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Study on Multilevel Optimization Approach for Smart Grids

WANG Zhong , LIU Bin , LIAN Honghai, GU Fei
(School of Science, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract : A multilevel optimization approach is proposed to connect distributed energy, renewable energy and
energy storage devices to microgrid. A multilevel architecture system is constructed to reduce the computational complexity
and optimize different decentralized microgrids, different decision makers and multiple objectives construction. This archi-
tecture system connects the multilevel structure system to the system control network of smart grids, the upper decision
level of multilevel architecture system has a set of fixed parameter (reference values) function, and adapts to the lower
decision level by a specific structure of the control strategy. On the basis of the parameters, each decision maker at the lower
level solves its own optimization problem by tracking the reference values provided by the upper level. Software simulation
results show that the application of multi-level structure system not only optimizes the running time in the smart grid but
also optimizes the power grid energy management and reduces energy consumption.

Keywords : smart grid; microgrid; multilevel architecture; control strategy

1 [B)ERIRH 2L e S 2 S B M s 540
fltty e R TR DR T o 0 0 2 5

Bl B2 AR BT &, AT e I
REAL R B 2Rk d w22 BB b Do B 9 % BB rl
Wt R a8 T A o X T EAE RO REHL ), AR B AT 45
7 AR 4 R8RS 583, (A Z K

— AL S B
A VRAI A B B A BEA 7 S AR AR P il s A B, A
S S N ) 5 5 B M T BT L A &

WF R . 2015-11-02

EEWH . ERARPAREERIIH (61174075), Wim Tol K20 A Q3L 4 VB H (CX0914)

fEEEN . £ & (1991-), J, Ak, iEE Tl R2Emi A, 29 m e M RE A B S ik, IRA RS
Sk R R EAEIE SEUETE T, E-mail: 1070768405@qg.com



30 o Lok K % o R

2016 4F-

¥, s B AR AT A RRUR . B ik . X
WG AL R G . BEPLARE L e P 4 g
U5 SR B AN PR SR, QSR A R 1 2
] BRAE — A e B AR R P R B, 51—
AR ME AL B ) S BP0 Ak 4 1 e L, AL T B A A B Ak B
25 [ U A DX — (R G . PR, ASSCH
BREHL M G E T, A B Z B iR 2 AR
)2 2R G AR R IR BRI, I 4 A = e
AT AR

ASCHR DL —Fh 2 )2 IR G R ROk R B
W ZEAE AR R, Z AR R Y BJZDE)Z (upper
level decision maker, UDM ) “AEA [ & (54 S5
(ZHH) ki, BB —AREE PG SRS 254
PIE T FZRIE)Z (lower level decision makers,
LDMs ), X —Z%5, HAT20SRE S RER
JZUR)Z TR B S R R L B B R4k IR
Kb, AWFGE R 2 )2 R SRR R PR A
BOR: FJRURZEEA AT 200K )21
hee, BRI SR M. EXA TR,
BRI EHE R T M M A RGEABE 2T LB
Y5 [A) 8, (7] R S A R ok SO A Y ), A S
AEHL AR DG STk, FR A R I R G ALz ]
I REH M, IR A T IR R AR R AR,
MASCIR I Z 2R IR R, HAEFEW ErT A
FAEM R L ELE . ILAh, TESL R A 2 A f
B4R 4 UDM ¥ LDMs LN BANTT £, 55
— AR EARFETCHER 71 A8 H H& H A5 T UDM [k
K ] RN Jey 35042 T SR W AE S5 RSB Bk 290, 2
UDM P35 )85 B i), TS ny sk )y 2 T
DARJZ IR R, 30507 18 T WL R G0 19 52 2 e
DR X N T R RAR ., A A TAEN
ZHERA R TIHAB e, (HEA —EREMK
Yok, FLEWFEEEZHIER BRG] AT X0
P BAR G I G R R FIATT . XA T SR E
Sl SR TR A T, BT A SR E
RS

AW, 2 2R EERR R b i) 32 i AL g
TR PR E ( medium voltage, MV ) #5551, %
ERI S RZFEHILE (low voltage, LV ) ZRAHER
LV-MV S ulith i, SCHRI9TH 45 0 1 Ha I A4 2l 2
RIS DR — R, A SCHR 2 AR R T
T LDMs $3R BRI, [FlE), AWF5EH0E UDM
PSR ) SR B S — A B oA M 1 —ik
FaH %) 22 )22 IR 5 R A R 3 TR {8, KR 4R
BT

