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Abstract: Commercial building microgrid has been widely
used as a typical form of microgrid, the optimal operation of which
has become an important subject. The large capacity controllable
load is disposed in the commercial building microgrid, the direct
load control of these loads is considered, the minimum integrated
operating cost is taken as the objective function, and the optimal
operation model of commercial building microgrid is established.
Chaos search is introduced to improve the basic gravity algorithm,
and the improved gravity algorithm is used to solve the model. Fi-
nally, a simulation algorithm is used to verify the correctness and
effectiveness of the proposed model. It can reduce the integrated
operating cost of the system without reducing the users’ comfort
level, and the improved gravitational algorithm has a better perfor-
mance.

Key words: commercial building microgrid; optimal opera-
tion; direct load control; gravitational algorithm; chaotic search

0 5%

Tolcee PR [ FR A HE, ] R3S I S s
BT, FE T REREFRE A E A TR S A A E R
T R SR A AR R IR A [
B, S R — PG RO B 5 |, 202 P8 L7 K
M GE WG — I A SRR (4 )78 B A
SRR IR AE D AR W FEL B E AR R 2% AR A
TR B T SRAC A, ST T Aol IO 20 5 R AR Y
Ftiz FSh AR J7 32k Up i i e I 45 B B 1 22 55 A
JE o SCHRLS JHEH T —Foxst 7 far K2 o0 A =X L PR AN
e AT AR A T IF LA XS H A2 5 8 B Ay
AT IE I ik . B3R 10T 45 i (divect load
control, DLC) J& — F 8 % (19 # Jah Y 75 =K mw
(demand response, DR) £ AR, H v A7 $AHE i 77 7

W B #3:2018-09-23; f& 2] H#3:2018-10-10

EETE L E A RRA S (E2013502074)

This work is supported by Natural Science Fundation of
Hebei Province (NO. E2013502074 )

32| BATKMEE F21B8F1H  2019F18

hE4SHKE TKO18; TKO19; TM71 X ikkRrE%S:B

paliis ‘iunil”fﬁfﬁ(thermostatically controlled loads, TCL.)
JEHAY TR TR A X AR A, N A A RAL
BT BIREIE R R R G LB s AT

ASCFES1 7 PR ML AR AL GBI P A SR AR
G EVAR S R E R PR Ik ek LR N SR f e g
AL, AR A RRAE ST 00 42 U R 8 0 far 0 109 55 SR A E
U5, IR ZR Bris T AR

1 e s S ol b T 7 £

e L S SRR AP IO PAY ) £ AT A ol 4
PRI TRAE T, PRI DLC 114 3 St X 4 Ry T AR £
fif o AR MRS 0], S IR T 1ists
RZSTT R

dT _ 1

5—;(7’;_7‘_@07’7‘;) (1)

b o STa] s T O S ANREEIRLE 5 7 SR A A
R TR 850, 1220 R i 1 2 IR AR AHE S 1 e 5 w
FAEIRAZ T3 52IRAS 2 w0 = 1 INAB AR, 2



w=0 NAPEIRIRES; r HiBsAT Has s T, iR
fr AR 25

KA VA 5oy 5 AR IF LA Ar — A B Bt B[]
B, T LA B BTN TR EETE (¢ + 1) I BOR A
BRI R R N
T[(t + DAt]= e " T@A) +(1 = e *NT, +w@r@®)T, )] (2)
s T+ DA TN T A 53530 A B EESRAE 6+ DA
e B 2R 5 a0(e) T r(e) 23 30 R A2 S 756
A B P R BORE AT 5525 L s T 4 1
I B A B AT A IR A 4, 123 £ 5 108 B TR 5 TR
AR,

TR A% B AT B T A TN IZ B R . X TR
0707, P, T SR B 42 7 i 42 T SR mT LA
w(t) y| r(t) *FoR, HFn=1,2---D, D HITEH.
B B A 25 I B RE 8 R H 3 B 7 X el iR 4%
T IS RS NIAE S 2 T &7 38 BE AR T
BUE IR AT . X 3R R

