5533 % 53 M HLOTHLfE BT B R Vol.33, No.3
2014 4% 3 J Advanced Technology of Electrical Engineering and Energy Mar. 2014

WMBEIRRE N RE PR AT KGR

1

N R

El
HE

LB, B, H 8

(1. AL AXFEAIRER, THE SHT 132012; 2. LT HE A RS
T

WA BFHARFRIR,

T kR 110015; 3. HE B AATRNE , F4 K& 130021)

WE., ZXER T ARA LB AREGIER G ) R PR RO RIIK, B 5Tk
RSt R & A 250 F2& L Rk A% ks B a7 &AL ek 3 R o9 AT Rt | 20 op ) ik

T ZAPAE AR AR RIL, AT T BATAE AR AR W 451 B 25

T R BB AL AR 64 B & o 5 12 0 B 9]

ABRL AR, RIGAATHRRE A R, R S AR A A B S G  AA R F  thea

R AL S LR SRR E R . RGIE HEALE K S Fh ik Ak

R AT HFIRANHT TG RAL,

SR ARG A R s BARHR AR TR AR

hE SRS TM711 TEKARIRAD; A

0 355

W 22 5 e A A, B AL 20 RE IR A AR AT S
AR R, KEE R PHAE TR AE AR RESE il A e
TR CHTRETR) B9 IF A RUR T B 2851 /L L 3 17T A s
JERTE . BRI L n] AR Iz M T &R
e I AR BORBOR Y FUEE {H R BE L
P TR SR AT, A1 28 R P AR RE R A A FH 52 5
T2, SRR RE A8 0 1] Wik | P shPEAR 5
A8 RTFEAE RE AR A5 AT iR | R4, fie 1 AE 14 )
L PRIERTBEIR i 1 R G2 1817

M T ML R, e B 2 e Hl T
SRR T PRAEXBE B IR W X OS2 10 ST T
FUZR AR e, T LAAS SC L5 XU B R T R 80 2
BT AR,

X EHS 1003-3076(2014)03-0053-07

ARSI IR T A P RE B B A I
LR T AR REBOAR AL i, A T N
T 16 T LAX Ao g ARR BB BE IR L ) &R 48
Hh A BE B A 75 i DR A S SRR AR [P AE

1 fEgERAREFRERENREHHIER

TEFTRER L T R G, ff AEH R 1y 3 20
5 L 7RI MR BE TR FR ) R GE R B A R DR Y
Btk e ml ) R Gtia e e m i R
i FE %% B RE RS I IR S ORI D 3%, AR A v e, AT 2K
3/ 2R G5 il FEL P 2R ABURE | S B A R IR TR AR
i

DA [y 2 ZA A i FEl PN i RERE AR K R 1) 5%
SR AL, T M 7 i RE B A A S5 B B AR A
et AR, 1 R,

ok || wmomdne || R chrae || asian kg RS Gtk | [ BB
i [t - I 9 Er et
[#4h v y vy v v v v
= | 1990 |\ 2000 2005 2010 2011 :::::::>
TSI ~ Ly L3 7y i
[ | ke || emabmmi CAESHs [t | ks stitnha et || s |
ook | (ke | [ e | a-binthie | Roohaemine | @SR SRR ULk
BT ARREHOAR R R SR
Fig.1 Key nodes of energy storage technology development
Wi EH: 20130221
EEWE: HEARPEESEITH (51177009) | & A4 B TRHE H (5 2R 72012145 101 )

EEREN: A

A (1987-), Lo, Wi, HAREE, BULRISEE, RN R REROR K A#RE B IR RIBE 5T 5

HoOE973-), B, EAEE, #R, T, R RGN RSP AR R SRR S e T



54 T HL fE B R

$33 %

MUK 7 ] 1) & e, — T T4 i 17 HL ) &%
Gi— R BEVRBOAS A 5 55 —J7 T 3 hn T R O FEAR E T
Y2, W T O BEIRRA A, TR
TE g A5 XUF Y DI R R 19 22 e i AT, B )
RGP WAL E —E AR A R ERERY
fEREHB IR, AR RERAS KU I W A AR, &
56, R FHBA P e 137 0 50 285 08 19 B ) 0 i RERCR
REA SR BT RE IR L ) R RRE M

