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SUMMARY

While there are voices of concern from various points about the
seriousness of recent climate change and ecosystem damage, a global crisis
caused by Corona 19 is intertwined, and a change of perception is taking
place in the existing industries. Developed countries have been oriented
toward carbon neutrality (Net-Zero), which is spreading various green energy

on the wave of the 4th industrial revolution.

As a part of the new energy business, research to convergence of new
energy sources 1s continuously being attempted, while medium and large-size
battery devices developing, interest in energy storage devices is rapidly
increasing. In Korea, the Korean version of the Green New Deal is also being
promoted, selecting green mobility as one of the key factors and spurring the

spread, which is directly connected to the spread of lithium-ion batteries.

In this study, the NCM battery and LFP battery in the same battery pack
space of T company’s electric vehicle model A are configured optimally using
3D Modeling, and the energy density calculation according to the quantity is
numerically analyzed. In addition, by wusing a fluid analysis program, a
thermal runaway simulation for each battery cell and module unit was
conducted, and data on stability were secured to predict future R&D

directions in the Li-Ion battery industry.

When comparing the energy density of the NCMR&11(21700) battery and
the LFP (3.2V, 120Ah) battery on the same platform of T company’s electric
vehicle model A, the efficiency of the NCMB&811 battery was predicted to be
around 24% high.

vii



When comparing the thermal runaway phenomenon of the NCM622(18650)
battery and the LFP(18650) battery through oven test simulation, the LFP
battery did not show thermal runaway, whereas the NCM622 battery rose to
710C in 12 minutes. I could see the result. From this result, it was
confirmed that the LFP battery has relatively very high stability compared to

the same volume.

As a result of observing the thermal runaway propagation phenomenon by
arranging bcells (NCM622 and LFP battery), the thermal runaway propagation
phenomenon was clearly observed in the case of the NCMG622 battery, but
thermal runaway phenomenon not occurred after the first cell in the case of
the LFP battery, and it was confirmed that the temperature change was very
slight from the third battery cell. These results suggest that LFP batteries
are relatively safe compared to NCM batteries in terms of battery thermal

runaway and propagation.

Currently, the ternary battery industry aims to commercialize High—-Nickel
cathode materials that reduce the use of cobalt and increase the proportion of
nickel. In the LFP battery industry, C company, a battery manufacturer and
T company, a electric vehicle manufacturer collaborate to conduct research
and development to improve the energy density of LFP batteries In the

middle.

Both batteries clearly have the advantages and disadvantages of using the
positive active material. In the future, batteries that higher energy density,

higher stability, and lower cost than today are expected to dominate the

green new deal market.
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Table 1. Global market share of Li-Ion battery for electric vehicles

World market share(%)

No. Maker

2020 year 2019 year

1 Panasonic 216 11.5
2 LG Chem 22.9 9.0
3 CAGiit) 21.8 28.9
4 Ssmsung SDI 5.1 3.9
5 AESC 4.6 4.9
6 BYD 3.5 179
7 SK Innovation 2.8 1.2
8 Guoxuan 2.6 24
9 PEVE 2.3 2.1
10 EVE 0.9 1.9
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Table 2. Type and characteristics of cathode active material

LCO NCM NCA LMO LFP
Li Li
“ﬁgﬁ;ﬁg LiCoO, |[Ni Co, Mnl| INi Co, All | LiMnOs | LiFePO,
O, O,
Structure
?rﬁfg}g 145 1207240 1607240 100 150
V‘gl\%ge 37 36 36" 40 3.2
Inverse
Safety High prolt)(())rlt\lT(i)nal Low Low So high
content
Life High Middle High Low High
Difficulty Easy Sg{?ggffft Difficult Sgﬁxﬁft Difficult
Small, . )
Usage Small Middlé, Middle l\g‘gg “ﬁﬁgg’

Large
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Table 3. ESS fire accident status