2  LDMs HyR K )/

Tl P90 ) 2R 3R T 05 0 1 Bl L IR A R v 8
FIAFfil R GLIBATAE BIA 3¢ o RCH IR S BRI Hp e
ABFSFERBCARR, ISCRR[3- 4] B9 RS
5, ASCEEBCT —A> m A LEX R (7, +1) B
TR a FEEENNY R b AR . TR AL,
HIy %P i iy 5 R =L F

H, E.m

H&,m Km.a
m m m
2 PF.h,a.f + z PRES.h.a.r + z PS,k,a,r -
h=1 k=1

h=1
mn n _ n
PD.a,t +Pgr1'd,a,t +ZAP - 2 Pzz,b,t 5
beAy, 4 ( 1 )
Hl‘} m HR, m Kmk,a
m I m
2 QF,h,a,r + 2 QRES,h,a,r + 2 QS,k,a,t -
h=1 h=1 k=1

Ql";’.a,t-‘ngid,a,I-'—zAQ: 2 Q:::h,ro
beAy 4

A (1) A

a=1,2,+,N,; b=1,2,,N,; t=0,1, -, T-1 ; H
H N, K m B CH D B

A, JHTET R a MR B 599 8 a MR A b 1Y
A AL A

Py AT R AL T A a BB m By
ML AEX (e, +D)NBSE %, Hbh=1,2, -,
Hy ., T H, , FOF 8 a BT AT & HL 5 1Y
ks

Plaes o IBEEABITT 5 a B m By e i o
AT AR REIR A Shah R, Hh h=1, 2, -+, Hy ., T
Hy ,, T FA AR A5 I B0

P DT A a BHE RS kAN REIRAEAE &
AR, Hok=1,2, -, K, ., T K, , NI
FEABTRE A I B

Py RS AE IR,

I SO E AL LR SR RVIE: S

O 1o Orsnar Qsrarr Obarr Qa o I HHH
INYiOpIPI B

AP, AQ i WANE TS RS A & 51 & Ft
INERSN G 2R TC ) %

P, O AT m BT Y A @ A% )
Wb AN IRFE ML, BT S5 0WAED
HS, (kV + A) fAAEINTF KRR

Byt = Pas Sy
Q:,’b,t =qu,be’
Hr ey, q) S A SR B SR R

DI R AR IE S IOCR [5145 Bk
R UWF



B R M Z 2T AT 31

[ 2
m mo "
m _ r"'b (v"”)
pa,h,t - m \? Am |2 B
(ra.b) +(ra.h)

m _m m Sm Amo: Sm
va. /vb,l I:ra. b Cos (60 b,t ) - ra. b s (50 b, t )]

2 2
m Am
() +(52)

(2)
oo )
) ()
v v [ cos(8, )=y sin (57, ) |
.
| () + (7
X (2) H: a=1,2,,N,; b=1,2,--,N,, Ha# b;

=01, -+, T-1;

8, =00, =805

r U A3 R a RO R b BIBEETSEL

v IS AT R a F R B R A RN AR A o

fEfiE R G HRE T 7 R

Xokoret = Mavk i Xa ke ~ Bk a Do (3)

K (3) #: a=1,2,-,N,; b=1,2,--,N,, Ha#b;
=01, -+, T-1;

Xoio NI a FERFZ ¢ (O5F k 766 R G AT Y
AE i ;

Mo, R a TERFZ 1 (055 k AP RGEAEAERE
ORI

A S HICRSE 1) ] B o

P ) REAE m B i I e ) H AR ek 2 (LDM -
AC) F: 5 ) ,

JLDMgrid,m = zo,|:ﬁm (2 R, _p,SDM ] +
2

a=l1

A’W.a KHl.tl
m —UDM
am zzxa,k,/_'xm +

a=1 k=1

N, 2
ym[ng’rr;d,a,t_l’_l:DMJlo (4)
a=1

K a,, B, A, I T

pUPM, FUPM UM S UDM #{E S

BT A (1) (3) (4) 4, LDM Jesf a) s
G B RN TR AR . DA%,
oM R R IR, G sCEki6] TR -

[ m,min< Mmoo m, max
va \Va,t \Va 5

(B, ) +(or,.,) <spm,

(Bl ) (O Y <Smm L (5)
(o, ) +(Ofns.a, ) <Spa,
(

2 2
m m m, max
PD ) +(QD,0,I) SSD,a °

m, min

m m, max
xa,k g‘)Ca,/c,t gxa,k 4

2 2
m m M, max
\/(Bs,a,k,z) +(QS,a,k,t) sSS,a,k °©

(6)

