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Analysis of operating mode of photovoltaic-energy storage-charging station

microgrid considering multi-agent interaction
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2. College of Electrical And Information Engineering, Hunan University, Changsha 410082, China)

Abstract: Traditional microgrids have problems such as lack of interaction among users and low utilization rate of
renewable energy. Considering the operation mode of photovoltaic (PV) output and energy storage (ES) in smart buildings
under different climatic conditions, this paper proposes a micro-grid operation mode based on multi-agent interaction to
optimize the user’s energy cost of the micro-grid and improve the ability to absorb renewable energy simultaneously. First,
this paper compares and analyzes the classic operation mode of microgrid and the multi-agent interactive operation mode,
and studies the energy consumption behavior of each agent in different modes; Then, the contract price is set flexibly to
improve the efficiency of the energy interaction between the smart building operators and the electric vehicle (EV)
charging station (CS) operators in the microgrid, and the energy flow inside the microgrid under the multi-agant
interaction mode is analyzed; Finally, considering the impact of environments on PV output, the energy cost of users in
the microgrid under different operating modes and the microgrid’ s capacity of renewable energy consumption are analyzed.
The simulation results show that the multi-agent interaction mode of the microgrid increases the consumption rate of

renewable energy from 67.83% of the classic operation mode to 100% when the light conditions are sufficient, and at the
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same time optimizes the energy cost of smart building operators and CS operators.

Key words: microgrid;renewable energy consumption ; multi-agent interaction ; time of use
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Figure 1  Structure of PV-ES-CS microgrid
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Figure 2 Classic operation mode of microgrid
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Figure 3 Intelligent microgrid operation mode under

multi-agent interaction
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Figure 4 Schematic diagram of energy flow in smart

microgrid under multi-agent interaction
X TR BEAR T L B R KA RN s 1T
AR, HE v 5 R 2S00 B B E A 20 (A
EEHEMBRE AL E TSNS FIKE T,
W SR AT O o T T R R BUR REE T A B e
FL A 2 0 HiF A% A D Rl RE A B S DA FEL DX g L
AT PR T R A s R AT i TR SE,
U] 25 S SO AR 7R 77 o 3k R B At A 2 e ok R il o8
B R RE R T O N R AR B N R A L
(B FE0) , NIRRT 8 BE Rk T I WA -
A SO R T 5 SR AL IR R BB 2 B A,
B e =y fE AR B s R e M o . R
KT

=

/lmn Smax + Sf /1
—da
b+ S, (D
O g b < Smax

For A HEMERAY a0 B IE R KL, S, i E 4 A
LA, S, MR RE R I KA B . B AT 5 24
FL AP 2 I ik E A 25 A R B R RS . AR RE A R
T f RAE I, & 29 8 2 A DU 15 52 B Al B 52
Sy, i G R RE B 101 e 0 5 20 il B PN R L D
WERERE T OO R A AN, IR R
Bk Bl 6 RE o 18 IE AR KOU ) LA SR B RE RS T



136 I <

Eid =S 3 20234E3 A

PRAE B AT P BB SRAT O, 3 TR R L 22 52 W 5 24
R

P i CEN Y e

AR SCER X R VD B i T L L TR R £
TR BT R S TR oY, RS WL 1.
TEZ B 75 3 & v, o BB T 76 L I 5 9 R A
IF1) XS o] 3 215 o FE P 3k A2 7 R B T LA B i e 0
L, AT DL BN RE RS AR IO BE . B B T
FOGAR AERE TR XY A A RE Y A B T
P57 1 D0 L B AR GE AT BUAS , OF 5 L I % 3E fl, 3
FTHRE B,
21 BiREH

BREME T E N S R R I E
W = LR L h A, L H AR R A O A s ATk
ZN = 241N
min OF ;= > APy, — X'P,
min OF . = > AP,
X, OF 5 OF 43 i) g #8 F J 70 v 3 (19 32 355 A
A3 Py P 53 W 2 K 70 H il X e, ) £ T R
P RE A T2 3R 2% 100 FR 0 ) R 5 AT SRy EL ) 43 5 R
M s 20 R 1 o 19 EEL B LAY

