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Abstract

With the rapid development of microgrid technology, more attention has been attracted to the
benefits of economic operation while ensuring the security and stability of microgrid. This paper
proposed a multi-objective economic operation method considering demand response for micro-
grids with air-condition (AC) clusters. Firstly, a dynamic price mechanism which better reflects the
practical operation status of system is presented. Secondly, flexible loads and air-condition are
taken as the demand response resources for economic dispatch, and consumer profit model and
AC operational cost model are established, where a set of practical constraints such as consumer
comfort are considered. Then, the generation model is built to minimize the generation cost for
generation side. Finally, microgrid simulation platform is established in MATLAB/Simulink and
case is designed to evaluate the performance of the proposed method. Result shows that consumer
profit increased by 69.2% and the operational cost of AC cluster decreased by 18.2%with con-
sumer comfort assured, while the generation cost is minimized.
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1. 518

il L (Microgrid) 1 > 54 BE H I 1R B 24 il 7, — R, LI D 40 A = L IR (Distributed Genera-
tion, DG). fifaf. fili e 2 LAl SR AT 44t T 3tk , A KIE T DG FrEAMEGE. HIRPEA
RIEYE, NHEEEH IR R E, W P AW BT, MEEME T i R
i, BERTCAIR AN KL IE AT, AT DAYE Ha P 2R G0 iR vt 5 e X T PO B0 4T, DAAR B 3 2 471 A (1 1L H
[1] [2] [3]-

T IURIEAT RN R G, GG, ATEENE DL R T BB B2 IS AT AR 3 /N7 T [4] [5] [6]-
BEE T S R BRI AN BT R, 0B B T D@ Re sil 2 e faigiaty, KAl oaf TR KPR
B, [RIE 2= AT UG 8 2 b ot IS AT Bt . SCHR[71BUET T 4 i 9 422 FEL A R AR R 8 AT 9
P T RN S SRR N R R N R R AR VR, BRI B S A RIS AT . SCRR[8] AL T A vl
BEP RN NP BUERR, MR R FRAEN, 74 R R E it i oA 8 B2 vl b & 4
LR EIBIT A, HIFRFB RGNS IZATI AT 5. SCER[O] VA F I G DA 5 Gy AR HE s AN
RGHEIERERRE 3 MEVENZ HARU B bR, B @B T, R AR 0 RIS T IR A T .

i SR AR A — P BRI A BRI FEBEIR, MY RIS NS M A SRR B R F By, IC R IR = TR
SRma R P YR ER [10] [11] [12] [13]. Jindal S5 2= $2 t — R W B BT 56, PR R 3R,
RS bn A AR = R S R R R AT 4, IS A EIE R DR 5K [14]. Wang Y. 55538 i
SCALE IR AR REEAE RS T A T R e R, i g R R B AR AT R
W, I SRR TRET BELAIE T 7R A RO [15]. 9 T AR AR kA, Nguyen D.&522 4R
H DL—FdoT A B i FE RN S S A T S, R T R A AR G AT P T SR AR, e RSB T )
e IR AT K[ 16]

AR SCAE H AT 143 I AN LR B A b, B0 T P AR B RIS I BT I X i Y — B R St
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2. BhaSEMHLE
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A BERUA AN R SR LI A, AL B A LA R SR fE A ) P 2R RETRUA HRL LA R R B A R
KRS F LA H B U R = AL e BEHEFRAN O SE MR, A BhAS FAT T Bt AT AR R LAY
R AT AR BRSSPt JOAHSG, AR A AL L A TR B B 5 R R SRR L) S s th
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TRALIR TR LA AR B L A LB R 2 T 0, 3 S5O0l P 38 AT AR I R, B D 1R e R
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Horrc, (t) Fon t FBUOBIA AT, o, FonFEHEHRNT, ¢, (t) Fon I BOR AR REIUR K A B
Coe (1) 7N t I BEA SRR SRE LA L B L TR AR
Crog () HI t =1 BERGERAE W] AR BEYRA O A ATl R R0 e Fi e B PR 0 R 2B«

