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Abstract: A new system of energy management for distributed renewable energy generation is proposed. The complex
characteristic of this system is analyzed, and requirements on coordination and optimization for energy management are
presented in the agent-based modeling simulation. The intelligent hybrid agent is proposed with a three layer model, and
a dynamic macro multiple agent system is built. New concepts of the main-agent and the mobile-agent are proposed to
facilitate the decision-making and the system optimization. Finally, a colored Petri Net is built and applied to simulate the
cooperation and optimization process of the system in operation. The results show that the system is valid, rational and
effective.
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Fig. 1 Framework of distributed renewable energy power system in renewable energy research center of

South China University of Technology

METRTUE ), R0 W R. E)Z H145 A
BL TCARBEF & it | D 4S5 B AS B o) R, i
AT R S RE R RSN, 1% )2 R 4%
RSP R IR B2, 58 e ARE (14 55 K 2y 47l

AR AN BH RE f5 K B 4 BR A2, At ke S BN
HE I KA AR AT BH fE $5 K By 4 R 11 Ok ) A2 3
IBAT FH G AR B 1R AR He /A 3t 1 15 45 DA A &6 FL vl
FERL PRI AE. TR N B B BLAR L, AR



2

B A% ] AR RE A 2R R RE R B A S 2R R 9T 259

JZ B LRI LA L, 25 fe R B ol o eF
LUK WA e B A0 AN R A A, MR 7ir 755K BEU
BRI B ACAF AR R AT K FH e HL IR P R 2%
hl, BEAT RERLA OB A AL B AR %A S Fy
fiti b, FE AN R A 1 73 A RO AN AR 4.

2.2 AEE H A (Energy management system)

AL AP e A B AT A U R A A
A5 P, ZEAS D REAE TR IR AR K, SE O
LR, MR R SR L AT /oK, SEBLAR S it
P, SRAUE BT RE. AR TR g LA AT el
G A R R B, T ) T 5 RE YR 1) 0 A UK HE
ARG IR EAT 2 BV IE H A2 BIAN R AN A B IR 5
Wi\ Z AN PR, R R AT B ABIALIE, BEJTT M
B AFNIBAT, ARG REWE L ST TN G 5 5K
FATIN 270 BOVE. 10 fehe B K KR AR A R4
AE R AE S BRI BY. BT R B 1Y e 2
SRAMSZAE, FA N 508 W ESR BAT ARl (14 D A AL
HAEI, DRAE 70 Al AU LR S8 1 2R AN B 25 A (1
AEST. DRI, X T A U LR 4, /D BRIk, K
ERGAL, My REDPHAKBREERELZ
[, USSR RSB L AR A5 5K, A8 3E D SR 37
e PR S, A HL U BRI R SR AR AL (R 2 ik
L, SCBAMR S RS 8 1 DL B4 /AL, I
SORBENS 5 38538 N AR GE N AE I R 2 PR AR B 4240 1)
SASBHLYE, SEOLEh S 5 R, 298 2 RER )
P M .

i bpriR, Jraia B, A EeUR B RS AE R
BELARG AT LR © B B, e T
HAERE ARG T @ B2 ) Al Fik
CRE T HBEREHEASMNENE G B HoT
2 HAT RGN, vog T HRER T BLAR S NJZ
o Uk AR G B L I BRI AT, B
RERE A G LR LR A NSRS © [FIEREH
RN, AR BEUE Y U A, BEVECTY A A RE T A
5o 2 8], BARAZ L, #5402 6] R P A 5 b
E, I OR$F R GERI1 4. MAZR B 5 1AL, &
GLEOR A R M B, X PE T REE T BLR SN AR £k
AT & N

S LR AL W T REEEE AN, A5
AHARA 5 R L, & A0 bR R R BOR
A PRIER, 7T LA A AR LA

1) A A H]. RGN A A O 7 R 4, B
A AR R B RVRE P 1) I 18] 249 3R (R JFATAE 55 30T, 7%
TR K OME, JF H A — 8 AT A E
Pk, W RS AL R RS

2) BREFEH. T L E R B A 25 I AR

oy
i

v B
S

\

i

P ®

1S 2R G0 P i oK A Re 2 il a2 22 U7 I, 2
)M B N E R

3) WhE L &S AN ] O T SRR AE ]
POKPYRI BTN G (HE 1) Z (A AH BLAT B P .