Capacity Installation Building
No. (MWh) Usage terrain form Date

1 8.6 Frequency Mountain Container 18.05.02
) . Prefab

2 14 Wind power Mountain panels 18.06.02
. Prefab

3 18.965 Photovoltaics Waterfront panels 18.06.15

4| 299 Photovoltaics Waterfront Prefab 18.07.12
panels

5 9.7 Wind power Mountain Prefab 18.07.21
panels
Demand Prefab

6 18 management Factory panels 18.07.28
) . Prefab

7 5.989 Photovoltaics Mountain panels 18.09.01
) Prefab

8 6 Photovoltaics Waterfront panels 18.09.07

9 | 018 Photovoltaics Commercial | Concrete | 18.09.14

10 17.7 Frequency Factory Container 18.10.18
) . Prefab

11 3.66 Photovoltaics Mountain panels 18.11.12
) . Prefab

12 1.22 Photovoltaics Mountain panels 18.11.12
) . Prefab

13 416 Photovoltaics Mountain panels 18.11.21
. . Prefab

14 1.331 Photovoltaics Mountain panels 18.11.21
Demand . Prefab

15 9.316 management Mountain panels 18.12.17

16 2.662 Photovoltaics Mountain Concrete 18.12.22

Demand

17 3.289 management Factory Concrete 19.01.14
) . Prefab

18 5.22 Photovoltaics Mountain panels 19.01.14

19 2.496 Photovoltaics Mountain Container 19.01.15

20 | 46757 | Demand Factory Concrete | 19.01.21
) . Prefab

21 3.66 Photovoltaics Mountain panels 19.05.04
) . Prefab

22 1.027 Photovoltaics Mountain panels 19.05.26

20



Table 4. Electric vehicle fire accident status

No. Maker Model Reason Date
1 BMW 13 Rex Unknown 18.03.19
2 Tesla Model S External shock 18.05.08
3 Tesla Model S Battery 18.06.16
4 Hyundai IONIQ EV Unknown 18.08.01
5 Tesla Model S Unknown 19.02.08
6 Tesla Model S External shock 19.02.24
7 Tesla Model S Battery module 19.04.21
8 NIO ES8 Unknown 19.04.22
9 Tesla Model S Unknown 19.05.13
10 Hyundai KONA EV External shock 19.05.21
11 Tesla Model S Short circuit 19.06.01
12 Hyundai KONA EV Unknown 19.07.26
13 Hyundai KONA EV Unknown 19.07.28
14 Hyundai KONA EV Unknown 19.08.09
15 Hyundai KONA EV Unknown 19.08.13
16 Hyundai KONA EV Unknown 19.10.04
17 Hyundai KONA EV Unknown 19.10.17
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Table 5. Classification by range of T company’s electric vehicle model A

Standard Range Long Range

Model A
Range 352 km 446 km
Battery
a't 21700 battery 2,976 EA 21700 battery 4,416 EA
y
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Table 6. Quantity of battery cells according to range

Model A of T company

Standard Range Long Range
Battery NCMS811(21700)
1 Block 31 Battery Cell 46 Battery Cell

23 Block x 2EA 23 Block x 2EA
1 Module

25 Block x 2EA 25 Block x 2EA

Total Cell Q'ty 2,976 Battery Cell 4416 Battery Cell

2dl Al HAlE = wiH e 2EY WY Fig. 1739 2o

Megative

power switch

--------------------

VEHICLE FRONT

Tesla Model 3 Battery Pack

Fig. 17. Battery pack : Arrangement of modules
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2) Battery pack base plate A}

TAHGiR) o] A712 2 AE AR s J4 AEE F3 Battery pack
case plate®] A 719} BE, A wjx & A = Ak [EVTV, 2018]

L 74 4

1714 . 5mm

1854 .Onum

2146.3mm

Fig. 18. Base plate and battery module size
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3) Battery case base plate 7|

2 Ao Battery case base plate:= 2] Battery packs #alsle] =A 3l
F2el 2146.3mm x 1473.2mmE 7|+o 2 Ryl on ol HEY EE
=

=o] ol 90mmeol] 7)1 A oGS 1H ] 100mm=E 29 s

B - &
.
.

100.0mm

Fig. 19. Battery case base plate dimension
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4) Cell to Pack technology

Aw7hA wE g AL \A BEC Yo v o Wolou wiEgg Az
ACAHGE) 9 712k AZ2QA TAHGHE ZES AAs A Hol Hx ujx
= were dgste] e otk o]E CTP(Cell to Pack) 7]&olgtal &1,
AUA &7k 10 T 16% F7hstal &3 857 15 7 20% & 2 F ds A
o ddstal givh wiE el AZAA BAG)ON A A-&5<] Blade battery pack
AAl AR W89 7o, & Aol ®E ol HAl VeES FActste] H)

gelo] wjxE P8kt

Ot

201301 &)

Fig. 20. Patent of blade battery pack
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2. HiE2[ UAR= &4

7} 7]

HAl -] LFP wig el o] oJA-ES 4

B Al A AEE ARE VNe

1l

= TAGE) S A71AF 2E

1494 A7e Ba $Ad

Table 7. Predicted specifications of LFP battery installed in model A

CATL

Samsung
Securities

Overseas
Media

Battery
Cell

Dimension(mm)

166.0x168.8x48.3

Electric Charge
Q'ty(Ah)

120.0

120.0

120.0

Nominal Voltage
(V)

3.2

3.2

Capacity
(Wh)

384.0

Weight
(kg)

2.8.0

2.3

Cell Q'ty
(EA)

133

Battery

Pack

Capacity
(kWh)

62.0

55 T 56

Weight
(kg)

428.0

440.0

Energy Density
(Wh/kg)

145.0
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D wig e Ao &%

LFP wiEe] Ao &F(Crar)= A (DS ©]&3ke] AtsAtt.

