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Fig.1 Branch power flow model of distribution network
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Fig.2 Structure of 6-bus radial distribution network

2 Hr, e a5 2 4 R0 S 2-4 R R T IX 1 R F
X2 (Y B, i AR B A A 2 RN S 4 R B T
R2 YA S 2-4 PAE R D) . AT ICHL I 43 DX
R 48 2 i I R0 D) 5 0 7 X ] 3 A 42 ] 1) AH 4B T
XN, DASEBAHER 7 DX (A ik o T FE Do LR oy X i
WE 3R, B, SRR & A AR F X A A
S 5 A 0 B B s AR AR AR IX 8 3 B s AR
RN T AR A AR PR -7 R B A A
FIX A AR R Al IX 1 AT 4 RS % 24,
PREET 52 FIX 2 B M1 5 2, PR M 4 FI S % 24
B IX 1 R E R £, = ul,up, Py, Q5] T IX 2
NG E SCN %, =[ w3, ul, Pry, Q3] o L HL M 73
DX J R 08 DX ] A8 , A AE 53 DX T A ) S50
T ,%Xé%%%f/:[uz, Uy, Poys Q4] u%iﬁ%g 10
F X2 FAT XA S B4 2, =5 %, =0

uz Uy
I I
v+ S~ '+
up us u04 Léz ui Us
S5=Pu+jOu S;4=P;4+jQ;4
%[le -~ = L | T2
) |
us \:::-\_J Ug
Py Oxn

B3 oTmEsHERMYXiTE
Fig.3 Partition process of 6-bus radial

distribution network



%9

N R ) B W N 2 | RN S BN R RN et o5

2.1.2  J T ADMM 8 5 XA AL 3% ) BE A
ADMM 1 JEAEUE 8 ™ [R] R0 (74 S s 728 i 4 il oA
ANTR)AR 5t x Flly, B bR eRECH 57 0 B 4, DL IR
PEAE I FE B AT o f ke, SRR I RN T
min f(x)+g(y)
st. Ax+By=c¢
A f(x) Flg(y) B R A B e N RBUERE .
Ap g Flly B R 55 Ax+ By =c ¥ 5 T ADMM H
B PR HP AR B AT AT
T SCHk [ 18] AT 4 ADMM 1) — it — 2 e b Ak
Fd AR (14) 7 f () Fm 4 F XS24k B
b, #4485 3 T ADMM — il — B0 Ak 7 8 i L R
A LA AR

min ﬁfj(x,) (15)

(14)

st &,-7,=0
AP VO CHL B RS 5 (%) i R, R 2K
(13) 571X j X074 o PR ARG Ak 4% 1) B A oRi 50 7
DX AR it o, H - DX PN 0 A% o L A o ARG XK
T XA, (AT, BT (13) 5 X 7 % g )
AR A%, -y, =0 I AR i &, 5 H A Ry 28 iy 1)
B — BOPE 250, DA UE AR 418 18 7 X 0 S7 >R ik st 3
S R AN B S B A A AT . A (15) iy
IRk B H BRBOE N

L,=f(x)+A] (%-5,)+0.5p,(|% —7, (16)
o p, >0 87X j IETIZEGA T IX ) AR
R TAET R4 R AR R XA i A AR =
(p) A, M= (17) 520(16) 4534

2

2 2
L;=f(x)+0.5p,||%,~y,+p, || —0.5p, |”‘.f | (17)
ADMM AT B AN R
%" =argmin £, (%, y/, p!) (18)
x/EXJ
1
v g)= Y &) (19)
g G(j.i)=¢
lLIkH:#/I..-_'_(ﬁfH_ijlﬁl) (20)

Ak A IEAOREG B, 95 g, (g) HIE R0 S A B A
B G(), i)=g NN 5, P A TR 52 R R
y, T g MICR ML SC R

P14 Sy T A, R 5~ DXt S7 ARG A6 05 DX ) 1 30 5722
WA H R,

P 1A, FX 1N F XA, =[u, P,
le’ "',u;,u;,P;‘, Q;zt] ) ;H\: q:‘ P 921 :[u;’u;9P£4’ Q;A] i‘j
WA, HRB RN LR 2R Ry =
[ty 104y Poys Qn]o F X 1ATF X 2 FI 20 (18) 201 57
FATIAL R AEAT T X ARt x, Fll a3 X 1 FIFIX 2
SE AR g i AR i &, Rl a2, , IR (19) X 42 R 48

