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Mining: An essential task
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Neolithic Flint Mines at Spiennes (4300-2200 BC)
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“The Neolithic flint mines at Spiennes
(Belgium) provide exceptional testimony to
early human inventiveness and application.

The arrival of the Neolithic cultures marked
a major milestone in human cultural and
technological development, which is vividly
illustrated by the vast complex of ancient
flint mines at Spiennes.”

UNESCO



elaborate
Mining: An'essential task
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...evidence of underground mining and tunnel
construction works reflects the cultural developments of

civilizations and particularly the growth of technical
and economic strength.

(Sandstrom, 1963)

flint mines at Spiennes.”
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Importance of raw materials

Athenian tetradrachm (c. 5th BC)

The wealth of the Lavrion silver mines was used for the construction of the Athenian fleet. Thus
in @ years time (489 BC to 480 BC) the number of the Athenian triremes from 40 grew to

almost 200. This naval power funded by mining was the decisive factor for the Persian defeat
in the battle of Salamis.



Importance of raw materials

-

Ancient marble extraction (Korres, 1994)

The cultural wealth of Athens (and Greece) still remains vivid through the several marble
temples and statues found in the country. The Pentelicon marble is still today one of the most
recognizable and desirable marbles in the world.



Source: IGME project rep

Importance of raw materials Critical raw materials in Greece pigyiss

Greece now:

In the 1°" place in the world perlite producers

In the top 3 of the world bentonite producers

In the top 10 of the world marble producers

In the 1°" place in nickel production in the EU

In the 1" place in bauxite production in the EU

In the 3™ place in lignite /coal production in the EU

with at least 3 world class gold deposits
with encouraging data for hydrocarbon deposits

Critical Raw materials in Greece

(ProMine)
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Mining Engineering 101

- Mining Engineers are responsible for the planning, design, operation, management,
 sustainability and safety of the exploitations.
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Mining Engineering 101

Mining Engineers are responsible for the planning, design, operation, management,
sustainability and safety of the exploitations.

vol Design the exploration campaign
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Mining Engineering 101
- Mining Engineers are responsible for the planning, design, operation, management,
! sustainability and safety of the exploitations.
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Mining Engineering 101

Mining Engineers are responsible for the planning, design, operation, management,
sustainability and safety of the exploitations.

Identify the mineable reserves !



Mining Endineerinq 101

Mining Engineers are responsible for the planning, design, operation, management,
sustainability and safety of the exploitations.
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Design the surface exploitation



Mining Engineering 101

Mining Engineers are responsible for the planning, design, operation, management,
sustainability and safety of the exploitations.
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Design the underground exploitation
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Mining Engineering 101

Above ground or underground exploitation?
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Cost is one of the main drivers for making the decision to move underground.



Mining Engineering 101

Mining Engineers should beat the cost.
But, not at all cost...

=

(Seﬂinq priorities:

1. Ensure the maximum safety level for the workers and the mine
2. Achieve the minimum exploitation cost
3. Atain the

ossible environmental impacts.

Mine engineers must carry out successfully the safe, economic and environmentally sound
extraction of minerals and resources.



Issues to consider

= Limitation in the discovery of
rich surface deposits

= Exploitation of more complex,
deeper and lower grade deposits

® New stricter environmental
standards

= A global scale game with many
stakeholders (companies,
governments, traders, efc.)
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Issues to consider

= Limitation in the discovery of
rich surface deposits

= Exploitation of more complex,
deeper and lower grade deposits

® New stricter environmental
standards

= A global scale game with many
stakeholders (companies,
governments, traders, efc.)

Gradual shift towards underground
exploitation schemes

Increase in the operational cost of
mining (workforce, energy,
equipment)

Rise of resource nationalism issues
(especially in critical materials)



Issues to consider
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Gradual shift towards underground
exploitation schemes

Increase in the operational cost of
mining (workforce, energy,
equipment)

Rise of resource nationalism issues
(especially in critical materials)



The way forward...

The answer to the new  An autonomous or remotely operated, efficient,

challenging environment ° mining scheme, driven by skilled workforce

(Sandvik, 2013)



The way forward...
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= Resource Identifitgﬁpn and Mine Design

Efficient discovery techniques focusing.on great depth resources

Accurate assessment of resource characteristics
Uncertainty management in grade control

Enhanced design and visualization capabilities
Specialized design focus (e.g. geotechnical, environmental)
Scheduling and production modelling




The way forward...

= Enhancing Mine Productivity and Safety

New fleet of autonomous or remote controlled equipment
Large scale and highly specialized machinery

Real time monitoring and control throughout the mining cycle
Energy and materials efficient mining
Selective mining

Skilled workforce to carry out the mining plan

Stoping

Higher marains and/



Nay forwadard.

" Respecting the Envi_rbbmeﬁi

Res;oec’rlng the Enwronmen’r

Respecting the Enwronmen )
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Future Developments...

Mining the urban deposit: process of reclaiming raw materials from products, buildings
and waste from towns, cities and metropolitan areas, with the goals of monetizing
urban waste streams, enhancing recycling and releasing environmental strains.

C&D MsW eWaste Tires

Construction & Municipal Solid Electronic Waste Car, Truck,
\_ Demolition Material Waste & Appliances Rubber Products )

Sorting Processes 2 e

Manual & Automated Operations

Shredding & Separation

Automated Operations

Landfill

Power Metals Plastics Rubber

Paper, Wood, Copper, Aluminum, Iron, ABS, PE, PVC, Powders, Pellets,
, Oils, SynGas Precious Metals Other Crumb, TDF

(eCyclingUSA, 2013)




Future Developments...

Landfill Mining: the process of excavating
previously disposed of materials from a landfill
to recover metal, glass, plastic and other
combustibles, soil, and the landfill volume itself

Addressing contamination problems

Creating new capacity for future landfills.

. 1
y . 1

a L N

G et ey e &

Reducing closure cost.

Recovering recyclable materials and energy




Future Developments...

Extraterrestrial Mining: the possibility of exploiting raw materials from asteroids, the
moon and other minor planets, including near-Earth objects

Is this really an option?



[E SPACE ECONOMY: A MODERN DAY GOLD .RUSH
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Future Developments...

The mining is not only focused on minerals but also to other scarce elements in space
(water, O,, etc.).
Resources could be either moved to earth or be directly used in the space environment.

Regolith, the loose soil on the moon’s surface, contains more than
1 million tons of helium 3. In theory, this nonradioactive isotope could
provide an abundant source of clean nuclear energy. How it might be done:

Clementine Titanium Map of the Moon

Equal Area Projection

3 Heater: Brings regolith

‘ 10 700° C by flowing it over
ok solar- heated pipas. This causes ; !
the helium 3 and other gasesto Elnet

scparater

5 ¥ .-
| 1 Bucketwheel:Moves | 3
| the regolith onto a lffing belt | - ; | ﬂ
| to sift out large stanes and g Fluidized 4 Gasstorage: Collcctsthe

keep only grains smaller than & " Fhd chamber hedium 3 and other gases for

| one millimeter in diameter. " - P . transport to a moon base where
- fhe gases are separated. The
helium 3 is shipped to Earth,
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Future Developments...
You...

All leaps start with a dream. Make your own a reality.

Thank you for you attention...



A De la Terre a la Lune

From the Earth to the Moon
Aro ty 'n otn 2eAnvn
Jules Verne, 1865

NASA MISSION AS-506 &

APOLLO 11k

1969 (including Saturn V, CM-107, SM-107, LM-5)
Owners’ Workshop Manual

An insight into the hardware from
the first manned mission to land on the Moon
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