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Research on Capacity Allocation and Optimized
Operation of Cascaded Hydropower — Photovoltaic — Pumped
Hydro Storage Hybrid System Under Multi — scenario

Li Tao' ,Hu Weihao',Chen Gang”,Ding Lijie’ ,Han Xiaoyan®, Wang Sheng",
Xian Ximin*, Wu Liersha*, Tang Jiong*
(1. School of Mechanical and Electrical Engineering, University of Electronic Science and Technology
of China,Chengdu 611731, Sichuan,China; 2. State Grid Sichuan Electric Power Research Institute,
Chengdu 610041 ,Sichuan, China; 3. State Grid Sichuan Electric Power Company , Chengdu 610041,
Sichuan,China; 4. PowerChina Hydropower Development Group Co. ,Ltd. ,
Chengdu 610041 ,Sichuan, China)

Abstract: Xiaojin county in Sichuan province is high in the northeast and low in the southwest,and is rich in light and water
resource , which is conducive to the construction of a cascaded hydropower — photovoltaic — pumped hydro storage ( HP - PV —
PHS) complementary power plant. However,the HP — PV — PHS capacity ratio greatly affects the complementary benefits. Be-
cause PV output fluctuates frequently and the time scale is small ,the multi — scenario cascaded HP — PV — PHS capacity allo-
cation and optimized operation under the minutes time scale is proposed. From the view of improving the economic benefits and
delivery stability of the complementary system,firstly,,a bi — level mathematical model for capacity allocation and optimized op-
eration of a cascaded HP — PV — PHS with minimal investment cost and minimal power fluctuation in delivery is established.
Secondly , the method and execution steps of the bi — level programming model based on particle swarm optimization and se-
quential quadratic programming algorithm (PSO — SQP) are described in detail. Finally,the accuracy and reasonability of the
bi — level programming model is analyzed in multiple scenarios. The case study reveals that 5 MW PHS can make the cascaded
HP — PV — PHS complementary system have a maximum investment benefit ratio and mitigate the power fluctuation on tie — line
by up to 11.7%.

Key words: cascaded HP — PV — PHS; multi - scenario; capacity allocation and optimized operation; particle swarm optimiza-

tion algorithm
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Optimization of Hydropower — photovoltaic — pumped Hydro
Storage Complementary Generation System Based
on Improved NSGA - II Algorithm
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Abstract: A hydropower — photovoltaic — pumped hydro storage complementary generation system is proposed to solve the chal-
lenge of high uncertainty of photovoltaic. The complementary generation system takes the use of the complementarity between
hydropower and photovoltaic power generation to compensate for intermittent characteristics of photovoltaic power generation.
And a pumped - storage power station is equipped to stabilize the photovoltaic output fluctuation, and to improve photovoltaic
energy consumption at the same time. NSGA - II is used to solve the problems of multi — objective optimization of distributed
photovoltaic power generation site selection and capacity of pumped storage power station. In the end,the TOPSIS algorithm is
used to screen out the optimal solution. The analysis of the optimal solution proves that this planning process is practical.

Key words : hydropower — photovoltaic — pumped hydro storage complementary power generation system; distributed photovol-

taic power generation site selection; multi — objective optimization
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Prediction and Analysis of Runoff Situation in
Xiaoinchuan River Basin Based on Markov Chain Model

Chen Shijun', Wang Liang”,Chen Gang’,Han Xiaoyan
(1. College of Water Resource & Hydropower, Sichuan University , Chengdu 610065 ,
Sichuan,China; 2. State Grid Sichuan Electric Power Research Institute,
Chengdu 610041, Sichuan, China; 3. State Grid Sichuan Electric Power Company,
Chengdu 610041 ,Sichuan, China)

Abstract: In order to analyze the runoff situation of Xiaojinchuan river basin, Markov chain model is used to predict the annual
runoff situation. Combined with the changes of historical inflow,by calculating the Markov transition probability of the mutual
transformation of abundant, normal and dry in history, the runoff situation of Mupo hydropower station in the next year is predic-
ted according to the inflow situation of that year. Taking the situation prediction of Mupo hydropower station in 2018 for exam-
ple,the case analysis is carried out. The results show that the prediction results are consistent with the actual results,and the
runoff situation prediction analysis method has strong practicability , which provides a practical idea and method for runoff situa-
tion prediction analysis.

Key words : Markov chain model; Xiaojinchuan river basin; runoff situation prediction analysis; transfer probability table
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Research on Large — scale Virtual Energy Storage Mode for
Stabilizing New Energy Power Prediction Error

Fan Guogi',Liu Guilong” ,Fan Guowei’ , Wang Zhiyuan®,Zhao Puzhi’ ,Wei Rui*,Yin Xin®,Zeng Linjun’
(1. State Grid Jinhua Electric Power Supply Company,Jinhua 321017 ,Sichuan, China;
2. China Haisum Engineering Technology Co. ,Ltd. ,Shanghai 200031, China;
3. State Grid Xinjiang Electric Power Company, Urumqi 830011 , Xinjiang, China
4. Xi'an XD Arrester Co. ,Ltd. ,Xi’an 710200, Shaanxi, China
5. School of Electrical and Information Engineering,Hunan University ,Changsha 410082 ,Hunan , China )

Abstract : New energy prediction errors cause insufficient regulation of the system,resulting in new energy abandonment. In or-
der to improve the new energy consumption, combined with the characteristics of virtual energy storage of self — owned power
plants ,an optimal dispatch method is proposed for the prediction error of new energy power stabilized by a large — scale virtual
energy storage. Firstly,the distribution characteristics of new energy power prediction errors are analyzed,and the new energy
prediction power is incorporated into the power generation plan according to a certain degree of confidence,and then a dispatc-
hing model for new energy power prediction error stabilized by a large — scale virtual energy storage is established. The eco-
nomics and effectiveness of the proposed model is verified through actual data examples in a certain area, and aiming at the
sensitivity analysis of key factors, the avavilabilty of the proposed model is verified too.

