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A planning and design method for microgrid based on two-stage optimization
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Abstract: Planning and design for microgrid is one of the key technology. Comprehensive optimization (including
combination optimization and capacity optimization) and dispatch optimization for distributed generations (DG) are
studied. Based on the characteristics of DGs, a two-stage optimal planning and design model for microgrid is presented,
which can apply to both stand-alone microgrid and grid-connected microgrid. For the first stage, multi-objective genetic
algorithm based on non-dominated sorting genetic algorithm II (NSGA-II) is used to calculate the optimal system
configuration, while the mixed integer linear programming (MILP) is used to deal with the dispatch optimization in the
second stage. Using the presented model, a case study is made for stand-alone microgrid and grid-connected microgrid
respectively, and the validity of the method is verified.
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2 ETFWRMLEH R R ARG LI
S pEA

2.1 WEMER

Bracken ] Al McGillJ T F 1973 i P42 T
Z RIS, O 2RI 8, XSUE
IRIE 2 2RI RG] . RUZIRIZERI RS



- 126 - & 0% EP DA

et Be 2R G A R S5 Ak AT I AE
e ERUREAL Tt Ay

Jy=min F(x,3,9,,.5,) )
st. G(x)<0
J — 1 -
{2 In;nf(xayl’yw ’ym) )
S.t. g(X,yl,yp"'aym)SO

X FOoyh EERALHI H ARG x A B
W G(o) A 2R BT 756 2 I LI AR 4 A5
SN FERALI Hbr &g v b R R )
i g() N PR T R ML R4 AF
2.2 FEREM KR
2.2.1 HAreRHL

AR SCIE HUA L R 50 I P R SRR I R R B
TR REVE VTS R L 4R, TT AN

J, =min(F}, F,) (3)

(1) 4751 F I SR B

T L 9 2R 495 (1) 4 7 i J) WA 48 0 IR VT P 2X(4)
.

CTANN
= Ce =" @)
N Cran TR CRF FR A IR E
(the Capital Recovery Factor), 1] Hz((5)1T 5.
o+ r)
C(1+r) -1
b FRIRPHG r RORBEARIER]
ARG T R R B AR AR 2 A R ¢
FIBAT B LT ALl MR AN
Crann = Cpe + Cope + Com (6)
s Crann FRIUH BERGFE N Crae TR
PHEAEAE: Cope TRARGIFIBITHH Com TREET
Yegr 2
A PR AT A B A I (7) 5
Ci = 2 C,CRF, (7)
ie fac
e Cpfiavess | WHIRREBE ] [ s @ 1817
At WTEEAE
RGUEIBIT BT RGPk
PRI T, TR AR
C . =C, +C, -C, (8)

X Ce R ARGFINHL T Cr 1 RGUF I IR
Pl Cs e ilfiat..

(2) {5 AR

SR UL LASE A D T2 E0RL, Fs Bt
i COv COy MBI ARG BR A W) iR
PR SEA S 5 R HE U SRR A R

)

i

FEAH O o Bl I AEHE ISR 55 TR FE 1R 3R LA
HAAHTREL
F, = (GCOz +0°C +0" + N+ GS)VF 9

Horp: 697, 6%°0 6"CL 0L & I RIRER ISR
PIHEB R B (kg/L)s ve ARSI R LI AT FERA
K (L).
2.2.2 RS

T R50h 2 HEstil, IIRE RS H R
TEVTHESZIG I, BRI R G H bR R 07— 52 [X )
W, Bl

F<F

e =152 (10)
223 i &

EPEE N RGP SR AR DGypes
SR HEHLE L DGrumbers WHLZEAL WTigper WAL
BB W Toumbers TEAR MBI TR PVoapacitys 85 LT A
BAT capacity TR TR AT CONgpaciy WA T E
PRSI

X =[DG._ .,DG WT. . WT

type ° number 2 type ° number 2

PV, BAT, CON,

capacity > capacity > capacity ]

2.3 TEAEMILER

2.3.1 HAreR %L
PEERARERI VRN 24 h AR N, SEBLR S

IEhASLTF R, LURY HIB1T 2 R Hbre

B, WRHIARTE A BRI H Szl

flﬁ_o

(1D

J, =min(C, +C; + C,) (12)

