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© Hvac

@ Explosion mitigation blast panels

o Overpressure valve

e Water FSS

Primary FSS Thermd defeciors
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» Test Method for Evaluating Thermal
Runaway Fire Propagation in Battery
Energy Storage Systems (3% T # i ®
e SuP A& Pl R A pE Y JE) o

M 2 |

UL 9540A
» Scope:
IE L i R I Y N = B
> J: l‘ 5 &éﬁ % #‘3: v W fb \’El At I'ﬁ ‘&bm )\ Test Method for Evaluating Thermal Runaway Fire
«c #_ r,} , - ‘Fi q'. A Fé—_: i =z % o;i }g Propagation in Battery Energy Storage Systems

l\zq At ,J 3"‘-»""'7'% 2_[# X ‘ff'fﬁ J'g»"g‘

» Levels of Tests:

> 7w B w33 % (Cell Level Test)

> e B w3 %% (Module Level Test)
> H % %335 (Unit Level Test) J

> % % s w35 (Installation Level Test)




— PFEE B @ > |
I

et + Whether cell can exhibit thermal runaway
g Cell Level Test « Thermal runaway characteristics (
+ Gas composition (flammability)

”{;'“ ‘“{;” * Propensity for propagation of thermal runaway
4 Lo Module Level Test * Heat and gas release rates (severity/duration)
g1] 7 » Flaming/deflagration hazards
+ Evaluation of fire spread
[#] [#] . * Heat and gas release rates (severity/duration)
Unit Level Test :
+ Deflagration hazards
[7]) |(F1LF] e * Re-ignition hazards
|
|
N 4

Effectiveness of fire protection system(s)
* Heat and gas release rates (severity/duration)
U: Deflagration hazards

‘ * Re-ignition hazards

Installation Level Test

7 #L % ik :Evaluating the Safety of Energy Storage Systems: UL9540A » UL » 2018
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— & * (Risk) > _
_ P e
> b % (Risk)eh 2

A WE X £ R PS¢ (SFPE) I

* The potential for realization of unwanted adverse conditions,

considering scenarios and their associated likelihoods and
consequences.

s FTRERFEE AN T LRI E o WA BE 2 A R

2 ;‘,&R’ o

Z 4 ¥ i t£(Likelihood)
R *& (Risk) = X
s % B £ 1 (Consequences)




R *%& 3= 1% (Risk Assessment) @\

.".l-.

¢ ool AN R B v & n‘*—"”,F;t
&:Fm SRR fﬁﬁﬂa, ra—-'z,g;t,

. Jﬂ—’_ﬁﬂ’eiﬂi/‘ﬁi@f—?)}, TR o B3R S W ﬂ
73K 3 o
c BRI ER o

* FRFI AP F T2 VL 2 b &R i) & (The Regulatory
Reform (Fire Safety) Order, 2006) » #2 {$ R * Bt % 2 FBEL 2
= R RIS 704 RRIBRL (A REHER
CEEAEE

CERR AP VAR ERELT {32 ROREFT 0 PRIERAFE T ARI0LE o



L3 Tl R -
— (Risk Assessment Methodology)”

“

What can go wrong?
(Hazard Identification)
J

 —

N R

How Often? How Big?
(Frequency analysis) (Consequence analysis)
J J

S

So What? \
(Risk Assessment)

J

v

What Do I Do?

(Risk Mitigation)
J

N\

*
: Nick Warner, Victoria Carey, Marisa Pierce, Quantitative Risk Analysis for Battery Energy Storage Sites, DNV GL, 2019
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— (Risk Assessment Process)”

[ rEwREAFBAE )
(Project scope and <
_ objectives) J

st Tt
(Design information and [*
_ data collection) J

2

L 2

BT ETES S

= J=L Far BT SR AE
[ I AF R IRAE H k) % (Risk reassessment)
(Risk assessment < =
\_ method selection) ) 5 T
=3

