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Research on Model and Algorithm of Smart Electricity Consumption Task Scheduling
Optimization in Household
LU Qing, YU Hao, LENG Yajun, HOU Jianchao, XIE Pinjie
(College of Economics and Management, Shanghai University of Electric Power, Yangpu District, Shanghai 200090, China)

ABSTRACT: Aiming at the optimal scheduling of household
load, this paper proposed a model of smart electricity
consumption task scheduling optimization. According to the
electricity characteristics of different household appliances,
different electricity consumption tasks were described and
defined by the set theory. And then an electricity consumption
task scheduling problem was established, with the optimization
objectives of load peak and electricity cost, and the constraints
of the household load’s characteristic and running state. A
solution algorithm based on hybrid encoding genetic algorithm
was proposed, in which different algorithm coding and
operation strategies were designed for different electricity
consumption tasks respectively, in order to gain the solutions of
both single objective and multi-objective problems of smart
electricity consumption task scheduling optimization in
household. The proposed algorithm was verified by the
simulation analysis of some household electricity consumption
task examples, and the simulation results show that the
proposed algorithm has better performance in the scheduling
optimization of these electricity consumption tasks.

KEY WORDS: smart electricity consumption; scheduling
optimization; set theory; hybrid encoding genetic algorithm;
multi-objective optimization
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Fig. 1 Structure of smart electricity consumption at home
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16:00—20:30 0.5 0.95
—_— 10:30—15:00 0.5 2
16:00—20:30 0.5 2
— 10:30—15:00 0.5 0.15
16:00—20:30 0.5 0.15
emibl 0:00—7:00 1 1.7

F2 TIRETRABES
Tab. 2 Interruptible electricity tasks

FH AT 55 Aia47 v BT K/h BT HUA KW
5:00—9:00 3 18
2SR 1 11:00—14:30 2 18
18:00—23:00 2 18
S 5:00—8:30 2.5 13
20:30—24:00 3 13
S 5:00—8:30 2.5 13
20:30—24:00 3 13
THAEAE 0:00—24:00 3 0.6
HENRE 1 0:00—24:00 6 2
HENIRE 2 0:00—24:00 6 2
S RE iR 0:00—24:00 12 0.06
HAh 7%  0:00—24:00 2 0.01
*3 EXABES
Tab. 3 Essential electricity tasks
H BT Al BT BTHS /N IBAT B AT kW
FLUKAR 0:00—24:00 24 0.13
1T 18:00—22:00 4 0.2

AR ERAEIRIRE , [RS4SRk g oA Ak
I 85 P G AL ) 0, B REL A SR FH B — U 2R FLATY
1) WEBLH 0.617 JT/(KW-h)(6:00—22:00, EJIF Bt
37~132); 2) & BeHL 4 0.307 76/ (kKW-h)(22:00—6:00,
BB 1~36 KBt 133~144), ACEHIHE &
9: MATLAB2014b, Intel it % i5 PU#%(3.2GHz)CPU,
8GB M1+
31 BB

B H AR LA F3 3l LA A7 A 0 A AN R L 9 A AR
WHFR, #HA7HBESHERA . BREES
W EM T FBERBL Neop=100, 141X %L
Goen=200, 3 X% pcr=0.7, A& RMEZE pmy=0.1.
311 AAfrldAEAAL S AT

DA A VB R AR A H BRI, TSR] 2 76s,
R AR TERE . B 5 BRI FE A,
B o il 2 R FOE R R AR LA DT R 8 H bR
BRI R s WEAE RS A 0. EHIET B T LLE
SRR S 1 FEAT 55 B 5 %8 T DA A Hb i
IR JGE W A7 Amr WEAE T B, SRVEAE AT 50 Ak 2
LRSI T AT AR ORI B2 B, A4 R iy U
E MBI B A (1) 8.83KW &K 2 4.79kW i A7, &
SHRAERT 50 AOIEARITHEI AR PSSl bk . d i
— P HIEARTE B R A 5 2 AR A T7 5 o 7 g 0
HO N 4.73kwW, Blid@Et 200 AREVERAAES K
JiE FH LA AT UG AF IS T 46.43%
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Fig. 5 Optimization of peak load

