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Low-carbon optimal scheduling of source-grid-load-storage based on improved wind-solar
scene clustering combined with virtual energy storage
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(School of Automation and Electrical Engineering, Inner Mongolia University of Science and Technology, Baotou 014010, China)

Abstract: Aiming at the problems of node voltage fluctuation and active power loss increase in active distribution
network caused by the intermittence of distributed generation during the optimal scheduling of source-network-load-
storage, a low-carbon optimal scheduling method of source-network-load-storage based on improved wind-solar scene
clustering combined with virtual energy storage is proposed. First, in order to effectively deal with the challenge of
uncertain wind and solar output, an iterative self-organizing data analysis techniques algorithm (ISODATA) based on
density-based spatial clustering of applications with noise (DBSCAN) is proposed. The good and bad clustering effects of
wind-solar scene are evaluated by DB index, Dunn index and contour coefficient. Secondly, the stepped carbon trading
mechanism is introduced, and an optimal scheduling model with the goal of minimizing the comprehensive operation cost
of the active distribution network is established. At the same time, two operation evaluation indexes of user participation
satisfaction and power grid dependence are proposed. Finally, the example simulation is analyzed in the IEEE 33-node
system. The results verify the rationality of the DBSCAN-ISODATA algorithm. The proposed low-carbon optimal
scheduling method can effectively reduce the carbon emission and operation cost of the system, and realize the
low-carbon economy and stable operation of the active distribution network.
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Table 1 Electricity purchase price under time-of-use

electricity price
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Table 2 Coefficient of call cost
ZH BUE/(JG/kWh)
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[ 0.026
Cpv 0.096
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Fig. 4 Wind turbine scene sampling results

HetkThE kW

= 0:00 %
500

05:0!
0 00:00 I %)

B 5 SRipRIEHLER

Fig. 5 Photovoltaic scene sampling results
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Fig. 6 Wind turbine scene division clustering results
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Table 3 Clustering probability results for each scene
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Fig. 8 Wind turbine-photovoltaic final clustering results
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Table 4 Evaluation indexes of wind turbine clustering results

under different scene clustering algorithms
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Table 5 Evaluation indexes of photovoltaic clustering results

under different scene clustering algorithms
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Table 6 Comparison of optimized scheduling results for four scenarios
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Bt ORAUMEREEEDRA  RAEEREAEDRA  RFEHA RSB KOREBDRAE  FMIOREA TR
1 0 0 12 983.959 44.413 1315.884 238.359 14 582.615
2 0 163.889 12 237.701 41.048 1401.611 149.061 13 993.31
3 519.664 0 12 160.111 40.895 1377.517 174.159 14 272.346
4 479.485 163.889 11719.921 40.589 1405.039 145.489 13 954.412
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Table 7 Comparison of operation evaluation indexes of

active distribution network under four scenarios
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3 9461%1t 15564 0337} 00461 04281
4 95.5% 1 14951 03094 00691 04074

IR 6 &R Tk, 5 4 4
BT 11— 3 WFERF ARSI T
38.96% 2.39%F1 16.46%, MZ&4FESr B T
8.61%- 1.12%F1 0.75%, H /A L RS AS 23 192 1
9.74%- 4.23%H1 3.62%, 15t B WX fir i B [R1 O A6 A
J5E d sk R B oy A SN R B A RE AN R TG
REZ HIThERK R, Rl S0k R G T mEk
IR APPSR o XA R T 30T R )
BATHRE, A RS2 3 B EC HL W R 250 DL
KICTH A R . R 7 PR FEbrgs Rl
A, W 4 WROLHE RS, HIs 4 R T
51350 3 T A RSP AR A I PR T 7.32%.
0.53%7FH 3.92%, 7 far U SR FE 73 i b 1 25.54%-
12.22%F1 8.31%, HL AR FE 20 5l vek b T 8.54%.
2.16%F1 4.91%, B35 4 (PE FEAR LT H R
Seo Wi AR X fuf it B [ 1 DO A B R A A KR
P AL AERERR UG RE B TIRAS, MR D)
P FL P P PR AR A BV R Y, I HsD T s,
BRGE R T ROGTH N LS = BT Y 0 Fe e 1
Al EEE,

Kl 9 v 4 Pz 2 5O B G A s X Ll &
He s 1 PHEAEIES ZRRHMEEHE. 3
5 2 U FE RO R AL 2B RE R N B AC R, 7
07: 00—08: 00 A 17: 00—22: 00 Fl&mFEL, Hufk2F

FERESEE, E 11: 00—13: 00 F1 01: 00—06: 00 FF B¢
AT, AR T AATIES 2R, BRI 2
£ 11: 00—13: 00 B B (J3EA RE 158 T35 4, (H
TE VI BRI R T IS, ML ERE R BE T
RGN AATIER ZIVER . 5t 3 NIERE R
FeF B RER N L . BLARTE REFULG e 1)
WEAERR, fgqsElg 17: 00—20: 00 B Bt
BT B, HIRI 5t 3 I AT I SR LA T
Y 2, UHAAECT AL SEfERE, ERMEREN S
REME IR/ N R Anf R 22 5, (HIERS 37 5% 3 IR LA
HPE = Tt 2, AR 4R 3 S H I R e
M 4 EEREREF BAL A RE R RIS 5T,
FET AR A SRS S LB RE I RE M, AEORUEFT H
MRS N AT e R, JE H AR
TE AT U B . ER T B R . B e e 4
BT AR AR A T HoAR 3 Pl s ik, B
R B Aar 2R, ST T IR AT i I ) O B 0
HAMIROR .

