%40 4% 553 W) MO HRE B B R Vol.40, No.3
2021 4£3 H Advanced Technology of Electrical Engineering and Energy Mar. 2021
HEFRBHENSHOATBERERZRGHERTE

MHEE T %

M2OE R, ZEE, THA', W
(1. B R R T A 8] 25

2 #H
BB, R 404100,

e, TR

2. MO K ER ARZAEHBARABRELLRE, TRKF, T/K 400044)

ME.

AT AT B ARG AV R B A S R Pl F AR EE S WAL ARG

ARG ZEM, Rt XA foil &89 £ W EE G AL e AL B E M P R A S F B, Blde,
VB Ay —FP 7 L H R0 kol 3h | AR AR R 40 7T VA I AT A R o Bk B | AR A R SRR
BAEG I F5FRF S, B, A A AL Go bk AR AL B B AT 0 B R 60 FLRL, 3R B R -k B Ak
W Ak A A A S B ML A AE AR ARG T R E, AASH TR ARLE TS
T R R o by A 2 A FhKE A Wi AR R A | o R 7 A4 AR T A AR AE AR B 450
W Ak, KRG AR BRALE R Bk h e AR B R, AL A
B AT REA TBAT R R BB BRI A Ao RE ST e 0, M A i A Ak AL B B R
AR TR RRATRM, FOA T XA EIRE MBI AT 3 07 k00 A R A LA 0 7T 47
M, BB AR AR A L E RN B - KSR ZTEE 7R A B, mMARRL TR Y
FERRAE T B Y BB T %M R AR R

KB, R BT R R, REHRALERE,; WAKE
XEHS: 1003-3076(2021)03-0022-10

DOI: 10. 12067/ATEEE2012030

1 5

UTAESR, ARERLA il o AR 1 A5 G Al A0 BE TR
FERIBAE 1Y — 7 T30 T FREE 75 G AN 2= 200
G35 LR TS T A BRI A AL A L
Z N, AT FHE IR R T T AR AR LB B 2 4%
[l BB, XUT) DBAR A L e il JLAF SR R g i i, (5
Je et T A SR AN REAILIE (25 2 A L I I A e 2
SIEATHR TR KROBHERE A - BA AR IR
LM, 78R R ' 5 T A7 AR A B B, R 3
WCFOCBI G o B, il DAY X G HE I AN RESE
BoE YR AN, R —E W BB, D T 4
e L H AR GUS TR A RE R A A FH R 14 A B R T
Vi IEMAERE R G — A AT

T

B, 2021-01-11

shy w3k
FE 425 TM470. 40

AT ERER G R C AN ) R e A Al b
g —R o3, I ELREE KOG A5 T P-4 BE IR % A L 81 Y
ANWHETIN, BN SRtk 1A RE AR ST Y E B R L
EAEH T ARG E B AR BE TR U Bl , 12 OB RE IR
PRaBEE AR AR T SR B K R
e m N RE LT E BT K, R s
HREIR I He AR T 17 2 A b 3L B
AIREREEA AR E 17 R 0 AR R HEAT 43 260
A RLE H S DA M RE B B P ] LA o] 2h R
o3 BE 5 B AR AP . BB I AR SRR v A
B e 35 FIARRE R REZOR YA W e, i RE R ¢
AT A, PRI, A 0 B A H I A R R i3
o R Al R DL SR LA R BE R ST BC L, oK
R BORMZEGT ERESR 0 Z R ERERY 3 B

ESTH.: BEFARBFHEAFERSHAVED B (51861145406) |, 2019 4F T B 2 W b 55 PR R, 90 52 7 #080) S Sl AR P 5%

I AR %5 51 B (SGCQIYO0GHIS1900074 )

fEE®T: A F(1970-), B3, EPRHE, BoRgim T, ML, BRSO R s RGUIK
WOT B (1972-) , J, VUJUEE, #ofz, W, BF5E07 0 o ) RET TR GaIRTER) .



JAOOF N BELBE TR IR s G e ] R R R GCTR A R A A O E AT ] R TR TR | 2021,40(3) :22-31. 23

AT B, AN RERS R T far Fa R A AR
WAEMGE B IREE A RGN 35 B Rt

X FHL ) R G0 A R 2 i O AR B AT I, B
EEAFAERIF T B2 i FILk.

