H35E M T
2011 4E 7 H

SO S VS

Power System Technology

\Vol. 35 No. 7
Jul. 2011

XEHS: 1000-3673 (2011) 07-0024-05

RESES: TMT76

XaktrEfE: A FRMKES: 4704054

MM AR E TR & B HI SRR

skt KA KE2 AR

5, T2

(1. fepd h Kz a5 5uF 5%, brt F-FX 102206;
2. YEEARFHARE, LR T EERX 100192; 3. KRE4EwoE, LEYE KET 038200)

Energy Management of Microgrid and Its Control Strategy

ZHANG lJianhua', SU Ling', CHEN Yong?, SU Jing®, WNAG Li*
(1. School of Electrical and Electronic Engineering, North China Electric Power University, Changping District, Beijing 102206, China;
2. China Electric Power Research Institute, Haidian District, Beijing 100192, China;
3. Datong Power Supply Company, Datong 038200, Shanxi Province, China)

ABSTRACT: To construct a supervisory control platform for
microgrid in laboratory, the constitution, functions, tasks and
working flow of an energy management system are proposed
and the mathematical modeling of economic dispatching and
optimal operation of the energy management system are
described in detail. In allusion to the operation control of
microgrid in the laboratory, a control strategy, in which the
central controller is combined with local controllers, is put
forward and the correctness of this control strategy is verified
by the microgrid simulation model in the laboratory.
Simulation results show that the proposed control strategy can
implement optimal management, coordinative control and
seamless switching of microgrid.
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Fig. 1 Schematic diagram of microgrid
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Fig. 2 Functions and flowchart of
the energy management system for microgrid

R RERE B B REAKCT, 132 DG H sl (R £
A, SEIFERER GG AR AL s SO L TR B R 3 0
TR B AR SR AR, 3 AR S T
RETHL M ZEK .

=G O g B H R BT B AN L I, WS R
MR FRCMIRE S, SN S R R
M

2) KIHne s B . 48 LAy i 2R AL
— KRB AL LB IAEEERIER L AE S ]
ST oy A SRR )

HR A 22 55 U FE FILAAZ AT S, Fi5 i /A xU e
P s AR AT TR T, BRARE M
HZ&, EMAmTR, #UAEE LA,
2.2 WMMEFEAERMKLET

Tl I R B B 3 B H ARz o ST 48 F
PR ARALIZ AT, S IRBATIN, F AT
RUF T ARG TS B ), SR SO I B AT
T M9 2% R 20 50 T FE R IZ2 T

5 R MM RAIZAT AR, W 25247 A
P& DG [Nt At . A 0R I FAE BE
B BRYHET, WUNMREIY RS, IEHHEE EMW
[ HLREAS Sy o T LA B JRURL, AN SCHE H (3™ fig
EEM ARG RG Z4A . RRwisiTia L, &
M. % DG BIRTERE. MR RZ, S5
% DG H VLS ERL W 2 R ThRamish, &R
Fr R, SEIU IS AT 57 A B /D o

ZEVR U BRI A

DWT FI PV 1E R ml A RIS HL T FERR L,
WEEG AN, LR RNt T

2) MT HLALHE ) v s e ;

3) M WT. PV HI MT HLL T A Ho i A2 4350
FOL A7 r 7 SR IS, ] 2% ) T P

4) Y WT. PV Hl MT HLA T A H & AN Bt a2
HLAETSRIN, HE4E MT Ml FC LS KA, &
TR 2 L H ) B AR S HAL 19X D) H R A2 R 4R A
e =Ko TEA IR RO R T

TAFBAT AT AR, HERRECH

minC(P) = ii{ﬁ [P(®)]+ G, [PM)]+

Y E PO+ X [C, ()R, () -
k=1 t=1

C, ()R (]
A PO MT 8¢ FC 7EIRF B t MR Zh % Fih



26 RIS 0 1) e B e LA SR

MT = FC HIARL A O 4 MT Bl FC iz 4T 14
PR o WHPECKRI k BANERAS: Ep N MT
8¢ FC 7EHEE AN k B IHER 75 M S Ak
R, EEALFE NO,. SO, 8k CO,; Cp(t) Al Cylt)
IF RN t I 2 R AN RS FLAY s Py () R 3K
By Pen(t)h VR, T 04k A IR I B

MT B FC it L 15 1 5 v 75 {8 2 A A2
Pl iRk SXLREMH

2
ZF’. =P - Py —Pyr =Ry + Pa
=

MT 8% FC % th D28 DA 2041 I S/ (1) dae K de /N HY
TWH N AELLREM A

Pimin < P| < Pimax
L ™4 MT 5k FC [t/ s P™ g MT
8¢ FC Mys R H 1.