(1) B A5, B2 w()=0 5

(2) HSRLAF wit)=1 (HBURIRIE AT IE 1T
S H, RIBERE r() M1

(3) ATSROREF w(t)=1 , AR 5 E (8, Bl
A RIRAEIE 25 T, () W7 i g

s Gl 0 R B B AT R P () S IR A TERT
T 07 iy St B R A fr Pl s, Sy i 22 Ay

—P..0) w(t)=0
AP, ()=~ PO =) w(t)=1 (3)
(T.0/T0-DP,,0)  HEaEHTEX

Kb P L RITE ¢ I BRI IR 42 43 A K5
T (o) i a a5 =R 30E iR 4
R 1 SR T R SRR I A
A HABAY DLC G Ay, A Y B0 far €045 PEAAIL , Ve
BLAE o HoAts DLC B my 9 SR mi bz 4w LASR ] 70
i SRR A AR5 SCHR [ 7 ], — R ] =Bk
R, o B A
P0)=0,P(t=1)+0,P, (t-2)+0,P,, (-3 (4)
Ko P R o BRI 0, L 0, 7 0, 43
AR EL; Pt = 1) « Poe(t=2) F Py (= 3) 77
SRR A B ) DLC M3
%A DLC A A7 S5 AT T4 B 428 1 X 5
£k my 52y
=Py () +0,P (6 — 1)+
0,Py(t=2)+0,P,.(t—3) t
AP ,(0)=4—Pyo )+ 0,Py,t—D)+0,P,,(t—2) ¢
=Py )+ 0,Py(t—1) t
=Py (2) t
s AP (0) o HoAth DLC g A7 BBz 7 far 2
7 AR T e i 2 AR S

P WA R Ry N CEA R R ey

2.1 REEUEHREER
AR SCHCeR I SR 1 n] AR BETR 1) 20 R0 1%, PRt
N ERAL T AR BEIR BRI IR B IR K B (PV) 3
BIERRIRREA, AS WL, IFEA—E
FIRERE (SB) AR Ty B9 P sl
22 HBEtREH
221 AR AT RA
Toler P ) 28 T AR T A AR SRR AL (MT)
FREFEI (FC) BYRREL R, 251 s s 17 4k g
B L AN A TGS F AR AR (W), 1A
T {f MT(P MT(t)) +f FC(P FC(t)) "}

= 2A0 S P + 40P .0 (6)

me({MT,SB,FC,PV}

e TN—RIBPENBEG f 79 MT HIREHSAS bR
B Pu(t) 4 ¢ BEBEMT R9THIH T7 5 foc 28 FCHRBEIL
ARE Po() M e WEBEFCTHRIE J1 5 m MAEAE 84T
PP A& i & MT FC SB.PV; k, M5 m
BRI A REG P, e B m &
BRI TT 5 qt) A ¢ BB SR IFHLANY 5 Py A ¢
At B N S L DR, KRR L, N T2 L,
222 I FEFARA

il 2R AR AR AL IZ 1T T 6 FE L
L XL Ak is 17 B 7R rh 5 B2 TR ) R AR . A IR
DR AE U BRI BN Bt LA K-y

f.= Zq(l)At;[(Pl(t))z +QOFIRJU:  (T)

Arbr: SOHTE NI R P @) B Q) 73900 ¢ B
Bk | WA D IS R, 0 IRER [ R,
UYL GEN EREES % Thredza R o
223 R A

% R R A SR B e B B R S R T AR
t , IMRAT B LAy

N

fi= iAt Z)ti”cﬁ wl®) * iAﬁccﬂPFc(t) (8)

b 0 TSP, 3 N RS G AL, S MT
0 Fis e I HECR B AL S FCER 0 Fiis G HE
JCEREL o 9 0 Fis i B HE RO IR B HT
KRG TR T H AR R g
minf=f,+f,+f, (9)
23 HRFH
(1) RGEUHRNFHELHR
P )+ Py (t)+ Py (t)+ Py (t) + Pgy(t) =
Py~ APL,l(t) —AP @) +£(0)
e Po) 2 e NFBE PV M I EIAR s P(1) by o B
F, I 71 i K-

(10)

