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Research On The Day-ahead Economic Dispatch Method of Microgrid

Including Solar-ESS-EV
GUO Shan*,GUO Yang, LIU Xiaokai, DONG Wenjuan
(Inner Mongolia Power Research Institute , Hohhot 010020, China)

Abstract: In order to improve the power supply reliability and energy utilization rate of microgrids , a day—ahead economic
optimization scheduling method considering time—of-use electricity prices is proposed. First, the power or energy model of
photovoltaic, energy storage system (ESS) , electric vehicles (EV)and other entities is established , and then the photovoltaic
power model and Bi—LSTM model are used to predict the photovoltaic and conventional load power during the day,
respectively. Combined with the flexible load characteristics of electric vehicles, the objective function is established to
minimize the total system operation and maintenance cost (including equipment operation and maintenance cost, external
network power cost, energy storage battery attenuation cost, etc.) and the charging cost of electric vehicles. Considering the
multi-objective and high—dimensional characteristics of the optimization problem , a linear programming solver is used to solve
the objective function.Finally, the historical operational data of a microgrid in an industrial park with solar—ESS-EV for the
whole year of 2021 is selected, and the conventional load and photovoltaic power prediction model proposed in this paper is
first tested.Then, according to the matching difference between photovoltaic output and conventional load , four typical daily
scenarios are selected to test the control algorithm proposed in this paper.The results prove the effectiveness of the power
prediction model and economic scheduling algorithm in this paper.

Keywords : microgrid ; time—of—use electricity prices ; economic scheduling;flexible load ; linear programming
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(9 4% o [) 22— e 7 A5 A 50 I 428 ] (modeel
predictive control , MPC ) [/ £& 5% 45 77 I WAk J2: il
e BRI A BOR R Z — o HAh, N 5 E4R G
eV R 4 (integrated energy system , IES ) 75 AR J ik |
PR b S 4 R M A e 1 — B T
IES BYAH WS RCR o

SCHR L7 1328 B — = 356 7 1% Tl el IX B R A
KRG, f iz 2 A fe/ M A% E bR, it 73 32
FE SRR A . SCHERL8 TS T el DX - X I B R A B 30
FAY, DL RAC BB I 4 H bR, a5
R R A . SCERL9 IR I 1 XU O it L BhIA
% (electric vehicles, EV) & & 171 fif A il 45 9 far (1944
DX I R G2, LAz B WA e R AR S e 1o b
WA fe/ N R RFE bR o SCHRL 10 J4 ) — b 2 T itk
RLTREOC A Y 22 55 I B AY, IR AE A4 B AR P A
FEAR R R T e HE S AR o SCERL 11 J38 H —Fp =5
JERMBL EV = AR SUZ AL, R E 00 N
g ZME )R . B0 H bR 8 is 4k siAs K
PM2.5, T2 Hbr s/ MEA DI . 15T n] #
AR VR A I, SCHRL 12 ] DA AT 72 Rl 1 i) e 44 1
Ve 29, Ak H bR A3 PR 85E HE T8 b Sz 47
Ao LARREE B AR R A AL B bR #9058 34 A0 45 Sk
[13-19]. SCHR[20-21 J0 3= 5 FE T R M ma B, F:
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THRERLZR G R AR 45

CANE EEAFEPIT T R, — 2Rk
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Z HAR = dEOC AL IR, B AT 18 2825 )R, A fb 28
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(ERIT SRy € N EPNE S G N U] [
TROA R EV /RN MG R T IR IEZ R
GEURAE M ZM 146 255K N e, S8
HARGSEPMm2ZB R ACHEAMRZER T
TR BAE PR A5 bR SR A Bk, 108 U H 90 5 2 1
AL EV FEHREANE R ILAL E bR 0 H bR s 8 2
AR R AR R, T PRI T R . et
OG-t - T W BRI ESAL , dEOGAR A fE EV
SRR TR BRE R AL, JET 52 LT MPC Y
WA T ¥ o 20753 I A DGR T A A Al
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J Bi—LSTM S 3G AR Bt 1) 238 K 5 B4 A I 47 1
D, E ST 2B A BRI TR A, IR RS S bz
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1 EHEMNER

1.1 RGHi

BT 5 849 5~ fith— 50 58 it Sl FL I R e 2 Al n 41 1
JIE7R , Herb S 2 R e H I 2%, jE 2 Ry A T 2%, L T
E9 R 10 kV. EREFEIEIR (photovoltaic, PV) | fif
fiE (energy storage system, ESS) | & #IL f1 faf Az 32 1 17
7, 2 2R A DIy 8 455 i 20 3k Y 0 42 o 4% S B . R
T AR I K T AT Gy . 5
PEGUfT N EV FEH U . 5 2, AR SCRT T 9T Y
TR A S A5 FL BE AN A R A, AN SR I 1) i
3 WA A AR PV AR E R, H O ESS Y0
—FEHIR . Y PV A L RE TS IR B A, o
RERF BB . 55 Oh A SO B L SR A I R 9
S o B AT 2R B PR R LS A B A [ B
T 28 55 a2 H A A 45 B ARS8 4E A (B AIK EV 58
LA S

AR G H 1

| | |
Reouse] |[wosLsufanial-| otk | [ e |

10 kVEEZL

E1 K-tE-FEXRE MRS
Fig.1 System topology of the microgrid including
solar-ESS-EV
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1.2.2 ESSHgHRHHA
H T ESS 76 ¢ B 2 B g s R T b — B B 7 ik
HLIE L o 0 ESS 7E ¢ i 2 1 RE >
Ep(t)=Ep(t = 1)+ At Pps(t = 1
(1) nm((t—l)) [ Prss ( )] 2)
o Eess (1) Erss (8 = 1) 53518 ¢ B 20 -1 B 2] ESS
g it kWh A g 08CHL JE T, min; Pess (2 - 1),
Nuss (0= 1) 4330 R o= 1 BF 220 49 58/ AL 2 2R R0 &%
L%, REATHE A SCRE ESS /i 1 FRAI0R
FAGE , Pess (1 = 1) ATRIR A
Prs(t = 1)=Prg (1 = 1)+ Pr s (1 = 1) (3)
o Pess (8 = 1) Pessons (¢ = 1) 5351128 -1 B Z1
ESS W) FE/HL TR kW, ESS AS e 14 [l i 78 H, K il
HL, ORHATE— B 2 ¢ ¥4
Prsscn(t) Prss s ()= 0 (4)
123 EV FoHL A
EV 7L T84 P 7 S i =y
PR T LR EV B2 ARG, BRI DL 70 H A d5e 1 2
AT, BT R AR A B 4 R . Rk
Fo LR AR 42 50 T 3RS AR A FE A, A
VI DL 42 6T T L A R R R A o
AN 78 FL A R 14 Bl B ] B ge e T R AT 1 H A
W o T B AR SCRIF AT 1) 22 M 70 F B o 24 20t 3R
GRIREEFRB A, AR EV B4, EV R
&t Al ek A A R (2 ki 2 R B SR
WE I NSHER B E
Ly = (tspstyn. Egy) (5)
s vty 200 MRS AT RS AR S 28 1k I 205
Eq AIAEHERE kWh, F8HL R A 0 fr R i R an &
2R, FEHTZH 0 R
0; = (tint, S, Ey) (6)
Koo, o, 505 o TR S35 S 78 HL u5 B 21 5 S,
R SRR, % B, O A E 4 5 kWh, B
BE T L 1ot by, 27 RV 2 10 > 0, Bty >
Lios BV o, TRZY T G 1f ] e T~ 3R & S A LR B[R] 0, 3
RV 25 ] B) T 3R G faf 2k ) DU o, LS A7 A
BEFM K o TR e, BINE E,y, e, il
(7)IHHE,
e, =SE, (7)

