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Abstract: Selection of energy storage power supply for frequency regulation is studied on. First, the technical and
economic indicators of each energy storage power supply are summarized; then, a method based on the Analytic
Hierarchy Process (AHP) to select the optimal energy storage power is proposed, forming technologically optimal,
economical optimal, and the optimal balance of technical and economic indicators. Finally, 11 types of energy
storage power sources such as compressed air and lead-acid batteries are used as typical cases for selection analysis.
The results show that pumped storage, compressed air and lithium-ion battery are technologically dominant;
compressed air, supercapacitors and superconducting magnetic energy storage are economically dominant; and

compressed air, pumped storage and lead-acid batteries are the most technologically and economically optimal.
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Fig. 1 Flow chart of energy storage power supply selection for

frequency regulation using analytic hierarchy process
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Tab. 1 Important technical and economic indicators 1 of various energy storage power sources
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30 ~ 50
75 ~ 200
50 ~ 75
150 ~ 240
30 ~ 50
10 ~ 30
25 ~15
0.5~ 1.5
30 ~ 60
10 ~ 30
0.5~ 10

(W-h/L)
75 ~ 300
200 ~ 500
60 ~ 150
150 ~ 250

30 ~ 60

16 ~ 33
05~15

3~6

20 ~ 80

02~5

50 ~ 80
150 ~ 315
150 ~ 300
150 ~ 230
50 ~ 140
500 ~ 5000
400 ~ 1500
500 ~ 2000

(W/L)
10 ~ 400
>100 000
0.5~ 1.5
0.5~ 2.0
1000 ~ 2 000
1000 ~ 4 000

300 ~ 600
1200 ~ 4 000
500 ~ 1500
1000 ~ 3 000
700 ~ 2500
600 ~ 1500
100 ~ 300
600 ~ 2000
400 ~ 800
250 ~ 350
200 ~ 300

($/kW-h)
200 ~ 400 10
600 ~ 2500 10
800 ~ 1500 15
300 ~ 500 14
150 ~ 1 000 26
150 ~ 1 000 28
300 ~ 2000 13
5 ~ 100 3
2~50 6
1000 ~ 5000 18
1000 ~ 10 000 10
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Tab. 2 Important technical and economic indicators 2 of various energy storage power sources

FEJBC LN (7]

HYRR Rl 500 ~ 1000 s % 75 s-h %%
ST Hh 0 ~ 100 kW 1000 ~ 10 000 s 2% 85 ~ 90 min-h %4
R D 0 ~ 40 MW 2000 ~ 2500 — 60 ~ 70 s-h 4%
AN I 50 kW ~ 8 MW 2500 ~ 5000 s g 75 ~ 90 s-h 2%
BRI 50 kW ~ 2 MW >2 000 — 75 h-month 2
AR 30kW ~ 3 MW >12 000 s 65 ~ 85 s-10h 2%
A 0 ~ 50 kW >100 000 ms 85 ~ 97 ms-60 min
MK #ERE 100 ~ 5000 MW 20 000 ~ 50 000 min 2 70 ~ 85 >] ~24h
JE4E7, 5 ~ 300 MW 8000 ~ 12 000 1's ~ 15 min 65 ~ 79 >] ~24h
KHAERE 0~ 25 kW >21 000 ms 4 80 ~ 95 ms-15 min
it T LA e 100 kW ~ 10 MW >100 000 >20 ms 44 92 ~ 95 ms-8 s
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Fig. 2 The comprehensive evaluation and selection hierarchy of energy storage power sources participating in frequency regulation
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Ta. 3 Technical optimal ranking table
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O-F 02321 0.356 1 0.127 6 0.088 7 0.070 1 0.063 0 0.062 4
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2 0.065 6 0.053 6 0.079 7 0.0720 02128 0.0413 0.0830 0.073 6
g5 0.0420 0.1277 0.084 0 0.0503 0.106 0 0.038 2 0.061 1 0.084 1
2 0.046 5 0.089 5 0.097 1 0.057 8 0.079 5 0.070 1 0.065 2 0.074 2
2, 0.0196 0.0136 0.134 0 0.187 8 0.026 8 0.165 5 0.160 6 0.065 5
g 0.2416 0.207 7 0.0333 0.020 7 0.0137 0.180 8 0.077 2 0.1533
2 0.2113 0.179 8 0.0255 0.0191 0.0355 0.1131 0.066 2 0.1318
g 0.0196 0.025 4 0.128 3 0.1573 0.0552 0.105 4 0.142 8 0.063 3
g 0.090 8 0.0121 0.1299 0.160 2 0.018 1 0.144 6 0.146 4 0.0757
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Tab. 4 Economical optimal ranking list

O-F 0.368 1 0.549 8 0.082 1
g 0.1232 0.1328 0.107 1 0.127 2
2 0.0316 0.0212 0.096 1 0.0312
g5 0.054 1 0.0510 0.047 1 0.0518
& 0.081 8 0.0199 0.050 8 0.045 2
g5 0.077 8 0.028 8 0.022 4 0.046 3
A 0.0821 0.053 8 0.017 3 0.061 2
g 0.058 4 0.1850 0.0725 0.129 2
S 02127 0.0352 0.258 1 0.118 8
< 02324 0.108 0 0.166 1 0.158 6
g0 0.0251 0.1652 0.037 1 0.103 1
g 0.020 8 0.1991 0.1254 0.127 4
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Tab. 5 The optimal ranking list of economic and technical balance

0-0, 0.5 0.5

g 0.077 0 0.1272 0.102 1
2 0.1153 0.0312 0.073 2
< 0.086 3 0.0518 0.069 0
< 0.073 6 0.045 2 0.059 4
2 0.084 1 0.046 3 0.065 2
% 0.074 2 0.061 2 0.0677
& 0.065 5 0.1292 0.097 3
% 0.153 3 0.118 8 0.136 1
% 0.1318 0.1586 0.1452
20 0.063 3 0.103 1 0.083 2
2 0.0757 0.1274 0.1015
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