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Comminution Energy Curves

Dr Grant Ballantyne
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Schedule

Time Activity

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

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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Comminution Energy Curves
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Energy benchmarking methodology (cost curve)

%
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Standard Suite of curves

as at 11-Oct-18 * (hardness + circuit + size + grade)
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Standard Suite of curves

8

Efficiency measures

Bond Efficiency (GMSG)

Morrell Efficiency (GMSG)

Size Specific Energy Efficiency
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Bond Efficiency (GMSG)

𝑊𝑐𝑟𝑢𝑠ℎ = 𝑊𝐼𝑐𝑟𝑢𝑠ℎ
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√𝑃80
−

10

√𝐹80

𝑊𝑟𝑜𝑑 = 𝑊𝐼𝑟𝑜𝑑
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√𝑃80
−
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√𝐹80
𝑊𝑏𝑎𝑙𝑙 = 𝑊𝐼𝑏𝑎𝑙𝑙
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√𝐹80

𝑊𝐼𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 = 𝑊𝑐𝑟𝑢𝑠ℎ +𝑊𝑟𝑜𝑑 +𝑊𝑏𝑎𝑙𝑙 /
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√𝐹80

𝑊𝐼𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 = 𝑊𝑐𝑟𝑢𝑠ℎ +𝑊𝑟𝑜𝑑 +𝑊𝑏𝑎𝑙𝑙 /
10

√𝑃80
−

10

√𝐹80

𝐵𝑜𝑛𝑑 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑊𝐼𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
𝑊𝐼𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔
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Bond Efficiency
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Morrell Specific Energy Model

(Morrell, 2008)(Morrell, 2004)

𝑊𝑖 = 𝑀𝑖4 𝑥2
𝑓 𝑥2 − 𝑥1

𝑓 𝑥1

𝑓 𝑥𝑗 = − 0.295 +
𝑥𝑗

100000

𝑊𝑇 = 𝑊𝑎 +𝑊𝑏 +𝑊𝑐 +𝑊ℎ +𝑊𝑠

12

Size Specific Energy – on-site tool
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Comminution Energy Cost
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Inter-country electricity price variability 
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Electricity price (US c/kWh)

World Bank, 2017. Doing Business - Getting Electricity, www.doingbusiness.org.   and   World Atlas, 2017. Top gold/copper producing countries in the world, http://www.worldatlas.com.

These prices are based on a bill for a 
commercial warehouse using 
electricity 30 days between 9am and 
5pm in the largest business city in the 
region for the month of March 2017.

Log-normal distribution
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Intra-country electricity price variability

Base/precious metal mine

Bulk commodity mine
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Intra-country electricity price variability
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Truncated normal distribution
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Electricity generators database

Electricity generators

54,290 generators

Total 19.7 PWh

90% of global electricity

Davis, C.B., et al., 2015. Enipedia, http://enipedia.tudelft.nl. TU Delft, The Netherlands.
18

Energy Density

http://www.doingbusiness.org/
http://www.worldatlas.com/
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Energy density at mine locations
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Electricity price multiplier calculation
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Energy price energy curve
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Cost Intensity Energy Curve

23

Cost Intensity Energy Curve
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Case Study – Gramalote vs Tropicana

(Ballantyne, et. al., 2017)



11/10/2018

5

25

Comparing disparate 

commodities in a fair and 

equitable manner

26

0

500

1000

1500

2000

2500

0

10000

20000

30000

40000

50000

60000

1985 1990 1995 2000 2005 2010 2015

A
u

, P
t 

an
d

 A
g 

(U
S$

/t
o

z)

C
u

, Z
n

, S
n

, P
b

 a
n

d
 A

l (
U

S$
/m

t)
, a

n
d

 N
i (

U
S$

/k
g)

Year

COPPER ZINC
TIN NICKEL
LEAD ALUMINUM
SILVER PLATINUM
GOLD

0

500

1000

1500

2000

2500

0

10000

20000

30000

40000

50000

60000

1985 1990 1995 2000 2005 2010 2015

A
u

, P
t 

an
d

 A
g 

(U
S$

/t
o

z)

C
u

, Z
n

, S
n

, P
b

 a
n

d
 A

l (
U

S$
/m

t)
, a

n
d

 N
i (

U
S$

/k
g)

Year

COPPER ZINC
TIN NICKEL
LEAD ALUMINUM
SILVER PLATINUM
GOLD

Commodity prices

(World Bank, 2018)
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Copper equivalent energy curve
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Case study: sorting

(Ballantyne, et. al., 2018)
30

Case study: sorting
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(Ballantyne, et. al., 2018)
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Log-normal function fit
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Experimental Energy Curve position
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Isolated commodities
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Example of visualisation
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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
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Arial imaging

600 m 3,400 m

0.24 kWh/t 1.36 kWh/t 
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Pumping power calculation

1.6 kWh/t 
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Energy Curve enhancement
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Case study 9 – Preconcentration at MRM

(Wallace, et. al., 2015)
40

Including embodied energy of 

the grinding media in the 

tonne intensity curve
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Individual equipment and circuits
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Circuit types
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Energy Curve with embodied energy

Embodied + electrical energy

Electrical energy
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Case Study 10 – Cadia

Direct Electricity
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Next steps

Energy Cost

Ancillary energy

Commodity Curves

Embodied Energy

Circuit Types

Calibrate Fine Grinding

Liberation & Recovery

Blasting Impact

Global Hardness Approach
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1. Bond efficiency (GMSG)

2. Morrell efficiency (GMSG)

3. Size Specific Energy (SSE)

4. HPGR/stirred mill circuits (Huckleberry)

5. Preconcentration (Bougainville)

6. Incremental improvements (Barrick)

7. Equipment trade-off IsaMill (Arrium)

8. Mine to Mill (Paddington)

9. Dense medium preconcentration (MRM)

10. Media wear (Cadia)

Case studies

Which energy curve to use?

How to present?

What other data is required?

How to sell internally?

How to sell externally?

How to implement?

𝑊𝐼𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 = 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐸𝑛𝑒𝑟𝑔𝑦/
10

√𝑃80
−

10

√𝐹80

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐸𝑛𝑒𝑟𝑔𝑦 =
𝑊𝑐𝑟𝑢𝑠ℎ +𝑊𝐻𝑃𝐺𝑅 +𝑊𝑆𝐴𝐺 +𝑊𝑏𝑎𝑙𝑙 +𝑊𝑠𝑡𝑖𝑟𝑟𝑒𝑑

𝑡ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 𝑡/ℎ

𝑆𝑆𝐸 =
𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐸𝑛𝑒𝑟𝑔𝑦

%− 75𝜇𝑚 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 (𝑝𝑟𝑜𝑑 − 𝑓𝑒𝑒𝑑)

Cue production =
Au production x Au price+ Cu production x Cu price

Cu price

Τ𝑘𝑊ℎ 𝑡𝐶𝑢𝑒𝑞 =
𝑊𝑡𝑜𝑡𝑎𝑙 ∗365∗24∗utilisation

annual Cue production


