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Multi-time scale scheduling strategy for source-load coordination considering
demand response block participation

QI Jianghao, LI Fengting, ZHANG Gaohang
(Engineering Research Center for Renewable Energy Power Generation and Grid Technology
(Xinjiang University), Urumqi 830047, China)

Abstract: Demand side active participation in the dispatching process can mitigate the pressure on conventional unit
generation and improve renewable energy accommodation. How to fully exert the dispatch capacity of load side, using
demand response efficiently is the issue needing to be researched. This paper describes a novel multi-time scale scheduling
strategy for source-load coordination considering demand response block participation. First, considering the difference in
response characteristics and response duration of different loads, the demand response load is divided into four types and the
scheduling day is divided into different participation periods. A demand response model with load agents is established.
Second, a multi-time scale scheduling model that consists of day-ahead, intra-day 2-hour and intra-day 15-minute scheduling
is formulated to coordinate the scheduling of source and load resources. Finally, a simulation verification is carried out on the
improved 10-machine system. The results show that the proposed strategy can schedule demand response well and effectively
reduce the operating cost of the system, as well as increase the penetration of wind generation and reduce wind power
curtailment.
This work is supported by the National Natural Science Foundation of China (No. 51767023).
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Fig. 1 Dispatching framework with load agent participation
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Fig. 2 Division of different load participation periods
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Fig. 4 Multi-time scale scheduling framework



-64- ® ) ERBF B R

1) HefEE: HarE e Rk 24 h SR80
MBI H LA P e A i T ke, H AT
BRAfE A AN B A far 1 BE TR A1, 30 R i R
MU R, FEHE 5 AL R T 48 5
WLZH K H

2) HW 2 hiffE: 4 2 higshfidr—ik, i
KK 4h BRGIRM PR, 5 2 h TR T
—IKHW 2 h HEFTRINEE. £HATHEEL R
A b, T AR R ARG HS g A0 g T A %o
VA FE ST B B 2 B Ay 1 P 5 SRR RN T 45
BATIBIE, (RN E P 5 A ML B 45 A C K4
A TR o

3) H 15 min ¥ : &F 15 min &3 HAT—IX,
B E AR 30 min A PRI S AEHLALH I D 2 e
MR EE TR, RN IE .

3 ZREREREHEEERE
3.1 HEnpERE
LA/ R GER BRI L N B bR, R
A Rt L EEALA IR H AT BE R4 E b ek 2
N
min F, = min{FG1+FFG+F5+FATL+FBTL+F\XIUt} 1)
e Py A1 Feg N HUHLALAT RIS (5 LA 5 P
A BB S A s Far, 1 For, 9 ASEAN B
RAFTRERA . K2 AFIEA T H A,
Fe = ii(aue Pedﬁ,tz + biG Pedﬁ,t + CIG)

t=1 i=1

T
FFG :z

t=1 i=

Ng Neg
Fs:izsi U.Gt '(1_uii)+izsi 'uiF,tG '(1_uiF,tG)
t=1 i=1 t=1 i=1

;
— da
FarL = z z A aTL '|Pj,ATL,1|

T
— da
FBTL = 2 A arL ’|Pj,BT|_,x|

N

FG 2 | WFG FG

(& P +B P +C)
1

)

AA: PL 15 min A—NMFAERB, T=96; Ng Al
Neg A8 HUNLALRRIE (WL B PSS il Prg
9t IR B LR SR R AL /75 a® . b° Al
oo AHMMLALR BRA R HG a™ . b Fic Atk
MR LR A R ul Fuf AL
WA, M 1R 0 TR RIS ITE IR, S LA

(R A @ an R ar 9 A 2501 B K541
ST BE A Pl B Pl 9 A 25 B 2K f g
PR R, PYOCATERUE oy, NI .
783 £ 7 2% P LA LA R A R
1) RS T4

Ng 4 Neg Natp § Ng g X

a a a cut
z Pei +Z Peo.it +Z PiatLe +z Plerie —Rwe =
i1 i = i1

Pda

load,t — PV?Ia,lt
Forf: PE AP, Sy AT R HS AR e T 45
2) R EHLI— LT 2% SCR[19], (35
A7 R B2 TR L @k 20 S AN N FF S WL TR 205
3) ek 4 2k
{ﬂgzpw

3)

reserve
Pdown > Pda (4)
max —

K. PR CHHBTRERHFRE.
4) 5 3R ) )8 1 FEE BN TR) Vi R 40 R

A A A

{ﬂbéﬂ.<]5

B B B

TR <TP<T?