Key words:new energy consumption;new energy prediction error;virtual energy storage
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Research on Power Supply Structure Optimization Based
on Environment and Economy Constraints

Yang Yue',Chen Shijun',Yang Boyu'**, Yang Chengjun’
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Abstract ; Electric power industry is the strategic center of energy development,which plays a leading and supporting role in the
development of national economy. At the same time,the electric power industry plays an important role in energy conservation
and emission reduction as well as energy structure transformation and upgrading. Based on the new requirements of the 13th
Five — Year Plan for energy development, the target planning theory is used to establish a power supply structure optimization
model that gives attention to the environmental and economic objectives,and the sustainable development of power resources is
studied. And then,taking the data of power supply structure in Sichuan province for example ,the simulation calculation is car-
ried out,the carbon price coefficient is used to seek the target of power supply structure under the double benefits of economy
and environment,and the rationality and feasibility of the proposed model are verified, which provides a new idea for the re-
search of power supply structure optimization.

Key words : environmental optimization; economic optimization; carbon emission; carbon price coefficient; power supply structure;
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Path Design of Carbon Emission Reduction of Sichuan
Power System for Carbon Neutrality

Ye Qiang,Xu Weiting, Wang Wei, Wang Haiyan, Liu Yang,Li Ming, Tang Quan
( State Grid Sichuan Economic Research Institute ,Chengdu 610041 ,Sichuan, China)

Abstract : China will achieve the goal of peak carbon dioxide emissions in 2030 and carbon neutrality in 2060, which will have
a profound impact on China’s energy and economic system. Firstly,the purpose and meaning of carbon neutrality ,and the poli-
cies and measures at home and abroad for carbon neutrality are analyzed. Secondly,the path design of carbon emission reduc-
tion of Sichuan power system for carbon neutrality is proposed. Finally,the suggestions for integration of large — scale renew-
able energy,flexible resource allocation, stability of large system with low inertia, high elasticity of power grid are proposed.

According to the preliminary estimation ,carbon emission reduction in Sichuan will occupy about 3% of the goal of national car-

F44% H2H

bon neutrality.

Key words : carbon neutrality; power system; carbon emission reduction; development strategy
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Load Forecasting and Analysis of Electric Heating of Regional
Power Grid Based on Multi — factor Consideration

Hu Zhihao', Yao Jinsong' ,Gong Lijiao' ,Sun Kaining®,Fan Mao’,Zhang Pengfei' , Chang Xiqiang'*’
(1. School of Mechanical and Electrical Engineering,Shihezi University,Shihezi 832003, Xinjiang ,China;
2. State Grid Xinjiang Electric Power Co. ,Ltd. , Urumqi 830000, Xinjiang, China)

Abstract : Electric heating in winter can effectively promote the consumption of new energy and reduce wind and solar abandon-
ment. However,the harmonics generated by large — scale electric heating equipment will affect the quality of power grid.
Therefore ,it is necessary to analyze and predict the electric heating load in order to alleviate the stress of grid dispatching,and
relieve the load peak and frequency regulation pressure of power system. In order to predict the electric heating load, taking
the actual electric heating load in a certain area for example ,the four factors that affect the changes of electric heating load are
analyzed , that is,stable load factor, weather sensitive factor,random load factor and date type factor. Finally,it is concluded
that the main influencing factors of electric heating load changes are date type factors and weather sensitive factors. Therefore,
a prediction model is established which considers the date type and is based on the average temperature and the least squares
method of human comfort. The prediction results show that both models have obtained a high prediction accuracy,and both can
be used for regional load forecasting.

Key words:load forecasting; impact factor; electric heating; least squares
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Wind Power Fluctuation Stabilization Based
on EMD and Model Predictive Control Algorithm

Zhang Jiajun' ,Chen Jie' ,Chang Xigiang®,Li Xia',Maowulan Maimaitiyiming' ,Xu Peng',Yang Yanlei'
(1. State Grid Urumgqi Electric Power Supply Company,Urumgi 830011, Xinjiang, China;
2. State Grid Xinjiang Electric Power Co. ,Ltd. ,Urumqi 830002, Xinjiang, China)

Abstract; With the increasingly prominent problem of energy shortage,renewable energy has been widely developed and uti-
lized. Renewable energy such as wind and light is affected by the non — uniformity and instability of natural environment,and
its output power also presents a strong time — varying nature. After being integrated into the power grid, it will cause a series of
power quality problems such as the fluctuation of system voltage and frequency. The energy storage system can be used as an
energy buffer device to stabilize the output power of renewable energy to meet the grid — connected standards. A method of
using a hybrid energy storage system to stabilize the fluctuation of renewable energy generation is proposed ,and the energy dis-
tribution method and the control method of energy storage charge and discharge are given. Finally,tanking the actual data of a
wind farm for example, the hybrid energy storage system composed of battery — supercapacitor energy storage stabilizes wind
power fluctuations. The simulation results prove the technical rationality and economic practicability of the proposed method.
Key words: hybrid energy storage; model prediction; empirical mode decompostion (EMD) ; wind power stabilization; wind
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Research and Comparative Study on Wind Power Forecast
Error Estimation Algorithms Considering Wind Farm Energy

