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Combined dispatch model of adjustable load clusters considering response uncertainty

SUN Boyu' , YU Jie', MEI Jun', GAO Ciwei', ZHAO Ming®, LI Mengyang’
(1. School of Electrical Engineering, Southeast University, Nanjing 210096, China;
2. Electric Power Research Institute Co., Ltd. of Yunnan Power Grid, Kunming 650214, China)

Abstract: The open of retail side is an important task for power reform, and analyzing the economic and safe aspects of
demand response strategy can provide support for the business of demand response after the open of retail side. A great
deal of intra-hour transferable loads are modeled as several load clusters through demand side management, which can
change electricity consumption according to the change of electricity price and reduce power shortages in peak energy
periods. However, potential risk losses can be caused by the uncertainty of load response to price and this effects of
uncertainty in economic dispatch model are worth researching to reduce risk losses. Response deviation rates of load
clusters are obtained based on Monte Carlo method and then value at risk (VaR) is used to measure the potential risk
losses caused by load clusters response uncertainty. Finally, considering all constraints, the optimization model
introducing risk losses is solved. The example shows that the economy of the combined dispatch model is maintained,
meanwhile risk losses caused by the uncertainty of load response are reduced.
This work is supported by National Natural Science Foundation of China (No. 51407030).

Key words: intra-hour transferable load; uncertainty; adjustable load clusters; value at risk (VaR)

0 33

Bt i SR A CHLE R AR gl
VAR R BB LI S5 0T I A R e, S T
SN A T AR, BRI NEAEREAT TR
WL B AL BO TR sk i — RRe s, A
SRANE B SR PN LI . T SRANFAE Ty wT Bl 7

HEWMB: BRAAMFEASRE (51407030); =g @M
EAHOR B TR P AR b vk b KA AR,

WA A5 5 BB L A A AR, P e W A7 v
Pt b AR L BB, FEHL ) RGGIEAT
AR ke 2 B A

i SR AR S84 Sy FH L R T 30 80 1 F
AL Dy T O R, R R AL OB A A
TR, SRSl S R,
SCHR SRR S e LR T BB BN AE Th i
K1 PN I R O VA B U R s N T PR
HBL Ay I, S AR AR A 5 B T IR B i 1) P
WU, RN AT SRt T, N i i



_62 - CE R R R EEL

B T I i M AR (TS K v 31 R I =R
HAER A Y, T SRR TS A R R s,
FAEMA SIS, AT TR > e
AR 2080, iy 3 B MU S R A SE A
W ZE o X T St i N RAN e Pk, SR8, T
AN 5 P 7 SR e N e A, R L 2o R A
FHREM U 22 2 FITE R, AR rb SO BN I
[ B A AT A 22 5 0 8 A I ) B PN v 22 R R AT PR
%€, )i Benders 7 I TSR MR . SCHER[OIFAR Y
AN 3 1R A7 A 1 93k B R s (L AN Bt L 22 B 2
FIRTE A, M B g 1l 22 PR A 25 25 55 0 A R B
SRR RS, T AN 2 BA 0 22 AR A 5L 7 A
A S AR v R [ 5 AR o SCHR 1O 571 Ay M) S8 5 1%
M HE— DX A I REAL AR &, A7 RN, FR
FEFIIT AL (SAA) 7 153K M o SCHR[ 111K 571 A7 27 1k
BEMLAZ 55 | ABCRI 29 AR D, 2B BONL 2
LN M BN 2R B e M B2, AN e
MY EEAY A 2 PR . DL ORISR Ak 20 HT H
Wi I3 AN A R PR XU A 2K o

KIS (Value at Risk, VaR)fg 75 4l it
IR R H, AT RoRE— 2 I EFK
SR, e I A) P RE 0 O LA T I R B KA
RUFBL B i T R, VaR 114 KU EAL
FEARGINHL TS A AR 7 B . SCHR[13]7%5 RS 2
T A BRI A KBS s, 57 TR T
VaR FE 1 FE ) T A RS PSR . SCHR[14] 45
2% 18 EP I RS 2, R A 2R 20F) VaR J7v2:
TN TR PPN SRR . DL SCER P Y VaR H
iR v T 3 DR LAY 8 03 D) FELAE A ISR [ 1)
B, AT IREREH A VaR i & 5 far S AR e N AN o8
T3 A RS 2K . VaR AE K S S iabr 51 A H
JIR AT 2 5 4)uAk,  SEBILREAI AT i 5 fnr SR IG
B ] FEE TR 1 5 R RS 2 R AL H 1o X 7 el A
PRI H 1 STt B A SE s N H M