X CHRRGHM ] Crig R H PRNE K
WH CIRRGHZila .
2.3.2 LA
2.3.2.1 YFPALIR

Fs —B+ B+ Foxn=H — By — Py (13)
e P FRAEMIGHIIZR, Ps fRFEMSZHRIIE,
Ppc TREEM AR HNLIIZ; Poon FaAL TR AS DI, #Ei
M, WK IR PR DA, Pey FEOGIRK R
Di%s Pwr IR I,
2.3.2.2 WHAMEREATR

(1) S il
ASSCR A2 D3 0 h 2 Fiid S 4 v
HUA L R FE R Z TR G AR
F=F Y, +F B, (14)

o Fo 200 2R I8 R B(L/MWKW); Fy 28k
BRI R R (LMWKW) ;s Yen A K AL IR T 75
kW),

FH T 483 & LIS AT TR A R I ORI,
AEIR SR AL L SRR IE AT, SRR AL )
Wi (15 ZR.



HYlH, S

Fe BRI M R G BTt ik - 127 -

Prmnting < Pig € P Upg (15)

HAr: Pogumin A1 Pogmay 73912 5830 & ML H ) 1 5%
INE DRI KA D12 (KW); upg Ak —1BEHIAR
T, ARSI AL RS0 R, 1 FRoRTT
GINE

(2) B LB AEL R

& E g R e g, SLREE AP A I ) L
IR Gk, RUASES 201 i Bk S2_E—iF 2 REAR
A, B

WP =wrQA-n")+(B* -B*)/C" (16)

Koefre WERL W B0 ¢ R -1 I BE R b
WZ; P RS LI ARFER, PPORI PP IS
it B K7 FOTR AR L R CP AR & it B

TSP AT | RATEL, FFRHI4E
R B & L BE RS (N A5 158 H WA I B iF
REkAs, B

Wy =Wy (17)
B ¢ & I B K 7S DR TS 20N
0< B™ < Xxprimec® xpP ={0,1} (18)
2, B KBRS AN
0 S EB,d S YtBrB,madeB YtB — {0’1} (19)

I, 2 R ] I BEAS SR VRIRII 728
L P26 A2 T 2(20) AR
X’ +yP <1 (20)
Horfr pPmane yBmad 50 S FR 2 W L BCR TS %
Xy ¥y bR, fEE R e BORRR G, 3
{HA SRR 1.

N EACE A ] A, oA DR (SOC) W
WA =R DML,
S0C,, <SOC<SOC,,, 1)

s SOCrins SOCrmax 733 & LA FEARZS /)
{HAEKAE; SOC 157 ¢ IWZI & ity RS

(3) At PERELIIR

M1 RGO & i XU AR g 1A T 7
PAL, AR A& rh iR A diias, HasAT
LN
(22)

C

})B,c /nB,c /T]CON,rec
Feon = P
B,d18.aTcoN jinv
fQEP B> B, %EU?S% %?’@,?ﬁ\ )55( %%Ki, "CON rec™
1 CON,inv ST AR AR . AR K,
(4) JefR R ALY
K@) T CARBES 4 H DhE

1
})PV = f;’VPV,cap [I_TJ [1 + ap (Tcell - Tcell,STC )] (23)

S

Horbs fou AOGARBED B R £, o 6Ok S bt H
HEUE & e, BT Rl T RGR
5 ORI R 5 (138 55 DL AOGARIR B B 22055 5 R 4R
FE I 0.9 Pycap AOGARBED R E 75 5 (KW);
It JEHERFE(RW/MD); - ap N Th R E RE(%/C);
MAETH, JEHERE R 1 kW/m’, Bk i 25
'C hy JAR bR VEE X 4% 1 (Standard  Test Conditions,
STC); Is Fll Teen 73 7 A ARAEMIR S AT (R0 e ni B
FEAR HIE S, BUEY 1 kW/m® fil 25 °C . S A4MA
Bl SO T ORI B AT A5, T8 H 5
JERG w, SGRBEB IS AT AR 2 N . DRI
JE T ] LS 24TV

