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Research Progress of Thermal Runaway Detection and Safety Control Technology for Lithi-

um-ion Battery Energy Storage Power Stations
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Abstract: Due to the advantages of high energy density, long service life, wide operating temperature range and low
self-discharge, lithium-ion battery has become the mainstream technology of electrochemical energy storage power sta-
tions in China. However, under harsh conditions such as high temperature and overcharge, lithium-ion batteries are prone
to thermal runaway fire and even explosion, so the safety issues have gradually become the primary restriction for
large-scale application of lithium-ion battery energy storage power stations. We systematically analyzed the causes of
thermal runaway of lithium-ion energy storage batteries, the internal reaction process of batteries as well as the evolution
of external characteristic parameters, and emphasized the state-of-the-arts of battery thermal runaway state detection
technology, intelligent diagnosis algorithm and energy storage power station safety control technology. At last, the thermal

runaway state detection and safety control technology for energy storage power stations were summarized, and the pro-

spects in future research was put forward.
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Fig.1 Fire accident statistics of energy storage power station

in the past five years
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Fig.2 Thermal runaway process of Li-ion battery

DA% v ARV 20 88 B IS AEE P PR X e 7 A ) A -
WA . Dk, HIRERIER U N Ak
A BRI SRR, HLEI BB A Y I
SRR TR fEfERE s, R L
PR i A PR 3R AR AR i PR AN DAL 78
AR A R AT A

FEMNE BRI AR, s A B R —
e FHAELINT 5 B S L7 A2 A B A P bl S R T
HERAEMRIE IR ARG 7. B3R5
JZ o Rt FEUPR AT B 52 P2 250 i ] FEL T 7 P 7
SN RE, BEMAE AR IR R 291, 24l
IR 2 PR LV AR R AR E Ao 1 AR L )
IO AR M R B R T AL RE DD, L 22 A 1k RE I
RO, BEFTR], BRI A AT A S BT 5 Ah 5
BRI TR, ABIR IR T U ) rTRATE ot
(IR BT A2 SE AP TR ST IR . AR IA 5
LT ARAR A 8] AR D, nTRYE RS 7R



MR, BRI, B, S5 BT AR RE PR R RIS R S T e BRI STt 3107

Whbe, St e AR TR AR PO IES, 2 B Lt
PRI PG ER D, SIGEAAML, BN
RTINS 4. bR 7S J KA A
AN % DL K Y L R, #E TR
PR AE o 78 Bl K £ 2R 78 e 4 B T TN
HETTE R B &, 3 IEAR R T BT H 4,
o e ) 2 5 L 5 0 P b R 2 P R R 3 T ) AT A R
o AMEBN S A KRR, SEHRER
KA. TSNS T BREARE AE i AE L 7S
FAF T 3 Y AL - RGE & AR 1 07 BRI,
51N SEI AR K5l 7725 5 R I e 0 5 Fh A e T
R, DL SRS rAR TR SR I AR
B, SO S R AR A i Fe R e R A
AR RN, BB 3 L T oA @l s
R R A, BONE R R R . 7TEX—d R,
FHAERRE AT RN W E R, B0 fihi
FE LA SRS TR FEL A 3B SET AR TR A AR IR
HUR IR AR . B il S — R
P S N R, 5 BRI B A ) AN B AR A AL B AR
I, b e AR RE R RS, i A S B
PR, BEE TGRS, RHMIARI RS
U S LSNPSR S P A A R
HERR AR AR I,

1.2 ABRMNEERASEBENE

R R 2 BRI SEL BRI 43 il S
L GRS AR SN IE b5 AR ) S
HUR I A il S B 25 oy, SRR R S B 7
A BB S B PR I ) T B JE R 0S16), B e
A AE = A A I FE T, R 27
AR EAME, [HERAEEKEE, Rk
WA .

SEI A& — Rl 43 A7 7E Sk Fi A 5 LA 2 T 11
PR, BERH L SRS AR ] ) SR A I SR
RS 2R EILF] 90 CH, SEI B2 &% A 40, Bl
«HQOCOJD,+15C03+CJL+COZ+%OZ(D

R AR ST = A E 120 CHE, KBRS
GO Rt 2= 5 FRRRR AR AR ALV 75 R A R R
2Li +C,H,0,(EC) - Li,CO, + C,H, )
2Li+C.H,,0,(DEC) - Li,CO, +C,H,,  (3)
BEERERE— DT, 16 180 CAAR IEMA R
25 MU R AR S SRR B L b Ay 151 -

(1- x)LiFePO, + xFePO, —

4
a—xuﬂ%P04+§$eggo7+%oz @

SN E N 200 CH, AR E R AR SN

EC +2.50, —3CO, +3H,0 (5)
PC +40, — 4CO, + 3H,0 (6)
EC+0, -3CO0+2H,0 (7

2EC +2Li — LiO(CH,),OLi+2C0O,  (8)
LiPF, — LiF + PF, 9)

PF, + H,0 — POF, + 2HF (10)

MR R 235 CHY, B R Im R L0
(polyvinylidene fluoride, PVDF)%x 548 & A J v DA
S E e

-CH,-CF, - —» -CH = CF- + HF (11)

