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ABSTRACT: The integration of intermittent, clustered wind
power into the grid will increase the risk of the over-limit
power transmission sections, and the incorporation of point
prediction information into the dispatch of power systems
containing wind power will inevitably result in “over-dispatch”
and “under-dispatch”. Therefore, a multi-timescale coordinated
dispatch approach of wind power cluster based on interval
model prediction control is proposed. First, a wind power
interval prediction model is developed via using the point
prediction model and its prediction error distribution. Second, a
wind farm power dynamic grouping strategy with interval
prediction information is established. Then, a multi-timescale
coordinated dispatch strategy for wind power clusters and
automatic generation control (AGC) units and non-AGC units
is proposed. Finaly, the effectiveness of the proposed method
is verified by using actual wind power cluster data and a
modified |IEEE-118 standard test system. The results show
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that the proposed method could reasonably coordinate the
individual wind power output and the output power of the wind
power cluster, AGC units and non-AGC units.

KEY WORDS: interval prediction information; coordinated
dispatching strategy; error distribution; rolling optimization
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Fig. 3 Resultsof cluster wind power hour day-ahead
interval prediction

300
— B LR
s — BT
- - - AN F
L2 B L X[
2 200 I F3000 R X 1)
=
£ 150
B
¥ 100
50

$:00 0400 0800 1200 1600 20:00 24:00
I Z)

4 MBS AR HATX B FUNEE R R R
Fig.4 Resultsof wind power hour
day-ahead interval prediction

K 5 25 5B KT DR 5 (99% B fF /K
SRR/ T T % S (B0% ELAS /KF) [ AGC
HLALAN KR S A i Y D R a5 R, w0, 4R
AGC HLALKIH T2 2 M ARG I3, 99%E (5
IR 60%EAE KA, MEIAARFR AT LAE
MRS SR i Y T R TR % . JUHAE 00:00—
07:00 MR B, WA MMM EFRIR, £
19:00—21:00 4 ey VEIN BL, L 1A VRASE KL
R HTEHATHEN B, 3F AGC LAt Zh %
AN LB L DD A 0 A SR A A 251 T
AGC HLALRT XL SR AR i 2 22 G VE e L i 2, 38
By DR R A



16 11

5

R DT T S5 A & PR H ) 2R 8 T 22 I 1) RUBE Wi R LA T 125

6271

8000 Fomr e
L TN L= | FR(60%E (5 K T)
o000 | JRAEEEAH D% N
C I FAGemdlx AN
| —— RGN WalE m B
6000 |- s AR HOHAH ST
i o
= 5000 A 'l =
& A/ A
*j:% 4000 |- —\3 4 .
2 i
& 3000 F \ |
2000 u
1000 F i
0000 0400 0800 1200 16:00 2000  24:00
I %)
(a) 60% B {5 /K 4 Th&
< 000 [ [0 BT EIR©OO%HTAT)
[ ] XA T %
2000l [ AFAGCHL 4L zh = AT
| —— R4k “ AH
6000 '/jg\__\ fé\—/i____ A .
Vdmlm N HEHF -
E 5000 | AHRNHHEE T HT minill
i an = ml
£ RN A0
T 4000 H [H |
= | w =
& 3000 -
2000 - |
1000 | i
0 I " 1 " 1 " 1 " 1 " 1 " 1
00:00  04:00 08:00 12:00 16:00  20:00  24:00
I %)

(b) 99% & (54 it s
E5

NEHR A B RTHE RS R

o HEENIRR, K7 Eh & R AR 1R .
F1 REHRSSEENR

Tablel Wind farm dynamic clustering criteria

k] pogii il Eid SRR
1 iR LT R 7 i R PR
2 R HLT B 8 R LT AR
3 fE B R B 9 K B PR dE
4 R BT 10 R IR G T
5 ok TR 1 HhOR LR
6 R L TR 12 IR ARG RE
Kl 6 AR 73 EAE I 1 XU L3 (wind farm, W)
ENA DRSS R, BB 1 2 R X 2 AN R R

