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Fig.1 Hourly electricity price of a substation
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Fig.2 Flowchart of model solving

4 BHISH

BB v b DX RS 10 kv BC FEL o Y B H 7 ey BOHE
BT 3 AT B 3 S B 17 faf (1945 DA G )
2, BRI Eh i H Tt i AE e B T 10 kV BEER I
TLBC L3 ) — 2 R T FEL U HE A 15 MW XU PIL
2,2 RECHE VRS 1.6 km, R YJV22 —400 mm?.
HLREA 0.0778 Q/km BYHLBIAHE: . BT T4 WAL 1,
HAUAH K E G K . P,=7.5MW ,P,=7.5MW ,P,=3MW,

=)

A 3k

2 4 6 8 1012 14 16 18 20 22 24
t/h

3 EERRUHAYELE B T fh 2k
Fig.3 Typical daily load curve of a substation

A5 /MW
Je 3 /Mvar
o w o




@ ® 0 8 & iR B

8335

Ryn=6 J1JC /(MW -h),T.=8760h,A.=99.973 % , P, =
35MW,A,=0.34 K /a,n=80%,e.=40 JITC/(MW-a),
n=360,C,=100 JiJL /MW, C,=2 J1JC/MW ,k,=100
T ot /MW k=192 J17C /(MW -h)"' A,=3%,1,=3%,
A=6% ,to=1h, AICRKHH MATLAB i & i f2 i 17
SR A5 21 it 58 5 B0 R D R AN A 4 s
B A TR T 0 93843 BESS JCHL ,/INT 0 54
A BESS FoHL, B FRECH S IR T LIE e R 4
R R G ST DM | HTE T o) R A h An il 5 f
7N o BESS [ 5 A& Yy % R E & R 4 il R
Py=1.52 MW Fl Wy=12.68 MW -h, fifi RE & &3 70
W 2E AR A AN R L E,=3.648 J1 UG ,E,=801 Ji JG ,E;=
2222 JiJt E,=21.74 J1JC ,Es=4.93 J1 G ,C,=155.2
Ji76,C,=3.04 TG ,E,,=102.288 it HAEHIK
% A 102.288 J1 7T, MHXT T 2738.56 J1 G A — IR A [
FERE | AP ARG iR ik 3] 3.7 %,
2

HI /MW
(=)

-2 P S S ST S SO S S S S
0 2 4 6 8 1012 14 16 18 20 22 24

t/h

B 4 BESS WIFE /MR IIE
Fig.4 Charge / discharge power curve of BESS

2

Jo3)/Mvar

2 4 6 8 10 12 14 16 18 20 22 24
t/h

B 5 BESS IR LI IhE
Fig.5 Reactive power provided by BESS

BESS 1145 5% [l 4 A AIK 09 I K 228 . 76 H A
B4 L FH RIS il 3 25 R, 35 F b o 0 i o 7F B AT
B AR SR ,BESS 1Y BE 5% 0 50CR B A 7 AL
fEILF 80 % Aofr s MBS LA 22 R K M K T
BESS M55k e Lk EE i i | 1y iy
Mgk BN LA R 4~ 5 £, B0 781155 BESS &
T SRR RS I R R T R R g R S S A 455 L TR
B, (EAIZ R 43 WA 5 A EE S BRI A | DR Ay 4t 06 T oL 4
Bl — YR, ) AT S A £E AR S 3 14.5 7ot Bk
BETRENLTN,

5 ik

AR SCH B 42 T M 25 JE T BESS 22 7 1 )
HESL TR BESS Y28 PN EITAG AL | )i 23 B
i T HARAERUE D BE E AL A AR 1
PR UEIE S Ja AR A T r o ) Bl A 19

FrvEAl 3 B 3l 20 M il LU H . H AT BESS #9546
T, LR BRI AN L X LS BT A HE SR
it Bk — 2P 5 i BOR PR RE IR AR GE | 7156 7
T B B T H At R S K A AR A

SEWk .

(17 sk3Cse, W] /e, S REBOAR A 1 REe iy B HI[T]. AL
HAR ,2008,32(7): 1-9.

ZHANG Wenliang,QIU Ming,LAI Xiaokang. Application of energy
storage technologies in power grids[J]. Power System Technology,
2008,32(7):1-9.

[2] OUDALOV A,CHARTOUNI D,OHLER C,et al. Value analysis
of battery energy storage applications in power systems[C]//
2006 IEEE PES Power Systems Conference and Exposition,
2006. PSCE’06. Atalanta,GA,USA:[s.n.],2006:2206-2211.

[3] LEOU Rongceng. An economic analysis model for the energy
storage systems in a deregulated market[C]//IEEE International
Conference on Sustainable Energy Technologies,2008. ICSET
2008. Singapore: [s.n.],2008 :744-749.

[4] REDRRODT R C,ANDERSON M D,KLUCZNY R M. Economic
models for battery energy storage:improvements for existing
methods[J]. IEEE Transactions on Power Systems,1990,5 (4):
659-665.

[5] CHACRA F A ,BASTARD P,FLEURY G, et al. Impact of
energy storage costs on economical performance in a distribution
substation[J]. IEEE Transactions on Power Systems,2005,20(2):
684-691.

[6] SILSHANSI R,DENHOLM P,JENKIN T,et al. Estimating the
value of electricity storage in PJM:arbitrage and some welfare
effects[J]. Energy Economics,2009,31(2):269-277.

[7] KAZEMPOUR S J,MOGHADDAM M P. Economic viability of
NaS battery plant in a competitive electricity market[ C] /2009
International Conference on Clean Electrical Power. Capri,ltaly:
[s.n.],2009:453-459.