)
Kb TUAITE Sy A KRN B K50 Y B2 2 )5
Th. TARITS L T2 A SR B 260 8 5T
BERAR 1F B T B

5) 47747 FH R B R AR 24 3

FEVRFEIS AL N, A AT B AT 1 T LB
A4, B

< d
a p—
Z Pj,ATL,t =0
t=1

o (6)
Z Pj,BTL,t =0
t=1
6) g b RIRAH
jr,n,l?rL,tg PjtfaATL,tg P,-%L,t %
Pjrfgrﬂ,t = PngL,t = Pjr,rgzl('L,l

A Pl AP A KRR E TR,
Pl Plar A B 2R g i Al E R IR
3.2 HH2hAEER
RS RER E, BN 2 h R H
bR ECN
min F, = min {FGZ+FFG +Fs+FBTL+FCTL+F\X/Ut} 8)
b Ry, NEMIHLALR ERRA;  F AP g 541
P Ja s AR s Fyp A Fop 23008 B 25 C 2R Ffar i
BERAS . (9) A& T A T A 2o



LI, 55

5 SRR N7 B 2 5 1) 22 I 1) RUE A7 1 R 1 8 SRS - 65 -

T, N

Gpd2 2 G pd2 G
FG? = Zz(ai PG,i,t +bi PG,i,t +G )
t=1 i=1
&R FG FG
F :Zzsi Uiy '(1_Ui,t )
t=1 i=1
T, Nen . 9)
FBTL = z z Qi BTL '|Pj,BT|_,t|
t=1 j=n
TZ NCTL @
Fer. = Z Z Ajer .|Pj,CTL,t|
t=1 j=n

X T,=16: PE NHMALLAH J5; Pféﬂ_yt A
P B R C KA, @ N C K
A7 fo FRLAE T B AR o
L) RFAF R R AL — BEL R, e % 4
WL K B A faf A R L ARAME BL4E LR =M 2y
1) TP 200K

NG @ NFG NE!TL @ NCTL @ t

cut __
Z PG,i,t +Z PFG,i,t +z Pj,BTL,t + Z Pj,CTL,t - Pw,t -
i=1 i=1 j=1 j=1

IDIg:d,t + f Pj[f:\TL,t - Pvt\jlz,t
=i
(10)
A P MR AHA 2 h JHEERY B A A XU
H 1T 25 5

2) Th& I #E B2

WENMEIERT, & FHLALR ) H I3t RIAT B 24

faf P BETHRINE DL H AT EETE R RS, B IR =Rk

FREE—E VN o H RN ) TR B 5 B 2847

far A FE B R A R

|sz _ pta

< max
G,it G,it| ™ R

G,change

(11)

|Pf2BTL,t - Pj(?gTL,t|< PBn:lranchange
S PO RIPDY, AR B %

fif MR K TR B I
3) C SR fi i EE FRIAH R LT3R

C C C
TLSTUsT
T,

d2

z Pj,CTL,t =0 (12)
t=1

min d2 max

j,CTL,t< Pj,CTL,t< I:>j,CTL,t

A TS RITS Ay C S Hpi B (T4 AL
Al P FTPT Oy C KGR LRI,

3.3 HA 15 min BEEE
H P 15 min 1 5 DLPRGE 5 AL R AR . D
A uf Y BE AN USA /N B b, AN

T3 NFG

ZZ(aiFG ’ PFdGl,E;,tZ + buFG ’ PFdGl,Si,l + CiFG) +
inF, =min{ &
mln 3 T3 NDIL T3
zaj,DlL ’ Pj,DIL,t +ZOZW : I:)vf/m
t=1 j=1 t=1
(13)
Refte =25 oo N D HGH AL
P, ow 9 D KGR

HWA 15 min A L2048 K By — ik
LR A4, BN AFEUL AL,

1) ARG A LI

SRE +3 R R Ry St pes -

i= j=1

NATL NBTL NCTL (14)
P+ 2, P+ O, Pl + 2 Pl
j=1 j=1 j=1
s P, ARy A H A 15min i B2 R B 6 A AR
F H T 45
2) D KA A FELI R
D & F g HH T 1) L A DR B A e T VB R R
HIFE— B BN, A& R

Ty

max
2 VSN
t=1

PO Piow < P51 (15)

T3
zvi,t—l ’ (Vi,t _1)< Ni':)?i)ff
t=1

fr: v, D RGBS, 1 MFERE
Rl 0 BFORA: NS b i ] L
Pl P P 9 D S Gi0A7 26 T R IR
N IR IR

4 BHIDHh

PABCHERT 10 HLARGD N IERE, P 5 A E i
DX A ] i ) JFURE gy R XU REL S g TR 28 . DABY A
FLA 95 0% IDR 3E471 F Jig k281, 47 gy o o
Z, BT SO 3 i ), 2% IDR BHE
) BN TR B AR DL B 3% o B YALMIP i ] CPLEX
SKARSE, 7E Matlab R 5K fig
4.1 ZEEIREFAEER ST