| wemmamsy

v
X g — 3K TR L P

B2 BHRERUTERHATRARE

Fig.2 Electric vehicles flexible charging load aggregation

process

1.3 EFBi-LSTM #y Sa i F 4 2

XL Ja] K 5 4913 12 155 B (bidirectional long short
term model , Bi—LSTM ) J& — Fh I 25 #f 28 ) 4% . T 18
PEPRP S I 28 S A8 M 22 oT AR 00 4 s ] ERE A A B
EACHE i A SR AR Z 0T, IR 51 0 A5
TR i A 38 8 Sy o A ) R T AR GE Y B 1 45 %
25 N 2 (back propagation neural network, BPNN) ,
AT AT BE- T B 28 19 28 BRI O, 30 ] R 77 AR B B
TH 2 By M), B ] A E 12 8 Y (unidirectional
long short term memory, Uni—-LSTM ) il i & 37 — & K
FAAE B AL LG AR & Mo figt e T IR R, H Bi-
LSTM J& LSTM #E Y[ 4 JARAS . HHAL LSTM fEAR 7Y
YIRS FH 56 7 2548 , Bi-LSTM [R] i Fi] 1 56 7
K J5 7B | R N 7 0 45 40 Fh 0K LSTM (1) 5 Aol
ZICEY RN IE- R ZTC)ZE . Bi-LSTM {35 7E
ERUICILN =R NS 27 INEN S A P <R 0 L g Eii
Xof S GEAE KA B 138 v AN ] 2 iR

3 A AT R (o % %0 oo ) B
Bi-LSTM #2228 By A 2=, MEETTIF I (oL fy o fi
S ) G g g @i s o )R AR 0] J2 S ) LSTM
MZITCRE . i m T oy nynyion ) FI L
2 o £ IE ] LSTM 2 M 48 5T i (T 3T Bk A
2870 i) M ORI B AR, BB 0

(Fie)=f(ei %, W.b) (8)
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L FAZTT R R s eve, NI RIZ T @
BP0 -1 KPR 1) 5 5 2, 2RI 0 A% A i)
Wb ARG TT 5 v, B A A B e
) o [A] BE AT o S n) LSTM JZ 45 8 % i 1a) 72 B,
L () E T iy

y. = F/OB, (9)
A @ g ANk

fi 2

K RLSTM

1E[LSTM

A=

B3 Bi-LSTM & M4 HEE
Fig.3 Bi-LSTM neural network model

FLF Bi-LSTM (1) G faf F000 37 B G &1 4 o, &2
B FEA AN L | A A TN B TR R T4 A5 AR AR
T 3 AR

DRI 25

S e S far TSP H = [y hy, o hy ], o N oy
FEANKJE . B 5Ex Bi-LSTM BRI 9] 4 4k, BBt HL
TR (14 3% A A (L . B8 Bi—LSTM #5275
By A K B R A A BE A3 R e B me, PR I 80 A
fif S XY AN

h, h, h,
X = h, hs Py (10)
—hA’—m—(n—l) hN*m*(nJ) hy .
T hy. hy.s h,.
yo| Poee hu Bosn ()

M oa; b, 500l R X Y IS j 47, Bl e
[hj5h‘j+]’-..’hn+j7|]7bj:[hn+j’h‘n+j+]?...?h71+rn+j—l]
¥ a1 A Bi-LSTM B4
fBi—LS’l‘M( (lj) = I;J- (12)

A

[ iy s R
!
Bi-LSTMEURI% |
v
BB |

[ WEBi-LSTME RS |

| wmAswpisEs |
]

[ ommrs |

SR

B4 EFBi-LSTM KA HiNEE
Fig.4 Bi-LSTM based load forecasting model

A oS- s 29 Bi-LSTM BEBU) s BOE 5 5, 2 b, 14
B . T b b, BIIREN
e, = g(b,b,) (13)
b g IURFFE IR ZETRIR o X XY R —475
AT B R AE 45 B AR 22 10 & E=le, e, o,
ey )@ NIRZEW I E A, 7 e /DT IREM,
TN GREE 5 WKe E WL 3% 4 AU K i Y o
B, 3858 FABOAR, IARBCE /N @ D T8 H AR BT
HEAEAE R I R AR i, B e /N T
BOEAH, UIZREE R .
2) S S T
Mo r % HW & E o A 8k
RPN SETRTRIEN Y Y& R B A ] & fg A Bi-
LSTM #5% ,
s (T2 ha]) =
[ysshy o ouhyy]
SR 2 orw B 5E IG5 Bi-LSTM B0, K54
ATRESEHN [0y sy oo, | 2R
WOA fuosw, A H o R OE B OE
[hy by saeseohy, DTS, A 1R R B & 15
[ g K B FO H AR R, T e 4
3) TS BE VAL
i ¥4 5 #1522 (root mean square error, RMSE )
%R 4 48 X H 4 b iR 22 (symmetric mean

(14)
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2 fRUAEEZX
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A ERBUE A (ESS RS A 4 AHESY .
5 th ARG AR F bR sk
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p=1

rorar (2,)7 Cxr (8,)+ Cpy_cup (2,)+ Cyy (2,)+ Crgs i (2,)+ Cy (2,)
exr (¢ )Prm( )ATLLM( )

C
C
Cov cor (£,)7Ppy cun (1,) ATepyy (2,)
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ESS_ m( )= Yess F“.';( ) AT
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K Cron (2,) B ¢, B BE R G0 A 5 Coxr (2,
Cov con (). Cya (1,), Crss oe (8,) . Crv (1,) 53 51 Ry ¢, Bif B
SR L BUAS PV SO BUAS | R GEis 4k A (ESS
WA J BV FE HLRAS  TT 5 Pear (8,)) Poy con (2,)
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D1 FEE% PV Hi i DR (ESS TR I EV 7l
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KA LA, TC/RWh 3 0y s <y 735128 PV ESS FI 5 HY,
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fifi FH PV (ESS . #1 &8 HL BE 19 70 FL R A, H = A
epy v (1,)<€pss oy (1,)<Pixr oy Py oy HICIRFER I H,
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B ey oy (1) Tl o Py iy MWEXEE}EEEIJJ;&}EEE
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Table 1 Microgrid test case parameters
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Table 3 PV output power prediction error
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%5361 K 65.32 1.68
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Table 4 Comparison of charging costs under different EV

charging models LR ASTH

Yt i EV1 A EV2 A SIS
1 12.60 22.40 35.00

I
2 156.84 10.05 166.89
1 12.60 10.08 22.68

I
2 162.08 10.08 172.16
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i}
2 162.15 15.54 177.69
1 2521 97.81 123.02
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Fig.16 Daily energy dispatch curve of each entity in the scenario of small PV output and small normal load
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Research on Production Scheduling Method of Cement Enterprise

Considering Demand Response and Carbon Trading
LIU Penglong, WANG Pingxin“, XIA Xiaodong, YANG Jian, WANG Qing
(Marketing Service Center (Metering Center) , State Grid Shandong Electric Power Company, Jinan 250013, China)

Abstract: Cement industry is a typical high—energy consumption and high—emission industry , in the power market and carbon
market , cement enterprises must reasonably adjust their production plan, and strive to achieve energy savings and emission
reductions.Therefore , a production scheduling method for cement enterprises considering demand response and carbon trading
is proposed. Firstly , the production process of cement enterprises is analyzed , and a load demand response model for cement
enterprises is established , taking into account the operational characteristics of the main loads in the production process.
Secondly , the carbon emission mechanism of cement enterprises is analyzed , and a quantitative expression of carbon emissions
and production arrangements is established.Furthermore , the carbon trading cost is described using the stepped carbon trading
model Finally, a production scheduling model for cement enterprises is established , which takes into account both demand
response and carbon trading. By optimizing the power purchase and production plan for each stage/link, the objective of
minimizing both power purchase costs and carbon transaction costs is achieved.The example analysis shows that the proposed
method can realize the electric—carbon collaborative optimization for cement enterprises within the power market and carbon
market framework. This is beneficial for cement enterprises to implement energy—saving and emission—reduction measures ,
thereby facilitating the attainment of carbon peaking and carbon neutrality.

