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eventually

» Legislators will infroduce increasing
tough emission and atmospheric
stfandards.
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» MOST maQjor €
now offer a line of BEVs using g
batteries, although supply, performance
and safety questions remain.
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Five cars were destroyed by fire at Sydney airport. The battery
that sparked the fire had been detached from the car and

stored in the parking lot. Photograph: NSW Fire and Rescue/PR
IMAGE Sept 2023




)

MinWare

» Light vehicle Charging/pa
a Southern Districts Ontario mine
(Ontario Mine Rescue, 2019)

» Faulty charging cable started fire N e —
'\ g
- - frhh-v %, sa P
» Fire spread to three vehicles -‘ -, . A
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» Electric Boom Truck fire from electrical
faults

» Dark black smoke and extreme heat

» Fire burned for 4-5 hours
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» Useful history of surface

> #n China, a major EV adopfter - first 3 months of 2C
ires.

» But statistics show EVs are relatively safe

» An USA insurance company reported for every 100,000 cars sold...
» Hybrid 3,475 fires

» Gasoline 1,530 fires
» EVs 25 fires

Ventsim User Conference VUC Montreal 2023
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LITHIUM BATTERY TYPES

Many types of lithium batitery
chemistries.

» The most stable/safest lithium battery
technologies are the lowest energy
density / highest weight.

» NMC, LFP with LTO being considered
for underground.

» High energy density batteries often
used for surface vehicles (NMC, NCA),
although LFP becoming more popular
due to safety, cost and cycle life.

Lead Acid NiCd

NiMH
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LITHIUM BATTERY TYPES

» Battery packs are made of many
small cylindrical, prismatic or pouch
cells (2.8V - 4.2V) wired in parallel and
series and packaged securely.

» A battery monitoring system (BMS)
monitors and balances all cell
recharge and discharge and shuts
down the battery in the event of
faults, overcharging or over-
discharging.

» Underground designs have intfernal
cooling - liquid or refrigerant to
maintain optimum working
temperature (35°C)

Lead Acid NiCd

NiMH
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COMBUSTION OF LITHIUM BATTERIES

» Combustible materials
includes the carbonate
elecftrolyte solvents, ® o Cathods
anode (graphite), 28 £,
casing and oxidizing
metals.

» Under heat, the solvent
can break down into
hydrogen, methane Electrolyte
and other flammable ® O . Al et

hydrocarbons. ‘ Cu current collector
Anode Electrolyte Cathode collector
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e Exfterna
the battery packs.

U = IC

e Electrical fires from short circuits, bridged fuses, faulty
switches efc.

e Infernal battery thermal runaway and combustion
from cell failure / damage / overcharging.
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e If heat reaches 120°C - 150°C,
exothermic reactions become self-sustaining ano
spread to all cells.

\/ —

e Risk is iIncreased in highly charged cells.

e Infernal thermal run-away does not require oxygen,
although the burning of released gas products does.

e External heat of burning gases can accelerate
infernal thermal run-away.



e Beware of misleading reports | Exhaust LFP LMO NMC
(such as naill penefration o 35 959
tests) | 43

D D 4,235

e ALL current lithium baftteries 0 632
containing liquid electrolytes 2 5
have a fire risk. :

6 25

e Actual fire risk depends on . 62
many factors beyond - : 280
battery types - packaging, Ak
BMS, cooling, armoured - | 2616',98
profection

A misleading comparison which only tells part of the story.
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Li-NMC Lithium Battery: Normal LiFePO4 Lithium Iron
Severe burning Phosphate Battery:
surface temperature exceeding 500°C Battery liquid leaks, smoke observed,

surface temperature exceeding 110°C
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e Total Heat Released (THR)
e Heat Release Rate (HRR)

e Products of Combustion
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BURNING BEHAVIOUR OF LITHIUM BATTERIES

e Typically follows a T-Square burning
heat release rate
e Rapid growth
e Sustained period of constant combustion
e Gradual decay

HRR, [MW]

Fully develaped

e Highly charged batteries (high SOC)
have a more volatile behaviour (flaring
and gas jetting) with a more rapid
burn rate.
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e Similar overo oml
regardless of whether high SOC or low SOC

e Low oxygen will retard open flame, but not stop
thermal runaway and flammable gas venting.

e Most underground vehicles fires are considered to
OCCUr in oxygen rich environments.
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Refresher.....

HRR Heat Release Rate (MW) = THR Total Heat Release energy (M

For example
e A fuel source mass contains 100,000 MJ of thermal energy
e The fuel source is burned at a consistent rate over 1 hour (3600 seconds)

e Therefore, heat release rate (HRR) = 100000 / 3600 = 27.8 MW
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- SANDVIK

SANowx -~
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Mass.
e Diesel fuel has a total heat release
e Lithium (LFP) battery combustible components have a TMR o
e However, not all of a battery pack is combustible, depending on packaging etc. /
cyet

W N

\ J

O |1V

e Typically total battery pack mass heat release is only around 7 MJ/kg.
e Mining equipment may be as low as 2 — 3 MJ/kg because of extra armoured housing / coolipy
e The actual heat release per manufactured mass is difficult to estimate.