HoR, SRR R e 13 5 ) i) fig BEHOR N
A UG E RN, BRI Z A g i, R KU LA,
AT 5 XU HL HL 2 AIK HL 28 B ( Low Voltage Ride
Through , LVRT) fig

5 EREBOR BE UL AL BT RE IR L ) RS 22 35F
P, SRR 2 Bl K A BE T 46 25 <055 i E 45
AR 3 3 S XU ZE I TRV Al B PR TG AL R 58
ZUeME R R & T2z

2 BEERERARSH

MG A REH A Pk A RERR 70 BB %5
JE R ERE S B K B i ALK RE B R . TR 46 2 AU
RE Fli/K £t 68 | 0L L ik BE 55 5 T A0 B2 R | el o
P AT SRR B D) R AV e R OR . R ER A e
AEHE M A AR

s R AL B 22 57 AERE R AR 43
PR RE A RE | PR RE A RE AN S A RE DU
2.1 YpiBf&ee

Y EEAE RE T =UA KA RE R 46 25 S
REAN CESHERE —Fh
2.1.1 FAKRAEREEK

Hhok g REH AR ( Pumped Hydro Storage Tech-
nology ) FI LA Ho i e A A7 BE 2t , B A7 LA LA,
M TR BEIIN 2 25 A AREKFE SR DR S5 R 3R (R
T ARSCR — AR R 70% it

KA BEHL AR 532 Gt 1R TLIR] KUt BE R8T 4 it
KK AERE T KK R RE . 15 etk A B o
TR b N UEPME K T R K K A RE R ¢
AR T K L S ORI Y AR R 9 L (B 2 T
KB 18 T JE e P R £ ) B 55 1 T ) R
K,

Kt BE HA R RE A R I8 4T R0 R
P B AT 2 R AR O A, 15 32 7K ORI HE 5T 265 4 1 1)
2y fit B Rl ity bk 52 R

K i RETE AR HH 2R 8 ] e | ) AN S o T 45

T3 TR FEE WL ZE RO . AR AR RE F 2 T
Pl e Ak — 1k — v = MolR AR 5 2205 1Y
Ff AR, ATV g B 2 e sg T e R 97 e R A
Jigke # A

1K it RE R, 28 2580 10 L% LI LA BT ok
MRS . B B R R K AR BEAS 1
IR RE A L TESE PR ) R GEas A7 h AR Z Fh
MBS AN HEME G MG E R . SOk
[7 13T 22 G Al W I 2 o FH B 25 25K, At S 4l
JK A RE 328 10 25 e AL A ASE AL, 3 B il K £k R FRL 3t 7
HLI R GList T P SR A Ak A
2.1.2 EREEAMEEKR

FE45es S g el ( Compressed Air Energy Stor-
age, CAES) A I 73 Ay fith RE FIURE RE P14 72 . A BE
i, KU ATLZE At DR AR, B AR UL TR AR 4 25 S
i BE HL oty 38 o0 L S ALK Bl 4 HLRE 25 SR 40 0T [
TS AR B R A AR I TR i
JREA SCRE LR ek S99 SO OB i O 5 R
I, IXUHS BILZH i L D) SN BRI 2 AT R R 8 e R s
STHERJG , ARG 2 B RA, #8238 sl R U5
PL, A s R LA HL

CAES [REIR L AL R B, 18 75% 247, 181
—JERAILA N 29 1 kW Y R 46 25 A i L 1Y
REVRFE AR R TT% , #7 PR IC A — Se S H R
REVRAE AR A BT 3 80% DL L