(1) APEATEHUE R AR (DFT) & A i fg
FAEEE, WRIEFIH THRE RS — EAThE
VS PE RN AR PR AR 0, R LI AR A
A2 AR DFT A9 TR A BT A, AT K fE % SRR
AAEREAH LT —fERE LS. SCEk[ 6] AR &6k
REF 7% SAs AT LA fie /N R B , Stk oy Bt 5 2
MK Efe-H S G ARRE A, R T X R BT
N RGeSk B ohd e T B SR k[ 12]
TR sh % B B A RE T A S 2 A 1
TERLAR e e H bR s, a2 7 A PR 25, BE R
e RGN RGBT, B VA R G M, BB ke %
IREF AR K 25

(2) #47 DFT M E G AR A R E . %k
8T DFT 7Y% 50 e, AT 25 1R IR & 6 g AH X
TR GEREM R E E2 A 78 20 1 FH 8 43 1 X g %
K E AR 0L AT H A, SCER[10] %
JE R Rt 58 73 A A 70 5 HL U BIORN TR B A5 5 T
7, DG T e B2 /Ny B AR eR %L, B s |
HH i A FE R % L S AR TR A BE , B UE T AR X
TR AEREROLEY; SCHR[ 13 13T AREREI T 517 9%
FH AEST 9%, DA e L AR Ay LA R e 46
25 ORI FEL Ttk P 887 g A0 4 e RO o3 1, 44 T
P G L P 255 5 i R T A T AT 5 Sk [ 14 ] 42
I, FEo R T LI R SR A AR 2R
FEARME A A HL AR 3 A/ INesf o] ) XU T
2 50 I A S s XU R B ) T e 2 ) AN ST A iR
ANTR o B A2 ) 11 43 o, SR 43 ) SR FH O AN [ ) 1) £
REZR L, LA e - fi AT A0 4 o R (g 400 4 f 5 SCiR
[ISTHEH T —Fh 5 T3 20 B iR & i BB 22 490 8 e
BRATHCRIRIL T %6 o R B T FE AR 4 RS 4y
i 7 B S ey R B R RXURR HE T 7 AR B AS - Al
VI 5rf R B At B o o i R 43
W, SCHRL 16 ] BT vk 4 1 T — PR & i
RERGAE BT BLIRIL T E TR R0,

(3) SCHR[ L] BEAS -1 ) 38 5 il 101 A0 B0 4
i, H N, /NS 2 de RS B 43 o 3 DU 2 gy i
HOAT DL K S RESE- A H Y A8 53R 4 i, K FR B
Pt S /NS IS B 43 d B Dl R A TR SR, 124
T TR D E A T, 3650 R R 43 HiL X BE A

Bk & REAYIL S E 17 Il W A (HUOR B R At iz
Ay SRS M2 o E BT A AR

BRSSO TS TEOLIA LI (CSP) 1E R LE
{91 ] PAE RE R AR GRS IR AR VR . DR ol 2
N — MBS B EOR | BE S 18 1 £ T4 2R Gk B 5% 7S g
EAE, SRR RS G, al LLSEEE I 19 2
AR FETFIRIE R g A A A RE AR BORICR Il
Hh e AT AR RETR Y HEL T R GO LA ) R 5
B EAHAESS L, UM FH e i R 410 n T P4 RE R I
gyt IR FE 4RI S 43 4 X R 1% £ 1Al K % R
DL HEA T HI A2 | 3 o R i T 7K 3 RE 19
TRA LA BC B R AERE A

RS R ZBIWIFRA R L5 % T CSP ik
REPMHBATHLE] M T — A KU B RO - 7K H -
KAL-RERE T — ) =B B2 S ALY 5 — By
B AR -SRI Rk L I 9 22 55 doe 100 LA B 97 A
Bezhim/ R H bR, LA 2 R G055 20 26 —Bir
B RS — B Be R Al L, 25 ik R LA B e 45 9
F, LA HIL 33 S I 98 T, 2R FH K R AL IXC (] i
71, AF RV IR T AP IR 5 =B B SE B I
BB BER A BN P DR, A2 3% AR e 14 £
JE e B FE RO RRT ST B REE B A8A 7 AR L K
BRI IEAE N, 4 AN A RIS AT SR
TE K E RS LA L L e A BE D R 4 23 5 o, I
KRR R BEA TR A, 15 B iR L A TR A R BE
HAOBCE . SRR BB AR K E RE R BC BT
SEAHXT L, AR S0 i 2 i R T il E K 7 RE R
77 % BT OG5 DX, A R T R e
T T BIMA THN T 2 AT AR, R Jn A
A R R o 2 S PR e R AT