_L + -
”2_2(.”2"'”2)\ u4=%(uz+u:,)

i AN -
v g

, N A S \\*+ AN
;U U s / Ua Ua Us>,
' Su=Pu+j0, L Su=Pu+j0; ?
' 1= oyt U u=Pu+j0%

K 1)J GG R0 ey

N e ' . N -7 /,’

PSP N
Sall Uz 2T 32 Us .-~
W 4= . - -

_______________

4 FRETAUMFREPLRATERXE
Fig.4 Independent optimization of sub-network and

boundary variables exchange between sub-networks

Ry HOBT, ANTEL 4 B R (20) BEHT A2
ey R oy s PEER I 4 7 DX DG4 T3 F0 1 IXC 1] ) i
SR G AR R RSO (22) 5 IR
$ES AWe

r‘kHH: jepl_};_mlH
J J J
(21)
k+1 | — ~k+1 ~F
$; ”_”_pj(yf' _yf')
k+1 k+1 -~ abs rel ~k+1 ~k+1
< =
ot eets= 7] e et ma {5 )
(22)

x"j Eabs +Erelpj

k+1 E+1
st st =

|
A WY RS 22 X IR ! AR AR 2
BRI A B L 4 — B LSRR R B L B
1] T 0, =5 H s oR BUE 8 [ fe /MBI 57" ) T
05 & Fll e, 53 3 A A UCEARHI U 55 22 A 3% 22
A UCSS I (1 5| %, | oA P HEL I DX 28 &, DG 3R O 5K
B e M € o3 3 Ay 2 X 2R 22 AR ¥ 22 2 A, A
e =10",e"=5x107,
2.2 fmiEADMM

H T 2R FiT ADMM R fik Ji 2 Hi e 53 A A A 42
AR R RN (55 ADMM (153808 2 4551 240
S H AR 2, b AR SO T3k 22 1 4
JECHLRIRR g BART™ B — i ADMM R B 5Y
IR fE  BATTEIE .

1) HIE RG24

H T AT 2 B0 O 40K Bl i X ik 22
AR B2 22 AR AR 2 O TR 22 F
I, 4R th— Bl FLE AR SO L BRI

k+1 k+1
; > :
i ”/”OHS/ H

x;

" p!
T S
p; Hefly

Rofin> 10> 1o > 1, — BB F 4 n=10,
o ==, FHK p, R R (16) Pt
(17) PO 1 B MR AR50 X i A5 B 2,
S54RI R AR I I A p, B
L, AT L R I3, RO

N



oo L/ AR {7 G-

F41%

FERHT ADMM S G a f v, B AR SR
FIAM IS E ae(0,2), 45 a> 1 W Ry FAGH ; 76 5
p B EER 2 S i e B — R AT SR A R
adx""" —(1-a) (By — ) U A=, A B TR A0
o R AU R R

=t (- 1) (E -5)) (24)
i 1 Sl s Akl
¥ (g)=1- Y, (@A) (25)
g G(j.i)=g
llljl'(” :,2;;+l +(x'\ll_.-+] _}'\Ijl.-ﬂ) (26)

R (19) fit (20) M L, 20 (24)—(26) B i T
— AR R BRI (24) SRR Gl e
A A By, Mpe PG EFFREN, Y2
Bael 1.5, 1.8 0, Fk I SPEREE 4T .

2.3 ETFniE ADMM B9 R K iR

25 b AR SCR FH T3 s ADMM 3K fift 5 43 A =X
PV 119 3= 3l e H I e A A R A g o 0 3 g A
Rk A B A4 s AR R AT .

1) Aff 2 T L D) 45 DXl L o i Pl T 0 X, 2
LA T DX F DX o o, 300 AR o &, R4 Ry AR oy,
It X (15) Fros 195 2345 =X PV Y = Sl L )
R o3 A P A g A

2) fa A HC H X X2 4347 =X PV R B far £
P WA AR S p, o " 2™ Ly, il KGO
T A AP AR AR R =X (17) frR
BAXE T R A% B H PR

3) 4 F XA IR = (18) , R i 15 321
T DX AR b FHAS T X B ARG 35 1 AR i AR A =X
(24)—(26) , Rl FA S0 T5 15, SR AR i i, IF
BB 4 Jm AR iy A AR B

