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

Gary Li — CanmetMINING, Natural Resources Canada

Outline

= 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

Secondery
VENTILATION

PRODUCITON RULES

MODEL ENGINE

= 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

Air Demand

VENTILATION

SOLVER
3D-CANVENT

Network Performace

Equipment

Location

Activity VISUALIZATION AND QUERY ENGINE
I‘. N&m\anmmas Ressources naturelies

Canada

SimMine™ Production model

= Physical network of the airways
= Work shift schedules
= Vehicle locations and activities

= Results:
and waste, equipment usage,
and vehicle activities in a log file

tonnage outputs for ore

Discrete Event Simulation (DES)

M Existing mine area A1

B Existing mine ares A2

M Existing mine arez A3

M Developing siopa fwastz]
M Developing stope {ore]
M Developing section {waste)

Shift schedule properties Time Equipment Location Work Status | Travel
_ |Stert |Stop Sl [Stop Stert Stop [Stert Stop | 01 00:01 | Scissor Lift-51038_ | 10339.3 10235.7 3122.6| MealBreak | None
Von [VB5G0) 02:00 1230 1330 [§7000 2000 2300 01 00:01|LHD 644 & YD (Bot1) [10250.3 10318.0 2700.7| Work Travel
01 00:01(LHD 12 YD (Mid) 10300.4 10152.1 2940.1| Work None
0001 (O8G0 02:00 1230 13:30 [ED0Y 2000 2300 o1 goio1 | LHD 543 8 vd (Top2) |10360.1 10154.8 3061.2 | MealGBreak | None
00:01 [B5000 03:00 1230 13:30 0O 2000 2300 01 00:01 | Cat R1700G (LHD Bot)|10212.5 10179.8 2723.4| Work Travel
lmm [85001 05:00 1230 1330 (17000 2000 2300 05 27:24 | ac £2C Jumbo JB221 |10300.1 10194.2 2940.8 ore Hone
0001 [G5000 08:00 1230 12:30 700N 20.00 2300 05 22:24 | LHD 843 8 YD (Topl) |10268.8 10082.7 3062.4 | Worl Trave
fffff 1 - ann 05 22:24 | Scissor Lift-5T034 [10245.0 10204.6 3063.4 | Broken None
Sat 0001 [B5ON 0300 1230 1330 [F0ON 2000 2300 05 53:24 | LD 644 & YD (Bot3) |10306.3 10285.3 2725.8 | Idle None
Sun |[00:01 [BS000 02:00 1230 13:30 00N 2000 2300 05 22:24 | Scissor Lift-6 10168.1 10243.4 2728.7 | Idle None
3 o i o 15 15:41 | Forklift (1) 10030.1 10109.0 3086.6 | Broken None
Time type Extra worker time / shift end:| 00:00 15 15:41 | Toyota Mczgs 2 10030.1 10109.0 3066.6 | Broken None
) ) E‘ 15 15:41 | AC E2C Jumbo JB221 |10250.0 10282.0 2944.4 | Work None
Shift exception to use: Mere | 15 15:41 | Anfo Loader (2) 10388.2 10115.6 2943.1 | Work None
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Vehicle and Engine Settings — Airflow Demands
for Equipment and Activities
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3| wencesE) | Tivew [ | Sngnetetngn 1) | vehwes Tt | ngres [] | vonce Acovy Setsngs O
Engine. id Vehicie Primary Secondwy  EngneSemting  Hame
0 ACEIClumbe @22l ACEDC lumbe 10 LHDB4SE VD Midl) Vicik T LHDSYD Wtk - Traftic
1 LHDSMSEVD (MY LHDEYD 21 LHDBAIA Ve (Topd) Viork Travel = —
1 ACEIClumbolB2X) ACE2C Jumbe 3 7 Transminer SHTRS Idie Traveh ‘ 30 View [ | Engine Settings [ \ vehicles ||
3 Toyota MAC28E Tayats MC 4 3 ACEIC lumbo 182X Wtk Tratfe: id Name HP RPM Airflow
4 Seimorliftd Sclszor 5 4 Somorlief Broken  None .
L gy st e e |1 0 DefaultEngineSetting 0 0 0
6 Emubsionlosder(2)  MaclsnEmusonlod (7 6 D634 8 YD (Botd) Work Moo |2 1 CatRITO0G &0 1
7 Misciean Erulicn Loades Maclean Emision Lol |5 3 Toor mcaus ) Wik Tatne |3 2 LHDBYD 21 0 1168
8 Mackom Botar ME-04¢ | MCluan Bollar 8 8 Anfolosder(l) Wiork Tesffic |4 3 LHD12VD 22 0 a6l
D (AClombo kY ACEC hamba 10 8 McleanBoherMEOSD  Broken  Nome |5 4 ACE2C Jumbo 1m0 7
10 Ferkife 2) Forkdft
Sk A 1110 LHO 648 YD (Botd) Mealiresk None |6 5 ACE2CJumbo-work 112 0 23
1 ismorlid Scissce =
1 Foldft ) Forkit 12511 [ipia MO Mk Trewel 17 6 Anfo Loader 09 0 63
2 1313 LMDBASEVD Mic2) MealBzesk  hicne
13 Tramsmizer (1) Transmitcer & 7 Anfoloader - work 09 0 23
: MO13 LHD12YD M) e Trattic
14 Scissor LiSTO35 Scissce AT 9 8  MClean Bolter 09 0 63
S ; cerete Sprayer MealBreak hone
13 SCuy Lk 5T ol 10 9 McleanBolter-work 109 0 23
16 15 ACE humboJB221 OffSh#t  hicne -
) Seilacih ST 3¢lutae ) 11 10 Shotcrete Sprayer 8 0 85
T e e 116 Forkdil) Broken  None pray -
8 ek Bensit Shoterata Spraes | |18 17 LHD12YD M) Idhe Travel |12 11 Shotcrete Sprayer-work 148 0 28
10 Emubionloaderl)  Mackean Emtton Lo |19 18 Medesn Emulsion Losder  Work Treeel (13 12 Simba L8C_Dril 19 0 72
M Shotorete SHTOL2 Shaterete Sprayer | (20 18 Scimsor Life ST037 OffSh#t Mome |44 13 SimbalBC Drill-work 119 0 24
N LHDG48YD (MceZ)  LMDEYD R, Anda \cader ) o M 145 14 Maclesn Emulsion Loader 110 0 69
2 2 Teamsmiser 1) e Travel
2 NNWEO B (UAW 2 Tanamite/ " |16 15 Maclean Emulsion loader-110 0 24
2 fnfo Loader (3] Ao Losder A 2 Tansmoer @ e Trsffc )
M ACEIChmboJBIZ3  ACEZC lumbo M 2 MacleanScher MB04S  OFSh#t  Nene |17 10 Forklift kubarts 30 08
B LHD 2435 ¥d [Topd) LHD& YD I M Shoterete Sprayer e Tt |18 17 Forklift 62 0 38
M Mclaon Boler MBSO MClean Boher % 35 MDINZ12VD(Tep)  OFSKA  MNome (19 18 Toyota MC 9% 0 57
1T McLeen Boher MBDE3 MClan Bolter O 16 LHDE45E YD (Mid2) Wark Traffc |20 22 Transmixer 148 0 95
A Truckd LHD 12 ¥D # 1T ACERC umbs JB221 Il Tvel |5 23 Seissor 109 0 59
1 IHDAQEVD[Tpl)  LHDEWYD 2 B ToyotsMC2E8 offsh#t  MNene | o o v v lo
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Case Study — A Demand-Based Ventilation
System

