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Fig.1 Operation of nuclear power unit
participating in peak shaving
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Fig.2 Risk factors of nuclear power units
participating in peak shaving

R R PR WA £ 5 XU i A 45 A Al 3 o A B8 i e
YR INRBUR AT VRS o b, g Gt LA
ZEAG PRI AT A0 ) A DR 8] e 5| R Py B



& AH) ALK 126

B
(6)

Ao, LT R AL R R R &
5 5 RILINF 1] i e - 25 A ]

PIESIUSF

P, =1 P} (7)

Aepe PLORE ALt RS 2 SR AR
IRty PY NS @ A% v WL B R
DIES

PRI, A 81 7 L 1 22 4 XIS 8 T T 3%
LS R IES LA INLE

mpL, 4

T Y e P
RPLzbzlr=1 (8)

St Ry st HLAE PR 5 I 74K 5 A
BT m 9% SRR R BLALECRE € 5
U HIRRL RO 91T €y ot st
LM G-

LRSI LA, AR 7 T A8
SRS b AT IS RE ) T 007 BB B 2
oo AT ma, A AEREIEAT 0 B HLAL, S
o

mpL, 4

> Y (e + PLCE)
Ry = e (9)
My,
AR, =Ry, — Ry, (10)

P Ry, ol By i) R R PLAL A 22 4 XU 5 AR,y
A% IRV S BRI PR A 2 AR

N _ ARy myp;,

R, =~ (11)

> fi
Aol RY, ISR A S, A i Ay
BLAL IR 155

s TS LA T4

€= SR, =R, (P ~ P (12)

Aot AT BB B A R A 1
LTI s B, W3 i AR HLALLE ¢ 2110 % %
R
2 WRRL KA S TR E ANME I
BER AR

IR K BB 2 L O

POASEAR = A0 3 - I AL B B R T R B 47 AR 1)
b R 5 100 3 22 4 . Wy B AR 7 R 45 S R P2 11
SRR 75 5 A4 AR AR AR R B
21 FHEBMREH

BRI K AZ A DI TR) R 06 £ A Ak 9 B A
BT RN, fi R AR RO 9% T8 1 1 R, S8
RGEA VAR REIHE . HARRECH :

min F =Y Y (f7 +C +CF) +
- v , ,
21 ; (f,+S.,)+ 21 ; C,, + ; Co, + ; C..
(13)
K J NGB  KE LA Rk & BB LA i
SO CE AR AL TE ¢ B RE T A
TP RAS ; CF, RS i A HLLLTE ¢ i 20 0 2
B AS; £, 1S S A KL TE ¢ B
ZBATIRAMIBIEA; C,, A5 n DK EREDL
HAE ¢ BZIIE T A 5 €, NTE ¢ 237 RGO
Y C.., NTE ¢ B 20 P BHEBOSAS
(1) EoBHHB A . R EiT A
A — IR eRELR IR
M =aq,P, + b, (14)
a0, WA DAXHEPLA A R
(2) %P RLAS . A% FATLAE Y IR e 1
ARALFEJRVEIREL AR CT | FRIAE e 4 KU AR CF,

Crv =Ci, + C, (15)
FErp R AS -
Cf,[ = CF(Pi,max - Pi,[) (16)

K Cp AR ISR A
(3) KHHLHBITHA . KL E T A
FLFGIRBE A FIHLA ST A5 A, SR AS ] LA SRR
A kR R
fu=aP, +bP,, +c (17)
A P, A A KBAHLATE « BFZI0 75 a;
b c; M j A KL BB A R
(4) KHALL B A5 AR
Sj,z =0, o0t BS o (18)
Ko, B, N0 1 AT, 5 S KR HLLTE « B
ZVEEh o, 1B, 0450 o, OB, H 1
Sioon ~ Sjoff ailSK ) j A K H ML W ) 3 A s AL
BA
(5) HUKFERIABITIA . K E eV
HHEE BRI E S S ARG RENY Has T
AR N :
C, =P (1/8, - 1)C,, (19)