[8] LO C H L,ANDERSON M D. Economic dispatch and optimal
sizing of battery energy storage systems in utility load-leveling
operation[J]. IEEE Transactions on Energy Conversion,1999,14
(3):824-829.

[9] LEE Tsungying, CHEN Nanming. Determination of optimal
contract capacities and optimal sizes of battery energy storage
systems for time-of-use rates industrial customers[J]. TEEE
Transactions on Energy Conversion,1995,10(3):562-568.

[10] JUNG Kyunghee,KIM Hoyong,RHO Daeseok. Determination of

the installation site and optimal capatity of the battery energy

storage system for load leveling[J]. IEEE Transactions on

Energy Conversion, 1996,11(1):162-167.

OUDALOV A,CHARTOUNI D,OHLER C. Optimizing a battery

energy storage system for primary frequency control[J]. IEEE

Transactions on Power Systems,2007,22(3):1259-1266.

MIYAUCHI H,TASHIRO D. Value evaluation of ancillary

service offered by energy storage systems[C]//Transmission &

[11

[12

[}

Distribution Conference and Exposition:Asia and Pacific,2009.
Seoul ,Korea: [s.n.],2009:1-4.

[13] HIDA Y,ITO Y,YOKOYAMA R,et al. A study of optimal
capacity of PV and battery energy storage system distributed
in demand side[C]//2010 45th International Universities Power



E2H PG, A5 L C PR ) R T RE R G 1 (DA @

Engineering Conference (UPEC). Cardiff, Wales,UK: [s.n.],2010: Automation Equipment,2004,24(4):11-14.
1-5. (197 skMA. A I HL R i w] S 0k RO 2045 Ar BT SE (], I RS
[14] EKREN O,EKREN B Y,OZERDEM B. Break-even analysis H3hfk,1999,23(15):33-35.
and size optimization of a PV/wind hybrid energy conversion ZHANG Yan. Research on cost-benefit analysis of electric
system with battery storage—a case study[J]. Applied Energy, power network reliability planning [J]. Automation of Electric
2009,86(7-8) :1043-1054. Power Systems,1999,23(15):33-35.
[15] DIAF S,BELHAMEL M,HADDADI M,et al. Technical and [20] T BRT % SR L. G 10 F o f B8 Pl 36 20 25 2 ) BT 52
economic assessment of hybrid photovoltaic/wind system with [J1. W A3k ,2011,31(5):1-7.
battery storage in Corsica island[J]. Energy Policy,2008,36 DING Ming,XU Ningzhou,BI Rui. Dynamic model of new-type
(2):743-754. battery energy storage system at demand side[J]. Electric
[16] Wki@ X075 BEPRERG 45, & 6f B b it i 0 el I R340 40 i (0. 48 Power Automation Equipment,2011,31(5):1-7.
AR 18.71,2010,38(5) :677-680. [21] HEMSEE  BRIIES i gkoT. 5 TR T IEOLIL 8 Bk SR & 3 R 0%
YAO Yao,LIU Dong,LIAO Huaiging,et al. Analysis on loss AR T[T ], M AR 2006,30 (3 1) 191-194.
reduction of distribution network with energy storage battery[]]. CUI  Pengcheng, CHEN  Mingbang,XIANG Tieyuan. Optimal
East China Electric Power,2010,38(5):677-680. power flow by particle swarm optimization and multi-SUMT
[17]) T bR o3 BeANGE 45, 5 i 0 fr AL XUH Y 0 AN Aff 5 1 9 % method[J]. Power System Technology,2006,30 (Supplement):
ARG A ()], RS A 31k ,2009,33(2) :20-24. 191-194.
YU Han,CHUNG C Y,WONG K P,et al. A chance constrained
transmission network expansion planning method associated EERGAN.
with load and wind farm variations[J]. Automation of Electric i :’5&(1983—), 5 ¥ ibﬁiﬁ"‘/\,@ﬁ:‘r@fﬁi,i—ﬁ-/ﬂ$
Poner Systems,2009,33(2) 2024, b A F ALK @ 49 5F % (E-mail ; scul_yzm@126.com) ;
(18] W, AW | FARAE, AR W 1 b DX RGBS 43 B 2R T T ’ —yzm -comys

B IERE D], W A S K 2004,24(4) 1 11-14, EARR(1970-), % LT REA SI#H L, 2HNF
YAO Guoping,YU Yuefeng, WANG Zhizheng, Wind data analysis W R RHALR A ) R G2 EAT O @ 89 BT (E-mail ;

and wind power generation calculation [J]. Electric Power wangchengmin@sjtu.edu.cn) ,

Value assessment model of battery energy storage system in distribution network
YAN Zhimin', WANG Chengmin',ZHENG Jian*,ZHANG Yu?,SHI Zhixiong?,ZHANG Zheng’
(1. Electric Engineering Department,Shanghai Jiao Tong University,Shanghai 200240, China;
2. Shanghai Electric Power Company,Shanghai 200122, China)

Abstract: The economic value of BESS(Battery Energy Storage System) in distribution network are comprehen-
sively analyzed based on the typical daily load curve in five aspects:decrease of grid expansion capacity,
reduction of total net loss cost by peak load shifting,arbitrage of energy storage,increase of grid reliability
benefit,and reduction of capacity reserve for grid-connection of renewable energy resource. The optimal
value assessment model of BESS,which considers the investment and maintenance costs and takes the
annual net income as its objective,is established and solved by the particle swarm optimization algorithm
combined with the multi-SUMT function. Case analysis shows that,due to the unit cost of battery is high at
present,the economy of BESS is poor.

Key words: electric power distribution; peak / valley electricity price; electric batteries; energy storage;

value assessment; costs; renewable energy resources



