 gmsrmEmam
2024 2 A

o = B,

ELECTRIC POWER

Vol. 57, No. 2
Feb. 2024

ET 24 MR MR TR NS
AT 5 1 52 e 113

B, R, KR, XUR A, IREA, X2, TRRRY, HE

(LERX®BMNARAF, X
P, e

100031; 2. & M g R X A RAF, bx
100052; 4. #E & AR FAH K A RAF, LA
BERRAES, RiE

102209; 3.5 K i WA R4 7l K 204
100192; 5. 5 5 17 4 A
300309)

B ' RT3 A RSB XSAT A E PR e i 2, 05 2 4R AR S R BOT A 2 i A
A X 25 M XA AT oMb WA A I BT R AR, O A WA A B R TSRO 22 R A% 5 AR B B E o AT 2 4R
A% B R BOE VPG A M XA AT R B i SR TR A B i | 40N G WA A 25 R = AR v ) L R AR AR X
B oy e W I B AN | AR AR I B A BOR R AR HE AN LE S AR AR R AR B B o AR 2 A0 A% S R R
Oy BT EE R AT X R TRl DX A7l RE B R O3 I H AR I T T A SR

KB ISR AR R R SRS 2R B RS ATk S AT

DOI: 10.11930/j.issn.1004-9649.202304028

0 3IS

ARk, BEAEFREIE KB A . &% &
& M A R R B S s, e AR e T
VEFE S5 & 7™ i . 2022 4F, o [ AT i 5% LAk
R S B e A L R Y PR AR ) AR e v TR R R
H, A7 £ R AR R, A A X B T AR B HL )
MR B E o AR HE B A Al B A S i S,
2023—2025 4F 4 6 i g R R 8 DR 4 SR RO
i A5, B 4 DX fl s e B B H ) R O R
gt AR R UGN R R A I 2 N GRS R ey
MAGGE R “ Bl far 8l 7 1) YR A BB AR

BRG] S8 7 B ah iy 2 F B, WA i
W BOR BE 15 38 3 A0 A% AT AT 515 P k0 4T H RIS
FHHL A, AT 46 /0N B ) 17 fof W 28 22 56 L G2 il
M AT P s . PEE T A BEURTE 4N . SE B R
MEHECE . RER N REL LR ERTIETT,
TEE N AN B IE 2 W e, Ay B A B R

HAE B #8: 2023-04-06; 4= HHA: 2023-08-29.
X8 : BRCAARNSABAR (LHEHAL ) R
Gt RATARRIEAE . BB RFRARL M, 5108-2022
18280A-2-0-XG)

202

A BOR I B X b ATl S0 A B 51 A, A R
97 00 1 A 5ER R E AT TR AT T 20 AT

FRT BT X A 4% 38R B 1 BT 5% 32 224 e 23
v e 45 I B Fi A 2 A ) S 309 P P B O R R, {EL
Jes R Z A UYL SR B A R A IR I 5T . S
Hk [2] 51 B4 5 e ASL R X A% 4 R B AT 58
B R T M LR R A P R SR L 9k
PR TT s SCHR [3] 0 A B TR AR, 4R I
SR SRR FE A BB O i J3 8k, KT R
U B G A P R B ST, TR X ALY
SR ] T BN A {7 s B ATl R Y S R
KRB B DL AT\ 22 5, Bk Z B0 M L ATl
(9 4T AR G o0 o SCHR [4] 15 B BN 17 e B
ROt 70 M LU T AN TR 30 5T B B FL A S it 2R
SCHR [5] 3= 2 AT X s A0 il 5 i A T Ak 2 26 R
3 Bt FL A 81 Xk T e R RE Lk KO Bl RE 7l Y R
Wi 5 SCHK [6] 2 T H R 48 Tl A olb Bdfs 42 h Tl
Aol B 7R SZ RE T 1Y RE AR A A Y T 2 A DR
FEUC; SCHR (7] 56 T 87 04 Al 38 W B A T
A B E B X TR P R R 5 SCHK [8-11]
B R IR e L DAL SRR (5 P
Bk [12-14] F 255 IR WA A ENE . B AT
TR 18 0 I L RE Y T




£21

SR 09 o T T o R TS R G
XA ATl R B A R AR e, AR SO R K
HIMARARSEX RIS . L7, PRI
23N E P S AF 2021 45 1 H—2023 44 A1
133 47 M [ 7 P 3 45 K 24 b B far 2580 32F 17 B
€, HE 2 AE M S R S R 22 4 F A OC B 4
s XoF 22 2 671 Ao O S T8 AR 52 W 19 S AR e AT, e R AE
R B ) RBE 1, 0 R E A B O A 2 el B
M -l DX 2% A7 oMl e 2 7 i, R T B2 o #R ) DR R T
1B, IFEE g a, 120 af s 0 BOR 3 A4
(AR

1 BAD T RMNBEREER

20t 80 4REAR, AR fE AR A M . AEdb L
MRSy, EZENTERM G S H P e, @
b Bt LA B R R A R U R R R

AR, v R R TE B A e AR T, )
Rt tE i B m e Bl oy <2 . AW
W o fRgit, ENSHE SRR ARG
IS iRk B0 g N T2 W S ' R N N (B O VA DAY -
@R PRl 12 kW DL B, SR
G RRRE BT R B RPR AL .