Vol.21,No.1 Jan.,2019 POWER DSM | 33




(2) s A LB VAT 2 B Xl 42 i i
A7 B TP 2 i, LRI TR A 2005 T P
WEEOR . AR N, IZLHN

TeA)<T, — t=1,2+-D (11)
Ao T, AR S P R A B = . TR

BebE MR AT s A TIE LT, 20 = AR B AR 5
AN B AR AR, I 2B B N R i SRR A SR Ak
T BB R AR, PRI RS A B BOR A I
Z086 PR RE VRS A R ORI B B 22
(3) AIIERE S RAE AR
PUM<P,_()<P" (12)
Kb Py S el W 1) 0 X e K R ) 325 P
7, HA B FRR 0] S e K LT3
(4) SEREAHOCLI R
PG <Py ()< PG SG<Su)<SE; Squ(l)=S4(0)
Su(t+1)= {Ssﬁ(t) = Py (0AL/m,,— AtDyQq,  Pgy(t)>0
Sa()— Py(0Am, —AtDg,Qy,  Pg(t)<0
(13)
s Sg(e) FI Sy + 1) 43514 ¢ A1 e+ 1 B B SB
RHLE; 1, N SBIHRCE ; n, HSB AR

BB RERIA L R RR,

(5) ATEEAFL I ) 2
{Pm@smﬁ‘ Pu(t)(Py(t) = Pyi7) =0
P@)<Pi Pr@Pu)-Pi)=0
R Py AMTH A BB Por T HITFRR; P
HECHIFT FRE; Pon R FCH T TR 20 (14) FR AT
BT A BT R S RBRA B fi)

(14)

3 TR G AR SRR R

HAGI AR —MIET A5 e adik Ty
SRR L LT SR T A 5| Ak
TR R G 1A 2, AT R o Jm &R e I i,
Al e b A R ER e A i b ok e — 20 L. AR SCH|
AR R W 7 XM AR T A 5 5k 3% e
BT AR R R G T A 51 ok g . — T
K H Logistic BtV R TR 2 2 A

Xon=4x.0-x) x.€(0.1) (15)

Xo=rand() x,¢{0.25.0.5,0.75} (16)

K X A x, 2B w+ LIRS w AT
VRIS 15 x, MRS TR ARE

O T A 5| A R A AR

(1) W EBGHETT A 5 BRI EASE A
RIRAEL LB AR 51 108 R

(2) VIR RARAL B, 006 0 R Lh i
o AR B A — i s 7R
201918

34| BAEKMERE H215F1H

(3) XA KA AR IEAL R, P A K
PR R B TR ZR 5 Ia T A 5

(4) 450 (17) —= (19) THHH A R AL
B SR R N e S

i+ 1)= rand,; X v!(t)+al(l) (17)
x(e+ D=2l @)+l + 1) (18)
al = F(©)/M,@) (19)

s 2 (0) 0! (0) 5 al @) 3 BINTE ¢ 2R TR d 4
AL E R EE DSOS B s d=1,2,-,D , D &R
23 (B ERE 5 rand, F[ 0,11 Z [BIBIBENLEL; F'(0) ¢ BF
ZPREF i TE d ez T8RN, AT LA (20)—=X
QU M(1) 2 o IFZIRLF (R o

F'()= | 2 rand, 0] (20)
Gt)yxM M.
Fo= e o -ato) 1)

K N R EBEG Flo) MR R 5]
15 rand; HEEHVEG G o o 2051 00H %G R,0) A
KL KT jRRGEE RS & S —MEAR/NY
o R A ¢ 2RI B
m, (1) = (t) = w(®)/ (b(t) — w(®)) (22)
Mi(t)=m,.(t)/ﬁm,.(t) (23)

K fi) ATE ¢ B2 i AR A IE A RN
XEFRUREAIZ TR, w(r) F b(e) 7T 72 SR
b(t)= min f©)
{w@ = max £
(5) UL R IR BB, ik ]
Byt MR U , AL 1 HaR IF2PHR(3) o

(24)

4 HHIaHr

L] b A i b — ot 7R g L g SRR e e T A )
AT BB UE . B DIOGAR K B A M B B I A&
B, 73 408 I W3 ATRAIL , SRk e ot LA R it
A & LIORIE R GE AL B AT 52k o TR BIL AR RE
FEL b AR R AR PR, 25 MR A8 BB T T 3 AR R
B, TG R R IT R S SOk (3 ]— 3¢
Mk(4]. A R dlEs ] Ac 705 he

380 A A R A A (point of common
coupling, PCC) 5 [ 94 Jic /i W 7% 422 , 1 HLiz 4778 I
R, AN SR 2 an e 1 R o Rl s A
TR I PN AT 3 A AT, o3l O TR A A A, —
DLC i far DA R0 B far . RGN MR =L
a7 BB 0K SO IL A 130 kWh #2884 H th oy
125 kWh; iEREDI 3 K 60 kWh B HEZ &4 400 kWh;
JeAR & H1 K 320 kWh; PCC 255 4 150 kWh IR 45 71



