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Fig.1 Operating principle of molten salt
solar tower power station

(1) BAERRG . & HEGEREMRRS
A L R, 2 UE H B R — & i A B 7 X
Mo E H B R BIOG B AR TR By tads , H
P (1) = Ly (1) A, (1)
P Lo (1) 2 ¢ I 22035 1m) TR IR BE s A 5 H R
Dy AR 5 00 R FHOG B E H 58 S A0 3810 I 4R
A AT RRCE, SRR S f i E H
BEeR RIEAUR R IR ORI A
ST AR SR FH BT 1 25 A R, A R Il
R Ny

PH'I‘I"( l) = Psn]ar( t) an(‘eiver ( 2)
itqj :PH'I'F( t) ﬁ‘:’ t HW?’J%%”&W E‘Jﬁ&‘ﬁ 5 M receiver %7[&

FAAR ISR B AR S5 1) 803 5 WA B PR AR A
PG (AR BB S ur i A S A8 )
ﬁ;é[ll*lll] .

(D) A (2) R, St BRBOR, S #vig
ISR K P RE B 22, B0 b 2R 55 A L gl 5
(ER AR, A PR ML i A RE >R BR
I A2 T BT IR B[R] ARl R M i B A
PR, — I 3 g A1 AT OGS T L i ) 28 6
For BB R K B RS B AE A B AR 1
RN ARFEBIHE 10 ELA AR RS, RO IR R 4
i HH ) PR AR 5 IR AR LR A LA U ok 11 R R
Z e, = (3) B,

PHTF _ ]DNIAnsnlarnrcvcivcr

S Tp Cest/
ower csp/ M power

(3)

P, HREATREE ML B BUE PN T R
TR ) ELAT R R 5 o ORI DO AR (31
FEHLAVBUE i HH D025 5 1 e P ITHE HILEHL R 40

1T Bk 1) B MR R A RE Y, SR
Pl s 1) 14 AR R S AN AR TR 9 Lol T R
GEAFEAE, E H 5 9 S AN RE AL L 1R AE HLAL
) % B AR, TL Sy M — IR TF 1077

(2) ARG ARG LR B S 2
— R R/ N R G B s AT B FRE PR RN 2
DRIEER A E R AR SR AT AE A DL >
T TR B, 8 BEHG 0O R il 1B AT /N R
(A AR G0t 2 08 T D' B e i 4 400 B B BT I
HETH o

IR AR GEAE TC TN 2 A — 1 B 2R o
EIRR G TE AT

Pst,in(t) = PHTF,in(t)T’TES,in (4)
P "‘out(t)
P (1) =— (5)
TI'[‘ES,OU[

AP (0 P (0) 2050000 ¢ I 2R G
FE IR 5 Prig (1) 5 Pre o (0) 2350 R GEAE
t B} 220 P A A FIURE T ) 0 6 0 MTES in » UTEs,oméJ\?ﬂJ
IR GE SERI R R AR AR
il AR GUREAF B
Es(t) = nTESETES(L -1) + Pst,in(t) - Pst,out(t)
(6)
B (0) 1 ¢ 208 PR G A B AR s s 1
ARG PICR
fitt A FR LA B T Tl R 2N
MapsQres < Epgs(1) < Qs (7)
I Quis JHE IR GE R RAE I s s W AE R
G R
— R AR AR I T R FAE fiff H12 1 A9 K
/N FERE R AR GERERR AT B e R AR AT LA A LA
TERUE AR P a7y I E], 1= (8) Frs .
QTES"ITES,um
Tres = Gesp/ Mpower (8)
(3) KHLRGE. mldEEh IS ERHE ok J5 A
IR, SRR AR BEK AT IR, 7 A i
e TR R 28, SR B pUe B s vl . — O
I A P AR I A R OR  f BOK P R
ZRMESC AR (H SR S B2 o K, e 40 2003 i g
o