Gratr. (Wh) = VX Qpor. oy (AR)

(V= Voltage, Q... .,, = Quantity of electric charge) v
2) v 2=
e 2] Aol oA LE(Dppegy) = A (205 o&38to] AlttsdH
Doy, (Wh/kg) = Gy (W) X W, (kg) o

(W, = Weight of battery cell)

3) wiEe] e g=F 5 FA

HHEin .@"O/] %%(CB'&&. pack) E—l J":11‘71](\7VBatt. pack)'LL_: }‘\‘]l (3)‘]—4' (4)% 01%8}0:1

Atk

Cl;att.pack (VVh) = qatti(m/h) X Qbatt. (EA)
(3)
(Quyy. = Quantity of battery cell)

I/I/b(ztt.pack (kg) = Wl;att. (k;g) x Qba,tt. (EA)

(@, = Quantity of battery cell)

(4)
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4) LFP wig g &/ 44

TAMGiE) @712 24 Ao g5 LEP slEl 2] A4 AFke ol 71+ w3

FNE A oy T MIOT(Ministry of Industry and Information

& A
Technology)¢t #&d wiAloll A Agsts= JRES Tt & o wiHe Axd

Al CAMGiE) Sl 32.V / 120Ah / 2.3 ~ 2.8kg®] At¥S zb= 2449 LFP wigeld A
F& vEE AF T &% FA

o3

o dq5g 5 qdn. webs AA CARGL) €]

£ agste] 2379 AS AdAsidioen, 3D A & wiEEE wjA s ®okth

Table 8. NCMR&11 battery specification

Type A type B type
Dimension |- 1706 . 1660 x 483 200.0 x 167.0 x 33.0
(mm)
Cz?fsty 120 100
chlxt;ge 39 3.2
e 28 -
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Al 7SS TIEd wEE S 2lE olxdA e S KC

A TAHGE) O] 71 Bl A= Adste] FolM Alxs= AF#Fol= LFP
WEHE, 2 9 g&dAM A= 2= NCM811(21700) HiElelE &4 A
8 Folol7] wite] FEZF A B ol Mm-S NCMSI1(21700) e ] = A
gste et o}, FHZol ool &t A7 yFRL o2 DA AlE
dolds A% sk B4 ARES 27|17F vl ol Hflvh wZel Blad A7h

= AbEE stetA B4 AERE F

_ﬁ_
= NCM622(18650) HiH 2] & ®lalwr o= dA st

il
N
%0

dET A YT (18650) LFP HiE E], NCM622(18650) HiE 2 2} 183
(18650) LFP wiglg] ulx, Z}s LFP Higd e Ady dZF 72+ NCM622,
LFP wiEgle] REWS dEF F 4714 A2z Agsigion Hrl g8 %21

AlgdleldS flal iy A 57lE Rae dAste] sAs e
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I
N

A4 A F urgde 4 (B)F olgshe] Axtatth

Q: Qsei + Qne + Qpe + Qele (5)

AZF &4 Al SEI(Solid Electrolyte Interface, x| dafja <lg #Ho]x)

2ol W A (6)F ol &3l AL

R =4 . Ea,sei Mgy
sei  “1sei€XD ¢

RT set ’
Qsei = H-eei W;R%‘i' (6)
dcsei R
dt set

Csei% SEIOﬂ 3)]\% ﬂ%% @"?r} %?_Xg/‘é %—g l?_‘}'% OO}:O] Tq— Rsei, Asei, Ea
= B w7 ®iolth H

ol k.