CAES it BE A 1 K, ORI #E D, AR BRI,
LA FRE  FRer I (H AR 2 AR, JF 2 5 2 5%
ML AR BRE . TR 2 AU B A T ek
FARAE v XU & H B~ 38 A 1) A, SCRR (8 ] 38 ik
SERRW 2 SAERE R RE IR T I T3 X
FL A HL T ) D ) 38 Sl 0, DT 35 8- 4100 XL
WL D3 5, 38 5 CAES 38 W H Ry el 7Pk B
)8
2.1.3 kEpEREAR

“RECHERE R4 ( Flywheel Energy Storage System,
FESS) i K48 AL R SZHEE R G0 B T R 4
A TR AR N RE R L ORIAE] 70%
~80% . fHAEMT, FESS HLREMK N Sl 2 Whe i
HRIERE | H v RE LI % 14 ) BEJE 27 Al 7 v i e e
O RER A BERE I | = BUKERS 1Y IS AN IR s By
R LA RHLIRE S L FLBE , H T 28 A ER 111
AN

A EE S AL R A R EE A e



3 1] LN

AR AR R G RN T Rk E
P 5 e RS I B A P SRR RE N o

BT O T AR KA RIS, P WA
FFHRERSR 32 AR A SR B PR Rl R BOR o R HIL
FRECHR B B E B S A dn N b 2 <L) il
T KA BE R G0 (HTS-FESS) il F & 5 8 ik 14
7 (SMB) JCHLBGE fish . A AS e SR, AT LS B
el ST AL B 458 e, T A A% I A1 TR e el 7 A3
FE

FESS HA g i % B2 KBRS Dh AR K TR FE A
PEPRUCECPR ] | 780 H TG s v RS P A, fH—
UM B A
2.2 Efifge

2 it B 1 32y 2R o Tt il AR R
(Battery Energy Storage System, BESS) , il 13 F, b 1F
TR B SR A A T B 7 5 AR, , S5 3 FL BB R AL 7 RE Y
FIE AL BESS HA PG T R Ak g S
Je H Hi e A T SE R i RERL AR .

R AP S 2 N TR RE A 2 P Y
P2 PRt BN FL L TR PR T R < S S A, 285
XF 2 i BEROAR R R AL RCR e A BRI
B St AN XU 23 BT 2 22 O 1T e A, B0 A8 A AT
FL B A BE BT RE R H g &R 48 b i RE 7 T B A AL
B, ELPERE T ThT A A L pIC T B AL R YO P VL AR
[[7ERTAS
2.2.1 g9

PR T F L — M BE VRO S RE R Y
i REFL M, S A A BE R G E 2k PR R T TR
HLRSE AL PRGN, ZR B R 2R 85%

PR A B ELAT RE B B e SRR AR o K
A AU, vT L ER R O IR B A e R B
e AH AU AR

IS A i B FRL 3 0 A R X TGS
BRETE N BB I S R e 25 A X E T
ST i R AR R
2.2.2 ek

BB L 2 LA Na-beta — S A0AR by oL fff 5 A1
e JIEE, L < Je A g SN, A 22 B A D AR Y
fRfEHE I, L TARRCRZ D 70% .

ARRL R T R A R SR YR L M Y 3 A7, A R
SRAGEH 173, BB AL Tt B A BE & % L FE
b & SRy B o N (AN 1 N N T X W
(B L TR B NG BR T i A5 5 4 g |, B AT I o5 2 4B 45

ih, S BTRETRE ) RE P A RER R IF 5 SRk 55
300°C Ze A5 ) s i
2.2.3 RABE

YD P, VL SRR S P D R FL T, S K A B
BT TIT 4 AR PA A — Fh i PERE R, b DR
QP S R R TR AR SN RO O DNEN 171
BRI L | B AT 34 i L 28 0

WO R T B R T BB S I AL RE TR BE T
PRI R F 7 8 Fl, LTS o PR AP, 3 T BE YR & L Y
HRE RS I P AUAS (] B v I R 5

O R M BE AR G HAT R AR DR B RE
AR B T AR ST R R
BRI i L it BE AR 19 1) 1 B R 22— (H 2 AR
2 BRI REAS B 52 VR FL VUL B 2R G R ) iS55 A
e
2.2.4 HEBek

