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RAETH0 11.87 12.06 12.11 12.48
REE 14.88 17.21 16.82 15.65

IR 2 AL AR A AT SEPE R TR T, VPP B2
G BT R — TR RS 5 AR AT B, et
VPP ) A B AR A AL T 10 %~20 % Z (8], A1 1L
RAREINT 203 %~5%. ULEATEW 2 7 Ko e3R
AR ST, VPP R 3 2 A RN R T KOG H
FIIARHE N, $2 0 T VPP ke R e e, (i HE e
WL RYRE ) R A B TR KOG TH A e
53.5 VPP &RAEA I KFHF 6 H w0

ARSOR R ] VPP 8 3 G BB R G R Ry 5
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Table 3 Wind and solar abandonment rate with VPP

dynamic aggregation model before and after aggregation

I FRFHR /%
BITHE  —— pre— pre— pre—
B EFE  EEFE  PNURE
RAEHT 41.12 40.59 45.37 42.48
REG 35.51 36.89 36.23 34.59
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Dynamic aggregation method of virtual power plants considering
reliability of renewable energy
BAI Xueyan',FAN Yanfang', WANG Tiansheng’, LIU Yujia',NIE Xinlei', YAN Chenyu’
(1. School of Electrical Engineering, Xinjiang University, Urumqi 830017, China;
2. Xinjiang Electric Power Design Institute Co.,Ltd.,China Energy Construction Group,Urumqgi 830000, China;
3. Technology College Branch of State Grid Corporation of China,Jinan 250000, China)

Abstract: While pursuing profit maximization, the static aggregation of virtual power plants often ignores the
important factor to be considered in the dynamic aggregation of virtual power plants, that is,the reliability
of renewable energy power generation,which will lead to the low enthusiasm of power grid for its dispatching
and the serious phenomenon of abandoning wind and solar. Aiming at the above problems,a dynamic aggre-
gation method of virtual power plants considering the reliability of renewable energy is proposed. Based on
the output model of renewable energy, the outage probability of components is used to correct the output
model. Then,the different units are homogenized by confidence capacity,and the reliability evaluation model
of virtual power plants is established considering confidence capacity. Furthermore,taking the reliability index
as the objective function, the dynamic aggregation model of virtual power plants is constructed,so that the
power grid can assign more power generation plans to it,and the improved light ray optimization based on
grid free algorithm is used to solve the model. Finally,taking the load data in a region of Xinjiang as an
example, the feasibility, high-efficiency and stability of the proposed method are verified by simulation, thus
providing more accurate decision support for the optimal operation of virtual power plants.

Key words:renewable energy;virtual power plants;reliability ; dynamic aggregation; uncertainty ; improved light

ray optimization based on grid free algorithm
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Non-intrusive load fluctuation detection based on voting variance

YANG Danxu,SONG Yaqi, YUE Jianren, LI Li
(School of Control and Computer Engineering,North China Electric Power University,Baoding 071000, China)
Abstract: Aiming at the problems that the existing event detection methods miss the switching events of
small power electrical equipment and inaccurately locate the occurrence time of events after turning on high
power electrical equipment,a fluctuation detection method based on voting variance is proposed. This method
locates the events through voting mechanism,which can improve the detection accuracy. Experimental results
show that the proposed method is still robust when the aggregate power level changes,the load fluctuation
range that can be detected is 40~2 000 W, the detection accuracy of the proposed method reaches about
95 % through the selection of parameters, and the number of events whose start time can be accurately
detected accounts for 95.30 %.

Key words:non-intrusive load monitoring;fluctuation detection;missed detection;time location;voting variance
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Fig.A2 Time-series state distribution of photovoltaic power stations in first quarter
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Fig.B1 Schematic diagram of wind farm confidence capacity in first quarter



5000r1 70007

- 6000}
= 4000f £
= =
= S 5000¢
& £
[Ze} L w
@K 3000 o 4000}
b it
| b
3000}
% 2000 "
E = 2000}
52 1000 =
£ 1000
0 10 20 0 10 20
YR Y E/IMW LA 25 =MW
E B2 XRBMNFE—FEEFERFEXRBRERE

Fig.B2 Schematic diagram of solving confidence capacity of

photovoltaic power station in first quarter

i@

P —[~(1/285°%),(2/2857),(3/285°%), - (4/285°),(5/285°° ), (6/285°° ), —(7/285°° ), (8/285°% ), (9/285°°) |

Mis% D

1
: W |

3R )/ MW

m mud‘ “H i M 1 L R ‘ gL

0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
IR [l K [/
200 200
180) 180+
> 160F
% i S ot
5 R
5 33 1200
& | ]
m - 100
a &
R R 8ok
11l ‘
® ‘ & eof ‘
| ‘ a0
I ! [
‘ | 20 ‘ i
| N ‘ | MM ‘ Dl {1y |
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
I fil/h I8 fial/h

[E D1 K37 4 NEEHAHLIZIERT. FXEE

Fig.D1 Comparison of wind farm output curve before and after correction in four quarters



251

201

JiIMW

151

H

101

Bk R

=

0

251

201

1 11IMW

i

151

TG

JEE R

=%

£

|
0

EIER

I ‘
il

| ‘ |
200 400 600 800

IER

|
AL

200 400 600 800

FEIERT

ZE I R TTH J1IMW

i

il AL AR MG A

1 \

1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
I8 ii/h 15} [l

25

iR
i 2 Y pEw

L \i J ‘L‘

5 VYRR R T 1MW

|

D2 JARERTE 4 NEEH LIS IERT. FXIEEE

Fig.D2 Comparison of four quarterly output curves of photovoltaic power unit before and after correction

% D1 f2IERIE KA E Mt igts

Table D1 Wind farm reliability index before and after revision

\

1000 1200 1400 1600 1800 2000 2200 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
5 /R I8 /h

I

OloLp OLoLeh Ogens/(MW - h)
e s
[EN) & 1E 5 & 1IE /T B IE )& & IE T & IE )5
EEE 0.0905 0.0942 19.52 23.3 11525.5647 15862.2273
B 0.0814 0.0844 35.47 37.68 32128.6995 40625.1566
=t 0.0894 0.0911 24.42 29.56 20452.1241 15338.8088
EHLEDE 0.0939 0.1013 29.64 43.48 15052.3681 28024.4333

% D2 f2IERIEXR B SETT 44T

Table D2 Reliability indicators of photovoltaic power plants before and after correction

OLoLp OLoLeh Ogens/(MW - h)
£ s
& IERT & IE )5 & IE AT & IE )5 & IE T & IE 5
F—EE 0.0220 0.0282 593.20 596.44 22203.8514 26313.9094
e 0.0251 0.0255 611.41 615.62 27701.1564 32079.0072
=R 0.0237 0.0247 611.12 615.63 23384.1463 27755.2123
HIUEE 0.0323 0.1013 606.08 615.32 26360.7260 30746.4142
% D3 VPP shis B A RIRH AT S iEfR
Table D3 Reliability index before and after dynamic aggregation
OLoLp OLoLe/ Ogens/MW - h)
ES;
L enill REE L eenill REE AR REA
HFH 0.0800 0.0652 262.6710 241.4252 31475.8261 18742.4539
ko)) 0.0732 0.0556 271.0275 261.8709 35260.0814 23678.7732
= 0.0787 0.0635 269.3397 239.4461 31109.0010 18793.9351
HIUEE 0.1040 0.0577 320.7513 277.2239 30897.3716 25783.6601
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