
MDEC 2018

S7P2 - 1

1

Economic Benefits for Using Electric and 
Low Emission Vehicles in a VOD System 

Gary Li – CanmetMINING, Natural Resources Canada  

24th MDEC Conference, Toronto, Canada, October 3, 2018 

2

 Current practice in mine ventilation simulation

 VREX – Dynamic simulation for ventilation-on-demand 
(VOD) system

 Mine process Discrete Event Simulation (DES)

 Case study – A demand-based ventilation system 

 Airflow demands for fleets using diesel, clean diesel 
engines and electric motors

 Energy savings and cost benefits for implementing VOD 
and using electric and clean diesel vehicles 

 Conclusion
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Current Practice in Ventilation Simulation

 “Static” ventilation simulation – solutions to the network when 
steady flow distribution is required to meet a specified 
production environment for workers and vehicles

 Determine the airflow demands for a number of operation 
scenarios: full production baseline scenario, peak airflow 
demand, break and maintenance, minimum circulation

 Estimate the variations in airflow and fan power vs. time –
mostly the maximum capability in a working shift or an entire 
operation cycle

 Calculate the total energy cost based on the fan operating 
power for peak demand within each period (work, break and 
maintenance)
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VREX – Dynamic Simulation for VOD system

 Ventilation solutions for multiple periods of time

 Track vehicle movements and aggregate airflow demands 
based on working status (work, travel and break)

 Analyze the effect of changing the engines in equipment (e.g. 
utility fleets) - clean diesel and electric motor

 Compare the operating costs in providing the demand flows 
according to different regulations (Ontario/CSA)

 Detect the problems that may occur in VOD implementation 
(e.g. over/under estimated demand due to vehicle traveling)

 Optimize the ventilation system with more efficient regulator 
resistances and fan speeds (RPM)
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VREX Model Components

 Production model – discrete event simulation (DES) using 
SimMine™ for equipment location and activity at each CTI 

 VREX interface – develop models, define vehicle airflows, set 
constrains, order simulation and view results

 3D-CANVENT solver – balance the ventilation network on 
given flow requirements and control elements
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SimMine™ Production model

 Physical network of the airways 

 Work shift schedules

 Vehicle locations and activities

 Results: tonnage outputs for ore 
and waste, equipment usage, 
and vehicle activities in a log file

Discrete Event Simulation (DES) 
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Vehicle and Engine Settings – Airflow Demands 
for Equipment and Activities
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 VREX model consists of a 
primary and an auxiliary system 

 Vehicle airflows were determined 
based upon the diesel exhaust 
dilution criterion (Ontario) 

 Operation scenarios generated 
according to the mine activities 
imported from DES

 Ventilation constraints (min. 
flows, fan speed, regulators) were 
defined using the Rules Script 

 Equipment power sources: 

– All diesel
– Electric LHDs
– Clean diesel LHDs

Case Study – A Demand-Based Ventilation 
System
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Airflow Demand for Diesel Engine Vehicles

Variation of total airflow demand in December for all diesel option
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 CTI = 10 min. (1 min. in DES)

 Max. airflow was supplied to meet 
the air requirement in each CTI

 Airflow demand for a full production 
baseline scenario was 552 m3/s, 
obtained from a model without VOD 
and verified by ventilation survey
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Average AP 3988 kW

Max. Air Power 5187 kW

kW

Baseline AP 4727 kW

 Total air powers (AP = Q×P) 
were calculated for VOD, the 
baseline scenario and max. 
airflow demand

 Savings in airflow demand and 
operating cost were evaluated 
through comparing to baseline 
and max. airflows 

Energy Savings for Implementing VOD

Scenario 
(Dec.)

Ave. 
Flow

(m3/s)

Ave. Air 
Power
(kW)

Energy 
Usage 
(MWh)

Operating
Cost 
(K$)

Baseline  
(no VOD)

552 4727 5410 460

Max. flow 566 5187 5937 505

VOD 
Diesel

434 3418 3912 333
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Airflow Demand for Electric Vehicles

 Only LHDs changed to electric

 Reduce airflow to 1/3 of the diesel 
requirement for electric vehicles

 Average flow demands for LHDs 
and total intake were 48 and 350 
m3/s, reduced by 47% and 19%

 Savings in energy cost were 47% 
compared to all diesel option
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Airflow Demand for Clean Diesel LHDs

 Airflow input for clean diesel 
equipment: 50 cfm/bhp

 NRCan #1274X Cat R1700G, 
535 HP, 10,500 – 14,000 cfm, 
suggests 30 – 40 cfm/bhp

 2-day ave. flow 418 m3/s, vs 
electric 376 & diesel 463 m3/s 

 Energy usage reduced by 
31%, compared to all diesel
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Economic Benefits for implementing VOD and 
Using Electric and Clean Diesel Vehicles 

 The energy savings were 28% for implementing VOD in the mine 
ventilation system, compared to a conventional baseline model that 
was verified by ventilation survey

 Using electric and clean diesel LHDs would further reduce

– the total airflow demand by 19% and 12%
– the total operating cost by 47% and 31%

Operation 
Scenario (Dec.)

Average 
Flow

(m3/s)

Average 
Air Power

(kW)

Energy 
Usage 
(MWh)

Total 
Operating
Cost (K$)

Airflow
Reduced (%)

Energy 
Savings (%)

BD MD VD BD MD VD

Baseline Diesel 552 4727 5410 460

Max. flow Diesel 566 5187 5937 505

VOD Diesel 434 3418 3912 333 21 23 28 34

VOD Electric 350 1806 2067 176 37 38 19 62 65 47

VOD Clean Diesel 380 2352 2692 229 31 33 12 50 55 31
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Conclusion

 VREX model was developed for simulating the VOD system –
supplying air according to the mine activities taking place

 Capable of tracking the movement and activity of mine equipment 
over time through mine process discrete event simulation

 Flexible in defining airflows for different vehicles (diesel, clean 
diesel and electric) and ventilation regulations

 The savings in operating cost within a 31-day period were 28%, for 
implementing VOD in the system compared to a baseline model

 Changing the LHDs from diesel to electric, the total airflow demand 
and power usage would reduce by 19% and 47%

 When clean diesel (50 cfm/bhp) LHDs were used, the total airflow 
demand and operating cost would reduce by 12.4% and 31%, 
compared to the diesel option

 Further study for all mine electric and clean diesel equipment
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Thank You!

Questions?


