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Progress and Prospect of Electrochemical Energy Storage
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Abstract: For the unstability issue arising from the high ratio of renewable energy sources in power grid
under the background of carbon neutralization, the demand features of various scenarios in the power grids
for energy storage were introduced. The characteristics and development status of electrochemical energy
storage technologies including supercapacitors, alkali-metal-ion capacitors and batteries, flow batteries,
other secondary batteries, and hydrogen-based energy were discussed. The challenges and prospects of
electrochemical energy storage technologies for large-scale energy storage in power grids were analyzed.
Finally. it is figured out that the electrochemical energy storage technologies should be developed in the di-
rection of "high performance, high safety and low cost".
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Fig. 1 Current status and projections of the share of

electricity generation in the global energy [*!

B X BE R 1% R LA i B T 2 A T
H Ty IR LR R A A 2 R RE . 9 RE IR OR
G« fif BB H 0T 3 o D AR R R R A A Y i
Ao DR AERE R L RE N K — BEAE 15~ 30 min, 38
A I g D AR A e, N R R i i ) A
Yy ML EOR AL 0 O A A 2 . RE R U A AR 1Y

HEREIF 4 29 1 ~4 b, 0 8 7 A 4 I [a) B ik e/ )
B, BB R A RE B R 32 N T A M A A
Yt B EOR A A5 A B 1 A . A i B E RE Y
BERERF K — MK T 4 b, EF MR T WL EE , 32 2
FHAE R I B A8 2 2 ) i B it Y 5 R A0 435 UL
MR AR . W AR RE R AR RE MR An & 2 iRt
1x107

1x10°

§1x105

g 1x10*

2 1x10°

1x10?
10

30s 15min 1 h 4h H J&
— RS KIS H Py i
2 45 KAl H AR 14 ik Rl I R L 2 SR K LS B g e L
Fig. 2 Storage time and power range of various energy storage tech-

nologies, and their suitability for scenarios/*?

LAk RE TR T RE 0 AR G HL TR e R {0 A
FON 5 A BB RE IR AN S RS E DR BT
FRERSNEAEIRE. (D REMAERER £
SRS AR R IR I A g R 0 el B B A s AT A
ARG TT T . DR B Ak BB AT LA RE IR K
FL AR e B LI | L T SOAE L 2 R RO R A P T AR
FE P B REIR AR T . BRI/ A RUAE REHOR
Y DL v R A R A I s RS P, — T AT LS B
HR IR ) RUE T 14 A g % HE- A 5 75— T T AT L SE
FEE AR I E R R RETRIH A K. (2) B
MfERE N HL ) R GG e fesd m AT RIS . fRE
A R ) 2R e 4 4t sl 25 B JE RIABE i S 4 L RT DA
A v BHL 2 BT 2 R AR N AR G A5 T L 0 W LA HE 2% i A R
PG FNTIE L F A B £ AR Y B S AR E KR
(3) JH P D0 A B 0 2o B A7 o i 5 B I L A
IR AV P v A 5 T 4R (A A5 B A o S P e
HL ST T S

Z R R REB AR BT REIR RS SL B ) R
IR B DG BE . RTRB UR i R RS IE AR B A RN
BB A LA FE SR T S (I R R i i
K R STt T 58 AR Y L KR AL B T L g R G IR
JEE e JR i Tk RiE L B AT SR R G0 A R RE TR A
i Rk B XL AR 3 3 Bl T A T R A g
A R R 3 — 2D R T R AR E R ik
FARERE A T Z o0k RE B AR D[R] R AT

2 BUFEaEEAR#HE
HhL Al 2% G R 3 T 2 i A R A I



. 398 - FH N T BE F K

5 A4 3

Ji S NE R AT RE B A At A 4 B R e L 6 ik R
T (R 70 Tl R R B A | 25 o R i E ST Iy B
AR, 5 RECAEREAH LL D) 3 R A fb 2 % g
F AR ) e o7 R PR B B e AR L s AR FE DN
5 4523 S REAE B RE i /25 5 AU A SF A AR R
(R RE B %% 5 R VAR SOR i T R . AR P OCAT
it BE =l B AR BE B 1 R 58 e gt L B E 2022 4
. 2RO i B R AE e W H BT HLA & 45.7
GW. FRE B B At g R TR PLA Gk 13.1 GW., M)
A BRI L R o JU AR T B B A AE 1Y 6 DL AS 1
PL60. 3% M A AF B K R R g g K<L Wial 2027 4F
ik 138.4 GW, i #7 LAk fig b, DA B 1 F
AR FE I AL A i BE R S, N 9805,

HARR GEiH Fodla WL 3.
i 24

(a) 2022 4% P [E i B B AR B ML = 40T

2023—20275 4

160 000 - Bt
140 000 | K EN60.3% 138 386

120 000 -
£ 100 000
< 80000
ﬁ 60 000

40000

20 000 -

S
[ %3
[
[
S
%)
> B
353
S
[
=

(b) 2R AR o B B Al AE BT 48 £ iz MUARE Tt
B3 2022 4F op E i AR SRR AL GE T R OR 5 4F o [E B Rt ik
T8 Bz M T S
Fig. 3 Installation statistics of Chinese energy storage technology in
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capacity in 5 years 8
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Tab.1 Research progress of alkali metal-ion capacitors