2 AFEHERESHEEN TR

2.1 FEHIHE
T XU DGR B B sh ARl | 2% & 3D
LA TEAE AP BE IO D0 A, BRI AR R v I ] 7E 3
AN HLY DGR R , ROt LG, B 1 R
IRAGERER S 1Y, B A4S XU & AL DBk i |
SR KL CKHLT B AEREAIK E e
BRI, FRIRAE ¢ BF 200 Bt ) P (), BT ED
B P (1) AP (1) 535
P,.()=P () + P (t) + P (¢) + P, (1) + P, (1)
(1)
P (@) =P, (1) = P, (1) + P, (1) (2)



24 BT HLfiE BT R

540 & 5 3 1

|k i —

etk —
S N N

K & i —

K1 IREHRER S5
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AR 5, 4 20 810 MW ; BRIt =2 A1, 2% X 0 %)
A 810 MW DGRl . A SCLA XU 37 FIOGAR H il
SRR R R B R T AT i BRI B R R
1 h,

2 R F) AR S B ) = K U B 42 K L g A
WA K AP AR I S e e AR A R G | T A AR S
SR FHEAR S H DA K S A K L s

R R OO R B R8s R Ak 230
JO/MW , 3 ROEAES 2% HE 100 75/ (MW.h) , XU |
TR 4E A R 553 B 20 JT/MW 30 J6/MW Dl
PR Sl s PRI #ROR H 1 AR 43 031 R 40 JT/MW
20 JTT/MW, 3 (22) 1y 24 10% , R T REFIE T Y
Y B IR KAA I 100 W, 7 3CHL It SR FH 40 4 i b
HAHKE RS ENE 1 Fiw, e i i 241
m=k 2 fimn,

1 BERGSH
Tab.1 Parameters of ESS

g FRB L K& BE
FERE i/ 4F 10 25
FERCRR (%) 87 75
BANF IR AR/ (TC/ kW) 4200 4256
Pl RERA/(JT/(KW-h)) 1440 1425
EBTYEY L (%) 5 2.6

R2 ARBIHSH

Tab.2 Parameters of concentrated solar power

ZH EQIED

A L B E TR/ MW 810
e B/ NTR/ MW 50

SR EHE %/ (MW /h) 400
R RGN RE( %) 3
R R G FEAAT(%) 45

5.2 HBIRMEsEMILEE

TR B i RO C AR A M AR 5 220G
P AR SOR A TIE, 321 N8 5 BT Rk AT
U

Case 1. 55 0 7 A DG R il R T4 T A 422
AHAERE .

Case 2 H& L 0 7 A O R il R T4 T A 322
AfKERE .

Case 3; J&HL W 70 G DG I HL 0 (A AT 32 T 4% A
SRR A A RE A K B BRI A B BE

Case 4 3 H [0 v 78 JE G I HL 0 19 i 42 T 4% 5C
k(6] T 7 J7 12 48 A it it 8 T K B BB IR A 1
HE

Case 5 & HL W v 78 JE G I HL 3 A9 AT 42 T 4 A
SO A HE g e A K B TR A AR RE

fift PR, RO AL S R T B L T e A K &5
AETR A HAE RS, Case 3 [ NAS T B A5 QN 1&] 3 fr
IN,5 FIETE T 7R SR Ui 4 B i N it B U A e 5 45
RN 3 PR,
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Fig.3 DFT segmentation point-total cost trend
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Tab.3  Storage configuration under five cases

VES Case 1 Case2 Case3 Case4 Case5
%Wﬁfﬁl\;y% 917 158 802 779
ém}’?ﬁ*ﬁg% 7 845 1720 4860 4225

ﬁgﬁ% 717 531 721 821
K EGE

el (MW -h) 12032 8625 13867 13049

B/ (MW-h) 18765 17161 1242.2 2258.9 2137.8
FERE/(MW-h) 4254 459.8  403.1 515.2  621.3
SR/ TT 36.0 36.2 33.7 34.1 34.2

(1) A HLALAETERE D BT

HIRTSCRTIAR , 73 B b Pad Ratad /N A 2
FERE R GRS R R TEE, N b 2
VRIS o B, it 3 nTLIE ), R 6
Shy S TR L O3 3 BE AU RGEREUNA N 337
A2, MRS ) A BB B/ N s ARSI BRI 20 BLR
BYET RGN HIE AR IR IR 3 PR, A]
DI LT 451