105 FMHE AT B A DR S A O

R ARG IR IR N -
Pesp(t) = (Pype(t) + Pigy (1) =
Prgein(t) = Py(1) )npnwcr (9)
T Pogp (1) g o I 2050 24 3 18 552 B & vl D) %5
P (1) 4t N 255 F R
SR L TN R TR -
amicseGesp < Pesp(t) < a,Gegp (10)
X, MBI E AL | B TAEIRE, o, =0 105
{’Ej_:’*ﬂ){jﬁjﬁ , o, = 1 ’ft%ééﬁi"lk?f_?’mw)yﬂ%ﬂji%*ﬂ
H i AR .
12 FHRUEBRE
SEFAER, 3l ) S AL BE H AR (levelized cost of
energy , LCOE) J& 't #A L 3l 75 42 75 iy Jo] 49 v g J —
TE GEAGIAT FRARAT T L BERS R UL S P17 Y Je 1%
A, B A K 1 kW - b F I A BT
A AR BT 2% R,
(11) iz, PL R FR B LA o
LG+ Cp

Cony +
con,y ; (1 + r)y
! E

; (1 +7r)’
Arb:C,,,, HE y FRDCRHL B BURA; €, 5
y A Ll 8 B HE A 5 C e, S y AR HAD SZ
W E, D i 2y A Y s e Dy 4 E I
B Y Rt 4 A A G

2 HhABAEERENAHRBHERRTEN
wriE
21 BARZAEMITE

Je K AR A AR TR R R ) R G R
ARTRTSE T, 6P AL 3 R AT DR ), T AR
Bzt X R AL R i HERRITAL i ) &
G T BAE A R AT EE

SCH 3 PR B B it B 2 (expected energy not
supplied , EENS ) ff: 1y H1 J1 R GE il SEMEFE 4R, EENS &
L) R G0 h T AL 9530 45 T 5 1 A H A A A
B XIHEC I A TR, BN A 2 5 5
TR B 25 BT DL IR S A A 3, —4F h EENS
{EH:

Cicor =

(11)

%m=§Lrw@—gnmu><u>

X o A—AF R T /NEG 6, D95 b /N AL
FE LA h /N G X s A P (X))
N b NHEIE R R T T X R,

WL 2R 8 AT S R 353 07 1 — A T A i A5

RERIE IR SRR B T ARAS RS 1R
BRI S50 R8O 150 EENS, %07 5 R B &
HL S T I RS XEAILAL A it ) BEA IR ZS S5 kit
Il o UL RSO SRR (I 7 1847 Ak etk
&) B R B R AME SR 58 o F ., F
P ICH R T AR 8] Ty AP 248 S0 6] Ty 50
B

Ty = /@ (13)
Ty = 1/ (14)
HLALSRIE IS RN «
T
— w MTTR ( 15)

ot u ) Tyirg + Ty
— e AR ) FOAE 2 (R A 45 4 B A A L OE
WABATRFSE ] T, MBI [R] 7,04 «
T, == Tyreln y (16)
Ty == Tyrpln y (17)
Aty RO, 1] XTI 35 53 7341 B BEHLER
SERF R T 1T FORS BE ) MO SEOR U — ik i
Tr 22 FH B, KA

B:¢wkmm>:JWﬂX»ww
I}EKNS ]}EENS
ST Ry 9 1152 HE 48 bR EENS f) 8 3 £

NV (Rugns) HAGTHER T % o S BTATHLALR A ST
RAEBARS, A G A VLA RSB R, DL

PLR S AT SE PR R 48 IEEE-RTS 79 Bk 3C
) R G AT SRV T R R B MERR PR . SO ]
FETRAS-FRLI [ AL 0 17 51 525 R I8 Ok A
IR R 48 Y 1 B Bt g i EENS ke e Bisf () 39 22
(loss of load expectation, LOLE) , X} Lb fift #fr = .52
{572 03 1 R ISP R G SR A
BRI B MERF P o

% 1 |EEE-RTS 79 £ B A £ 515

(18)

Table 1 Generation reliability of
IEEE-RTS 79 test system
GIETAdEET 7
ﬁ{f RFENS/ RERNS R / RT.()IAF.
(MW-h) 2z/% O mazsa
fil bk (A 5E) 1 168.00 0 9.355 0