2018 4F [E 8 &k el B 2 A (O TR Ao
LR O LR RMEILE AR ) (kB
(2018) 943 %5 ) , ZERA&H B AN BAKF
NERTR T, # ST ER M S AL,
B R 5 I 0 25 AN ST L, A B T B
AP BT B, PR IR H AN A 25 R B
B, SR PR, BUS T W RO .

202147 H 29 H, ERERZERAM (X T i
— SRS I LN AL FE R ) (R ek ikg (2021)
10935 ) , i —Lod B M BUR . BRW X
20500 s — RPLREAR M 2, LAY AR R
KRG 25 3 5 40% By HL )7, W48 B f FL )R
W EAMET 401, HAbsb oy 50 EARMKT 3 15
TR RN HLE], S ZE G PR AL, R
T 707 P AT 224 b P, ) 3R G0 e R BT 95% S 1 H
fufar B B, A B A2 AR I B, 4R 04 L MY HE
g B FL A B At 1 P E U] SR T 20%.

WA LAY LU AR I BN BR DA BE LA . 31 A
B CHRX ., HEET) 2B T %A B0

BEXFE: BT EMEs8l R &S F R~ X 6 5 m iy 2

o BB B A LR AR G5 B H A TR Bl L e A
225, DI#RE 202344 AR MAK 7. 8 A K
Tk 1~10 KV #4553 BF 4 S 661, 4% i 1 04 2 Rl
Eean & 1 i . Mg AN ek E, widk . 1l
RUER M PR TET S 1; 10 MEES B f
AT 4:155:120; 120HEFEM LN
T3:1 54120 WA F B 5 K2
6 (57:1) , B/ RPER (1.1:1) o FHH
0o {15 R X 38 06 2% F A BE P R B AR R R TR
(45:1) . MM (43:1) . =@ (3:1) 5t
M(3:1) )7 (1.5:1) &

R L
S = N W A

S RER L R K e — R - R S R IR P KA
EMEIE@#L&WE@W{%’;‘EQ%EE%K%%EHHHﬁl&iﬂ»ﬂﬂl KEs=L &

BRAFRLEX

B 1 ZigSEMNEE
The ratio of peak-to-valley electricity prices in
various regions

IUE AN 7 TE 5 H AR A R 48 X R
Hifr. 7HE . BN 23 M E R AR L EXE |
B TRIERMBUR, Hi 16 MERAFILEXR
g P A 7E I B HL M SRR O VR 20%, Wdb . b
W LEFERT20%, A, W, WL
10%~20%, Jba F¥F 10%, L8 EFAE 10%,
M MR X, TR TR 25%, . &
FA VR 0 20%, 51 N8 R SEAT ARG HL M o

Fig. 1

2 ZUHMBBIERY

e 48 14 . T 7 SRAN A sk R R T R ST T
BRF RS BN AR SRS, d Ty Rt
SRR AT B S AR AL, A T AR ST I A
B Jy R R AR 5 B AR AR AR DG 1, A SCAS M4
B p Z YR R B, OB — KB T
i fgbn 2 KU B Z I A 2071, ZE 24
LA AR B AR IR W, A AR G0 0 SR A S
RO 1 4R 2 A R SR R ORI R A

203



B Jy il SR AR R i 2 4t far 48 b, fF B E
W28 A3 R R 2 RN AR AR b, 22 4 1A 4 A
55 Z2 2 b5 38 b 22 (8] 1) 52 ) 5 OC 2R R A 2 R AN
& SRR R B, DT S0 4 T HL AT A X 1 b AR
G845 L DX A A7l W A B HL g R SRR AR R 22 4 A0 A%
6 A 1R BB
21 BAERKMEHERE
HAEE AR I dighry—Meie, BfA—%
PPETE R, HAH B CR W RIR A
%za% (D
K a B IITFRMAG R RE; OMAQS 5
R R B 1/ R S ki s P RLAP N
FEL M R A ) AR AR A
HL 7 T SR A % 3R R B a A T SR X
WA A B U, @ B R R IR L ) T SR H AR
A B B
22 ZEMEEMEEEEE
g T RAE A ey M LA RSO, BT
W7 B far SR AR B M, 45 AR T 4 B RN K e
GEHT, TR 25 RN | W B R R
BRI | WA H R SRR B
fRbr, SN ERE XWT .,
1) W4T 22 RW/NR Y,
A B ERZ=ERR
¢ = Lmax = Lmin 2)