1) A8 HL o3 B A9 1 BUE A [F] 23 572 Wi R 5 10
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RUAS B 5> B AW K, RGeS 5K
ARG IE R SRR Y 4 B v R NEE R
S Dy R A A B R £ A R RS N
FHL Tt BB 25 1 25 T 0 - W BL AR 4y, % SR B L &R 43 1)
T B LT A RBT AR SRS R BUR S
BLAE T,

2) M5B S B ), e AN A T
SEPARATII R 10 o Bk 3, e R G b 1 5
T AR AR A A B A3 A b 7K 5 2 RN R AL H
FITFEEREIN WA 2R G B AP R ARG N, v S8 AR
G SR T RAKE i, PR, BB A A Y
B,

(2) B RGIRAHREA AL 25 R 5 #r

1) Case 1.Case 2 Case 3 HIRAHHRES o—1f
REAOXT LUAB AL, B8 ol LA EAH IR R St is
THHRPRA AR TR A B BE AR X T Ha Tt PR —fif 8 AR
FEART 2.316 /27T, F ROLEFE(R T 22.3 MW - h,
B B KT 634.3 MW - h; IR 6 BEAH XT Tk
ERERA—ERE AR T 2. 497 1270, I KO R FE
ik 7 56.7 MW -h, SR EL I FFAIK T 473.9 MW -h, t /I
TR A REIXRE—Fh BB 1 5 I RE 08 P (IR AB ST A, A1
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Tl AP ) [R) B i 22 25 N T R 1 £ g
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& B GO Al AR AR L SR A B
[ 78 5 L I SR, DA BRI AR

2) Case 3,Case 4 A SCHYHL LAt E  flvK & ik
FECE S A 0 3K R R (1Y) 25 0 T 0 25 SR
Foo TECASCHR 6], 256 filk & A8 F1 LA BB
AR 2 TR T AR R TR R R 3, Sk F e RN
KPR v 67 g7 A A D) 2R T AR S0P T R
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Optimal hybrid energy storage capacity configuration for CSP integrated
power systems with high renewable energy penetration

ZHOU Ping', SUN Yue®, KANG Peng', MA Jing-bo', YU Hong-jie', TIAN Hao',
HU Bo®, XIE Kai-gui’
(1. State Grid Chongqing Electric Economic Research Institute, Chongqing 404100, China;
2. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
Chongqing University, Chongqing 400044, China)

Abstract; Configuring energy storage appropriately in the power system can balance the randomness and intermit-
tency of renewable energy, and improve the system flexibility. However, the traditional optimal allocation of energy
storage fails to fully consider the differences of energy storage types and equipment. For example, as a new technol-
ogy of concentrating solar power (CSP), its energy storage system can achieve the effect of stabilizing the power
fluctuation of new energy and reducing the cost of energy storage, which has not been considered in the traditional
problems. Therefore, in this paper, aiming at the problems existing in the study of traditional optimal allocation of
energy storage, a capacity optimization model of solar thermal pumped storage battery composite energy storage sys-
tem is proposed to alleviate the impact of new energy on power system. Firstly, the supply-load unbalanced power in
power system is analyzed, considering the characteristics of pumped storage and battery energy storage. The two
kinds of energy storage are used to suppress the output fluctuation of low-frequency and high-frequency respectively.
Then, based on the Discrete Fourier Transform ( DFT) , the power distribution for the two kinds of energy storage is
determined. An optimal allocation model of hybrid energy storage in the power system is further established by tak-
ing into account the investment and operation cost of energy storage, and the penalty cost of system power shortage/
wind curtailment. The model is solved by particle swarm optimization ( PSO) algorithm. An example of a real power
grid is analyzed to verify the effectiveness of the model and method. The numerical analysis shows that the cost re-
sulted from the proposed model is better than that of some existing battery pumped storage capacity allocation meth-
ods. The energy storage investment can also be saved by adding CSP, and to reduce or even avoid the reversal of
the power current in this area.

Key words: hybrid energy storage; Discrete Fourier Transform; capacity optimization configuration; pumped stor-

age power plant; concentrating solar power