WE MG WEGeIn Wi Aelge] R ¥ ¥i ¥

ot

set Mope _ TTane
R, =—A, exp|— mo}cneg exp RT]
QII,G = 'H’;l(i I/I/(’JRIIE ’ (7)
dcneg

Al Fol, twi= SEICNA 252 el

J%L
ofef whgsh= 5 FAL FAY Folth Rue, Ane, Eoo WHe W7l ®Folth Hye

rlr
=
na
o
e
o
=
s
2
M
1o
4z
o
iie2
U}
b
9‘{_5
o
o,
Iy
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i)

(8)

ax= W3k Axolm Rpe, Ape, Ea: WS w7 W4=o]t}. Hpe: H]

q Ee
oM Wpt Aelgel ¥y W R} Fepolt.
QEF A A Aao] BANEE A @ olgalo] AdsArt
R, = Aexp RT}CZ"
Qele = ]{e I/I/(:,Re’ (9)
de, P
e~ e

Cex Hdeldol 219 HXo]al Re, Ae, Eax 8¢ w7 Wgrolt} kex F
g 8401, Hevw HE WEH, Wer AgE9 F3 H Asd d=Folo
[Gi-Heon Kim et. al, 2007]
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V. si4 A3 5l =2

=

1. NcM, LFP HHE{Z2] HUX] 2= EA A

Case 1A+ kA A d CAHGib)© Type A LFP wiEl2] A& +=H o

2 77 x 107] x 2% wjx]3<9 ). Base plate oA 16mm A= & 7ko]

1

d

S3-g szl sile) wee Ag Aok Yol 33 IF Az

ol

A 9 A} A AL gebshel 4eh 4mme] AAE FAh

Fig. 21. LFP battery arrangement : Case 1
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Case 2914+ Type A WiE e A& F2o=z 135 #fx|sqtt. o] “dEjol A
= wg g A9 =o]7} Base plate o]l ®t} 74Amm7F o Hxo +x WA ¢l

o= WXt BAE Aow AnHch

Fig. 22. LFP battery arrangement : Case 2

Case 3914+ Type B WiHZ A& F£Ho=Z 87 x 97f x 335 W x|}
Aude=z iy e Aol FAZE gkol Bt W AS HAY & Aoy, 19

ulelste] FoAZ 2 Fokeho) dEe] vzl BfE stobd Ao ARHC

Fig. 23. LFP battery arrangement : Case 3
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Case 4°14+= Type B wlelg] A& Case 29} #Zo] FH o7 wjx|&lo] HE
tho o] el 9A] miE el Aol Eo]7F Base plate =olRUT 102mm7F =oF A

gy maglel WE Fx WA glolt WA BhE Ao Amddh

Fig. 24. LFP battery arrangement : Case 4
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el g w2 A Bl A3} Case 29 Case 4% HjE ]9 Zol7} e =
olHt} Fol &AZE BEVbsd Ao FRIFATE Case 39 4§ @A= 7Hsst
Agk wiE e FAZE 71E b 39%4 F7FskAl Ho v zE dlF vrolx] 7]

Wi A4 HA s e wS SuE g Anwd,

Case 19 2% wieal &% 584kWh=z 20201 119 53 A2 wjA oA
A5 F4e 56kWhet 4.1% wele] o]z AL o= "E= MITOA A
% 125wh/kg @ 88% Wl €l9] zteol7b ldeth. wiElg] o] FA
o] 53 428kg T 0.6% W92 AolE Holw o FHE M 2HE FAE

2 ehae gag ¢ gk

rr

2 d 5ol M

Table 9. LFP Battery arrangement compare table

Case 1 Case 2 Case 3 Case 4

Cell capacity(Ah) 120.0 120.0 100.0 100.0
Nominal Voltage(V) 3.2 3.2 3.2 3.2
Battery Cell Capacity(Wh) 384.0 384.0 320.0 320.0
Battery Cell Weight(kg) 2.8 2.8 24 2.4
Cell Q'ty(EA) 152 292 216 536
Battery pack Capacity(kWh) 584 112.1 69.1 1715

Battery Pack Weight(kg) 425.6 3877.6 574.1 1,335.7
Battery Pack Density (Wh/kg) 137.1 137.1 1345 1345
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710l AFNES F3gste] B, NCMS11(21700) ¥iEld] the] LFP wjE 2 g

oF 33Wh/kg 1, wlele] #eo] A= o 80kg 5718 Aow

Table 10. Specification comparison table of NCM and LFP battery

NCMBS811
(21700) LEP
Battery Cell Dimension(mm) @21 <70 166.0x168.8x48.3
Electric Charge Q'ty(Ah) 4.8 120.0
Nominal Voltage(V) 3.6 3.2
Battery
Cell Capacity(Wh) 512.0 384.0
Weight(kg) 0.6 2.8
Q'ty(EA) 3,696 152
Capacity (kWh) 62.0 58.4
Battery
Weight(kg) 345.0 425.6
Pack
Energy Density(Wh/kg) 170.0 137.1
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2. NCM, LFP HiEHZ|e| €= &