Keywords:cement enterprise ; carbon trading ; demand response ; production scheduling
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Multi-objective Optimal Scheduling of Combined Heat,Power,
and Hydrogen Integrated Energy System Considering the

Stepped Carbon Trading Mechanism

XING Jiawei,ZHAO Shuai, YANG Song”, WANG Yuejiao,SUN Liqun
(State Grid Shandong Electric Power Research Institute,, Jinan 250003, China)

Abstract : Against the backdrop of the "dual-carbon" goals, the combined heat, power, and hydrogen supply integrated energy
system emerges as a promising clean energy solution. It effectively integrates electricity , heat, and hydrogen, meeting the
continuously growing energy demand while reducing carbon emissions.To achieve the widespread application of the integrated
energy system, a multi—objective optimization scheduling method is introduced for the integrated energy system considering a
tiered carbon trading mechanism in this paper.Firstly, the architecture of the system is established , encompassing equipment
such as thermal power units, gas boilers, power—to—gas, and hydrogen fuel cells. Secondly, a multi—objective optimization
model is formulated, considering the reduction of operational expenses and carbon footprints. Finally, a particle swarm
algorithm with linearly decreasing constraints is employed for solving, enhancing the convergence accuracy and speed of the
solution. Simulation results indicate that the proposed model effectively improves the economic benefits and carbon emission
reduction capability of the system.

Keywords: integrated energy; optimal scheduling; stepped carbon trading mechanism; multi-objective optimization; particle

swarm algorithm

BicA A T 1), LASE B WU A AR . 7EX R,

0 3l8

UTAF A, F I AE B AR - AR AR B IR ATl AR

Ee = N NI R A N b e Xt e R Xl = DA
MZE4 RENR R G RIZE A T OB H AR T 5T " (Z2Y-2023-11)

Independent Research and Development Project of State Grid Shandong

Electric Power Research Institute “Research on Key Technologies for
Collaborative Operation of User Side Integrated Energy Systems” (ZY-
2023-11).

YT EAGE AT FREE YRR RIA R, AT 2 H 25
WM REIRTT K o Z56 REVR AR G A4k I8 BEFE A O
AR LN 1Y [ A 454 2 CHEMIEH . B84y
T RAES AR SN T, A HECE KBRILA M &
HL D3, DAL AR SR, K L MLZE & —
WA F IR A BB DL ™ A Bl i 1 & ik 4, OB

21



5524 (B4R 328 1)

L g ) HA

2025 455 314

e it At o HEA Hh R AR L e T R R
FEN BN ER AR SR A, B 2 AR R ER
PRIGIROC I BEA W TH AL G 28 55 T B © 22 A /i
FFEEOR . L, LG 2% B OL A I BE 1 22 5% FI R
Bkt , 2 HAR AL I8 B iR 255 RE IR AR Ge LAk 1
FEGUR RS R 2 —

FRERA GRS e BVE A JCTS Y S L, B
JZ N R BAR B TE T RE T, X S B AR B HE H AR
BAEEE X, TEAREMIT L FA 71 , 4t A bk
N EA R R AT . SR EUR A8 R T P A4 g
PEAE R IR A 7 R A RSO T 3 XL G R
HAREH LT BB &) KB A Ao
HOXMERS 5 ARG AL BEFEATOF ST . SRS ]
FFH AT P A= BE U5 D 7] A (electrolyzer, EL) il &,
SEELT KOG RIE AN . SCHR L6 )8 i B A
(power to gas, P2G) il ft. Sy HA, i il F1 FT %62 [ 7 i
(methane reactor, MR) 3Bt & &0 % #} B ot (hydrogen
fuel cell, HFC) iz 7, fift ke 1 5 Aoy L 7 AN 1 Ml ) Al
SCHRL7 15T ATRIR AT A 1 35 A WA 2 e 1Y)
KA P2G thRIE T R EGE . SCHR[8 J7E U REM
FIANGREIRGE A TATE, "R T ARERTHA I 20,
FRSCERZ M E T - R RGP AR LA S
ML UL AT HESE R AES JE L % R A E 2R
REVRAYFE S o

Bt AT S A IR BE R AP Y H 4 5CTHE LA
et 2 0 Rtk HIE RS BRI ok 22 4 BRI IR 1Y B3 T 0K
WRHENSE 2 i A B R D) R e o AESCHRL9 b, 5T
g8 —BUTR A Sy ML L I 26 2 HE s 3000 174 sk i
ROR o TEBRSS AL Bl b, SCER[10] 51 AR
F, 3 A AR Atk T B, 184 I 28 8 4 o il HE £ AT PR A
PIHANR . LA E SR 28 h FE S — Bk 52 o A
b RBERTHAZIE R G RIS TEIRBRAE T o AR,
WFIEF AT UG D TE B B i 58 ) A 8L, O eIt 1T HH G
WF5E . SCHRL 11 152 T B HE oA 2= 98 £ 4 ) P 1)
faf U3 [ 98 B2 O 2%, o — 20 29O T e HE R . 7R SCER
L12] X255 RE IR R G0 P Y B Bk B Bk 52 B F 4 —
BB AZ by W ok 52 Sy AL A6 AT 07 % LEBIF 5 0 SCik
[ 131X B Btk 52 9 LA ik — 20 0 A, B S8 0 3R
B IO P A IR FR) 520

FES XU HAR T, DL 8 B2 AN R 7 HOCTE i —

22

FUbR, Az A7 A fre /1N, i e 28 (5] i SC PE R AR , 1%
GER A H AR AT BE A IX — 3 1 5 T S DL 2 2
SRE S SCHRL S TR v B4 A R A 70 fole i o 2 57 1
LRI AT P TR ER S AG ] ] 1 1) A e& 88, I A
B LA A , BA 0451 F AR e B ASCER , SR 38
T A A 12 SR 221 F AR pR BRI AL, e 2
¥ g — A HAR R A, (ELE G RERAL L 8 B AT 5T
w38 R S 22 bR I A D B H AR ] Y 7
o BRI, XA R RFE N 24 HARRI R 4F
JEHRAERAE 25 H R 5 L7 1, AP e — e X
R, B RS QgL Fk Mok T I A 7E 2 HAR
AL R AR B 2 B o SCHRL 16 1M 1T —A4> LU
BTG R A A I R A HE R S UL AE B AR
4 R AR R S DA TR RE 5 58, (0 Tl i ) gt A R0
Xk AR T O A I BE AR EA TSR gt . SCRL 17 14
T A PA IR BRI ol 9 O AR 1 22 H AR AL T4
JFERATY 2 R 14 F A pR BRI i 1 9 B8 AR | 4
277 2 L Rl FAR BE IR S L S 2 AN DT I, R
KL HESE A TOR R . SCHRL18 |15 T e L I G i
WAy 22 | AR A HL U AR, R T Dl b= XU L BB
Z G LA TR BERRL , I3 HDRL T RER L IR 73R A
SR, 3 SCRRYI R ] T AR GOk TRk X AR S
SO IR X FTISKR i T2 32 51 ) R AT, T 7 21 o
JE E BRI T FR G S B R

BT BT, B — P R R R SE 5 BL
P AR ZR B BE IR Y 2 AR LA B T ik,
JEHESL A KL R P2G SR G B
AP LR REIR RS, PR IR 455 RE IR R ST iy 5
P HE ek A S BB B 58y LA R 3 5 5 AR
3t I 240 SR R R SRR 0 22 FL ARG A 18] AR 3
FroR A, foe ) , i X AN R B a5 DAL 8 B 45 R b A7
SR R 22 H AR DL AL IR BE T 5 B T AT