4) i QUG IR r xR 2 s, I 7
FHEC(22) FIWTE SIS, #7016 5% 22 25/ F ik
S, W45 1k 3248 4 L PR fR 45 il 45 51 5 &5
AR e (23) , A A & N AT S50 TR
IS8 p, IR LIRS

3 EHaHh

B3 AR 2 A =X PV Y T2 30 I H IR H R A A
A il 7 ik AT & A 2 PV () TEEE 33
M R GE A TG o B, LA T $E AR AR (g ]
TR A Rk

IEEE 33 45 sk R G i 5 Bros o 434 X PV
"5 N PV, — PV, MR A7 4 5.8.11,15.18,
21.25.29 1 33, e /NIy 6 K k= 0.95 5 FE T SCRik
[ 19 142 H AR FH 2 4843 X T i 1) 4 ey 28 e K e 4
SSRGS KW G5 A 5 R 25 Fh F a5 b
PRIX IR AN PV 43 A7 550G B0, LA 85,6 F1 32 [ 5-6 24
I F XA FA,, LA 158 .9 FISZ [ 8-9 Ayl Bt

A3l IC AR A FIX A, — AR A 2 PV HL IR
4381k (PV,, PV, PV,) . (PV,, PV, PV,) F1 (PV,, PV,,
PV,) o TEASCE I, A FRIEMEME h 12.66 kV, 5
WE BT A 371542300 kV - A, D3R EEHE(E H 10 MW,
R R Z s T I [0.95,1.05] pa,

19202122
K

A

345 678

A,
11 15 18
12 910 | 121314 | 1617

25 SNE

2324 ‘ i
%262728 303132 | !
i
i
i
j

BEs5 IEEE33TRMXRASZTEE
Fig.5 Schematic diagram of IEEE 33-bus test system

3.1 BEMRLEHEIEXREIEITHRIG

BT FIT $ F G e A7 ) S s X T L R L
PV | sl et R 458 A8 52 00, 2300 5 B DL R 2 Rl
Yt 1 8 PV R B KR S ECR GE 00 v
Fis B L BR A4 55 Bt 2 D9 PV D1/ ELAAUfr K
Vi ARG R BB FR A

ik 2 Mg s R 2C (D) o A A R BUBUE
0,=04,0,=0.3,0,=0.3, %35 0115 45 B i
mr.

D51,

EIRAR L AE 10:00— 14:00 [8) i 5 —mF 2,
S RN E 1R ) (A ' A A P o S NS 2
AT A E R R, IR RS PV 3 HE DR AN B S B 26 B
w4 T R B B AR BT S B f Ol B o B e Y
50%. K H P E4a AR me s o A = PV #E AT A Yy
TR oA I 5 2R s R A an s 6 B
o BT SR LML R T

1.10
]

&
e 1.05

£

o il iy , = FilS

Eo #H=|1TEHIN.ERETRBEST
Fig.6 Node voltage profiles of system before and

after control in Scenario 1

K6, AL W AT i T PV ok, S 2O
J10— 18 HLU At B 1B B FREEG: , o4y A 18 /e
Hebi PR 2 1.08 pou.o A BCHEL Y 1 L IR I 7R 28 4
ABATIE IR A, >R FH I 48 HL e (0 A4 ol SR PV i
Ty o HAE A qn B s B 2 B P il J 00 i D3



%9

N R ) B W N 2 | RN S BN R RN et 07

Fin  Hh IE(EFR PV IS R A ) / B To), iR
NHNRA D) / KA ETCT . AR AS SO R Rk T
5 PV,— PV, PV M PV ¥ % 2 PETC ), FF 306l
T L R T 5 T A 18 H e R A R
PV, 75 MU 64 kW A Dk R vRANC I 1T A 2 |
T PR R R X PV A T e T
PATIAT , RG4S SR RIS TTAE 1~1.0479 pu. Z
6], 9 L R A2 . [RIB, BT PV, PV APV, [
TCI VRIS e A B 7 s B SR /0N I & e T
D B T AC R G  AMETCT Fug, LA
INRIER . BRI, AT R F R KRR , PV 38 & O 25 T )
B FEARGSH T AN T 641 kvar, #5117 5 209
PR T 54.8 kW,

)52,

VEREAEIG (17:00 — 19:00) A4 5 — k%1, et
SRR BN [ AT RS R, S G A AR v S T
B, PV i 3l Rk B 5% B 2 B2 w4 il i 1 iy o o
TG N B E U Y 1245 . SRAS SO 4R 5 2 46}
A3 A 2 PV £ /T A T H XYY A5 H R A R 7
FTs