_g.
i
1
[N
l-;l

1) 953 LFP, NCM Higg] 9=+ vl

Fig. 269 4= % RyoA NCM, LFP wjgl g Ao dZF fAS v uls)
Bz LFP WlE e8] E 18650 953 Az HdAAHs1 QLEH2E AlEYAS 2
RIS

W25 160T, 180Tl 253 ol F w43 %9 ¥l dojubA] sk
om, 200CAME 108 wol 180CE Wor g d%% dAde %
goith GEF WAL LE 0CAA P 245 A Ha

L E Table 14°] A g5t}

Table 11. Time required to reach 70C of cylindrical LFP battery cell

Inside Temperature(C) 160C 180C 200C
Time(min) 2.9 2.4 1.9
Max. Temperature(C) 170.3 195.9 246.8
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300

Temperature(“C)

o™, 160degC

[ ] 180degC
(O~ 200degC
04 T y T T T T T v T
o 50 100 150 200 250
Time(min)

Fig. 25. Analysis of thermal runaway in units of cylindrical(18650)

LFP battery cells according to internal temperature
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shoh wlae) BozM, dsldel AgH B AFEE ATHAL. FuE
Hol sty &F v AAvst A W AP AESA ol AA EY L%

h=]
T L2 7202 A EFolAd H

ot
il
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&2
w
N}
Ne)
o
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0
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®)
1t
e
N
Aoy
[
o K
o
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| Fig. 269 180C Al Ed#olA =1

al
o} As FALES 213t} [Peter J. Bugryniec, et. al, 2018]

400
350 +
300 +
o
o 250 +
o 200 J: - e——
%‘_ ] 7 S ,_’f e
E 4504 F AR
- e v 4 “Venting )
4 Surface (Positive)
1004 // Surface (Negative)
| /" - Surface (Positive)
50 i Surface (Megative)
Y Oven@T,,, =220°C
==Oven@T,,,=180°C
D ! I i | N I ! I N |

0 10 20 30 40 50 60 70 B0 90
Time (min)

Fig. 26. Cell surface and oven temperatures for oven set temperatures of

(red) 220°C and (blue) 180°C

Table 12. Time required to maximum temperature of LFP battery

Inside Temperature(C) Oventest Simulation Oventest
Max. Temperature(C) 195.9 211.0 or less
Time(min)(at 70C) 22 30 7 35
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Fig. 2801 = #7F A5S 98t I 9%3 LCO HiEe
(18650) &5 Ad Axs Algeold Azt nluste] wokth o] & 98 7]
& LFP "E 2] 5LCO i€ a9 g3ty EAXz  dAsdon, dald A&
oo ARgstAE A (5), 2(6), A7), 2O, A= FdA A&t

[Gi-Heon, Kim, et.. al, 2007]
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Fig. 27. LCO battery thermal runaway comparison to verify the accuracy

of simulation, (a) Reference, (b) Oventest simulation
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Fig. 29914 &= A3k H3](18650)2] NCM622 HiE 2] Ay LFP ®ig 2] A9
QEZ HAAS Hlws] Btk UE L% 180T oA NCM622 HiE 8= 128 ¥
of 710C7H# €%=7F A%sle= whd LFP g g s 166TE 9ZF a4 glo]

1 selstart
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Fig. 28. Comparison of thermal runaway analysis between
cylindrical(18650) LFP battery cells and NCM622(18650)
battery cells at 180T
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Fig. 3014 += 29 LFP g Ao A3 dds #&st7] A i
a

LEE 200CE HAste] A4S Ao
E7b 39107 AR AEst 9%F A4S U89, 1008 o5

200 T 210C9 =& FASAT

500
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Fig. 29. Thermal runaway analysis of prismatic LFP battery cell at 200C
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Fig. 31914 NCM622 HiEg] &9
Heating filmell Al 5000W/mm’ o8& << 2
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Fig. 30. Thermal runaway analysis of NCM622 battery module

Table 13. Thermal runaway propagation of NCM622 battery module

Ist Cell | 2nd Cell | 3rd Cell | 4th Cell | 5th Cell
Time
. 29.3 9234 245 957 27.0
(min)
Tem(’i?crjme 789.0 760.0 7558 756.2 760.0
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Fig. 31. Thermal runaway analysis of prismatic LFP battery module

Table 14. Thermal runaway propagation of Prismatic LFP battery module

Ist Cell 2nd Cell 3rd Cell 4th Cell oth Cell

T1rpe 61 116 231 231 231
(min)
Temperature 411.1 271.1 198.3 143.3 106.7

()

45



1
i
o
8

NCM battery at 1300 sec LEFP battery at 1300 sec
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Fig. 32. Thermal runaway propagation over time of NCM, LFP

battery Module
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