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Fig.1 Overall framework of proposed method
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Fig.2 Schematic diagram of power exchange
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Table 1 Fault number and fault location

W S B A i B2k URRE 2
1 BUS-4 5 BUS-5 BUS-6 / BUS-7 / BUS-31
2 BUS-16 5 BUS-24 BUS-20 / BUS-24 / BUS-34
3 BUS-17 5 BUS-18 —
4 BUS-17 5 BUS-27 BUS-28 / BUS-29 / BUS-38
5 BUS-23 5 BUS-24 BUS-21 / BUS-22 / BUS-24
6 BUS-26 5 BUS-29 BUS-28 / BUS-29 / BUS-39

F L AT A5, 25 T A L R s M A 3 104 f ol i
fE R G 3 2B B BUS-22 .BUS-29 . BUS-31,
512 HRLIHEEE

BEE B ) b g BE R ST R A I
K BE R 1 25 5 44 K 10 Mvar, PR SEA T8 25 i 145
B, AR AR A L R S .

R FH HEL A3 2R A0 o) L Tt i BE R S8 TE ) DR
Fm AT B IE , v ISR Y 3 SRRk 26 1 v i B
RGETCNYIFQ HE ¢, =1+ Fl 1, =" B Z () B R
B RAERERE , WA Co FEmEIERE b R 3.24Y
P2 B BE T L R B R AR AR RE T D YR A A
BT OLAE , AT AR 2B IE & [ AQ,, AQ,, AQ; |=
[20.24, 34.10, 0] Mvar.

B IEfERE LA BT, FE— IR 45 B 1) &
GEAE AT RS R ARE T B, AT A A PR A R R
PERRAT BT de s (A B R RS . IR IE , 7E S i
RETC TN ) R 25 B i i 5 SR b, Pk o G R %
SR AR b H b i E 2R G0 IC ) B R A R R AT
UAEIE , 1516 1E B AV 1IE 5 B AG RE I D R 5 i
I3
AQ,=22.42 Mvar
AQ,=16.16 Mvar (34)
AQ,=0
0,=52.66 Mvar
(0,=60.26 Mvar (35)
Q,=10 Mvar

&I i LS RE RS LTI DR A 5, Rk T
BT B 5 R LS D E D1, BeR, BRI
BIRAIIRA — 2 P 8y, A IEAER E 7F 0.95~1.10 p.u.
T8 B DY, AT IA Ay FEL LA BB 2R 0 X i X B A f A 3
TRTERR R
513 WA INEEE

AR AU G RE A A AR AR i, R HAL S5
W, 2% (16) AT 15 2 40 1Y 8 800 58 85 K i 22
MG RER DI R E A LM R MR8 3.3.2774#
L0 R S R 2 A A R AR AL T ) b iR R B 7
A3 TSR B B LA A B AR R be,
MR ZE N 0.006,

AT 3.3.3 0 R 1Y SR 3 A B ) i g
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B IR A AR T SR A 16 B e Bl e 2 6
2% BUS-22 . BUS-29 . BUS-31 |43 52435 f i RE A o)
DI H

[P, P,, P,]=[56.94,101.09, 10.811 MW (36)
514 HEREMED R ERE

HRAE 3.4 15X T BE T R U 4 fR Iz 17 A AE D)
SRK A3 BT, B HL T BE 2R 0 T R Y — YR R A S
FEIFE] A 1 min> AT AAS 26k 00 AE 1 25 B AL LR

2, SERL T I [ A5 R S A Y L T A R R
Gk 25 A8 T L it BB R AT e A R B e ik
TR R A T R AN

E™=0.949 MW -h, E¥*=1.685 MW -h
E*™=0.180 MW-h, $,=77.56 MV-A  (37)
$,=117.69 MV-A, S,=14.73 MV -A
52 FRETRERH M55 R B E X 8 Bt i e
REMUMXFTEERREDW

FRAE 2R 2 .3 B By Y | 43391 v A5 T e R T
Y0 o A5 R L S P Y it BB R Bk A A5 AL, an Bt
SEDE DL D2 F7R . AR H e A e 2 B
=X M A AE R S8 B DR ARE 4351 4 209.55 MW Al
2.81 MW +h,

LT R 25 RN 4 TR O RLAY B b
L H, BRI

D) SRR E R A BN AL =T
AT AT BoF 221 ) s B T BA 70 F R B A AR/ N T
2.81 MW +h,

2) I HL T R T BA A5 o AT A Y 5 S AT AR %1 i
e 2/ T 209.55 MW A HL Bl R 25 1, DAl
SR E R AT e A oK .

3) 1 A R L A KAELZY 0« 45719 A A it g
BIFRMEREAR/NTE 2 322 M RER B )
RIS mAGE AR, DR T it

58 A2 ifh e — U R B Ty SR 25 A I AL 25 A
1570 / MW, SE25 18 i FLAR A 2.75 90 / MW fif g
R PR D R 2 AT 25 M 598/ Mvar ™, 8
HREAT R LA N 1/3~3 Co

BT UL s A& v H )2 A 4R b X R b
RE RS AL LRIBE AL | SR 4387 H bR e vk 4711
B AR g A T AT

DB RS B A& UG R 7 fr g B
Zat 5 UEAUE WSk, e b 1R 25 RN — Bt iR 22 0
WA 2R A5 A IS AR DY, i L R DR ) 52 96 1) %
TF—5, He R g tEis 2Rt

2)fERERL B M R G ia TG Ol - Fan TC L it e L
FII A R 16.65427C , R B 45 R anFe 2 — 5 Jr
7~ B8 v 3 LA R 2R 4 D) R BE G R A )