4) BT IS B A S RGN LT
ks 2 NI E i R PR S N U A K
IEL A4, IF B BT HER, 7 A5 T AR
SEINHRAL 5 P S

DAL, BE & B R 48 n] LR 2 A R Gk
R E IR — KRG TT N B R RS, A
SCR LT Agentid #5773, @& B e 5 o
PR, AR BAAR R,

3 T Agentl) it & & B R 4 & B (Model-
ing to the EMS based on agent)

BT Agent S TV R TR 22 RGE K — M
H T~ oA, B EZRE A R AL X
Tt AN 201 48 4, DATROME 280 2 W ) 2877 X, v i
THERRGMET A LN @ ALAL G E o p AR
RN AE. BIAE, Agent(P) JARFIHAR )2 N H T
PR, BB A PO — PR RIS 4
AREEI7 %, M — MR, 2R &
NFEAE RT3, 2 —Fhrikie.

3.1 Agentf M Y 1) & 2. (Micro model build-
ing)

ARG Agentdi A3 # Uk HL 2R G2 P 1) SE A

Pt ) R 70 A 4 R, ISR BSOS Y. 1R YK 2 2 Agent,
530 0 F YR Agent B 7 4 Agent. HLAA e LR

M HlAgent(wind turbine agents, WTAs): Hi
Agent M, %R K HALEBEAT g A B

Yt {1k Agent(photovoltaic array agents, PVAs):
U Agent ¥, XGARBESIEAT fig 2 3L

1 fif Agent(load agent, LA): X 71 fuf £ 4T fE =
B JERE— 2053 g n] B 47 4 Agent(interruptible
load agent, ILA)F1AS 1] H K7 471 fif Agent(uninterrupti-
ble load agent, ULA) K.

fiti B Agent(battery agents, BAs): X fifi fig 17 i it
ITREEE HL. ARG PR 1E 2 i Agent ) —
. T BE Agent [F] IF LA FL SR A7 £ 1R R0 AR
PE, Al % HLER B PO RS I “ S % T )7 R
X, ARICHIN S FERE” X HEAT I ME, fif
it Agent UL FLUEE A I, &b T80 R A, Hodm
RN “+7 ) HERE R IC UL A IR, b T
7o HUIRA I, Ffar b oy “=7

A5 7% 85 O M IR, R LAY L Agent,



260 E R N 75

5 N H 29 %

€ XA R HL W Agent(power grid agent, PGA): Hi %
AgentfCEL K, 15 #aUk RS AL,
K HL 2 Bz KT R R 4, PR, EAR
Bl L R O NSO R E M= I (T2
RBRGMK T T, B Agentfie TG RFELW R 48
2 R, Ao mA R RGN T7FI, M
Agentfig Jo PR 2 RG T, JE T K MW Agent i
DA [ I 3 it sl W g &, 25 B8 AR S F 5T

PG ] B AR REUE, DAL, RIBRGIN “SHRE&”,
AR Ky 7 faf Agent— 2%, 24 L I Agenthy 73 L=
KWL RGR LRI, Tt D)0 “=7 ) M
W oy B R F R GE A B IS, AR Th ek “47 .