-(3H2-CF2-+Li—>LiF+-CH:CF-+%H2 (12)

b H vt FEOIRES e i, AR B B 3
Fth 5 AR AR A2 B TE AR L S A B Vi P I
It PG e PEFRAIG, B ik B R e 428 B 7 B
>, HAERCRISI RBSCE 2 M AENT, 7E8
ANREFERT R, PR 32 B I IR S AR
75 3UTE b (A AR US) . Aei 3 26 N R I SZ v B —
BN, 1 B AR 4 o Bl R P vl B 7 32 AT AR P
IR T = o I, JELL 720 Ah BERR
F L ZE A AT 7T FTB L RS SRR, SR 4E IR
RSN EIRG, HRIE— BT, NHRESEE
Z R EE, SRR R AR IS, Wit
& 843 BT 45 21 FH A B ath 8] fR £ B A 39.7~43
KIUOT, 3@ 3 i L 2 [R] P BE 25 RE k2% #h R 35 1 A%
WA, BT 4R, Bai & A&
SRR AT T E AR A TR A SR, AN A
A8 eEth 2 8] PR PR B B O 10 mm I, 4R35 4G ]
PIAN S DS i Bt A 9 B AF AT T F 2, 7 T H
M FIARPRE, 7EME S d it 5 f i (Al 5%
B, AT AR Bt L B D A SRR,
T AEAERR T FER, T e SR I L AR
IAS BRI FITREIA B o, AR 4RI AR
i, K IRNE SRR FE R3], XS R 4330l LA AN
T L L b AR R 2 200 T T L P Vb A AR 5o
O IER/TB NI W= WY e 7 g A Y RS
R LR T TR L B2 P PR e, IR SRR
B, SRR B R R IR 2R T, 18 s



3108 i LR AR

2024, 50(7)

IR HERIL 42.74 “C/ls, WREIE(HEIT 1000 CR4,
i B8 HL 30k O] 30 5 R K B 1 P T S 2 2 4R
YEBM AL, 4P BB R A g i, B i
JRAREE SR 5] R T E G R, R SR T
Lt A 5 A B S 2 A R R B
T EEE . RIERE LR RZIFEE, oLk
WGS9 3 BB

D I REEHARE LM B fEIX—F B, A
RAEFRIHARIZ, HIE WIS, ST,

2) BEERERALE, RENE LR REERIK
BRI, RGN AR E T B, X —Ff
B, MIAUBLALMIAR KA, HPEE KRS,
AP K FERSE

3) UEMY BN R R B, Hh AR HE
P SR AR, 2 A R R AR R
5, fE BRE IR B oK e DA il o
1.3 HHEESETUNE

AR R, . BESESESSH
DL AR, TR BT S OB, it 2 BRI
FRIES M. H AT 2R T 2R 5 H LI 2% A
S ST FEL VA PR S ARG U R A 428 T
13.1 R

HI IR R R RIS I A RAE S5, BT
2N T R R PR T . — R 3
FRIEEFE o o fE R N 4 AP, i
3FN, 3ANRHERLE N 0iv 6, F1 65,

51 B 002 mTARIN R E R A R LG IR
fE, X R A R R A, RN
R AT DAY 2

S2M B BB RE N, R T R N

P, NBHBIRIE R, 1E 0 I 2RIl .

53 W B BN AR E I A S B B S
B, R B A O, X —Fr BRI AR AR IR
TP I 7 A AU

AP BL: Fth PR Y A0 e AR AR I TR Y
FETRUE B84 20 P

Feng &5 N A0 47 B4 Ik 24 vl Yt £E P9 1 22 o vl
Wk AT 7RG, a2 R R AR
(differential scanning calorimetry, DSC)z5 SR & 8, 6>
FH B8 JI6% () Rl A T P2 R, 17T 05 B I AR B AR 1 A
G R BLPER . H R T H I AR e R I R AR
AR BB I AR AR O SRR DL 3 A
FHIEIRE Rl KA ERERR R rVAE PR 2 AT
— KBRS B, AEIX AN B L R T IR R
208 b0, B fir IR (state of charge, SOC)
FIBEIN,  H I A A g R AR TR FE BRI
JEE TR P2 AR AL AR G N7, B L R T AR 3G
B RESE R, 5 e U R AT FE AR A R ek /N 28T,
AR B [ ) o 1 B3 P R R T 22 R BOR, B2 H
e ARSI HERR AT, BRIk, Shi 58 AfEASF|H
TR AR FE B I T AR 2 J5 e 43 AN [ (1) 1)
R B T B0 2 TR T, 2l A [) ) o T 2 P R Y
2], R I v R T ) N TR (] S>30 s
I, RIS AT AR T 49 UK R R AR R ZE VA, B
A DLEE A b X 73 0 SR R 22 30 & B SE 1) I T4
R, K1 G T AN F AR5 I 77 TR Rk Ha )
FRAE IR FE R 20281, B ORASIN 2 (1) 3 NRRAIE I BE AUAF
EZESR, (FEIEA ORI, ASERE T TRk
MR 01 {E K ZAE 100 C LAY, 627F 100~200 C
TGN, T 6; BT 200 C.

3 BREREP 3 MFILIEEE(O, 62, 03)

Fig.3 Three characteristic temperatures (61, 02, 65) in thermal runaway processes
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Fig.10 Schematic diagram of model-based fault anomaly

detection method
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Fig.11  Schematic diagram of data-driven fault anomaly

detection method
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15 SRR AL R SR 25 S
Fig.15 Gas change gas chromatograph results
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Table 4 Comparison of advantages and disadvantages of

various monitoring methods
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ing micro-film sensor
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Fig.17 Internal temperature and pressure monitoring of the

battery during thermal runaway
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Table 5 Advantages and disadvantages of various sensing
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