W) (o2, ) ssme = (D)

HA(5) ~ (7)H: a=1,2,++,N,; t=0,1, -+, T-1; k=1,

2,k s b=1,2, N,, Ha#b;

m?

I AR b B B U

SE Sidas Sapsa s Spa > Seae ¥ hHUE LAE
Ij]%z, kV * A;

I R IR 5 a B0 05 b Y S5 R L T IR AEL

e =y v, HP v, LR
X S B R B AR S AR SR

3 UDM REKEBME TR LDM K

UDM (PR3 ) R S A 3 AR . Ak
UL P9 AR R 3 2 BB R (4 TIASURD B d /M o T X 3
Seal f, ASCHEN, T — N H A PR AR AL, A
FEMATE, P, WHIGRAER, RN A a
VTR b BIIRYL, P, AR BN TN a
BRI 8 m BT X ] (2, t+1) BRGE)R G, Hrp
a=1,2, -, M, MAIRHRNEEH , /MR HR
BAF

minJypy pp =

i{i[(q‘, +fcfxCCO2 )Amax(Ua’,,O)—

t=0 | a=1

B, Amax(-U, ,,0)+g, (P, )+

f(‘)[lsf(’ﬂ
[ = PrnaCCOZA +

" LHV,

M
Zéa.t 2 Ra,bla,b,tA}o (8)

Krb: M, 7E UDM HLI TR 575 8 a GBI B BT A 49
HIES;

C, 0 R — B I ) A P R D) I F B AN+ 7
BN NA, J6/ (kW «h);

B, R — R g [ R B S P BRI A 2 Y
AR, 6/ (KW = h);

£, B E T, kg/m®;

f=107n, Horbm S 5 RREE A AL (E 5

Ceo, NEHIFHUANIER CO, LD, J0/t;

g.(P, )T Iy 4% v Rt A

[, WS RE, Hf=107;

Foiar [ o SPRIRBET 51 a BYHERLR T R4k
K¥, kg/ (kW - h);



32 o Lok K % o R

2016 4F-

LHV, i AT B R S, B0
(KW - h)/ m%
n, AN
C, , MA@ BT A5 b 77 A v BESRE A B4
AR
X5 m B GO O AR, K TR R0 R RE L R R
— AR, AT AR S T R R A
NTF RGO IS
Xoin =X, +(BL~EL+ P +PL)A L (9)
X (9) H: a=1,2,,N,; t=0,1, -+, T-1;
c, W a AERETNFER T
PY R EZ A M R R
PP LI B SRR %
P, R a SREERAE T,
PE AR ARG DT,
7E UDM HL M HR, 505 a BRI R A
PR =PRI+ RIS+ 3 P (10)
beM,

X (10) HF: a=1,2, -+, M; t=0,1, -+, T-1;

PP g R 2%

P g I 5% v I (9 W i 20y % 5

P Sty oy 100 p 62 SR G 6 5

By UDM Ha [5] I 5 ) 2 23

UDM H ¥ (BRI A i fie/IME 52K (8) 24
THALE (P, =p.,,5,):

5:1 t _517 '
])a,b,rz ’A - Sb’ (11)
ra,b
_Umin,a.f sU::,ult SUmax, a,t’ ( 12 )
_Umin,a,thj:tgl}max,u.t’ ( 13 )
_P:Z‘t = Rz,b,/ spamzxf ’ ( 14 )
0<P,  <P™ (15)
xmin. a,t sxa./ g‘xmax, a,1© ( 16 )

A (11) ~ (16) H: a=1,2,+,N,; t=0,1, =+, T-1;
k=1,2, -k, .3 b=1,2,-,N,, Ha# b,

i S5EREA (12) ~ (16) M YATIEAGE
FEINBEAT SEE 1Y, DR a2 e Rk (9) ~ (16)
IR AT LB R B (8) BydR/IME.