1 T sTC 1-a Tanste
Ta+(Tcell,NOCT_Ta,NOCT)( T j|:1— mp. ST ( p T ):|

IT,NOCT @

I Ao sTC
1+ (Tcell,NOCT - Ta,NocT )( T ](P'“Pﬂ}
I T,NOCT ™™
(24)

e T, @FERECC): M tRmAES 0.8
kW/m>, FREEEE A 20 °C. KUEh 1 mv/s A GRS
%€ 12 1T 4 #F (Normal Operating Cell Temperature,
NOCT); Itnoct M Tynoct 73 MR R BUE BT 451
R R R BERL A, U 0.8 kW/m® Rl 20 C;
Teennoct e FRAERUEIBATAAT T OGAR FLIR AR 2 T Ui
s — MU 45~48 °Cs nmpste AN
TR RAE, B TRSOUR RGBT ER K
D ik, A AR R RIBIT % «
FROGARPEZIE G K BHAEIZE L%, — ML 90% 1)
BRNME: o & PV FEFIRRBHRERIA S, $R3EIRE
B IRSORFH BEI EL AT, ERIAE 90%.
(5) MHLA BPEREZR
WML A% 25) 5.
{0 v<v,,v2c,
Fyr =
P®v) vy <V<v,
e v XL B S BEAL S PR XU s vein veo A
DI JRGHE A R, 4 SR RO T8 T 58
RIS, RALESAS A P(v) 2 IE 55 RIS A X
BUHE g, G- i Ze Ze PEadi a1 2.
2323 RGEBITAR
T PRI 2R 48 DA FL 0 D) P S P i A2 12X (26)
LI

Ty =

cel

(25)

0<P, <P,
0SB <R
Hlt, Pomaxs Psmax 73 MR 5S8R FL I SRR
KL,
A, RGEAT T &R ) A Re L FoaiE
Ty B

,max (26)



-128 - & 0% EP DA

233 fifbAe
ARG RN T Poy SZHLDIFR(EL
FERELIH)Ps SEMIK LI ) Ppg. & FIEATICR
UI% Pycv Pap WAALARE, AT
X, =[PG’})S’PDG7PB,c’PB,d] (27)

3 RYOKMETE

3.1 T NSGA-1 | HIZ BRRBEEREZ KB LERE

ik ia g

% H R A A —PIAEAN [ H by b 54
RO . BT XS H bR nl GE A TR LR PR
X JE WEANRTI R 1), 22 H bR 14 Je S I A 5 3
I Pareto S fUIEAEIRTS . Pareto J&AN[A] H ARETIHT
W75, R AT LUK Pareto BT S FIXTAS[A] H bk
(P SR sl . A 2 H bRt A L, e
BRI IRZ 2. KL, E#E %R T HB 2 His
v 2R A kg B H b 1) VR R R SN e AR SCEE T
NSGA-II [ HARBESTE Wl AR g2 H i)

WKl 3 Prow, 856G A SRR, ZET NSGA-II
122 H brigt AL SR AR 2R ) R R T ik

k.

[ =k | o
[ BaRRR R Py, =0 ] n
N O e e e
> PR, 4 TR, | %
I
RAPUQ, ARTA AT FH I, 50 ﬁi

PEREBUEAE T

r=tt+1

PREDRTSE, TGN AL AP

[ 3 R M R R KRR E
Fig. 3 Optimization algorithm flow chart of
microgrid system

1) KGR BEIR SR By Tufr IR
WG A S

2) MihaAe R Py, JERBEHLEEO™E N A
W, AN HIAEREE Py, HX =0,

3) PRI N IZOUA R B Smss, THERRE Py I N

. %X (28) THE AT Y. BE PR A
LX), fo(X)], Xo&— A ATfi#
[ (X)) + A, fo (X) + Al XASSEATAT iR
(28)

HP: Al max OB RPTAAMERI S 1A H bR & 2
M5 KA s fomax(X) BRI A 2 AN H bRk £
TP B KA 4 AT L LR SAAMME AR
A 2 F

4) XPRIHE PAT B EAE, A AR Ore

5) NACARFI#E P, Hhil i AR R EQERE. &Y
AR )15 2 AR HE Oy

6) Vi F T Z A B Sem, THEORRE O, 18 NV B
(=

7) B4 H A P AR O, B IF I R,
MR YRS PR, SR SR R AR A
BHES, XAMAREAT Pareto HEF o

8) TREANGIL, MFhHE R HhIEFERT N MAMELE
KA A Py o

9) Zab 45 FIWTZE R, A, W
REMAEE R, WA 4),
3.2 BEBHLMUEMRNELKET BAE ML

TR HEE G M R A — S (R B K )
B, e AR ) R X, AR T A ) i A
SRR AT DU M 1006 ROk R, —MRA
BRI ) 8 1 e g e R, s — ATk
fift B NAB B/ IMEL e M H ARk A, — AN
TR, VLS R 2 A S