1 AESEHBESSREREER
11 GERERGNIERN
Hey S 14 el SR (I 25 R TR AR 8l XUBIL L 7 B

2 P2G MR Tt A S0 A B A R U
KR ALZL | BIL R T A v AL i AR R
I o ST AL A L EROR BT, BTl XUBIL L
HLE AN SR FL bt 7 R AH R BT ph B8 A A



TRRYE 25 T S BB 32 Z HL 1 A B ZR 5 REIR R 52 H AR AL AL A B2

it BV L ) (A R v i el R o) & LA Wi o v
PUILRIHS . BAARSS 2 an a1 s

AL
| ; @
ﬁ%f@@f‘m@ [t e B
X T v
Hke || v IR
S A
jmmz%
W
v s

> IR —> AR R
> KRN —> A

E1 #HESBEHBEEAREREXTERM
Fig.1 Energy interaction architecture for integrated energy

Ve At > S

system for cogeneration of heat, power and hydrogen

TER G S B RE IR R P P B
P2G i 6 26 B A Ry R MBI, 5870 5 K FREE 3
RIEEATRRE I RS RRPE . 3 Jo T mT P21 B 5
PR R B0 , IR IR] I8 BE A5 Y g, LASF-mT A
REVR I th e 3h o AR GEAE DRI 2 57 A 7 SR AR i
FATERRTE T , B0 TR BUR R 2 573
1.2 IR SR N EHAEE

TE K HL ML 2 403k, Bk 4 £ £ R (carbon capture
and storage , CCS) 5L IUILAR H ARf it 1 By HoR
SCRE A B TP AR 4 RS ORIP RN B84 2
IR OC R, CCS Al 4 K AL 7= 2k i — Ak
B , — BB > AT IR BT AT, I — AR oA P B P2G
I Be Ak B i A P BTl B DA

T B A 42 10 ¢ HL AILZEL v 0 i A A 1A BE
Poos HCHBLZH S, i JEREBERE P, FIIBATREAE P,
H I, BE A CCS BRI Z2 AL, T EE
B, S AR R A G, s (D) P .

Pes(t)=Py + P (1)
{Pn(t)= o.Q,(1)
o, JIs AT REFE R, R AL — AR T s
REFE 5 O (1) 2 o I B Bk 4l A2 150 9 Ak A — 28 fk
fcit
1.3 SeEZTHAEHY
P2G 5 AR FI I r, BE i) UK AR, BEAE AT 250 1

(1)

Y R KL R A [R] B FEAI OR SR R GE i I SiAs o
ARG S W P2G 3B 1T T 00, 8 P2G il Ak Ay v f Al
TR GE R N 2%, FEAE IR 5] AR RE. 58,1
PR b 3 e S R DAt P T R K i R R
AR B HIEA T . K5, A& AT
THGE R N A% , 5 AR e s AR B B RIS
TR ARG R SBUAS o v] A% i 4 ARk} Tt
HEAT AR o [RIES fi SUE 7R Y T — A E Y rh A A
K 1 XU R e DL R SR A T AE B T
SR ey s o SRR} L A A R B RN EARE , O R
PR T A RE R
1.3.1 W P2G A

1) L R S

LA ¢ B B = SR Qe (1) 5 HAE 7T %
Py (1) ZEI RN

2H20% 2H, + 0, (2)
Qe (1) =M Py (1) (3)
A me y HLU R T RE SRR
2) FYGE RN s A

qai;é}i@% t H#E&*%%:Lljjﬁ QMR,HZ(t) EJ‘,E\:F':/EL
13 Qi (1) Z A ER A :

AL
CO, + 4H, — CH, + 2H,0 (4)
QMR_g(l)z nMRQMR_HE(I) (5)

e SR R 8 SO 25 1 BB R A R0R

FH ot B 7 g LA 2 R 3k R T 7 A e
YA FR Vi, () FIH AR — A A B9 AR FR Vi (2) 4
], = (6) s .
T, Qur, (1)
P17 L ®

Qunc(t)=peoVar (1)

Kheo, AT REG L, RIS
Qi () A ¢ BB H e A ir s — S Al i

i AEHL ) 5 P2G BRAAs TR, P2G il B Jt
JT 5 B AR A RS D B AR A A S, 1T D H K FL AL
A BcA R R FH AT 2 B

Q)= Qurc(t) + Quue (1) (7)

2 Qone (1) 4 1 B BERR B A7
1.3.2 SAREH A Y

HFC 38 335 A il 7 A= 1) 2 A F R B, L

VMIL;; (1)=

23



5524 (B4R 328 1)

L g ) HA

2025 455 314

FL A0 S50 S RN A 8 85, LA — 7 Y L N mT O
OV A RRIR ARG GBI HFC RRAE I
RGBT AR D B HE . B, A SCF A
HFC, 484t T HAKR A B a A an =X (8) A= (9) i
7, ISEBE RG24 581 T -
Pige.o () + Prges (1) = M Qe n, (1) (8)
< Puves () <
Py (1)
o Quren, (1) Jg ¢ FBE HEC % A G BE 5 Purc. (1),
P, (1) 539119 ¢ I BE HFC i 14 B BEFIPARE ; e
9 HFC S5 AL R # L SA 5 A L, A, 23310 HEC F4
FL A3 1) e/ IME AR R B
1.3.3  f A HERIAY
fitt SEURE P DAAE R R AR 7™ o 06 0T sl LAt 75 22 =i g
ARG O B A &R, LA 2 R R
RGN o AR, 7E RE AL A TR B, fids S0 mT LK 7l
A BEF L M A B A AR G SR H
T S S RE TR 1 RO i B o i PR REASE AR 5 i S
BEHUZEARL, i U E AR A AR A =X (10) i
0<P, (1)< Py
0< P, (1)< Py
Stss < Spssa (1) < SER

Spssa (1) = Spss (T)

Spss (8) = Spss, (2= 1)

(9)

(10)

 Malas (1) Py (1)

Eys, NaiEiss
A Po (1), P, () 539008 ¢ B BCAt EUHE n X 1)
70 L IR LTI 38 5 P SR i S0 HE 1) 5 K 7 i P T %
Sessa (1), Suss, (¢ = 1) 435004 ¢ B B (e~ 1 B B fith S e
n RFAF S B 5 Sp, S 43l R Al U2 it e KA (/)
B 5 an, Maie 0 500 A0 fi S 1) X 7 1 7 R AR PRI
E s, FINEERE n W88 755 5 T R B2 JE I

A PARERR Y SR 20 5 it EUREAR DL, AN A |
1.4 MKWIPIRE

BRI ¢ I B RT3 Py, (0) 5 HAHAER
SRR Qe (1) ZIHH R A

Py (1) = 1¢Qes (1) (11)

2 e AR R PR IRCR
1.5 2 RFIRE

1) HL AR LAY

LV B ¢ B B T 38 P (1) 5 0 A H

24

PR Py (1) Z IR FR R
Py (1) = MpcPyc (1) (12)
i R PLENA R
2) W R HLAR AL
WA SV BIL ¢ B B iR TR P (1) 5 Ho
AT P, (1) Z B FR N
P (1) =micP (1) (13)
Ao AR HLE H1e R

2 ETHHHRIZINESHRES BIRMNK
FERE

2.1 BIREH

BRI SR ZE S RB IR R AL B TV
S PE R HE 2 HAR AR )7k . e A& T 1
B AT A, 25 R R AT 9 XU H RIS . 22 H e
PR S i N

Suin = (fos feer) (14)

