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Big Picture

• A diesel truck produces 7-1/2 times the heat of a battery electric truck

• 40 tonne diesel truck produces 3.75 kWh of heat per tonne per km

• Z40 battery electric truck produces 0.5 kWh of heat per tonne per km

• At 960 tonnes per day hauling 2 km on a 15% grade, a diesel truck produces          
6.2 MWh more heat than a battery electric truck in one day

• Enough SURPLUS heat to heat an average home for one year.  Every day!
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Calculating the Heat

Conventional Thinking
• Electric motors are 90% efficient
• Diesel engines are 30% efficient
• Therefore electric machines produce ⅓ the heat of a diesel 

engine
THIS IS NOT THE WHOLE STORY

A Correct Model Includes Potential Energy
• Epot=m*g*h (mass x gravity x height)

Heat = Battery Energy - Potential Energy

Calculating the Heat

Climbing Loaded
• Power Source? 

• battery

• Where does it go?
• potential energy of the truck 
• potential energy of the load
• losses in driveline and propulsion components - heat
• accessory hydraulic and electric functions - heat

At the Top
• potential energy of load leaves the system 

• that energy does not end up as heat
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Calculating the Heat

Descending Empty
• Power Source?

• potential energy of the truck 

• Where does it go?
• drivetrain losses and accessory loads - heat
• remaining power is returned to the battery pack
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Calculating the Heat

Diesel Machine
• Power Source?

• diesel fuel

• Where does it go?
• potential energy of the truck 
• potential energy of the load
• losses in driveline and propulsion components - heat(~3x higher)
• accessory hydraulic and electric functions - heat

At the Top
• Potential energy of load leaves the system 

• that energy does not end up as heat
Similar to a battery truck but lower efficiency
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Calculating the Heat

Descending Empty
• Power Source? 

• potential energy of the truck 

• Where does it go?
• all potential energy is BURNED OFF AS HEAT

Typical Haulage Cycle

Trip

Contingency Time

1 2 3 4 5 6 7 8 9 10 11 12

0hr 1hr 2hr 3hr 4hr 6hr5hr 7hr 8hr

Battery Swap

● 12 trips in 8 hr shift (37 min cycle with 10 min fixed time)
● Swap batteries every 2.5hr
● Total battery swap time is 16 minutes (8 minutes each)

● 480 tonnes/shift -> 960 tonnes/day

● 960 kWh heat generated/day with battery

● 7200 kWh heat generated/day with diesel

* Battery swap time has no impact on total tonnes moved per shift.

2km one-way on 15%
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Energy in the Battery Pack

• Climb loaded
• - 93 kWh

• Descend Empty
• + 21 kWh

• Net
• - 72 kWh

• 4 round trips/charge

Downhill Carry Opportunity

• With an uphill carry battery power is used to increase potential energy of load, then 
it leaves the mine

• With a downhill carry load potential energy helps fuel the truck

• Designing a mine around hauling down ramp could enable near continuous 
operation without charging

• Hauling waste rock or materials down ramp is another way to take advantage of 
potential energy and regenerative braking
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Battery Energy Chart - Downhill Carry

• 6 kWh/trip

• 50 trips/charge

• 2 kWh less heat/trip

Real-World Data

• Z40 has >900 hours in 
operation at KL Gold’s 
Macassa Mine

• Actual data was used to 
calibrate the mathematical 
model
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Artisan Products

● Battery-Electric
● 4 tonne LHD

ArtisanVehicles.com/A4
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Artisan Products

● Battery-Electric
● 40 tonne Truck

ArtisanVehicles.com/Z40
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Artisan Products

● Battery-Electric
● 40 tonne Truck

ArtisanVehicles.com/Z40
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New Vehicle Announcement

Artisan Products

● Battery-Electric
● 10 tonne LHD

ArtisanVehicles.com/A10
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Artisan Products

● Battery-Electric
● 10 tonne LHD

ArtisanVehicles.com/A10
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Thank You


