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ABSTRACT: Under the development trend of continuous
growth of the peak of power load and large scale renewable
energy penetration, in order to achieve renewable energy
accommodation and stabilize power grid fluctuation, the
means of demand side civil controllable load participating
in demand response can be adopted for regulation. In
particular, the control of family controllable load is
extended from single family control to multiple families,
and finally large-scale load group control can be realized.
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Firstly, the research results of demand response mode, load
classification modeling and control strategy in recent years
were summarized, and the general models of various loads
were summarized based on the characteristics of load power
consumption. Then, the characteristics and shortcomings of
multi-objective optimization control strategy, hierarchical
control strategy, multi-time scale control strategy and
priority control strategy were analyzed. Finally, the further
research direction of different control strategies in the
control of demand response was pointed out. And combined
with the situation of our country, the development prospect
of demand response was prospected from the perspective of
civil controllable load participating in demand response
regulation.

KEY WORDS: renewable energy accommodation; power
system; demand response; controllable load; control
strategy; smart grid
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Tab.1 Summary of price based demand response
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Tab.1 Summary of incentive based demand response

Fm e
i P U R i T, S R A
S
o BRSBTS o T R
R B B, B S B A A TR A, R
gy "ML SRR A RG]
AT . R, KT
|‘|l| %,3;‘ t, %%_‘ > "P\‘E‘ A -
g VAR, 557 )
HIF 5. EDR BE IS 51, R5 5K
FI i 35 0 4 & T I 7 % 5 DR

FRMIFENM  (HAT13 DR, sEif 1% DR). 25 HAT i
SRR, 2550l AR
AR P 3R 7 A7 A1y LB AT , Bk
B 4 AP RAHIR AT VI T, 55

JE P A 0 7 T FEE L A 5 7 TR 2% 1 BR

1.3 RAAMHITE
1.3.1 g Bk 2%

WRLE, VR AR T SR T B A
XAE— R CWIME” RRAE, AT, 2R
TR Z N AN AR 7o (AT SR, A 28 6 fi
AT DUARE 75 ZEAE — 5 (Yl 9 AT 3, B oA T
o L ROA G Bk 2K & 2 Bk

g, WKE O wgme
I / ==
m il N )
/ 7’ / !
| |

[
[ \ :

i em 17 g
i - S 00 3
(). | :);E —— % % Y
o s ] /]
B w958 i - 'OW0
@”/ A =X i A4
AT S AU

B2 RAAFDTE
Fig. 2 Classification of civil load
1.3.2 AwrfEfidg
ANFHE A B AT IR T B e e, Ly
R gn F P AR TR IE OB, i, THE
FLEEF AT . ERHAPASE ydbm. 8%
R, T2 B L SR AT (3B AT I TR
1.33 A
CIEESi R R Iy S R s KR T e e R T
RO E,  H IR [a) Wr H LPAFER JE
RIEH AW, #1725 DR #iil. Ar2T M
WEIR R BIEN, B ESZ 5 BRMIE T,
R AR I B B s AT . AT G Al



F41% Fol

® OB OB AR 641

ST R, e R I B RS B LAY
BARKIN Bz Ay tn] B34 Fe H A AR 5K,
MO BE IR FLB D I BUEE 7 BB B IR AL
MUy Beo 2z, 38 I R4 Gy 10 42 61 AT 4 v
W RIS AT R o AL AT 428 AT R 428 1) R 2 % 0 23
T2 HI AT 2% T LR e KPR B 3 A2 S R
IEH AR

AR AT 42 04 1R FLRF )0 W B 3 36

DI 5117 571 T 7 i A 1 3P B2 SN
I/ IF RIS AT IR B, AR B P 5 1 0 o L kAT 70
S ERATTREIE, WA, Hokast, T LGE T %
S 6L 1 7 2% P PR I S AT A 150 1%
R I AT RAE N

Ot =0, e 4R g, Ky (1-e)+

O -(L—e™9), Vie[tht -1

oM <Ol <™, Vte[tht]

00" s, <0, < sy g < Ve[t t]

s, =0, Vte[t,t] (1)
7+H,

> sy zH, (i =sl), re[ti- 1,1 —H,]

=7+l

€44,

>si21, 2,=0

=7
Kb G RGN IR 68, 955 MR
R B RIS R L of UL TIFE: Ky A
SR RHG W8 E=M,, -C-R,,» 3L M, 5
] B2 S R, C R E R RAE R At
ARG o™ . o™ 45l TR S R,
st 0-1AREE, (A1 R ERATTRE, B
0 RAHHBARH; g g™ Rk &ThEE L
TR [ RR B AETXE; H, A%&
BATHIFE SN R BE; 2, P P 3R 0B e K A
RIHE], TR IR B4, 4, 900

2) TS R o ) FRLINT B g P ek T R
A5, FH I B A b T EL R N R s,
WL LR TR I SR TSR MRS, AR g
R B i AR ) P, B AT R T R

™A
by = Kewosts + (L~ Kéwps)0s vt €[t £ ~1]
Ke:ninBc — E;nin < b; < E;nax: K;nach ,

Ve[t t]

2

min t<t<maxt min ()
qa 'Sa—qa—qa 'Sa’ qa

s, =0, Vte[tt’]

max
<G,

Er>EX

e bl B ARG R Kups N
R Y R BE TH FE 5 R BE A 1 2 1R B AL R E
Kuos WHLILIR B R M B ML A, K™ A
K™ oyl s & ftine B FIREEREG  EF #on
PRALJE A EE R RS s B Ron il AE IR E 1
EM . EM® 4l vk T BRAT LR .