1 AR R RN A E

ST () T =R W 4347 22 SR FH S AR 2 (1)
SRS L o A A MR e T SR BRI R (AQ/ Q) B
AR AL (AP/ P) Z A1 [ LA, R n A (AQ/Q)/
(AP/P), JWRT iR BBURFE S .

b/ RS A R B R R e S 1 ) IV == @ d el O EN S
Wl BT AATEEREY RILETHRIEE A D],
AN TAER Bt R EZ T AR T R, R AT
CER I I N O o 11 (- SIEES I WESRE RN vhw/i b VAL
TR BN D! o o Al R ST AR S S A

Y Ja B s ZE RO B S &, B4 B S (e
P' =D, — D! . &R S LR N RN 2 1, 51
ANBEHURT I G SRR N w25 R e, & INER S
BRECH (o), I SUGTERAE SRS R0 P
B =D -Dj+e¢ (1)
FH K FH 58 7 = DR RO A 81 A7 Ao 2 70 10 0 g 2
e MNERE R () o ZUF R P BRIE T
B — BB R FIA Y S 4, il RS 2 s
T E S OU R A5 2 1 BEHLERE ZE v 21 T4
B WP BB X TR P, S8 AN ERE DX () P Bl LAY
PENEC S B AR B LU, T AR & AR
S PR . B Ay AR I R ZE B R T R AL £ (e)
FESRI A AT 2 VaR AH 155

2 TAIERTEEREA VaR ML E =

A 70 1 TR S e ) 7B BT 44 1) 4 77
(W22, I SERET BERE R IR, ASCH B VaR wf
SR RS AT Bk o B2 WAL P VaR 2
AR BEACE T, AR AR
Ay DA ST 0 S S B 5 S PR 5 K AR Ao 7
B FL e 1 LI 1 i R TR S R R
EERIOAIET, W T8 S SR SR M Bk
TR, R LME AL P, AT 6
TEAEBE R KRR e I BB Bh P RN 302
18, IR BT R 6 S B /D B0 1 67 A ] i T A

, SHEREBR. A, AR AN G
ATV GURTAERE, bk T RE R B, T ) S 2 K
BB Sk % AR ] EH T8 3 A R FiL Y 22 4 1
HopE, A KB AT SR R R S S
R AU R I RS AR A B R BN T
WM B . Y B KT 09 < g <0.99) 17,
TR 7077 S TR 1 XS 953 2 B 5

Vi =o€ ()
A, g REIEA. BT HUE Y R
Jot R B, T AR 2K B K RS B B 10
5 fe) M. B m KRB Ko, , WK
VA o, 10 RS RE

o0ya)=[, 10D ©
XTSRS B, AR SRy 10 VaR 2
Wyar,y = min{o(y,,a,) 2 B} 4)

B @) AT IRLE BN ), AR )
CIES



M, A5 2 R G AR AR N AN E M I 1 AR - 63 -
VVaR,V :y\tz,ﬁ :rlossgﬁ (5) ZPt+ZPt Dt+ZZk Pt+ZZk Pt+W
Wig I i 72 A S0 R B AR B L S B s AR ) 2 ' i- = (12)
B R T I AEEEAE, 0 it S o A 22 A — w, 20
TR EE, fg Y A 22 it 5 W A E R AR g X2y D" AN DX H i 1t A7 it 2B AN

VAR

Sp=ep I B (6)
R OAKG) T
VVaR,V = 1/10555/31)\/[ (7)

iy SR D 2 U PR AR R v 2 2 G R I A7 A SR 1
VaR {8, {EPTHAT Al R g e sh 1 BRI
BEEVERTEE T, R XURHS IARERT AT S SR AL
Se AT, ATt B AR AR AR U i P DU, (RIS £
ARG,

