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Abstract: In this paper, we propose a bi-level optimization
framework for a community energy system that considers
the flexibility of users’ electricity loads. At the upper level,
the energy operator maximizes its profits by optimizing
electricity sale prices. At the lower level, a thermal dynamic
model reflecting the heat storage characteristics of electric
water heaters and the operating model reflecting the load
transfer characteristics of dishwashers and washing machines
are developed. Consumers minimize their electricity costs by
controlling the switching of their appliances depending on the
electricity price provided by the upper level. Subsequently, the
two-level optimization problem is iteratively solved. Numerical
results show that the energy operator can use their pricing
flexibility to optimize the electricity sale price, and users can
provide demand responses to reduce electricity costs. Moreover,
the proposed bi-level optimization method can combine the
flexibility from both the supply and demand sides and benefit
both the community energy operator and consumers.

Keywords: Bi-level optimization; demand response; electricity
price; flexibility

B 2. AR AT RS PR X BRI R U=
AR, fe bR, RElUE & pE ot iR i KA
FORE; A2 TR, HSL T R e RAOK R A AR R A R s 2
YDA B S WP HL AN YA HIL I B Ao 1] RS A i i A T A
B o JH AR Iz o R AR P A PR A SR i P S AT AT AR

HE2mMB: BE A KAFEAL2TA (51625702,
U1766210); E K WA & #4457 B (SGTIITYO0GHIS1800123) o

National Natural Science Foundation of China (51625702,
U1766210); Science and Technology Foundation of SGCC
(SGTJIYO0GHJIS1800123).

Loaafiit B, R R AR AT AT . SR, i R
PIZIEACRAZ R A . 5 BLA R R, RIS E R
A RARAEIFE N B RIG TR, PEAC s A s il AR
Ht R RE ST, AR A s Besh, $2 XU
T AT LI BT B9 R3S PESS Eok,  (EREIRIZ & Ry A
FP 52 25 B4 -

Kigia): WUZMLk; FooRmn; s AR R TG

0 3l

il

et FER N, REEAPREIEH H IR, X
A A S AR REIR . 1Y REDHE. SR RAERE IR Z
Bz oM. 20204F (i E AR ST REAERER RO SY
D) Bon, BETEINIE T SRR LA S REAEY
23%" (AL, FEAMZ AR A R T SR A 45 T oK
WA LRE ST, R LAZE A AT BEURAT R A PRI 1 45
REVRAE IR A 0, W ZEARRE IR K1 1 15 RETR 2K
BOPJE S RSN S PR R i A R

fErp EARZHIX, AEE M R B ok 48 i
ey SRR TR UK . DFFEERIT, AROK R (T
TEN PR IR, BB S TS H R
SRI920%, 3 T HI AL TR P s B D 2R
JE R PURS M AR RN, (BT X ek
P H R BOK SR SAREREER, A&ZSHHTR
e o7 (e e TS T HOK B A vk L 4R R
WA 5 T E A WITE R . SCHR[6] AR HROK g1 R
FIEMRPETR AT, 2 TAEA R B &P IS X 8]




134 SERBERE N

Fak H2M

BT T R A w13 1 R B R BAK B P Ak R B TRl R, S
K[ 7142 T —Fh 2% R I T FE R 2 PN IR 85 T A T
SE VI HOK B 2 TE R B RN, B AR 28 9 75 SR
JO7FEAR I RE AR o SCHR[8 138 2 Xof FH P R A 7348 2 1Y
T, AR T — R0 R T LA G ROK g
o

FH P H K 28 BERS ] FH /K A6 A0 35 IR ) R 45
RUEVE . R Y 5 A — B e A AT A
PEARML Pemible) BAHAEEERE T, HATLAZER
SR PP (T AR R MR A AN T st B R e R 18
oA =100 [T YN (1115 3 S ARV E 0 N (e S B
WA, TR TR R T
B LLHEE

Bt IS RBRE AR AS 305 8 1 FH P 0 7 FH RE A =X
W2 A ML EE T 0. Y KEH P 233
5ol B, F % R R 2R G0K e LB A FAH
IR TERXRERIE R R, 4R X BEVRAZ B R AT L
WS 5T RN o O P ARk, BIZSEHPT
CEARRIR T SRIF R RSS . A P 4R BB L R
e fibaE gy &1,

b, A X RRUR RS E R h, A
AT LA 3 3 7 SR 7 DA 20 13 DA A 1 AR 114
@l A — el gT 2 R P T T R TR A
JrEM EAERMER .. BRI, Xk Ems
F P 2 8] B s i R — A SUZ AR R, st 2
T 8y B R O A VRS SR AN B V5 % SR TG TR, SEBRUy ]
#ROEAE . SCER[1STal 1k SUZ AR 4 05 200 52 T fiE
5S8R lL 2 R AR Tolb % 22 181 5 1 fe 1
TR . SCER[16148 T —Fh B2 S AR Ak 8 1
Ivi) Fsf i A2 BB Y MR 25 LA 7= BE R P I RE Y 255 P . S
FR[ 17148 S — il A 50 e 2 e 4 B 4 /L )
FLHLSR I ARASE Y, & 7] FH 2 Z2 Pk BT 14 i A
PR PR ST R 25, B2 XU &8sk SOk
(18142 T —Fh&i G T fif R A FA R Re IR R G B
ShIMrER, AR HLE], S R RRRIR RS S 4R
A R A A . SR IR IR [ B
JEF P Z 28R R A CAnDAH #OK g AR
Fity sk AiE 2 25 L B for A K AVEAR L VERIHL S AR 1Y
AR MR AT RO RIEME,  BO% R T RV A
BT BN RIERIER -

ARSCHE AR SUZ AR ZERE 1, db—2 4R —Fh
S P T H R R A DX BE R 2R 4 H R B SR
RS T8 AL X RE R 2 B 0 S N s T 2

SRR, AT B R 57 25 A B 1 .

AR SCAE AL X B 12 7 1 5 FH P 5 SR e i Bl )
WS — M RIARR, S TAERE TR ZIER )
FH P 505 SR w157 B8 1 i 2 AL SR o R FAOK BRI TAE SRR
PRI 126, ASCUARIK VR R B 2R
JO7 P B RS Fru e, [ 2 b FH P SR I LAt 232 2k o 971 £
B (UEmHLAIVEAHL) 75 R R g

AR EZETAEWT:

D) ZRSCEE A W K 25 3 AR A A ) A |
S B BEAILANBEACHIL I B0 i ] 6 A e A I8 A TR AR
R, (LA RGP IR . i e st 1) 2 R 2R
TEHOUT, ST FH P DU A0 Ak Fr) H 75 SR e A

2) ASCRIA T R e 5 SR 17 e 1 2 S IX
LA BEUR R GE R SR o, M T 2 i P
RUEVERE X BRI R G H ATSUZ AL TR EEFESL . 7E1%
REZR AR, P 00 205 FH A U Al e s 2 5 4 X R U
BE I B, SCBLsE R A S 22 8 AR
",

1 WEMUEHFEE

mE R, X REIR RS H L X
e FEL P 45 A R 22 e SR P AL AR IX

BRIz E R L

Z>

2N

M_EZ2HL
it O

B1 HEERERRZENZMUIELR

Fig. 1 Framework of the bi-level optimization model
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Fig. 11  Operator’s profits and consumers’ costs in two scenarios
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