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Multi-user multi-timescale power packages and home energy optimization strategies

FU Zhixin® 2, LI Ziyan*2, ZHU Junpeng® 2, YUAN Yue! 2
(1. College of Energy and Electrical Engineering, Hohai University, Nanjing 211100, China; 2. Research Center for
Renewable Energy Generation Engineering of Ministry of Education, Hohai University, Nanjing 211100, China)

Abstract: In the smart internet, the response uncertainty of residential users has a great influence on the implementation
of a home energy management strategy. A multi-time variable electric price package and electricity consumption strategy
are proposed considering the response uncertainty. First, the multi-time power package is defined, and the power package
model is built by a price-based and an incentive-based uncertainty mechanism. The model of multi-user after clustering
and grid are established. Secondly, by analyzing cooperative and non-cooperative game models based on multi-user and
the grid, an optimal electric price and day-ahead plan are obtained. Then, according to the response demand and users’
electricity consumption management, a rolling intraday optimization model is established, and the local dynamic TOU
and intraday scheduling plan are obtained. Finally, a real-time model is established according to the actual response
deviation to obtain dynamic excitation and a real-time electricity use plan. Taking a multi-home user dispatching group as
an example, simulation and analysis are carried out. By comparing the optimization results of different models, the
effectiveness of the power package and multi-time scale optimization strategy considering the response uncertainty is
verified.
This work is supported by the Youth Fund of National Natural Science Foundation of China (No. 51807051).
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Fig. 1 Uncertainty mechanism of price-based demand response
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ACIE RSN E: RS
3 FAEEEMAEEEBATRAPMENQARNFE

Table 3 Benefits of users and power companies in

non-cooperative and cooperative games

FEETEMZE SRS F % |
Jt Jt Winot A%
AN 30667.35 3881142 814407  26.5562
FAL P 18.090 6 216349 35443 19.591 9
FA2 23.094 1 287177 5.623 6 24.350 8
A3 324323 35.819 2 3.3869 10.443 0
KR4 FH 10.647 9 13.564 4 29165 27.390 4

BEEF 4 SRR A P H s th 28 &l 5 o,
EEVE IR MG AETZR 2 P R FE 2073 B ffer
Xt anE 6 Fras, 2r B s (1 I B A N
0.804 8 Jt/ kWh, # i HLA 2 0.205 9 JG/kWh, P}
HL 4 0.500 2 Jo/kWh, HEL T &% 0.997 3.



-28- ® A ERGEY DM

10 FW 0 KH12
z E
5 =
L LT oL LI
00:00 12:00 24:00 00:00 12:00 24:00
I1+f %) 1 %
245951 g
10 R 10 R
E Tl
Z Z 5 I J
= & |+ J—L [
: LU 1E]
00:00  12:00  24:00 00:00  12:00  24:00
IRk 221 IrFZ1
E 5 S{EEFRE T HA AP E A Ei%k
Fig. 5 Daily load curve of typical users under
cooperative game model
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Fig. 6 Average daily load curves of multi-user scheduling groups
under non-cooperative game and cooperative game models
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24 h AT, FREERTIE] N 0.5~1.5 h, FMEMHE N
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R 0.2 KW, & BT KD 10 KW
Z225 CHR[25], WA 2 5 SR IS A 1 2 80k
SEN: Ay =05% , A =—05%;: a, =0.1JC;

pvO0i

b, = 0.87C; A =5%, »"™ =005, h=1, y,

pvi pvli
R IBAT S FEH A 0.9 5.
£ H 2 B4 ¥ | A h 46 AT s
18:00—21:00 %22 FH F 2 ] ifH 52 4 % 1 P ol s 0

], I 6.363 9 KW, | IEA ks Bl 7 sk
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RO A . MRS RH, SR
AR T2 FE AN 280 5 SR i [ AL ) F A vy, U
I LA 3 A R T e RS et e, AT AN
()4 i A] DAIRE G P IR A 7% K2 47 A T OB 1)
F R . ARG AT S A AR 7 Fos, R4k
JE I 4 SRS P H A 2. 2 F P R4
YIH fumr 2 i 8. B 9 Fiams
SRR 22 PR B2 H e 0 2 R R BUN
1.6229, P#{% 18.192 4%, fifufléE A 5.704 6 KW,
F#{I% 10.360 0%. 7EWIN DRE {585, I/ ik
1.2¢

1.0

0.8 =

0.6

i /(7e/kWh)

0.4

B IR g L

0 . . )
00:00 06:00 12:00 18:00 24:00
N

&7 ZEMEEF RN IEEOBENTILE
Fig. 7 Price change diagram considering the price-based
demand response mechanism
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Fig. 9 Average daily load curve of multi-user scheduling group

considering the price-based demand response mechanism

WG ger, P R SR D 3.234 3%, &7 IE B AR
1.806 0%, FH /= Sk i B 448 £ 17 %N 11.832 0%
3.2.2 FJEH P 2 55 75 3K e SLANH 7 14 1Y) S ) 1

BT RS N 4.778%, 11 FH 7 2 s i 3
MR N 11.832 0%, K I & 7Y 7 sk
AN E LR AT SEI RS, PR SR, Jsb
HER .