3 EERFAGTEEINAHEMLWES
A ERE

3.1 BfrRE
I[P H b bR B 1 2 AR GEL AL R AR i

Wiﬁﬁﬁ%ﬁﬁ‘]ﬁfﬁ%ﬂ%ﬂ%d\ H T RePLAE R R
PR/ AT SRR, 8 H AR BRI RS

5‘/ PRI R IR FE R 1) H bR e ECA

7C = mmZZC}UI+ZZC}V +iiVVaR

t=1 i=1 V=

£ T?%THTIEUQ%A, N. M ﬁa\f}um%éﬁméﬂ%ﬂ
G R s Ve, 2 PTG ER T v 1K) 55 R A
SR, TR AT S SRR
FELGEALAL i 7RIS T B ¢ 1R FURSAS
Cru; = a5, + bR +c(P') )
F - R IR AR S S0nT R A SRR S T
RN, WG TR v £ I TR B ¢ 1R R AR «
Civ, =V P! (10)
HRAE 22 SCHR[ 81 A 5 Rk ik A 2, wT A
RV Bt Hﬂ“%ﬁﬁﬁ SORER i)

V price = 4, log, P/ (11)
KO—RAD)H: P ARG EN B I )
PR AT EERE v IERNT B MBERS a5 by o
SEAR GV | I RRA R E A & ) RonhLAL i
FEN B¢ JE B HNIELT, s = 1 HLABNIELT, s/ =0
BUALBHIEAT; A~ a, 73 0S50 v IR R AR
e R
3.2 REM

(1) RGP LR

Bot i dagir s L RERHINES; &, 2fahldli
Y AL e 1 e 0 RIBUE R B &, 2 TR S
SRR v A I IR AT 2 i 1 R 8] F) R R R A
P AR & w, 15T TR CRUERE AR K 1,
i SR Ak -

) Eﬂe%%ﬂ% AP
ARV LWV IE )
R-max(D')
AR R 10%", B R=0.1.
(3) FLAAFHELR
TG D)% E T IRZAA N
S;E,min < Et < S;Pi,max (14)
FEGERALIRTE I 2 Ry
P —P7 <s'RU, +(1-s/)P, ., (15)
P =P <s/RD, +(1-5))P, .. (16)

Al AT RS & R BRI
P..<P <P, (17)

L1H—RADT: B~ P ﬁa\EUEWEz HE
FH; RU,« RD, 73 5lEHUAL i TCIH SRS FF B
P~ P SRSy SR ERRR, T
VAT A S A R PR p X3 P ) B g 8 71 7
YRE, T H )T BRI H R

(4) ML R

lmm Zml Pt+zml Pt /max (18)

losslmm Zk Pt +Zk Pt loss/max (19)

XA my, MUm,, 53 ENLAL i ) FAERE g v )
TR E M AR BRI P FIP . A 2R 1
WIS B i MBI AN LR SR REANf 5 i [ X

(5 N INNINES % 2 PR AN SES 4 5 AT = e R LU
ke,
(5) VL Ja S 4R

3T W7 1k T A7 AR A 3 T BRI A
Bl

I

P+P<ZP

=1

(20)

max



- 64 - CE R R R EEL

4 BHISH

4.1 AR RS =

ARSI, ZXENA 3 GGk
MU TR /NI I 3 571 A o B X 38 2807 45 )
(149 /0N B i 37 A7 i e FEL ) S (i ZE R 1 20 2, AR A —
AR SATERRE, ol & o TR SRR 1 1T
WA AR 2 FInT A AR 3. 7 XX IR 2=
SR H L B H AT 24 h T G i e el g0, BrE
E 43 T WAL B K D AN BTG A2 r W I B 1) 67 A
(T R s B2/ A i 1) S = v e B N v
SRR B E R KT E O .

7E LR B D B, 7 SR 0 I AN
S 3 AN A AT A . T SEBR s R
ANFHAEEAEIR -, TG sk B RS — e h =
10.71 JG/(KW -h), LGN R K HL AN S HORAT I
BT SRR B AR S S WA DI SE £

WK 1 PR, =668 Tk
2050kW , H1 Bk LT BRI R B4 11:00~12:00 F
14:00~16:00.

2200

1800

1400 |

BT /KW

1000 -

600

i 4 6 8 1‘0 IIZ 1I4 1I6 1I8 Zb ZIZ 24
I Bt
s L N
B 1 BRI S ik

Fig. 1 Curve of forecasting day-ahead load
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Fig. 2 Energy output of traditional units
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