Storage Capacity Configuration
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Abstract : Aiming at two common wind power forecast error estimation methods, that is,the Gaussian mixture distribution fitting
method and the eigenvalue extraction method ,the principle and process of these two methods are introduced in detail. Moreo-
ver, these two methods are verified by the actual wind farm data,and the estimation intervals of two methods are compared ac-
cording to the impact on energy storage capacity configuration. In order to give consideration to the accuracy and validity of er-
ror estimation interval and guide the configuration of energy storage system effectively, based on Gaussian mixture model
(GMM) and combined with Markov model (MM) ,an MM — GMM based optimized forecast error interval estimation algorithm
is proposed and verified.

Key words : wind power forecast error estimation; energy storage capacity configuration; Gaussian mixture distribution; eigen-

value extraction; Markov model

L —E WA RE M, X XU R 8 1 P, D 08T B T KUBR L,
0 5l & AR DL B P 2P 1A
G 7 BT T SR e e TRV R R O 24 B e
WK SR R R SR LI A i, g} PRI ECR R B BR e  — A A AT B
Sy s 2 4 RS B FF ey LETBUT L AR R D AR B R 2, A
B R TE A E BRI ks b SR s DB XURIF M R G R THEE RE TT RS iR REXT
U H TR R A I BEAL R B e, R ERE RS R G A B TR =, DA
ANV R PR XU D38 000y v, KR SR AT S XU ISR B R ZE A Tk e T



44 B AR

BB

H i NI ol )2 B R AR A A 05
(R 77 R XU D 38 0 15 22 R A T Al AR . i
I e KU T FE T 15 25 Ty s Bl , X Ge A
PEATHUG T AR AR i 3 AT ASE Y 8 0 SR IS
PRI Scikl 6 ] R A i o A
Xof R HEL ) SR T 15 26 AT P00 5 AR SR 40T, 45 SRR W
AN TSR0 532 77 A 1 g R 00 458 25 1 4 A R
ANTa] AR G v 30T 4 A 6 I I AS ) 0y 3 1)
JRUHE, Ty AR S0 5% 2 Xy BT e g B A 3 P . SR
(7 =8 J T DL I3 A % KU, 37 52 B XU H, B 38 47
G3 BT AN DU 4345 R 2% B2 ek AR, AR JE ST Al
7 1 Jpe GRS AR, SR IO By 8 T 152 22 1Y) de /ABE 3R
DXTa] . SCHRLO — 12 ] SR A HE 2 8O 2 X [ Al 3 07
T AR ARG A AT e i, W Sy e gy
{44 Bootstrap ¥ %% B Al 1145 J7 v B HR U
PRZERYEAR XA . SCHR[ 13 ] 8 Jo Rk B 2R okt
T R 22 RAE R HEAT 7328, SR 5 BT R B s 1
SR LA 34 18 pRC, SRIBU A R RY , o T 44 21 XU e, 73
58 22 A 1 DX A]

AN RAEAE AR 28 8 T 1 KU 2 33
PR A e T SOk 14 - 16 ] MR IR
FL 3 1 D13 S 3 A THCHE R S0 AR s B HRCRCH R Hh
ARCRAEAE , 3024 H D3R 8h S 3 32 3 K 50
T PoRGFE A it Z2 e M [ A i s [l 5 72,
TSR IR i 22 1 Ak 1T X ], SCHR[17 - 18 J7E B
PSR OB RRAE (Y 2Rt b, AN S B MRS 2
PRI S i o] S B b XU FL T SR T B afe AT
AP 5 2R FH 22 J0Ze P 1l VA 5 8, 5 AU H 2 32 33
BRI, SR, 3% 28 75 1k B AR B8 i35 Tt
IR A TEFRCR AHIE I T AE R R AR, TSk
FAPERAR

25 b Fv ik, R T R BOE FHYE AT TR A
P ST 53 AT 0L T FVRR A (P T 1 XU, By R 0 13
ZERETHEATL BRI WA 5 AT TR A X LB
GEo RN Y T —Fh 25 5 5 iR A B AL ( Gaussian
mixture model , GMM ) Il T /R 7] Fe 5 4 ( Markov mod-
el ,MM) ) MM — GMM i Ak 500 152 22 IX. [ £t 1550 v
IR AT

I RG = A E ik

BTG v 0 A AU ik ) XU S SR 1 22
FhT 7 i o BB iR 22 B A 4 L R AT 1 TR

G oA, SR 5 G X g s X H B 3R S 5% 25 4K
PR GETTH b, AT BRI S  1S BIREA S IR &
e TR T R B A KO SR AR S 13 2
ORI I o 120 MR TG RS .

