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2:30 Joe Pease: introduction context setting

2:45 Grant Ballantyne: Introduction to Energy curves
_ 3:00 Efficiency measures discussion

3:15 Grant Ballantyne: Comminution Energy Cost

3:30 Taking advantage energy price estimate

Comminution Energy CUI’VeS 3:45 Grant Ballantyne: Different commodities

3:50 Grant Ballantyne: Ancillary equipment

3:55 Grant Ballantyne: Embodied energy

4:00 Case studies

4:30 Final remarks
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Standard Suite of curves
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Standard Suite of curves
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Bond Efficiency (GMSG)
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Efficiency measures
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Bond Efficiency (GMSG)

Morrell Efficiency (GMSG)

Size Specific Energy Efficiency
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Bond efficiency (BWi/OWi)
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Inter-country electricity price variability SMITKMRC
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Electricity generators database

Energy Density

54,290 generators
Total 19.7 PWh
90% of global electricity

A Electricity generators & 2

Davis, C.B., et al., 2015. Enipedia, http://enipedia.tudelft.nl. TU Delft, The Netherlands.
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Energy density at mine locations
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Cost Intensity Energy Curve SM”WEC
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Electricity price multiplier calculation
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Specific energy cost (sUS/t)

Cost Intensity Energy Curve

Case Study — Gramalote vs Tropicana
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Commaodity prices
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Copper equivalent price SM'JKMRC Copper equivalent energy curve

14000 Tvg.
—Cu Zn  —sn 2009-2017 3
—Ag Pt —Ni =

12000 —pb  —pu —al S
£ —Coal —Fe =

3 10000 Z s
3 @

]

S 8000 @

by U 4
c =
3 =
S 6000 E’_

s
5 4000 /) 1985-2005 £

g P ! ® 2
E o i g
2000 S X

1990 2
. [T

- 2 ontmmil]
1985 1990 1995 2000 2005 2010 2015 & ol
U oo 10 20 30 40 50 60 70 80 20 100

Year

Cumulative annual copper equivalent preduction (%)

Case study: sorting SM':]KMRC Case study: sorting SM'MRC
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Log-normal function fit SM'fm"c Isolated commodities
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Experimental Energy Curve position
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Example of visualisation SMITMRC
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Including the power consumption of ancillary
equipment like pumps and conveyors in the
Comminution Energy Curves
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Conveyor power calculations Arial imaging
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Energy Curve enhancement

Pumping power calculation EMiee

SMIJKMRC

50
Ea
=
=
=
>30 -
A &
7
5
e —— L
&=
(v
K- b
| i Biolg
L 1
dtzn <2 | ol
— — 0 10 20 3 40 50 60 70 80 90 100
[T — . - /
5079 Durar g setting Vetoctygrpt Cumulative annual material milled (%)
Case study 9 — Preconcentration at MRM _SM"]KMRC
SMIJKMRC

Julius Kruttschnitt Mineral
Research Centre
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Including embodied energy of
the grinding media in the
tonne intensity curve

(Wallace, et. al., 2015)
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Energy Curve with embodied energy
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Which energy curve to use? Specific Energy = Werusn * Wu:::o:gw’;f‘;';ﬁ;n + Watirrea)

How to present? 10 10

0
Wlperating = Specific Energy/ (JTW N \/Tl.)

What other data is required?

e Specific Energy
~ % — 75um generated (prod — feed)
i ?
How to sell internally? A e A e Cl s Ol
Ol = L ptttn e
How to sell externally?
W/t = (Wrorar) *365+24sutilisation
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How to implement?

Calibrate Fine Grinding
Liberation & Recovery
Blasting Impact

Global Hardness Approach
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