127 R A T S WU R A i 2 VR AR R B T 1%

A PUYONES n SHIDKE RENLALLE ¢ 12012 51
Ui, BN SEPR K i o 6, WA n B K & REL
HIFARCR s Cc WRGRFE R NA o

(6) FERFELMA . 4w X't i RE 1A
R, GIAFE I CIETT AR -

Co, =A(Py,— Py, + P, —Pg,) (20)

e L, P Pey  Po, S0DRFE ¢ IR O
AN b RT3 A D BRI R FEEAE T IRAR o

(7) BRARTEA o A LA AN XD R P A
FEAE RS HE R, kR ML ZE R AR G Y 3 AR HETOR
VA0 i 2 W BRHE U AS g

J
Ccar,l = 6! z (gD/ - AP)P]»"
j=1

Ao 8, WG ¢« W 20 BRHR AL A 50, 85 7 A~
KL HLZERBHE R BE 5 A A LA FR 5K
22 PEHAREH

(1) RGEYZPMGLIR

i P, + i P, + XN‘ (P, -P;,) +P,, =P,
(22)

X Py, P BN n G HOK B RENLALLE ¢ i
ZIHOKFER D R MHE K LD 3, P, ATE ¢ B 4]
IR N

(2) ZHEMLAARE, Zagn ) B IRY
H

(21)

Pi,min = Pi,z = Pi,max (23)
R AL A 2RO 1.1 5,
(3) KHAHLHZA R, KBHLAE ) BT R

R

uj.IPj,min = Pj,t = uj,tPj,max (24>
JEERIR SR N
{(X;,"t—l - X;,"min)<uf,',z - uj,t—l) = T/('),"miu (25)
<X;.f:f—1 - X;),f{nir\)(uj,t - u’j,t—l) = T;),ffnin
JE3E 3 A2 2N Ay
-R ,At<P,-P,, <R'At (26)

KA P, P S B A K HLE T80 E
TR w,, B4 A K LALTE ¢ B2 IR ZS A
w, =1, u, =0 A FRIBTRENL; X0, L X
Sy RS A I LA SRR AR R X
X AR A KR LA SR R R
T T GBS A K HLL S A5t ]
BR; RY, L RY, A3 j A S HLALAE ¢ BE2I L
@I 5 Av g it ] BEIA] R
(4) K 2.

O s PF,[ s PF,max (27)

0<P;, <Pgon
HH: Py~ P 7PBIAR DL
(5) HhKkEFRAKR, LB AHRMA(29)
FR

(28)

i (29)
Ao PO PO A Ak B R LA T TR
ERR,

TEf K TOLF, A el P = {P),
PP P H m R e AR B RELALE )
5 I 2028 5,

T JE 391 9 4K 25 B LA I 17 3 2 R
TEO): R

T

N
POEN — _
WG

t=1n

(6) WEks &2

1 N

. F
Z Pi,l + z mln(Pn,nmx 9Wn,l - Wn,,min) +
i=1 n=1

(30)

T N
(=1 n=

PU
z 5nPn N
t n=1

J
PF,t + Z uj,tPj,max = PL,t(l + L) (31)
j=1

KHr: P HEE n B HUKE BEHLALIY B K )5
Wi« Wi 2395 n GAHKE BEVLLLAGAE ¢ 1 %]
fiff A7 REfE S N BR 5 L O HeRs 45 F %

(7) LA ELHR,

I J
max GEN
- Pz = ZXHPi,t + Z)(Jzzpj,p +Xn—an,t +
i=1 j=1

D
Xr:zPF,t +XG—IPG,t - zxd—lpd,t = P?m (32)
1=1

A P O R AR R LR, £ =1,2, -,
Lyw 5 Puy FIGAT d AR5 ¢ B 20 GG (E Xy L X
Xt Koo Koo KXoy 230 PLAL @ CKEHLLLS
FRERENLAL n KR JEARFIGAAT d XTE L 1920
RS SMTR T 5D N g

(8) WA AR

vy <su,, < UY (33)