XTI, FE T Agent @ AR 1) 73 5 R R 4
Ae i M RGBS K B2 . 1E H Agent
Sl R HSCEE R G R R A LA S D AR 21 A i
RET AU e

Internet

KHL RAL | RHL Jafk fififE it

Agent Agent 1 Agentn Agentl| ™ |[Agentn Agent Agent

Sl *@?1 *J@éjn IK’;WJ‘l Iéﬁlﬁ%(n %: rﬁ B
l l l l l l

AC_BUS

Bl 2 Rem i B RGN EEA L W E
Fig. 2 The construction of the DG EMS model

BT R B RS N ER, AR RIS
Pl Agent, BAAN: “BIGE” F5 & MAgenthr T
HA BB AR ShResh, B B A
YRSE R LB 2 ) RE N RE S, IR AT N
JE P TR A 8 I AR 2 5 R A Ay A A% AR\ Agent
B R I R R 4y, 1 HAT B S 4
i %sMuller® H 1 ¥R & F 14 45 INTERRAP!,
A AN [ R B i 5 R0 A R R B, SR 3R 45 4
AR A, PR AR EE Y O 2 2 1, IF HL, $356
AR AR L, e fE i B E R, B R Agenti
WAL E3 T .

(S1,82,83,84)| i

MBS E@ e

| # B |

K 3 Agentfil Wi A
Fig. 3 The micro model of agent
GREIIL I3, 730 Ay SN JRy S ok SR S A
PIMEZ, 5 208 AR I A PUIRAS, 2050 AT &

P ARERAGE S &I AR _E AL 3 Agentl)
B R R, Sl LB A AR ML, B TR A
RSENBETE A, B ARRAT I X438, 784> &
T AgentH 5 I, AR T4 R R gE. A
KI3TT LU HH, AU AR R A3 Ak b ke 8, mT LA 43
PR B 43, 53 il o 128 B 11 e S 308 3 R 32 432 42 1) 48
gy, BRI T RGBT R AR, Agent A
M IEEI—HER— T RIS AR ST 8) 7 1S ik
Fed R, DAK “Hsil-vrAl 7 i sis AT i, o
PEAL L 0 N o 2, e R A R
TEBLIBAT TR 4> B M 4 Ak k. T AN, A AL
P AN FAR RS I AR AL, IE BT JE AgentAs £ (1 1L
b Agent Iz 1T IR S 1) A8 1k,

3.2 MASZE WA R I JE Bi(Macro model building)

3.2.1 MASHI& R 45 ¥ (Framework of macro mo-
del)

MASHA 2 45 46 (1) 3857, 92Br I AgentAH . [1]
KA B SL AR BLEI ST A R G5 IR A B
PEE B R G0 A5 R B I Eh AU AR A,
WA RAE M AEALRE ). MASIR R L5 M T,
THEE R RGN FENE . AR ) T M
EEalis

RSk P e S5 R OMAS 25 14, BRI o
B, AgentZ [A] RS H. AT 45 43 i BA e 6 3851 #y 25
i) LA G LU 2 7 B, H T AR A T MAS IR TF 0 45



2

B A% ] AR RE A 2R R RE R B A S 2R R 9T 261

H B EAIMAS, R4 R AR Ak, 4 B 5 458,
AT RMAS R 4.

EX 1 SHlkERG R RIS IR
HIIMASAHR R H, AgentX] W T & HL R 48 H 1) 54K
AL, T AR G BT P A I Agent ) R A,
MASH: ) & fE— Ik Pk Ja, il & Agent ) {5
B, IS EREN S BT M Agent M R LE A, &
— N B A S, AR A AR A AN W
ATE

322 HEFELGHIFIMAS(Dynamic structure of
MAS)

AT IMAS 72 AR R g/ an 4R

4 MASZMAR R i F
Fig. 4 The macro system architecture of the MAS

XT B 4G N

1) RG5rA3)E, 3l AR R AL R R
gt )z Hoh, R AMEZ R LR AAAE R, AL
RG A Rz, DA e rp DL A .

2) AMARJE I Agent S A4 SR I A, AL
SR RS A N RE, IR RS AR L.

