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Common Lithium Batteries?

A Non-rechargeable

o R0 Batteries (Lithium Metal)

ke Highest energy density
Very stable medium

Lithium metal found inside

is extremely water reactive
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Presenter Notes
Presentation Notes
Let's begin with some examples of common Lithium Batteries. These are your standard AAA, AA, C, D cell and 9 Volt batteries we all have at home and in the fire stations. These have been around for a long time and are very stable with Lithium metal strip found inside. This metal is extremely water reactive.


Common Lithium-lon Batteries

GREEN ENERGY
POWER SOLUTIONS

Rechargeable Batteries
Good memory resistance
Very stable medium


Presenter Notes
Presentation Notes
What about Lithium-Ion Batteries? These have increased in their popularity, technology, and overall use. From the power tools in Truck Companies, e-bikes on your porch, and your Tesla in your garage all these are powered by Lithium-Ion Batteries.


Lithium-lon Battery Types

Cylindrical Cells
(18650) are the most
common battery in most
mobile applications
(bikes, scooters, etc.)

Cylindrical Cells are
also used by electric
vehicles, where you can
find anywhere from 3K-
7K individual cells

Prismatic and Pouch
Cells are found in all
other electric vehicles

Cylindrical Cell Prismatic Cell Pouch Cell



Presenter Notes
Presentation Notes
The most common battery among all mobile applications such as E-Bikes, Electric Scooter, Hovercrafts, drones, etc. is the 18650.
Electric vehicles also commonly use thousands of cylindrical cells in series such as the 18650 which is about ¾ of an inch by 2.5 inches.
- In addition to the cylindrical cell batteries some of the other types of Lithium-Ion batteries in the market are Prismatic Cell, found in some hybrid vehicles, and the Pouch Cell often found in laptops and cellphones.
- All these variations of batteries come with Pros and Cons from more or less stable, more or less compartmentalization, more or less resistant to physical damages. However, for the purpose of our AWARENESS training, they all behave very similarly during an emergency.


Evolution of the Cylindrical Cell

0 Here is an
example of
how the
cylindrical
cell size has
evolved
over time




Exponential Increase — Infrastructure
]

Federal Infrastructure
Investment and Jobs Act
(11/15/2021)

$6 Billion
m Battery Storage

$7.5 Billion

® Rapid charging stations —
500,000 along highways and in f
communities -

$1 Billion

m School Buses
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Rapid smoke and flame production
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Three Primary Presentations of LIB
]

Energy Storage Systems
Electric Vehicles

Micro-mobility


Presenter Notes
Presentation Notes
- What makes these fires different?
- Very Toxic, they Burn hotter, they don't need oxygen, they produce explosive gases, caused by a Thermal Runaway reaction which cannot be stopped and creates a domino effect on neighboring batteries. This can lead to re-kindle many days or even weeks later, even after fire and batteries appear "C




Presenter Notes
Presentation Notes
Battery Energy Storage System or ESS have the most potential for firefighter injury or death.
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Battery Energy Storage System (ESS)

Large Systems

Multiple racks of batteries
Surprise, AZ - 2019
m ESS Fire /Explosion

® |njuries to Hazmat FF’s

m Chemical Burns

m Compression Blast Injuries

m NFPA 1855



Presenter Notes
Presentation Notes
- Extremely large systems found throughout most metropolitan and industrial areas. It can be assumed that all large building such as Hospitals and Hotels will eventually transition to these systems.
- The 2019 Surprise Arizona Incident forced a change in ESS development and alarm monitoring. It brought us, NFPA 855 
- At this incident, 4 Hazmat FFs were injured during an explosion that occurred upon opening the door to the unit. It is thought that the hydrogen gas present during thermal runaway was the cause of the explosion
- The Case Study is worth reviewing.
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KEY TAKEAWAYS FROM APS EXPLOSION REP EJ15)

SEVERAL VALLEY FIREFIGHTERS HURT IN 2019 BLAST [ARIZONA]



Presenter Notes
Presentation Notes
Battery Energy Storage System or ESS have the most potential for firefighter injury or death.
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Battery Energy Storage System (ESS)

]
September 20, 2022

Moss Landing, CA

Tesla Battery Energy
Storage Facility

=% o

FIRE AT PG&E'S TESLA BATTERY FACILITY :


Presenter Notes
Presentation Notes
Most recently, a similar incident to the Surprise, AZ event occurred not to far from it. Firefighters applied the lessons learned from the Surprise incident and took an appropriate defense posture.