LmaX
s Loax B Loy 73501 09 H OF-349 24 b 67 £ il 2004
T KA Ay R e /N A
WA 22 W/ NR Y, R
Y1 = Ca-adj — CB-adj (3)

K s Caagy 157 B LAY R B 5 T R W 4 22 3%
Ch-adj N 73 I LA 9] 38 117 1 AR [R] 300 9 B e 45 22 5%

Y, AR, RUIERS 22 TR, HE S A
EE T HIEHASER; v, MIER, RHEAE
Tt UREE S B R A I SRS AR R

2) B EEERY,.

VB (R0 ) i Pl

Lg

F:L_a (4)

e Ly L, 20590 0 H P34 24 h Gy il 2 g i
(AR ) i B 0 fp B Al 4 K B ff LG

204

o B Ll

#5575

B ELBERY, N
Y = Fadj = FB-adj (5

A Faag Hor R 5E )G A B (205 )
AT s Fuagg o 20 I R AT 98 88 i AF [R) 400 9
Br (R0 ) it i Lt

Yy AR, RWIMER (ZRig) A bR
W&, Ry IR R B T HIEAE s Y, MBS,
TR (ZRig) i b BT, IR R
| WA A 3%

3) WEHEBUER Y,

HEHESEGH
L
G=-2 (6)
L,
e Ly oyt far i AR A I BE 5 AT A0
HEHEHTAR Y, N
Y3 = Ga-adj — GB-adj (7

N Gacag 90 AN IR B IS A 48 BE s 5 1
G-agj A4 73 I AL AT 9 B T 4F W) 00 F 56 45 B vl i
hi ko

Yy MIEHR, KU BRI T, R
AR B TSR v o s, SRR B
A TR, AR AN A R

4) ERHRERRY, N

Yo=Ys-1 (8)

Y, HIER, RUIEERE S L TRERTAE
RLOEE S LT RS B R S I BTN T AR B
A BT, PR A SR R BT 0
BAEM s Yy AR, R B 5 R RN T
A Bl S O R SCE B S I ETER T A
B i b B TR, R 2 I f S R B e B A
TERANB S

HT T R A I R I A I B R A Y 9 R
BRI e A AR R X R AR Xy
AF HLHT FOAE AR X R AR HL A R DL

e U FL A R AL SR X SE SO FL A T R S g e
B ol A A B B AT AZ AR HE B AR AT F p AR AR R
X, 7 SCON VL VR R S AT A I B R A AR AR 2
PEEL 5 A FL A L AR AR X E SO F R R )
W A L A LA 5 1) 2 i AR AL LE ]

T T I HL Y AR AR X L R A AR e R
Xy WY HLHT LU B fb S X R T e 4% 25 SRR/ R




Yy s, a0 (1) o ) ok i Rk
f5E SC, TR 22 30N Y, 2 Z 4R AN R AR
50, HAT SR AE

Yy =a Xi+apXs+aiXs+b; D)

K oay . ary. ays AEEAG I AS B0 PE R 5
by R Ak

FHEATLIARE Y, Y3, Y, 5 X, X5,
HJ7 R

X; 1 [5]

Yo =a X1 +anXr+ayX3+b; (10
Y3 =az31 X1 +anXs +a3zX3+ b3 (1D
Y4 =aq X +awpXo +as3X3+by (12)
# (9) ~ (12) HEBEIEXERRN
Y=AX+b (13)
Y, ai; ap a3 by
X
Y a1 ax» axy by
= X2 + (14)
Y3 az| azx as; b3
X3
Yy as1 a4 443 by

app 4z a3

%E%AZ azr dp azs
asy dazy dass

aq) a4y 443
B, B0 a,, BY R W45 22 0080/ Y AR AN
AL X, PR R B A 2 R R e R B
M4 A BENE 42 1 2R G0 M 3 F 45 A s D& 38 A Xt T
SRS S NI AT
B R R G R AT S € 1 B U
KA A% B R B AL R, FTLAMS BEE A4
A TR PE R BB KN, B 2 X (i /N
TIEHH I B0 Ao 48 B XoF AH LA A% 6 B 0 RRORRRR .
i R A A I ks S PE R A, RERE A AL
PN A AS G far F8 AR (0 R O A S i (R 26, AT 4T
Xof b 2y 2 R O B A HE A L DT BEORG T b %
A FL A T 70 A 1) T A
23 HIENEIHRA
J o bR EENS . AR AR
KAFHEZE X T g R 52 m 1 5 A BRA F
EEH A2 23 A48 Gl s R 2021 4F 1 ] —
2023 4 4 AR ERS S 133 M7k P H 24 h
T Aar KU SR AT B
1) e H AR AR M, R 133 M7l |
24 h fff BOHE A H S35 24 b far BOUE AR R 4 A

