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Research on power consumption optimization based on interactive

real-time price mechanism

TANG Bo', LIN Jingtao', YANG Peng', YU Guangzheng',ZHONG Yujun', LU Dandan’

(1.College of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China;2.Zhoushan Power Supply Company,

State Grid Zhejiang Electric Power Co., Ltd.,Zhoushan 316000, China)

Abstract: To meet the requirements of accommodating new energy sources and balancing power supply and demand, a
new type of power system dominated by new energy sources needs to maximize the load-side regulation capability. To
address the problem of insufficient exploitation of load-side regulation capability, this study proposes an electricity load
optimization method based on an interactive real-time electricity price mechanism. Firstly, a generalized benchmark new
energy output curve is established based on the total new energy within a regional power grid. Secondly, a source-load
similarity calculation method based on improved time series morphological similarity is proposed to calculate the
similarity between electricity load and the generalized new energy benchmark curve, and a model for the correlation
between load and electricity price is constructed. Then, an interactive real-time electricity price mechanism based on
source-load similarity is proposed to guide user participation in response. Finally, a multi-objective optimization model
is constructed for load optimization. Simulation results show that the proposed interactive real-time electricity price
mechanism achieves better load optimization results, effectively increases user participation in demand-side response,
and accurately measures the similarity between new energy and load curves. This approach stabilizes the net load power

and promotes the high-quality integration of new energy.
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Figure 1 Research framework for electricity optimization

based on interactive real-time price mechanism
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Figure 2 Similarity of source load curve

TG A AR BLEE e 1 o P R R T — A BT Y
H A5, B A8 SR G il £ 5 587 i R il 26 19 45 % A
L, EAEE S KEH NS5 R S
B, DT S B 2 A 4R T RAOCR S
32 XEAXLABEMER

e B far A Ak T, 28 2 S B A BE 98 AR 1
PP HL AT O A8 A ) G H A S AR i R U AT A
BL R 48 A5 5 S B R 45 A, L T BRI far AH 4R
[ = e N o i N 7 D R X =T e
5 28 B AR AR BE ZK P, RE L B RO, H AN Y
AL 2, ORAIE T2 1 M [R] A BE BT B U 0 A
LGEELE

BT e M S Nl e ) R S M )
i, e AR 7 U0 A6 AT IS Y 78 Ak R R ) I HL AN,
M K et AR AL JE P B A R R B 2 AR AL T
Y| B B Bl it s BR AT A, B H A 3k #
BT X7 1 - 13

EW%%ﬁfﬁEﬁU**%%%%Tﬁ%ﬂ
FH P AE A5 55K I e 2 T AL, R R A I RS
Mo HEOR TR SO O OE P B A H R oK
B2, HL A T TR O, P T A2 0 A A N T
I B RN A B, P R e ) E R SR DT B
I A 5 5 2 00 B, AN SRl P el B L AT
R, B B AR N B P — RS TR R A
SR A FH AT Ry o 33X o DAk R 2 o ) — A 4
BOE s Baw, 515 P A ROH A B Re IR, 2 i it 7
JE 77 [A) B ok AR A i g m P 2
55 2R e 7 B I (R RT AR AR P SCEE BT AL ) R A8
Xif 5 SR & A5 T A BE 1 B a8 P B R L A B
ANy

P.(1)= Piyu(2)— AP, (1) (21)

AP, (1)=

L,(t)— L, (¢ AX
_( ) l( ). Pinilla](t)
I‘ max ( t ) A‘)(vmé‘t)(

PHU)LWD°

(22)
2D 22) i, P, () I RAL G B 5 Proa (2) 90
G AP, (2) 9 H P AR 48 1T 0 48 b K45 1 HL A 9%
Jily s Ly () R0 4 G far D5 L, () A Wi g S B4 7 s 2
B Lo () 2 B0 M7 BRIR B KAH 3 AX o 4 BRI AR DL JEE
e KA

4 ETXEXXLHEBEMNAIABRMLL
=E

Bl 2 AE R AF RS BRI R N T L
FBC A8 9 B H 28 AT DLIC s L AR A /N Bt 1 R R
AR S B TG A& TR B XA PO A
RAZ 5B hmigiaE., w7 N e @ HE %
e AT F AR 5G - G AR 2 0 /R X, 52
T H SR SIS S R OB 58l AR
SC T B HL A B SR A I S S A

FE AR R A O 22 B S S A B R A Ak
BT I SR I NSGA- T 5812 5K fife .