— ARG E W AT AL 2 RS AT
Sy, sy 0y ey 0,) =

e e
a, ! efznf(”"“l’z + - +aq, ! efzaf(x"“’)2
«/2?0‘1 /ZTTW
(1)

b IES AT NG e (1 <i<k) A5 IEED
A BIAAH s, R 8 TEZS 3 AR B XM s o, S & TEZS 90 A1
MIAREZE

R XU HE, 377 Py 5 i 22 808 , ) R B 4 R Ak
(expectation maximization , EM ) By HE A5 B A5 50
PAT BRI SRR (D) P @, w00

w6, =(a;,pu,0;,),j=1,2, kK GMM H1 4%
BB SE, 0 = (6,,0,,+,6,) Jy GMM
T A 28, EM Bk E2 A5 DL AP IR

1) TR A B X 0 X0 FRLAR R ) S5 R AR
SRAGTHE , HXE R i =0 (2) o

k

T
L(X‘@m) = ZlnEa,fj(Xi;Mf’Uf) (2)
=y o

AT OAREA BBk ﬁﬁgﬁﬁ?ﬁﬂﬁ/l\%ﬂ(;@”) L
q UOEAUI AR B I S BN SR LA THEL
2) fe KA b — 221 B S R ARG THE, >R A

W

0" = argmax L(@") (3)
FREENERLER 0 0 Z a4
TC55 /I, RIS, W Ry S 28
HRAE bR A BRE T A TR A i A e E Y
DR T R TN 3R 26 Ak TR Y, 98 0 150 6 S A
IR, BIVAT SR A XU Tl Z8 00 52 25 A 11 X [A]

2 FFHE{ESEBGE

TR S B0 B XU D AR PN TR 2 A 12
A 3 3 A5 T R 25 A 5 YRR AFL, R X L8 R AIE
55 XU D AR PN R 22 Bk A 7 2 e M [ D7 A
T SR IR % 22 B A ik X1

AR AL I 1 i S as 47 Bt , A4 g st B 2
FMSEBRII AR L L KFL 3 BB 2 3, G2
FRE A R RG22 S B i 5 T 2 22



E2H

I, & Z R EGEEF SR ENX B I ERNIREGITEEI LHR 45

HCAORFAER, 40 F AT SR 30
B A I BT 7 1 OO 2%
FRASRAE AT %) TRORE S 98 10 A
I TELe P o1 R 7 B B, S
e AR R R - R AR G R -
FRIA) PR

2()( 0, -9

JZ (X, - X)zz v, -
A XY NI S B PR AR s n DA
S X IREAR X PR AR s X oA X 03

(B Y AEAS Y R A RE AR Y N REAR Y B2y
{Eo r BYIBUESE AL -1, 1], Ir O, P& AR DG
R, Ml =1 B X R Y 2R A r =0 B, X A0
Y ARHHG

IRV Ty ZE S0 152 2 A ALy

E=by+b +x, +b, x, +... +b,-x, (5)
K E N H R DA 4 X 1R 2% 50, , - %
N5 ESRARSCH) A DN RHEE  bo o+, b, Ak TR
1 [l ) F 5

TR Y, 55 XUH TR0 ) 2 A - 2 40 0 1R 25 A
RAERGR PR R A Y H R D)2 5 2 H XA 2
K- FVH I 7 v G TR R AL M, Y
H XUHL ) 2435 2l F0 > H R D 258 7P F 0 15 2 1
g;umi j([m

FH24 H A A0 XU SR B bR Ty 22 S, 3R
7N H XU IR, SOk, W] H KU 2 A
B, XUFR DI S S0 X B2 38 I, TS B2 T B, X

(4)

HL DRI R 22 e kg o 1 S Bk R AR
ﬂ{][ 14-16]
1 —
S= N Z k- (©)

Ao P g 2 T B 5 P o 2 H T 3
ST 5 N, S 24 B 00 I 2050, 58 3 IR e
Z5 15 min F—K, # N, =96,

24 H B D5 225 24 B R D3Rk P
P 524 H RS K A5, TR E 3 2 25 5 2
1, B AR T R B 5 21 R T R
mﬁpﬁwunm*”mo

-z )
(i)t , 5 DX R 23 ST 2% 490 14 TOUMARS 2 AR

JRURRL ZH 23 T 38 2t 2 1% R 2 SR
TR P ANt (8) Rt ™

Ny
1
:M;‘Prlxl_Ppt‘ <8)

AP I Z S PR D R N, 2R )L H
B 220 8, B 96 1 IE S B As

RIS KL 3 3 s s A7 B e T H RS 2 S, P A
PRI (4) TR A R AL (E -5 P 2 26 XFHR 22 1Y
FRIAE , e IO S 1 5 114 DR 3R ISP 24 248 X R 2278 A
A (5) , MH Matlab SEFTRA% , BV ATA5 21 XU D)5 50
MR 2E AT BRI SR R 2E A T X ]

3 HBHr

ST SR AEPE AR A B R 5 i A s, A
VUL X XU R 3 2018 4F 6 F 1 H % 2018 4 7
30 H 4 JRUEE T 2y 258 5040 RN S B ) R A AR
PEHT 50 H PEARFEA 43 51K B W R 77 75 %F 2018
47 A 21 HZE 2018 47 H 30 H#EA7 X I # 5
MR 22 A3 o
3.1 RBASHHHiEE

T4 3G KU 37 2 S50, X R 3 1 ) 2%
TR 25 45 AT 5 — 1k, FI T Matlab 1, #R 48
551 TR ZEAG TR A ST A R X TN R 25 A T
BA WAL, 2 A S AE RN = AE TR