(Acceptance/tolerance 1
criteria
= 2 ~ A FE 2 R
— - . (Significant
By PR S F -2 = changes?)
(Hazards identification) =g
- > '& =]
T 'y
- ~ o g NO
A K S AR AR 3% 3 = - . . .
(Fire scenarios) ('ﬁ Py 3e & R R B g
J » (Fire safety management
- - = 'L ____________ - = __1' - T T . L and risk monitoring)
V4 A A A -~
1 ) i FEE 1
1 B o BT (Conse 1
. quence
: [(Frequency analysm)J L analysis) :
(" A ST A Fo JE P G i@
! SR st B 1 ;
1 > . . . < 1 (Documentation and
1 L (Risk estimation) y 1 risk communication)
1 * 1 7
1 (" ) 1
l JE TR AE 1
\ (Risk evaluation) 7
-_ \ J _ - ik s wt F A S
Fina esi option
__________ - ————————— = (Final design opti
recommendation)
=T HE S B ? 1T
(Risk
acceptable?) YES

YES

T pdek ot S FED NO

(Other design
options?)

*
: Chris Jelenewicz, SFPE Guide to Fire Risk Assessment, 2nd edition, Springer, 2023.



>3+ % # [l (Project scope) L
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(stakeholders) - 4% B #% £ (stakeholders)id ¥ % X # #%" LD ’
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>3t 34 P & (Project objectives)
B 'GP miEAR s P ARF 4o i o7y 13 M & X (stakeholders)I2 jz
A7 P o
3“]’:‘55‘; A dum 3 E }%ﬁ-
o HEEN Y SR BRBWSEF 2F 2 7 i (likelihood) 0 ¥ AR
THE AR H R TR (Consequence) e
- '3 fi’ﬁﬁ“ﬁﬁ-%&%‘/%‘ °
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fire Protection)

« FRZ R

(Regulatory Requirements)

- LRFR

(Occupancy Information)

. ﬁﬁ-@ 14 .ff. P{-u.

(Process Documentation and Drawings)
. f:i’vm

(Flre Hazard Information)

WS SR G

(Facility Documentation and Drawings: Non-
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B3Rk O R AR e AR kT i

Frg iz BT B o

‘#’ L3RG 4
« T A\%'-’r(Qualltatlve analysis):iZ 7 ﬂw"gt i R s) B X
o RFINWTFEFL PP IE AMRALSERTIR G EYZE
g

- X % § 4 +7(Semi-quantitative analysis): 14 fj & £

NI R TR R AR £ )
hE2 o g o
-« % ¥ & +7(Quantitative analysis): 4 & fris % & 7
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Insignificant —& % & -
Minimal -% #ci§ 2

Moderate —% it § 3

Severe —FF1 4 5+ =
Catastrophic —ZL3- # g% 4

7=

FAPF(F L - X)

« Nominal -#**10F #

« Rare-/4*13 #3108 #

« Unlikely-/A*1+ #3115 &

* Probable-/A* 17 #1311+ &

« Almost certain —4 3 10# 31
I

 Frequent -10# p 2 X - X%

2}

YV YV VY

3

Risk Lewvel

Severity

Likelihood

MNominal

Rare

Unlikely

Frobable

Almost Certain

Frequent

Insignificant

Minimal

Moderate

Severe

Catastrophic




Increasing Risk

*E..(,/.—-, . ouiﬁ

(Acceptance/tolerance criteria)
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BEFRERLZ
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Unacceptable Risk

Defined risk acceptability
criteria not met

Risk reduction strategies
must be implemented
regardless of costs

Acceptable Risk

— o

De Minimis Threshold

Risk intolerable
regardless of cost

Intolerable Risk

Risk is not tolerable
regardless potential benefits

Risk reduction strategies
must be implemented

Tolerable Risk ([ALARP)

Risk to be reduced to a
reasonably achievable level

Risk reduction measures and
residual risk management to
achieve cost-benefit balance
Risk considered broadly
tolerable

Risk beyond concem

Increasing Cost




_EEE R @
(Hazard Identification) |
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> 7 4% R ‘%% B (risk estimation)”s AR g
(fire scenarios)® H fF VAT 2 2R %G X% » ¥ U
T2LFINER

B 'ﬁ i (Risk evaluation)/

%< (Acceptance)

b ' 3% (risk evaluation) g3 d t i h A2 R & R
B i iE FETH A
TAREVESAFOER TEREFEBEIRGDFIRFIR
31 3% % (risk acceptance) & & 2_j&-%_o
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