Presenter Notes
Presentation Notes
Let's discuss Electric Vehicles
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Exponential Increase — Electric Vehicles (EV)

]
% of EVs Global Auto Sales Global passenger car sales*
470A) _ 2020 Ne}u.car sales
(million) EVs Other cars -O0-EV %
90 - 60%
15% - 2025 80
70 4 50%
48% - 2035 60 - 40%
ig 30%
California forecasted to be 30 - o
much higher. 20 |
o | 10%
By 2035 100% of all vehicle 0 0%

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

sales in CA must be battery or
hydrogen powered

*Excludes commercial vehicles

Source: Canalys estimates, January 2021 0 ca nalys



Presenter Notes
Presentation Notes
- I'm sure it's no surprise to any of you that Electric Vehicle sales are up.
- The GLOBAL ESTIMATE is that 15% of all vehicles sold in 2025 will be EVs and by 2035 48%. However, in the State of California those numbers are expected to be dramatically higher and sooner. By 2035 100% of all vehicles sales in CA are proposed to be zero-emission vehicles.


B
Electric Vehicles (EV)

Lithium-lon Batteries primarily
located in underside of vehicle
B White smoke

m Battery cell projectiles

m Hissing /popping sounds

®m Water is considered best cooling
agent for suppression

® Woater needs to be applied

under the vehicle and up at the 18650 cell generation
batteries.
m Rekindle is likely and can occur LOTS OF WATER

up to 21 days later!



Presenter Notes
Presentation Notes
- Batteries are primarily located in the underside of the vehicle
- Battery involved fires will include: white smoke and hissing and popping sounds
- Water is considered the best cooling agent for suppression. Several products claim improved suppression capabilities, but Hazmat and Electric Vehicles expert in the field do not agree that they are better than water on these incidents.
- The key to success is early battery involvement identification. If possible, ensuring no exposure to life or property, allow these fires to burn to completion and protect exposures from a distance. It will likely be a faster, self mitigating event than extinguishment. If letting it burn is not an option water application directly to the underside of the vehicle to the battery compartment is recommended. This can be the difference of 10,000+ gallons used or as little as around 2,000 gallons with significantly shorter on scene resource commitment. Many of these fires have taken hours to control.
- Several single vehicle fires throughout the country have resulted in rekindling at the yard, hours or days later, creating a much bigger incident.
- Current recommendations is for the yard to store these vehicles away from other vehicles aiming for a minimum of 50 ft clearance


3 Keys to Success
1

Let it Burn
EV PROTECT
Identification  EXPOSURES!

Secure a
Water

Supply



Presenter Notes
Presentation Notes
To recap. The keys to success on Electric Vehicle fires is to identify that Lithium-Ion batteries are involved. If there is no threat, due to exposure, to life or property, allow the vehicle to burn and protect exposures from a safe distance. If extinguishment is required secure a water supply! This is of course particularly important on freeways and areas with little to no hydrant access. Consider early request of 1 or more Water Tenders!




Presenter Notes
Presentation Notes
Let's discuss Electric Vehicles
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Presenter Notes
Presentation Notes
- As an example of allowing the vehicle to burn.
– July 23, 2022 in Hamden CT. An electric city bus's batteries ignited. The fire department allowed the bus to burn to completion. No injuries reported.


E-BIKES, SCOOTERS, HOVER BOARDS, ETC.



Presenter Notes
Presentation Notes
Micro-Mobility Devices. Smaller, but not less problematic. These bikes and scooters hold a significant amount of potential energy and off-gas toxic fumes.