SCHR[ 3] 1197.44 252 9.372 0.18
ey 1178.40  0.89 9.314 0.44

22 XABUBAREEFEITH
JeR Ll BA AR ST, n] AR OO B A A ik
PR EA T R, DRI T S 3 D' A b ot R AR



& AH) ALK 106

WK HATLZE L 2 G 75 5K o 3CH AR ) £y 2
I BE M XM C A —E AR LA, A
A T I 0 BT 7 5K, BB IR A S G R R B
JCAR I Y B A, BITE DR L D R Gl SEPEA
AR T, AU — 2 A R R LA R 2O
AR, ATREPEREAR AT Ry -

R =/(G,, +6G,,,L)=f(G,, +G,L) (19)
A fC) Al SE PR PPAL R 8 L L ) R G B
G o NI H LA AL A4 5 G, D9 BE T 2 D77 4
KA SRS W LR A5 Gosp BT HE 1Y
IR AR B

T EF R 6 AR EFE A 7
5

G.=G,, (20)

con

A= x 100% (21)

SCHR AR R T RO PR w BAR B, LU
JEAR QI R REHIL A R R T 0 B, 3 N PR AR
A AR 3t 5 Dk A UL B AL i FL )
ARG EREAR bR S IR R R SR AT SRV SR AR 2 22, IR
S L JRE RSN I BE L 0, LA R SE i s Al
SEPEARAR AR
23 MEAREMHTE

K BEAB RSO it AR B DR e AN [ D A0 o 1 )
Leaa AR, ot R e EA L ol B A R B IR Y
KSR LA 3 B AR BE e KM EE AL AR Fi
1 FUbR BR R, 3 57 D' A FRL il i A 2 8 T B O H
AR, X (22) Fi7s

max A
min C, o5
st 155, <3 (22)
4<Ty <12
s T AT

Ko DR B A 5 it R A ULV R A S 5 f e
il A 144 ZREAS £, 0 T X 144 REAR Y
A BE IR L A, T3 144 AR A A1 10 BBl ok
it

AL A B AN AR H A 22 H
PROEAEIAIEL, PR ok SC A o I AS AR 535, 51 A
PRI, K 0L o T 8 8 pS R H A [l it AT Ak
B RPSEIH A B AR AE LSRR AF T I S AL fEL,
XL F AL (AR H A i, PR 2 PR 205 H AR
O RE B I I s bR, b R F Tk (23)
Bi7R

min F(SM 9TTES) =
\/ (/\<SM9TTES) _/\(SI:;sT;ES))Z
w, - +
ACSy , Tres)
\/ (CLC()E(SM 3 Tres) — Croos( Sy ,Tl*r*s>) :
w,

Creor( S Tres)
(23)
ACH a0y 10,73 5301 g A B8 A0 B8 P AR P AL B L5 A
(SM ’ T’I‘I«]S) j"j( SM s T'ms) HTJ' E@ﬁfgg ;A ( Sl\;lk s T’:ES ) ﬁ‘j
ﬁlﬁfﬁ@%?lﬁﬁé@ﬂi%fﬁl:? B@%ﬁﬁ{%g, Cicox ( Sws
TTEs)jg ( Sws TTES) ib) E/‘JE EEA}J%ZI:\‘! Cicor ( SI\T ’ T;}%)
R AE LRI B R/ N AR o
PRI DAy DA Fi, 3l A5 B P i AR 3 — A
TT AR A [ A A A ORI
R, EOCH A RAGL B E —F R, AL
— PR IRA i, AR 38 5 b A S ) R/ N f e %%
WARCEE 2 1 e BE FL AR R A B 2 AN AR
(B AREAS R 0 BEAT AR E A4 B, B 110 2 4
ARG R SR {EL, R R E X 2 MR PRI R
Hpmek b (FERTERH
]nleé:‘]pkmln Pim k=12, K (24)
A e A5 b TS AR AIRAE ;s K D9 88 hR 50 M A ke
ARG, A b THEAR T A m AREAE L5 b
)=

