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Abstract: The increasing proportion of renewable energy in
new power systems makes a singular electricity tariff
mechanism no longer sufficient to meet the flexibility demands
of these systems. A multi-time scale integrated electricity tariff
mechanism is proposed to fully exploit the potential of flexible
load resources. It combines various pricing strategies, including
two-part tariff, time-of-use tariff, and critical peak tariff, aiming
to guide and encourage consumers to adjust their electricity
consumption behavior across multiple time scales through

targeted tariff signals. Firstly, the time-domain analysis is
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utilized to extract the variation regulation, distribution, response
characteristics on the demand side at various time scales,
thereby assessing the response potential.Subsequently, the
concept of multi-granularity modeling is introduced, which
involves dividing the granularity level according to the capacity
and response accuracy of flexible loads and establishing a multi-
granularity response model. Finally, the optimization models of
two-part tariff, stepwise time-of-use tariff, critical peak tariff
and direct load control are established respectively, aiming to
facilitate demand response within an integrated electricity tariff
optimization framework at seasonal, day-ahead, and intraday
scales. The simulation results indicate that the proposed
mechanism effectively promotes the transfer of load resources
across different time scales, thereby offering significant
advantages in enhancing power load curve, reducing electricity
bills, and alleviating grid pressure. The results also provide a
theoretical foundation for the refined pricing design of the

electricity market.

Keywords: flexible load resource; multi-granularity model;

multi-time scale; electricity demand response; integrated

electricity tariff; multi-objective optimization
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Table 1 Fitting results of seasonal demand price elasticity coefficient

&= KA Z=(S1) 1T (S2) IR ZE(S3)
fRA2(S1) -0.128 5 0.059 8 0.0412
A ZE(S2) 0.059 8 -0.147 3 0.0375
I ZE(S3) 0.0412 0.0375 —0.181 5

DA 4 FRLAPY e IS TR DA R, Xk AN ] 24 9
AR, TEEN . BRI, ik
ZERANR 2 Pos e bl PR A . &
AL A T DL R O T B A,k
G r JEE B R e Bl o AEAERFARP S B AR E

FIRTEE T, A BB, BN s g
i, SEEAM AT RJE R, TR TTHE
Wrla, A B EER2ZRER 16.02%, T H A
7 ZH0 N 0.69 $2 7 5 0.74, 4E 7R 67.31%
i E] 70.35%,

®2 ETHRBEBNHETAPERMELER

Table 2 Seasonal demand response results based on two-part tariff

Wi 37 i W o7 Je
I - - - -
RS SEREES2)  EIEREES3)  EAFESD  HEFES2)  EIEEES)

FEEM/OT (KVA-H)™) 26.00 26.00 26.00 26.00 27.00 43.00
. T HLAN/OC- (kW-H)™) 38.00 38.00 38.00 45.00 48.00 39.00
S EE RN /OG- (kW-h) ) 0.73 0.73 0.72 0.66 0.66 0.76

34 FH A/ OG- (kW-h) ) 0.92 0.90 0.86 0.86 0.85 0.96
AT 0.46 0.76 0.61 0.46 0.79 1.01

Tt 58/ T 0.33 0.73 0.83 0.40 0.93 0.85

JEEEN SN HLJEE L 2R /42T 2.97 6.43 7.28 2.75 6.08 7.04
BT 3.76 7.92 8.72 3.61 7.80 8.90

AT/ % 21.01 18.81 16.51 23.82 22.05 20.90

FH 1.00 1.00 1.00 0.97 0.97 0.91

JH & JHH 28 T 1.00 1.00 1.00 1.07 1.05 1.03
LR 1.00 1.00 1.00 1.04 1.02 0.94

MAAERE FFE, AP SHEEMBEEZ AT

A3 D 2.00% F1 0.49%, 274 5 R g 15
FFfE 098, XRS5 E TN EARRNSZ
me) JH P LA A 1

15 B 45 FE AR TE B T 25 5 46 i 19 5 ol E O
W B8 0 A B L P T AT R I i s s, AR
ST BRSNS, gl
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B