3) "R . N BRI M, (HE T
VEHIE AN TT p iy, AT AR 62 07 4 W] S AT I (8] 5
Bl & BRI AT T 4638 AT RO TR), AR 2 g F Pl
B PR BEBIAL. RS, HisiTR
PEAT i 30(3) K :

o sy <0 <0 sy 0" =g, =™

s, =0, Vte[tht]

Tia st2H, (s -sT), reftt-1,tt—H,] )
r=r+1

G+,
sy 21, 0<, <tf —t; —H,
t=t}

A op' Ty B HUE REFE
2 % R O % | SRt

5 SR 7 S (4 ) o 5 T SR R B TR
i AR A oo AT S ) B4 e A, R
FAS [5) (2 s SR, 308 ok b 75 SR 47 i 1160 8 4% 24
SEH PRI, BRI R K. RS
TR R, WABITHRANER.
2.1 % HinRACRER R

A AT T SR B AT SEHUET R IR T AN B
BT, WA HBRASEN. B8,
SLEI T SR R R B A — AN R ) 2 H AR



642 FHE. RAENAR S5 TR0 HE 5 R

Vol.41 No.6

] /& (multi-objective optimization problem, MOP).
— ) MOP i n NMEEZSH. m > H AR HN k
MNATFA AR, Hirk#. ARFMHAELEZ
AR R, B L TP

min y = F(x) = (f,(x), f,(x),---, £,(x))

subject to e(x) = (e, (x),e,(x),-,e. (X)), xeQ

(4)

where  x={x,%,,"**, X, }

y={1. Y2, Y}

Z B e @ & B 2 A BARiiiAe, X
e HARIFA RMSIAAER), AT S TR
BEME AR AL T HETESRIRE, T HA
M EEEA AR R ERA A=Y, DA IR M U Hh
VRN 2 H A B IR BT 58 4 A B e A 1S
SRR WM. ERATE WSS
SR N2 RIS A, AN [R] 5 2RI AT B AN R
DAL H b R AN R, 75 SRk B2 22 H bR Ak 2 il
WG, ISR E B bR B, LA RS, R
Henlh B 2 HbnRAu . RATEAR S5 ®
SR S FR) e SR AN A7 A AR

PASCHR[241 59151, 32 STHR DA 4100 HEL 19 A7 7 i
NARETH P AR N E bR, REKZH
BRI Ak T 8 4y B PR AL AR ) R 7 AUk 473K
fift, EARE AR R BRI R & F .

1 Hirek#.

PR e sh v Hbr . HARR N

T n m
Fo=minY (P =X P+ P ) (5)
t=1 i=1 j=1

R T N RRISI B Py t A B F A
KA I, AL SRR, n A
TR R PN | AR I
g A BRI, Ao RARHE. il
W B EN M TR m g Rk TR
MR P N GO G €N B RE
BN, A5 IR 2 B B 2 7

DL R RE T P 4 AR B, 3K
H bR 2

F, = min i[ct D Pt _i(copi,t £-C)] (6)

i1

_ Gy r@+nk
24P, r(+r)L -1
Abe o ARRAMSER BNt j AN
AT FESS t NI B o, M ERE
s t AR | AN AT SRR St AN B B F
Ko Cp oA 3 H IR B LA FH I TRD 4T 1H 2 4
A Cy AR AN A 2 LT AT 25 B2 R
Ay PN A S IEAUE A r RoRHT
P L N AN oA 2 R A A
¥ :(5). (6)iiATIH— AL AbHE, 153
Fig, ®)
1max
X F oWl 2 AN EREACNZ BRI
HEREREG Flonos Foma TN R Fy IR,
HF a2 BARR ks 4« 4, 25N R F,
XF LA R AL, HLEUE DURIE 2 AN E bR ek £ R
USRS B 1
2) LR FKA.
oA 2 L PR Th R LA
Brin < B¢ <R ©)
Ry-At<P,—P . <R,-At (10)
HF: Poins Poa 27905 T /N9 20 FL YR H
D/ MEME KB Ry Ry 200l E i ANy
i W =< T S (75 <
T HE I R Gt 5 T FE A i T 2R 20 5y

(7)

min F=4,

F

2max

0<P, <Py (11)
0< PB,t < I:)Bmax (12)

e Py AFIEC LB LR KA TIZD 3 Py,
PRLNIVEENENALR - SN SR B B

B KN
t <t (13)
t. <t (14)

]
SCHR[25-26135 2% A HE SCIC HE P 8 4% %10
(NSGA-11)* Pareto S IC fif £ 1EAT SR M AE B )
Pareto 4R , 10 I BOM R J& P vk aod i e B A A0 A
WA 20 R SCHRTE 7 R AFF 906 5 LA AR A6 B bR AS
[F]: SCHR[25]CAEHL A &) L R T i S A K