BT, A B A R AR 1 PR .
Rl ZHEMZNENESSHERSHE
28 THUE =HUA
a, =0.683 0
a, =0.933 1
a a, =0.066 5
a, =0.066 9
a, =0.250 5
;= —0.096 3
= —0.104 1
I 0,469 8 M, = —0.464 1
Mo =Y.
uy =0.123 6
o, =0.0922
o, =0.164 5 _0.098 7
o o, =0.1649 72 =0
g,=0.2806

MR 1 7050 22 ] —AUEL AN =AUE TR G =
T2, XoF LU HABE S %65 B2 20 A 1 CHn &L 1 s ) o
LA 0 T2 X B D) 3R B R 28 0 A1, 85—
FUEIR G R 5 , = AUEIR & m s B 5
A3 A il 2 ST v

PRI, DR 258 0 5% 22 MY SR P = AU A 9
BT, BB 95% WY B AR K-, 15 3 KU 2
MR ZAG T XA [ -25.235 1,24.507 5], 15
S PR X AB AT R RS EE I IET 2 B



46 I AR Fa ks
35 T T
W E T EE A
3L ZREGMM
— =B{AEGMM
fisi o2 R
1% 200 400 600 800 1000

H1 TRNERE SRS HYEE

601

s0f [CerEa

* /\/\/\/\(/\/

30r i f | B

SEBROIE

\(/ J Vj\/ v
AV,

. L L L L L ¢ L )
o 100 200 300 400 500 600 700 800 900 1000

10 /\\/\/\/ \_/ /'\,\,;)’ \/

TitshE T

B2 EFRASHSGIMNGENXEINE
IR E X E G THER

3.2 $FEEREUE

)RRt , 5 45 21 A9 XU 37 2 A B0, AR 4 X
(6) .30(7) .3 (8) 73+ AT B RFAEAE Sy (P, AN
P, ilid N (4) IR R 3 MFILE S B F X 4%
REE B‘J*H;é‘fﬁﬁrwj =0.516 9.7y, »=0.7850,
o 5 =0.126 4,

ATRLVE 6 T IZ R, 2 H XU 3 AR E)
S 24 H X R G E P, 5 1R ZE AR R
I, LAY HOXURR S 3 gl A 2 H R 08 (R A 4
AEARLAE S 2 [l A D7 Y A 728 ok s = (S) B
718 R XUEE, D A8 T 5 22 Ak S A

T LA B, A Matlab 104, 3158045 31X
P, D 3 T 00 5% 22 Al 316 B 0 £ [l )T AR i S K
95% M B AR IX[8], 3% 2 FiR o

®2 ETHERNEXEDZEHN

REMITEREEARY
B4 b b, b,
B 1.9538 0.062 6 0.519 1

?ﬁét{; [1.798 6 2.1090] [0.0286 0.096 5] [0.5048 0.533 4]
X[H]
MR 2 FE0(5) oRAF ALY 2018 4F 7 J 21
HZ 2018 4F 7 H 30 H ik 10 KAy XU Dy A F i
ZEAhTHIXIA], 45 SR AN TE 3 R o

B3 EFHEEREAREBINETN
REXEMGITER
3.3 REMGITREFH
DA AR TN 15 22 A 11 X E) S ke IXUHS, 37 1 i
ETCER O, TP TEIR A5 B DR 22 Al 1T
D] AT Al - XA 7 52 38 Ry A X (8] - 24975 58
Ry inaw X N FERRA R 2R = (9) [9,12]}5)]12?0

1
Rycp = WZ{ k,

v (9)
Rypaw = ﬁ; [U[(x,) —Lt<x¢)]

N R BB kA R, 2 0 I 2R 22 (E
(B FRZEAG T IX RN, &2 1 BN 05 R D952 bre
MAEAETL R U, (x,) 4 ¢ B 2R 22 A T DX a] i) L BR 5
L,(x,) 3 t W ZRZEAE T IX AT T R

LA X TS ERE I AR B, Ry IR
FE T ASREICE B A RUE , R DRE T 25 510 B 1Y
S5t W T — AR IR ZEAG XA, Ry o 0K,
B AR R, A AE A TG B U B 205 Ry /)N,
DX TRH FE e, il BE A 6 P DB 2 T o AR i Y
AN o BB, PR 7 ik 1 Bk 22 Ak T X TR] Y

Rypiep T Ryjaw 13 3 Fi7R o
F3 WMAENREMITXEIMNIERER
(LR IWIRES Ryycp/ % Ryyaw/ %
RA R a 92.08 80.37
FHIEE SR IGE 58.85 25.43

HI & 3 TR, B T RR AR AR B JBUE 1 XU g 32 93
I DX TR A3t 1 DX ) 2 i R A TR A i A L
T35 0 DX, Ty 3 F 0 DX [ A 4 %) DX ) 7 s 25840y
58.85% F1 92. 08% , Ji5 # 11 IX. [A] 7 5 F8 3k 5 T Hij
Ho BREETIRSG m G InE G2 kit IX
] BT T8, A 80. 37 % , IR I MR 41 2% X [ e - it
REA AT 22, S TRA IR (E $E 0L A5 B 1Y



