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Optimized Dispatch for CSP-PV Hybrid Plants in Sandy-Gobi-Desert

Regions Considering Frequency-Inertia Coordinated Constraints
CHEN Shi, YAN Hongping, ZANG Tianlei, LIU Yihong, CHEN Jiangping,

WANG Shuhao, LI Huaqgiang
(College of Electrical Engineering, Sichuan University, Chengdu 610065, China)
ABSTRACT : [Objective] To address the high penetration and low-inertia characteristics arising from the grid integration of
large-scale renewable energy bases in “sandy-gobi-desert” regions, as well as the limitations of traditional dispatch methods
that primarily focus on steady-state power balance and economic operation with insufficient attention to frequency security
risks, this paper proposes an optimal dispatch method for concentrated solar power-photovoltaic hybrid power plants
considering generalized inertia and rate of change of frequency hard constraints. [Methods] First, the optimal dispatch of
concentrated solar power-photovoltaic hybrid power plants is modeled as a markov decision process. This model incorporates
dynamic security constraints, such as the rate of change of frequency and generalized inertia, to achieve strict control over
grid frequency security boundaries. Second, to efficiently solve this highly nonlinear scheduling model and overcome the
limitations of the conventional twin delayed deep deterministic policy gradient (TD3) algorithm—specifically addressing the
low utilization efficiency of historical information and the insufficient learning of critical disturbance samples—an improved
TD3 algorithm integrating long short-term memory (LSTM) networks and a prioritized experience replay (PER) mechanism is
proposed. [Results] Multi-scenario simulation results based on modified IEEE-30 and IEEE-57 bus systems demonstrate
that, under the complete frequency-inertia constrained scenario, the proposed LSTM-PER-TD3 algorithm achieves zero
frequency-limit violations and zero reserve shortage, with a total operating cost only 2. 94% above the mixed integer linear

programming (MILP) theoretical optimum. [Conclusions] Concentrating solar power plants possess dual advantages of
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thermal energy storage for time-shifting regulation and physical inertia support from synchronous units, which can firmly

guarantee frequency security for high-penetration new energy bases. The developed LSTM-PER-TD3 optimization algorithm

realizes efficient unit scheduling while balancing operational safety and economy. It provides theoretical foundations and

technical support for active frequency support and intelligent economic scheduling of power systems with high -penetration new

energy integration.
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Fig. 1 CSP-PV hybrid power plant system architecture
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constraints
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i Actor P45 AN LSTM SZIURHE BEFE S, I AR G -
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BT =B ZPRE AT IR R BB MRS, 15 255741 5
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end if
end if

end for
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Fig. 3 Comparison of average rewards for the

improved IEEE-30 bus system
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Table 2 A comparison of performance metrics of each
algorithm variant during the training process
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Table 3 Performance comparison between LSTM-PER-
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Table 4 Comparison of CSP-PV hybrid plant dispatch
under different constraint scenarios
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RBl EMAXBHNAXESH

Table B1 Parameters of conventional generator units

RWHLRE)  BNIMW B MW Tf;’i‘v Fif”)’ —’ﬁﬁg”@f‘ g sus é‘%ﬁ;
G2(Busl) 75 120 30 2.2 6 144
G5(Bus4) 50 80 20 1.8 4 126

G11(Busl0) 25 50 15 1.2 5.1 162
G13(Busl2) 12 30 10 1.2 5.5 108

RB2 HREEKERINEESH

Table B2 Parameters of hybrid renewable energy power plant equipment

B 25l S8 HE
I KA A B /MWh 3500
SN A E A 900
e KT R /MW 250
RS (TES) SOC _E R 0.95
SOC T RR 0.10
Wt SOC 0.35
ENIEr SR 0.031
i K L TR /MW 100
- - F A A R 0.38
ey R /(MW -h™") 80
e HL (CSP)
— YA R/ (MW -s71) 5.0
iYL RS/ (JC/MWh) 36
SRR H s 4.0
R LA /MW 200
FetR % (PV) B B
& YA/ (JG/MWh) 28.8
i 72 T)RIMW 120
NS (EH)
Hi - AR AR 0.95
WR A B HY — UL 7 171 /s 7.5
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Fig. B1 Load curve and predicted data of solar irradiance
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Table B3 Network structure of the LSTM-PER-TD3 algorithm

