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Abstract: The “double high” characteristics of new power system make its frequency stability face a huge
challenge. Energy storage assisted thermal power unit frequency regulation technology has become a key core
technology to ensure the stable operation of the new power system. The mainstream form of energy storage used
in this technology, lithium battery storage, suffers from short lifespan and poor safety in use. The features of
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supercapacitor energy storage like high power, long cycle life, and high security, are highly compatible with the
energy-storage requirements of frequency regulation of the energy storage assisted thermal power unit, but the
supercapacitor’s response to the continuous unidirectional command is poor. Therefore, it is necessary to explore
the technical route of hybrid energy storage to achieve complementary advantages of the two types of energy
storage. The hybrid energy storage capacity configuration of supercapacitor and lithium battery was studied, the
energy storage capacity configuration method based on the actual AGC frequency regulation command was
designed, considering the characteristics of power-type energy storage devices and energy-type energy storage
devices. Moreover, the frequency regulation performance and economy of three typical capacity configuration
schemes were compared, and the optimal scheme was determined. Finally, engineering verification was carried
out. The actual operation data show that, the supercapacitor hybrid energy storage system can improve the
frequency regulation performance of the thermal power unit by 59.77%, extend the service life of the lithium
battery to 3.6 times, and improve the system economy.
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Fig.1 AGC frequency regulation command curve for a
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energy storage capacity based on AGC frequency-
regulation commands
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system based on SOC partitioning
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Tab.4 Statistics of the number of consecutive increases and
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Tab.6 Economic comparison of different energy storage configuration schemes

HE1 HR?2 HE3
ARSI R AR OE MWL) 105 105 105
P KA 0.85 0.84 0.84
H P35 1 AL MW 5125.00 5077.39 5051.89
H AGC 1 #ME T 45 740.67 44782.62 44 557.66
H AGC JEA4Met 0 10348.8 10348.8 10 348.8
A AGC ISAMEI 3R/ /T 7T 1682.68 1653.94 1647.19
R AN T G 380.02 376.49 374.60
SR BIRG BB R T T 180 180 180
CENUARKTEZRVE ¢ 3.20 3.24 3.21
R A HE 31.00 25.07 20.18
T RERI LA BT 70 1260 1640 2020
RGBT TT 0 2000 2000 2000
WIS BT T 3260 3640 4020
e 1075 g 19 105 )
fiti i HAS SR e AR 5 7T 1320 880 440
BB EE (BLED fa 1.45 1.65 1.82
BAT R A 7T 4580 4520 4460
1B4T W RIET T 17 847.05 17584.33 17 557.93
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FET52PR AGC 1e2HHE, ZEA B RIIIIERE S
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B 10 AR 3 AR A RE RS G
AGC shZk. & 7 PRSI ERETENR, HE 7
AL IRAERE R SIS E, FLHATTEE KTt
19.16 15, TKEEE Ko 32t 2.87 £, AR Al fEhR
K3 #27t 2.85 fi5, WLAHZEA R TR S K 32T 59.77%.
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Fig.10 The AGC frequency regulation curves of
supercapacitor hybrid energy storage system assisted unit
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Tab.7 The unit frequency regulation performance before
and after the supercapacitor energy storage system is put

into operation

PERETR AR fiEREARIIN ERERN FETHIEEI%
R Ky 0.048 8 0.9839 1916.19
TR Ko 13228 5.1199 287.05
] R 7] K 0.1859 0.716 2 285.26
ZratERETE R K 0.540 6 0.8637 59.77
LrErPEREER 0.55 0.55
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Tab.8 Comparison of daily cycle times between lithium
batteries and supercapacitors

A By BRI B R 4 SR AR SR ] S
H e HP A L A A
(GERVE: FEARVE [EEZRVE {(TEZRVE
DS 0.01 0.06 0.95 12.92
§2R 321 15.86 0.27 741
F3R 3.92 19.73 2.66 4053
E S 3.98 11.20 0.08 5.07
$5R 5.32 17.87 227 40.72
$ 6K 5.23 17.54 2.49 44.54
TR 743 22.70 0.98 13.67
8K 7.15 2117 1.94 39.39
EACES 5.38 17.05 0.85 29.34
910 R 10.10 25.07 0.83 28.38
ERAIPR 9.96 18.79 0.99 32.37
12 R 9.95 18.45 3.81 50.83
313 K 2.49 8.73 2.76 40.62
R 5.70 16.48 161 29.68
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Fig.11 Operating temperature difference between
supercapacitor cluster and lithium battery cluster
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