E2H

I, & Z R EGEEF SR ENX B I ERNIREGITEEI LHR 47

FTTDXTAN Y Ry /IS, R 25.43%
3.4 MM - GMM {4 FiR £ X B & it &ix
MR8 R 1 347 AT LAE S, A AR TR & v By
PGS BN AR 22 A T X R T X i e 2 e
B HA R B B B 2% s A5 AR AR (i 4
PAFBIRNR AT X R AT AR BE A R L B, L& 0%
PERAFHA R BAR . T ok LR [n] T, SHfe i i
REZS LB A RO R o i, S IR & i B
AL ESE HR AR $& ) T —Ff MM - GMM 1
AT 15 2 DX Tl A 1530
H A B B 1) BEATL I A0 s e, XU TR
TIN5 2t B A 5 ) AN R P, XU HL B R T
NSRBI BOA O, TS5 3 25 AR IR S TE G
U, 25 e R T 5% 25 DX ) ik 1A g | A S IR ] 5
A
ArBELA R A O JE R0, BI7E AN e R
SIETHE T, AR AR 5t L ApRETC S, R
Hol o R A e fet 2
FE P R R AR R — B RS AR
HERE, PRSI P i RS S, — PR 5
IRZS S HMER AR H IO RerEg
P,(t) = P{S(t +1) =j|S(t) =i} (10)
KHr:S(r) =i FoR ot BAIPRE R i35S +1) =/ %
7N+ 1 ZIARAS N jo
MG ER 0T, 45550 1 5 B9IR & S e By 1y
KA LLFE , MM — GMM Af5 A6 T 152 22 [X 18] 4 15 7%
AL IRAT
1) A EM S8R R AR Hh Ak 210 i )
BRI 15 22 40 FIR A v i 43 A v (%) B A B L)
EFIBRIEZE ;
2) AR T RS B Y B A B 2015 25 BT Ak 1Y) A3 AT
R IR H R A R B ) — B RSB Py s
3) MR SR A 5 0 BT A IR S R TSRS 20 1Y
— PR FEFEHE G P, F0I A R — K A% I 215 22 By
SR 53 AR 5
4) BB G AKT T IR 2 iy Ak 4 A i X
o7 B A DX ] BRIV A7 12 B 20 0 o) 15 2 i 1 DX
XoF BB A S s AT S S i, [R) R 3, A
PO X 5 XUHL 37 9 B AR A, SR 4 () A8 AL 53
Wnt 2018 457 H 21 HZE 2018 457 A 30 H i,
L D)0 R 25 Ak 1 A IRAESR T 95% B A5
X [H], 5 BN 45 R A& 4 R o

it T ER

301 /
20 i
105"\\ \// JONAY Y

v

ok
10[ N
. it DI TR

L L 1 1 1 1 L L L ]
0 100 200 300 400 500 600 700 800 900 1000

4 MM - GMM AT E K E
EtEENXEMGITER

FRHE an & 4 B s At T X TE), 31352 X ] Ry jop
N T1.56% , Rppy 9 26. 01% o 3 Bl 5 d (i 22 4%
X EFEPREE KA X b i & 4 FiR., ATLLEW, 5
HTPAP 7 VA LG, B4 M DAL SR AU R 5
HIX A5, GBS R X HL 3 i) it e 75 = IC & 4R it A
DR (RS EPS W20 i .5/ SO

F4 3HAENREGITXEMNIERER

[ WRS Ryycp/ % Ryyaw/ %
RA R m A 92.08 80.37
R (L FRE I 58.85 25.43
MM - GMM kAl 8% 71.56 26.01

4 45 i

R 45 8 S0 A 0L 32 AR A P B BB o s
SR P XU D) R B DR 25 A L A T A PR AR 5
T ETRA S UG IR E R 2
(R ZE Al DX Te] A T i e 7 e O B A v (EL2
DEEBZE s H THRAE (L B O TR 22 A 11 07 145 B Y
BRI X TR A T A e A L B Y 2 B P (B 3k
PRI

N T ARG X DR B R 2, gy X
TRk RERC B R A 5 S B IR 2 AT X
), ZEVR A5 v SRR ) A, o DX R, S 3 0 5 2
PEATARZSRN G0 455 Sy /R n] KA 3R T —Fh MM
- GMM i fbi 22 X[ A+ AL IR AT T3 Bk
SR TP i LA SR A5 B A Al X ) A
AL S AR, 1T LAY SER/IN B T KU I B RE A
o E BN A AP M TR, B B 2R A
AE , AEAE D B0 XL F Dy 3 TN 2% 22 1) i RE R 0 %
i e PR S A

(F4% 94 W)



Ml AR
48 2021 £4 B Sichuan Electric Power Technology F44%5 £2H

7 e v 1 91 TS ) TR

WEHFE', XA, B, X EE, 5w, EER’
(1. DU R ST AR, PUI BEHR 610065 2. [ WA /RS 23 ], B Jp VT WA /R 150036)

B RIEMARKRFEP RS ER RN A RERGE AL T E FROTAG BRI R A EEEEL
HhERAREIN ESABFNEEER B EFRIRTHNAES BEEAFHF 1%%3%%%’1 TG — E R
TIBEREAN, ERENERZ AR ETRFELR MELERN TRRFEUSTO L L MAER, KRG, /£ PIDF W4
RAGBET A LRI MEBA A PATHRF, R HEEBRBRAZTOMA, A TREMEERERRFWL AT
oy KRR UG, Bt B ik OPA AR 2 [EEE -39 ¥ & & et AT R IR F A5 K, 5+ L IR Pearson 48 % %%ﬁ,%‘ﬁ’f
KIS T BB AGAT O RO, A W ) R A B AT Ae AR R AR R 42 ) 4 R A B AL