Z CHR[16], 2T 9 0o 38 22 BN 2 7
SRS AU, HSHEN: BahH x, =0.2/
KWh, I F-80s HA X, = 0.25 JG/KWh, YL RTE
M X i =1 70KWh, TR ZE BN ZE 5N A e e
B & A, =02 kWh, & KIER AAHEBE L, =
3kWh, =2 Z AN A H 67 A il 28 R B IR
A =35, SZREM UG A AR A R IR
Agouri =4 o NFRWMERK k=1,

DL S AN A% 2R 55 SR i RN LER f5 1) R R 22 FH P R
FE2H 2 H 2400 t B 200 B s f 2678 S g R 28,
R AGH THER S5 RMPBASE R 5
Ji B H P35 i 2R e A

1 5 AT, 4 AU -0.711 68 JT/KWh I,
il f g N P 1.990 9 kWh, A FIRIRAS, FEAH;
& DRE ZE3R o A7 R AFEE H F ek £ 1408 BE -l
A HER 23 LA 0.711 68 JT/KWh X FH A HEATFE T
3.3 ZREIREALTENEZNVR A

AW T 3 MBI AL AT b o

AR 1. HArfe sy, (T2 H P
FAL O () TR R Y, SRS e P ) AN 5 S R0 H TR
&I

x4 ZERAPEEFRMEAHEMER . FERBFHE
Bk etR
Table 4 Curve index of average daily electric quantity of
residents before and after considering the uncertainty of

demand response involving users

A o T A7 7 AT Rl S FAMR I VAR
L i) )57 5/ i J9; S BRI BEXR
(F5/kWh) kWh kWh % %
-1 -3 -3 18601  1.8601
-08 -23 22 18010 17633
-05 -1.25 -1 17168 16975
-0.25 -0.375 0 16504 16229
-0.2 -0.2 0.2 16375 16085
0.2 02 -0.2 16085 16375
0.25 0.375 0 15960 16229
05 1.25 1 15353 15523
0.8 23 22 14661 14725
1 3 3 14220 14220

x5 PEEETHMILER
Table 5 Optimization results under different models
FPIEESERL S

A ekt DRILEE/IG - -
FRAY 1 40.4100 0 6.3910 34.0190
A 2 39.103 1 4.2975 6.254 1 28,5515
A 3 39.488 6 24525 6.269 0 30.767 1

PR 2. HAT-H AL . 44 DRE {5
ST A 2 HE 5L H IR, SR1G )R
FRENAS 7 I R R A AR T S H R EE T

PACKR 3. HAT-H A-SER Ui, e
F 77 2 55 v I 55 SR Wi AN 5 1 PR S S S S 1
B, PAT R A i A A S B0 K
BN H F vl

R 5 NAFEBR TS SR ELEL, H%E. DR
Weat s B3 BE A RIS s AR R SR e 2 PR
FEHRFIE . R 1 AT HATiiE, %518 DR.
Bl 2 #E—5F 8T DR, 3kfF DR U as HAERK
R . B 3 TR EE AT 2 5 7 R A
FEMA R BUL FERITE DL, AT A7 8 75 SR i 325
FERITEDL, AECTREA 2, 2% 1 T i R I
B0, RZIE T MR Z, DR Y as SEARBE A T
b, ABEPIE FE AN SRR R AT B BN, SE GRS
B,

4  LEip

AR SCAE S R BAART A AN R A 2 BT ) et L
W PTHERS S L T2 77U A DRE (5 BAE 2 I [A] RUEE
EupEiRAE, SR AR P 2 E A ENER 2
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s 17 PR ] 25 F 2 4 RITHT ) DR (1) 5% BE i B 3
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1) EENLFTRI AN 2 VERRTY , B30 5 SR AN
ARG FERIIEL, g IE BRI Sl E RS i
il B4 B o RS el AT ) 1005

2) R H AT H A - SE 2 i e R AL
AR, i A2 DRE ZORAE RO HLZR AR AL,
TR A X255 R0 R ) .

Mt %
MiZ 1 BTN
Attached Table 1 Time of use
W77 i B &I 4y LA/ (JG/KWh)
(E3ih) 10:00—13:00. 17:00—22:00 0.832
A 00:00—06:00. 22:00—24:00 0.208
P 06:00—10:00. 13:00—17:00 0.520

ik 2 FIAER B AR ER KA FHAE ABATE
Attached Table 2 Power consumption information of dispatchable equipment and expected power consumption time of users

I B RN bty WA RASEIEAR SRR E P HEE FH P SHEE A
B kw i /h Tl IR ) R BT i fAl(= Jkveg) I (VY XWUE)
TeAML 00:00—24:00 06 2 N 20:00—22:00  10:00—12:00 22:00—24:00 10:00—12:00
Vet 06:00—24:00 24 2 N 19:00—21:00  19:00—21:00 22:00—24:00 11:00—13:00
B 00:00—24:00 2 1 N 06:00—07:00  12:00—13:00 22:00—23:00 06:00—07:00

M 2B 07:00—22:00 16 2 Y 07:00—09:00  07:00—09:00 13:00—15:00 07:00—09:00
s 1 00:00—06:00 04 2 Y 02:00—04:00  03:00—5:00 00:00—02:00 02:00—04:00
g 2 08:00—14:00 04 2 Y 10:00—12:00  10:00—12:00 12:00—14:00 10:00—12:00
a3 16:00—22:00 04 2 Y 18:00—20:00  17:00—19:00 16:00—18:00 18:00—20:00
BOoKHL L 05:00—8:00 15 1 Y 07:00—08:00  07:00—08:00 05:00—06:00 07:00—08:00
YoM 2 16:00—21:00 15 1 Y 16:00—17:00  16:00—17:00 16:00—17:00 16:00—17:00
HoKka 00:00—24:00 35 4 Y 17:00—21:00  13:00—17:00  22:00—XH 02:00  17:00—21:00
L 07:00—21:00 3 8 Y 13:00—21:00  13:00—21:00 07:00—15:00 07:00—15:00
2 21:00—%H 07:00 3 3 Y 00:00—03:00  00:00—03:00 00:00—03:00 00:00—03:00
HUE AR 07:00—24:00 3.2 2 N 17:00—19:00  17:00—19:00 22:00—24:00 20:00—22:00

SEHR (5] wafiite, T20%, v, % RTINS
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