4 29I UDM REK )R

XFF UDM WIfEAkInlfE, AT LS| ARG MG 2 R
B, E ST RS 3] LDMs B EARSE F . BE R
A~ LDM f#E il S aT L A UDM 1, 51> LDM i
D)7 SR AT LA 42 i —A~a) 8 (LDM-E ), 7EiX
— T, A a B9 LDM AR EZE RS X Y

TR 22 B AT Fak 2h
lT-l _ 2
JLDM—E,H:E;[ﬁu(RI,r_pa) +
@, (3,0 =% )+, (BB |- (1)
Xf: P, X, PJ AR S
R TR LDM-E [n)BUE nbrifefl, Ao
MR
w,, =[P’ B.]';

a,t? a,
w, =[5, 5,] s (18)
Z, =€ _da,r °
7-1
minJLDM—E,a = % : [(xa,t+l - Eu )T Qa (xa,t+l - }a ) +
(’fa,r_’za)TRa(wa,t_’I}a)]§ (19)
Xom1 =€ X, tBW, 82,0 (20)

X (18) ~ (20) H: =01, -, T-1;

¢, AT PERE I

0, &M, HQ=a,;

Yo O .

R=, BJ’ B, =[A Al g=A, JHtA
BELZIFII Rz, . b =0,1, -, T-1, x, , B¥IHR
zi‘_\:y\jxﬂ,()o

XtF LDM-E, % il [l e e bl e, B ™
LR GG .
w..=—(R,+B'K,,,B,) B'K

a, a a, k+1 a a, k+

]cuxu,k +

((RU+BTK B) B'K BR“BZ—R;‘BJ)&,,M—

aa, k+17a a™a, k+1a" a

(R, +B'K,,.B,) B'K,, . Bw,+w,~

a a " ta,k+l atak+1aZa

(Ra + BTK B )_]BJKtl,k-fngu,k © (21 )

a a, k+1™a
A (21) k=0, 1, -, T-1,
K, g,  mTLL#E G PLE A2 5 s e 2 .
K,, :Qa+ca(K

a, k+1 -

K, ,.B,(R,+B'K,,.B,) B'K )ca;

a, k+17a a a, k+1""a a a, k+1

a a, k+1""a

ga,k = _ca (Ka, k+1 _Ka, kHBa (Ra +BTK B )71
(22)

BJKa, k+1 )BaR;]BJga, k+1 +caga, k+1 +ca.
T -1
(Ka, k+1_Ka,k+lBa (Ra+BaKa,k+lBa) -

B;Ka,kﬂ) (Baw:a+gza,k)_an_a °

X (22) k=0, 1, -+, T-1,
K, Mg, MWHRELT .
K,+=0,, 81=-0.%-
XN T 58 (21 ) F(22) SRR
JsE INAE UDM IRl 299450, dg R ikt




£ &, %

BRE M2 2T T

33

x g W= z
H:.kxa.k+Ha,kga,k+l+Ha,k'1)a +Ha,kza,k’
+M: . g

a, kSa, k+1 °©

— a

wa,k:
— X = W=
ga,k _Ma,kxa +M

2
a,k}_va+M;,/(Za,k ( 3)
K (23) H: a=1,2,-,N; k=1,2, -, T-1;
H;,k’Hf.k’Hf,.k’H;,k’M;‘.k’Mik’Muz.k’Mf,k ilg%ja

FIAE R S5

LB E

Y IEPT R A, B T DN Z IR
LA IR FR A RE VR IR B AT S L PR A

5

=

Rt Z W i L, RBT, %32 2R as ik
F AT FH T AR A B R 5T, A SCR 4B 1T
) R P B B L ] 2% . SEfil5 L, UDM HLI
15 kV 2 i IR Z5 A i BEZE , LDMs HL ) REEHH
400 V HEHLZHL RZERIR Y, TRl LV-MV 28R4 5
UDM HiMAHE . AP, —A> RG24 3 Ml
R, JFHE 3 A REE ALY UDM (L1, K
AN MW ) HL A8 5N [ g v s /A1 P A8 FL s A
i, FLKE RN 7 F 3 8 B A o R — A 1
o WA, WM 1~3 e HEE,