F T8 7 X BER [ H X B 6 43 B R A0 g
7 B 0 7 240 1K 3] 84.08% . 84.25%, ATIRAT
K 2.51%. 2.69%. {HJ5E AT L5 AR
W, SRR 17.35%, RTR#H M 19.43%.,

HY UG (E B far S B, R A1 SR I 1 F )
P A Wi/ 32.82, 35.87 TG, REMBIEI%
L b 9% 4 T ) o AE P P AE T T, PR
SE M TR W X 7R S AT BRIk D 67 g AR B R | R P
HL 2% ORI T JT R DR, ZEA s 1.17
116, XERWH PS5 B E E SR IE
g

®3 FEMBERAXTHMEIHBNALER (BESE)

Table 3 Optimization results of stepwise time-of-use tariff with different step selection methods ( S3)

B e RS 5 X [ R X Bt H X B
MR AL 1 4 4
i DX ] /(k W - h) [0, 1 500] [0, 180, 360, 540, 1 500] [0, 115, 319, 404, 1 500]
) R EELAR /(OG- (KW -h) 1) 1.09 0.71,0.83,1.19, 1.19 0.70, 0.85, 1.12, 1.13
b g " [ ] [ ]
S HA/OT- (kW h) ) 0.56 [0.42, 0.46, 0.52, 0.55] [0.43,0.48,0.51, 0.52]
B /G (kW -h) ) 0.28 [0.20, 0.22, 0.25, 0.31] [0.21, 0.22, 0.23, 0.26]
S EE RN /OT (KW -h) ™) 0.70 0.66 0.68
I BB BB L% 100 73.65 55.25
PAYETE L7 "
/%% 83.35 84.08 84.25
BRI 26.21 24.84 25.33
2N (L7 " N
RESE AN 30.13 32.82 35.87
FHHL 7 O R 0.98 0.98 0.98
FPIEPERE AR FHHL 2R R 1.14 1.19 1.18
LRWEE 1.12 1.17 1.16

BB RHE BB EGE FL, AN FE B ECT 105
ELAEIRANIE 3 TR o 2% R AR B BB B0 g
WO TR | X OB O 5 SR
RIDCHC . ks &t Dok e R 2% e
Yo s B A 22 ) 23 7 Az AN [ [ Wi o7 e 7
L.

26.6
w264 A
2262F N
£260
5258/
12568,
54

2520

3
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3 AEMBHTHHITRES KNSR
Fig. 3 Day-ahead demand response results with different
step numbers
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Table 4 Day-ahead demand response results based on stepwise time-of-use tariff

&= A Z=(SD) 1T EZE(S2) Pl ER(S3)
(A7 4 5 5
A DX ] /(k W - ) [0, 78, 382, 545,1500] [0, 83,298, 468, 588, 1500] [0, 128, 412, 510, 583, 1 500]

VRS ELARY /(I (kW -h) )

0.72,0.93, 1.16, 1.18]

[0.71,0.93, 1.13, 1.16, 1.17] [0.71, 0.96, 1.14, 1.16, 1.19]

. [
[ 43t R Y .
SR HLA/OT- (kW h) ) [0.40,0.42,0.45,0.49]  [0.41,0.41, 0.47, 0.57, 0.60] [0.42,0.47, 0.62, 0.68, 0.69]
RN/ (OG- (kW-h) ™) [0.21,0.24,0.24,0.30]  [0.22, 0.27, 0.28, 0.37, 0.38] [0.21,0.23, 0.25, 0.29, 0.31]
SRR EEHLAN/(OT- (kW h) ™) 0.57 0.59 0.70
- S XA P LB /% 56.73 54.03 58.54
PARTIE =g A .
TR % 76.59 80.16 84.28
BEHICA/JT TG 12.90 16.31 26.23
vk bR - o
REESE ik Y 22.78 24.86 37.86
e O R R 1.00 1.00 0.99
FFIE AR FHEL B R 1.17 1.15 1.15
CEATREE 1.17 1.15 1.14