241304.98 MW ,531.69 MW - h, 43+ #i 2L HL Wb it RE R 45 1)
HOMIRE 1 PC B0 53 8.66 MW ,43.33 MW - h
xR2 HREEFEFENRBEREEN
SEhBmiEREREREELER
Table 2 Planning results of centralized BESSs
considering renewable energy consumption and

voltage and frequency support respectively

Yist PEHET A ThER /MW R/ (MW -h)
18 0 0
% R RE R TH AN 25 115.86 554.09
28 0 0
22 77.56 0.95
2 AT L TR ST 29 117.26 1.68
31 14.73 0.18
LR 325.41 556.90

®3 ERZEVRNEFABBMEERFERESR
Table 3 Planning results of centralized BESSs

considering multiple functions

Yist PEHETT A DR /MW fiER / (MW-h)
18 0 0
% REHT e R IH AN 25 299.40 529.83
28 0 0
22 0 0
2 AR L S 29 5.04 1.68
31 0.54 0.18
WA 304.98 531.69

x4 SHNEEFEREHARBERRIENSHR
Bt R AR ESER
Table 4 Planning results of distributed BESSs
considering renewable energy consumption and

voltage and frequency support respectively

yes
P Fir 25 :
M2 W13 W22 25 LB
Ui / MW 3 1.39 1.84 245 8.68
fiti / (MW +h) 15 6.98 9.22 1229 4349

x5 ERZEVRENSTABBMEERFEESR
Table 5 Planning results of distributed BESSs

considering multiple functions

e T B 25 5
-~ W2 W13 W22 ai2s ILE
TR / MW 3 1.40 1.81 245 8.66
gt / (MW -h) 15 7.00 9.04 1229 4333

iR ZIELHEIE G, PR RE R R
AR BN T 19.57 MW F123.29 MW +h, 43
A S HL A RE R G TR A 0 /N T 0.02 MW
F10.16 MW -h, UtBHER /i g i AT T Z E e &
FH o B RE7E T 0 R S FE R )i A2 F T 5B g
PRGN, HR TV A5 3 T W0 Z 1 JF & 28

DL Zdg 5 ), e ik B T B 445 SR T | IR
B RE FE R AL TR A 4.5 Ff R .y G HL I ep
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Fig.4 Generated power,load and energy storage
charging / discharging power of transmission network
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Fig.5 Injected power,load and energy storage

charging / discharging power of distribution network
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Horp f#RELead 10~15 h I FT LI Z A e TR &
R B T g RS R K B U BB 18 hoil L )

500 350
1 = g
= = g =
B 3 950 175 %Eﬁ

BE 1
=

fiRETI
A/ (
(=]

: : 40
6 12 18 24
IS H] /b
TURA RO DA | —o— fHTETIRA ST B il A i
—e— fHAE PR A RE A Ak
Elo fEtHBRMERETENNRIXEE
Fig.6 Reserved charging / discharging energy capacity

and discharging power capacity of energy storage
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Optimal planning of battery energy storage system considering renewable energy
consumption and frequency and voltage support
HU Zechun',CAI Fulin'?,FENG Jianzhou'
(1. Department of Electrical Engineering, Tsinghua University,Beijing 100084, China;
2. China Huaneng Group Co.,Ltd.,Beijing 100031, China)

Abstract: With the gradual increase of renewable energy power generation proportion,it is more difficult and
stressful for the power system to absorb renewable energy power generation,and the frequency and voltage
stability of the power grid are facing great challenges. Battery energy storage system (BESS) can enhance
both the renewable energy consumption and the frequency and voltage supporting capability. Therefore, for
improving energy storage utilization and reducing system cost,the optimal method of BESS location and sizing
is studied with the consideration of using BESS for renewable energy consumption under normal conditions
and using BESS for frequency and voltage support under emergency conditions. A collaborative planning
model considering renewable energy consumption is built to optimize the location and sizing of centralized
BESSs in transmission network and distributed BESSs in distribution network. A planning method that
accounts for frequency and voltage support is proposed to respectively optimize BESS location,reactive power
capacity,active power capacity and energy capacity. The BESS planning model considering multiple functions
of the renewable energy consumption and the frequency and voltage support is established by constructing
reserve constraints for frequency and voltage support,so as to determine the final location and capacity of
BESS. Simulation analysis is conducted based on the TEEE 24-bus transmission network and the IEEE 33-
bus distribution network to verify the effectiveness of the proposed method.

Key words:battery energy storage system;location and sizing;renewable energy consumption;frequency support;

voltage support
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regulation
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Table D1 Location and sizing results of BESS in transmission grid considering renewable energy consumption
i, B &

18 Y25 Y28 LM
LA RE TR /MW 0 115.86 0 115.86
£ ERERE R/ (MW h) 0 554,09 0 554.09

7 D2 ERINEBEZIERNMBENERBEE RGN ERLE
Table D2 Location and sizing results of BESS in transmission grid considering frequency and voltage support
i, B &

22 HAH29 A3 IEM
S R Th MW 77.56 117.26 1473 209.55
S pERERE R (MW h) 0.95 1.68 0.18 2.81

% D3 7 3IE [EHEERIHA R BB E SR STIER R AR
Table D3 Costs of planning and operation considering renewable energy consumption and voltage frequency support respectively
R AERE R G R Y BieeUEFF AN A R ERAG G BRAG T Rl SR T
ferh 352493.02 426389.38 8674.49 787556.89

788218.13
PaxiiE:o 9.87 0 651.37 661.24
D4 EEMEREZEINGEHIKAN
Table D4 Costs of planning and operation considering various functions
b ig e RGRE WREESHEN 0 RBRADIG RERAETIG  BEATIG RS RAT G
Ll 352466.18 426442.19 9098.62 788006.99

788218.13
PaxiiE:o 9.67 0 631.27 640.94




