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1. Introductions of Key stakeholders
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Pronto delivers off-road 

autonomous haulage 

systems (AHS) specifically 

engineered for a variety of 

rugged environments.

Wanted research study to 

test the financial and 

operational impact of small 

autonomous vs big manned 

mining trucks.

https://pronto.ai/

Whittle’s Integrated Strategic 

Planning is an approach to 

long-term mine planning 

which considers all parts of 

the value chain 

simultaneously. 

Required detailed simulation 

modeling to accurately 

calculate the NPV for the 

research study.

https://www.whittleconsulting

.com.au/

MineTwin is a detailed 

discrete-event simulation 

modeling tool used to 

simulate open-pit and 

underground mines. 

MineTwin provided the fleet 

sensitivity analysis features 

to determine optimum loader 

to truck configurations for 

each truck loader 

combination.

https://mine-twin.com/

https://pronto.ai/
https://www.whittleconsulting.com.au/
https://www.whittleconsulting.com.au/
https://mine-twin.com/


2. Background: Medium Manned vs Small Autonomous Trucks
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More efficient transportation

Truck type CAT-777E

Truck load 100 t

Excavator type CAT-6020B

Shovel size 33 t

Truck type Scania G460

Truck load 40 t

Excavator type Hitachi ZX870

Shovel size 14 t

+

+ Less congestion

-

-

-

Human factors delays

Uneven trucks speed → swarming

Greater impact of single unit failures

+

+

-

-

-

Uniform speed → no swarming 

Less human factors delays

More excavators

More congestion

Expenses for autonomous equipment

Manned Autonomous



3. Open Pit Mine Haulage System
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Crusher

Stockpile

Waste 
storage

Blocks
being excavated

In-pit zone, 
grade 5,46%

Ex-pit 
zone, flat

Excavators scoop the 

ore and load the 

trucks

Trucks move the ore 

from pit to surface and 

return back to load

Trucks unload the ore 

at one of destinations 

depending on grade

Trucks queuing at 

excavators

Trucks swarming

Excavators 

waiting for trucks

Trucks queuing at 

unloading points

Planned and 

unplanned 

stoppages



Simulation Study Design

7

• Took a sample ore body with drill-and-blast open pit mining technology
• North American setting

• Simple resource model – copper

• 3 destinations – stockpile, crusher, waste storage

• Considered 3 stages of mining
• Shallow pit, 20-68 meters deep

• Medium pit, 116-196 meters deep

• Deep pit, 244-324 meters deep

• For every stage, fixed the haulage rate (tons moved per day)
• Haulage rate was calculated in Geovia Whittle software

• Ran 924 experiments in MineTwin to calculate the required number of 

trucks and excavators
• 4 fleet types (100t, 40t) x (manned, autonomous)

• 3 stages

• Varied number of trucks and excavators for every fleet type and stage

• Calculated NPV for each option externally in Excel

1

2

3

4

5



MineTwin Simulation Model Layout
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6. Optimal Fleet Composition Changes Analysis

10All plots and charts are for 40t autonomous trucks



7. In Deeper Pits, The System Gets More Truck-Constrained
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Number of trucks

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

2 137% 124% 120% 117% 118% 113% 111% 110% 111% 109% 109% 109% 109% 107% 107%

3 160% 145% 135% 130% 129% 123% 119% 119% 118% 116% 116% 114% 111% 112% 111%

4 180% 168% 157% 149% 141% 136% 132% 129% 125% 125% 123% 117% 119% 117% 117%

5 171% 176% 169% 157% 151% 143% 138% 136% 131% 130% 127% 125% 122% 120% 120%

6 160% 171% 178% 169% 161% 153% 148% 145% 140% 135% 134% 131% 130% 126% 126%

7 153% 164% 172% 180% 172% 166% 160% 154% 147% 145% 140% 139% 135% 133% 132%

8 145% 157% 166% 172% 181% 173% 169% 162% 156% 153% 148% 145% 141% 138% 136%

9 141% 151% 160% 169% 173% 180% 175% 170% 164% 161% 156% 152% 148% 145% 142%

10 137% 146% 155% 163% 170% 173% 180% 175% 174% 168% 164% 159% 155% 151% 147%N
u
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Number of trucks