F41% Fol

F P 3 F s v BAR RIS, sert iz
AT SR AT LA S R RV 4, B v XU A 77 R
LT R SCHER[2614 X X 5 L 3097 4 i [F) 3
FEH 2 HARUAL B i AT i 7T, DA ARr 7 2 A0 42
F AT N Bbr, IR R 0 B R
THAREL . SCHER[271R #7890 4T 2 H ARl oy itk
1k (parallel multi-objective differential evolution,
PMODE) 5126 LA R Guig AT BiAR 5 JeHE s e /s
12 B bR I 35— i 1 22 B bR AR Ak T AR Y
AT R, WA S I RRSCHE AN B T KOG TH 44
K, FFiEit 5 NSGA-II F1% M MODE L%t L,
BSiE T PMODE B3k (kv m i A 2 A
SRV TR VAR B A 5 R ) F i o

R TR R 2 H bR AR AL A5 ) 07 VR AR A5 1
%, [FES, 6T BRI KRE, B R SR
A B 77340, i HAh J7i%:, e g s
e NTRBEHEE. MEME LS. TERBEAN
7] 1) 22 H bR AR Ak o) A, dn ey gk i 3@ PRI A AL
AT A0 A 5 R 38 2 A A T AR = BRI FE A
B, FF BN T AASE Y 25 ) DA R 75 SR e B R5 SR vF
W23 BT B TE AR BE 5 T 4TS A 4 v 2 1)

2.2 Sy

FEXT B Anr B 2 5 75 SR e B2 428 | (R I 98 R, 3
gy SCHRkEI N T fims 58 4 7 (load aggregator, LA)
(IRE &, S PO 75 SR i I3 96 4 5 #3347 2 2 12O
1) 77 AR AT Y DL S SRRE A 9T, 53 J= 45 K T
Kl 3 fros.

FEIETH D REAN R, AR EI 2R 40 3
e TR(RGHER) MG, hEEE
B R ) A R AR RE (TR &%
HlE) N i, R AT A E A, R
FE, NakA e B R MRS H AR, i S
ANE], =R SRS A AL N TS 2 5
S LA R O 5 A e SR TR 2 TR BT A
Hil SN N E e IR A o S e B AT R . b
2 BAEEAFPRAEN, BEN. 2 Tkl
a7 NEBIR G RRAE], (BRI $5H] 5
W SR AR A & 4 P

SCHR[29-31] 34 f =% 1l 47 A i HI X2 i A
R, SCHR[29T%F & A3 2 1 A7 A >R FH BA A7 fr 564 7

S N 643
EAMERD | Hh U s | .
T &ﬁ@ml T AR IR Pk
_______ S
- R |
~BHE
L L
=

B3 REHWHE

Fig. 3 Hierarchical structure

v
5T ZHR R e |

| OBRISEE, WFEAR)

"

i ininieiey | I E15 T P T

| BN ZEL, R JE R R

! RfEE. AATER. | e
R B | |

| D | ||t

B mmmE ]| | ¢ : |

7 5% | E

i | w[ wEkweE |

[Eii] Pt} SR B, SREAE

s e ! }/k (ARSI, SREAR) |

: [ I

|

: : |

|

|

|

[ B3 LR R | |

B 4 oy 2S5 M R SRS SR AR AR 1
Fig. 4 Flow chart of hierarchical control strategy
solution

NI HRZ R R R, EJRAE R DU 7 2 =]
117 U B A o /ME D B AR, RIS R AR AT
JE BRI 25 I B p) 22 8 G g AR A, etk il
FETHRI R AR AR e e HL O Vi L A 0
A7 RO A SR, R A S B i 2 R e 0 S R
FETHRIORFF — BOF B KA A28 . (HZ R i
[ E SIS, R AR A i s ) 7 2L R S
bR 2 5. STHR[B0TE i 2 75 T 57 Ay o [
M5 B — S aT R N, FEMH S5 /K
87 7 B PR IR AR AR, S 9 4 v e o O 4 0 1
PO RE AT IR RE S KA R R L AT i g, S
PRE T RAE R R . FEETHAEE, B
PR RE T S B T T SE g 5. SCHER[B1]AR
& G i R R B VR R A AT S AT 0 N 3
J8, XF 3 RAAT IR 2 5 7 R N1 T 2EAT BT
To FELZ M, WIS A
BEATAE B, #E %S 5H RN B E



644 FHE. RAENAR S5 TR0 HE 5 R

TRl TR, A IR A X
HEMESHZIT AR, Z5FRMEN, LI
WO IS AT, b T P BAS

SCHR[32-341K M T 3 E I ZE M 4 2R
Ao SCHR[32] 61X i K MR 2 i i 2 ), 3R
AT I A Bk Y 2 B RE AR B P [ 45
i ISV R 6 S NN VA a1 ol b
BEATREHE S T P BRI RIS A, R AHIE
RN A A7 s 2 5 7 SR WA B AT ST . SCRR[33]
IR T R BTSN 23 SR o X AL 3R
ARl e, Bl 1 4 ) A BT B b SR A
F B 0 75 SR N2 ] o SCHR[B4]E SR HE s BN %
rEER AR B, SINRILREEIRS T =
PRGNS, X AL BV TE U R AT SR 4% A
TR fiAE P BT AR TP A R T SR IR 78 FEL AR U

