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THERMAL RUNAWAY CHALLENGES KULR

cooler + lighter - safer

 INHERENT POSSIBILITY

— There is inherent risk associated with utilization of lithium-ion (Li-ion) cells and f
batteries due to the possibility of thermal runaway. I~

— These events can be brought on by several failure modes including thermal
induced failure, structural or mechanical failure, electrochemical abuse, and
short circuiting.

— For battery packs, the energy released from a single cell can cause neighboring
cells to undergo thermal runaway in a chain reaction like event referred to as = W
cell-to-cell propagation.
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« MOST THERMAL RUNAWAY CAUSES CAN BE PREVENTED NASA high voltage Battery pack design
WITH THOUGHTFUL DESIGN 18650 format Li-ion cells.

— Robust thermal management system ensures that thermal failure will not occur.

— Appropriate design decisions can ensure that structural failure of the cell casing
will not be allowed.

— Multiple fault tolerant battery management systems can ensure that overcharge
and over discharge do not occur.

— Although thoughtful design measures can also ensure that external short circuit
does not occur, internal short circuits are still possible.
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Photos taken of cells
=] following a thermal
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HOLLISTIC APPROACH TO PROTECTION | KULR|
AGAINST THERMAL RUNAWAY
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VERTICAL DRIVEN STRATEGY KULR

cooler + lighter - safer
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SUCCESS STORY | PPR CUBESAT BATTERY KULR

cooler + lighter - safer

JSC 20793-REV D COMPLIANT

All battery packs constructed to meet the same safety standards used by
NASA for human spaceflight applications.

JSC W1-33/37 QUALIFIED CELLS AVAILABLE

Cells screened to the same extent as required for human spaceflight
applications are available to be used in the construction of your battery pack.

OPTIMIZED DESIGN

Low mass 3-D printed materials, combined with KULR’s state-of-the-art thermal
management solutions, results in industry leading gravimetric and volumetric
energy densities for our battery pack.

FLAME ARRESTING CAPABILITIES

KULR'’s materials are strategically placed in the vent path to prevent expelled
gases from igniting.

CELL-TO-CELL PROPAGATION RESISTANT

The design implements a combination of phenolic tubing and KULR
proprietary Thermal Runaway Shield (TRS) materials to prevent cell-to-cell
propagation stemming from a single cell thermal runaway event.

VALIDATED WITH TEST AND ANALYSIS

KULR’s battery pack design and materials selections are supported with data
collected from rigorous test and analysis campaigns.
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SUCCESS STORY | SAFECASE PRODUCT LINE KULR

cooler + lighter - safer

 KULR'S PATENT PENDING SAFECASE IS A PASSIVE PROPAGATION RESISTANT
(PPR) STORAGE AND TRANSPORTATION SYSTEM FOR BATTERIES o —

— SafeCase is designed to mitigate thermal runaway, providing safe and sustainable storage and
transportation for lithium-ion cells and battery packs.

— DOT approved for transportation and rated up to 2.1 kWh percase.

— Utilizes KULR'’s patented Thermal Runaway Shield (TRS)technology.

— Foldable for compact storage and is constructed with safe nontoxic materials

« SIZESAND HOUSING MATERIAL CAN BE CUSTOMIZED UPON REQUEST

KULR

COoler - lighter - safer
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