I BERA, it 12 P BER
A, WLUER], KHI%(WF4, WF5. WF6. WF7
A WF10)J& T288 4 sk i EFHEE, HF Hiz o i
SRS K, XK R K% H A D)
DNZA T B R RS . DRk, 7EHIE A D Dh R
TGS, AT LB RN DDA A B A ME s XU
W B 10 AT BN /7 HL 280 10 8 TR
T2 3 LTI R 7 D 2 B i K ) L, A
I, AE 1 1 EE SR B T DA R g/ XU HR 7 B Y
R E N H bR M 6 ik al LEE], HAh XA
W R ABNTE AFRE I, X
RN I T XGRS H D2 (R B e AN B~ R

Fig. 5 Resultsof day-ahead unit dispatch
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Fig. 6 Resultsof dynamic cluster of wind farms
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Fig. 7 Dispatch of cluster wind power at different
confidence levels
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Fig. 8 Dispatch of individual wind power
at different confidence levels
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Table2 Wind power curtailment rate at different
confidence levels

SR B
75 60% 70% 80% 85% 90% 95%
WF1 1702 1634 1589 1554 1498 1456
WF2 1061 1010 9.76 9.51 9.10 8.80
WF3 377 355 341 331 314 301
WF4 352 3.29 3.14 3.01 2.84 2.71
WF5  1.90 1.70 157 1.47 131 121
WF6 491 4.43 412 3.88 352 3.23
WF7 157 142 134 122 112 1.05
WF8 1405 1378 1361 1348 1327  13.09
WF9 968 9.20 8.88 8.64 8.29 8.00
WF10 179 1.67 1.60 154 1.46 1.39
WF1l  7.36 7.03 6.82 6.66 6.40 6.19
WF12 1365 1335 1315 1302 1277 1257
WF13 482 4.66 456 4.47 435 425
WF14 1679 1650 1631 1617 1594 1575
FHIE  7.96 7.64 7.44 7.28 7.03 6.84
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Integrating intermittent, clustered wind power into
the grid will increase the risk of the over-limit power
transmission sections. Incorporating point prediction
infformation into the dispatch of power systems
containing wind power will inevitably result in
“over-dispatch” and “under-dispatch.” Therefore, a
multi-timescale coordinated dispatch approach of wind
power cluster based on interval model prediction control
is proposed.

Firgtly, a wind power interval prediction modd is
developed by using the point prediction model and its
prediction error distribution. Secondly, awind farm power
dynamic grouping strategy with interval prediction

coordinated dispatch strategy for wind power clusters
automatic generation control (AGC) units and non-AGC
units is proposed. Findly, the effectiveness of the
proposed method is verified by using actual wind power
cluster data and a modified IEEE-118 standard test
system.

The long and short-term memory (LSTM) mode is
used as a predictor, and its prediction formula is
expressed below:

Pl = fLSTM(p\:i,?—li p\w;—w p\rn]/i,?-sf'" w:—N Q)
where pft is the predicted wind power a time t,

fisrm () is the wind power prediction model based on
the LSTM model, p!"s , is the historical wind power

pw,t—N

information is established. Then, a multi-timescale time series. The schematic diagram is shown in Fig. 1.
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Fig.1 Framework for optimal coordinated dispatch strategy for interval cluster wind power

The research results indicate that the proposed
method can not only reasonably coordinate the output
power of various wind farms within the wind power
cluster, making the output power of each wind farm
more reasonable, but also coordinates the aggregated
power of the wind power cluster and the output power
between AGC units and non AGC units, effectively
solving the problem of inconsistency between
scheduling instructions and actual output power, as well

S1

as meeting the requirements of large-scale cluster wind
power integration into the large power grid.

The power grid dispatch strategy based on interval
prediction information can be used to evaluate the
impact of wind power uncertainty factors on dispatch
deviations. On the other hand, it can be combined with
mature optimization algorithms to achieve refined
dispatch while ensuring the safe operation of the power
system.



