Ore-Sand: A circular economy solution to the mine tailings

and sand sustainability crises
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Whatis ore-sand?

Ore-sand (o-sand) is a type of processed sand sourced as a co-product or by-product of mineral ores. Typically, it is a result of mechanical
crushing and grinding, different physical and physicochemical beneficiation processes for mineral concentrates recovery, including
optimization of these processes and additional processing stages to achieve the required properties of sand.



What are the markets for sand?

Source Material Sector Application

Marine

Riverine

Lacustrine

Re-used on site

Rock quarries
(crushed rock)

Terrestrial
(non-marine,
non-riverine)

Industrial
(co-)product

Sand and Gravel

Construction
(aggregates)

Land
reclamation

Industrial uses

Buildings

Infrastructure

Landscaping

(e.g. sport fields)

Glassmaking

Electronics

Construction
related
(e.g. Ceramics

Energy
(e.g. fracking)

50,000,000,000 t

Source: Peduzzi,
Unpublished, analysis
conducted with USGS
data in 2018



The Vale sand case - study
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Iron ore and sand co-recovery
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Vale Sand: standard and unique features

Residual iron oxides,
very low trace elements

Very fine quartz-based sand Very angular shape

Vale Sand vs ASTM 33 grading envelope

O =

0,01 0,1 1 10
Sieve size, mm

D,10: 60um; D,50: 134uym; D,90: 271um



Vale Sand: current and potential applications

100.00%

1.00%

0.10%

Maximum Fe,0O; content (%)

0.01%

Filtration sand

10.00% &—

Vale Sand (mainly construction applications)

88% 90% 92% 94% 96% 98% 100%

Flux sand

e Silica proppant

Silicon feedstock
./- Aircrete o
Refractory san

d Sodium silicates
Fiber glass _\. ~eo
Foundry sand »

S

Coloured container glass —@

Ceramics :7‘. O
Flat glass /

Flint container glass
Optical glass ~e
Borosilicate glass and Tableware glass \.

Minimum Si0O, content (%)

Note: based on min SiO,
and max Fe,O; content;
compliance with other
requirements may be
also needed.



Whati1s the potential to scale up ore-sands?
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Note: The potential supply points of ore-sand (red) are shown as points with a radius of 50 km, a typical distance over which transporting sand is economic.
The weight of the pixels is proportional to the estimated potential supply at that point, capped at 200 kt. The weight of the blue pixels is proportional to the

estimated demand at each location, capped at the same value.



% of global consumption

ore-sands could be close to markets?

oo
-
I

N
-
1

~
o
1

b
o
I

Chile -

South Africa -
Ghana -

Peru -

China -
Philippines -
Mexico -

D. R. Congo -
Turkey -

Brazil -

Russia -
Indonesia -
India -
USA -

Countries with total potential > 5 MUt/yr

Armenia
Fij
Jamaica
Cyprus
Sierra Leone
Tajikistan
Zimbabwe
Guinea
Togo
Bulgaria
Burkina Faso
Ireland [0 0 4 i
Dominican Republic I » ¢ Wi
Nicaragua | | 0 M

Countries with total potential > 0.5 Mt/yr

0%

% of national demand that could be potentially substituted within 50km of sources

10% 20% 30% 40% 50% 60% 70% 80%



The production and selling of ore-sand 1s a reality in Brazil for Vale

In 2021, Vale started the sand The main strategy was diversify Sand Business has faced some
business and we sold around the types of applications and focus challenges such as logistics costs,
1MM of its ore-sand at the on civil construction market acceptance, Brazilian
Brazilian Market legislation...

FIRST GO TO MARKET STRONG ECOSYSTEM NOT AN EASY JOURNEY

V VALE



Conclusions

* Ore-sand s a productbydesign,notrepurposed waste
Adjustments In mmeralprocessing can create a marketable sand product.

* Current Imtations and opportunities

Fullreplacement currently hmited by gram size. Coarserore-sands possible e.g.via coarse
particle flotation.

* Sand markets align with tailings risks

Sites close to urban centres present both a sand marketand a rationale fortailings reduction.

* Safeguarding sustamable and just transitions

Wideradoption ofore-sands mustaddress potentialpresence of contaminants, management
ofresidualtailngs,and broadereffects on the market.

* Future markets
Almost a third of mine sites m the world can find atleastsome demand forore-sand withm a 50
km range,with atleast 0% reduction in tailngs. From a consumerpomtofview,about halfofthe
globalsand marketis m the vicmity ofa potentiallocalsource ofore-sand.



Thank you

For more information email:



mailto:Sand@unepgrid.ch
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