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SAND CRISIS!?

Science

The drowning Mekong Delta

The existence of the Mekong Delta is threatened by anthropic drivers. Continuing unsustainable use of water
and sediment will result in the delta surface dropping by up to 2 m relative to sea level by 2100, drowning

most livelihoods and ecosystems in the delta. Measures to avoid this fate are known but need to be implemented
urgently across scales, sectors, and borders (see supplementary methods for data sources).
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Save the Mekong Delta from drowning
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We are running out of sand and
global demand could soar 45% by
2060

Demand for sand, a key building material, could skyrocket in the next 40 years, led
by development in Africa and Asia — but not if we reuse concrete and design more
lightweight buildings
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By Adam Vaughan
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Increasing material efficiencies of buildings to
address the global sand crisis
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The drowning Mekong Delta

The existence of the Mekong Delta is threatened by anthropic drivers. Continuing unsustainable use of water
and sediment will result in the delta surface dropping by up to 2 m relative to sea level by 2100, drowning

most livelihoods and ecosystems in the delta. Measures to avoid this fate are known but need to be implemented
urgently across scales, sectors, and borders (see supplementary methods for data sources).
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The drowning Mekong Delta

The existence of the Mekong Delta is threatened by anthropic drivers. Continuing unsustainable use of water
and sediment will result in the delta surface dropping by up to 2 m relative to sea level by 2100, drowning

most livelihoods and ecosystems in the delta. Measures to avoid this fate are known but need to be implemented
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Existing goals and agreements
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CLIMATE CHANGE CONFERENCE

COP21-CMP11

EU Green Deal and Taxonomy

- Climate change adaptation and
mitigation

- Circularity and reuse

- No pollution

- Biodiversity

- Water and marine quality

- The European
‘ Green Deal
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10 Strategic recommendations to avert a crisis

Deltares UN @

environment
programme

environment | »
programme

1
GRID
Gk

]

envi it
programme

Sand and Sustainability:
10 strategic recommendations
to avert a crisis -

Photos by Paul Capelli

Editor-In-Chief
Pascal Peduzzi (GRID-Geneva, UNEP)

Editors (In alphabetical order)
Josefine Reimer Lynggaard (UNEP/GRID-Geneva, UNIGE)
Stephanie Chuah (UNEP/GRID-Geneva, UNIGE)

Authors (In alphabetical order)

UNEP/GRID-Geneva gratefully acknowledges the contribution of the authors of these 10 Recommendations’ : Arnaud
Vander Velpen (UNEP/GRID-Geneva, UNIGE), Astrid Smeets (Bureau Brussels), Aurora Torres (Université Catholique de
Louvain, Michigan State University), Alexander ‘Bruce’ Matheson (University of Exeter), Damien Friot (Ecometrics), Daniel

M. Franks (UQ), Geert Cuperus (Gemax BY), Halinishi Yusuf (Makueni County Sand Conservation and Utilization Authority),
Helena van der Vegt (Deltares), lan Selby (University of Plymouth), Josefine Reimer Lynggaard (UNEP/GRID-Geneva, UNIGE),
Kate Dawson (LSE), Kiran Pereira (Sand Stories), Louise Gallagher (Senior Consultant), Marc Goichot (WWF Freshwater
Practice), Mark Russell (MPA), Natasa Hemon (Bureau Brussels), Stephanie Chuah (UNEP/GRID-Geneva, UNIGE), Sybren
Wagenaar (Bureau Brussels), Pascal Peduzzi (GRID-Geneva, UNEP), Vera Van Lancker (Royal Belgian Institute of Natural
Sciences, Ghent University), Yaniss Guigoz (UNEP/GRID-Geneva, UNIGE)

Reviewers| and other contributors (In alphabetical order)

This document benefited from the review, comments and additional contributions of Alia Bengana (EPFL), Alvaro Zopatti
(UNEP), Andrea Hinwood (UNEP), Angela Kariuki (UNEP), Anne Caillaud (IUCN), Artem Golev (UQ), Cees Laban (EMSAGG),
Chris Hackney (Newcastle University), Dirk Fincke (UEPG), Emile Scheepers (Vale S.A), Elisa Tonda (UNEP), Friso Coppes
(Bureau Brussels), Jan Fordeyn (Jan de Nul Group), Jim O'Brien (GAIN), Kusum Athukorala (NetWwater), Laura Platchkov
(FOEN), Laura Powers (YA Engineering Services), Martin Stringer (UQ), Martina Otto (UNEP), Martine Rohn (FOEN), Rene
Kolman (IADC), Richard Lee (WWF Freshwater Practice), Rowan Palmer (UNEP), Sumita Singha OBE (Ecologic Architects),
Vince Beiser (Journalist and author of The World in a Grain)