BT P VU R T A TR M P R T, — LA AT R B
ARBTE N H L IE | SRR A — R R B et BT i RE
E2S W% N O S T W (N e =
{(NED/ G I B2 R RS AN R R ISRV S
iy GRS IR ERTIE 7K 7Y /N
2,25 2kEAwR

GrJm A R R AR R, VA ON IR, &8
BB BK VB AR TN IR BB 9 5, KOH  NaOH  NaCl
Leitg 7K HURRL , S8 RER A~ B 5 T 4
B ST 7 HE HLRE

G A O LU RE R, R AR A AT Y L RE
ZINETER MR 8 ~ 10 i, BRI S AR 2 (0
PRER JERERLRT DR PEREDCAL, T LB R AR
L IO FE R AR, BEAE LIS PN SE e G Jm 00, R
S TE RIS

HAT, fF 2 SO s Bl A s h s S b Al
PABRATEL i B e s I . SCHR [ 18 ] 2538 T AR =<
FL, L %) O BRI AR R 9 AR, R s A & A B
FURE R, (H S0 r o P G2 1, 5 A 4 T L R PR
o B SR AROR A A L T AN R S DR 3R A 2 LR
NZEATAE
2.3 FREEfiEkRE

FL B it R A — Ry HL RS b i i E RE At A T 1R
WEHRIHREROR . 24T B R AR RE A S A
fif RE P AP AR RE 73X
2.3.1 RFHiEREA

B P HE A 4t ( Superconductive Magnetic Energy
Storage , SMES) VO T AERHE fE AR R W T R S



56 H, T fE

EIES (S 33 %

ZR VB B U A A R S i AR R 3 80% ~
95%

SMES EA i 8805 P i | JC 75 G S50 A, B
T FRE T LR BH, BEFEAR/IN, AT LUK
ToiFEHb A RE . ERE T4k B T 2L 8 T AR AR R VR AR
WA R 5 BN R e 5 et . SMES fESC LB fig
J5HL ) R G0 HL . AR s 4 s XU ke F ALY
gy R AU P ; R A T S B 32 KA i LB O SR L)
RRAMEE A R R A L BB e S B AR e

SCHR[ 19 Jiseit— 45 i SR s ] THF9T SMES fE
TG ) & B RS MR R S T s
HA IR, SMES R8T 85 B AR 2 40 v i) D) 2 A
LRI 8l TR D s s e ) Rkl
HR[20 ] 280 A0 BT IE SEHE FE e Al 2545l SMES A7 D
{5 = BERS A A = K kL R G AR e 1, i T
R, SCER[21 1R SMES XL ) 2 Gk e itk
ATHE, DARAS [0l 7 Rtk
2.3.2 RBELEBMEEK

FEGL 7R A O 2 SR P AT FhL i
SR T H R R 25 A RN R Tt 22 () A A e
FeRCE AT R A R AT v DL R A RE R T T
KB AAEREMIRCRIAE] 70% ~80%

R LR L 7 A R 2RI A P A B R I
NEARBEEEFITE 2 afee SR 15 B B ek
B2 MR T R A ) R AR
AET G H ) Sh A5 L TR AR ML BRI SR 4 BRI
sl

H T G HL 25 2 g P DB PR A5 5 F e e
L ME AL B A SR Ui RE R S
B AP S R EANAR R, SCRk[ 25 ] 783 2
HRETE R RTEE T, 8 3 % P 25 122 v P Tth 7
FLRICR D/ 8 PR UK, JE K F L . SCHR( 26 ]
FE A B TT X2 2 1l 455 750 R0 70 50 b, 92 S 4 1140 5l B
TN ME R B AR ARIR SRS

2T KU A XU P Z e g, SCHER[27 ]
G2 A RS LML B 1 RE R G P RE T AR Al 25
HRRE A RIS Y 04 XUER U Bl Dy 5% fifi 45 JXUHS
DRI T S BR A AT 6 HL ) 2R G0 S I R 2 1) 22
SCHR[ 28 | 754 T 7 20 & ALy i g R e v

