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ABSTRACT: Energy storage is a key technology to protect the
safe and stable operation of microgrids, and has become one of
the important measures to promote commercial application of
renewable energy microgrids. In this paper, after analyzing the
technical characteristics of renewable energy microgrids, the
role, classification, design optimization and application of
energy storage systems in microgrids were thoroughly
reviewed. The results show that a joint optimization method for
energy storage and demand response can effectively improve
the economy, reliability and comprehensive utilization of
energy of microgrid. By comprehensively evaluating energy
density, power density, response time and rated power, the
applicability of different energy storage technologies in
microgrid can be obtained. Energy storage technology has an
important application prospect in the flexible operation of

microgrid.
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Fig. 1 Topological structure of a microgrid with

renewable energy, and access method to a utility grid
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Fig. 2 Key roles of energy storage systems on the

flexible operation of the microgrid

B Tl L X P SR I SR IR P I %, (RS
DI “ RyE FIEE. RN &7 BATHR
ARSI FE R, il BEBOR I PLALBE B
B UL, EEAFERE RS T AR
W A RER . PO R G B ARk Bt T
W ERE H B & I A DL A REFOR IR, 18647
R, T, AUTRaE . IR AL A AR L
FCHIRERERE B, JRRA AR B M 2 AT L B
PRAZIR AT B, A BT S B R G RS R
i, i v T AR RE YR (R FH R AN R D Y B A DB AT
M
1.3 R M iEEER R R FER

W& ol L B A AN T A e, A FL IR PR 5 A 2
AN H 2 2 BEAR, BRI B AN R R4 ) il
REVC A1 RV s P b GBSk, B B3k
fud. AR BL R BRI EAE N B R B X P JE 1
(P CENETIDY = PSS O Y ) P A L S £ o By VA
B, 25 A ERG R R 50%1; BRI H A



4 moORE OB B TR ¥ R

40 %

ST R A A AR TS TAERC R p X, W T
2005 42 T “Smart Power Networks” FIHES,
B A SRR IR AR Al TR RN L TC F I )
WS EHSEN AR T E AT, MYk T
T R 7R Y8 AR s 1 H AU 3G TR ReIR it 2h 2
FEAG . ak/i5 Ge DL SR T FL D AE H AR R T AT &8
PESETTIRIWEE . AEFRE, SR MRTEmE 32N

FAF 3T el X 205z 4 X AR B 25 X 2, 44
T 863 THRISLI 1AMk i X T AT SR AL
“h =107 SN]SR T FE S BOR AR ) A
50, 28 ANHTRETR GO R E T H 3R,
2018 4 7 H, A E O 9 ASHReVR I H R TE T H
BNEE, B 8 AMmHERES.

R 1N S ERE R G A & 1 IR T E 1

®1 AFBERGNEEREZNMBENEE

Tab.1 Existing and under construction microgrid projects that are equipped with energy storage system