FL AR

HUETEH )/ e/ s DR/

HL AL R/ FRATR

ke || IESD H \ (Wh« kg™1) (W kg™1) (Aeg™h () /% ik
CNFs-Cu: O || AC LIC 0.01~4.40 183.2 11 000.0 5.0 100. 0¢5 000) [13]
NaNbO; || rGO LIC 0~3.0 166. 7 26 621.2 1.0 90. 0(3 000) [14]
OMGC || OMGC LIC 0.005~4.500 312.0 12 168.0 1.0 86.9(10 000) [15]
SG || HP LIC 2.0~4.2 131.0 6 323.0 5.0 89. 1(10 000) [16]
VNQDs@PCNFs-N/F || APCNFs-N/F  SIC  0.01~4. 20 157.1 9 100.5 1.0 73.5(8 000) [17]
HC || AC SIC 1.0~4.0 140. 2 5230.0 95.3(9 000) [18]
NCOS || BCN SIC 0~4.5 205.7 22 500.0 10.0 90. 0(10 000) [19]
E-MoS, /NG || AC SIC  0.01~4.00 150.0 14 421.0 10.0 78.1(1 500) [20]
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Tab.2 Research progress of sodium-ion batteries
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SRTE T YR S VSIS

GE || 5% \ (Wh « kg™1) (W kg™!) (A+g™) (/% ik
NVP || HTO 2.5~3.8 262.3 1757.0 1. 000 86.0(260) [25]
NVP-CNTs || Bi 2.8~3.7 161.8 2 354.6 1. 000 92. 1(400) [26]
NVP || NF-TiO,/C 1.5~3.1 212.0 25 215.0 0.168 91.5(300) [27]
FeHCF NDs/rGO || HC 1.0~3.2 170.0 17 000.0 0.100 88.2(100) [28]
Na; V5 (PO F; @rGO| | V5Ses/MWCNTs-2  0.3~4.0 104. 2 646. 0 1. 000 75.0(1 000) [29]
NVP || P/C@S 1.2~3.6 225.0 8 215.6 5. 500 72.0(500) [30]
MCMBO-NH; | | MCMBO-NH, 1.5~4.5 235.0 12 500.0 0.100 96. 0(500) [31]
NVP/carbon || NHCFs-S-Fe; Sg 2.0~3.8 204. 5 1. 100 89.0(120) [32]
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Tab.3 Research progress of potassium-ion batteries

H AR A R MR/ BEReREE/ IR/ H, It 2/ AR it
GER || faff) \ (Wh+ kgD (W« kg1 (A+g™D (/%

PTCDA || CMSs-800 0.01~3.30 141. 00 4382.0 0.5 78.0(1 900) [33]
PTCDA || RPCNS-800 0.8~3.2 91. 00 18 851. 0 5.0 58.6(5 000) [34]
KNiHCF || Graphite 1.5~4.0 96. 54 6 889.0 0.5 87.1(500) [35]
OPAC || K4 NbsOy7 0~3.5 116. 00 10 808.0 1.2 87.0(5 000) [36]
MD-KVO || NMDMOF 1.3~2.9 110. 00 440.0 0.1 70.5(50) [37]
AC || FePSe;/CNT 0.5~3.9 77.30 5790. 8 1.0 71.0(3 000) [38]
PB || CoPSe@NPC BIT 0~4.2 206. 80 5 400.0 0.5 94, 5(500) [39]
KMnHCF || BP@Fe; O,-NCs@FC 1.5~4.5 173. 20 4073.3 1.0 90. 4(500) [40]
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Tab.4 Research progress of redox flow batteries

s - . PR M R R
N (WheLD) (mA-em D 3K/ %

graphite felt vt/ vst VOt /VOS 0.5~1.7 200. 0 87.97 [42]
POCO graphite flow plates Fe(CN)¢*~ /Fe(CN)6*~  AQ-1,8-3E-OH 0~1.6 25. 20 50. 0 ~83.00 [43]
graphite felt Na-metal Na;Fe(CN)g » 10H, O, 2.50~3.95  54.16 1.5 92.00  [44]
G/CF Zn(OH) >~ /Zn MnO, ~ /MnO, %~ 5.1~6.6 97. 80 30.0 85. 80 [45]
graphite felt ZnBr; KI 0~1.4 80. 00 80.0 82.00 [46]
carbon felt BrCl, ~ /Br— TiO?+ /Tist 0~1.8 40.0 78. 20 [47]
nickel-carbon felt Zn(OH) 2~ /Zn Fe(CN)s% /Fe(CN)¢* 0.8~2.0 208. 90 80. 0 84.70 [48]
graphite felt Zn(OH) %2 /Zn I /13 1.2~2.1 330. 50 10.0 80. 00 [49]
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