RUEFFZEAT BN 4 h, FIH DP 4R 6 far i) 5 3
HFRES] . T 2340 P — B TRV A S R 8 A
i, RAras SR ane 5 fis .
TR 43245 F RN B % B 36 B4 AT 27
BRI 3 SRR RN AT . SR I PE A 4
FRAnEl 4 s o R A5 YR FH P I AR FEL 0
SR 141, 097, 2,17, 1.92, 1.83 Jt/(kW-h), JFR

W H 02453504 0.97. 0.99. 0.92, 0.94, 0.96.
SCE AR W AN JE . A P H B fr e RIS 22 H
300.91 kW FFEE]278.95 kW, IE{EFfATH 720.91 kW
T K% 3] 687.30 kW, H o7 %t 83.84% I Tt %]
85.00%. H It AT LA Ay HL I 2 W) 75 44 3BT 1S 4 % AR
293493 J3 o6, [ & P AE R A W0 2 R
0.66 JiJG

x5 RIEAFRIERERS
Table 5 Peak day and peak period division

Rig H 8H2H 8H3H 8J110H 8J114H 8J115H
I B 11:00—14:00 11:00—14:00 12:00—16:00 13:00—17:00 13:00—16:00
:22 72091 _ T I U v AN T SR AT ACR OB A A AR B
300-
;700 687.3 E 290 TER 2B T IR R IEAERT, R IR 2 R B
680 K : .
W e W BRIDNRIEE, ORI 6 R
& ;X - ;
s ) G g 25 LG I P00 L ) RO I S L
g wws o wEw iR FEH 5 DA A S70 67 A R 185 A0 T K- TRt
e (0 e 50T 5 R RS B0 0 (6 0 o 51
| i s ) 678.44 kW, fKUE7S 25 F W2 270.00 kW, H
s Lo P00 AR 85.12%. LIETHER RN 20 TT/(KW-K)
8 M 82
5 10 g 9 7 PRI, S AR T L LI 2 A A
= * 4 S WAL 921 TG, WINENZA S

(c) B BT EL (d) A ZAF

B4 SRIERMSSHERTE RN HEIRXTEL
Fig. 4 Comparison of evaluation indicators before and
after critical peak prices implementation
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Table 6 Triggering periods and cut loads of direct control

fil % H 8H2H 8H3H 8H4H 8H9H 8H10H 8H10H
fish & iy BE 11:00—12:00 11:00—12:00 13:00—14:00 15:00—16:00 14:00—15:00 16:00—17:00
H 9/ kW 13.83 13.17 8.60 9.54 7.44 8.61

fi % H 8H14H 8H14H 8H15H 8H15H 8H16H 8A21H
b R B 16:00—17:00 17:00—18:00 13:00—14:00 15:00—16:00 13:00—14:00 13:00—14:00
HR AW 8.93 10.85 13.57 10.04 5.88 5.55

KL 19.97 TG, BAKEZ BRI AR T, Xt
FHPORUE, AT DAE o 4 — o R T ad Pk, 3R
3 0.66 1o B Z M H I8 G o

AERE T A R SR, R0 H A B 4 £
s ol B Al ) TR N B 2UE O T (IR T B, IR
HL I SC R 20 i 2 4 L Ra BT SR, X
b5 A 0 0L SR e 25 7™ E R R TR P AR
AN, RSB A AR . S S
PP IOl i A B AME T TR, EE L
AL WAt o . R, A RN S e S G
NS AERE AR e i WAL RS B W R S e ey
Tt AN 3 X6 S BHA T % B e IR 45 it it B vt
A, 3 T B R A R0 2 3R s U L
il IR X P AR AR TR B T, A R
1T AN RS ML A B R T R
4.6 BEBMIZHERRS T