A STHR OB 73 RS 2 — R Sy (2 S FEBD
PR R AR, T P 30 22 AN ) 4 2 R AT 4%
G WS DL Fe b o SR, B AR vh s R
U A 2 R G, B TR AN A A
IR P P P AR A R, AT 25 P
AME AT A . P T 22 S A B [ 5 1
Py ARKRIBE T2 18] I ELAE R — b G4 9%
i, T S AR IR S K5 18 DL A 12 4T B
BUVE BIRIT T3 AT R R o
2.3 ZoHA) B SR

A B AT % A 5 SR 82 e, 22 6 ) RUBE VR
ENIEHRIE S 5 RE N P17 (FHLLL
JRCERLI DA S RT3 A ) s T RO Rl 2 20 “ H
A~ HAS SEmt”e &5 9 SR 22 it a) U I
FERMHELE R . 18] 5 Ao AT i s iR 45 2 5 F R
Wi 7 75 BT K0 AT TRLAS Rl 20 AL B C 26
iy BEAT 42 il o

A et SRET— KRG KA AT, WS
5 H AT TR

B Jfiufr: $LHT 30~60 min K1 P ¥ 4
NZ5 “Hir. HR” HWEHR.

C 5 A : $EAT 5~15 min 5 K1 7 5L AE SE
A 0 82 PR 7y, W I R s, HRT S H A
SKI IR 200

AR SCHR R 73 B 7 1 A X ), SCER[18]4%

Vol.41 No.6
JRHLI) LA
mp || s ||
mey | | GBR | e
NN e
1h
_)| |<_ ,— — =
SR O O
. 24 hifiLE—IK L
1 1 1 >
00:00 06: 12:00 18:00 24:00
30 min
S A R B S
H [ [——FEtT 1 =
i 30min?ﬁ'JE ?QL'\ 1 1 >
14:00 00 16:00 17:00 18:00
~ 3| 5minje—
I I I
ST i | | | | I..-
WEREE 15 minifillE—IK ] ] 1

16:15 16:20 16:25 16:30 16:35 16:40 16:45

Wi R4 5 et

Rt 2 | 8
A B3 (05
fiifar St i

B 5 LR REREREHERRE
Fig. 5 Framework of multi time scale scheduling
strategy

Gfar I B AN R O 4 AN TR R (H R
24h. HW 1h. HA 15min F1SZE)3EAT 07050
FZ, AEFR7FIH 2 0 18] RUBE b s IR B T2 1
I3/ I L AN T 0T R S R SR RS2 s SCHR[35] ek
ST CHAT-SE T P Bk SRR, fE 2 A
I ) RUBE b B I A A0 RT 7 A BB AN 7 Ay 0 B U
IR AR ORI PO i, AN A &l 23 7 2. T
Ao AN [ i 1) ROBE -y SR VR AR LG &, AT BA 7R
O3 AR AT 4% S 1R I Y BE 70 (A [ I ) ROBE
FL I AT I SRR P AN R] - 2 5 e SR R 42 i I
CRIVERS T) ) S JEE L W) AR 2 N TR) AN []), AT
O fTT P AR REVR S WIS, B R AR

SCHR[36]H 25 i 1 AN Y 7 SRR N BE YR, DA
B MRS HAT—H A -SER 7 75 SR R 5
W& N AT JTE R, WU T AR T 3 s B B L R
(scenario-based stochastic programming, SSP)5 %t
FHL 2 23K ) BE HL A &I (chance-constrained
programming, CCP)H45A& MR s EHES, If
o5 Y 22 I IA) RUE A B SRR R 3l SR AR 1,
Kl 6 fros. SCHRIBTIR I fifir &4l i 77 XS
SRS 0 H AT H A RS B, AT A 20
DIV CR, BRIRRGRFENE, &It



F41% Fol

® OB OB AR 645

iR
< 7&
15 min & 34

=]

| k2 i U | || kL5 min 6

jun|
=R
N
| =k
i
=

(5 1 o S| [z 0wy | | e s 3 2 - |
| N

Bl 6 2 iE R B SRR IR B R AR B
Fig. 6 Flow chart of rolling solution for multi time
scale scheduling strategy

RGBATAETE. DL ESCERY S r i e % 1) DR
B 2 SRR, T A0 T S B i B (1) AN 5
SCHR[38-39] 3% 4 s B AR AL DR #EAT I AL,
L T30 9 0o T 2 SR B 2 18 381 AT 92 47 96 ()R T
SEPE, P2 A R DR BF 50 % e 45 5 N 41
SCHR[381H A& BUAURN Y DR 58 MHLA . K
FL SR 0 B R R AN TR R ROEE AT ARG
B BT T T R 2 SRR S £ SRR 25 TR
Jih %Y DR AL, B0 SR A I O, SR T
PRt ELBNIROR . SCHR[39)1 8 N T #6 88 Ffar T
SR8 A7 Aaf A1 RT 98B A 3 S RIS ARY AT 4
Fuat IR 22 B [R) ROBE AR, T4 fuaig o RIAL AR
AR LD ZRAE 3 AN ) R B tAL, fEfg sk
PLHIEIZY, $RE N, IR A Y 1
AR