FHER JFERIR G 8 2 45 28 A6 RE R ¢, 1T [R] B 3L
] A PG E 1A TR TC D T %, M R 4k
M
2.4 tHI-fERE

FAZE it S AR AE B R TS A 2 B T
FERE AR RE f A B R AR , AN BB %% B s, ELT
g Bt 20 [y A Y T, F%
I3 R HLBE R I AR AR UK B R R

AR AR 20 B O X KA AR 4 R i A
IKAEIRF A DIACH A LA FARE , B e 18 7 8 |
PR e B A AR AR R DL R AR
AT, 3 5 4 i ] 2 o S IR BB ) A7 R i, L
AR PR T

S R R A PG R 1) B AR [ R el S TO LR
TR s AR 2 PRI A6 PR S8 BAL A I
TR ELA F PR AR | P IR B Y R AT R RE
YA IRERAEL AL B PR BRI 4% 5 B At A
FIHSAL

VKE VS B A Y FEA [ BE 1 B8 VA T 4% vk il vk
SCPRV E AEAE RN, VKB R AR BB I8 il e
ML Z i, B il LA 0% 1 2 25 P8 A R I &

) E A B
3 HFig

ARILER T HATE A B Z P EBEROR 5 B
AL [ A AN S A AT 98 1 i 5 10 AR O, B4 1 4%
Tt BES A A D0 ki SR T L, SR e 45 Aol
T REDOA I RFIE LB AR 1

R1 ERERAREHELLE
Tab.1 Contrast of energy storage technology’ s characteristics
Ftk A et I3 Y
o FH Y

A WL o

Sk kG 100 ~2000MW AR AR AT R | H SR R R S
; 4-10h i€, ¥R B2 #H
Wk SkW ~SMW PR DR | i A AR | S LN /N A A RE A I
o 155 ~ 15min i PR e AR A AR REZ [0 137 &
100 ~300MW EREAT 1, 52 Hb BT 2% 1R 5 i B . .
s ’ MR A R

JR4i = Ak RE 6 200 Ko B L oA AR RE R L R L




53 1Y N, L FBETRE ) RGP B RER AR IF ST 25 AR 57
gxR1
— TIRBE
: e ik 1 6
BRAEHAR WL .
. LW ~ 10MW | fik R i 5, IR B A i Ko, RO | e o
0 i | momame HAETR e, AR 4
1kW ~ 10MW e e AR e AR T
B TRW - TOMW | SRAERAER BORE AR B | e s et bt
1min ~9h e =
- ‘ | e R W R & T
10 ~ 100kW L R B % % : ‘
B R RO TOOKW | R i A BOR AR gt 2
1 ~20h R B R GRS AR A
L LW ~SOMW | AR M 5 AR Ak J5 0 | HBEJR B, AT S M 4 TR
; I min ~3h e8I U SRR UPS
P 1~ 10kW EF e e AR LR | PN B U
L BN HPERE A A ORAT TR R KT A L U
F—— 10kW~20MW DI MR AT | L R SR LB
1ms ~ 15min di g I
1~ 100kW Bt | FE ML T B R |
4] DR Bl - N N =n%4 % RS
R AR Is - Lmin B (b ] P LA R
3 kW 2% . B
s ki T f A R TKE KRR b

TEFTBEIR R 1 RGE | ZOR A BE B 2 [R] hp H.
A RARAHRERE ST MR IR N BE T, K AT A AES AR
KNG DURT ,— Tl il BE B ARARME [F] B 3 A2 3 P Ao
oK, T BRI SR Z B RESOAR | BU B 2Tk RE
PR, SR L IR p R 2 ) £ 6 M3, e R PR 4 4 i
REFBLIRAOAION] o R, o] 5 Bt s 57 4% b A RE FRL
VRIS AT TS Anfar (G A 3t B 5 ) FH A 45 ik fiE
TR B H B Ay ot A A RE T O ik, o 55 v BB
ML ) RGBS RUE M AO0E T, A FHARAE
LRI,

S ZHE (References) :

(1] s, %, F£RKME (Shang Zhijuan, Zhou Hui,
Wang Tianhua). 7 A fif 2 2 ¥ 09 XU 5 7K LB AR R
GHIWESY (Research of complementary system for wind
power with energy storage devices and hydro power) [J].
BN RG AR 5 ¥ ( Power System Protection and
Control) , 2012, 40 (2): 99-105.