SRR : B B PRI JRIK T 2R R il i 5 Bl OPA 857

FESEE . TM712 XERFRERD:A L4 S 1003 - 6954 (2021)02 — 0048 — 06

DOI:10. 16527/j. issn. 1003 - 6954. 20210210

Identification of Important Lines under
Complex Grid Cascading Accidents

Zeng Yangyang' ,Guan Xiangyou’,Xu Kun®,Liu Wenbo® , Jiang Tinghan®,Fan Junyang’
(1. School of Electrical Engineering and Information ,Sichuan University ,Chengdu 610065 ,Sichuan,China;
2. State Grid Harbin Electric Power Supply Company,Harbin 150036, Heilongjiang, China)

Abstract : Accurate identification of key transmission lines in power grid cascading accidents is of great significance for the pre-
vention and control of large — scale power supply interruption accidents. Firstly,using the energy function and combined with
the modeling method of direct method ,the changes of complex electric quantities such as power flow transfer and voltage fluctu-
ation in the accident process are unified into the framework of energy function,and the energy correlation relationship between
the lines is accurately quantified. The complex network model of cascading accident analysis is constrcuted ,and then , inspired
by the PTDF network capability,the above — mentioned complex network model is used as the execution environment,and the
concept of line energy flow is proposed to evaluate the critical degree of network lines in the process of cascading accidents. Fi-
nally , the improved OPA model is used to simulate the cascading accident in IEEE -39 node system,and the Pearson correla-
tion coefficient is obtained to verify the validity of the line importance index,which provides reasonable suggestions for security
operation and stability control of power grid.

Key words:energy function; cascading accident; line energy flow; improved OPA model
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Research on Single — phase Phase Locked Loop
Technology Based on Second - order Bandpass Filter

Jing Shibo' ,Xin Chaoshan',Xue Jingjie' ,Zhang Zengqiang’
(1. State Grid Xinjiang Economic Research Institute , Urumqi 830000, Xinjiang, China;
2. State Grid Xinjiang Comprehensive Energy Service Company , Urumgi 830000, Xinjiang, China)

Abstract; In the grid — connected system, due to the existence of a large number of power electronic devices, there are DC
components and high — frequency components in voltage output by the grid — connected inverter. The loop filter of the tradition-
al phase — locked loop is difficult to completely filter the harmonics of input signal ,and a phase shift occurs in output signal of
the phase — locked loop. In response to this phenomenon,a second — order bandpass filter is constructed to effectively suppress
the DC component and high — frequency harmonics in input voltage signal. The quadrature signal in the phase — locked loop is
obtained by constructing a second — order generalized integrator (SOGI). The characteristics of second — order bandpass filter
are analyzed,and its parameters are designed. Finally,through the Matlab/Simulink software,the simulation for the conditions
including DC components, high — frequency components, distortion, jumps etc. are carried out. The simulation results show that
the phase — locked loop based on second — order bandpass filter can well suppress the DC component and high — frequency
component,and effectively eliminate the phase shift caused by unreasonable parameter settings.

Key words :second — order filtering; DC component; high — frequency component ;phase shift
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Type Selection of Electrical Equipment and Optimization of Layout
Plan for Substations in Wind — blown Snow Areas

Tan Donglin
( CPECC Southwest Electric Power Design Institute Co. ,Ltd. ,Chengdu 610021 ,Sichuan, China)

Abstract: During the severe wind — blown snow in winter, electrical equipment is often buried by snow,which has a serious
impact on the safe operation of substations. By analyzing the type selection of electrical equipment and the layout of power
distribution devices in substations in wind — blown snow areas, the use of outdoor AIS circuit — breakers and the optimization

of electrical equipment layout can prevent electrical equipment from being buried by snow,and help mechanical vehicles to

clear snow.

Key words : substation ; wind — blown snow ;type selection of electrical equipment;layout plan
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Case Analysis for Loss Reduction of Regional
Power Grid Recionfiguration

Jin Dan', Xian Qijun®,He Xingqi’, Tang Wei'
(1. State Grid Sichuan Electric Power Research Institute ,Chengdu 610041 ,Sichuan , China;
2. State Grid Sichuan Electric Power Company , Chengdu 610041 ,Sichuan, China)

Abstract: Network reconfiguration is widely applied in power gird for service restoration,, renewables penetration promotion and
power loss reduction. In order to realize the economic operation of region power grid, the daily active power losses of region
power grid under two different operation modes are calculated. Under different loading conditions, the active power losses of re-
gion power grid under different operation modes are calculated, which provides a foundation for the consolidation of regional
power grid in long — term operation. Finally,the monthly loss reduction of regional power grid is calculated after the operation
mode is solidified, that is,after the network reconfiguration. It is verified that under the demands of safety operation and relia-

bility of power supply,the long — term economic operation of regional power grid can be realized through network reconfigura-
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tion.