22 I ) R D) ) R R 4, o 90— 19 0] %
VR EB, ] fE AT A S 7 R B R JE T
A G2 A I R, AT s R A, PR AT
A B R TII R 22 25 AR Gl R I S 2 s A LA AR
YA R AR U 2 5 7 SR LI H 139 7,
AN R R I B0 2 5 AN (R TB) RO BE R YT, AT
RAETTFAERRVR B, R E R A MATTTER
KUHL | Y3
2.4 R IEH FIE

e 5 2% 42 ] SR (1 4% 10 G R 5 E R R 4y
ARG, DA I B AR R L nT e DL R T
VA2 10 A R AR A S G AT R 23, a2 i
B % AR Ja g, DA — 52 VA B U 6 2350 4 67 Ao

FRY 3 W7 PR 2 AT P2, AT S B2 47 A7 PR P9 14
i sems R 7YIPR

i=1

).

[
W

|ﬁ%&ﬁ#ﬁﬁ%§m%ﬁﬁﬁ&«ﬂ&

LN
HENN

Bl 7 AR g s ] SR N AR A
Fig. 7 Response flow chart of priority control strategy
for home appliances

TSR 1) bR A 7 SR B R] 32
FORMATSE T, IR SRR Eh & e 4 K k2
r AT ], REW S E TR BT,
PONB R LR DA P, 9 e SR B 45 1 ) % R
s Sppp N 0-1 28, {HN 1 FoRikiEH, H
N0 LRI HL

SCHR[40]48 hZh AL e i &, LAEFIE R 4
BERAE R Wah SIS, vkl s 58, BLasif,
VI YD YAk PRREEVAL T I I S i UK R g
KW, %07 RSB R R IR A, AER
BAFENT P AT ISR AT IR Atk (AT
MEI OISR I Zh A e g, R KR X
MIfE A5, HA 5 & R M Es . SCRR[41]HR
EEE N B P NGRS N e
FPit4T DR 6, 12 M8 70 i i BOs 20 i s 5 B
BEAT RO AL B, SR RS XTI AR
AT e 7% A7 A #4 R T) SRAG HEAT BRI AL, SRR %
VA R - %0 i O O IRV Uit S S E
Do ot AR R ik BEAT M 3R, 19 IR R DR
BAERUWAERE, X t4T DR 4. JFH DR
IS [T 4R 1T 2E4T DR Fiz ], DL Mz 7 2ok
Ui/ FH P (10 B R B Y S LR R 2 g8 WL I B i o 125
Fit e 7NE DR ARSI, RIESXH



646 FHE. RAENAR S5 TR0 HE 5 R

Vol.41 No.6

FEREBR TAE(AT DR il SRmg ) J5 114 HAt
FHL, FFRFM K B S b TAE A fir . SCHR[42]
SESCT YRR S, S BLR BAE H hR
i, TR BOT A K A —4EL e S, e
BUNIERESRIA, DL SR A ISR N 2 P R 44
THRIBRAT F R T 3 25050 2 e T 3 L ) R B ARV
FIE oL . BLE 3 R SCHRET X Rt Fe 3 b R
FEH A oK as LK BT SE, SCHR[43197 K
WEFEVE L, R R SR A S e s L% rE 240
FozEtilrh, IR B R R A T
WA R I RS AR, A RRI T T AR S R 2
ENE.

BUAT R P E 2P 42 ] SR R AT 75 SR L ) 3C
WA, 2 DL A T S, W R SR I AL
SEIE R I SR R SR 2RI REAT R T, SEEL 6
fif 2RI AL, EFHFAATIRAD . H H Aot
FENERIE— P X BERIREF, Ty RHE e
M, Btxt2 R AT o, A IRK
WEse (A

EASCHERAN 2 H AR LA I I SRS . 0 J= 45
P SR < 22 I ] RURE 25 ) SR AR S 2 42 1) 3
W 4 AR, B R R G S i SR R A i
R ) SRS BEAT B IR, S5 A0 T A nt ot 7L
W e WrIE R A HR s A R 2 AL, Ik 3
P . i E MRS, SCHR TS24 SR T
PRI SR, AL AR AR AR, TR AR
ML

3 4

1) X R G IR AT A B ], 7T BLSEEL AR
fif A ISR LS, e i s 7, RO P
LA, M LUR R ARG REEIE AR ST B
XEANTE B H b, R RFH AS () £ 42 i SR 6 T 425 6
i BEAT P o A AT IR A R 1 7 SRR
FE AR R IR TTH N2 53 B B 418 42 1) SRS 2 75 LA S8
BRAOOME, A& AT A B A .

2) H A IR 70 xR iy B B A
BEAT SRR, DO IR S R O A, T e
DA B T BN AT I B R AT AR R —
A HIRTTETT 1A . I BB W T 042 8] 2% A kAT

3 oK M L SR L

Tab.3 Comparison of demand response control

strategies
eS| FEH R 5 AR Z Ak
o Pt BFRIIHG, HXIAFEBMR T EAEEER,
% Histhtt o ) .
. HAF, @SLAE FRAR, Hizik%,
A A R e A L G T EH MR
TR RA RGN,
g=Et ] SR B UCGEM, TSI 2 UURARIE N
2 1 SR Pon A= MR e e H b, e 6 ik
) 77 THI B 78 R Bk
B RAAZYR T % T 45 f A
o WORmRIRTE S, AERE T S TR EE S
Z ) R ) ‘ N ‘
- A SRR 2 I ) RORE ARSI, 20 1B /0N 47 7 T
TR X JRUHEL RO AF 75 1% 22 ) 1 4 il
B, S G, EE gk
X 2 b G A [ I 3R AT WEFCIE /D,

ok 4 ] R g , . . T,
el fEHIN SRR RBBASHRTR

T E R AR, fn ey S B8 G A Y 2 E S
AT IBENLYE , (E0T T s AT & SEbr, 38
it — DB .

