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Fig. 1 Process of technical and economic selection method
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3 EHlaHhr Ni-Cd 589.71 650.91 19/19.13
LA A8 K 00 o B R 22 B R Oy 3 o 12520 1330 ISR TS
T, 2 2 B R 2V U7 VR 1 YA B 5 o IR R A SMES @l 1235 1sal
B R Eb VB ) CASE 547.59 526.56 30
PHS 479.14 314.39 40

3.1 BARZRFERSHT

T F A ERAY 13/13.96, 13.96 23035445 3 1Y 75 v B 101

0 ‘lfﬂ/i:‘b‘n/ SR AC N N w N
X SRR = RN FRRIMECET s e 13 0, SERBCREL,

FMRIRAR], 28R A SCH ) AT AR A HEAR IS 2 AR S0 4 55 00 26 ) R4

B K R IR ik

BRUE DR RITTORE e ) 2 4752 A e 307 6

BERRERAE, PSRRI SOC, FRVR o e g0 50 R B HEFF BT 93064709 —
AR T SOC=S0C,+ [\ PAuE,. SEFHRIE . 3,509 3 R I0H AR HEELE A

®3 fEBEERHEARRDHFR

Table 3 Ranking of energy storage technology selection
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go(EC) 0.0255 0.0407 0.1884 0.2030 0.0310 0.1554 0.1744 0.0853
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TECHNICAL AND ECONOMIC SELECTION ANALYSIS OF ENERGY
STORAGE POWER SUPPLY FOR FREQUENCY REGULATION

Li Shujuan', Li Xinran', Huang Jiyuan®’, Yang Xiaodan’, Ouyang Lulu?, Bi Suling'
(1. College of Electrical and Information Engineering , Hunan University, Changsha 410082, China;
2. State Grid Hunan Electric Power Corporation Limited , Changsha Power Supply Company, Changsha 410015, China)

Abstract: The technical and economic selection method of energy storage power supply for grid frequency regulation is
studied. First, the technical and economic indicators of different forms of energy storage power supply are summarized ,
the analytic hierarchy process (AHP) is technically used for rank and selection, and technical rank results are obtained ;
in economic aspects, the annual average cost of energy storage power supply is used to get the rank and selection. The
weighted calculation of technical/economic selection and rank results is carried out to get the comprehensive optimal
technical/economic selection results, and analyze the sensitivity of each cost factor, and summarize the sensitive factors
affecting the economy of all types of energy storage. Finally, aiming at the typical secondary frequency regulation scene,
this method is used for selection, the results show that Li-ion, PHS, CASE are technology- preferred energy storage
solution, CASE, Flywheel (FW) , LAB are economically dominant, CASE, Li-ion and PHS are the technical and
economic comprehensive optimal plan. It is known from the sensitivity analysis that reducing further the power cost of
Li-ion, which will make it become the optimal energy storage power supply for both technology and economy.

Keywords: energy storage power supply; frequency regulation; comprehensive selection; techno- economics;

sensitivity analysis
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Attached Table 1 Important technical and economic indicators for various types of energy storage power sources (1)
e PIES) S BT A RE

fREFL YR Wh-kg™ Wh-L" Wekg WL JEAS LW AN/ kWh
BRI 30~50 75~300 50~80 10~400 300~600 200~400
L EER] 75~200 200~500 150~315 — 1200~4000 600~2500
PR 50~75 60~150 150~300 — 500~1500 800~1500
B LT 150~240 150~250 150~230 — 1000~3000 300~500
LR 10~30 16~33 50~140 — 600~1500 150~1000
Y7 2.5~15 — 500~5000 >100000 100~300 300~2000
k& RE 0.5~1.5 0.5~1.5 — 0.5~1.5 600~2000 5~100
4= 30~60 3~6 — 0.5~2.0 400~800 2~50
“khefiHe 10~30 20~80 400~1500 1000~2000 250~350 1000~5000
A RE 0.5~10 0.2~5 500~2000 1000~4000 200~300 1000~10000

Mi&R?2 BEEERBENEERARZEFHEIR(Z)™

Attached Table 2 Important technical and economic indicators for various types of energy storage power sources (1))

fififig r YR IR 21 TEFR U EL BATAEMY 2 MR BEEEARHACRE RRELFTCRT )

R L 0~20 MW 500~1000 3~20 s 75% s~h &%
LA v 0~10 MW 1000~10000 5~15 20 ms~s 2 85%~90% min~h %
PR L 0~40 MW 2000~2500 10~20 — 60%~70% s~h 2
B L 1 kW~10 MW 1500~5000 10~15 20 ms~s 2 75%~90% s~h&k
P 30 kW~10 MW >12000 5~10 20 ms~s 2 65%~85% s~10 h %%
HE TR 10 kW~1.5 MW 10000~100000 8~20 1~20 ms %% 85%~97% s
flk #AE 100~2000 MW 20000~50000 30~60 s~min 2% 70%~85% >1~24h
475 S, 10~300MW 8000~12000 20~40 s~min 2 65%~79% >1~24h
CHCfHRE 5kW~5 MW >21000 15~20 1~20 ms 2% 80%~95% ms~15 min
A RE 10 kW~10 MW >100000 >20 1~5 ms 2% 929%~95% ms~8 s
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Attached Table 3 Maximum cycle number N and DOD experimental data of various types of energy storage batteries (1)

DOD-N 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Li-ion 362300 98200 21420 10370 5800 3500 2430 1820 1360 1100 1000
LAB 15000 7000 3300 2050 1475 1150 950 780 675 590 500

Mik4 HXRIZFEBMESEABEIRIENS DOD LEEHTE(Z)

Attached Table 4 Maximum cycle number N and DOD experimental data of various types of energy storage batteries (1I)

DOD-N 1.00 0.75 0.50 0.25 0.10
NaS 2000 4100 6500 8900 25000
VRB 10000 35000 60000 90000 175000
G 300000 450000 600000 750000 1200000
Ni-Cd 2000 7000 10000 20000 46000

% 20000 30000 40000 50000 110000