Expert roundtable contributors (In alphabetical order)

Abdelkader Abderrahmane (ISSAFRICA ENACT), Angela Kariuki (UNEP), Alexander ‘Bruce’ Matheson (Camborne School of
Mines, University of Exeter), Anne Caillaud (IUCN), Armelle Choplin (UNIGE), Artem Golev (UQ), Cathy Blervacq (Sibelco), Cees
Laban (EMSAGG), Charlotte Poussin (UNIGE), Chris Vivian (GESAMP), Chris Hackney (Newcastle Univeristy), Daniel Franks
(UQ), Damien Friot (Ecometrics), Denise Maljers (Geological Survey of the Netherlands), Dirk Fincke (UEPG), Emile Scheepers
(Vale S.A), Franco Zunino (EPFL), Friso Coppes (Bureau Brussels), Geert Cuperus (Gemax BV), Hakim Bachar (AECOM),
Halinishi Yusuf (Makueni County Sand Conservation and Utilization Authority), Helena van der Vegt (Deltares), Helene
Blaszkiewicz (UNIGE), Hubert Neau (HN Consulting SAS), lan Selby (The University of Plymouth), Jan Fordeyn (Jan de Nul
Group), Johan Pennekamp (Deltares), Kiran Pereira (Sand Stories), Laura Platchkov (FOEN), Laura Powers (YA Engineering
Services), Marc Goichot (WWF Freshwater Practice), Mark Russell (MPA), Martin Weder (Association Suisse de l'industrie des
Graviers et du Béton), Milko Burkard (Sibelco), Natasa Hemon (Bureau Brussels), Oli Brown (Chatham House), Rene Kolman
(IADC), Richard Lee (WWF Freshwater Practice), Rowan Palmer (UNEP), Simon Ehmsen (Chatham House), Sybren Wagenaar
(Bureau Brussels), Vera Van Lancker (Royal Belgian Institute of Natural Sciences ; Ghent University), Vince Beiser (Journalist
and author of The World in a Grain)



UNEP: Sand and Sustainability
10 Strategic recommendations to avert a crisis

{7 REUTERS®  Wordv Businessv Legalv Marketsv ingvi v igations  More v Environment 50bn tonnes of sand and gravel
extracted each year, finds UN study

Environment

Sand crisis looms as world
population surges, U.N. warns

By Emma Farge

Photo by PatlfCapelli imp::lct. That is the crisis

“Het is niet mogelijk om 50 miljard ton zand aan het milieu te onttrekken zonder dat
dit gevolgen heeft voor het natuur en de samenleving.” Pascal Peduzzi, UNEP
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UNEP: Sand and Sustainability

10 Strategic recommendations to avert a crisis

To make sand resource management just, sustainable,

and responsible

1 Recognize sand as a strategic resource
2 Include place-based perspectives for just sand transitions
3 Enable a paradigm shift to a regenerative & circular future

4  Integrate policy & legal frameworks UN& | gg)
environment
programme

1972-2022

5 Create a mineral ownership and access framework
6 Map, monitor and report sand resources

7 Establish best practices, national standards, & a coherent
international framework

8 Promote resource efficiency & work towards circularity
9 Source responsibly

10 Restore ecosystems degraded by sand mining activities &
compensate remaining losses
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UNEP: Sand and Sustainabillity
10 Strategic recommendations to avert a crisis

To make sand resource management just, sustainable,

and responsible

1 Recognize sand as a strategic resource
2 Include place-based perspectives for just sand transitions Overzicht en kaders

3 Enable a paradigm shift to a regenerative & circular future

4 Integrate policy & legal frameworks Beleid

5 Create a mineral ownership and access framework en regelgeving

6 Map, monitor and report sand resources

7 Establish best practices, national standards, & a coherent
international framework

Uitvoering
en implementatie

8 Promote resource efficiency & work towards circularity
9 Source responsibly

10 Restore ecosystems degraded by sand mining activities &
compensate remaining losses
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UNEP: Sand and Sustainabillity
10 Strategic recommendations to avert a crisis

To make sand resource management just, sustainable,

and responsible

1 Recognize sand as a strategic resource
2 Include place-based perspectives for just sand transitions

3 Enable a paradigm shift to a regenerative & circular future

Planning. Anticiperen
Rechtvaardigheid.
Innovatie.