3 REWIESHH

3.1 HEIEN

kg i 7 ] 5 R SR WA Al vp RN B BB
SCH DRI AR B i e, R P AU R i DX AR Oy 32 B
PIBRFFEXS G2 o 36T BAT B, 1 15 LA d5c K A A
{E4 1.338 5x10* MW, 4]k R G600 5 LA HLAL
By 9 000 MW, Sy J 11550, HLAL 75 & 4% 1 000
MW ,600 MW #1300 MW £ 3 gz 5], 4135 16 541
4, Horp 1 000 MW HL4H 3 4,600 MW #1417 &,
300 MW HL4L 6 &, Fr A HLA R iR 15 is K S %
(2020 4F |47 4 [ i ) aT SEE IS LB R ) . BT
BRA AL 4 400 MW H HLALAL, B i — o A5 i
B PH 3 SACBR X 4 400 MW (1% HRALAL . BItG
A A SEMEFSFR EENS 4 3.208x10° MW «h, 3¢ %
FHIZ X BT AR/ I\ Bsf 20 S R B YR 5 i | O IR B2 R Y
B AR e AR B
3.2 AMBIERBTEMNK

(1) BAFEE T AR AR PRI ECR
P, AL AR R B A8 O DL IR 2 A 3.

e, =—



107 FMHE AT B A DR S A O

90
85+
80
75+
70+
651
60
551
50 4~
45+ &
401 ¥
35

%

TTES/h
= S5=1.5 o §,;=1.6 4 S5,~=1.7 v §,=1.8
4 Sy=1.9 <« §,=2.0 » §,=2.1 & §,=2.2
- 5\~2.3 o §,=2.4 o §5,=2.5 +— §,~2.6
= 8\=2.7 = §y=2.8 — 5,=2.9 —+ §,=3.0

B2 fEREKIERSENRIT
Fig.2 Influence of thermal storage

time on capacity credibility

90
85|
80}
751
70}
65|
60|
55t
507
4ty

401"

33 1.5 1.7 19 21 23 25 27 29

Su
= T=4h e 7=5h 4 7=6h v 7=7h ¢ T=8h
<+ T7=9h » 7=10h e 7=11h + 7=12h

B3 KFAEHEREERRME
Fig.3 Influence of solar multiple on capacity credibility

HIE 2 FOR 3 pal A, A RE SR L Rl A
ARy TS Pe B B SR et 7 E N I S NI A K 4
R, TG ., 32 PR R RS BB, 4R 43
MR PHEE R Z o 24 il P i BN, AN REFE 70
fiff 730k 86 R 5, X G FA R ol B B A 32 T R W A
ZIN s (EL 2 A R W R, BT e o0 i A R B
AT R R O ST A B A% 0B A, S0 D A v i A R
AR AURS R o 25 K BHAR R A AR 2 8 K, O
PR U ) B T B e i 88% , F 7 L IR G A e, Ul 11
A E R A A B R HLA 22 BE AN

SRR BH A B (A S i ) R i B4Rt 4w 2L 3
IRl A R, H L B M A A, PR 2
S B HL A X D' K H 3l O B ORI i A
AL BC &

(2) BEHLBIASIHT o AN R AR B A £k
SRAETR LRt B v A B AZ A T B0 A 4 A A

%

5 B

L3
> °

oexe vy A & « )