X U LU LU, A3 5 o AE o« B2
Jefe/IMA B RS PRE
2.3 KREE%

$iFHE G AL (particle swarm optimization , PSO)
SRR TR R B0 i BB 0 A R AT
A BRECIG U PR A W 2 56 8 2 38 1 B R Al T >
H AR 2 Sn) R, 4 JRy 48 2R B8 g 558, TR I 5
SR TR LA AR AT S PR A M S0H B A R BE T

SRR — B T AR A SRR T RO (im-
proved particle swarm optimization, IPSO ) 8 7%, 7£
IPSO H, AT AT 23 ] v B ALl A — 2 A, 2R ) 2 ol
AERI 0 10 TSR, S AR PRORE 37 B 3 11 B



2 HEHEAR 128

FEF PSO, LERRE R M 98 2R B B, BN AN AR A7
BOEERRENL N E. ELE—E RN ENRZ
Je  WREREIE IR A, B BT AR 19 0 B A bR T
SYRCLAERE , DS IR A5 838 B M R AR

SCH R ) TPSO SR AR 2.1.2.2 AR 1
R IR R R AR AN B 3 B, A BRI R

R bR S A, 1 5

MAZHip. m

FERTAT 22 18] BE AL s 1,
J"Fﬁﬁ?ﬁ@%&ﬁ

$4 bR A 26 Iy
XbsHET, AFAEET

|
—L I ERIS m A 15 fap AT BE] ik~
t=t+1
WA TR A, Rl

T I AL

W Sihn i ?

B 3 [IPSO kf#ifiz
Fig.3 Solution flow of IPSO

BIR LIRSS, EfFEp =1, m = 1,
Forb p WA BB s m O BN BG AR  SRR
FFREREAR s=pm. BEA s A X, X ooe X, ooe X,
JE T AT asa) . AR X, W8 N R EUAE S,

AR 2 RS o i O R 8 4 A4 R R I A L
B AR Y s A A E={X,.f, | &=
1,2, s},

BR300 K B E il p AAE A Ay e
Apv A, BN TREE m A A

A, = {Xh,k9 hok ‘X},,,k = Xk+p(h—1) ;fh,k =f}c+p(h—l) 5
h=1,2, m;k=1,2,---p} (34)

BBE 4 gE Ak g3 PSO AL B A
HEA o

IR 4.1 W0 BOERIREILEL ¢ Flis ok
BT o

IR 4.2 R, AR REE N A, B ¢ DA
FLRLY Yoy oo Y, RIS T A, TSR
POk MR R A Fo= Y0V,
Uy ‘w =1,2,+,q} W, Hodp Vw,k yoE AR Yw,k 1
BEs u, HABIH R EUE . R DRT P, , iR
AT VI )L B R FRRE G, B MRS

IR A3 W WA RLT Y, P, , ZIH
)RR . Y, . T P,, ] Yor =Poso [z
ARLT Y, , B G, Z I M B, # Y., (BT
G, | Yu',k =G, .

R A4 R, R IR PSO Y7 B
B A B R, TR A FEER

P45 350 BIPIR 4.3 M 4.4 K10

IR S TREVEML. KA A, A BN E
Fi2 BR R B I I AU X E R

AR 6 WSO o ISR R WSSO o U 45 1k
IR B 4

3 HESNH

31 BHIRE

PFEZRS IR B LA, 5 LA
FOVAR ISR L& 6 G KEPA .2 5
BRI LA X 1 ASB R s 3 LR 1T Al
wREPLA . LA AL NS S %
SCHR[6,9,11 ] RS HOLER 2—3 4. BHEL
21 B0 S R ORISR X 129.79 S8/ (MW -h) ;5
BRI XS, A X 315.75 S0/ (MW - h) ; 5 KUFE
JERETT BUANER 2 437.63 0/ (MW -h) 5 B CHLH )
BTS2 B 0.95 5 ik P 5 28 L 0.7 5 B 32 5y it
W 712.76 JT/t,

