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Abstract: In the context of intensified fluctuations on both the generation and load sides of
microgrids, conventional deep reinforcement learning algorithms often lead to strategy homogenization
and failure of synergistic division of labor due to their implicit guidance of heterogeneous energy storage
dispatch. To address these drawbacks, a coordinated optimal dispatch method based on frequency-
domain-constrained deep reinforcement learning is proposed. First, tailored to the heterogeneous
hybrid energy storage system comprising compressed air energy storage and battery energy
storage systems in microgrids, a Markov decision process model is established to characterize the
state evolution features and sequential decision-making properties of the dispatch system. Next,
based on the twin delayed deep deterministic policy gradient ( TD3) reinforcement learning

algorithm, a spectral-regularized frequency-domain constraint penalty term is incorporated into
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the gradient of the algorithm’s policy network to guide the battery energy storage system to

absorb high-fluctuation power and the compressed air energy storage system to track the low-

frequency fundamental wave, thereby achieving a differentiated division of labor between the

two. Simulation results demonstrate that, compared with mainstream deep reinforcement

learning benchmark algorithms, the proposed algorithm can reduce the comprehensive operating

cost by 10. 0%, decrease the grid-connected power tracking error by approximately 68. 5%, and

lower the number of grid power limit violations by 92. 1% in a typical weekly dispatch scenario.

Moreover, the mechanical life index of the compressed air energy storage and the equivalent full

cycle number of the battery energy storage are decreased by 92% and 53. 8% , respectively. This

algorithm can balance the economic efficiency of the microgrid system, the safety and stability of

the power grid, and the lifespan friendliness of the underlying energy storage devices.

Keywords: microgrid; heterogeneous hybrid energy storage; coordinated optimal dispatch; deep

reinforcement learning; frequency-domain constraint
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Fig. 1 Microgrid system for coordinated dispatch of heterogeneous hybrid energy storage
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Fig. 3 Variation curves of meteorological parameters in a

typical week
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Table 2 Time-of-use electricity prices

00:00—07:00 Eain) 0.033 2
08:00—10:00, 17:00—21.:00 Mg} 0.136 4
15:00—16:00, 22:00—23:00 Fmf 0.079 3

11:00—14:00 P 1 0.052 0

% 3 SpecTD3 Hix#8 £ 4
Table 3 Hyperparameter settings for SpecTD3 algorithm
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different algorithms

7T 5FE 8 AR T RFA ST BESS
5 CAES 19 38 i v B 28 43 A Ko % i i SoC {8 16 L
W, ZER KB, TD3,.SAC Fl PPO 3 F 3 i 535 1Y
M4, R Reiz e SRR IR Z IS E R 8
TS AR B . L 4 e % HILAR 25 44 1 LAES(/&%
0 45 %5 IR Z v A D R ik A B bR R A
(b).8(¢).8(d) 7~k BESS Y SoC iﬂﬂﬁi%ﬁﬁé
(0. 05~0.95) Z M KIRZEG . & T 2R EW
FE SR AG IR . P T8 1 R SR N SR il & 4
B A RE i B AL 3, S i 23 fin i BESS 1% H {5
FRA R IR A CAES #L4L 1 AL AR S B 5 48 17 KRS .
HEZ T E 70 5E 8Ca) iR, T SpecTD3
SR LA A AN D ) B R . 7R TP R
g5 5 P ARG B A5 3R 4 T CAES 7% 48 T %18 H %
SE 1 RE R RS AT 55 T BESS W 3824 T Zh 28 vt
o A BB A P AR R R . B8
() F W], CAES ) SoC S 3 H K Ji 1] . K ¥ 722
FETHLEFR 11 BESS B SoC W43 45 78 o 45 SoC [X.
], 3BE e T VR BE A BR 98 09F . 45 1 TR, SpecTD3 5.
BB B S8 24 A B ARG )2 B FE BHL T T CAES
AT R AR HE A o AL AS A Sk 2l R i T R A
I RE I & & 2 P AR s 17, i Ba X b 51 7 BESS &
PRI e 07 P A, SEE T S A A RE A EORN S T

zkxb. xjtu. edu. cn

7 AR S Re s )R
Fig. 7 Comparison of power output for heterogeneous energy

storage under different algorithms

1.0 1.0
0.9 0.9
08 08
0.7 ,0.7
fgo.é jéo.s
05 505
Foa 204
= A = A
T3 E03k
02 02}/
01 0.1f
0 24 48 72 96 120144168 0 24 48 72 96 120 144 168

i il /h
(b TD3 B ¥
—BESS ----CAES, ,

5[] /h
(a)SpecTD3 &1k

T HURES
OO Ooo0O00—
o —hwkRuoaaxwoo

fif R A
OLoLCooooo-
S —vwhuLowxwoc

2:1 4.8 7I2 9I(> IZI014i41(;8 2I4 4.8 7.2 9I6 léOI;MI(I)S
I 17 /h IS 1] /h
(0)SAC & (D PPO &3k
B8 AFEFEETFHEHE SoC Xt

Fig. 8 Comparison of SoC for heterogeneous energy storage

under different algorithms

P9 M SR BE 1 R A LA, O A T AR
TR S48 i BB A I A3 T s AR . B 9 (b) L9
() 9D iR A M H 7 R, CAES (& (8
SC2k) 5 BESSCiE o i £0) 11 fig i R Ui £ Wikt
2 B 79 3 R LA BE I A E 32 SCRR A PRIl ) TS
MR Y 1R BT Az AT R A . B 9 Ca) B, r 4
SpecTD3 Fvk , CAES fg it 2 Bl 4 A I B

2K 90 % DL b RE i A kA P AR R
$&¥%E@Iﬁ$ﬂmjmﬁﬂ,ﬁﬁ BESS 1 fi i 2 #Llh £&




68 [ 7 . ]

PN

%60 &

i —— CAES ™
@ 0.2 ---- BESS <

0 01 02 03 04 05 0 01 02 03 04 05
B /He $i#% /Hz
(a)SpecTD3 %4 ¥ (b)TD3 &

01 02 03 04 05
$iK /Hz
() PPO # 4=

0 01 02 03 04 05 0
B /Hz

(c)SAC &3
B9 R IRIE LT i BE Al 540 1 A9 a4k Mk 5 e
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characteristics under different algorithms
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