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Safety is of Paramount Importance to NGK NGIC

 NGK's NAS® storage has an outstanding overall safety record

— Over 5.2 million battery cells have been deployed - over 200 projects & wide range of
environments

— Experienced no critical failure
— However, on September 21, 2011 there was a fire in a 2 MW system

 NGK hired Japan’s Hazardous Materials Safety Techniques Association, an
independent 3rd party investigator to conduct a joint internal analysis of the
cause

— As we will describe, the cause was a rare and unforeseen combination of factors

« To ensure this never happens again, NGK took following steps:

— Design changes made in all future systems, which add multiple, independent safety
measures:

« Changes that, by design, ensure that the combination of factors can not re-occur

« Changes that will more tightly localize and more rapidly extinguish any fire within a
module

— Retrofitted installed systems:
« NGK voluntarily spent over JPY 60 Billion to retrofit all in-field systems

« NGK is committed to providing safe, high quality systems.
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Cause of Fire %

NGK
- NAS Battery System (Pattern Diagram) ~ Findings from 3" party Investigation Company
NAS batt tem (2,000 kW) ;
50 k?/v g;}c,tzsa\rls r?a?dule x 40 N » 2MW system has 40 modules, each 50 kW.
R Battery cell > Based on collected data from the system, of

total of 384 cells inside one module, 1 cell
had possible manufacturing defect.

» Faulty cell breached and leaked hot molten
material.

50 kW battery module

. J
7 Diagram 1 Cause of Fire ~ . o .
(1) Hot moften material| Thermal insulating 12 cell strings > Leaked molten material, which is conductive,
leaked from the cell top enclosyre in parallel  — Battery cells created an unforeseen path that shorted to
' aaTar 0 the battery cells in the adjacent block.
B4 pd b4 pd ) e Bd b pd
- — e
\- S Sndke 8 seﬂf?‘" > Because this path was unforeseen, there
) were no protective fuses on it. So the short
Short *‘iir'cutiﬁ ) - circuit emitted heat until the cells were fully
{;(L;t;r:n pa {2%:)»‘&\3:;2”2?1%?! discharged. This continuous heat emission
= 4 sand layer destroyed a number of other battery cells,
om :ﬁgnent | Block 4 <, Block 1 spreading the fire.
Battery electricity is
ls discharged . L
= Negative terminal Positive terminal » The fire §pread within the module and to the
N O)  sSandlayer & y surrounding modules.
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Safety Measures Added

Introduced multiple additional safety measures to prevent recurrence
(MRemoved possible cause of cell failure during production [Prevent future cell failures]
@Limit any failure to small region [Prevent failure spreading beyond troubled section]]
®lIncrease heat resistance and fire resistance of module [Prevent fire from spreading]
@Enhance self-extinguishing performance [Self-extinguish fire more rapidly]

M Joint area between metal and M Fuses

. M Dry Sand .
ceramics [ Absorption of [Avoid over current]
[Air Tightness, High Durability] b W Additional fuses added

. Active Materials]
Bl Beta Alumina Tube -
[High Strength]

W Safety functional Components
[Maintain safety during malfunction]]
100% Inspection to remove manufacturing R
defects TN

| Het
[Avoid active material leak]

Insulated Container

M Stainless steel canister B New Cgll Arrangements [Heat shielding]
]& [High durability] M Insulation barrier and [Shock Absorption]
| fire-resistant barrier installed.
B Additional heat-resistant and B Additional heat-resistant
< —— fire-resistant components and fire-resistant
[Enhance self-extinguishing performance] components

[Prevent fire from spreading]
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Outline of added safety features
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K

NGK

B Prevent multiple cell fire (Self Containment)

B Prevent material leakage and contain fire

Add heat-resistant, fire-resistant materials

Mlca

Mica—> eFlre Resistant &
Heat-Resistant
Materials

Test by Intentionally Destroying and Igniting One Cell
(Result: Fire was contained to that one cell)

Intentionally
Ignited
Cell

Flow of
High Temp.
Materials

Existing Design  New Design

Added fire/heat proof barrier inside module

I |

1

%_%‘ Battery Module

B Change cell arrangements inside module

» Linear current path to separate big voltage differences
» Add additional fuses to protect against short circuits
» More sand between cells to enhance fire suppression

| o | 1
Linear Current Path
Close Packed
Array

Square
Array
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Fire Self-Extinguishing Test of NAS® System N

One Battery Cell, in a Battery Module, in a Battery Container, was intentionally ignited.

Bl There was no damage to the Battery Container.

B Self-extinguishing properties of the Battery Module and the Battery Container confirmed
W SO2 gas external to the container was below the detection limit (1ppm)

Durihg test B
Maximum temperature in Battery Container

Base 130 degrees-C
Back Surface 210 degrees-C
Side Board 530 degrees-C

X w il
Temperature measuring points
(In Container around the tested Module)
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Safety Test Results with Safety Enhanced Battery Module %

New Battery module was confirmed to be safe against mishandling or external accidents
(All tests were executed on hot battery modules except container drop test)

Test Purpose Test Results
External | Confirm Safety if - Current: 6400A x 1sec
Short External Short - Internal fuses activated in 1 sec
Circuit | Gircuit Occurred - No cells damaged inside module
Confirm Safetv if - Exposed to Fire for 35 minutes
Fire OS m g atety | with outer temperature 890°C
exposure subjecte T[O (Inside temperature: max. 360°C)
External Fire .
- No cells damaged inside module
Submerae Confirm Safety if - Immersed in water for 3 days
9 | Flooded - No cells damaged inside module
Confirm Safety in - Module and Container were
Drop Module and deformed at points of impact

Container 6 meter
(20ft) drop test

No cell breaches inside modules in

either test
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Function to minimize SO2 gas emission

NGK

> If battery catches fire, it will be detected by SO2 sensor and Battery Controller will
perform the following actions to minimize SO2 emissions outside of the Battery Container.
- Send signal to PCS to stop discharging and charging
- Stop fans of Battery Modules, then the air outlet will be closed
- Close air intake
- Turn on the Filter Unit

Internal temperature detection  Battery module

/ Battery module e /coolmg fan
» air outlet hole \
i 0
st
" SO2 sensor
Sectional view "
—Closable air outlet | ::
Air pressure shutter | I
(open by battery fan wind) N~
o S Gas pipe —Closable air intake =~ ——
W Closing solenoid lock
" = To Filter Unit Fall(closed)
at power failure ™~
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Filter unit for battery container (Optional) K

NGK

» External Filter Unit can be installed upon customer’s request to remove the combustion gas in the
container after fire.

» The Filter Unit and each container is connected by a pipe with a valve.

Containerized NAS Battery
Exhaust Hole (7 «—  (e0ftcontainer)
. 200kW X 4[unit]
(Close when battery N J
module fan stopped) G ﬁ E;/F,;V B
e ) 5 ’IEﬁ
] <@
Gas removal pipe % Battery Module
(With a valve) /-7 Al Intak
ir Intake

Filter Unit
(Built-in 5 stacks chemical filter)

(With closing damper)
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