4 Integrate policy & legal frameworks
5 Create a mineral ownership and access framework
6 Map, monitor and report sand resources

7 Establish best practices, national standards, & a coherent
international framework

8 Promote resource efficiency & work towards circularity
9 Source responsibly

10 Restore ecosystems degraded by sand mining activities &
compensate remaining losses
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UNEP: Sand and Sustainabillity
10 Strategic recommendations to avert a crisis

To make sand resource management just, sustainable,

and responsible

1 Recognize sand as a strategic resource
2 Include place-based perspectives for just sand transitions

3 Enable a paradigm shift to a regenerative & circular future

4 Integrate policy & legal frameworks Verantwoorde zand-

5  Create a mineral ownership and access framework waardeketen bevorderen

6 Map, monitor and report sand resources

7 Establish best practices, national standards, & a coherent
international framework

8 Promote resource efficiency & work towards circularity
9 Source responsibly

10 Restore ecosystems degraded by sand mining activities &
compensate remaining losses
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UNEP: Sand and Sustainabillity
10 Strategic recommendations to avert a crisis

To make sand resource management just, sustainable, Globally most countries do not have a clear
estimate of their sand reserves

and responsible

1 Recognize sand as a strategic resource

Rotterdam o

2 Include place-based perspectives for just sand transitions
3 Enable a paradigm shift to a regenerative & circular future
4 Integrate policy & legal frameworks

5 Create a mineral ownership and access framework

6 Map, monitor and report sand resources

7 Establish best practices, national standards, & a coherent
international framework

8  Promote resource efficiency & work towards circularity — [] [ Medium sand
D i D Coarse sand
9  Source responsibl e .
p y below seabed D Fiieis=mnd |:’ Gavel

10 Restore ecosystems degraded by sand mining activities &
compensate remaining losses
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UNEP: Sand and Sustainabillity
10 Strategic recommendations to avert a crisis

To make sand resource management just, sustainable, Dutch sand reserve inventory — Status DIS 3.0
and responsible e e

I Seismische lijn

1 Recognize sand as a strategic resource I i g o)

‘= = Doorgaande -20m NAP dieptelijn (2011)
DIS Zeeland Oplevergebied

| Bathymetrie 2019 (MSL)
:Value

2 Include place-based perspectives for just sand transitions
3 Enable a paradigm shift to a regenerative & circular future
4 Integrate policy & legal frameworks

5 Create a mineral ownership and access framework

6 Map, monitor and report sand resources

7 Establish best practices, national standards, & a coherent
international framework

M Rijkswaterstaat
PRy

——

Deltares

e W Kilometers

https://publicwiki.deltares.nl/display/BOK/Delfstoffen+Informatie+Systeem

8 Promote resource efficiency & work towards circularity

g
9 Source responsibly W
_Middelburg

*Q\
) Hushi;&

~
r

10 Restore ecosystems degraded by sand mining activities &
compensate remaining losses
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UNEP: Sand and Sustainabillity
10 Strategic recommendations to avert a crisis

To make sand resource management just, sustainable, Dutch sand reserve inventory — Status DIS 3.0

and responsible

1 Recognize sand as a strategic resource

2 Include place-based perspectives for just sand transitions
3 Enable a paradigm shift to a regenerative & circular future
4 Integrate policy & legal frameworks

5 Create a mineral ownership and access framework

6 Map, monitor and report sand resources

7 Establish best practices, national standards, & a coherent
international framework

8 Promote resource efficiency & work towards circularity

9 Source responsibly “ i ; ’ | 599 Rijkswaterstaat

10 Restore ecosystems degraded by sand mining activities &

compensate remaining losses DE lIII res
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UNEP: Sand and Sustainabillity
10 Strategic recommendations to avert a crisis

To make sand resource management just, sustainable, Dutch sand reserve inventory — Status DIS 3.0

and responsible

Winbare hoeveelheid 0 - 1 zand Winbare hoeveelheid 0 - 1 zand

DIS versie: 2.1 DIS versie: 3.0

1 Recognize Sand as a Strateglc resource {scenario B2, tot 12m - waterbodem j\L ‘scenario B2, tot 12m - waterbodem -—‘L

2 Include place-based perspectives for just sand transitions
3 Enable a paradigm shift to a regenerative & circular future
4 Integrate policy & legal frameworks

5 Create a mineral ownership and access framework

6 Map, monitor and report sand resources

7 Establish best practices, national standards, & a coherent
international framework

8 Promote resource efficiency & work towards circularity
9 Source responsibly

10 Restore ecosystems degraded by sand mining activities &
compensate remaining losses
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UNEP: Sand and Sustainabillity
10 Strategic recommendations to avert a crisis