TR
—o- il i, = #dila
7 B2 TEHMJERETREESH
Fig.7 Node voltage profiles of system before and

after control in Scenario 2

B 7 v, BT PV L A8 /N B RS 0, o G
AEAE IR, 2G0T a5 AT B B AR i 15 45, 29 —
33HLEAR T R BRAA, a7y 4 32 L IR 2 0.942 puu.s
K FH BT BN AL 123 1 SR W I PV B M IR R H AR Al
Qb 5% B 2 B2 g S 04 b D) TR o OET
PV, — PV, A Uik AR b 8340 0, B R 48 PV A Uik
R & A AR, 45 PV T D A2 /N D) R B RR
il , 78501 PV AR 25 J6 Dy e ) BG & T T
789 kvar DL /N R Geigr LT s, BRI R R G
KRR, R R HRIBAT/E 0.952 1~1 pu. Z
], PO/ T 45.7 kW

Y 1 20990 W 5 33 B R ASCIT 2 5 40 i
PV Y 32 e F I R A3 A1 2P0 Ak 45 1 SR s T A7
AN T L O R R R RR ). S 1, PV i i
R TC T RN 2 W AT Ty, AT I R R R L R
MG Y 2 F L PVl ok B kPR JC T AME T T 1
A, AT T B LA R BIR A B4 [R] Asf ] i s P 4
I, 38 98 43 A =X PV AT T e A Bh TR

B RGH R A RGBT LA (A
32 NMEREXMRZEITHZNG

B (D AT, AR AALE R 0, — o, B B
520 T 2 L o3 A SR A ) SR i 25 2, Sy AR
Wk IE T ARl o, — o, BUE X R G HL R PV
EURE R R R A I B o A N R VA T
I 2210 PV, SO A1 S48 AU A i 2R A
XT L i 22 F1 PV BB EE 52 . 2 0, +0,=1, 0,
J o T 0 B, T ARAIE SOC 4 5t f5 Ji 1]
R ARE B, T 220 FOGT H i 2 F1 PV I8 19 52
M, B LLR ST FAE R (0, 0,) A5 :C=
(1,0) .G,=(0.75,0.25) . G,=(0.5,0.5) . G,=(0.25,
0.75) A1 G,=(0, 1) ,3X 5 AL A0 T H bR R BN 5
4 e/ M T i 22 31 58 4 fe/ IME PV IR 9 A2 4L

K8 AN IR R AT 15 i R B L . AN
MEA D, A i 22 fe /NMEA R R B )N 21
B G, — G 1Y R G010 i A K e i 22 18 W 15 K, W
0.0005 p.u. 3 K] 0.05 p.u..

1.06
1.05
1 1.04
& 1.03
itg 1.02
01
1.00 |g
0.99

A= G, Gy,-G;, 5 G4,76-Gs

B8 FARANMERMTVRARETHLER

Fig.8 Calculation results of node voltage with

different weight coefficients
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Table 1 PV curtailment, network loss and power

loss of system with different weight coefficients
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Table 2 Comparison of results between distributed
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Optimal scheduling strategy of cascaded hydro-photovoltaic-pumped storage hybrid

generation system based on electric energy sharing
XIA Yisha',LIU Junyong',LIU Jichun',LI Yunman',HAN Xiaoyan’,DING Lijie’, GAO Hongjun'
(1. College of Electrical Engineering,Sichuan University, Chengdu 610065, China;

2. State Grid Sichuan Electric Power Company,Chengdu 610041, China)
Abstract:In order to carry out complementary economic optimization for multi-energy power generation sys-
tem with pumped storage, cascaded hydropower and photovoltaic power stations in remote areas,a day-ahead
coordinated optimal model of electric energy sharing among multiple township level power consumers is
built, each power consumer in township consortium is managed and controlled harmoniously by the regional
operators to realize economic and efficient formulation of power consumption plan. The pumped storage is
used to further smooth the fluctuation of hydropower and photovoltaic power, the energy flow among town-
ship level power consumers,regional grid and main grid is optimized,and the benefit is allocated optimally
according to the contribution function of township participating in sharing. Practical case analysis verifies
the effectiveness of the proposed model and method.
Key words: cascaded hydro-photovoltaic-pumped storage hybrid generation system;township level power con-

sumer;day-ahead scheduling;electric energy sharing;hydro-photovoltaic complementation
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Distributed optimal control of voltage in active distribution network with

distributed photovoltaic

JIANG Tao,ZHANG Donghui, LI Xue,ZHANG Rufeng, LI Guoqing

(Key Laboratory of Modern Power System Simulation and Control & Renewable Energy Technology,
Ministry of Education,Northeast Electric Power University,Jilin 132012, China)