HOW FAST DO THEY FAIL?



UL/FSRI DEMONSTRATION
-

- a10

™ G0 S | 6w @ NBCPhiladelphia [EYIIEER
PN OS AGH SN DO T |

Aa



.

Differences in Lithium-lon Battery Fires
]

Very toxic atmospheres
Burn temperatures are higher than normal

Fires can burn without Oxygen — can’t
smother!

Explosive potential — Hydrogen Gas
Thermal Runaway reaction
®m Chemical reaction — rapid degradation
m Does not require Oxygen
®m Nearly impossible to stop once it starts
m Could happen in seconds or days

Re-ignition is common — As much as 21
days later!



Presenter Notes
Presentation Notes
- What makes these fires different?
- Very Toxic, they Burn hotter, they don't need oxygen, they produce explosive gases, caused by a Thermal Runaway reaction which cannot be stopped and creates a domino effect on neighboring batteries. This can lead to re-kindle many days or even weeks later, even after fire and batteries appear "C


Micro-Mobility Devices

Public exposure concerns

m Stored and charged inside
occupied residences and

businesses

B Often near children’s
bedrooms

®m Can ignite with little-to-no
warning

m Rekindle is likely. Remove
all batteries outside as part
of overhaul



Presenter Notes
Presentation Notes
- They are a significant public safety concern.
- Fires caused by these mobile devices are often found inside residential apartments and homes and may begin a well involved structure fire. Battery failure will create a toxic environment for the occupants while fire and smoke is rapidly dispersed. Fire ignition after off-gasing can occur rapidly, often before smoke detectors can alert occupants.
- The state of charge of all these batteries is directly related to the energy discharged during battery conflagration. They do not need to be charging to be a threat of thermal runaway reaction, although often, the charging process can be a catalyst.
- Once fire is suppressed, remaining batteries can off-gas and discharge its energy at any time during the overhaul phase or after we leave the incident! This can pose an additional risk to fire crews, investigators, and residents after the scene appears to be rendered safe.


.

Micro-Mobility Devices
]
Lithium-lon batteries do
not require Oxygen to
burn and are water
reactive.



Presenter Notes
Presentation Notes
Although the exposure risk is minimized in this scenario, the hazardous gases are still present.



VIP Pedicabs
1433 Market
St/ 1434
Island Ave
San Diego,
11/9/22
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Put Batteries in with Vermiculite /Cell
Bl




EVOLVE SKATEBOARDS
POST INCIDENT SAMPLING



NO.2619050058

‘“pang Tianhong Lithium-ion Battery Co., Ltd

SAFETY DATA SHEET
Lithium-ion Battery 36volt C 36V 14Ah 504Wh

SECTIONI PRODUCT AND COMPANY IDENTIFICATION

1 hide Lithiwrion Battery 36valt C 36V 14Ah 504Wh == S
——"Y Ihejiang Tianhong Lithium-ion Battery Co., Ltd
Aidress Na. 559 Changcheng Road, Taihui Street, Changxing Town, Huzhou City, Zhejiang

Province, 313100, P.R.China

Faa xiexin3699588cnthpower. com
Fax B6-572-6216061

Emergency Phone: 86-572-6216650

505 Number 2612050058

Effective Date: 2019-06-19

SECTION2 HAZARDS IDENTIFICATION

Hazards Identification:
Class 9, miscellanecus. The battery has passed the test items of UN Model Regulations, Manual Te
and Criteria Section UN 38.3.

