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Abstract:

Hybrid Energy Storage Assisted Frequency Regulation for the
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To address the problems of slow power regulation speed, insufficient control accuracy, and delayed

response of conventional thermal power units in automatic generation control operation, which makes it difficult to

accurately and rapidly track grid frequency regulation commands and may lead to regulation delay, regulation

deviation, and reverse regulation, a coordinated frequency regulation scheme combining thermal power units and

energy storage systems is proposed in this paper. A hybrid energy storage system composed of supercapacitors and

lithium iron

phosphate batteries is introduced to provide auxiliary support for the frequency regulation process of
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thermal power units. On this basis, a hierarchical coordinated control strategy based on system frequency deviation
and power command is designed. Taking a thermal power plant with two 660 MW supercritical coal fired generating
units as the research object, a combined thermal power and energy storage frequency regulation model is
established, and simulation analysis and engineering application verification are carried out. The results show that,
after applying the proposed coordinated frequency regulation strategy, the integrated output of the units can track
AGC frequency regulation commands rapidly and accurately. The tracking correlation coefficient between the
combined output and the AGC commands is increased to above 0.99, while overshoot and response lag during the
frequency regulation process are significantly reduced, and the operational stability of the system is markedly
enhanced. Meanwhile, the comprehensive frequency regulation performance index k, is improved from 0.8 to 1.63,
indicating a substantial enhancement in overall frequency regulation performance. The study demonstrates that the
proposed coordinated frequency regulation technology can effectively compensate for the insufficient frequency
regulation capability of conventional thermal power units and has practical engineering value for improving the
frequency regulation performance of thermal power units and ensuring the safe and stable operation of power systems.
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Fig.1 The technical principle of energy storage assisting thermal power

units in primary frequency regulation
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Fig.2 The overall control strategy of hybrid energy storage system
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VSR A X E/MW PSR AR AR A MW
(20,30] 0.05 25
(18,20] 0.02 19
(16,18] 0.05 17
(14,16] 0.07 15
(12,14] 0.11 13
(10,12] 0.10 11
(8,10] 0.11 9

(6,8] 0.26 7
(4,6] 0.09 5
(2,4] 0.07 3
[0,2] 0.07 1

TELLEER b, XA A fig BB B 7 6 1) b A
FFr AT . e RGKH 20 MW/20 MWh
WA it 7 58, e B3R R AT T, HAE 78l
HA, B R0 A FH 25 i m 4% 5K (15D T8, Fa b BRI A
M7 21°82.9 a.

3000%2x20 MWh/(41 300.83 MWh/a)=2.9 a. (15)

Tt RE RS R 10 MW/10 min LA 5
10 MW/10 MWh filf B £k 2 oyt 240 5% 1 VR 5 fils e
55, WIAE BE fE 42 1) SR WK T, B8 4% P 2 7R HE I 4 78 TP
A6 TH AT B, A S Hb B R 2k LB )
FErmmEmRADME. #F— PRI RS
SR, R 2R S T TR v v P B R R e
SRR A A (19T,

41 300.83 MWh/a x[0.07 +0.07 +0.09 +

0.26+0.11+50% %(0.1+0.11+0.07 + (16)
0.05+0.02+0.05) | =33 040.67 MWh/a,
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41 300.83 MWh/a—-33 040.67 MWh/a

=8260.16 MWh/a, an

10*x2x1.67 MWh/(33 040.67 MWh/a)=10.11a,(18)

3000%2x 10 MWh/(8 260.16 MWh/a)=7.26 a. (19)

THEEE RR Y] SRR &l RETT 58 )5 » WEIR Bk
R YU £ 4 55 2807 T H B B R AIK, H E f F
FHRTF A 7.26 a0 AHEL P —BERREREE AL i ik RETT 56
TR 1 RE R 1 SR RE 0 A7 R0 PG PR I O 34 DT, AN
M7 08 25 JiE K F b Ao P A

4 Zig

AR [l B 2 L 7% 5 1 R A AL P T A RV A
fith BE 22 G Bl K WL ZEL R A0 1 R T 8 % 4 o) S s
FFREHWFFT, LA K 2x660 MW i Il SR 6 A& L
HUZEL A 7006 52, 35 H 00 A | 3 ol SR s 18 1 S B
WIg AT AE , 1 B0 N 4518

D T — M T2 22 5 D 248 44 2 W)
A FR) I A AT 1) SRE I, A 1 R L A S e
JRLAE Ty 26 | 5 T U AR 4, B R kB P vt AR AH S T
KRR AR A WP RE AT WL, S8 T AN F Zh R
LRASTE A T AR TS5 MATEL . 7R
36 &5 TR W, 124 1) SRS T K AR e 0 A ) . B[R] E
18 s 42 %2 0.07 s, U 7% 22 HH 3.2% [F 1 %2 0.8% -

DI il e RGN BRI 25 R T K LA
I RS o TE AR RE RGLRT, K FALZH 1 45
HRAERE SR bR kN 0.8 IENTR A ERE R GLS
PLAL 2545 R ARVE RE T b b, $2 T %2 1.63, R ZH AR
T3 RAESRTE K LA AT RE ) 75 T B A B B AR .

3) VR B fifs e R AT I R 05 B EC B R R 4 HL b
{10 5 2850 70 TS PR IR ORI 7 TR UR B S T A RAE K L
M AE % Ay . 520 MW/20 MWh # B2 2k £ A i fih
SEHENTT RAR B, HER A A a8 2.9 as R
10 MW/10 min # 25 L 7% 5 10 MW/10 MW h B iR 2k 48
FL Y 2L R (R VR A5 i e R G0 0 R 0 VR 2 R T Rk
FELIB P 3R 48 FH 25 A 23 A 21 10.11 a F17.26 a.
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