41 BHREH

B AU (4 P Ak B bR A0 45 28 5% vk B AR AL L H
B FER A R rp, USR] BB A9 H AR 8 2 H
O L SR, I DR R A W R U R
BAS 5 0 5 R A AR S B0 R 25 R KAR T . H
b eRECH

ISP, () Lo(1)

Fo—— F(1—a)(1—C)
zpinmm(f)'la(l‘)
(23)
K F o 285 PR RN 3 B 5 80RN 5 0 AL IR
B 0.5,

4.2 HREH

1) ] Y g o mT IR B far iz
TEL) RN LN .
Poin, i << P i (1)< Py (24)
ﬁ*fmmmmﬁ%ﬁﬂﬁ%ﬁﬁwﬁﬁﬁLﬁﬁ
BT R ME/N) 5,

2) AR Mgy o WA B K
FTRT B

RV E IR

RE#E M- B iz



110 L - - T - - 20244 1 H
/113,/,41:07 |tia|>dg. 1$§ﬁ&§&ﬁﬁn%%1%ﬂ:\‘c
Aina= 0, [t —al|<d, (25) K1 Ay ERAEK
& Table 1 Load classification and parameters
HAhHrjfl,quj*l: 1 , .
j=1 51 25 BRE YR/ %ﬁfﬂli/
P,{,v,_‘,:P;‘,v[,|l_(l|>61/Z (26) kW o
K (25) . (26) 17, A, R A 54 7S B0 1) £ TE o I 21 1Y R &g 2:50 400
BITIRAE 1 RIBIT,0 AARIBAT Py W HE AT 58 11 VB 0.15 180
faf e D 2 B5) 20 55 B8 1) a BF 20 W TR s R s A7 T AER AT UEAKHL 0.90 200
3) Al FE R g o AT RS B far T DR IE S RS Y Lkl 1.50 160
2 Al B 220 0 T 3 DA R oK B RS ) R ) 0 ) R AR MRS Hokes 2.50 240
Fr—3. KA 0.20 200
24 e e e )
Plran,k([): ZPIran,k,r(Z,) (27) [E]KEIJ\'W }:TE 0.03 800
/=1 [EER N 0.30 280

T, P (1) R BT 5658 67 A o AE ¢ I 220 (4 W) 1 2
R P () R HETTHG RS G747 R N ¢ B 2007 B 28 HLAth
it %1 £ T
4) BIRAR B P RN T T AR
GEHLA LA KR Re IR HLZH 19 g A
L(t)<<Px(t)+ Py(2) (28)
K, Py(o) Bl Po(2) 43 30 2 # fig I8 A A% 52 B4
.
5) ffar P45
Loy (£)<XL(2)<< L, (2) (29)
Lo () Lo ()53 50 Ry 2 B Bt far b R RR .
6) Y5 At AFAL EE 45 b5 24 7
AX i < AX<AX,, (30)
K AX o AX L 23 590 A U5 AT il 22 A 0L R S Ak =
b R BRAE . AN [R] A fag 2T R 4 A LR AR b i
BRI, FBR R OB, Rk a1 5 S AE .
7) AL FH AR 2B St SR e S Y ]
JEAAE FH H A IO 12 /0N T AR T A B T FE AR