AL P HEIR A T S M R ) R 4 S

min c¢x
(29)

X <Sx,<x,. i€l

x, €1{0,1}
e ex TR HPRREG A FRIBSLENE TR REGE
s b FRIOLZME T RRAUE: x; 1 x; 23 il i e Y
AR FE A LA & o AT FME IE 4l v (Revised
simplex method) fi# ¥ Ze P LK ) L, 40 S 5 e vk
(Branch and bound method)fif &R Vi 15 FE £ ) il

4 B9
4.1 BEHHHA

B W TR ] B R AL XA RO S, %A X
HIHARRG . XHLRSG . Sk ML A S Hiit,
BT & A MBUR PR, Fr ke AR B,

Fitness —{

s.t. Ax

A1 IV

jedJ



X,

S5 ST RUR AL I L AR SRR B Tk

- 129 -

AN W AR IZ AL DX A AE T AR T G e s A
AR T SR AR L, SR A S H R AR A A B A 740
R E TS TR 1 h, JEE 20 4F4EN
THEAa Y. Mg REMAIZITIE, ARG
HEI ARG SERE, ¥
e TAEH . g H . REH, BUEH 2041

FHEERACT

fEH, 8 MARH,

INEE

3 EEH .

Senh A AL SR, KO R HIAL. IR E

HLH AT HL it AR Uit 2 A SR 24
®1 RFHERESH

TP 1 R

Table 1 Technology parameters of the system
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Table 2 Time-of-use power price

Mk /(T /KWh) I ) Bt
0.471 1 23:00~7:00
08759 7:00~9:00  12:00~14:00
' 16:00~19:00 21:00~23:00
L0947 9:00~12:00  14:00~16:00

19:00~21:00

=3 BRMHMS R

Table 3 Environmental parameter

mY SEMEERU(gL) R MHERY(g/kWh)
CO, 26333 864.7
CO 6.5 8.0
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Fig. 7 Pareto frontier of the grid-connected microgrid optimal
results
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Table 4 Optimal results of the grid-connected

microgrid system

e — i [T =
LB/ I T 879.501 92 818.6 228 837
15 QYU 16 550.7 8 731.74 272.768
Gk I 0 4214 12.6
BATHMOT T 879.501 92523.1 227 695
ARG L /(kWh/AE) 877 556 462977 14 462.8
RIFTHE/(KWh/AE) 0 25.0109 148 758
R HHLK H/(KWh/AE) 0 0 0
& I /(K Wh/4E) 0 62423.9 152 615
JetR K HUKWh/AE) 0 434474 162 928
MK HL/(kWh/AE) 0 383987 880 291
AT T2 /(kWh/4E) 877 556 877 556 877 556
PREHHAE/L/AF) 0 0 0
v ] 7 50 kW 50 kW
N IREE 0 0 1
AR 7 30 kW 50 kW
KL £ 0 6 10
# LA /A Wh 0 80 680
AR ZE /AW 0 40 150
AR A A /K Wh 0 40 230
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Table 5 Optimal results of the stand-alone microgrid system

fic & — [ [T =
LB/ TG 56 806 129 986 226 037
5 QB 921299 440347 205.939
Gk I 5.330 89 7.8573 124133
BATHMOT T 56 112.6 129 127 224922
RYE HLKWh/AE) 0 0 0
RIFTHE/(KWh/AE) 0 407.999 151230
K HEAHLA HL/(kWh/AE) 631892 302 021 14 124.8
& I /(kWh/4E) 3109.31 11492.1 86 094.4
FeAR K HL/(kWh/AE) 54309.2 130342 152 066
KMLE HL/(kWh/AE) 191 994 447 985 880291
AT T2 /(kWh/4E) 877 556 877 556 877 556
PREHHAE/L/AF) 170 611 81545.8 3813.69
RAEHERKW 50 50 50
FOHLE 3 3 3
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