51 Giugar 26
—H— 3 G fi it 2k

— I3 g2k
2700 ‘ —Q—J%félﬁ‘!mlﬂlfi .
2600
2500
2400
2300
2200
2100
2000 ¢
1900
1800

/KW

ool .
00:00 04:00 08:00 12:00 16:00 20:00 24:00
I 1

B9 4 MinRS5MNBEGRARELE
Fig. 9 Comparison diagram of electric load after four scenarios

participate in optimal scheduling
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Table 8 Comparison of optimized scheduling results for scenarios 4, 5 and 6

7.

W R HRAARERE B RAS R R RA BRI MO FFEXIEHRA BT RA BT B RA
4 479.485 163.889 11719.921 40.589 1405.039 145.489 0 13 954.412
5 1015.72 375 11 399.426 40.298 1406.762 143.696 1038.809 15082211
6 1044.331 37.5 11 336.090 39.947 1413.693 135.476 472.909  14479.946
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Table 9 Comparison of operation evaluation indexes of active

distribution network for scenarios 4, 5 and 6
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Fig. 10 Virtual energy storage power distribution before
optimized scheduling for scenario 6
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Fig. 12 Node voltage per unit value at each moment after

optimized scheduling for scenario 6
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Table 10 Comparison of optimized scheduling results for each clustering algorithm

7t
RS JESMERE Hifk 2 Ak ik EREH PSR KOG FHRFG WA 5 AT
R A A A A A A A
k-means 455.601 163.889 11 742.849 41.109 1400.544 152.229 539.446 14 495.667
k-medoids 947.812 37.5 11 425.054 41.688 1398.715 169.938 480.732 14 501.439
ISODATA 835.791 75.0 11 503.559 41.479 1403.425 147.022 492.479 14 498.755
DBSCAN-ISODATA 1044.331 37.5 11 336.090 39.947 1413.693 135.476 472.909 14 479.946
R 11 EFECEMIEBITIFNIEIRTEE
Table 11 Comparison of operation evaluation indexes of active distribution network
RREE ROGTEAE /% AR TR A i ) M M S 5k FL P 5
k-means 95.29 1 1.504 { 0.397 } 0.074 * 0.408 }
k-medoids 94.79 1 1.526 | 0.341 | 0.133 % 0.407 }
ISODATA 95.451 1.495 0.348 | 0.126 1 0.407 }
DBSCAN-ISODATA 95.77 % 1.494 0.245 | 0.141 ¢ 0.406 |




- 128 -

W) &Gk B

R 11 BB R E AT PP Fa br gl o] A1,
FH T k-means. k-medoids F1 ISODATA =Fh %
ik, AT DBSCAN-ISODATA 528502 11X,
YN F A, BT s R P AR 4 0 BR AR T
0.66%- 2.1%F1 0.07%, A shEFE o kb 7
38.29%. 28.15%H129.6%, FH /75 51 & 4 s
1T 90.54%. 6.02%F1 11.9%, HPIARHHEE 23 Sl
T 0.49%. 0.25%A11 0.25%. AT k-means.
k-medoids A1 ISODATA =FEASH%, AR
DBSCAN-ISODATA 5RZRE VLR HE T B L FEL
(AT BE AR BTN, g iR T RO
(1098 S P AN ] v B R (e, I HLRER A 25T
A7 A 1T 2R P2 25 5, Y K TS R R D A4 3

T N BE YR S A S Y, HESD ST AR K
J& H%.
5 £ip

B “XR” BFRE SRR, ASCIRST 1 IR 9 fir i
AR BE T3, xt oA =X RA A 1 5 1 3
I FEL P 1 R P 08 30 LA SR T X 45 18 o 4 ) R
S EUA A — Rl ISODATA 3% 5 5 Rk
B I 0L B 110 U P9 7 i AR B A AL TR BE i . HRAE
IEEE33 11 sl R Gt AT 07 5o i, il B A5t
HATXEG, RBILL T4k

1) #2117 DBSCAN-ISODATA %2, M T
k-means. k-medoids fl ISODATA #7J:, DB f84(7E
RMURIGAR TR EE R AP AR, Dunn $RECFIEEET &R
AR R Ry, LR 5 RRRR &
o CAZE R A 2058y L] ) RO A i 40 e LA
e FLAL A e 3 B N T2 S EC FL N RS SR, T
A FTHE DBSCAN-ISODATA RKE W, R&IEIT
MR ASHE T k-means. k-medoids Al ISODATA =
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