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Comparison of Energy Density for Battery Pack According to Cylindrical Battery Type

Taeseok Kim - Jongwook Lee”

School of Mechatronics Engineering, Korea University of Technology and Education, Chungnam 31253, Korea
(Received 3 December 2025/ Revised 9 January 2026 / Accepted 9 January 2026)

Abstract : This study conducted a comparative analysis of energy density at the cell and pack levels across various types of
cylindrical battery cells. While 18650 and 21700 cylindrical battery cells have been commonly used in the past, cylindrical
batteries with a 46 mm diameter have recently attracted significant attention because they can store more energy and reduce
the number of cells required, providing substantial advantages at the battery pack level. Furthermore, this trend greatly
influences the changes in energy density of battery cells and battery packs, so a detailed analysis of this aspect is necessary.
Unlike other types of battery cells, cylindrical battery cells have standardized dimensions, making them more suitable for
general analytical studies. Accordingly, this study carried out an in-depth analysis of the energy density characteristics of
cylindrical battery cell-based systems based on these advantages.
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Fig. 1 Dimensions of cylindrical battery cells: (a) 18650 battery
cell, (b) 21700 battery cell and (c) 46950 battery cell

Table 1 Representative types of cylindrical battery cells: 18650
battery cell, 21700 battery cell and 46950 battery cell

Cell type 18650 21700 46950
Diameter [mm) 18 21 46
Height [mm] 65 70 95
Volume [m”] 16.54 x 10 2425x10° | 157.88 % 10¢
Energy [Wh) 125 18.6 125
3} Aol 37t A= T2

wEbA ol 59 A S Y RO sy 9
g 7]Fol Baslt. 2ejg 71FY R vA Ex
Exd g e, duR des 22 2y g4
qUA FEo 2 AT F Jth #2 AUA dEE 7}
A& g e g AHEEHE oy 2] AEr 3L ujEE
AL AR S W A7) AER)e] 3 AR & A
4 4 ok wehA v Aol duA deE 5887
Aol & 5 3t} £ FolME Z+ 53 vig e Ao
g Fd} gA) oy Aol i gt £4& T35t Al g9
o] 5.3 o1 #] A= & 8] w3},

Table 1> I EA Q) 458 A37HA FF 5 47
g U A& Qe g Aot} 53], 2} 53 AE 9 o
A 85220251 Il A | H € vl E] 2] A3 oA
29 714 ARE g oz A=A viE g A
L2 vo]A 9 7| ML FFol we} oA &l 7} Q)
S 7] i B AT E L 71delA FH
HARE o2 A7t 53 ATt B Ao A AL
49 953 vige] Ase 4% +FL ABHOR
H7teb7] Ylsted A AAH o2 R d 3 JE 7 73
3 AT F vigeE A5 835 AN E dartgith
1A, 18650 953 e 2] A& 2F10.84 Wh- 1225 Wh
o] MY =2 gl 21700 Y5 viE el A3} 46800
Y53 viE e o] 852 717} 9F 16.60 Wh - 23.99 Wh,
oF 82.75 Wh-83.41 Wh 9] 2 #2153t} -5



HEY HiE2]o] Y0 THE BIE[2] T 02| YE H|R

2.2 HiE{2] 4 R84 042 Y= H|R

L5 vjefe] Ao duA dEE 7 FHE gAl &
3} 517 ol b2 Ry o] v| 2 A o] g 4= glrh #yk o}y
2} 89 9] $71 EF U A Exe Wl FFE
H = A3 95 g Ao 534 oA dxo
¢k A A7) o3 Zo] A 2= i

Table 2= 953 vl 2] A9 3714 {3 Sl gk -
¥ 9} o 1] A] W €] ghE 2} Ao & e A o]t 21700
L5 viEE] A2 18650 9153 vig 2] Ao v] 3] g
NA| = °F48.8 % 5L 91 °F46.58 %7} &7 &1
Atk AoH oz B g 859 F7FFFo]
AFBRlaL T mfFoll B3] oA WEE oF 1.51 %] A
o] 2 A 9] FAFEFA T 121} 46950 ¥ 53 vliE 2] A
18650 ¥1-5-33 v E] ] Aol v] 8] 82 10¥)] 3 F-u|&
oF 9.58) o} H-3] o L2 AE: F48 %= T
Ao FRIEAT A2 H 0 2 18650 Y EF viej e A
o A 71 G o A A7t E1E %131 46950 953
vl Ejg] Alo] 7Hg #& YA EEE 7 & A &2
& 4= A ). ol & T3t F-u] 7t Z vl 2] A& &a3}
A e sFoa® B2 4o dUAE EAT T
= A0E B8 & A} 46950 ¢ EH g g Ao]
Ef39 vge] A B 52 quyA deE 7HAE
2 o Fu 9 S22 % AL obd A o|th 46950

oA |

458 vige AL V& 39 O Yy F=2E 1A
1 o] Ak o 1A W9 gafel] FeFg v 3 & Aol

71 8}ol &= 18650, 21700, 46950 1 53 viE] 2] Ao 2
5 Alo] 27t B FAE F7(1 mm) il 7HE S o
Aol 27} vjelg] Al AA| 9] Fujo A 2pA| g F-1] H|

< AW EE YR Axe] Frle gig F9 ol&| T
T A Aolt}.

