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Principal Problem = Motivation

m Characterization to increase the efficiency of the
mining process and the environmental protection i1s NO
problem.

m But the implementation in the daily operation fails, as
the operating engineer has no motivation to Increase the
sustaimability of the operation. His goal of production
has to be reached by the cheapest way.



Motivations




Positive Motivations

m $$3$!, secure (sustainable) job; healthy work
environment, gender and family friendly, environmental
friendly

Negative Mativations

m Penalties, threat of loss of job, risks and threats
(workplace, environment)



Air
—Existential threats!
—Fear, no rational Behavior







Key Performance Indicators for Mining

BEYOND VISION 2020

In-situ producton of base metals
Zero waste
Fully automated mining operation without
human interface

VISION 2020

No human exposure at »30% reduction of
the production face ore losses

No harmful emissions »30% energy reduction
>30% CO, reduction

Mo accidents

»30%1 ho
Employment satisfaction Fﬂh:npemn o

Waste into products »30% less deposited waste

STRIM (Strategic Research and Innovation Agenda for the Swedish Mining and Metal Producing Industry, 2013)



Motivations:
Preservation of ecosystems
biodiversity

Threats:




Neutral Mine Waters




Key Performance Indicators for Reclamation end Environmental performance

BEYOND VISION 2020

No harmful emissions from mining
All mine waste turned into products
Post-closure added values

VISION 2020

Prevention of »B0% reduction of ARD
ARD formation

»30% less waste
Reduction of
emissions »30% energy reduction

Waste into products  >30% CO_ reduction

Efficient reclamation »>70% nitrogen reduction
and remediation

Methos for post-
closure added value

STRIM (2013)



Motivations:
Preservation of ecosystems

$ biodiversity
Threats:
Pollution (AMD)
Water, solil,
Alr
Motivations:
Well-paid jobs
Development
infrastructure Motivations:

$3$% GGG Ioreeee i

Pollution (AMD)

Water, soll, Threats:
Alr | - ' No Social License
—EXxistential threats! Drop in metal prices

—Fear, not rational substitution



Key Performance Indicators for Metallurgy and Recycling

BEYOND VISION 2020

Lero waste
Closed secondary material loop
Recycling intensity rate towards 100%

VISION 2030

Minimized losses of »50% decrease in losses
commodities processed  from ore and scrap

Towards zero waste »30% energy reduction
Minimized climate >30% decrease of
impact residues

»30% increase in recyc-
led carbon sources

»3 new products from
existing process streams

Improved resource
efficiency

Collection rate for WEEE is 95% and
95% of the collected WEEE is recovered,

including energy content

STRIM (2013)



Cutoff ore grade
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Dold & Weibel (2013)
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SESEES Mineral decis!igegmmaking
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e Increased costs for mineralogical and
geochemcial characterization of the ore
before exploitation starts

e Online characterization of the ore through
process

® Impermeabilization of all facilities (leach
piles, tailings, waste dumps)

® Additional flotation steps for pyrite to
desulfurize the tailings.



How to motivate for sustainable
desicion making

e Sustainability analysis
e Sustainability bonus

e Sustainability control and
supervision



Motivations:
Preservation of ecosystems

$$$$ Biodiversity
Motivations: New Motivations:
Well-paid jobs Increase Economic Benefit
Gender Equality Efficiency
Work Safety Eliminate waste

=> mprove social license

Development $$$$ $$$$
Infrastructure Investment into:

-new characterization
-new exploitation

-No reactive waste,
-new products
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