E— 205 TR A s AE 85 R 1 i AH BLAE
MZTERLEE, AR SCRESE 541 1000 71— TRl

x7

P YEREAED, 5% — R e -, JF
JRIRGH M DR, fHEE5RNE 7 iR,

GrPTER T RAL, M TSR EM TG
o, B HET. H P R S5 5 W {E 67 e 43 i)
TR 11.80, 1578, 20.44 kW, iz KU 2% 0 /b
11.98, 26.00, 30.66 kW, I LA HL 2N &) 554
BEPEGTNA 12.27, 1640, 21.24 Tt H, W
S o R A 3 Ao 2 O R A 4 T 2, OB R 4 FL BRI
N U 2 A B B AY 2, WA B g T B AR B I
X P AR5 s et f /S, (EHE S HAs B B
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FL A DA 30 40 F R O AR A, e i ek
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Table 7 Comparison of annual economic benefits based on different electricity pricing strategies

HL M Gi— RN [ EER [ AND EER Ty AU LN 5 BB A R

WA £ i /W 199.38 187.57 183.60 178.94

TR 22/kW 172.77 160.79 146.77 142.11

35 B 5 % 77.27 77.28 79.00 79.02

H PR/ ot 63.97 62.96 54.48 54.26

KR kA 0 12.27 16.40 21.24
LA AN S /T oT 0 0 0 0.10

FA I 1.00 0.99 0.99 0.99

FHH 2R W 1.00 1.02 1.15 1.15
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Fig. A1 Power load of general industrial and commercial
consumers in 2017

Fig. A2 Annual load curves in typical time periods

* Al FERERNAEIEN ISR
Table A1 Load evaluation indices for different time periods

A B WEEARAW IR 2AW A B WEEAR/AW IR 2EAW H B IEEARIAW B2 AW
0:00—1:00 721763.50 501619.73 8:00—9:00 635466.93 422918.97 16:00—17:00 908868.41 662548.19
1:00—2:00 647865.88 454223.79 9:00—10:00 786504.32 534831.20 17:00—18:00 902995.81 610466.23
2:00—3:00 647021.82 466678.87 10:00—11:00 893864.31 618643.53 18:00—19:00 842908.99 551716.56
3:00—4:00 597480.49 431374.30 11:00—12:00 907634.45 609239.66 19:00—20:00 792849.51 473957.67
4:00—5:00 583549.81 424109.62 12:00—13:00 884618.00 601872.12 20:00—21:00 797855.41 484189.34
5:00—6:00 566647.18 410002.03 13:00—14:00 914730.08 644938.83 21:00—22:00 795991.68 511372.15
6:00—7:00 557672.85 391941.07 14:00—15:00 892313.04 662313.04 22:00—23:00 777535.79 524545.38
7:00—8:00 573924.81 363924.81 15:00—16:00 920111.58 682439.83 23:00—0:00 678935.85 476835.62
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£ A2 FEAGHATEIENIER x10°
Table A2 Load evaluation indices for different months 9 — B — B B
Aty AAfiER % RBRE| Ay AR AR _% 8
= 7
1 7431 0.45 7 77.35 0.86 &
® 6
2 74.33 0.39 8 77.29 1.00 'EP
E 5H\
3 77.25 0.51 9 78.56 0.99 4 X/
4 7929 0.56 10 79.5 0.79 B BT RS RN BT RN RN
5 78.36 0.68 11 74.41 0.65 N — .
B A3 AREZ=FANRfEHE
6 77.52 0-80 12 73.38 0-60 Fig. A3 Weekly load curves for three consecutive weeks
within a month
xR A3 EZE=RAMAEITENIER
Table A3 Load evaluation indices for X100
three consecutive weeks
W FEbR s B BT BEM
TAEH 8.87 8.52 8.58
VA A AAT/(105 kW)
REH 7.85 7.88 7.23
TAEH 3.86 457 3.71
e RIEZF22/(10° kW)
REH 3.08 3.28 2.46 P P T
T 0 2 4 6 8 10 12 14 16 18 20 22
80.45 77.72 80.63 - E
SERITATR % BE i Bt/h
e L LB (L E A4 REFH AR E 57 %
W I H 2 LA/ % AR 37.83 38.52 38.13 Fig. A4 Typical daily load curves for different seasons
REH 3743 37.33 37.03
800 ; 1.0
600 08 4=
. 0.6 3,
:E 400 :i
= 04 =
200 02 Bk
0
0 200 400 600 800 1000 1200 1400 1600 1800 2000
H HfiE/kWh
BAs —RIBLARPAREESHER
Fig. A5 Monthly electricity consumption distribution of general industrial and commercial consumers
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Table B1 Electricity price strategies based on annual and seasonal time period division