Fig. 2& A 59 ztolo] digt oA o] v g §]
3] 3714 f-8 9 9453 vig e Aol 22 F7(1 mm)
o] 9] - Al o] 22 o] Fo7 H4-E B F g Aot} o

Table 2 Comparison of energy density by cylindrical battery

cell types
Cell type 18650 21700 46950
Energy [Wh] 12,5 18.6 125
Energy increase rate [%)] 100 148.8 1000
1654 2425 157.88
Volume [m?] < 106 ine iie
Volume increase rate [%] 100 146.58 954,51
Volumetric energy
density [KWh/m®] 7.56 % 102 7.67 < 107 7.92 x 107
Energy density
increase rate [%] 100 101.51 104.77

(a) ®) (©)

Fig. 2 Comparison of battery cell case(with 1 mm thickness)
volume ratio in cylindrical battery cell: (a) 18650 battery
cell (23 %), (b) 21700 battery cell (21 %) and (¢) 46950
battery cell (10 %)
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Fig. 3 3D model of battery pack: (a) battery pack without
battery cells and (b) placement area of battery cells
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Fig. 4 Arrangement of cylindrical battery cells: (a) 18650
battery cells with cell-to-cell distance 0 mm, (b) 18650
battery cells with cell-to-cell distance 1 mm, (c) 21700
battery cells with cell-to-cell distance 0 mm, (d) 21700
battery cells with cell-to-cell distance 1 mm, () 46950
battery cells with cell-to-cell distance 0 mm and (f)
46950 battery cells with cell-to-cell distance 1 mm
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Table 3 Energy capacity, volume and volumetric energy density
characteristics of 18650 battery cell, 21700 battery cell,
and 46950 battery cell

Cell type 18650 21700 4695
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Fig. 5 Analysis of the void spaces between cells according to
the arrangement of cylindrical battery cells
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Fig. 6 Comparative analysis of the cell and void areas of
cylindrical battery cells according to variations in the
spacing between cells: (a) cell area relative to the total
area and (b) void area relative to the total area
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Fig. 7 Analysis of the void spaces between cells according to
unidirectional arrangement of cylindrical battery cells
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Fig. 8 Comparative analysis of cell and void areas of cylindrical
battery cells according to the change in spacing between
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to total area and (b) void area relative to total area

EE g A 539 disto sig g AE Ale] 9] 2t
Z o] 0~3 mmZ HE of vjg| 2] o] xpA] 8= FH 9 v
B (Rguaacen) s Fig 8(a)°ll, Bl &8 JHo] AA|8h=
& 2] B & (Rypiem) S Fig 8(b)oll ZH2HheEbsict. vl H 2] 4
o] ujX|7} GEfA Sl ool 4z v x| o] Ao} 2
o] ujg{ g] Alo] A Fo] E5F vle ] o] XA|etE H
&2 F7HelaL H] &8 o Fo] A& v &L FAhE
o QU] Uk o FAHA FFE v A= AL &
18 5 QA

A= A4 9l A g g 7vtoz A 3t
AT A F WEIT T 8o v X FEFS AFH
S 2 EMPT. a2 A H, A A Fo| FIHEFF ALFIHY]

£ dUthe A9 AYE ERAGCIE P
Foz WA E ALolE SU5HA S HATh) T2}
270 el e B A A F A AE T
4402 WX s TRE AN, B BEEE A}
3§ BaloA GEhte o449l Agshe the Ak
B9 4 gtk mebd A4 A6 7Vhe B3 B8 5
& BA5] 94, ohg A E A2 FHe Qs

ek % o117 S 2FaHE A WX 27 3ol
N A A gl mhE B A LA U ES BAE
774} @,

3.3 SYBH 0f|L2| A 7|22 HiE{2] Toi ci gt
HEY HiE|S| do| RYYE §Y

oA -2l A I UF AR g2 F39
253 vig el AS vige He FAsa A 4=
& Hlag ek 2y Al RHE TS ulF o2 3 g
2 #o] duiA] A FAF HlartodoE Aol &
A= Aot w2pA £ Aol M e M2 71FS F8ho] vl
B2 #o] gz A& v ud Aot} A AxE
ojE 2] 99| Fuj o} & YA 2 =& drt o] & vl

oz EAdAE ER G4 A E AAstaL 3T ol

UAE ZAE 5 JE 73E v g #E =&

Lﬂﬂ L= Hl“%}ﬂ‘)lf—} T A E gAE] 9

Fgol FerH o L AUA dxEE 7H 5 37

“ll%_‘—OIE}. o] & 913l Fig 99} Z2 e AEe wjd3t
ojE 2] #o| X4 et
I L

Fig. 9 Internal configuration of the battery pack with two rows
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Table 4. Energy density comparison of rectangular battery
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Fig. 10 Analysis of the effects of battery cell type and cell-to-
cell spacing on the cell occupied area in battery pack
with the same energy capacity: (a) cell area relative to
the total area and (b) void area relative to the total area
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