Krpof. HATEE B ofee AL ), A B A5 LA
[ AS i A F i 2, A EL AR
2.1.1  BsmRaC ZpLil

Wi A6fs Ttk 52 Ty LTI A Ay 5% G Btk s 1% 28 T B
18 Bt HE O ZE 5 T S AL, b & H A Mk AR B
itk I 5 T5E 00 0] 8 A 7 S i HE AR, AT A R s

BLIHE H AR o
D BRHE A B A
o SR ZR 5 BE IR AR 58 P A B HE O £ 22

A3 BRI | K AL FR SRR, LA B ik T 45
120 (15) AT E

Cypp = Chuy + Ci + Cgy

Chuy = Xe ZP e.buy ( 4 )

Cs :XeZP(:(t) (15)

’
Ces = X, EP(‘,B.I\ (1)
=1

S 2 Cope WAL HIBOA 5 C,, S 1 S L BB .,
o I HL L BRI A Cop R/ BRI 550 x Flx,
S350 h ML A B, 7 R 1 — A
ML BT 200 AR 7 I B 3 R 7 £
A BB R 5 Py (1) 9 1 S B TR
Py (¢) 5 K A HLLL S 1 T



T4k , A5 T B BBt s Hy L 1 s SR PRI 5 RER R e 2 A Ae iR

2) bRt HE R
SE PR HE B = (16) TR o
CVl’l’,a =(, +Co, +Coy, — C!\’[R,a

buy, a

T

Chuy,u = 2‘9 P buy_e (1)

t=1
T

Ce, = ZSHP(;

= (16)

r
Cep. = zggP(IB,h (1)
t=1

r
Cyp.. = ZQM]LC (1)
=1

T Copp, A TEFROHER AL 5 €\, , A 101 HL 0 I HL 17
S B Bl HE T2 5 e, S K HL AL A SIE o i L
C o FIRRZHAN 1 SEBR R HE O 5 C N TR AL 1R
F W — AR Y 1 5 &, S K R BILAL ™ A SR FL
JIHER (9 AR SR &, R RS B R
IR IR — AL S8R

3) BB sg B

3 3K S B i S R AR A T B, BT
SRAFLPR S 5 EIRAS S T  05E Gy 4. WSRA Rl 4
AR LA , 7T DA% SR U 1 11 AT 3R A 22 %
4R . AHBC, Qn SRR 1 H A3 T A ik BC A0, D5 22 1
SIS ) il BC 0

Cyers = Cypp = Cypp (17)

2 Cpp, 1 ¢ W BERRHEISE 5 8

51 B b 3 58 S HLT L 8 1 2k — 25 B ik
HEJ . FEX—HL 00 S G e 451 1) 90 4 400 Ay
ZAIX (8], B A P e WA I ) Bl B 25 1in R, X (] 1)
WA S A A TR o B B A8 5 JAR fen Ay
Seer =
AC o Com, <1
A(1+a)(Cye, = 1)+ AL 1<Cyp, <21

A(1+20)(Cypp, = 20)+ A2+ @)l 20<Cypy, <3 (18)
A(1+3)(Cypp, = 31)+ A(3+3a) L, 31<Cyp, <4

A(1+4a)(Cypp, = 41)+ A(4+6a) L 41<Cyy,
A RS G WG A 5 L R B X T K s
Mg,
2.1.2 2Tk HARREL

UM HbR AL B BB TR R B TT
JAR S JEBE AR Sy TR IS AF A S, 22551 H

FreR =0 (19) s .
fe :f:)rn +fbu) +.fs|urage (19)
SEATHA N
fu = (0P (1)) (20)

t=1k=1

P o R B A B DRI T A P (t)
R o I BBE A b B IR
W BERLA

T T
ﬁ)uy = ZatPc.buy(t) + Zﬁlpgthuy ( t) (21)
=1 =1

APy (0) D9 o I B I S s o, B, 23 301 o IF B
LU= /1 N W1
R EFAF A

T
f;mrage = Z’},loalumge ( L ) (22)
t=1

Kby, e BB A7 0 — A 1 2, B
40 Jo/t,
22 HREHE

IDRIE S o)

FEFLHR T IR A HL A 08 RERAR AN
W 20 (23) Fim B DR P 2 3
Po(t)+ Py(t)+ Py (1) + Py, (1)
= Pl (1) + Poes (1) + Py (1)
Prpen (1) + Poy oy (1) + Prss y (£) = Praan(8) (23)
Py (8)+ Py (1) =P (1)
Quin, (1) + Qussn, (1) = Quren, (1)
Ao Py (0) Sy o BRI 5 P (1) O ¢ B
B L AT 5 Pressa (8) SR ¢ B B2 i B0 i o 48 T %
P (0) 2 ¢ I BB AT 5 P (8) Ry ¢ P BEAO VS
Gy s Qussn, (1) Ay ¢ B BEAH SRR AR

2) LR T 2R

0< Py (1)< Pu= (24)

Ao Py o UL T 3 R KA

3B IBITLIR

ARG R # AE K LA P B P26 L&
JRBEEL Y BRSSP RIS R G, #0206 R 12 1T 4
W, FEAIR R AR B AR AN A, = (25)
JIi7m

P <P (t)<P™
! ‘ (25)

AP™ <P (t+ i) - P (1)< AP™
L P P G R y AT R R BR

25



5524 (B4R 328 1)

L g ) HA

2025 455 314

AP AP 35 e a y HUNEHE IR L PR .

3 HESKMUBEEAREREMLAER
7%

3.1 MFEEE

BT R ( particle swarm optimization, PSO )B4
TR S PR RE AT R 00 SR, 4 R s ] v
TERR RN R o TR LA A ) X i o
IR BEAERE A REAAR b T sl b RN g 1) 7 8
(= Ry AR ) e ek SE 7 AR ) o )] R LA "
SBOR NV AW VA B i RPN 124 Z L B NE EI L AR A el
R A B H T B U AR AR o R T RESRLE R
F R o7 T,
= wvy +cr (P) - «xf)+ czrz(Pg - x;;’)(26)

y
A (27)

m+ 1 _  max
{vij _vij N
m+1 _ _ max
vij = 1][/- N

Krbom YT REG T = 1,2, 1,1 ki1
PR 5 = 1,2, ] J IR T BE A s 0 RIS
Bene EE R BB, 10, 1R REL
B P, R i DR AR j 4 i Py AR
TR 26 j o34 5o, v 2090 8 AR S T
BOSHEEAES j dEari o RES ANR T K
(1) j 4 i
3.2 SIN&MBBARMN FEHEE
3.2.1 S EOREE ] I ab

G MR REARAE A M RE L A2 B S 00R
IR EN BT, ER—RERE R,
JRUEIEAT T 23 [ 8 R R B BB, H R 2T
ANFERRLT Z B AR 22 52 R X —[n) @,
i — 0T A SR G PR T R R I AR 2
A ) -5 ALtk i i 205, A3 R DAL ik
P TERER I

WMCHE T R I BRSNS e, B R A
PHESERE S W T IR AL RS .
—YGEAC T, SERR AL S SR R RN . B
2 RN IBE S B 2E ) 7 1 58 A A
AR DCRR LM IR Y S B0R ETIA A BT R R
RS QR o T 779 A e 7 N 1 K P/ Y el 1 R
RFRAE 382 5 A — ootk SR, RE 08 £ kL #

11:; + 1 > v:;ax
(28)

m+ 1 max
vy < vy

26

VL B R AR R A o 3 S AR R S AL
T2z > R A 1A AT B Ay T s PR R 4 38 s 1]
7 325 A 309 00 5 Ay 2 S s ST B Ak o % T 158
PERCE A7 2] [R5 A AL BT IE AR

w max w min

0=, -————mn (29)

max

" m (30)