A28 40 150 kWh Hofth DLC 54 28424 100 kWh;
58 11T 25 100 kWh

—~

[ 0'9

E 08f--—--------- el Sy

B T
06 -—----------1------|---{---{"==8

Fe \eam

N = e
o 0.4

e R e R R -
B USSR -

0.1

B 0 o 30 A0
Bz (0.5 h)
1 BRGEIT H TN —RSSRT R 1) i 2k
Fig. 1 Real-time price curve of the external network in a
typical day

DA — M RNZ AT H o), S s A SO AT i
RO 4 H A MBIzt iRl X — KRS
EIR 1 PR e KA 2 e I Z NI 2 fs o

R T SEAS SO W TE R PR R RCPE , Xl
WU 2 s AT 0720 52 1O RGEA R A A
P, R IR A% 67 A8 DLC B it A 55 171
o7 25 1 3 75 3K 2 D9 RGN BT IBC B AR il 4% 0 e A — i
DLC it AT B A AT ] o 1847 BT i Sr i Al
AR LR 2 R RS R hZ o
SN 3 A 4 7R

350

300

250

200
=150
| —

50F -~ -
0 |S2eEass

-50 . 0
0 10 20

30 40 50
B (0.5 h)
= R AR e A7 51 47 - A DCL AR AT - 3 5 i
2 ERERHA, AEEREMNI) KT
Fig. 2 Photovoltaic power output, load configuration and

power level of the microgrid

0 30 40 30

AfE: (0.5h)

=it L T e Rt 7 R LTt S = 5 AN M 3 1)
B3 AR TEVERMMBERNRLETAER

Fig. 3 Optimal operation scheme of the commercial

0 10 %

building microgrid in mode 1

200
150
100}
E 50}
-s0}
-100
-150

0 10 20 30 40 50
B (0.5h)
= B R R = S AN S D) AR - SRR L Y ) - S
B4 FAR2TELERBERENILETIR
Fig. 4 Optimal operation scheme of the commercial

building microgrid in mode 2

WNIE 3 & 4 Frs  AE—REIWIR BN , T &
GLAL T4 B, SR AR A i REEA T F , fif T
FEHL , S B AT g DA AR I I SRS Sk A T 45

TE— K PRI BE, 7oA 2B RE PR AR e i ik
3] ey e, {ELTR] A B AP 2K B 55 — U 0 S
SR SE LA KB, R Gl A R A
SRR B AR O A, X 2 L i — RO LIR I T, 53
— R REAERE T

TEZ e B — KRB, B GE K T 87 A vy e
i B, AUk RETE 700, kb A, 775 301 T AR
ASFRR A i O TR BIL AT A T HILIRZS , AT 2 555K
AR o ARMAETT 32 i TR R B4
TP Elas T 0y 2L, I B PLIT AN 2T
IR S R RN P Y R IRGERTE 4 N R ie= v B <0
MAHRERN A3 L 4 m] LU Y, il REAY 2 L e A
PG R RFIE

TR EEL A T A ) B ] B0 7 S T L S e 4
i H IS B2 BT KPS LA 5 B o X Rl e
SR W S AT B ST Pl R 2 T R R By
MhZk o Phoate i A 07 e il 2k 00 o ey AR (IR 5 S v
Ay M e S e PE R, ol LAREAIRER G ast T iiAs . A
SR BE A S I LA A AR T i AT IR

350

b o 10 20 30 40 50
B (0.5h)
> S A 7 g RILHCAd D CIL 7 Ay -4 i F YA 67 A AL AL DCL AR i
BEs5 REHEMEMDLC AEEERAEEFIRTETT
Fig. 5 Comparison of thermostatically controlled load and

other DLC loads before and after direct load control

Vol.21,No.1 Jan.,2019 POWER DSM | 35




AT 2 PRI B BOE , SR R, S AT
FHEAR A B A FR AR IR 5 24— I BEAY SE ) A
W IKSFRIAS T L IR AL Ais 17 SR i 2
BRI Bl 2 B0 19 o8 25 LU, K LA DLC i %
B3N 2 J5 Hy B,
2 iz 707 T s AT R brxt ANk 2 fro o
#2 AR 1FAKX2HRGIEITIEIRAT L
Tab.2 Comparison of system operation indexes between
mode 1 and mode 2

J.
fatn Jrak 1 a2
LER BT AR 2325.16 2113.32
G 1 967.74 1 856.89
757 321.84 135.29
Sk 35.58 34.96
B H A i A 0 86.18

MWE2TLIEH, R 2T 1,468
TTARR KRG . T RAE LT A I E IR A
7T, R 2 TR EA S W TR, 6
WA A 2R T2 M T I 1 A L
BT R A AR ER R I AR A BB 8 3 A
et oy IR FE IR R SR B TIAS .