3) fifiE B RE R HL I S A i MO R R
FEL FR) 7 SR P LA P B A =

S 3k

[1] EXREKRESEE, BXRER. EKRET=0
MARIR]. dbxt: EX#BEER, 2016.
National Development and Reform Commission ,
The thirteenth

five-year plan of energy development[R] . Beijing :

National Energy Administration .
National Energy Administration 2016.

[2] HxgitR. hESFEFEE 2009[M]. JLig: hES
T AL, 2019 128.
National Bureau of Statistics .
yearbook 2019[M] .
Publishing House, 2019:128.

[3] EZxHfedE. 2019 F4E B A LIS HEER]. b
e EXAREHR, 2019.
National Energy Administration. National power

China statistical

Beijing : China Statistical

industry statistics 2019[R]. Beijing: National Energy
Administration, 2019.

[4]1 #&RTE, FE#E, A, %, ZER MM
K AR SN AR ], KEEAR, 2019, 40(2):
107-114.

YANG D S, WANG D H, ZHOU B W, et al. Key



F41% Fol

® OB OB AR 647

technologies and application prospects of ubiquitous
power internet of things[J] . Power Generation
Technology, 2019, 40(2): 107-114.

[5] Wokd, ®BE, EAM, %, &HOEGERET

IKIROE T AN RE S 73 W I ERT L[] I S S v RE A
2020, 36(1): 55-63.
QlY Z, HUANG Y H, WANG W S, etal. Astudy on
hydro-wind-solar consumption analysis method for
high proportion of clean energy[J]. Power System and
Clean Energy, 2020, 36(1): 55-63.

[6] Mk, K, RSB FHEIRTIAE R

JXCEEL Y G BE AL [9]. HR R0 55 3 R VR 2019, 35(4):
55-59.
SHIT, LICL, ZHUH M. Stochastic dispatching of
wind power accommodation considering uncertainty of
power prediction[J]. Power System and Clean Energy,
2019, 35(4): 55-59.

[71 8, EHIL, E@Y¥, 5. Bl &R
WA EER ] W RS H 301k, 2008, 32(3): 97-106.
ZHANG Q, WANG X F, WANG J X, etal. Survey of
demand response research in deregulated electricity
markets[J]. Automation of Electric Power Systems,
2008, 32(3): 97-106.

[8] #h%%, Ek, VIS, . FETHIIHARESH R HOK
A5 ST R I 4% SRS [J]. ILAXHR T, 2019, 36(5): 68-75.
SUNY, WANG X, XUP, etal. Control strategy of
water  heater group based on pre-switching
state[J]. Modern Electric Power, 2019, 36(5): 68-75.

[O] kMR, JHMS, XS, SE. SpmfHOT I B E

Fufar AR R (0 H AT 2 50 R EE 9], B ), 2019,
36(4): 31-37.
QIANJH, YINP, DENG X H, etal. The day-ahead
economic dispatch considering time-of-use pricing
incentives for load aggregators[J]. Modern Electric
Power, 2019, 36(4): 31-37.

[10] [ ™ Be AT S B PR A /. b fe i R TR 2
2018[M]. dbmi: REH7H R, 2018.

State Grid Energy Research Institute Co., LTD. China's
energy and power development outlook
2018[M]. Beijing: China Electric Power Press, 2018.

[11] XU F, LAl L L. Novel active time based demand
response  for industrial consumers in  smart
grid[J]. IEEE Transactions on Industrial Informatics,
2015, 11(6): 1564-1573.

[12] BRI 2. 2 7 g P I I S it SR A 7 [3]. R LB
A, 2019, 40(2): 99-106.

CHEN Q Y. Research on implementation strategy of

ubiquitous power internet of things[J] . Power
Generation Technology, 2019, 40(2): 99-106.

[131 BH/NFE, 247, SR F i R AR A 0], B &R
SRP 5 ], 2014, 42(12): 51-56.

YANG X D, LIY. Research on household electricity
response mode[J] . Power System Protection and
Control, 2014, 42(12): 51-56.

[14] i, AW, BAREEN, 4. ZpmEM FETHEAS
BT R R - R R [J]. IR 77, 2019,
36(6): 68-74.

LUQ, YUH, ZHAO KL, etal. Demand response of
household users based on game between power supply
and consumption side under time-of-use
price[J]. Modern Electric Power, 2019, 36(6): 68-74.

[15] NUNNA H S, KUMAR V S, Doolla S. Demand
response in smart distribution system with multiple
microgrids[J]. IEEE Transactions on Smart Grid, 2012,
3(4): 1641-1649.

[16] YANG P, TANG G, NEHORAI A. Optimal time-of-use
electricity pricing using game theory[C]/IEEE
International Conference on Acoustics, Speech &
Signal Processing. IEEE, 2012.