Krrem,, A EERKE 0,00, 75 518 0.9,0.2;
Conans Coin TN 15,1
322 Z HinsRE R

i R B K A 2 B AR AR R RE R, 38
2 Z A ES R, Bl — 2 7E H br2s o] oA xF - H
it 1 TG 2 S i AR R LA A
Y E SIS R E i 0P e AR vy TAs oy 3= RF L S
FH&ABTE B AR L AL . T AL Z R
192 Hbnbr 1A, a] DLR O D3k i AR
TR ZE AR A R BUR A W 2R G RE TR R Sk
W XF 7 A7 B T 240 B hR2s (A rh B
R MBI S A, AT = Bk B PR RE RN RO

e )
K. F, 2 Bs RIS A ; £ AR i
LR s N AEL R HARBREUE 5 fowo Soin 2350 AE
&R s AR R B br R B W L PR A
TRRPY,

B (foSo) VE AR R, IEXTAE 2 i 22 A5 A
RV I B PEIN R/ . S 5 5B, AR SCP A
PRI Z AL S U [0.5,0.5] 0 B8, 0 i B 25 5 0F
W, BEHUR AR AR N I 2 255 BR TR R AL R
E D
3.2.3 5 AZRMasd i 2 R ok TR R A IR

R BIE 5 |\ S 326 ok 24 SR AR R AR 1 T
PESE R, it T AR g AR LT A
o BSE, AR RIS R AR i A% 1
T BB 5 SR 5 X R Y T LR PR AR
EARRE, A A SR 2R 5 YR R g g e i
TR, IF 0 SR e O A AR, B e DL AE
R AR UGEACE R, Sh AT Bt S 5o - )
PN R a2 1 A R X/ R S i W = ) VA 07 < N
AR R, 10 5 Pareto S EE , 1IZBE S RAFE T




TRRYE 25 T S BB 32 Z HL 1 A B ZR 5 REIR R 52 H AR AL AL A B2

AU R P RA I R AR SIS % . B e, RGLIEAR
BBOERBUR A 1L T AR 1 FHE, e S i
SESAMTREI TR S WK S g Ry ] 3

FR

IR O
.

BCE R TR TR

AT U A
HER 2 S

L S R 5 R

! R

RO TR . D

SR T I i VR T
BER AL

M SR LA SR, i
SRR IR LA AR 1A
IflefE

BRI s i

2 K@EEREE
Fig.2 Algorithm flowchart
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Table 1 Time—of-use electricity price
Bz HL A/ T6/kWh)
01:00—08:00,23:00—24:00 0.38
08:00—12:00,15:00—19:00 0.68
12:00—15:00.,19:00—23:00 1.20
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Fig.3 Forecast diagram of each load and wind
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Table 2 Comparison of costs and carbon emissions for

scenarios 1,2,and 3
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Table 3 Comparison of the results obtained by the
traditional PSO algorithm and the PSO algorithm with

the introduction of linear decreasing constraints
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Fig.6 Thermal power balance diagram
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Fig.7 Cold power balance diagram
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Intelligent Distribution Network All-around One Click

Transfer Supply Technology
SONG Shenglan,ZHANG Chao”, LIU Xiaoliang, LI Yan,ZHANG Naigang
(Sate Grid Weifang Power Supply Company , Weifang 261021, China)

Abstract : In extremely harsh weather or special operating conditions of the power grid , the loss of electrodes from the superior
power supply can easily cause large—scale power loss in the distribution network.In the traditional fault handling mode,
experienced dispatchers can restore power to more than ten distribution lines through the main station of the distribution
automation system , which may take more than an hour.After research, it has been found that in the case of large—scale power
loss in the distribution network , when the fault point is not on the distribution line, there are difficulties in determining the
occurrence of large—scale power loss faults and difficulties in quickly and reasonably restoring power due to the large number
of power loss lines and connections. In the article, by connecting the interface between the main station of the distribution
automation system and the main network automation main station system , achieving the data and graphical models integration
of the main network and distribution network.The full telemetry on the substation side, remote signaling information, and
graphical and model parameters are connected to the real-time monitoring of the distribution main station.At the same time , a
judgment logic for large—scale power loss in the distribution network is developed and deployed to the distribution main station
as a condition for initiating the rapid power restoration function.After the function is activated , by monitoring and calculating
the load rate of the distribution lines before power loss , the distribution main station automatically provides a power restoration
plan, which can be executed with one click.Tests have shown that the self-healing strategy of this technology is simple,
flexible , and easy to operate and maintain, with low investment and quick results. It has achieved a change in the load of
distribution network lines from "manual transfer" to "program transfer, " and the time required for load transfer has been

reduced from hour level to minute level, solving problems such as slow operation, long time consumption, and low restoration

EETUE [H W 1L AR L 22 WIRHS 000 Ty 1 37 2 ) ZR ST R TEC R A S AR R HIRE 3 4R TG BER AR BIESE " (2023A-016)
Science and Technology Project of State Grid Shandong Electric Power Company "Research on Key Technologies for Enhancing the Application
Capability of Distribution Automation in New Power Systems" (2023A-016).
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efficiency. It has improved the emergency recovery ability of the distribution network , shortened power outage time, reduced

power outage losses, and minimized the scope of power outages caused by accidents or maintenance, which is of great

significance for ensuring social power supply safety.

Keywords: distribution automation ; distribution power network ; one click transfer ; large—scale power outage ; load transfer
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Probabilistic Site Selection and Capacity Determination Strategy for

Power Quality Considering Uncertain Distributed Power Sources
LI Jianjie ,ZHONG Wentao, MU Mingliang”, LI Ping, WANG Zhi
(State Grid Binzhou Power Supply Company , Binzhou 256600, China)

Abstract: In recent years, the random integration of numerous power electronics—based distributed generations (DGs ) into
distribution networks has led to increased randomness and uncertainty in power generation.Simultaneously, the distribution
networks are also affected by the stochastic and nonlinear characteristics of loads, exacerbating the issue of power quality
compared to the past. To address this, we propose a site selection and capacity determination method that considers the
uncertainties of both loads and DGs, with power loss and total harmonic distortion (THD ) of voltage serving as the objective
functions. Probability models for loads and DGs are established, and their parameters are estimated using nonlinear least
squares and expectation maximization optimization algorithms, respectively. An improved unscented transformation method is
employed to ascertain the power flow conditions within the system.By integrating the traversal optimization algorithm with
network loss sensitivity factors , we are able to identify the optimal integration scheme for DGs while minimizing computational
complexity. Furthermore , we construct a probabilistic optimization solution algorithm to tackle the probabilistic optimization
problem of DGs in distribution networks under uncertain conditions , thereby enabling optimized management and control of
DGs. Simulation verifications conducted on the IEEE-33 and IEEE-69 node systems reveal that the proposed method can
significantly reduce network losses and improve power quality.

Keywords: distributed generation; probabilistic models; improved traceless transformation methods; traversal optimization

algorithms
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Fault Repair Strategy for Distribution Network in Typhoon Disaster
WU Longteng',GUO Qian', WU Jiekang®", CHEN Guanxi?
(1.Dispatching control center of Guangdong Power Grid Co., Ltd., Guangzhou 510600, China;
2.School of Automation , Guangdong University of Technology , Guangzhou 510006, China)

Abstract: Typhoon disasters severely impact distribution lines, causing power outages.Thus, this paper proposes
a comprehensive strategy for improving the power recovery performance of distribution network during and
after disaster. Firstly, typhoon forecasts and Monte Carlo sampling are used to simulate line faults. Then,
integrating distributed generation and controllable load scheduling, with the goal of prioritizing the restoration
of critical loads, a distribution network fault reconfiguration model is constructed to achieve flexible
adjustment and optimized load distribution within the distribution network during disaster.In the post—disaster
phase, based on the locations of faulty lines and repair teams, an optimization algorithm determines repair
sequences to maximize load restoration and minimize repair time.During the repair process, optimization is
achieved through coordinated distribution network reconfiguration.Taking the IEEE 33 distribution system as
an example for simulation analysis, the results verify the strategy’s effectiveness, ensuring continuous critical
load power during typhoons, shortening repair time, and improving restoration performance and emergency
response. The strategy provides innovative solutions for rapid fault repair and critical load restoration,
enhancing distribution network resilience and reliability.