(2] WA, &ASUHE, X#HF, % (Cheng Shijie, Yu
Wenhui, Wen Jinyu, etal.). f#EEEARKILIERTIZR
FGREE R P AN (Energy storage and its applica-

[J]. B
AR (Power System Technology), 2007, 31 (20):
97-108.

(3] 25, ®B#, RET (L Qiang, Yuan Yue, Tan
Dingzhong) . fiff BEEAAE XU I W v iy g FHTBIF 5% i e

(Progress on application of energy storage technology in

tion in power system stability enhancement )

wind power integration) [J]. M R2E2AAR ( HRFE
2 W) ( Journal of Hohai University ( Natural Sci-
ences) ), 2010, 38 (1). 115-122.

[ 4 ] Bueno C, Carta ] A. Wind powered pumped hydro stor-
age systems, a means of increasing the penetration of re-
newable energy in the Canary Islands [ J]. Renewable
and Sustainable Energy Reviews, 2006, 10 (4): 312-
340.

[ 5] Bueno C, Carta J A. Technical economic analysis of
wind powered pumped hydro storage systems, part 1:
model development [ J]. Solar Energy, 2005, 78 (3):
382-395.

[ 6 ] Bueno C, Carta J A. Technical economic analysis of
wind powered pumped hydro storage systems, part II:
model application to the island of EI Hierro [J]. Solar
Energy, 2005, 78 (3): 396-405.

[ 7] 224, #4945 (Lou Suhua, Cui Jichun). FEZHE
TIRERYAH K Z RE ol 25 5 LRI BE Y (An integrated
planning model of pumped-storage station considering dy-

[J]. 1R % 33k (Automation
of Electric Power Systems) , 2009, 33 (1) 27-31.

[ 8] Wy, ZEA, FEEME (Tan Jing, Li Guojie, Tang
Zhiwei) . FET 46 25 SURKBE B KU 37 D 300 19 S Ak

59787 (Design and economic analysis of compressed air

namic functions)

energy storage based wind farm power regulation system )
[J]. 1A% A3k (Automation of Electric Power
Systems), 2011, 35 (8). 33-37.

[ 9] #esd, P2, # (Dai Xingjian, Tang Changli-



58 TR AR BT R 433 %
ang, Zhang Kai). S CEAHAE IR TR N DO an energy storage unit—the vanadium redox flow battery)
J& (Progress of advanced power system using flywheel [J]. H # ( Battery Bimonthly ), 2005, 35 (5):
energy storage) [ J]. HLPE$EAR (Chinese Journal of 354-356.

Power Sources), 2009, 33 (11). 1026-1028. (18] B R, I M, XL, % (Ma Jingling, Xu

[10] #x%a, B HgE, XN, 2 (Da Xingjian, Deng Kaihui, Wen Jiuba, et al. ). %4255 =t (19 B 5% ik
Zhanfeng, Liu Gang, et al. ). KRZEELH Wi i4RHE ( Progress of research on aluminum air batteries) [J].
TR AR K J ki (Review on advanced flywheel energy HLJREE R ( Chinese Journal of Power Sources), 2012,
storage system with large scale) [J]. HL T3 R2E4HR 36 (1) 139-141.