Esergency Overview:
C ion: Avoid contact and inhalation the electrolyte contained inside the batiery

SECTION3 INFORMATION ON INGREDIENTS

Product name: Lithium-ion Battery 36volt C 36V 14Ah 504%h

Ingredient Concentration CAS No.

hium Manganese Nickel and Cobalt Teary 15-35% 346417-97-8

Carbon/Graphite 10-25% TIM0-44-0
Copper 10-20% 7440-50-8 231-159-¢
Electrolyte 10-20% 96-49-1
Aluminum 5-15% 7429-90-5
Silicon Rubber 2-10% 63394-02-5
Nickel Tab 1-5% T440-02-0 2 i
Conductive Carbon 1-2% TI82-42-5 -
Polyethene (PE) 0-2% 9002-88-4 1810
1/1
L
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NMC 21700 Molicel




Lots Smoke from LiPO4 ESS Batt




Client: County of San Diego
Project/Site: Evolve

Job ID: 570-108005-1
SDG: 2870 Whiptail Loop #103, Carlsbad, CA

Client Sample ID: 20044
Date Collected: 08/29/22 10:40
Date Received: 08/29/22 18:10

Lab Sample ID: 570-108005-1
Matrix: Water

_Method: 6010B - Metals (ICP) - STLC Citrate

Analyte Result Qualifier RL Unit D Prepared Analyzed Dil Fac
Antimony ND 20 magiL "~ 09/01/22 09:12 09/01/22 09:31 1
Selenium ND 1.0 magiL 09/01/22 09:12 090122 09:31 1
Molybdenum ND 10 mg/L 09/01/22 09:12 09/01/22 09:31 1
Lead ND 1.0 maiL 09/01/22 09:12 09/01/22 09:31 1
Zinc ND 50 magiL 09/01/22 09:12 09/01/22 09:31 1
Vanadium ND 0.20 magiL 09/01/22 09:12 09/01/22 09:31 1
Thallium ND 1.0 magiL 09/01/22 09:12 090122 09:31 1
Nickel ND 10 mg/L 09/01/22 09:12 09/01/22 09:31 1
Copper 1.4 1.0 maiL 09/01/22 09:12 09/01/22 09:31 1
Cobalt ND 1.0 magiL 09/01/22 09:12 09/01/22 09:31 1
Chromium ND 1.0 magiL 09/01/22 09:12 09/01/22 09:31 1
Cadmium ND 0.20 magiL 09/01/22 09:12 090122 09:31 1
Beryllium ND 0.20 magiL 09/01/22 09:12 090122 09:31 1
Barium ND 0.20 maiL 09/01/22 09:12 09/01/22 09:31 1
Arsenic ND 20 maiL 09/01/22 09:12 09/01/22 09:31 1
Silver ND 0.20 magiL 09/01/22 09:12 09/01/22 09:31 1
Method: 7470A - Mercury (CVAA) - STLC Citrate

Analyte Result Qualifier RL Unit D Prepared Analyzed Dil Fac
Mercury ND 0.0025 magiL T 08/31/22 1555 09/01/22 13:14 1
General Chemistry

Analyte Result Qualifier RL Unit D Prepared Analyzed Dil Fac
pH 8.2 HF 0.1 su - 08/31/22 11:23 1

Client Sample ID: 20045

Lab Sample ID: 570-108005-2



Client Sample ID: 20045 Lab Sample ID: 570-108005-2
Date Collected: 08/29/22 10:45 Matrix: Water
Date Received: 08/29/22 18:10

_Method: 6010B - Metals (ICP) - STLC Citrate

Analyte Result Qualifier RL Unit D Prepared Analyzed Dil Fac
Antimony ND 20 mag/L ~ 09/01/22 0912 09/01/22 DI:50 1
Selenium ND 10 magfL 0901/22 0912 09/01722 09:50 1
Molybdenum ND 10 magfL 0901/22 0912 09/01722 09:50 1
Lead ND 10 magfL 0901/22 0912 09/01722 09:50 1
Zinc ND 50 magfL 0901/22 0912 09/01722 09:50 1
Vanadium ND 020 magfL 0901/22 0912 09/01722 09:50 1
Thallium ND 10 magfL 0901/22 0912 09/01722 09:50 1
Nickel ND 10 magfL 0901/22 0912 09/01722 09:50 1
Copper 3.0 10 mag/L 059/01/22 09:12 09/01/22 09:50 1
Cobalt ND 1.0 mg/L 09/01/22 09:12 09/01/22 09:50 1
Chromium ND 1.0 mag/L 09/01/22 09:12 09/01/22 09:50 1
Cadmium ND 0.20 mag/L 09/01/22 09:12 09/01/22 09:50 1
Beryllium ND 0.20 mg/L 09/01/22 09:12 09/01/22 09:50 1
Barium ND 0.20 mag/L 09/01/22 09:12 09/01/22 09:50 1
Arsenic ND 20 mag/L 09/01/22 09:12 09/01/22 09:50 1
Silver ND 0.20 mg/L 09/01/22 09:12 09/01/22 09:50 1