Key words : network reconfiguration; operation mode; loss reduction; economic operation
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Analysis on Dangerous Points of Secondary
Safety Measures in Smart Substation
Huang Zhongsheng' ,Liao Xiaojun',Liu Juan’,Wang Tingting', Feng Xianzheng' ,Zhang Li'
(1. State Grid Sichuan Technical Training Center,Chengdu 610072, Sichuan,China;

2. State Grid Chengdu Electric Power Supply Company ,Chengdu 610081 ,Sichuan ,China)
Abstract: In order to ensure the safety operation of relay protection and automatic safety device in smart substation ,safety iso-
lation measures are mainly adopted, such as putting into maintenance pressing plate, exiting device soft pressing plate , outlet
hard pressing plate and disconnecting optical fiber between devices. Taking line outage maintenance for example,starting from
the information connection between equipment such as voltage and current sampling, tripping ( including remote tripping) ,
starting failure ete. ,it focuses on the analysis of the dangerous points affecting the operation equipment and the possible re-
sults. The applicable secondary safety measures are summarized according to various dangerous points,and the reliable isola-
tion between the maintenance devices and the operation devices are completed , which provides valuable references for the oper-
ation and maintenance personnel.

Key words :smart substation; safety isolation; dangerous points; secondary safety measures
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Analysis of Abnormal Heating Defect of 252 kV GIS Circuit — breaker

Qiu Wei, Liu Junjun,Ma Xiliang, Xu Qingpeng,Zhou Bo,Luo Yang
(State Grid Chengdu Electric Power Supply Company ,Chengdu 610041 ,Sichuan, China)

Abstract: A heating defect of 220 kV GIS circuit — breaker is analyzed in detail. The nature of defects is judged by infrared
thermography, X — ray diagnosis technology,loop resistance test and other test methods. Combined with the structural charac-
teristics of the equipment,the defect is accurately located and the heating reason is analyzed. The diagnosis conclusion is veri-
fied by disassembly detection,which provides a scientific basis for similar fault diagnosis and analysis,and puts forward some
suggestions for operation and maintenance of GIS.

Key words:GIS circuit — breaker; heating defect; loop resistance
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Research and Application about Usage of Bypassr

in Distribution Network Reconstruction

Wang Wushuang, Li Jie,Chen Xiao,Chen Xianzhong, Liu Defeng
(State Grid Chengdu Electric Power Supply Company , Chengdu 610041 ,Sichuan, China)

Abstract : Live working technology is an important means to improve the reliability of power supply,which has been constantly
attached importance by the domestic power supply enterprises. As an effective way to solve the large — scale maintenance and
reconstruction project of distribution network , the bypass working technology is classified as the most complex live working. Ac-
cording to the traditional methods ,bypass working should rely on flexible cables,bypass switches and other special equipments
to form a complex bypass system to achieve load transfer. The operation process involves multiple professional departments,and
requires more worker and equipment. The traditional bypass working process is summarized. A multi — departments , multi —

fields organization and management idea is proposed,and a new bypass working technology is put forward. It is proved that the

proposed method is effective and practical in the maintenance and reconstruction of distribution network.

Key words:live working; bypass working; distribution network maintenance; distribution network reconstruction
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Study on Transmission Cable Selection
Based on Annual Cost Method

Xiang Yu',Luo Chujun',Li Jian', Yue Hao',Liu Wenxun',Liu Peng’
(1. Central Southern Electric Power Design Institute of China Power Engineering Consulting
Group Corporation, Wuhan 430071 ,Hubei, China ;2. School of Automation, Wuhan University
of Technology , Wuhan 430071 , Hubei, China)

Abstract : Transmission cables, which are not affected by natural conditions and good for urban aesthetics, high transmission
safety and low maintenance cost,etc. ,have gradually become the preferred alternative to urban overhead lines. However, tradi-
tional planning only considers the initial cost of the cable while selecting cables, less work have taken the cost of ventilation
and heat dissipation during the cable operation into account. Aming at this lack of study, the selection method of transmission
cable considering the annual investment operation cost is proposed,which is of great significance to reduce the comprehensive
cost of cable engineering.

Key words : transmission cable ;ventilation and heat dispersion ;cable selection;annual cost method
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Analysis of Spot Market Construction Based on
Foreign Spot Market and Sichuan Current Situation
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Abstract ; The spot market is the key link of power market construction,and it is of great significance to promote the reform of na-
tional power system,break the monopoly of power industry and realize the rational allocation of power resources. Based on the
construction experiences of foreign electric power spot market,and combined with the characteristics of Sichuan clean energy and
complex power grid structure, starting from such problems as market model ,market subject,trade variety, electricity price mech-

anism, settlement mechanism, large amount of abandoned water, more obstruction sections and the big differences between the

abandoned water market and the non — abandoned water market, etc, the construction of Sichuan electric power spot market is

analyzed , which can provide the suggestions for building a electric power spot market with Sichuan characteristics.

Key words :spot market; sichuan characteristics; trade category; electricity price mechanism
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Research on Efficiency Improvement of Project Lean
Management Based on DMAIC

Li Jianping,, Huang Yanzhu
( Nanning Bureau of China Southern Power Grid EHV Transmission Company,

Nanning 530000 , Guangxi , China)

Abstract: The long implementation period of power grid engineering projects not only brings safety hazards to the operation of
power grid,but also greatly increases the redundancy and waste of people,finances and materials. The implementation of lean
management for engineering projects as the main means of power grid enterprise management improvement is imminent. Based
on lean management method with DMAIC, the research of production project management optimization is organized and carried

out,and the production project management optimization scheme and promotion method are put forward,which makes the in-

vestment benefits be brought into play and ensure the safety production of power grid.

Key words:lean; DMAIC; project management; efficiency improvement; key performance indicator ( KPI)
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