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Research on a novel realizable Carnot battery and tower-type solar thermal
parallel system and their coordinated optimization
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Abstract: [Objective] Against the backdrop of the “dual carbon” goal and the high proportion of renewable energy
grid integration, the challenge of absorbing curtailed photovoltaic (PV) power has become increasingly prominent,
alongside issues such as high investment costs and relatively low energy efficiency in traditional solar thermal
systems. To achieve efficient utilization of curtailed PV power and improve the overall energy efficiency and
economic viability of solar thermal systems, this paper proposes a novel PV-tower solar thermal hybrid system
driven by a Carnot battery, and conducts research on system architecture design and collaborative optimization.
[Methods] To address the technical bottleneck of limited outlet temperature in Carnot battery compressors, a staged
temperature-rise scheme combining “compressor heat recovery and electric heater series connection” was designed.
Using the EBSILON professional software, a thermodynamic coupling model of the system was constructed. A
standalone CSP system and a CSP system coupled with an electric heater were set as reference schemes. By
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replacing part of the heliostat field with a Carnot battery, a comparative analysis was conducted in terms of energy
efficiency, exergy efficiency, and economic viability. [Results] The study indicates that the overall energy efficiency
of the new parallel system reaches 39.28%, representing improvements of 6.00% and 10.84% over the two reference
systems, respectively. The overall exergy efficiency reaches 41.80%, representing improvements of 5.29% and
11.35%, respectively. Compared to a standalone CSP system, the new scheme reduces equipment and land costs by
approximately 11 million yuan, increases lifetime electricity sales revenue by 811 million yuan, and shortens the
dynamic payback period by 7.11 years. [Conclusion] This novel Carnot battery-solar thermal parallel system can
efficiently absorb curtailed PV power, offering the dual advantages of improved energy efficiency and cost
optimization. It provides a feasible technical pathway and theoretical support for the engineering application of

complementary PV-solar thermal systems.

Key words: Carnot battery; photovoltaic power curtailment; solar thermal power plant; thermodynamic model;

performance analysis
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Fig.1 Schematic diagram of the Carnot battery model
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Fig.2 Schematic diagram of a standalone solar thermal power generation system (Scheme a)
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Fig.3 Schematic diagram of a solar thermal parallel electric heater power generation system (Scheme b)
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Tab.1 Basic design parameters of the case reference system
and the modified system
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Tab.4 Energy analysis results

REE A EX FHED HEC

3R FHAE/ (MW h) 3165 1417 1417

O 7 AR/ (MW h) 1383 1383

ik CURREE/(MW h) 2800 2800

tH ETHLEE/(MW ) 900 967 1100

RERRI% 28.44 3454 39.28
32 oA

U HL R A e I A it B G A O 4 R
SIHTUIER 5 Fim. b TR ¢ 77 5H a 7 Rk
SRRCR 3 Al FE Tt 5.29 FH 7 i 11.35 H 4.

AR WK 12 s, MR a, TEDb
AT7 % ¢ I B A& P R A S, H AR
RANELNC AR I/ T 55.23% . 5 [ FI & FAGE
1E 1 RWNE - IERIRI 2 3% 0k 2 C AW
B, MOMGEmmE, TR b TR cBITEali

RYr RN T 1.62 . 4.83 MW h L. BT
T b % c MIRHEEERTE, TR MR c
W% a JFRRGM SGS ik AR M B2 43 1 38
7 850 (7.44%). 25.38 (22.22%) MW h. /7% b
MTE ¢ BTE a MRN8 T
14.22 (7.44%). 42.44 (22.22%) MW h. BT 7%EDb
AJ5% ¢ #H T #% AR RGNS 2 HER
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ELIR/ R 7 1 5 32 JHR 401 2R R K BH B WS A A 2
Ji 5 b FIJT % ¢ PRI B B A, O & a iR
ARG 8/ T 263.31. 574.64 MW h.
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Tab.5 Overall exergy loss analysis of the coupled system

T A LEX: ES HEC
H O3S (MW h) 39.08
A (MW h) 900.00 967.00 1100.00
Fr L AL REIH/ (MW h) 1383.00  1383.00
I BH B S (MW ) 2 955.68 132339 132339
TR R 1% 30.45 35.74 42.09
BARIBURAR T E 7 A 5.29 11.35
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Fig.13 Investment cost distribution on the heat storage side
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Tab.6 Comparative analysis of investment costs on the heat

of Scheme ¢

storage side for Scheme a, b and ¢

RTFERCRAERa AR b FERESEWE ST
Tab.7 Analysis of the benefits generated by the additional
investment in Scheme ¢ compared to Scheme aand b

miH HERCE T Ra HECEIED
— RN FEZ KHLEI(MW h) 200.00 133.00
FEHSALTT I 0 0
SFBOEHOR BELEN/(G (kW h)hiel 0.98 0.98
N ZRWETITG 3528 2346
T H A= i A Wlla 25 25
@il 2 2
Z17 Hila 23 23
A RN 2 REFINL T 8.11 5.40
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Tab.8 Overall economic analysis results of the system

SiH Hd

FHEa ES FHEc
R AT 76 188 400 150 500 187 300
I YERATTT TG 896 584 856
RSB TS TG 0 0 0
BRI TG 896 584 856
FERWNTTT 25878 27 060 29 406
SRR TG 24 982 26 476 28550
A Hila 21.78 11.12 14.67

TiH A
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IR PR R A Bt 2.06
B PR BT 3.65
75 % a i #v
JEEh BT 1.17
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A SRR 2.00
& BB s 4.35
X BA R A 5 Bt 2.06
775 b fE B G T 3.92
B 1.46
FE B 1.26
KRB 15.05
T H 8358 435
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[l B R 1.16
J S MRS R 1.47
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R AL B 0.21
FE AR 4 B 0.77
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