Method: 7470A - Mercury (CVAA) - STLC Citrate
Analyte Result Qualifier RL Unit Prepared Analyzed Dil Fac
_I«ulerl::ur]|.r ND 0.0025 ma/L 08/31/22 15:55 09/01/22 13:20 1

=]

Eurofins Calscience



Disposal procedures for batteries

o0 After battery no longer poses a fire hazard and when ready for disposal, do the
following:

o0 At Residence: Provide resident contact information for their local Household
Hazardous Waste program to determine requirements for acceptance. Provide
guidance to ensure safety during transportation (background temperature, Properly
sealed container for waste with liquids, lid ajar if transporting solids only). The
haulers list also includes HHW contacts. Let them know that if HHW does not take it,
they will need to contact a private hazardous waste hauler, may want to talk to their
insurance provider.

0 At Business: Provide business the hazardous waste haulers list and provide proper
disposal guidance. Refer to DEHQ for follow-up.




1)

2)

3)

4)

5)

Batteries taken off site for safety reasons

(congratulations you likely now own them):

Check the temperature with TIC.

When waste is at ambient temperature and ready for disposal, pH the
saltwater.

Contact hazardous waste hauler or battery recycler, provide photos and
documentation on temperature/pH to determine if waste can be taken as is
with saltwater solution and battery(s). If they can take it, go to step 5.

If waste hauler/recycler cannot accept batteries in water and pH is between 5
and 12.5, the waste is sewerable pending no EPA regulated heavy metals
present (consult DEHQ). Previous incidents by EPA and DEHQ have determined
this is not a corrosive waste or toxic due to regulated heavy metals.

Take photos and send documentation information to your recycler/hauler for
disposal/recycling.



June 30, 2023

U.5. Department 1200 Mew Jersey Avenue, SE
of Transportation Washington, DG 20580

Pipeline and Hazardous
Materials Safety
Administration

DOT-SP 21193
(FOURTH REVISION)

EXPIRATION DATE: 2027-05-31

(FOR RENEWAL, SEE 49 CFR 107.109)

1. GRANTEE: KULR Technology Corporation
San Diego, CA

[

PURPOSE AND LIMITATIONS:

a. This special permit authorizes the manufacture, mark, sale, and use of specially
designed thermal runaway shield (TRS) packagings for the transportation in commerce of
damaged, defective, or recalled lithium ion cells and batteries and lithium metal cells and
batteries and those contained in or packed with equipment. This special permit provides
no relief from the Hazardous Materials Regulations (HMR) other than as specifically
stated herein. The most recent revision supersedes all previous revisions.



Need Help?

0 If you need additional assistance, you can contact a
DTSC Duty Officer at 916-255-6504 or (800) 260-
3972 during work hours or afterhours via
CalOES Warning Center at 800-852-7550

0 If the incident is large you can also contact Fed EPA
Duty Officer at 800-300-2193



Another Op’rion- DOT Special Permit
containers IR T
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The kit includes individual
packaging for the battery,
a drum liner, cell block,
stickers and instructions
with the containers






Presenter Notes
Presentation Notes
How to keep yourself safe?


D|S pOSCI I Sources of Fires at Waste Management Facilities

Challenge

Trash

trucks /recycling
facilities

: Battery !
Propane cylinders  3(unknown type)E
20% 15% :

+  Other
“rechargeable

Lithium-ion batteries Unknown % batteries
40% 15% L 10%




What Can We Do?
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Presentation Notes
How to keep yourself safe?
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