8 9 10 11 12
7-‘TF.S/h

= §,=1.5 o S,=1.6 4 §,=1.7 v 5,~1.8

o §,=1.9 < §,=2.0 > §,=2.1 = 5,=2.2

e 5,223 o 5,724 = §,=2.5 — §,=2.6

e §,=2.7 - §,=2.8 — §,=2.9 — 8§,=3.0

B4 fiEP e 3 B R R A B R 00

Fig.4 Influence of thermal storage time on LCOE

s
N

N
o *

. *

>
¢ - N L ‘%1\' e
> A AR
=X o > —r‘ij

1.5 1.7

1.9 21 23 25 27 29

Su
& T=4h o 7=5h 4 T7=6h v 7=7h <+ T=8h
4+ T7=9h » 7=10h e 7=11h + 7=12h

B 5 KPAGEHERMARHI
Fig.5 Influence of solar multiple on LCOE

Hi P&l 4 AL S L, 2R FHAE RO 1.5~2.3 i,
W Aol TG 3 0, R R 3l B R A 2 0 4
s MORFEIAEECH 2.4 ~3.0 I, B2 i AR S A 14
Fto TEREFARI Oy 4~7 b, B H LA Bifi 4 K BA A%
eI 2 BRI TS YA K AE 7~ 12 h
I, B R AR B K B A 5 o 22 B R R A 25 3

AR L A B35 5, R H R A
X JEE LA AT BRI o P A ) R AL A T T
W 2 2 F i A S AR AR AL R A X (L 24
R BRI B0/ I A A 2R e o 1 K L o 1 4 A
R, ST FAHE SR ) BAR SR, AT b B2 R A )
BT o (H R PR BOL 08 R, i B DI RE TS 0 K
AT ) i vl i 9 Ry D OGRS AT T R
A, YA E) 3, 323 RO BH A% Z5ORH X
AR R 3 O AN A B 8 R S BUE AR
Tt



2 HEHEAR 108

(3) PRARER . SPGB E YA R o
BAE B RRCE Jy 0.736 8, JE HL A (9 AL Dy
0.263 2, P15 H AR R BT 1%, AR AR 12 b
K PFHAERC 3.0 i), BAReREL F( Sy, Ty ) iB 2 e/
{EL, 70.013 6, RIAHARIF S 12 h, K FHAG £ 3.0 S iy
PRI OIS ) B G IC IR G A H o A5
H 87.5% , FEHL AN K 0.91 o6/ (kW-h) , ILIE 6,

H b R 20
12 0.540
11 I0.474
10 10.408
9 10.342
=
2 8 I0.276
8
7 10.210
6 10.144
5 I0.078
4 0.012

1.6 1.8 20 22 24 26 28 3.0
Su

6 BirE# Fo%h
Fig.6 Distribution of objective function F
BRI AL B R B OEAR &L H I
TR T PR A E M A R AR XU DGR B
ANEAE, ATVE N B i AR IS A U L 3, B
& TR AT & i , 6L i 4L A A W e
i, eI B B E B AT 20

4 #hig

SCHPE T PR ol A B R BE e AR
HH—of ' R L 3l A B A7 R i B R AR T i
DAV AEHE 3t DR ri vl LI S 4], 3t S D' B4 e ol %
PO BRI 22 B PR IR, LA i 05 38 A0 8 Pl
AN AL H b5, I AR 5 57 F AR pR
S, R B0 1 5 5 AR ASCER (L, o A B A% 50 s
PRI, dhE T

(1) SR ARG 0 2 DR L ol B 15 EE O AN E Ay
0.736 8, & B AUAS YA TE O 0.263 2, 4R BHAEECH
3.0, SRR 12 b, AR B BB MG, Do e o
B R A ORI TR, I I DI R R ol 7 A
JEo 87.5% , JEHLSA N 0.91 0/ (kW -h) o AT
R H DL AR 7~ 8 b BEOR il PR
FAHL I A AT RS P RS B A B, BEINAE 3 AR
JCARHL I Y A SR

(2) Skt ol 7 i B A5 B AR B A% ORI At
KA FAR Y, HLdh 3 S el et o 3 ROK A
Hon] 58 o i i R BHE, (HL by T ' AR A o A
BR, a2 o 3Tk A I, BE RS AT 80