T R EEGHE T 5 | 1 ER R T RE AR R Y
BT o3 BISR PR 38 A 5 vk A Skt A 5|
FIBEIEATR AR, AT LIAS 2] 2 FE O T B ks 1T
FebrxT b inge 3 i,

®3 FAESIAEEMEHFES HEFIETIERT

Tab.3 Comparison of operation index of basic

and improved gravitational algorithm

z17 7201 a1 2
Efsh H3E LG H3E [leiis
: JAs10 AR TIAEBIL TAES
Laisft
o erigels 231429 2325.16 209438 2113.32
BATHTE/s  13.65 11.66 15.49 13.34

M3 R i o il A5 | RIEG A
RIERRRENS & W L A TERE , ISR T AR SR
RS ELREARR TI0EE], B T A SO I A A £
PR R SRR RO T A S AR RIREDK o

5 4EiE

B X T L A SR TR L R g 7 A A ORI L SR
T RAAE BRHE A h ) B S A 4 i T R RGN Y
T AR 17 a7 LA S — i DLC T 64 7T LA B, ATk
Hfrh e, B R MO E T TR AR 8IS
TR AR P g e R A R S8 LA
2019F 18

36| BAEKMERE H215F1H

A LAAG R R GER A T il RS R R LR i
PP, B e i i M B 22 DR A O 2508 o T 5
NIRMHR RS B BGHTTA 5 5 3 SR S0
PEhE. B

Sk :

(1] Bl R2, ikt &5 B TR HE A R KOG R 2 58

14 JH R A8 2 AR 9 el TR M IR [ ). v 5 SR
H,2012,14(6) :23-26.
LU Min, ZHOU Hao, ZHOU Dahong, et al. Energy con-
sumption management system construction based on mi-
crogrid access and wind-solar storage[J]. Power Demand
Side Management, 2012, 14(6) :23-26.

[2] RIM M,HUSSEIN J, STEPHANE P, et al. Managing ener-
gy smart homes according to energy prices: Analysis of a
building energy management system [M]. Energy and
Buildings, 2014, 71(3) : 155-167.

(3] JAB AL e, 4R L, 55 T B A far T 15 22 fy vl v b 671
AR LT . AR, 2011,13(2) :16-19.
ZHOU Xu, BAO Hailong, XU Fan, et al. The interruptible
load optimization management considering the load fore-
cast error[J]. Power Demand Side Management,2011, 13
(2):16-19.

(4] Fh%% , wfd, 200 AL , 55 3Tty F ISR 1 Sl

WIZ i B2 R LT . i RO EE, 2014, 16(3) -
12-17.
FU Rong, YANG Jian, LI Manli, et al. Microgrid multi -
period economic dispatch based on improved particle
swarm| ] . Power Demand Side Management, 2014, 16(3):
12-17.

(5] PSR, FEWENE, b, 55 11 BT 1000 5 2 1 fall Hl )

H 28 e A A V8 BE T i I [0 ], v i SR 4 2
2014,16(3): 1-6.
SUN Min, DOU Xiaobo, SHEN Yang, et al. The study on
daily economic dispatch of microgrid considering source
load forecasting error[J ]. Power Demand Side Management,
2014,16(3):1-6.

[6] ZIBANEZHAD B,ZAMANIFAR K,SADJADY R S, et al.
Applying gravitational search algorithm in the QoS-based
web service selection problem [J]. Journal of Zhejiang
University : Science, 2011, 12(9):730-742.

(7] #miln, TR, T 5, 45 — e T RS R %

TR SR A T AL ] T HL, 2018,35(4)
20-25,13.
JIANG Linru, WAN Weijiang, DING Xiaoyin, et al. Elec-
tric vehicle charging load model based on direct Monte -
Carlo method [J]. Distribution & Utilization, 2018, 35
(4):20-25, 13.