(Transactions of China Electrotechnical Society), 2011, [19] BEAE®, XI5, MIHiL, % (Chen Xingying, Liu
26 (7). 133-140. Mengjue, Shan Yuanda, et al. ). S aE e e It

[11] AR, ERHE, EHEE, % (Deng Zigang, Wang TR 7 & B 22 G5 ) W FH - ( Application of super con-
Jiasu, Wang Suyu, et al. ). SRS T CRAMEIEFE AR ducting magnetic energy storage system-SMES in wind
KIEIAR (Status of high T, superconducting flywheel power system of network forming) [J]. H[E YL TR
energy storage system) [J]. H T.HAR2EH (Transac- Z£HR  ( Proceedings of the CSEE), 2001, 21 (12):
tions of China Electrotechnical Society ), 2008, 23 63-66.

(12): 1-10. [20] &, ZE, HWE (Wu Junling, Wu Wei, Zhou

[12] kB0, WAs, BRI, 55 (Zhang Buhan, Zeng Jie, Shuangxi). FE-FAHRE N I PR 7 58 PR I I 5F
Mao Chengxiong, et al. ). FihfifRE 2 4t 76 2035 I N (Study on SMES unit for improving the stability of power
KU Y7 1 5 o RS E P A RS N (Tmprovement of system connected with wind farms) [J]. HL T HL AR+
power quality and stability of wind farms connected to A (Advanced Technology of Electrical Engineering and
power grid by battery energy storage system) [J]. HL[¥ Energy), 2004, 23 (3): 59-63.

Hi AR (Power System Technology), 2006, 30 (15): [21] £/, 2k, JERRIE, % (Wang Shaorong, Peng
54-58. Xiaotao, Tang Yuejin, et al. ). HL 3 RG R E ¥ H

[13] Lin C E, Shiao Y S, Huang C L, et al. A real and re- R TR G RE 2 M SE IR ST ( Apparatus and ex-
active power control approach for battery energy storage periment of high temperature superconducting magnetic
system [ J]. IEEE Transactions on Power Systems, energy storage used for power system stability enhance-
1992, 7 (3) . 1132-1140. ment) [J]. PEEV TR (Proceedings of the

[14] BB, AKH:¥E, XIF M (Yao Yong, Zhu Guiping, CSEE), 2007, 27 (22) . 44-50.

Liu Xiucheng). HiithfifiBE Z2 50 7F o035 fl L 0 P 5 o [22] ERITE, FH4IR, F8F (Wang Sibo, Wei Tong-
FE N A (Improvement of power quality of micro-grids zhen, Qi Zhiping). HZLH BAMGHEN TTRERE MR
by battery energy storage system) [J]. HL T3 AR (Energy saving system based on supercapacitor) [ J].
(Transactions of China Electrotechnical Society), 2012, HhE AL T2 (Proceedings of the CSEE) , 2010,
27 (1): 85-89. 30 (9): 105-110.

[15] TH, tR7JF, 540, % (Ding Ming, Xu Ningzhou, [23] 4FAnF, F i, B E, % (Zou Heping, Yu Peng,
Bi Rui, et al. ). FEFLEEEBAY 3 IS b fEHE ALk Zhou Wei, et al. ). FETHBZ% 2548 BE B XU XL
PEREXTEL T (Analysis and computation of effective re- J% ALK HL B ZE MR 5T (Study on the low voltage ride
active power reserve of generators) [J]. HLHREG HEI through of doubly fed wind generator based on the super-
A& ( Automation of Electric Power Systems ) , 2011, 35 capacitor storage) [J]. ORGP S5 (Power
(15) . 34-39. System Protection and Control ) , 2012, 40 (10). 48-

[16] T B, 3K % &, ol 3%, 4 (Ding Ming, Zhang 52.
Yingyuan, Mao Meiqin, et al. ). £ & &6 F2 i fif 68 [24] 5 ZWF, 4§, 5P (Zhang Huiyan, Cheng Nan,
M R G4 5581714k (Economic operation optimi- Jing Yang). #BZKHL 25 4% i B R 40 09 N A 5 45 ik
zation for microgrids including Na/S battery storage ) (A review of super capacitor energy storage system appli-
[J]. PEBEV TR (Proceedings of the CSEE) , cation research) [J]. HLJJHLFH AR (Power Electron-
2011, 31 (4). 7-14. ics), 2011, 45 (12). 51-53.