IR AR TTR FHBTIA IR, AR 2 B A
(3) BEFE A BH AR ORIk P A2 4, J3E L
AR b5 SR Ia THI fa e, B A — A e K B
FEROR B A (A5 v A B
P XU EAR T, R4 8 LB R T Ry 3 1A 14 7 Y
HUJI R GE, DGR HL B 28t B S A 1k i e T
JE SR IR iR R R AT S8 Mtk . A, X
HOLALTT I Hh I 31 2 BRI A 5 7 125l DAk
—A it
&2k
(1] 5, £ET, 2500, 5. BHu A8 DG EE A B M
RIT]. H A ,2019,43(7) :2267-2275.
TAN Xiao, WANG Zhuding, LI Qiang, et al. Probabilistic plan-
ning of substation capacity and capacity credit of distribution
generators[ J ]. Power System Technology,2019,43(7) :2267-
2275.
(2]t SR ZHR AR A FRITAE (D] AL &AL Tk K
2,2017.
XU Zhicheng. Capacity credit evaluation of photovoltaic ( PV)
power generation[ D |. Hefei: Hefei University of Technology,
2017.
[3] Ao, B, 0280, 45 JFROBR A BAE A PP [T ].
H1 ) Ry S48 ,2016,44(7) :122-127.
YU Zhigiang, WANG Chun, HU Yitao, et al. Capacity credit e-
valuation of grid-connected photovoltaic generation[ J]. Power
System Protection and Control,2016,44(7) ;122-127.

[4] ZHAO L,YU R Y,WANG Z, et al. Development modes analysis

[}

of renewable energy power generation in North Africal J]. Glo-
bal Energy Interconnection,2020,3(3) :237-246.

(5] Wb, S i UK P RE R L B AT SR [T ], 421
FiA,2016,38(9) :71-73,80.

GAO Song. Study on the influences of thermal storage capacity
on solar parabolic trough thermal power generation[ J]. Huadian
Technology,2016,38(9) :71-73,80.

(6] BABASEY, shme], R4, %5, MR B REIA K 1 3 48 K A%
HORIE PR B O EEUFSEL ] K FHAE,2015(6) :50-54.
ZHAO Mingzhi,ZHANG Xiaoming, SONG Shijin, et al. Study on
the selection method of solar multiple and heat storage duration
of trough solar thermal power generation system[ J]. Solar Ener-
gy,2015(6) :50-54.

(7] B4 Bife%, sy, 0B R A B
FELT]. BAHAR,2018,19(11) ;37-42,54.

MAO Weizhou, LU Huajun,SHAN Baoqi. Optimal allocation of
thermal storage system capacity of solar power tower plant[ J].
Electrical Engineering,2018,19(11) :37-42,54.

(8] =, kb/NGE A ar 75, 4. B S OR BRI RE SR H R PR B0 ik

PUHRALAOITE[T]. #1KH,,2017,46(6) :21-27.
LUO Yan,DU Xiaoze, YANG Lijun, et al. Optimization design of
solar multiple and thermal storage hour for DSG tower power
generation[ J]. Thermal Power Generation,2017,46(6) ;21-27.
(9] PhFESE, 4. K BHREEH A HL R AR SRR H OGB4 A7 A



109 FMHE AT B A DR S A O

AT LT ], PR R, 2017(23) 1 72-75.
SUN Xigiang,BAI Yang. Current status of solar thermal power
generation technology and analysis of problems in key equip-

ment [ J]. China Science and Technology Information, 2017

(23) .72-75.
[10] Po#R7%, i3, £25F. & H B AL MR i K 5L i

B T]. KRR #Hz,2021,42(1) : 112-116.

FANG Miaosen, LU Jing, JIANG Yiwen. Heliostat energy ef-
ficincy modeling and field layout design[ J]. Acta Energiae So-
laris Sinica,2021,42(1) .112-116.

[11] ZEgi g, £l e, J6 10010 80 0 85 SR SR R P

Bt B S SR PEOTFE [T ] T FE A BE U, 2018,36 (7)
991-996.
LI Jiabao, WANG Pei,ZHAO Liang. Study on dynamic charac-
teristics of heat exchange process of a tower type molten salt
receiver based on distributed parameter model[ J]. Renewable
Energy Resources,2018,36(7) :991-996.

[12] 90, 255 5, B e, 26 38 SR BH BB 0 W e A% FARR 18

Loy #r 1], v [ AL AL R 27 4R, 2019, 39 (12) = 3605-
3614.
WANG Pei, LI Jiabao,ZHAO Liang,et al. Thermal and exergy
performance of molten salt external cylindrical receiver of solar
power towers [ J |. Proceedings of the CSEE,2019,39(12) .
3605-3614.

