasam, R. (2016, May 5). Even desert clty Dubai Imports its sand. This is why. BBC Retrieved from: http://www.bbc.com/capital/
story/20160502-even-desert-city-dubai-imports-its-sand-this-is-why

Zhen, L. (2019, January 2). Beljing to restore coral reefs ‘damaged by island building’ in South China Sea. South China Morning Post.
Retrieved from: https://www.scmp.com/news/china/diplomacy/article/2180426/beljing-restore-coral-reefs-damaged-island-
building-south-china, last accessed 28 January 2019.

Waste Management World (2016, February 5). World's Biggest Waste to Energy Plant to be Built in China. Retrieved from: https://waste-
management-world.com/a/video-worlds-biggest-waste-to-energy-plant-to-be-built-in-china, last accessed 29 January 2019.

Documentaries

Delestrac, D. (2012) Sand Wars. Retrieved from: http://sand-wars.com/.
Reed, B; Chaudhury, S; Hawley, S. (2017, March 28). Line in the Sand -~ A Documentary Film. Awaaz Foundation. Retrieved from: http://
awaaz.org/line-in-the-sand.html.

Conference / Committee reports

United Nations (2018). UN Economic Commission For Europe. Committee on Sustainable Energy. Specifications for the application of
the United Nations Framework Classification for Resources to Anthropogenic Resources, ECE/ENERGY/2018/6 Twenty-seventh
session. Geneva, 26—27 September 2018. Retrieved from: hitps://www.unece.org/fileadmin/DAM/energy/se/pdfs/Comm27/ECE.
ENERGY.2018.6_e.pdf, last accessed 28 January 2019,

United Nations (2012). Report of The Expert Groups. International Conference: Environmental crime — Current And Emerging Threats,
Rome, 29-30 Octoher, 2012, United Nations Interregional Crime and Justice Research Institute (UNICRI). Retrieved from: http://www.
unicri.it/topics/environmental/conference/Report_of_the_Conference.pdf, last accessed 21 January 2019,

Sand and sustainability: Finding new solutions for environmental governance of global sand resources










Schweizerische Eidgenossenschaft
Confederation suisse

Confederazione rera

Contederaziun sy