FET AR, B AR SN AS F I ) R
R IEWE RSN AT HATRE, REE
FFETEHN 2h AME K 15 min WLEE, &EH
P 8 B A — L e ) H R Pt R 2



- 66 - ® N EREY SR

1000
900
800 -

700 Ry

i iR MW

600

500

400

300 -

Fop i imMw

100 F 4/

P | L | PR L
02:00  06:00 10:00  14:00  18:00  22:00
I %1

5 Fafar K XU R T e %
Fig. 5 Forecasted load and wind power

1) HATE B R

Kl 6 NASEIE B By A SS5RT B S50 A 1 5 i
2. il 6 Fran, 15X H JIAERERR I A3 B B,
ARMAS H5IAE . EAAIRAR B, A KA
% 00:00—02:00 ) Hifar 4 & 04:00—06:00, i
fhifr 2k, DURSTTREMITH AN A . [FIN, 02:00—
04:00 F1 06:00—08:00 (X FE H /728 AL IRGE, I 5 B
AT ST IX PR AN B B A7 A T SR A R L
U F¥) 04:00—06:00 B B, REfE A Rt R G
2H O R K

40 T

204 I I
F\ Al i

0 -“. VA [
f W Il
-20f ||
I

40

T MW

A3

02:00  06:00  10:00  14:00  18:00  22:00
1t %)

(a) A G A I 2 i 2%

40 ‘ —
20F Iy,

= Al

g ok ﬂ\ - Y [K\ : o

UMV Y
40 !

02:00  06:00 10:00  14:00  18:00  22:00
IR} %1
(b) BB i i FE ih 28

[El 6 A 250 B A AREE ‘Iz
Fig. 6 Dispatching results by the day-ahead dispatch model

2) HW 2 h ARESE R bt

K7 R A C Rl 5 i iR 2t 4 5
C KfummripE ik, LA, C KMaiipRE 2k
U SR BN, AHARALRIZY, s o PR T —

R AAC BRI ZUR D 2 B, el 1 R R AT A7 A
TR 22 B S BRI AT 22 -

150 T T T T T T T T T

ol - MECKGGREBEME |
A I A
MMNﬁKWA
MRk
\

.
S0t VAT
1 VoY \‘,

A 2R

o Wl

~100
-150

MW
o
=

1 1
10:00  14:00  18:00
i %)
(a) C2H& G0 1 2 13 Ji 130 B0 A 15 25 o 2
30 T T T T T T T T T T T

—— CRBATWIE \ﬁilflil

1 | 1
02:00  06:00 22:00

0 | “I |L I JNI ﬁ' H\ﬂl'u”n \HV'”\ |
AN V1 TV |

10k ‘I‘ ‘I‘I ! Vi I V]
| | | V

-20¢ ‘il

NFEMW

1 1 | | | 1
02:00 06:00 10:00  14:00
1 %)
(b) CH& i fuf 1 £ i 2

B 7 BafrirEmZS ¢ XAafrAErhL%k
Fig. 7 Change of net load curve by the type-C dispatch
and the power adjustment of type-C IDR

3) HN 15 min 8455 B

K18 o D 28 A 2k, R AL il 2k
MIFERTh LR W . D B MM 4 R4 &,
TE LTI A R B, gD fa e i, Bk R
WU K 7. VR D 2 fumg it XUEEL H 7 A 47
o Y 20 5 S L 5 AT I L, Rl T PR N ] R
B bR AL T 77, DRI R R B 11T o

1 1
18:00  22:00

35
30 PELE
25¢ DH: A2
z DH# 3
220
315k
=
10+
! I

02:00  06:00  10:00  14:00 1800  22:00
I+ %]

& 8 D AKffriFEthsk
Fig. 8 Power adjustment of type-D IDR

4.2 S5HEHMBE KRR L 2

NEARI VN i

N5 W T SR N T 22 iR ROBE TR B AR #A . TR
HAMSHEAMFRZAT, Wit 7 PR B SRS X,
Ebordr. SKmg 1. 6 IDR B35, Hug2: %D
KAgigl, HABEEI GRS H BT, ek 3: B
RKANFANZEHN 2 h R SIS 4: A SO E S0 .
R 1N 4 PR IR IR B 25 XL .



LI, 55

5 SRR N7 B 2 5 1) 22 I 1) RUE A7 1 R 1 8 SRS - 67 -

x1 TREIRBAELSR
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Table 1 Progressive feed-in price of type-A IDR

e A B AL R RAY S TE
0~4% 24
4%~8% 38

Mizk 2 B KA FMREMN
Table 2 Progressive feed-in price of type-B IDR

71 B A1 L kb RAS T
0~4% 14
4%~8% 28
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Table 3 Progressive feed-in price of type-C IDR
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0~2% 16
2%~4% 28

Mizk 4 D EhafasH
Table 4 Parameters of type-D IDR

D HK AT B fif Bt fif o I PR AME A
R VAR KI5 [E]/min e
1 0~3% 120 140
2 0~3% 75 117
3 0~3% 45 78
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