[13] WANG K,LI M J,ZHANG Z D, et al. Evaluation of alternative
eutectic salt as heat transfer fluid for solar power tower
coupling a supercritical CO, Brayton cycle from the viewpoint
of system-level analysis[ J]. Journal of Cleaner Production,
2021,279.:123472.

[14] AHMADI M H,GHAZVINI M,SADEGHZADEH M, et al. So-
lar power technology for electricity generation:a critical review
[J]. Energy Science & Engineering,2018,6(5) :340-361.

[15] MARUGAN-CRUZ C, SERRANO D, GOMEZ-HERNANDEZ

J,et al. Solar multiple optimization of a DSG linear Fresnel

power plant[ J]. Energy Conversion and Management, 2019,

184.571-580.

EAG . BRI RER R AL sl MR RE I i R BFSE [J]. R

BAAE2A ,2020,41(10) ;223-228.

CAO Chuansheng. Investigation of influence factors on per-

[16

—

formance of solar tower power station [ J ]. Acta Energiae
Solaris Sinica,2020,41(10) ;223-228.

AP IMADZL R . B O PR RERA A R st T A DNT Al
BEFELT]. B BE,2019(11) - 1-5,21.

LI Bo, SUN Jihong, ZHENG Yunzhe. Optimization of design
point DNI of tower CSP plant[ J]. Electric Power Survey &
Design,2019(11) :1-5,21.

USAOLA J. Operation of concentrating solar power plants with

—
~
[

[18

storage in spot electricity markets[ J]. IET Renewable Power
Generation,2012,6( 1) :59.

[19] ZHAO L, WANG W,ZHU L Z, et al. Economic analysis of
solar energy development in North Africa[ J]. Global Energy

Interconnection,2018,1(1) :53-62.

(20] Z= R IEHE , 2RV A, 45, BB BB AR & L 42 7 i ol 39
AR HLT]. B RGAZ,2015,39(7) :84-88.
LI Xin,ZHAO Xiaohui, LI Jiangye,et al. Analysis of life-cycle
levelized cost of electricity for tower solar thermal power[J].
Automation of Electric Power Systems,2015,39(7) .84-88.

(21] fynee Wik, R 2F R, 56, —FhIE TR EMAE—F 54

RIERIBAT RSP Ok [T]. TRk 5 0, 2019,
35(1) :24-29.
HE Ye,PAN Bo, YU Mengtian, et al. Research on operational
reliability evaluation method based on sequential Monte Carlo
simulation of importance sampling[ J]. Electric Power Science
and Engineering,2019,35(1) :24-29.

[22] k. S P AT S P i) PR 52 IS 9 7 B B JXURS: 23 BTl
HHFE[D]. R FPORA:,2019.

GENG Lian. Research on fast Monte Carlo simulation methods
and risk grade asssessment for composite power system reliabi-
lity[ D]. Chongqing: Chongqing University ,2019.

[23] ALI KADHEM A,ABDUL WAHAB N I, ARIS I, et al. Compu-
tational techniques for assessing the reliability and sustain-
ability of electrical power systems: a review [ J ]. Renewable
and Sustainable Energy Reviews,2017,80:1175-1186.

(24] HRER. HeT IR A 22 R PR DRI 1) B 0 A7 Ml i HE i it

ID]. B & B EK,2018.

MEI Lingjun. Based on ideal point multiple attribute decision

making algorithm for electric power industry carbon emission

prediction[ D ]. Nanchang; Nanchang University ,2018.

W hAg, XIFSC. 22T MATLAB B 22 H bR 50 R0 ) 558 1) B A8

SRSRAGLT]. W ST 2 Be 4l (B AR BEAE R ,2017,26

(4) :60-63.

YANG Wumei, LIU Taowen. Research on the ideal point me-

[25

[

thod of multi-objective programming based on MATLAB[J].
Journal of Hunan City University ( Natural Science) ,2017,26
(4) .60-63.