F1 FIEFRABFEXIRENEE

Table 1 Type and installed capacity of power
supply in Northeast China

MBS RHAE/MW IS %
KHAHLAL 3 000 56.617
LAl 700 13.228
Ry K Ha 900 16.971
etk & 400 7.532
K E AL 300 5.652

x2 NBEHIASH

Table 2 Thermal power unit parameters

2% Pl 1 PLAH 2
PLALE /MW 600 300
ML/ & 4 2
Hi 47 EFR/MW 600 300
HJ R MW 200 100
B/ MEHL /B 4 3
F/NIF LA/ 6 4
JEH FRAE/ (MW -h™) 200 150
a/(JG-MW?-h™") 0.025 0.100
b/ (JG-MW™'-h7!) 807.77 823.24
¢/ (JG-h™") 49 893.09 33 927.30
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Table 3 Nuclear power unit parameters

24 ML 1 ML 2
WAL 5/ MW 400 300
LB & 1 1
7 EBR/MW 400 300
R/ MW 120 90
I/ MR TR FE L )b 4 4
I/ NSRRI [H]/h 6 6
JEHE BRI/ (MW -h™") 280 210
a;/(JG-MW™"-h™") 465.50 465.50
b/ (J6-h™h) 365 217.39 328 695.65

x4 HKERNNASH
Table 4 Pumped storage unit parameters
280 HfH 280 HfH
B AR/MW 300 BRI/ MW 50
BB R 1 PLEHR R % 75
1 /MW 300 7K Py #/ MW 300
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Fig.4 Wind and photovoltaic power output forecast
of typical daily load in summer
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Fig.5 Power forecast of typical daily load in summer
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Fig.6 Output range of various types units in case 1
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Fig.7 Output range of various types units in case 2
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Fig.9 Output of nuclear power units in three cases
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Table 5 Comparison of equipment cost of each case

i BeAdEtT kmPLAEtT URERILA eRiEfT

£ WA/ AT BATEA/IL A/ TG

1 1931495 36818326 0 3 874 982.1
2 1531495 3046 170.5 0 3199 320.0
3 1268959  2951300.7 4506.9 3 082 703.5

R6 BARBMANLL

Table 6 Comparison of total cost of each case

i B R e Wk
™ WA/ TE A/ T A/ T 7/t
1 0 791 832.60 809 485.3 30 760.43
2 93 149.5 46 170.54 816 227.5 31 016.64
3 86 895.9 51 300.75 806 107.5 30 632.08

WAIBATIARRAR 17.4%F1 20.4% , X FHIRZHLHL
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Table 7 Total cost of optimized scheduling in ref.[11]
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Fig.11 Total cost comparison of optimization algorithm
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Multi source complementary peak shaving scheduling method

considering nuclear power risk quantification

LIANG Yi', LI Hua', LIU Hangxu®, ZHONG Chongfei', GE Leijiao®, ZHOU Mo'
(1. State Grid Liaoning Electric Power Co.,Ltd. Economic Research Insitute,,Shenyang 110015, China;
2. School of Electrical and Information Engineering,Tianjin University, Tianjin 300072, China)
Abstract:To address the flexible and economical peak shaving issue of power grid in the presence of large-scale renewable
energy penetration ,a multi-source complementary peak shaving scheduling method with detailed consideration of nuclear power
risk quantification is proposed. Firstly, the mechanism of low load peak shaving for nuclear power is analyzed, and its peak
shaving risk quantitative indicators are considered to balance its economical efficiency and safety. Secondly, a wind-solar-
thermal-nuclear-storage based multi source complementary peak shaving scheduling model is established, which takes the
minimum total operating cost as the optimization goal,and considers the loss of wind and solar power waste and the increased
power generation cost of different power sources participating in peak shaving, and the mode is solved. Finally, case study
demonstrates the effectiveness of the proposed optimization scheduling model and its superiority. The results show the proposed
method can achieve a 94.17% reduction in wind and solar waste compared to thermal power peak shaving and nuclear power
peak shaving without energy storage participation, and a 1.26% reduction in carbon emissions. This indicates a significant
improvement of the peak shaving ability of a high proportion of wind and solar power grid within multi source complementary
mode. The proposed method provides a practical approach to realize economical and low carbon economy operation of multi
source complementary system.

Keywords : multi source complementarity ; peak shaving;low carbon economy ;risk quantification ;nuclear power; pumped storage
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