2P (t-1)
c@(ﬂzkm-izmwﬁ_n+§:mmﬁ_n )
Horp Ky R AT FAE RE IR LI BN PR R B, pf™ (t—1) Fom t— LI BP9 SR i AN AT P A RETRUR B B H 2
2, p(t-1) FoR -1 B ER | MR AL B R Th 3. W) RIQ) AT LG, FERBIR S S L
AR, B T AR RV VR F RN, T AR AR VR R B B TR B K, B IR PR,
Wb R P NEE 2 I AT S, (R BB T AE
F 20 (12) T A R R S A ML A R AR A HE 0 B U BR R, SRR S LR R A 3 ks
FEHA M ETE, DR R SURMELBRS A LR L F A T R BON 7 (0 = ek B R s

C (1) =a-(X p (t-1)) +b-(X p™ (t-1)) 3

Hrta, b AR A LA A R B R AR T AR BRI AR R AN, B R R AL
TN, AR AU I R B RGO, (Rl Q) AT AR, AT AR REUR A HL A A TR A ek
N FTCAEhAS AR T, PR ST IR

RGHET b BOT A BRI B AR MU L, B N — I BUR ZE AT I Bl
IFAE T — I B2 i 58 el 2 B (0 ST -

DOI: 10.12677/sg.2020.102007 56 BHE


https://doi.org/10.12677/sg.2020.102007

BIHER 4

3. ZEFEKMMRE

& 435 () 5 L PN 28 5 A0 A A B A3 A o — 0 B T i b X R R B 5 SR, L2208 1 P IR 7 3 R U2
T A SR A HL D) FR) e e v 5 2o i LI 35 SRANE A B AR e AT AR AL, AT i T F X A7 I 2 5 1 A ]
SFEtE. Dt TSNP, A E T 8B R R R AN TSRO 2 B ARG Brig TR,
X 55 SR, g T R A7 A R 2 R R A A 7 SR S BRI AT AR BT, B SL A VR IS AT BRI T 1
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[FRF, 76 H 7 HEFE LR gl N e e 2, A2 I 0 8 e RS2 B FAN A P AT G 2
AMNRZE BRI, SR E R RN W R
€ " o TaTdl (11)

max min 2
Gy —Cy Tup _Tdown

b, T AIT, 0 RAE tH LAt I 2 A BOE IR L, ¢ A ¢, 23 il F A AN P BT A R B2 X 4 1
BOE LI R o™ Al e™ Sy A R AR /AMEL, 170 T A1 Ty, 70002 FH P BEE UL FE R IR,
Tor FRTHKVIIEBOE IR . HEAS N THER, BRAEAT ARG R, I 25 8 1 1 e TR K,
U/ 23 R AT IR TR AT 15 29 F L RAS T 25 2 ) V0 T P R I 21— e (BN, S22 3 H 7 a2 a2 1 PR
i, A BRI RIS, PRIEF P RS R .
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Figure 1. The topology of microgrid simulation platform
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Figure 2. Outputs of renewable energy generation units
E 2. ATHAEEEIRE sk
Table 1. Setups and Parameters of AC
= 1 TFHEESH
75 THEEG WU 2 U B % I m n I
2 15 24 —-0.328 3.42 0.80
6 12 245 -0.174 2.86 0.83
7 8 23 -0.360 2.32 1.00
9 10 25 -0.198 2.99 1.50
Table 2. Setupsand Parameters of DGs
5 2. DG XS
K5 BUEIE & R a p 7
1 60 kW, 40 kVar PQ 0.059 6.71 80
2 30 kW, 0 kVar MPPT - - -
3 55 kW, 42 kVar PQ 0.066 6.29 43
4 30 Ah V/IF - - _
5 65 kW, 50 kVar PQ 0.046 7.53 35
6 50 kW, 0 kVar MPPT
7 60 kW, 48 kVar PQ 0.069 457 48
8 35 kW, 0 kVar MPPT - - -
9 45 kW, 0 kVar MPPT
10 50 kW, 0 kVar MPPT - - -
11 60 kW, 45 kVar PQ 0.058 6.65 54
12 55 kW, 0 kVar MPPT - - -
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Table 3. Setups and parameters of Loads