[17] XL Z, & Al Jp, X X4, %5 (Liu Sugin, Huang [25] skE Y, FEVEHE, 587 (Zhang Guoju, Tang Xish-

Kelong, Liu Younian, et al. ). fi# G840 It H W Al 2
P E MHETR (The development and research progress in

eng, Qi Zhiping). I AL 5 E WM G 0E R
G B ( Application of hybrid energy stor-



M

A, S BTREIR L ) R G R RE R AR I S SRR

59

[26]

(27]

(28]

[29]

age system of super-capacitors and batteries in a micro-
grid) [J]. ARG AL (Auatomation of Electric
Power Systems) , 2010, 34 (12). 85-89.

F I, JH, IVE, % (Yu Peng, Zhou Wei, Sun
Hui, et al. ). HIT XA ID P MAIR G RE R S8 &
HEH R2FK &I ( Hybrid energy storage and control
[J]. "PEH
HLT. 2 2% 4t ( Proceedings of the CSEE), 2011, 31
(17) . 127-133.

T, ®Hr, FH, % (Yu Peng, Zhao Yu, Zhou
Wei, et al. ). JETIRA A AE R 5000110 KUl 3 3h )
RITERINFSGE (Research on the method based on hybrid
energy storage system for balancing fluctuant wind power)
[J]. ORGSR 56 (Power System Protection
and Control), 2011, 39 (24). 3540.

A, WA, BRIE, 4 (Zhang Buhan, Zeng Jie,
Mao Chengxiong, et al. ). H3-J¢ T8 2% HL 45 5 4f fig
RGNS KN (Application of series-paral-
lel energy storage system with super-capacitor in wind
[J]. #hHNEE % (Electric
Power Automation Equipment) , 2008, 28 (4). 1-4.
FEJEH (Mao Zhaoming). AT KA L AT

system design for wind power balancing)

power generation )

A T B #AE BE I F5E (Study of thermal energy stor-
age technology in solar power generation system and in-
[1]. BT HAERER
( Advanced Technology of Electrical Engineering and En-
ergy), 1984, 3 (4). 16-22.

5535, K{Z#E (Ke Xiufang, Zhang Renyuan). &
BE R ROT B HGT R AL AR (A study on
heat transfer in heat releasing process of high-temperature
[J]. & WS (East
China Electric Power) , 2002, (10). 5-8.

Fi, =8, %% (Wang Jiannan, Li Xin, Chang
Chun) . K BHAERS CHA R Fit it J 58 TR A 88 e A il e
BYRZ IR P 2 4387 (Analysis of the influence factors on
the overheat of molten salt receiver in solar tower power
[J]. PHEBHYLTEZHR (Proceedings of the
CSEE), 2010, 30 (29). 107-114.

kA (Li Tiehua). PR & KRGS RS
( Experimental study on internal melt ice-on-coil thermal
storage system) [J]. #RJLHL 1 RZ2H (Journal of
North China Electric Power University) , 2009, 36 (2):
64-68.

dustrial processing abroad )

metallic heat-storage element )

plants)

Review of energy storage technology for new energy power system
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Abstract; This paper reviews the research status of energy storage technology for the new energy power system
which contains wind power. Firstly, the great significance of energy storage technology for power system containing
a high proportion of wind power is discussed. Secondly, the present research progress of various energy storage
technologies are systematically compared. On one hand, the paper described the theory of various energy storage
technologies and analyzed the characteristics of energy storage technologies. On the other hand, it also summarized
the advantages, problem and application range of various energy storage technologies. Thirdly, it adopted a new
method that coordinates a variety of energy storage technologies for new energy power system and combines energy
storage technology with large capacity and quick response. Lastly, it pointed out that optimal allocation of energy
storage in the new energy power system has become a subject which needs further research.
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