To make sand resource management just, sustainable,

and responsible

1 Recognize sand as a strategic resource

2 Include place-based perspectives for just sand transitions
3 Enable a paradigm shift to a regenerative & circular future
4 Integrate policy & legal frameworks

5 Create a mineral ownership and access framework

6 Map, monitor and report sand resources

7 Establish best practices, national standards, & a coherent
international framework

8 Promote resource efficiency & work towards circularity
9 Source responsibly

10 Restore ecosystems degraded by sand mining activities &
compensate remaining losses
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Dutch sand reserve inventory — Status DIS 3.0
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UNEP: Sand and Sustainabillity
10 Strategic recommendations to avert a crisis

To make sand resource management just, sustainable,
and responsible

1 Recognize sand as a strategic resource

2 Include place-based perspectives for just sand transitions
3 Enable a paradigm shift to a regenerative & circular future
4 Integrate policy & legal frameworks

5 Create a mineral ownership and access framework

6 Map, monitor and report sand resources

7 Establish best practices, national standards, & a coherent
international framework

8 Promote resource efficiency & work towards circularity

9 Source responsibly

10 Restore ecosystems degraded by sand mining activities &
compensate remaining losses J717

e
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UNEP: Sand and Sustainabillity
10 Strategic recommendations to avert a crisis

To make sand resource management just, sustainable, Sand use from land and marine sources
and responsible Sand Use Netherlands

1 Recognize sand as a strategic resource 140

2 Include place-based perspectives for just sand transitions 120

3 Enable a paradigm shift to a regenerative & circular future 100

4 Integrate policy & legal frameworks E 80

5 Create a mineral ownership and access framework % 60

&

6 Map, monitor and report sand resources 40

b o-12

]— ~25-30

} ~6-9

7 Establish best practices, national standards, & a coherent 20
international framework

0

8 Promote resource efficiency & work towards circularity 2004 2005 2006 2007 2008 2000 2010 2011 2012 2013 2014 2015 2016 2017 2018
m | and (building sand) mLand (ophoogzand) m | akes and rivers (ophoogzand)
9 Source reSponSibly mNorth Sea (ophoogzand) m North sea (coastal defence) North sea (land reclemation)
10 Restore ecosystems degraded by sand mining activities & *Op basis van data uit: “Monitoring bouwgrondstoffen 2017-2018” by H2H advise voor
compensate remaining losses Cascade, Vereniging van zand- en grindproducenten
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UNEP: Sand and Sustainabillity
10 Strategic recommendations to avert a crisis

LERUELCEEURENIIANERECNEISSSINEINELICEN  The International Council for the Exploration of the Sea (ICES)

and responsible

Organisatie voor mariene wetenschap, die voorziet in de maatschappelijke
1 Recognize sand as a strategic resource behoefte aan onpartijdig onderzoek naar de staat en het duurzaam gebruik van
onze zeeén en oceanen.

2 Include place-based perspectives for just sand transitions NASHBEr ColifTes &, printit () send to =

3 Enable a paradigm shift to a regenerative & circular future
ICES is an intergovernmental organization with 20
. Member Countries.

4 Integrate policy & legal frameworks cous

elgium
Canada
Denmark
Estonia

Finland

France
Germany
Iceland

Ireland

L]
L]
.
.
L]
L]
L]
.
L]
* Latvia
L]
.
.
.
L]
.
L
.
L]
.

5 Create a mineral ownership and access framework

6 Map, monitor and report sand resources

7 Establish best practices, national standards, & a coherent
international framework

Lithuania

The Netherlands
Norway

Poland

Portugal

Russian Federation
Spain

Sweden

United Kingdom

United States of America

8 Promote resource efficiency & work towards circularity

9 Source responsibly

10 Restore ecosystems degraded by sand mining activities &
compensate remaining losses
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UNEP: Sand and Sustainabillity
10 Strategic recommendations to avert a crisis

To make sand resource management just, sustainable, Example: Kleirijperij en Breede Groene Dijk

and responsible

1 Recognize sand as a strategic resource

2 Include place-based perspectives for just sand transitions
3 Enable a paradigm shift to a regenerative & circular future
4 Integrate policy & legal frameworks