N 2 Y A R S

BXHE: BETZHMNEEMERBA S BN ATt mlE

Hel

2) AT IR Ay Bt R A R AR ROk B B
HL A1) O 35 S B A BRI AT e b, U EAE R
SN RAE O

3) R A SR T BRI, 1R A I E A
JEAE T IS [V Gy 64T X LA SE

4) G P ARAR AR R,k BECE B R
S IR — 4t P 67 s BSR4 6T E AT

5) MLt R, KRB MG — KA
1~10 kV B i R 2 o

3 DEBNIEMIIESHRON

43 Bt R A BB SR T LS e R 0 A B ROk
ST B gy E A7 W AR B B ) A PR B, AT ik
S HI A | O PR I 55 U TR ) AR . R
1M1 F SR A A AT A T A LB TR, & AT
b X HL A 8 A R A AN R . TN, 45
ol Az e s 22 Sk, A5 45 47 Ml 67 fr o 5
25 A 25 AN AH ] o DA IR R 0 75 B BEARY 25 90 R —
REAE A6 A5 AT U TUAR B 2438, O T B8 A b F 5
L B ATl B AT R M R S, T AT R 4
HBHF 5 43 B B B 9 A X 45 3 4% ATl B g AR b
{14 5% Wi AL B 5 2k 5
31 EBIIATEMEREES
3.1.1 Rk 4B A0 18 L R vl o AT

Jbat. R, RS NDMEHAFALEXE
HAERW A EMER, 2021—2022 4FH R
W B BOR A (X)) Il . . o
L TR, Sy B A R LS X Al B e R i
M1 iR,

WSRAS BWIL . Wies . HON . 7 EZ AR 5B

1 FHMRRLSHEBRFELR
Table 1 The effects of the agricultural time-of-use electri-
city price adjustment in various regions
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Table 2 The adjusted effects of time-of-use electricity
prices for large industries in various regions
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Fig. 2 The sensitivity classification of large industrial
loads to multi-dimensional price indicators in
various regions
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Table 3 The adjusted effects of time-of-use electricity

prices for general industry and commerce in
various regions
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Fig. 3 The sensitivity classification of general industrial
and commercial loads in various regions to multi-
dimensional price indicators
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Fig. 4 Changes of load peak-to-valley differences in
133 industries
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Influence Mechanism of Time-of-Use Electricity Prices on Industry Load
Characteristics Based on Multi-dimensional Price Elasticity Coefficient Matrix

TANG Wensheng!, WANG Yang!, ZHANG Yu?, LIU Xiyang?, TAN Qingkun?,

WU Peng?, CHEN Songsong*, YANG Jing>
(1. State Grid Corporation of China, Beijing 100031, China; 2. State Grid Energy Research Institute Co., Ltd., Beijing 102209, China;
3. Big Data Center of State Grid Corporation of China, Beijing 100052, China; 4. China Electric Power Research Institute Co., Ltd., Beijing
100192, China; 5. Customer Service Center of State Grid Corporation of China, Tianjin 300309, China)

Abstract: Based on the load curves of fixed user groups of various industries in 23 provinces, a multi-dimensional price elasticity
coefficient is proposed to evaluate the impact of time-of-use electricity price adjustment on the peak and valley electricity
consumption of various industries in various provinces, and the sensitivity of peak-valley power demand to multi-dimensional price
indicators is analyzed. The multi-dimensional price elasticity coefficient was used to quantitatively evaluate the sensitivity of the
three-dimensional power indicators of various industries in different regions, including reducing peak electricity, increasing valley
electricity and reducing the load peak-valley difference rate, to the three-dimensional price indicators, including increasing the peak
electricity price, reducing the valley electricity price and increasing the peak-to-valley electricity price ratio. The time-of-use
electricity price optimization and adjustment strategies can be proposed for different regions, industries and time periods according to
the analytical results of multi-dimensional price elasticity coefficient.

This work is supported by Science and Technology Project of SGCC (Research and Application of Precise Load Assessment and
Regulation Technology to Support New Power Systems, No.5108-202218280A-2-0-XG).

Keywords: time-of-use electricity prices; price elasticity coefficient; load peak-to-valley difference; peak-to-valley power transfer;

industry load
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