FEGIAZ F R AR E BT, A oR 5SSy

(2)

min OFy = > APy, — AP, — A, Py -
min OF . = zﬂch,r + Acon Peon
KA P A BN B RERE T LA A B 45 5E
FEL 3l 14 R B LAY

22 AR BEE
K B % 8 20 5 DR 38 36 3 KA
WL MR O AR B 113303

PVT<z>:Pm% (14 AT~ Tore)]
SGS(TC) )
A

AP, Py (2) OGRS G () WF B8t D35 G N
B HE U 25 P B G585 Pore AR E R 25 15 19
e KA DR R DRI R B T ()2 i 9 3%
T IR, P G PR IR T RO B G ()R i .

JOAR 1 I3 AU Beta 43 A5, MR 2R % 2 o8

_ F'la+p) ( x )Rl.< o )ﬁl
e s =1 ora o) VT

(5)
S, 2 R 2 B TE) B P R B R e R
KAE 50 J MR Beta 20 A0 JE AR I S50, T pREC L
SECHAR TR AT

+oo
F(z)ZJ £l 'de, 2 >0
0
2 3
@y
a= e M (6)
(1—n)
p= 1y
5

Forb, 1 5 o0 53 O I 6 i B O 1A 5 4 249 18 55 07
2 . M Beta 2y A (948 5 5 B AR L RO, OE AR H
PVIMBE E ST 220N

E(Pn)=——P
PV a+ﬂ PVmax

o5 2 (7)
(atp)(atptl)
ARSCE TG I W 3R KA ST AR b
REIEN Y NI R 177 /T
2.3 fifgEtREY
PR TNIE AR R 12KkW « h 9 f# 68
o, H A H RSB AL Sy

Q(PI’V):

H, At
Nden (8)
Soc(1)=Soc(t— 1)+ Hy A,
A, Soc (2) it BE 25 AT I 220 67 FOIR 2 5 Hoy H g, 7351
R BE A8 FE TR DI 5 ma N B BE A SETICRRLER
B R T N A RE IS AT I R T I A R N A
LR

Soc(2)=Soc(t—1)—

Hiw' < Hyo << Hi
H"<<H,<<H}™ (9)
Swin=S,<S,..
KA, S, 5 S A FR e & B R A, —
JRETT L AR e A R R R, R SRR
24 HEEETFEDR
e T s, BRI i R L



H38EH 2

BT, 45 5 8 2 T RT3l 6 ik ST o B AT AR A T

137

P Sl e H B H AR, HAWT .

P, + Hyy + Ppy =P, + Hy + P, (10)
K, Hoo He, 53 901 28 fif B8 B9 B /N IF 78 700 B %%
Poy ROCART U s Py BT H B BEAE ; PO BERE
TR (] H ) (Y F A

M ML T 2 RSN, hTIIAT
BREAE T 5 70 (R A HL BB BE S, T AR M HL g
A RAE R

P,+H,+ Pw=Py,+H,+ P, + P, (11)
K, Hoo He, 53 900 2 % BB B B /N BF 78 300 2 3%
Poy ROGART U Py BT H B BERE ; PO BEAE
TR K ] R H P, A B RERE T T AB A H
BB Y HL

3 BB

B REAE T A W G AR AUE D)% 20 kW« h, fiff
KRB NI2KW «h; A5 36 ik
0X2+20) kW « h J 2 5501 75 (7X2) kW «h,
BB REaB0.97, 6 BU7.34 5 88 W 5% F 1Y 4 it

ML,

fig
(3

xz1 Hatah
Table 1 Time-of-use price
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Figure 5 PV output samples under different

weather conditions
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Figure 6 PV output and consumption under various

weather conditions
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Figure 7 Hourly cost of smart buildings in each mode
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