3 MRy SRS

3.1 WMIBEITIEH

T SEBG F AU B A T4, SR g ) s R
JriB ¥R A (DG A7 AT ) AH 45 A IR 428 1 SR

Je iR g 0 U R L R G ISATE . AL
B4 DL AR EE R G I S AR RS e M. JE M IE 4T
I, BT DG WiARLRAR A PQ I 5i%, Htih
P a8 A TSR BT . IS AT,
T oA YR MT PRIt 3 b H R R A 3 42 il 7
5, PRER U AR T ORI L AR E o SRR A A
P e T AT, AR v s s 0 i 2
BT o R AR 2 B B O I R
B, Gl DG 2 il A A i g 5 i R g %k
RN s 2 ST 1 iR N P T N N il B S ke o
. Aes B B OO R TT, b Rzl
AR o A RS BT E R, R
A, FRUBISATIERE b, G e HE S AR ) R O B R
Lol
3.2 DG T HI R B

A IR 2 FhizfT /30, DG il
W PRAE AT 7 2 i e 4

1) FEME T HIENS . JEMIEAITI, W R
() LI 2R P 2 0 R I R AT AT, A6 s i R R
H () A, bl I HL R 58 1. DG AR 28 1)K H PQ
P, AR AR R A DI D) Pres MG
IR Quep FEHIMER WK 3 Frm. B L ki
HUEG Lo MR HUE; C MBI A U WisiARgs

\Vol. 35 No. 7
LSS R uoLe rooy b i
el [ i wﬁ*i} > f‘1
' ek
» PWM i I‘ w ek
Qﬂi@ P PESIE

3 PQIZHIER
Fig. 3 Control structure of PQ
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Fig. 4 Control structure of voltage and frequency
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Fig. 5 Control diagram of microgrid operation

*1 HHXBREEH D
Tab. 1 Prescribed output power of DG

DG 578 A DDA i kW 5 7E T DDA b i kvar

MT 35 25
PV 10 0
FC 40 0
WT 20 0

2%y 3.8kvar.

T=5s i 35 MR ALt ZeA0N, Ao B R
B, G e s il 2 H i 4, RS E, 120ms
JE T 5 R RN IS AT o R MT 7R 43
DG, i T HIJE Dy Dy 2 42 ol i 48t Ay v s AR 6 4%
W, I AN 446 kKW, TLINH AN
28.8kvar, WT. PV. FC 15 A ThARITCIh My %4,
AR,

T AE8~11s I, Ls LI kEGm T 9kw,
TEITFRAAE . MT R R0, ] R
IR IBAT I a4k, PRSI FE R A3 R 1k

T=15s B = W PR IEHI8AT, S e R AT
FI AL BR, T s g R Hdr 4, 120ms 5
TR I MIEAT, RN MT AL A SR o)
Rl ERMPKE LR, $HEAEKE S
T KT

IR RE I B LI 6. 1] 6(a) R (b)FK T :
Tk b A g AT S 0 I R I AT 42 V)
e UL RN I2 AT I PR ER A 24k . 18] 6(c)(d)(e)+&
B ORI R A 0 R L AR DA K S R L R
AEE 2 30l JE B3R
4 iR

ASCHE T P e R R AR B AT 45 A
TAEWRE, HrP 2l ML Is T D REE LR &
#1845 DG IMBECRMERE. S dsRA/ N MR,

70 1 oMT; oPV; aPC; eWT; = £,

50
E 30
[a
10 1 e
10, 4 8 12 16 20

t/s
(a) DG FEMA TN S

40  oMT; oPV; aPC; eWT; s EM.

30
8 20
© 10
0 £
0 4 8 12 16 20

t/s
(b) DG FEMICLhH

0.34 oML oRIHLE.

0.32 1 [
> i
< 030 ‘ ! T
> 028
0.26
0 5 10 15 20
t/s
() =AM ]2 e i
12
£ 8
BN
= 4
= 0
0
0 5 10 15 20
t/s
(d) F= AT HL AR 22
50.1 rof4®; oER,
§ 500 > r b =
= 499
49.8
0 5 10 15 20

t/s
(e) LRI AR
6 FEMIRMITITHE
Fig. 6 Operation results of
distribution network and microgrid
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