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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.

Aggregates

Primary
aggregates

Recycled
aggregates

Manufactured

aggregates
Avoidance

Circular
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Consumption

Efficiency

Extraction

Extraction
rates

Governance

Green
infrastructure

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.

A term 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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Five priority gaps were identified through the 11th October expert discussions and subsequent literature reviews and
consultations for action in 2019 and beyond:

Awareness 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.
Knowledge Basic information about sand resource flows and extraction impacts is in short supply. Yet basic data
and science 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? These
impacts happen over large temporal and spatial scales that need a systems view to be
understood.

»  What is 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 societies? 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.

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

and in the sand value-chain. Accountability is something that needs to cross boundaries and borders,

accountability  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 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.

Stakeholder Relationships between stakeholders are key to building transparency and accountability. Yet there

relationships is currently no international body with a mandate to mediate differing interests on sand resources to

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

participation existing or creating new interfaces that include companies, local communities and impacted

by key actors  stakeholders. We need to bring governments, local and indigenous communities, 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 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.









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 infilirate 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 aggregates (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: Scholz & Grabowiecki (2007); Center for Neighborhood Technology (2010); Admute et al. (2017) ; Disfani et al. (2018); Wang et al., (2018); 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 variety of
“green concrete” forms such as bottom ash or fly ash concrete, ultrahigh performance concrete, geopolymer concrete,
lightweight 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:
= Waste by-products of other processes, for example, fly ash left over after waste incineration, waste foundry sand;
= 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:
Microplastic concrete
2 Foamed concrete
= (Geopolymer concrete






Green concrete innovations are being driven by a variety of factors including the drive to reduce green-house gas
emissions by nation states and private actors, resource costs and, at times, the search for economic 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 aggregates. 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. Iraqi researchers have experimented with
waste plastic in concrete mixtures (Ismail & Al-Hashmi, 2008). Qil 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 response to growing waste production around the world, shrinking landfill space
availability 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 use 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 landfill levy schemes (Dunne et al., 2008; United
Nations, 2012; Europol, 2018).

Box 5: Case study — Manufactured aggregates from Municipal Solid Waste Incineration bottom and fly ash by-
products

Municipal solid waste is classified in various ways in different jurisdictions but typically refers to the mixed waste
stream produced everyday by households, businesses and schools. It contains paper, plastic, metal, glass, clothing,
furniture, end-of-life electrical appliances and food waste. Best practice is to reduce, reuse, compost and recycle this
waste, ensuring that as much waste as possible is diverted from landfill sites. (When unmanaged, landfill sites are a
source of environmental pollution and human health risks. It is an uneconomic use of land in urban areas, and can
generate strong protests from people living in close proximity because of environmental, human health and social
concerns).

Municipal waste incineration is considered a form of recovery called Waste-to-Energy when it used to generate
energy. Controlled burning of municipal solid waste converts waste into heat, ash and flue gas. The heat is used to
generate steam for electricity production, as a process steam in nearby industrial zones, or in some cases to provide
district heating services. The ash by-product is either collected in the flue (fly ash) or at the bottom of the furnace
(bottom ash). Fly ash is composed of fine particles captured by filtration technologies before flue gas exits incinerator
chimneys. Bottom ash is the coarse residue left on the grate of waste incinerators in a mix of ash, ceramics, slags,
glassy material, ferrous metal — elements that did not burn thoroughly in the combustion process.

There are both economic and environmental incentives to commercialise this waste stream. Depending on
combustion control system design and efficiency, incineration residues can be as high as 15% of the original
municipal solid waste volume treated and still requires disposal. Moreover, bottom and fly ash can contain heavy
metals and dioxins res (again depending on combustion system efficiency) that can cause serious environmental and
human health risks if disposed off improperly. Some options for good disposal include bottom ash as an aggregate for
road base, asphalt and in cement for construction. Fly ash, and hybrid mixtures of bottom and fly ash, can be used in
producing glass, ceramic and as an additive in mortar.

It is the scale of the Waste-to-Energy market that makes these waste by-products interesting as a manufactured
aggregate alternative to primary sand and gravel use. The global Waste-to-Energy market is expected to maintain its
steady growth to 2023, when it is estimated it would be worth US$40 billion. Europe and Japan have long used this
technology, and it is expanding in the United States. However, the fastest market growth has been witnessed in China,
which doubled its Waste-to-Energy capacity in the period 2011-2015. In fact, the world’s largest waste-to-energy plant
is to be built in Shenzen, China to treat up to 5,000 tonnes of waste per day.

4 German Federal Ministry for the Environment, Nature Conservation and Nuclear Safety. Retrieved from: https://www.bmu.de/en/topics/water-waste-
soil/waste-management/types-of-waste-waste-flows/construction-waste/, last accessed 28 January 2019.






Normative / legal
environmental and
social standards at
regional 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. Transboundary
freshwater and marine 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 Region, 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-operation 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

+ Cooperation in the Protection and Development of the Marine and Coastal Environment of
the West and Central African Region, Abidjan, 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 Indias, 1983

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

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

¢ 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 Convention, 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 Watercourse 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

See UN Water (nd), Available at: http://www.un.org/waterforlifedecade/transboundary_waters.shtml, last accessed 28 January 2019.

































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 Initiative will drive demand 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 building strategies. The Mining Engineers Association of India held a major national conference on
urgent replacement of illegally-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 real policy change in India (Awaaz Foundation,
2017).

3 Recommendations

One key barrier on which to focus is the transparency of the extractives supply chain fobr 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 oil, 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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