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Negative Electrode

Positive Electrode
(Carbon fibres + Lithium Oxides)

Figure 1. HHiEIZ| 7|52 4
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The latest nanomaterials made of extremely
thin and strong carbon fibre replace the car's
steel body panels and can be used in the car's
roof, doors, bonnet and fioor. These panels
also double up as the car's battery.

Expected range is
130 km when the
doors, roof and bonnet
- are replaced.
-15%

The car's weight can be redu-
cod by 15 percent, Thero is
potentialfor cuting weight stil
further,
(5 The body panels
4 | o [0) L) we discharged 35
C) R the car's electic
J ' molor is used.
The malerial can be recharget \ —
o) 'Ltm firo )‘

1) hamessing the energy generated when the car brakes v Y
2) plugging into the mains electricity grid n)
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Structural-battery-based roof
Mass 9.6 kg
20% mass saving vs. original desigr

Structural Battery
Ny =n,+0,>1

(@) (b)
& Original roof
& = Roof mass 5.7 kg
X . Corresponding Liion battery 6.3 kg
PPy
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= = - - .- vs.
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Cell-level design

Reinforcement
outside a battery
(e.g. CF, metal)

(b)

Reinforcement
inside a battery
(e.g. CF, GF, SSE,
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7.1, S2[2mo|=9| M=t

CF= = 7L 71AA sl stollA 71
oA S=29] 3} Ei= vt HO*% &2t} Huang 5& &
8% Li Y CF ¥=1 Li,S/CF 2= %= ?L Al Li-S HH
HYE A A=, o= vy 44 249 F A9 Ve
O F 43Wh kg'9] E4 YA E G4t 2lE ol BiE
2] (LIB) &joll &= CF 7|8t sh-A A= 24 ol o] uf
g2} (ZIB)oll &= AR {tE. MnO,@CF &= ARg-sto] 244
279 AL 7|20 Zn@CF 2] 7S 182Wh kg [68],
Zn N E o] $oli= 205 Wh kg [69]9] wlollui 2|7} 22
B E ATk Figure 10(a)o]] EAE W+ (MnO2@CF, GF ]
g}, Zn A E F=)eF ©F 73t (CF 9 GF ghu]y|eo] E)9) 23
& 230 MPa®] =2 w3 =8} Q1% sloflA] Al 8% e
olofRItt, AEHY A (Figure 10 4(b)).
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Table 1. 72X HiE{2| H2F X HS Juf Q°F
EHE(E), 2] Z=(), 23 Z2d0). Houxi= &

SA(cel)E 7|z02

TEE), 3 AF Z=UTS), =5 2y
AR AELICE
Strategy Reinforcement type  Cell type Specific energy Mechanical performance Cycle life Year
(Whkg™)
Embedding 5 LIBs between foam structure in CF  external CF LiPo pouch ca. 94.4* (cell) E = 9.1 GPa, UTS = 95.5 MPa not tested 2020
laminate sandwich cell
LIB sheets with interlocking rivets between CF external CF, Graphite/ 131 (active) D=121Nm? 80% capacity retention 2019
laminate sandwich interlocking rivets NMC (LIB) after 800 cycles
CF anode and current collector, structural internal CF, GF, CF/LFP (LIB) 23.6 (cell) E = 25 GPa, UTS = 300 MPa High capacity retention for 2021
electrolyte, GF separator electrolyte 60 cycles
106 (active)
Graphite@CF anode, LFP@CF cathode between CF internal CF, external Graphite/LFP 37 (cell) E = 1.8 GPa, UTS = 213 MPa High capacity retention for 2020
laminate sandwich CF (LIB) 50 cycles
Embedding LIBs between foam structure in CF external CF Li pouch cell ca. 45 (cell) D =985 N m? not tested 2012
laminate sandwich
Embedding LIBs transversal stacking between CF  external CF, internal MCMB/NMC 102 (cell) D =781 N m? 86% capacity after 190 2017
laminate sandwich stacking (LIB) cycles
Embedding 2 LIBs between foam in CF laminate  external CF LiPo pouch ca. 72* (cell) E¢ = 11.6 GPa, o¢ = 101 MPa not tested 2020
sandwich cell
LFP@CF cathode, CF anode internal CF CF/LFP (LIB) 222 (active) not tested 88% capacity retention 2021
after 300 cycles
PS@CF cathode, Li@CF anode internal CF Li/PS (LIB) 43 (cell) Electrode: E = 9.2 GPa, 81% capacity retention 2020
separator: E = 1.2 GPa after 200 cycles
MnO,@CF cathode, Zn@CF anode internal CF, external Zn/MnO, 182 (active) E = 12.5 GPa, UTS = 293 MPa, 88% capacity retention 2021
CF (Z1B) E¢ = 44 GPa, o; = 181 MPa after 100 cycles
MnO,@CF cathode, Zn sheet internal CF, GF, Zn/MnO, 205 (active) E = 3 GPa, UTS = 180 MPa, 85% capacity retention 2022
external CF, GF (z1B) Ef = 12.9 GPa, o = 230 MPa after 300 cycles
NH4V40,0@CF cathode, GF separator, SPE/kaolin, internal CF, GF, SPE, Zn/NH4V40,0 159 (active) E = 5.7 GPa, UTS = 166 MPa, 95% capacity retention 2022
CF laminate sandwich external CF (Z1B) E¢ = 52.4 GPa, ¢ = 584 MPa after 500 cycles

(*The value was calculated from the reported volumetric energy density and mass density).
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o} mEkA] 7158 e A AMEAZIA] oA ]
5 oUA AR A2 gEldd HAE B3l 714 E4S A
A FFAIAOF SRR )5 BEAo] FELh ol U
4 (ANFsyi= g ARG-E|o] $Ith Ming et al. o] THeRt
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88 GPa (Figure 14(b))°] 9k -8 713 F7] (B 0.8 nm)2
Aa) ole Meg WaEE ezl Sk Aol HEA
o A ZA3sHATt (Figure 14(c)). U150l Wang et al-> ANFs
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7 (GO), 7HX|3 ANF (BANF) ¥ Si = LFP9} 72 3 =
2] DMSO 893t 1ed (GO)e| +7F & §3f
271 591 A3 =S AF sl AlMRh 5-7 GPag
A#E 4= QlTt (Figure 14(d)).
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A1 2003] AfolE $- 6% B FAES HYITh (Figure 14(F).
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