(26] BB SRTTHC H R AT SF R B BE ) 455 5 P 4 D ik
FID]. HhkRILR I, 2018.
ZHAO Dianping. Study on comprehensive evaluation method of
urban distribution network operating level and power supply

capability[ D]. Jilin: Northeast Dianli University,2018.

YEE A

FWIHE(1980) , Zo, it B TR, A
FHT e U5 & F HL A T4E ( E-mail ; xiangyan_09
@ 163.com) ;

B (1983) , 3B i+ F 58 A R A2
U, DA BT RE VR & A L % 3B AT
TAE;

FE4EW(1967) , 5, B+, WA R E R L
PRI, N ) RGN 5 KT BE IR T T 1)
S AR

T

(F#% 115 )



115 FJR GFFET AR AT GARCH-M BRI ) 5 191 7 67 iy i)

Short-term user load forecasting based on GARCH-M

family model with different distributions
WANG Chen', YE Jiangming' , HE Jiahong’
(1. School of Electric Power Engineering, Nanjing Institute of Technology, Nanjing 211167, China;
2. School of Electrical Engineering,Southeast University , Nanjing 210096, China )

Abstract : Power load forecasting is one of the basic tasks power system research,and time series analysis is currently the most
widely used forecasting method. Aiming at the fluctuation and the characteristics of peak and thick tail of user daily load time
series , the generalized autoregressive conditional heteroskedasticity-in-mean ( GARCH-M) family model is proposed to predict
user load. Firstly, the autoregressive conditional heteroskedasticity ( ARCH) effect of load series is examined by using the
Lagrange multiplier (LM ) test according to the distribution of user daily load time series. Secondly, under three different
distributions of Gaussian distribution , t-distribution and generalized error distribution (GED) ,the GARCH-M family model is
established according to the different forms of fluctuation compensation terms. Finally, combined with the loss function, the
prediction analysis results show that the GARCH-M family model with different distributions improves the accuracy of short-term
user load prediction compared with the traditional time series analysis model.

Keywords: time series analysis ;short-term user load forecasting; autoregressive conditional heteroskedasticity ( ARCH) effect;

generalized autoregressive conditional heteroskedasticity-in-mean( GARCH-M) family model;fat tail effect;loss function
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Optimal design for thermal energy storage capacity of

CSP considering credible capacity
WANG Xiangyan', CHEN Ning', WANG Weizhou”, ZHAO Liang' , HU Bangjie’, WANG Pei’
(1. China Electric Power Research Institute Co.,Ltd.,Nanjing 210003, China;
2. State Grid Gansu Electric Power Company , Lanzhou 730050, China;
3. College of Energy and Electrical Engineering, Hohai University, Nanjing 211100, China)

Abstract: To explore the capacity value of a concentrating solar power ( CSP) station, a method to optimize the thermal
collection area and thermal storage capacity of a CSP station based on the credible capacity and levelized cost of energy
(LCOE) is proposed in this paper. Firstly, generating efficiency model and economical model of CSP station are established in
this paper. Secondly, the generation reliability of power generation system is calculated based on sequential Monte-Carlo
method , and the particle swarm optimization ( PSO) is utilized to search the credible capacity of the CSP station. Tthen the
influences of solar multiple and thermal storage time on capacity credibility and LCOE of CSP station are studied. With credible
capacity and levelized cost of energy as the optimization goal, weighted ideal point solution and entropy weight method are
utilized to create a single objective optimization function and to determine the index weight respectively. Taking a CSP planning
in the northwest as an example,using the region’s real solar irradiation data,a model is established. The results show that the
capacity credibility of CSP station increases monotonically with the increase of solar multiple and thermal storage time. At the
same time, the levelized cost of energy decreases at the first stage and then increases at the second stage. The optimal solar
multiple and thermal storage time is obtained under the constraints.

Keywords : concentrating solar power ( CSP) ;thermal energy storage ; credible capacity ;levelized cost of energy ; muti-objective

optimization ; weighted ideal point method
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