* 3 AHEXEH

Fre A HIHKRA @ o
1 GIRRs: 0~36 kW -0.123 9.625
2 TREEE 0~45 kW
3 IRk 0~48 kW -0.163 13.02
4 ANET 43R 30 kw
5 GIRRE: 0~24 kW
6 TREE 0~36 kW -0.198 13.12
7 TREE 0~24 kW
8 AT 3R 30 kw
9 TREEE 0~30 kW -0.207 10.99
10 ANHT R 35 kw
1 GIRRE: 0~28 kW
12 AN 47 3% 40 kw

T A Ak R R AR R B A S S BR, AER i IR T RS BRI FE, W E AR PHTA 0.641 +
j0.101 Q/km, F &t HL R A A 43 7] B B 9 380 V A1 50 Hz.

4.2. {RBIKRT3*
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R AR LSS B E S
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HEATSRAR, 45 20T S 1 e B N 7 RS AR I BRI 1T Th

3) ¥ VIF i (g e R G Th R A TR AR A HLAC AL, 8 G it BE R 4t HE B e Js A L
S Y R AR B I8 AT

4) TR S FE LA, AR S SRR L fmincon X & LA RS EAT SR AR, RIERT
A IR BR S A B AR — 3, SR AR /MY

5) BRI AN SRS BT R U MBS LA TR, R LR B 2R

5. fHEEBHI

N T BRI % HARZE G R LA R (AT R, 8 T i ST Bl X 0 OB R o e v S AT SRE
D EL BT KA 6 /NEE, 0T El 2 BT 7 TE 3 A 0 R 2 T T 8 5 VR B2 S TR 1 Y PRI AT 15 10 S 2 5
AR SRS R [ B R AN 3 B

45515 3(e)hahaAs AN A @) T I R AR AT LLE Y, ARSI TR, T S N R
/Ny P R BRSBTS AR AN BRI, R R N, AR R G L B B
(B AT IR 7 8T L R G 2K T T s R T A n - PRI s ez 8 im . )RR 3(b). &l 3(c)h
I\ TG SR 5228 B FET7 AR 5N P S A A i UM S IR D 342 4k, 7T DU HA E 5 SR i B4
DRMBETTIET, IR RIS P & G BV B T 5 R, 2SR 1 L DD R ) R AIR TR 5N 75 SR i 2
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(R0 B AR I PR — B0, SEER 1 Ak RE R R ERL N R PR AR BNk o PR 3(F) R S gk R P BN RE BA R
VB ISAT AT LG, BT DU HE 51N T5 SR 0 828 57 18 FE 753 P R0 i il 2R R 2478 oK 51 NI
Feas ik b, 5] N 7 SR R 285 1 B U VAR 2 I K12 AT AR il 2R 7R 2 AU DL R R T R 5N
IS PRI AT ORI 26 . Hi3% 4 BTN, 5N TG SR B 28355 1R BE 53 i a1 A P UAC & B AR 5 1NBS FE P (1)
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Figure 3. Simulation results with and without DR. (a) is the connected amount of flexible loads. (b) is the room temperature.
(c) is the power of AC. (d) shows the frequency and voltage of the microgrid and the outputs of ESS. (e) shows the incre-
mental cost of MTs and the dynamic price. (f) is the profit of consumers and operation cost of AC

& 3. SINFERMNARSIANFT KM HELERIEL. (2) AHFGEREAETL. (b) ERTK. () ZFEED
BRI (d) ZEREFAR, REGEHALHAN. () MEMRSBNFMERMNEEM. () ZESITRERAF
WEE AR

DOI: 10.12677/5g.2020.102007 63 BIRE FEL


https://doi.org/10.12677/sg.2020.102007

BIER 4

Table 4. Profit of consumers and operation cost of AC
4 AP EREEEBITRA

Wik FH P25 (cents) TYIZAT A (cents)
DR 3126 1459
Without DR 1848 1785
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