[17] FINN P.
electricity consumption :

Demand side management of industrial

promoting the wuse of
renewable energy through real-time pricing[J]. Applied
Energy, 2014, 113(6): 11-21.

[18] M, xIg¥, DedtfE, 5. 2w R vl
A AT T Bl U AR 5 SR (3] oh AL
FE2E4R, 2014, 34(22): 3664-3673.

YANG S C, LIUJT, YAOJ G, etal. Model and
strategy for multi-time scale coordinated flexible load
interactive scheduling[J]. Proceedings of the CSEE,
2014, 34(22): 3664-3673.

[19] KONDOH J, LU N, HAMMERSTROM D J. An
evaluation of the water heater load potential for
providing regulation service[J]. IEEE Transactions on
Power Systems, 2011, 26(3): 1309-1316.

[20] RUZRHE, ZEFbK, #75, S5, BB AT g

4 X 254 B U %%Em%%ﬁﬁm PN
2019, 40(10): 2842-2850.
LIURH, LIZL, YANG X, etal. Optimal dispatch
of community integrated energy system considering
user-side flexible load[J] . Acta Energiae Solaris
Sinica, 2019, 40(10): 2842-2850.

[21] SHAFIE K M, HEYDARIAN F E, OSORIO G J, et
al. Optimal behavior of electric vehicle parking lots as
demand response aggregation agents[J] . IEEE



648 FHE. RAENAR S5 TR0 HE 5 R

Vol.41 No.6

Transactions on Smart Grid, 2016, 7(6): 2654-2666.
[22] WATSON J D, WATSON N R, LESTASI. Optimized
dispatch of energy storage systems in unbalanced
distribution networks[J] . IEEE Transactions on
Sustainable Energy, 2017, 9(2): 639-650.

[23] MR, FEIAL. 2 AU TNE SRR M. K
H: HMEE AL, 1992 125-128.

LIN C Y, DONG J L. Methods and theories of
multi-objective optimization[M] . Changchun: Jilin
Education Press, 1992: 125-128.

[24] BUKE, #kbr, mE, 5. 8 ek oy 51 I

AR A R i [9]. LA S RERCE BEEOR,
2016(10): 31-36.
YAN Q G, YANGY B, GAOH, etal. Modeling and
simulation analysis for intelligent building adjustable
resources optimization control[J]. Diangi Yu Nengxiao
Guanli Jishu, 2016(10): 31-36.

[25] flJe Ay, B4, KA. TR TRE AR R R 44 1

IKERTH AR L B RIg T[], B RG
Ry 54, 2019, 47(23): 180-187.
HE H Y, GUO J X, WANG Y L. Research on
multi-objective optimization strategy for ice storage air
conditioning system for distribution network wind
power consumption[J]. Power System Protection and
Control, 2019, 47(23): 180-187.

[26] ek sA, WAREE, EARE. R R R K-

A A 2 H AR [I]. s A S e ik
#%, 2016, 36(7): 22-27.
HOU J C, HU Q F, TAN Z F. Multi-objective
optimization model of collaborative WP-EV dispatch
considering demand response[J] . Electric Power
Automation Equipment, 2016, 36(7): 22-27.

7] &%, xi%, KWE, . & or T KM
IE NI4T 2 BRI D], O RGERPS
¥4, 2019, 47(5): 60-68.

PENG C H, LIU B, ZUO C X, et al. Parallel
multi-objective optimal dispatch of island micro-grid
considering load classified demand response[J]. Power
System Protection and Control, 2019, 47(5): 60-68.

[28] XU Z, CALLAWAY D S, HU Z, et al. Hierarchical
coordination of heterogeneous flexible loads[J]. IEEE
Transactions on Power Systems, 2016, 31(6):
4206-4216.

[29] =G, ZfEE, ZE¥). HET DLC 1975 fufif BUZ
PR B AN 1 SR [J]. b [ AL AR 224k, 2014,
34(10): 1546-1555.

GAO CW,LIQY,LIY.Bi-level optimal dispatch and

control strategy for air-conditioning load based on
direct load control[J]. Proceedings of the CSEE, 2014,
34(10): 1546-1555.

[30] EAF, 22595, BURAN, &F. T SRR R ARG

Ry e e R B R R SRR, I RS E
ik, 2018, 42(22): 118-126.
WANG D, LAN Y, JIA H J, et al. Double-layer
optimization strategy of cluster central air-conditioner
demand response based on elastic temperature
adjustable margin[J]. Automation of Electric Power
Systems, 2018, 42(22): 118-126.

[31] xImetg, &R HE, But, %, ETESEHERE

R 2 MEBAID]. B RS AL, 2017,
41(14): 54-60.
LIUXF, GAOBT, LUOJ, etal. Non-cooperative
game based hierarchical dispatch model of residential
loads[J]. Automation of Electric Power Systems, 2017,
41(14): 54-60.

[32] EFE4E, Wmeds, Wifidn, 5. 2 EEH2EH T X
PR =23 A7 A 2 5 U 0 23 K P R 9 ) SR
[]. E BN TR, 2019, 39(12): 3514-3528.
WANG BB, HUXQ, GUWY, etal. Hierarchical
control architecture and decentralized cooperative
control strategy for large scale air conditioning load
participating in peak load regulation[J]. Proceedings of
the CSEE, 2019, 39(12): 3514-3528.