Abstract: As for the problem of voltage over-limit due to the high penetration of PV (PhotoVoltaic) integrated
into distribution network,a distributed optimal control strategy of voltage in active distribution network with
distributed PV is proposed. Based on the branch flow model of distribution network and PV inverter control
model,an optimal control model of voltage in active distribution network is formulated,which takes the mini-
mum of the voltage deviation of each bus, PV curtailment and network loss as the objective. Then, SOC
(Second-Order Cone) relaxation technique is employed to convert the developed model from nonconvex to
convex model. In view of the disadvantages of high computation complexity and poor information privacy
for the centralized optimal control,the distribution network partition is achieved based on the decomposition
and coordination principle, and then the multi-region distributed cooperative optimization control framework
of voltage based on ADMM (Alternating Direction Method of Multipliers) is constructed. Furthermore, to
improve the convergence of the algorithm,an accelerated ADMM is proposed based on the residual balance
principle and relaxation technique. Finally,the case analysis is conducted on the IEEE 33-bus test system,
and the results show that the proposed method can effectively solve the problem of voltage over-limit, and
reduce the network loss.

Key words:active distribution network ;distributed photovoltaic ; voltage optimization ;second-order cone relaxa-

tion; distributed optimization;accelerated alternating direction method of multipliers
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Table B1 PV output and its regulation in Scenario 1

Py B 25 1] H D kW JE D th /kvar B AR TR
(kv - A) P i PG P i S kw kvar
PV, 600 500 500 0 77 0 77
PV, 600 500 500 0 -164 0 -164
PV; 600 500 500 0 -164 0 -164
PV, 600 500 500 0 -164 0 -164
PVs 800 750 686 0 -225 —64 -225
PV 600 500 500 0 164 0 164
PV; 800 750 750 0 247 0 247
PV 600 500 500 0 -164 0 -164
PV 800 750 750 0 -247 0 -247
*B2 HE2HPVRIEIERAETKE
Table B2 PV output and its regulation in Scenario 2
" BE AL 17 D H/kw Jo Dy i fkvar HIAE] LIRS
(kv = A) iy PG i S kw kvar
PV, 600 200 200 0 66 0 66
PV, 600 200 200 0 66 0 66
PV3 600 200 200 0 66 0 66
PV, 600 200 200 0 66 0 66
PVs 800 400 400 0 131 0 131
PVe 600 200 200 0 66 0 66
PV; 800 400 400 0 131 0 131
PVs 600 200 200 0 66 0 66
PVo 800 400 400 0 131 0 131
600 . . . . . . . 200 . . . . . . .
500l Emc Ee. [l e Blc Bc. Ec. Ce Ec. mle

400 -
300 }-

200
100

PV,

100

PVIE T i /kw
o

-100

-200

PV, PV, PV, PVi PVs PV, PV, PV,

PV
(a) PV L5 A Thi

PV, PV, PV, PV, PVs PV; PV; PV, PV,
PVHLJE
(b) PV HLIETC IO %

Bl FRMWMEARHT PV IR
Fig.B1 PV output with different weight coefficients
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Table B3 Maximum relaxation deviation of SOC

for distributed optimization

etk v & du,soc/p.u. A,soc/p.u.
7501 9.63x 1070 6.62X 1077
Wkt 2 1.38x107%° 6.31x10°°
HE Gy 6.90x10°° 1.13x10°°
HE Gy 2.27X107® 3.01x10°
M4 Gs 3.64x1078 3.82x10°°
HE Gy 8.42X1078 451X107°
M4 Gs 2.22X107%6 1.38x10°°
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Table B4 Convergence of proposed method with different penalties

EH SR % ADMM JniE ADMM
Y BARUH SRS RS SRS
4 47 1.84 38 1.66
8 57 2.10 38 1.66
16 107 3.77 42 1.73
32 207 5.28 44 1.79

64 300 7.86 7 2.56
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