Keywords: extreme disaster ; distribution network ; restoring power performance ; critical load
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Fig.1 Performance curve of the entire disaster process of
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ZEHLI A KELM #5280 | I YR ik 1 B4 4k (chaotic particle swarm optimization , CPSO ) %F KELM S 84T H & WAL
Mo S ELAR AN H A3 AT R WY 5 L RE A ROR B 7 Fh W S — S5 S M 10 R S a5 5, JF Hpime s ae
JITESR S A B2 5 T KELM F1 PSO-KELM A8 1277 1k Sy v B 8 (9 ICsE FA BB AIE T 307 1y BB A O ik
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Power Quality Disturbance Detection Based on Time-frequency

Domain Multi—features and Optimized KELM

XU Lin",FAN Songhai',ZHAO Chun?3, Wei ZHEN?:3, LIU Chang'
(1.Electric Power Research Institute of State Grid Sichuan Electric Power Company , Chengdu 610041, China;
2.NARI Group Corporation (State Grid Electric Power Research Institute) , Nanjing 211000, China;
3.Wuhan NARI Limited Liability Company, State Grid Electric Power Research Institute , Wuhan 430079, China)

Abstract: Accurate classification of power quality disturbances is the premise for improving and controlling power quality.In
order to improve the accuracy of rapid detection of power qualily , this paper proposes a power quality disturbance (PQD)
classification method based on tlime—frequency multi—features and improved kernel extreme learning machine (KELM ). This
method first uses wavelet transform and S transform to extract the feature quantities of each power quality disturbance signal.
Then a KELM model with classification rules is constructed based on the extracted feature quantities, and chaotic particle
swarm oplimization (CPSO) is used to adaplively optimize the parameters of KELM. Example simulation results and
comparative analysis show that this method can effectively identify seven kinds of common single disturbance signals and ten
kinds of compound disturbance signals.The proposed method has stronger anti-noise ability , and its classification accuracy is
higher than the KELM and PSO-KELM models , providing new ideas for the improvement and management of power quality.

Keywords: classification of power quality disturbances ; time—frequency multi—features ; chaotic particle swarm optimization ;

kernel extreme learning machine
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HL X, B BB 480 (power quality disturbance, PQD)[7]
H #2281, PQD HUUERGIRSIXT POD fELL HEalEL
PEAFDCHE ST LA i FE BT R 2 5 PPA 2R G

PQD 432 B TRRAE SR ORI 23 S 31 4 3k
T o UL B AR AE 4R BT VA A0 R e B 2R 48 (fast
Fourier transform, FFT) . %5 B B 28 2 (short time
Fourier transform, STFT) (/N AR | S A 4 %5 . H:
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B TE R IO 2 5 A AR A AR AR I
FARAE A, S AL RE B R A Sl A5 o i Zr 2R L B
J&a o B — G A B A BR %7 2T Bl (kernel extreme
learning machine , KELM ) 14 B3, fE 5 & Lk 432 05k
It Adi FH IR Bl KL 7 #F AL 46 (chaotic particle swarm
optimization, CPSO) X} KELM 1) Z ¥t 17 [ & W I
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Fig.1 Structure of ELM model
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For L AOX) Tl 25 T s R (X)) S [ 802 e S 4 P
AR ()R,

B=H'(HH™ + - )'T 1)

T O LS AR s A D AL R AL
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25’
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RBF) (156 £ 2 84 s 0 S RBF (9 b0 1) B s R B0 A
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Fig.2 Radial basis kernel function characteristic curve
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Fig.3 Common single power quality disturbance signal waveform
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Table 1 Mathematical model of single power quality disturbance signal

PQDs B

kT x(t)={1 = k[&(t,) = &(ty) ]} sin(2mfyy, b + @4,,)
B w(t)={1 - k[e(t)) - &(t,) ]} sin(2mfyy,t + @y,)
P Tt x(t)={1 +k[e(t,) = e(ty)]}sin(2f (4t + Cr)

w(1) = sin(27f L + @g,) +

1}71:37% . =p(t=1ty)
k-sin(2mfi + @) e e [e(1y) ~ £(1y)]

Jok i x(t) = sin(2mfy, b + @y,) + k[ &(t,) = (1)) ]

N7 x(t)=[1 + k- sin(2mf + @) ] sin(27fy,,,t + @y,)

W x(t) = sin(2mfyt + @) F k- sin(2mfi + @) [e(1,) - e(1,)]
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Table 2 Types and corresponding codes of PQDs
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Fig.4 Wavelet energy distribution of single PQD signal
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Fig.5 Classification results of KELM method
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Fig.6 Classification results of PSO-KELM method
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Fig.7 Classification results of CPSO-KELM method
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Fig.8 Comparison of ROC curves of three models
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Table 3 Recognition accuracy of CPSO-KELM model

under different signal-to—noise ratios PN %
bR JoMERE 20dB 30 dB 40 dB 50 dB
C8 100 96.01 98.17 99.56 100
(0] 100 95.02 99.04 99.17 99.68
C10 98.67 96.01 97.38 97.69 98.52
Cl1 99.43 96.42 97.65 98.74 98.88
C12 100 95.19 99.77 99.87 100
C13 99.02 95.96 98.52 98.69 98.86
C14 99.71 96.04 98.24 99.44 99.59
c15 99.34 94.05 97.63 99.06 99.19
C16 99.65 94.12 98.77 99.05 99.32
c17 99.61 95.16 97.59 98.89 99.44

A 99.69 95.68 98.48 99.26 99.54

W% 3 A LLE H, 7E 20 dB 5iE MR IR B
CPSO-KELM #5 7 {14 43 25 U531 1 o 52 e 0% {R 35 7E
95% LA o 20 dB FREE T XA A9 R 1 A BE A ] 9 f
No B9 RARATACER BRI 2 . Xf
A2k I B E RN IE 00 SR REAS B, JE XS f 2k 1)
H RN IR T FEAZL

c809% 0 0 0 O 0 0 002 0 O -
Co9- 0 095 0 O O 0 001 O 0.02 0
Clop 0 0 09 0 O O 0 0 0 0.04 080
Ciltfr 6 0 0 096 001 0 O O 0 O
%CIZ 0 0 0 001095 0 O O O O 0.60
‘E‘-CB 0 0 0 O 009 0 0 001 0
X 0.40
Cl4r 0 0.02 0 0.01 001 0 09 0 0 0
C15f0.02 0 0 O 001 O O 094 0 O 020
cief 0 0 0 00100 0 O 0 094 O0
Cl7p 0 0 003001 0 001 0 0 0 j0.95

C8 C9 Cl0 Cll CI2 CI3 Cl4 CI5 Cl6 Cl17
T bR

B9 CPSO-KELMEZRY S 2hYiR %5 b
Fig.9 Confusion matrix of CPSO-KELM model classification

H1 P& 9 T, KR B RERAME R 0.95 S,
FHRIRIAE 20dB TR M RS N REASHE 7325 I 41
HEMIET . ERDIEIIREAR AT S, Fe A
RITEM S IREE FADRECE R A e E i, PRI A
SCATRBAUR AL BEREFE 20 dB #3M7 BR 55 RHF 95%
DL W5y 2R T ELRERE A UK AN RIS RN &
Wah(5S  J0E Tz A SR T RE T o