i«l

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
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Airflow Demand for Diesel Engine Vehicles

600

= CTI =10 min. (1 min. in DES) sop - Max-Howsssmifs_ _ _ __ _ ____
= Max. airflow was supplied to meet  so " Baseiine Fiow sz /s 7 | — -
the air requirement in each CTI 50 = s WWJ ) o
= Airflow demand for a full production 00 i
baseline scenario was 552 m?3/s, 350

obtained from a model without VOD 300

[
and verified by ventilation survey =~ s | woworkshiftseachdayl
0 6 12 18 24 30 36 42 48hr

Variation of total airflow demand in December for all diesel option
Max. Flow 566 m3/s
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Energy Savings for Implementing VOD

= Total air powers (AP = QxP) SeERERE 0 Energy | Operating
were calculated for VOD, the (Dec.)
baseline scenario and max. —
airflow demand (no VOD) 552 4727 5410 460
= Savings in airflow demand an
Sa gs In airtio demand and Max. flow 566 5187 5937 505

operating cost were evaluated
through comparing to baseline \{ODI 430 3418 -
and max. airflows Diese

kw

5600 Total Fan Air Power For Diesel Equipment

____:X.ALPowerSL7kW e —m P "‘1';“1"‘
CHRAtE EERRLY MRy ERIR SRrER BN

verage AP 3988 KW
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Airflow Demand for Electric Vehicles

m3/s

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 *°
m?/s, reduced by 47% and 19%
Savings in energy cost were 47% 3®

compared to all diesel option

250

350

Total Airflow Demands in First 2 Days
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Airflow Demands for Fleet with Diesel and Electric LHDs
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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 m?/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 Average | Average | Energy Total Airflow Energy
Scenr;rio (Dec.) Flow | Air Power | Usage | Operating| Reduced (%) | Savings (%)
~ L/ L (W)L (Mwh) | Cost (<$) | BDTMDI VD | BD VDI VD
552 460

Baseline Diesel 4727 5410
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
Ll Canada

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?
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