[ 2% 24 Pk PR 25 2354 P T e
HAZ 15 CIRAHERE)
B SRt VAT ES
LSTM JZ+ReLu 128
LD Z+ReLu 256
Actor M 2% i E +ReLu 256
AEE)Z+Tanh (B ) L1 (B )
CEIATIE S THIRIV (R E 2 PN 128+11
442 +ReLu 256
Critic [P
& 42)7+ReLu 256
SRR () 1(QfH)
#B4 HHTDIEZBSHILE
Table B4 Key Hyperparameter settings of improved TD3 algorithm
[ 4% 2 ) R HranE ¥ LG e 2500 I T 25 YR 54
Actor 0.000 1 0.99 0.005 300 000 1500
Critic 0.001 0 0.99 0.005 300 000 1500

B 3% C

1)LSTM %y A9 J 5 UK 4
YEHL2 h.4 h.6 hF18 h VU A [a] JF 31 K J3 %t

SEEAEREHEAT 108 e I, 0 a0 &5 2R A0 B % Cl
JE7s o

RC1 AELSTMENFFHKE THE R MRS

Table C1 Algorithm performance comparison under different LSTM input sequence lengths

LSTM 4 A 731 BE/ WS -4 1 5 5 WSUS R B 8IB1T R T T AP HIFERT /ms
2 1450 102.451 14.2
4 1120 98.033 17.8
6 1380 99.127 25.5
8 1800 104.680 34.6

i C1RTA, 24 A7 S B ], 8 BE M Ak LA
50 B e HURE B0 R B8 SR 30T ) RE S I RS R, DR 3R AT
TR R, RERG BT A M. RZ,
P NG TIEoR SN I PN IR IS NS DI 82
TR, JET AR 9] T A% M P 5™ 5 48 1 X
2% BRI AR E ST, S BORCSURT A BRI H A
UL o SEH 4 SRR W], e M 4 h BERS 16 I 7 2%
R 58 BNk 5 T BR8] U e I T 4

LWL ALY SS i R S & Y T

FH R A S B AL A AR SRR AL S EOR
AT 5 a 5B 16 A S EMAK AT T
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il B 2 BB AT T I IR CL TR

MPAEE R R Y o /N, I TSR Y
U NI S GUN L VA € 1 = N I RES S e
fo PR 0 H B2 SR 5 (Rl BAE T 5 o R AF VL E LAY
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Fig. C1 Parameter sensitivity heatmap of total operation cost under different combinations of « and 3
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Table D1 Parameters of conventional generator units (IEEE 57-bus test system )
. ez BR i/ — KIS CHE %R/ e e LA/
== ISR S L sfr M e e
KPS /M TIMW s K 1MW iy P SRR s P
GO 50 100 25 1.2 5.0 144
Gl 70 140 40 2.2 6.0 158
G2 50 100 25 1.2 5.0 144
G3 50 100 30 1.8 5.5 180
G4 210 410 100 2.5 6.5 166
=D2 #FetlREERIIZEESH(IEEE-57 T KX RS)
Table D2 Parameters of hybrid renewable energy power plant equipment (IEEE 57-bus test system )
A 24 iglEN
HRAEAZS /M Wh 7000
IR FERI MW 1500
BRI AW 500
ARG (TES) SOC _L-fR 0.95
SOC T RR 0.10
WIlh SOC 0.50
ANDRED €T P RES 0.031
U R L TR IMW 200
- - r ik R 0.38
JINEF T3 BR il /(MW b ") 80
SRR HL(CSP)
— AT FE (MW ™) 5.0
B4k AR/ (JT/MWh) 36
SRR R AU 4.0
T LA /MW 400
TR & HL(PV) o _
B4k AR/ (ST/MWh) 28.8
HE TR /MW 250
TS (EH) .
H -G AR 0.95
R SR — YIRS ITAG B 1 /s 7.5
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Table D3 Network structure of the LSTM-PER-TD3
algorithm (IEEE 57-bus test system )

£ 44 90 255 25 ) M2 TCHERE

JhEnyp HiAJZ 15
12 % LSTM JZ+ReLu 256

2iEH)Z +ReLu 512

Actor 45 L Z+ReLu 512
AR+ Tanh (i ) 11

(CRUATES TR (DE R 1PN 256+11

St AEHE)Z +ReLu 512

AR Z+ReLu 512
AR (i) 1
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G4ThZH G5ThE2 mmm YR o5
ORI e R
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ED1 #AEPHAEEALER
Fig. D1 Optimal day-ahead scheduling results for

a typical day
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Fig. D2 Charging/discharging power and SOC

variation curve of thermal storage tank
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Fig. D3 Primary frequency regulation reserve
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Fig. D4 Up/down spinning reserve provision schedule
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