K

2.98 MW
0.00 Mvar
JHER0 T
15.00 kV | | ]
1.00 p.u. ] 1 W
0.00 deg ’
0533 MW 0.403 MW 0.893 MW
0.00 Mvar 0.00 Mvar 0.00 Mvar
41.723% 30.835% 53.913%
5 121 o ’Pw 234tk L T”
~0.533 MW] [0.108 MW 20.108 MW][-0.403 MW| [<0.183 MW 0.183 MW |[~0.893 MW
0.00 Mvar | | 0.00 Mvar 0.00 Mvar || 0.00 Mvar || 0.00 Mvar 0.00 Mvar || 0.00 Mvar
41.723% || 8.323% 8323% || 30.835% || -14.025% 14.025% ][ 53.913%
p=t2al B2 1 JAR3 1 W
15.00 kV 15.00 kV 15.00kV |} ]
1.00 p.u. 1.00 p.u 1.00 p.u.
—0.14 deg —0.14 deg —0.12 deg
0.500 MW |0.000 M [| 0966 MW 0.700 MW ~0.009 MW 0.600 MW | | 563 viw | | 0.600 MW
0.000 Mvar(| 0.00 Mvar || "5 g0, 0.00 Mvar 0.00 Mvar Osf?gglgdéar 0.00 Mvar | | 0.00 Mvar
% v X A U, x,
ok % 32t =
B 1 =1 FEaBEMNERNERAERESE
Fig. 1 DC-load flow static diagram of smart grid model at =1
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Table 1 Power optimal results of microgrids
WA /15 min - Py, /kW P, /kW P, /kW
0 110.23 -66.43 -184.15
1 108.31 -66.03 -182.13
2 105.89 =75.78 -180.12
3 103.58 -65.57 —-178.30
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Table 2 Power flows from microgrid to external grid

WA /15 min - PY /MW PY  IMW PY ,IMW
0 0 -2.90 -62.90
1 -0.17 -8.80 -62.70
2 0 -14.70 -62.70
3 -0.01 -20.30 -62.70

®3 AEXBERELHINE

Table 3 Power of the controllable power generator

WA /15 min - Py, /kW P, kW Py, , /KW
0 110.23 ~66.43 -184.15
1 108.31 -66.03 -182.13
2 105.89 -75.78 -180.12
3 103.58 -65.57 -178.30
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Table 4 Electrical energy storage state

(8] /15 min X, [kW x, , /kW x5, /kW
0 0 0 0
1 17.17 3.40 14.28
2 30.72 0 6.19
3 20.39 7.15 8.09
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Table 5 Operation efficiency comparison of the centralized
method and the multilevel method

I i/ IBATI IR /s WA 1 T3 o0

15min Al Z 2| £ ZREK
1 3 3 1.12 1.12
2 18 10 10.85 11.39
3 90 12 15.69 17.57
4 420 20 24.94 25.90
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Table 6 Operation efficiency comparison of the centralized

method and the multilevel method on the multi-channel microgrid

I 8] / JEA T[] /min A 7 Tt
15 min A Z =K Lh )RR
7 4 24.0 0.6 40.25 43.42
10 4 136.0 1.0 120.00 125.00
5 5 23.0 0.6 24.88 26.26
5 6 56.0 1.0 32.82 36.64
5 7 >360.0 2.5 36.76 43.97
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Table 7 Optimal results of microgrids switching power

IffE /15 min Py /MW Py, IMW P, IMW
0 0 -2.90 -62.900
1 -0.168 -8.80 -62.700
2 0 -14.70 -62.700
3 0.010 -20.30 -62.800
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Fig.2 AC-load flow static diagram of microgrid 1 at =1
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Table 8 Optimal power flows between microgrid 1 nodes

1] /15min P y/kW P, JkW P, J/kW P J/kW Py JkW P /kW

0 =-72.00 72.40 -107.90 108.40 7.10 -7.10
1 -88.90 89.50 -125.28 125.80 9.80 -9.80
2 —-238.80 243.20 -83.30 83.30 47.50 -45.80
3 -46.80 47.00 -276.10 276.10 -38.60 38.80
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