B, R UEAR SCHE H B SR A PQD 51 7 T
() A8 B M 26 £ PQD 4 28 % B9 BPNN . SVM Al
ELM 1E R AR B R 47 550 o [RIR, O T PR IE He A
ST Y 2SS P, SR CPSO B i X SVM AR 7R AN
BPNN M50t 17 174k o, SVvM Bk R 248
1B S8 3 EEALFE % pR EORN 711 R F s BPNN 75 22401k
() 2550 = B B 2 1 2 T B N2 ) o

SIS BE BRI UEAE A 2K B i S I S G TR
B o SVM BRI SHO B I T A% S HN 28.63, 1%
$il A28 1.5, BPNN IRk B0 & 0 100, B )=
W R 2 TR 10, B R on B S 9. F A
Fy A% 136 PRECER(E FH sigmoid PREL . 454 AL
ANFEMEME T 1) PQD {5 5 RS BE ANk 4 iR o

x4 NEBESUEFAENLER

Table 4 Comparison of classification accuracy

PR %
Jitk KMEFE 20dB 30dB 40dB  50dB  CFME
BPNN  86.31 74.21 80.22 82.14 86.13 81.80

SVM 91.73 86.14 88.12 90.96 91.49 89.69

ELM 94.76 91.51 93.01 93.79 94.69 93.55

KELM  99.69 95.68 98.48 99.26 99.54 98.53

with existing methods
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A Setting Method of Low Excitation Limit of Fast Dynamic

Response Synchronous Condenser

XIE Xiaosu'**,ZHU Yingfeng'?, LI Ming"*,SUN Fuchun'?

(1.State Grid Shandong Electric Power Research Institute , Jinan 250003, China;
2.Shandong Smart Grid Technology Innovation Center, Jinan 250003, China)

,XU Jinyang'

Abstract: With the rapid development of UHV DC power grid, the fast dynamic response synchronous condenser plays an
increasingly important role in supporting the transient reactive power of the power grid. Some condensers not only provide
transient reactive power support in case of faults, but also gradually begin to undertake steady—state reactive power regulation
tasks according to dispatch instructions.Because of the lack of coordination between condensers and the reactive power control
system of the converter station, a coordination problem between loss of excitation protection and low excitation limit may lead
to the act of loss of excitation protection when a condenser operates near the reactive power boundary of steady—state and the
AC filters of converter station put into operation, conduct to the subtransient state effect of condensers and the voltage
regulation effect of the excitation system.This paper analyzes the differences of loss of excitation protection and low excitation
limit between fast dynamic response synchronous condenser and traditional generator, and analyzes the coordination
relationship between the two. A setting method of low excitation limit of fast dynamic response synchronous condenser is
proposed , and verified through case analysis and simulation.

Keywords:condenser;loss of excitation protection ;low excitation limit
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Analysis of Development Trends in Fault Diagnosis of Nuclear

Power Units Based on CiteSpace
LI Wei',LI Ao'™,FANG Xingyu', LU Hanbin', LIN Xiaojie' ,SHANG Xianhe®
(1.College of Energy Engineering, Zhejiang University , Hangzhou 310027, China;
2.China National Nuclear Power Operation Management Co., Ltd., Haiyan 314300, China)

Abstract: As a kind of clean energy , nuclear power plays a pivotal role in optimizing energy structure , ensuring energy security ,
and contributing to the achievement of the "dual carbon" goals in China.Ensuring the safe operation of nuclear power units is
paramount.In this paper, CiteSpace 6.1.6 software is utilized to quantitatively analyze the related research on fault diagnosis of
nuclear power units in the China National Knowledge Infrastructure (CNKI)and Web of Science (WOS) databases from 2009
to 2024.The study indicates that in this field , the main body of domestic publications is the research institute , while universities
take the lead of international literature. Fault diagnosis technology has transitioned from expert—driven to data—driven
approaches. The hotspot trend can be summarized as online monitoring / performance monitoring, preventive maintenance ,
machine learning / principal component analysis, and deep learning / convolutional neural networks. The hotspots of the
digitalization process of nuclear power plant are instrument control system , human factor engineering, intelligent operation and
maintenance, and digital twin. According to the analysis of literature results, future applications of artificial intelligence
algorithms in the field of nuclear power fault diagnosis will contribute to improving the diagnostic accuracy and enhancing
interpretability.

Keywords:nuclear power unit ; fault diagnosis ; digital nuclear power ; CiteSpace software
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Numerical Study on the Effect of Local Water Distribution on the

Anti—freezing and Energy-saving Characteristics of High Cooling Tower

YANG Li', LI Xuan?,LI Yujiang?, HAN Qiang?,ZHANG Zhihui*,ZHAO Yuanbin*"
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Abstract: In order to improve the antifreeze and energy—saving characteristics of high level water collecting natural draft wet
cooling tower under low load conditions in winter, a six-region individually controllable local water distribution scheme is
proposed based on a “two—machine—one—tower” high cooling tower in China.A three—dimensional numerical calculation model
is established, which is applied to the local water distribution of the high cooling towe. The effects of different local water
distribution methods on the water temperature distribution and the air flow velocity of the air inlet on the windward side of the
high cooling tower are investigated.Combined with the ambient temperature and the wind speed , the anti—freezing and energy—
saving characteristics of the high cooling tower operating in winter under local water distribution are analyzed.The results show
that: The implementation of local water distribution can markedly enhance the antifreeze characteristics of the high cooling
tower, and reduce the deviation of water temperature at the bottom of the fill. The local water distribution method of the high
cooling tower is changed from outer ring to 1/2 and 1/4 outer ring water distribution, and the minimum water temperature at the
bottom of the filler gradually increased from —2.93 °C to 6.83 °C and 10.85 °C, and the deviation between the average and
minimum water temperature is always about 2 °C ; under the local water distribution, especially under 1/4 outer ring water
distribution , the rapidly increasing minimum water temperature in the distribution area is beneficial to flexible control of anti-

freezing on the windward side of the high cooling tower under winter conditions.As the ambient temperature decreased from 0 to

BT AR B RH /Nl BUFTRE Ty 3T T AR H (2022186 C1026)
Shandong Province Science and Technology Small and Medium—-sized Enterprise Innovation Ability Promotion Project (2022TSGC1026).
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-5 %C and —10 C in turn, the average water temperature at the bottom of the filler decreased by 3.47 °C and 4.44 °C in turn.

Affected by the environmental crosswind, the water temperature deviation at the bottom of the filler is increased, and the anti—

freezing performance of the high cooling tower is deteriorated : As the ambient wind speed increased from 0 to 5 m/s and 10 m/s,

the minimum water temperature at the bottom of the fill is reduced by 2.81 °C and 2.42 °C in turn; under the wind speed of

more than 5 m/s , the deviation between the average and minimum water temperature is increased to more than 8°C.

Keywords:high level water collecting cooling tower; local water distribution ; anti—freezing ; energy—saving ; numerical simulation
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Table 1 Structural parameters
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Table 2 Measured operating parameters

THBH Cl 2 C3

TERR L/ C 20.90 25.30 30.10
AEX R EE % 79.00 82.00 79.00

K H/hPa 1001.60  1001.40  1001.10
LS L I K i 32.04 3451 39.27
2 SHLEH BERE K/ C 33.16 35.49 40.93
SR HERS KR/ C 32.60 35.00 40.10
S BRI C 25.00 28.50 33.90

W 3 P, —E Mk R GRS KR
5 SN H B KR ) fe Kl 22 73501 0.59 % .0.53 % Al
0.53% , R ZEHAE 1.0% Z N, 1 f A 28 56 I G A 2L
Ko APRUETHEE B ST RCR , &0k $% 350 )1
P4 BT R SEHEA TR (A AL

#=3 HBKEHEER
Table 3 Calculated results of water temperature
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