3) &) Agent(mobile agent, MA): MAZEMAS
R B 1, IF AN A MATE [ e 1 4 20
&), FCAOUAE IR ik N T ] B EL AT B0 R 4 AL,
EHFE AR, A be e 25 3, % 2 R 70
JHE Agent ™ 1A, 3R 453 4 R IK) Agent I AR 7 I TR ¥R 3
b A R, 20 35 Agent.

4) T 'FAgent: 3KIFMAA K] AgentiE hy 247k
F FAgent, B Y IRRFEA. RGP 4> Agent#B
A FAgent) T BE. 24k I F Agent & Y i
BT 2R AgentH R R AL

5) MEZE A Agent/EELLIEATIRE T, &
TEAAREN, B ARG ER EM I, A RAgent S 1)
P25 B B AR 0, [ RP 2R I Agentos SR A AL — e,
TERCHE, J& A 2121, B4 A4 2 1) 1 2 34 T .
I B ARTT2 TR Agent il R ZHZ3 (R PR3, BCA
F FAgent. TEA RS 53 A W WEARHLEEH 3=
FAgent). PVFA(PVEE 41 3 T Agent) . BFA(fifi i
FET S Agent). £ T Hifif Agent, ULAL5C K Iz =

6) MMAEZ £ FAgentE s — R A 2=,
JE AR PR SRARIR. 75122, IR¥E /1 (L FATE
— IR HE, TR K AL 2%, 4 5 ok BE R A 4
FEAREFN 7 A 75 SR AL BE. E REVR LG AL e, R FE:
WA # 5 Agent/EWFA . PVFANIBFA 1 1% 5, HR ¥
— R [P, B e 3 2 (R 1A 2 3 Agent, J& MFA,
MFA R #5 SULARIEAE, SRICAAT 7 K, 24T 4
JRPE.

Zi b, MASE Mgt th R, HH AR
AL AL BN, AR A 3 Agentbifi 45 A 55 1)
Ak, SR . EEMASHIAMEZ. T R ERIR
(564 3 1 g5 0, 25 Agent 2 [7] 5843 1145,
R I = T Agentb & I 5IN, SEbs EXTERT J2
WREER, LR P IRFERE L, AR T MASH A2 1
JEURAE, BEAR T AN B 5B RE AR &=, A 800 g
YRPRTIE A AN T H B8 ) PR R ) R
3.3 MASH th 8 K fi# J7 (MAS coordination

method)

RIEMASHI R R 450, B5%5 H TMASTLfL 5
il A s B . WS TR, vF R AR R
PSR 77 2 3 G 5

E A R AN | T D g T o O T = 7 S d o
4 )2 tH Agent H 5t 58 1% H R LK, TE A4
TR, FLIR, 45970 R R TR A R, A
I FAgent FATE SR B A 2L Agent 1) 11 &I, i
b U AH Y AR A, e AR RN 9]0 B
X, A 2R, B, &2 S Agent FAR
KA L, #1410 £ 5 Agent MFATESREUIL 75 4L
P ), T8k AR S AR, S8 ikt 2 4 )R
Pk, TE Bis = ok

H2 o AR B AR R B T R AR A,
MFA U A0 Y. () A0 46 5 B R S5, 58 14 R
1k, T8 B e P 5 IR, MPANS B 26 1 57 38 A1
JIT A HIFA; # i, FAKE S 28 e S0 S0 4 L 41 218
i Agent M4,

HaR ﬂGL%)%EﬁUE%fJWJ\iﬁ .
i} PE:

YR éﬂéﬁ%ﬁ‘]ﬁtw‘a‘wﬂﬁ} ik
it { s

L 4\%%};;@%&@@‘« .

Kl 5 MASHUAG R A s i

Fig. 5 The process of optimization and cooperation for MAS
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Fig. 6 The dynamic simulation of the process in optimization and scheduling
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