312 HHEAMRIMS T

K1 6 S DL L 9% N AR AL B AR I SRRtk i
FEE, B 2 3R om BRI R AR R AN A T R 1
H A bR AR R A B 2% I AR L, T R (A2
74s. 1 6 7T LA Y, 24 DU FL 2R D9 A H AR,
LR B A B AR . AR AT B
160 X, FH 9 A PRI 38.13 JolEA
317tk A, R BEIELE AT R A B R U SO
2 J5 B AR R E R B AR k2%, 2458 200 AR
BT SR, 2 24 B% oy 31.61 o, flifk
Je B R BRI 2 O 17.1%.
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M2t

w
N

327
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HEALAEL
El6 MMk

Fig. 6 Optimization of electricity cost
7 AR e A A0S B FEAE 55 S
A B FRT LA Y, BUAS R 3% A O DAL B AR
FE R BROURD T R Y EAE 55 2 RS B I B
FeHe, AT e KT FE s/ 5%t FH L 2
32 ZEMMLI R
NI — H AR AT LA, 51— B s
HAETER R CRIE. beande EIOe i F H 2 I
S TR B TSI T BRI Ak, (HANE 7 o
ATEVE Y, KES> g S b oA T By 1~48 Lt
B 130~144, DU HE G L 3 A 18 FL T i I I B

0 50 100 150

B7 RKMBESAMEAETSH
Fig. 7 Load distribution of the elitist in the last population
1B17, HFRN s 5 oI R KIS 2, 15—
R BT I TE S 10.9kKW 24 . ISRIR £ 5K ke
PR BRI A 0L, K20k v I 2 I 4747 WAl B
GV AE—E R ST BB, AR
TR G Y 2 H AR A S5 [F) IS D A7 A e {8 A A
N HbR#EAT 2 AARIUAL, SRS ke A BAE 55 4
M. BAREESHERE W T MR
Npop=200, FAAEL Goen=400, 38 XAEZ per=0.7,
A2 5 pmu=0.1.

Kl 8 g MA A, K 9. B 10 353
N2 200 A5 400 FRAEAE S T AT S5 Is AT M L
i) Pareto BALAEE A &, 58 MR 400 AL
Inf 482s. & ZEILLAAT LLE Y, 2 BERES 15 2]
P15 534 T8 Pareto HIVE RS, HIE 10
bR YA IO A — AP SR EC ) A7 e R B2 35 e A8 45 £ A
A1 5 FH H B ik B Pareto fe . iBid & 9 581 10
BT LLE H, 5 200 AR IE ALK T 7 i gl &
M2 EA —ERREZRIAL, 7TLLCK: Pareto
e i B 1) A7 47 VA X [A) AN(5,8.5) e # 22.(5,8),  [RIINY
FH L2 F X 1A A(31.5, 34.5) F#%(31.5,34). JfH.
JIT 15 Pareto FiTHOMELE Bl T IF 5% 4k, REI9kS:

40.5

395 1

BT

385

375

7 9 1 13
SAAT (R KW

El8 #aMEIH
Fig. 8 Distribution of initial population
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Fig. 11 Load distribution of one Pareto
elitist in the last population
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According to the dynamic electricity pricing in
smart grid, household users can reduce their electricity
cost and peak load by scheduling the pattern of their
electricity usage, which is finally reflected in the
operating status of various types of home appliances.
Therefore, it is necessary to study the load response and
scheduling optimization problem at the appliance level.

In this paper, different electricity consumption tasks
are described and defined by the set theory according to
the electricity characteristics of different appliances.
Electricity consumption tasks include essential tasks and
flexible tasks, and flexible tasks include continuous tasks
and interruptible tasks. Then the scheduling optimization
problem of smart electricity consumption task is defined
as a nine-tuple: <H,S,L,T?Y,Z, X, f,c,Y >, in which
the scheduling optimization model is proposed as

follows:
min y = f(2)
2 u=%
teTlRU
st 2% =4 ®
7 {01}
ieS, teH

where, the objective function f(z) can be designed as
two goals:
1) reducing the peak load

= L 2
f(2) qng[gsl(Z. Ii,‘ z;)] @)
2) reducing the electricity cost
h
f2)=6>(R->.(z1_. ) ©))
t=1 ieS i

r=1

With respect to the above two objectives, the
scheduling of smart electricity consumption tasks in this
paper can be used for both single objective optimization
and multi-objective optimization. A solution algorithm
based on hybrid encoding genetic algorithm is proposed,
in which different algorithm coding and operation

S11

strategies are designed for different electricity
consumption tasks respectively, in order to gain the
solutions of both single objective and multi-objective
problems of smart electricity consumption task
scheduling optimization in household. The flow charts of
the algorithms for single object optimization and
multi-objective optimization are shown in Fig. 1.
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Fig. 1 Flow charts of the algorithms

The simulation results confirm that the proposed
algorithm has better performance in the scheduling
optimization, as shown in Fig. 2. The peak load and the
electricity cost can be reduced by 46.43% and 17.1%
respectively in the single objective optimization. And in
the multi-objective optimization of both peak load and
electricity cost, we can get the optimal solution set well
distributed across the Pareto front, which makes it easier
for household users to further select a final electricity
consumption scheme according to their demand
preferences.
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Fig. 2 Simulation results