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

2 180% 169% 160% 152% 145% 140% 137% 133% 130% 128% 126% 124% 123% 121% 120%

3 161% 176% 182% 178% 167% 160% 154% 149% 145% 142% 139% 137% 134% 133% 131%

4 146% 157% 166% 177% 183% 178% 173% 165% 161% 157% 153% 150% 146% 143% 141%

5 137% 146% 155% 162% 171% 178% 182% 178% 176% 169% 165% 162% 158% 154% 151%

6 131% 139% 144% 154% 162% 166% 176% 179% 181% 180% 176% 171% 166% 165% 162%

7 127% 133% 140% 147% 153% 160% 167% 172% 174% 178% 183% 180% 178% 174% 170%

8 123% 130% 135% 141% 146% 152% 158% 162% 169% 175% 178% 181% 180% 183% 181%

9 121% 126% 131% 136% 142% 146% 151% 157% 161% 164% 169% 175% 178% 181% 183%

10 119% 124% 128% 132% 137% 142% 146% 152% 156% 160% 165% 167% 172% 176% 180%N
u
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b
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f 
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Number of trucks

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

2 151% 162% 175% 181% 178% 172% 164% 160% 155% 151% 148% 144% 142% 139% 137%

3 135% 142% 151% 158% 165% 174% 181% 181% 177% 174% 170% 164% 160% 158% 155%

4 127% 133% 140% 146% 150% 157% 161% 170% 173% 177% 181% 182% 180% 175% 171%

5 122% 126% 132% 135% 141% 146% 150% 156% 160% 166% 170% 173% 178% 180% 183%

6 118% 122% 126% 130% 135% 139% 142% 146% 151% 155% 159% 163% 168% 172% 176%

7 115% 119% 122% 126% 130% 133% 138% 141% 144% 148% 150% 154% 159% 162% 163%

8 113% 117% 119% 123% 127% 130% 133% 136% 139% 142% 145% 148% 150% 154% 157%

9 111% 115% 118% 121% 123% 126% 129% 132% 135% 137% 140% 144% 146% 148% 151%

10 110% 113% 116% 119% 121% 123% 126% 129% 131% 134% 137% 139% 142% 143% 146%N
u

m
b
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Stage A1,
shallow pit

Stage A2,
medium pit

Stage A3,
deep pit

All plots and charts are for 40t autonomous trucks
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Trucks effective utilization + excavators’ effective utilization

Trucks effective utilization + excavators’ effective utilization

Reached target 

haulage rate

Exceeded target 

haulage rate

Reached target 

haulage rate

Exceeded target 

haulage rate



8. Autonomous 40-ton Trucks Improved The Mine's NPV by 29% 
Compared to Human-driven 100-ton Trucks 
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+29%

* Used standard vendor price for converting CAT-777E (Medium) trucks to autonomous

*



9. Decision Support Approaches Mining

• Static calculations (e.g. Excel)
• Average distances, durations, load sizes, etc.

• No time factor

• Semi-dynamic calculations
• Excavation front movement

• Approximate trucks-to-shovels allocation

• Does not consider drilling, blasting, and excavators relocation

• Full-scale simulation
• Considers queuing in front of excavators and dumping points

• Simulates daily allocation of trucks by excavators

• Simulates drilling, blasting, and excavators relocation

• Simulates the impact of both planned and unplanned stoppages

• Simulates blending and maintaining constant ROM grades

Less 

detail

More 

detail

Less 

confidence

More 

confidence



10. Advantages of Platform-Based Domain-Specific Tools Like 
MineTwin  
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Standard mining processes, objects, and reports

Scheduling and coordination logic customizable with code 

Library of standard equipment types and models

Ability to add custom objects and processes

Geometric and geological data import from industry standard formats

Industry standard haulage 

simulation tools
General purpose 

simulation tools
MineTwin



Thank you

Dr Andrey Malykhanov,

Jaco-Ben Vosloo

For more details visit our 
website www.mine-twin.com

Visit Whittle Consulting 
website for the complete 
report here: 
https://latestnews.whittlecons
ulting.com.au/whittle-
consulting-pronto-case-study

http://www.mine-twin.com/
https://latestnews.whittleconsulting.com.au/whittle-consulting-pronto-case-study
https://latestnews.whittleconsulting.com.au/whittle-consulting-pronto-case-study
https://latestnews.whittleconsulting.com.au/whittle-consulting-pronto-case-study


Amalgama Software Design

Office 72, 6th Floor, Tameem House Building,

Barsha Heights, Dubai, UAE, PO Box 214 950

info@amalgamasimulation.com

Middle East: +971 056 208 6327

Europe: +351 911 999 319
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