E.g. a 3000 kg LFP battery module may release befween 50007- 20000 MJ
depending on module application design.
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module mass.

e Testing shows LFP batteries typically have up
release of the rated electrical capacity (kWh).

14 x 3600 xC,

Litin= 1000

= 50.4 x Cy (For LFP batteries only)

Where (€, is the battery capacity (in kWh) and THR is total heat release (idkAJ

For diesel comparison
THR = 39.5 x C4 (for diesel fuel) where C; = number of Iiire;%f diesel
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e LH518B (BEV) loader with a 353kW battery THR =50.4 X

e TH517i (IC) loader with a 580L 100% fuel tank THR =39.5 x 580 = 22,910 MJ
e TH517i (IC) loader with a 580L 50% fuel tank THR =39.5 X 290 = 11,455 MJ

*note: LFP Battery figures not ratified by Sandvik
*note: other battery chemistries such as NMC may have different rates
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HEAT RELEASE RATE OF LFP BATTERIES

« Independent Full-Scale EV (surface) vehicle testing (including tyres,
plastics efc.) suggests HRR curves similar to fuel / hybrid vehicles.

« Smaller vehicles < 1 hour, Larger vehicles longer /

Gas Tank (45L)
ICE #1

ICE #2

Small PHEV
Large PHEV
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« State of Charge (SOC) of battery impacts early burning rates (HRR) but

has little effect on the total heat released (THR).

HEAT RELEASE RATE OF LFP BATTERIES
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« Carbon Monoxide (IC /
* Hydrogen Fluoride (IDLH 30 ppom - 10 min to

« STEL (15 minutes) 200 ppm CO and 2-3 ppm for HF



)

MinWare

IDLH or Immediately dangerous fo life o
foxic, corrosive or asphyxiant substance that poses an immedic

ireversible or delayed adverse health effects or would interfere with an individuc
escape from a dangerous atmosphere. (OSHA)

Huge historical research and medical history for CO exposure and fatalities, but very
limited research on HF.

* NIOSH limits stem from animal testing in the 1960s

« Testing performed on monkeys, rats, guinee pigs and rabbits suggested 30ppm for 40 hours
was tolerated without fatality. 300 ppm for 2 hours was fatal.

« |IDLH HF 30 ppm appears to be a conservative limit due to backing of real hyman statistics
and data.
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PRODUCITS OF COMBUSTION

HCL

*Maximum and Minimum experimental results

Mass yield LFP

Low
kg/kg
-0.3975
0.4500
0.0038
0.0021
0.0023
0.0003

0.0017

High
kg/kg
-0.3375
0.5300
0.0133
0.0021
0.0023
0.0003

0.0174

Energy yield LFP

Low

kg/kWh  kg/kWh
-4.5713

-3.8813
5.1750
0.0431

0.0242
0.0265
0.0035
0.0200

High

6.0950
0.1524
0.0242
0.0265
0.0035
0.2000
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Lithium Battery Total Heco
+

Heat Release Rate typical of diesel equipment fires.
+

Gas Yield Rates and Oxygen Consumption

Simulation prediction of temperature, gases and natural ventilation changes
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BEV FIRE MODELLING IN VENTSIM 6

VentFire Events Manager

Presets

» Define Battery Combustion Parameters o

BEV Truck Fire

 Include Baftery in BEV Equipment Fuel Types s N ey 12

Fire Event Wizard

Heat of 0z

Fuel Types Total Fuel
. . CyCoZ2  yCO y NO y502 yHF yHCL v Soot
Description C;T,’{’{““'“” Consume }g/kWh ka/kWh kg/kWh kgAkWh kg/kiWh kgAWh  kg/kWh
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R P ) T

| Hydraulic Cil

Tetal Fire Time 4 00 OO

Delay Fire Start oo 00 o0

Fire Events
Growth Period 0 20 00

Sustain Period 01 40 OO
Decay Period 4 o0 oo
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Inputs should be modified
(kWh), not battery mass (kg).

\_ —

« Similar heat release rates expected for BEV fires compared to diesel fires.

Ay

« Due to HF gas, BEV fires are at least equally or potentially more hazardous than
(diesel) fires.
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- HF gas output should be considered in BEV fires — mc
gas released.

« HF gas output consideration essential for battery only fires (e.g. charging bays or s oz‘
areas) — can be up to 10-40X more toxic than the CO gas released
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mine design, refuge, fire supg

Ventilation infrastructure is recommended to have independe
charging of lithium baftteries. Extra caution must be taken for faulty or damaged bc

which may enter thermal runaway hours or days later. /

Special techniqgues and considerations for fire fighting, mine refuge and mine # e,
including effectiveness of refuge, scrubbers or PPE against HF gas. /

The likelihood of underground BEV fires vs Diesel equipment fires is undeterpiined. More
testing (including full scale) and incident statistics required.
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THANK YOU
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