ZE R B 4 HLEE RN FEAHAMN
VEARETEB  BUERTBL T e e 75 RS b/
s 7(S3) RIS S2) 41J Lbﬁu/il JJ Lb)ﬁ/il jij(ﬁﬁgﬂ_/il RIS 1
Ot-(kW-hy™)  Oo-(kW-hy")  OukW-H)") (OG- (kVA- H) )
AT B 23:00—7:00 1:00—9:00 0:00—8:00 0.359 03325
7:00—10:00 T 8:00—10:00
B 12:00—16:00 00 0o 13:00—18:00 0.679 0.636 2 38 26
22:00—23:00 : i 23:00—24:00
10:00—12:00 10:00—13:00
WS I B -00—19:
cHingE 16.00_22.00  11:00—19:00 16:00—22:00 1.095 1.031 1

®B2 AERBREEBNAUSEIEE

Table B2 Parameter settings for optimizing electricity prices at different time scales

NGNS SRR i U
UEIEAERUIPN T, 365
T B/ R Aty 1
FEA L B L] X ] [b.max M min ] [0.15, 0.25]
PR AR IXTE/OT (kVA- )™ [ Pepamaxs Pepanin ] [10, 130]
TR A X E/OT (kW-H )™ [ Papmaxs Papmin ] [10,190]
HLEE HL A X 6] /OG- (kW -h) 1) [ Pepamax- Pepmin | [0.3,1.0]
IR S X () [@Amins @A max ] [0.8,1.2]
FHF 7=/ 3 P96 3 TR Buseanin / Evilmin 0.90/1.05
— TR P Sy - Neon 2340
W FE R T, 30
. PN R K /h At 1
F AR, ) i
— BB P LB X [Astep. 1. mins Astep. 1. mas | [0.3,0.6]
UG5 HLAAY LA X TH] [ Apvmins Apvmas | [2, 5]
S3I LA I E] /T (kW -h) ™) [Prou, mins Prou, max ] [0.2,0.4,0.7; 0.4, 0.7, 1.2]
R SRR T3 30
BN PR /h Aty 1
L ZE S BT AS/OT- (kW) ™) Ciny 10 393
B RIANE /O (kW) ) Coom 20
ERRL v U FL i 91 [eppmin> @eppmax ] [1,2]
AR H T2 5 [ Fneppmin: Fncppamax | [0.9, 1.0]
FH P ST s R 13 /% K [1,2,5,3]
T B BE Ns 3
UL Y B [0.5,0.3,0.1]
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Table B3 The average price elasticity of demand under typical steps
H s 8/kW-h 0~180 180~360 360~540 >540
R —0.0201  0.0026  0.0033 —0.1104  0.0200  0.0243 —0.0903  0.0250  0.0294 —0.0513 0.0120  0.0159
j’?f 0.0031  -0.0195  0.0057 0.0220  -0.1062  0.0390 0.0280 -0.0878  0.0430 0.0140  -0.0480  0.0260
BLPERE 00044 00059 00186 ) L 00360 00410 -0.1026 ) L 00396 00480 -00849 ] L 00234 00200 -0.0447
= B4 RUEEH AP mEEER
Table B4 User demand response models of critical peak tariff

ETJ"E’/V*L ki,t hi,t li,t zt,max

- Fe e 0.005 0.11 2.11 0.01

R 0.015 0.15 2.15 0.03

RUEARA 0.02 0.20 1.20 0.02
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