5iE fHRER G BE fBRE B & AH Fl /AR,
; T H /A B/ fRER % YR ZH fies G WEAE R R fS T S Er G
0.
Pl A T VERIH B H/(kW-h) (B3 HR)
Mannheim-Wallstadt/ AT ek, JER
. em? e KR fEBE ) : NN \ 1.2kW [40]
728 [ /B Pl SRR HL ARSI
Milford 3 i /2 [/ o SRy BRAEHL _
i Bt . NN A 30kW  RIETH [42]
it A e A 4 Seih R HAL
Baikampady Mangalore fi{ #, X
& it Jetk \ v \ 200Ahx8 44-46
W/ E1 2 /SELCO H 4x 414 AR H [ ]
ke D) 3 2 R Feths K, KGR
& it N \ 10 R E  [48-53
[ T AR ) SRG. SR PR 1S3
B2 BRI X R B R G/ - ML, JefR. AUk
5 rp AT /AT A D s ;b MM semkE VA \/ 100 R el —
e o 54] KEEfHRE
I T B! Ml
) " AP L. RE etk KL T
REER 2 PRI &/ e , -
ot T BARE T R, N 00 RBFE  —
' - G Uk Vo BB £ B
Santa Rita 5k 8 /San . etk BREH I, 2 pNit]
e L E . v \ 1000 B [57-59]
Francisco/Z [ A ! R HLL NIEIH
Hachinoe Tl H/H A 7R & EVRIA)AIK -
8 T/ HAH e A MRS ZPL. ek, K. \ 100 — [40]
7Ny L
G AR L JRARA . W e
Lolland Hydrogen Community/
#43/Lolland T EUF. IRD FEIX
o ‘ e OB KR N ~
PRk A 7] LR S RYET A
R 5 A
0 SPIDERS/3% 5/ [H [ 535« R[] B3 Sk, R Voo wI7
AU [l e HIEF B C RS
Al & L 7R YE TR H AR —
11 MAE¢M;%F;&* s LR N (R% RWHH  [58,63]
HTHEVR Vargens)] 5
. (GEAESRERE) R, AR o
LEETT R AU EIE)
etk R, BRELH
TB-MMEG/ H 4 it/ . )
12 ‘ RV, RS b, B, NN N v — SLIF A —
S RRZS
UK
LABEIN’s Commercial feeder/ Yfofififl. #8% Jofk. R, S8k ‘
13 , s Vo N 10 hiRIEE (6]
Vi3 F Derio!®! . Bt Bl AR
T B EE A P ER &, BREA. BB R, B
14 ; . , NooA \ 10-100  7R3EIH —
/e T B EF A IR
El Hierro il 1%/ WKL 7K HL BRI
15 K E Re \ 581 Mm® —
P F/ABBLS! SEh A B AL i H




%1

I

KA Ak BE 22 98 S I AT A REVR OB I R 22 Iz AT I T 4308 5

O, REBHAGLUN UM A 1D fea st
T ARG A B 2) BREBORAE MR MRS
TH IR EEEE] 100%ME 5%, BARKR L
FASE]s 3D Bl R I H A AT AR BRI 4 1)
Wit EZDARE. KPR ARAIKE N T, HihZ
Tl TT P A U A AL AL B B 3 R HE N R T B B
4) R YE I H AR SRR IR A AR FE A
P HLZH AN S i FEAL,  JHp 28 R L e
W) S F IR 5D SR T E g RE R %K
Z R E b, Hrp SCDURIR E Rt AR FE it o
Tk A, HAMERE RS M SHER I RS B
HIRZ, HAEH &7 TR IR R .
2 EERGRHEIEMUEE
2.1 fiERERIAR Y2

fith e B ARAE i v X (1 — /> B LR ) e R T
AT DL 250k A e TTFF A BB i LU 3] 8L FH B ) FEL TR
ORI SR , AT DL R MR T b R H
TG R Z A ANUCED, R 75 SR T R AN o 12

X IR 2 e PEIEAT RO R L, R IR
AR T L ZNF B RO I R BAT AR R R H
A 32N TR AR AR U R G RE R AR A R
B, R0 e s se i & il )
FLA 22 A B (VAR FE . BYRR PRV . T FEL)
HUBGE RECIA /K B RE L R4 2 LA RE . AR HERE).
FLTL fif RE (LR ) HL 7 L S T ) LA B 3 A (s
BN SRIGMERYET T RE T IE 0¥ ik
Ree B oy AR R AU RE N Th R AUk RE, REEAUMHRE
A R I 4 2 A ik e BN ARER, ThR AL
fie LUBE 2k U2 S R A e 2 R IRR T, bR
MffRe B A BRI RS, TR E
MIREE A, (HRCRI A A b, HARM A5
FERIREHE s Tl 7Rk R 2 18 U W] A )y 4 8 P A )3
HEE 5 T R A B AR DL, R A R B 4
W, A 2 FTEDAE YR EAN T ik A B A
RIS ERER ST, HILRS EL RIE T e g2
ke, R REEARRI T e —U, %2 4

R2 BERZEBABRRZRIVRK

Tab.2 Technical characteristics and the current situations of energy storage systems
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Fig. 3 Optimization parameters of energy storage system
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Fig. 4 Power and energy density map of
energy storage technologies
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