STP(Lo(6) D) Pas(6)-L(1)
=1 - </71 o (31)
DL (1) DIL(t)
5 HEISHH

51 EHIEN

SR A5 SR H 2 10 M R 2% R SC 43 A Bl P v B
A7 AL A7 far REPE 9 200 P8 BE K E F P B S B R
B L K H M R8s L R e IR ) B 2 % SCER
[24], R4S R P 25 85— 30, W] B AR 48 SC
Bk [ 25-26 18 72 1 67 4 44 L2 Ha, & 0 A7 (B] B, L 0 2

52 HAHBEMELERIH
5.2.1 P R AR SR AT

R T B UE T A TS A ML A R T T
3G EIATRAE - R VP A S 5, N ELG
FEIRZS s B0 2 0 ok S A A 40 4% I8 Bl SR A Ak A i
TR 33 5 30 FH A8 B X S L A D ik EA T A

1) ASTR] H AR AL O F 3850 R 4347

25 by s B A T 2R B G I 3 s o ]
HL S 1 S 2, 3 Pl o R AR A
BF B FH SR M, P AR B SRR AL, S
L, 5% 2 M AR AR T 26.34 %6, 55 3 1R LA [
ik T 38.01% o PRIL, GEBA T AR SCHR S 14 58 1 2 S st
FL A1 AL 1) A AR P A T PR AR 38 E T 3% R A BIL A
() 28 551 o

LT W eI e R A R (RS T T I 51
T V5 A R BLBE AKOT-H R R R AR L S R A R 25 K
FEHHH P, sOE R 22N FEEHH P
Ul /0 Y R B PP A AR F A, T P e 2
PEFE -4 i 7 AT 35 A5 5 A 1 el A 3 33X R 1)
AL T S5m0 R B S AR

EWEE T, 5SS 1ML, SR 2B KT
21.56% , 3 5 3FEAK 27.46 % . AT LLFA H AR SC T 42
(14 28 B 2 S B E AL A L b Oy 26 7R R i R
TR R R 2 B TR B R TR R B A TR

] B AT DA P R T 2 AR 4 0
A — S T R o SR A A T
A 2ABATT A AT A AR Z2 0y i 2 30 . Pk, i
I AT H A R I ALE o fE, BT LLER X AS [/ A
R A T



55 39 F 4 1 W WA T A A S A LR A R LA BIE S 111

s
I
=

il
it

Ex

B faf /kW
go —_— N W Bk LN 0O
=
LA/ (ZE4 « (kW o h) ™)

i e | [

0
:00 04:00 08:00 12:00 16:00 20:00 24:00
e
(a) 555 1 S0 3 3 SR o A

B faf /kW
SO — N WA UL OO

O 2 f fip ] S £% 67 iy
] e B 1 fof ] RS G
—— WA

=
/(5 - (kW -h)h)

| W I
[ | II !I

I 0
:00 04:00 08:00 12:00 16:00 20:00 24:00
I %)
(b) 35 2 fmf By 48 T S H

0

10 25
of T fify —mmmn] -5 6 fi -
gl TOIIELRS GG w0
7 ——3¢ HA A .
; 3
Z 6 15 =
= 3 :
: 4 10 R
53 X
2 —_ 5 &
s i 2
00:00 04:00 08:00 12: 00 16:00 20: 00 24:00
i 21
() 35 3 B fi Uy 38 B 52 . =S vl
B3 &HFaahER 84
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Figure 5 Comparison of source load curves of each case
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Figure 6 Difference between supply and demand curves
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Table 2 Optimization indicators of each case
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Figure 7 Electricity curves
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Figure 8 Comparison of source load curves of each case
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Figure 9 Power supply of superior power grid in each case
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Table 3 Optimization indicators of each case

5k Wi B gepett IRETAIRLE TS
1 1.000 0 1.000 0 4.78 0.4216
2 0.898 1 1.072 4 3.34 0.294 6
3 0.854 8 1.1427 2.96 0.254 3
4 0.764 9 1.3185 1.87 0.186 9
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