[33] #hai, VrJrlE, JEME, . BT KR R
TR AR T 70 v A ey A T S R R SR [J]. R
oA, 2016, 40(9): 2638-2645.

SUNQ, XUFY, TANGJ, etal. Study on modeling
of aggregated charging load of electric vehicles and
control strategy by adjusting capacity boundaries based
on demand response[J]. Power System Technology,
2016, 40(9): 2638-2645.

[34] £FF, #h&%, WM, %. HTHRMEEREH
T B L BN 2 7R SR R R HORC HE R B 2 ] H
J1E Y%, 2018, 39(5): 86-94.

WANG D, SUND D, HUQE, etal. Demand response
of electric vehicles based on optimal energy status
regulation and its impact on distribution network
[J]. Electric Power Construction, 2018, 39(5): 86-94.

[35] MUNOZ E G, ALCARAZ G G, CABRERA N G. Two-
phase short-term scheduling approach with intermittent
renewable energy resources and demand response
[J]. IEEE Latin America Transactions, 2015, 13(1):
181-187.

[36] BFIK, EREE, £, %. ZERIEXNEEN
It B 22 i T) FRUPBE 5 s 2 9% 95 n R AL A 0 iR 3l 1
FERERL[]. o AL TR A4, 2016, 36(17):



EAaFE Foeilf

® OB OB AR 649

4589-4600.

BAOY Q, WANG B B, LIY, etal. Rolling dispatch
model considering wind penetration and multi-scale
demand response resources[J]. Proceedings of the
CSEE, 2016, 36(17): 4589-4600.

[371 BimiJe, Kigom, ERA, & FUEAHEEHZ
5 R G0 2 0 8] R O R A 8 B2 SR g 0], 4
bR ZF (B AR AR), 2019, 46(6): 17-26.
JIAYL, MIZQ, WANG JJ, etal. Mutli-time scale
collaborative optimal scheduling strategy with flexible
load aggregator participating in power system[J].
Journal  of  North  China  Electric  Power
University(Nature Science), 2019, 46(6): 17-26.

[381 #hF 7, A&, TG, 5. HER KN A E

PR 2 I 8] ROBE R EL Bk S TT 15 [0]. I RS H
ik, 2018, 42(2): 106-113.
SUNY J, WANG Y, WANG B B, et al. Multi-time scale
decision method for source-load interaction considering
demand response uncertainty[J]. Automation of Electric
Power Systems, 2018, 42(2): 106-113.

[39] A &M, RIE, Exte, 5. H AT G R A

T 1 1) 2 I B ROBE W R R BE AL ], R RS H
hik, 2019, 43(22): 21-32.
ZHAO D M, SONG Y, WANG Y L, etal. Coordinated
scheduling model with multiple time scales considering
response uncertainty of flexible load[J]. Automation of
Electric Power Systems, 2019, 43(22): 21-32.

[40] %725, &4%tet, T, . AT K R

REx S HEH T RI]. ARG AL, 2014,
38(9): 93-99.
TANG Y, LU ZZ, NINGJ, etal. Management and
control scheme for intelligent home appliances based
on electricity demand response[J]. Automation of
Electric Power Systems, 2014, 38(9): 93-99.

[41] fF 5T, Mo, PEH, 5. BT o0 i 6
FHEEEH T RI]. BMEAR, 2015, 39(3): 717-723.
FU W, JING Z H, LUO Z Y, etal. A time-of-use
pricing based control scheme for intelligent household
appliances[J]. Power System Technology, 2015, 39(3):
717-723.

[42] M3, BARIF, FHREE. FHREH AT A E RN
BRER I H NS [0]. B ARG/ 5], 2018,
46(17): 109-117.

SUNY, PEIJY, JING D S. Smart home appliance
behavior

control  strategy

uncertainty[J]. Power System Protection and Control,

considering  user

2018, 46(17): 109-117.

[43] {0, MF5WE. 210 IR o 5K B ] 45 47
ot i AL B BB S AT ) IR AL[D]. R AR, 2020,
41(1): 94-102.

HE Q C, YANG X Y. Research on methods for
converting controllable loads of household appliances
into intelligent loads in the ubiquitous power internet
of things[J]. Power Generation Technology, 2020,
41(1): 94-102.

R HHE: 2020-04-01.
(=

FHE(1996), %, WA, BT
R Ay TREHTRE YR K B, 1049698158
@qg.com;

W75 1%(1962), &, #HA%, TENF
BORTREIR I B R G b 5 LK DT TH
BT AR, ASCEEEE, yangxy0912@
) 163.com;

BRI 1975), B, mid, =g ILRE
i, FEB R ITIRAR RGN EE)
1k, 435618905@qg.com;

hEFF(1984), 5, flt, RIFTTA,
R T, NG A
REAL L R G R 421 20t 5 38 A7 AR
W5, sigi.bu@polyu.edu.hk;

B 1977), L, L, WA,
BIF 8 75 191 DR He, 77 H 458 % HC A HL 7 ) B T
FRIH, zhg.xu@soton.ac.uko

(RIEHE F34)