5 Create a mineral ownership and access framework

6 Map, monitor and report sand resources

7 Establish best practices, national standards, & a coherent
international framework

8 Promote resource efficiency & work towards circularity

9 Source responsibly

A ARCADIS o
10 Restore ecosystems degraded by sand mining activities & PRy viniscerie van Infrascrucesar en Mile h Boskalis
compensate remaining losses EEMSO dp s er.;Aas Deltares o
2(] o : e
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UNEP: Sand and Sustainabillity
10 Strategic recommendations to avert a crisis

LERUELCKEQNICSIINEREL NSV EIMEGIE  Supply chain responsibility. Know where your sand comes from.

and responsible Standards.
1 Recognize sand as a strategic resource e

2 Include place-based perspectives for just sand transitions
3 Enable a paradigm shift to a regenerative & circular future
4 Integrate policy & legal frameworks

5 Create a mineral ownership and access framework

6 Map, monitor and report sand resources

7 Establish best practices, national standards, & a coherent
international framework

8 Promote resource efficiency & work towards circularity
9 Source responsibly

10 Restore ecosystems degraded by sand mining activities &
compensate remaining losses
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UNEP: Sand and Sustainabillity
10 Strategic recommendations to avert a crisis

To make sand resource management just, sustainable, Need more research to identify and mitigate
ecological impacts of sand extraction

and responsible

1 Recognize sand as a strategic resource

Operational Recommendations for Ecosystem-based Large-scale Sand Extraction
(OR ELSE) o P
nal

2 Include place-based perspectives for just sand transitions

3 Enable a paradigm shift to a regenerative & circular future

4 Integrate policy & legal frameworks

5 Create a mineral ownership and access framework

6 Map, monitor and report sand resources

7 Establish best practices, national standards, & a coherent

international framework ' v, D EHTmmS

8 Promote resource efficiency & work towards circularity

*Consortium: Stichting Wageningen Research, Technische Universiteit Delft,
) NIOZ - Koninklijk Nederlands Instituut voor Onderzoek der Zee, Wageningen
9 Source reSp0n3|b|y University & Research, Universiteit Twente, Universiteit Twente, Stichting De
Noordzee, Hogeschool Van Hall Larenstein, Deltares, Breda University of
Applied Sciences, Rijkswaterstaat Zee en Delta, Boskalis, Van Qord,

10 Restore ecosystems degraded by sand mining activities
& compensate remaining losses

Producentenorganisatie (PO) Texel, PO Wieringen, Nederlandse Vissersbond,

Geological Survey Netherlands, Ministerie van Landbouw Natuur en

Voedselkwaliteit, Digishape, North Sea Advisory Council, International Council

U N ‘;" for the Exploration of the Sea -Working Group on the Effects of Extraction of
DElta res environn;e;n g‘B“lD Marine Sediments on the Marine Ecosystem (ICES- WGEXT), KIMO Nederland 25
programme _I en Belgie.



UNEP: Sand and Sustainabillity
10 Strategic recommendations to avert a crisis

To make sand resource management just, sustainable, “Mitigation Hierarchy”
and responsible
1 Recognize sand as a strategic resource ’ Brealceven point Contribution > Net gain
2 Include place-based perspectives for just sand transitions g prodcted offset
% ? Restore
3  Enable a paradigm shift to a regenerative & circular future 4 i Mo netloss

4  Integrate policy & legal frameworks Aveld

5 Create a mineral ownership and access framework

6 Map, monitor and report sand resources

7 Establish best practices, national standards, & a coherent
international framework

8 Promote resource efficiency & work towards circularity
9 Source responsibly

10 Restore ecosystems degraded by sand mining activities
& compensate remaining losses
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UNEP: Sand and Sustainability
10 Strategic recommendations to avert a crisis

To make sand resource management just, sustainable, So a |arge part of the recommendations require

and responsible .. )
D Beneficial use of sediments

1 Recognize sand as a strategic resource

2 Include place-based perspectives for just sand transitions
3 Enable a paradigm shift to a regenerative & circular future
4 Integrate policy & legal frameworks

5 Create a mineral ownership and access framework

6 Map, monitor and report sand resources

7 Establish best practices, national standards, & a coherent
international framework

8 Promote resource efficiency & work towards circularity
9 Source responsibly

10 Restore ecosystems degraded by sand mining activities
& compensate remaining losses

UN (@ Het gebruik van natuurlijke of gebaggerde sedimenten in toepassingen
"N GRID die gunstig zijn voor en in harmonie zijn met de menselijke en natuurlijke
e a res environment

programme L. o] ontwikkeling.
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A www.deltares.nl ¥ @deltares in linkedin.com/company/deltares

= Iinfo@deltares.nl @ @deltares f facebook.com/deltaresNL




