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Abstract: The operation of nuclear power combined with seawater desalination can enhance the operational
flexibility of nuclear power plants, but its peak shaving performance and economy still need in-depth research.
Therefore, taking the AP1000 nuclear power unit combined with the multi-effect distillation seawater desalination
system as the research object, a thermodynamic- economic coupling simulation model of the system was established
to analyze the peak shaving performance and economy of the system, and a seasonal differentiated operation strategy
was proposed. The results show that the maximum peak shaving depth of the nuclear power unit after combined
seawater desalination is 878.5 MW. Compared with independently operating nuclear power units, during the non-
heating season, the strategy of “prioritizing output and then adjusting seawater desalination” was adopted. The
number of operating condition switches increased from 4 to 6 times, forming a “electricity price dominance-dual-
energy matching” model. The net income increased from 3.598 million yuan to 7.869 million yuan. During the
heating season, the strategy of “prioritizing heating and then adjusting seawater desalination” was adopted. The
working condition switching remained unchanged for 8 times, forming a coordinated production mode of
“electricity-heat-water”. The net income increased from 3.045 million yuan to 6.835 million yuan, and the income
structure was balanced. The operation of nuclear power plants combined with seawater desalination and the

W & H Hi: 2025104 & B B HA: 2025-1031 ¥ ¥ H H: 20251118 WEEABHEA: 2025-12-22
HE £ W B: EMUKEHIATRTGE RS (520626230037)

Supported by: Science and Technology Project of State Grid Shandong Electric Power Company (520626230037)
FE—IEHEN: By 098), B, W, TR, ZEOITTRNEIEASML, 13260076400@163.com.

BIEEEEY: ke (1000, B, W4, BIEEE, ZEHIRTENEIRRSTEE S L. zhangchongheng@ncepu.edu.cn.


mailto:zhangchongheng@ncepu.edu.cn

% 5 30 2 9l 5 RN SRR e RE 5 2 121

implementation of differentiated peak shaving strategies by season can simultaneously enhance the peak shaving

capacity and economic benefits of nuclear power plants.
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Tab.1 Design parameters of AP1000 unit under 100%Pe
THA condition

75 R & F1/MPa WEEIC WE/(thT)
1 EHEK 5.380 268.6 6799.0
2 1%HR 3.290 239.0 3245
3 24hiA 2.850 231.1 391.0
4 3YHNK 1.730 205.1 333.3
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11 8Kk 0.013 51.7 994.6
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100%Pe THA 1253.00 5.38 268.600 1253.84 5.39 268.56 0.07 0.18 -0.01
90%Pe THA 1127.70 5.59 271.000 1127.63 5.59 271.10 -0.01 0 0.04
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Fig.11 The output of the unit under the operation scenario of seawater desalination for heating in December

http://rifd.cbpt.cnki.net




% 5 30 2 9l 5 RN SRR e RE 5 2 127

HPE 11 0T I, ZREECE T, i fa =R B (01 00:00—
09:00), 75%Pe. 90%Pe LWt/ A7y, HII7E
732.2~9875 MW &% (41 00:00 B %It /)
732.2 MW, 07:00 K%l 77 987.5 MWD, HlV<ESRH
NALRE 5 g K IR A PR EE 4> (00:00 B ZI A B 4 75
737.0 t. HEEKRALAIIR 352.0 ), SZBIL “HE ) -HtmE-
KBTI B e AN B (15:00—23:00), 100%Pe
THFFEEEAT, HERL A RIR (15:00 BFZIH )
1008.9 MW, 16:00 i ZIItH /7 1025.9 MW), iR AL
JefRBEALRE, PP IR AKIR AL R 5K (15:00 B ZI4Lz
YR 814.0 tv HWAIRLIHIR 438.8 1), B ZHE
A PR AR
2.3.2 &8 & B

TCHFKBEA S TOHERRIN, RGeS AL i 4t
fE, BTHYIESE (10 %0, HERRZ 260 H,
REVE A R AR, JRIGIRE X 878.5 MW, {HIL 7
X 3045 F57G, X iz et vTmk e —.

FINEKRAIG, WEHRRER “H ) -/KBHR”
PR EGE RS, bR R B A5 TR G B T BE IR BA 2R 2%
K, m AN B, 100%Pe Ty Hiis s Be i K v AL
F3k (18:00 W %K 903.7t), HL AUk 5 5K R
s P EIIEA s IRHANIT B, S TR & iR
(09:00 I ZIFHiA 1 275.5 t), I & JE A FH e [ s 4
FREEKIRIZAT, I asie T2 423.9 Jiot,
U A 2 24 FE PR B o IRV FE DR 7K IR A o0 H 7
ML R, ¥ AN 1 253.8 MW-331.8 MW=
922.0 MW (12:00 B %), 175 2 o id e 4 34 52

BIZIZ T N, 2R R G — P MR
REGuET IR B (HLE 5K, R R
710 (14:00 B, 5K H T 1253.8 MW-5e/IMH 7
289.34 MW) H[AJI, fREEFGE 5K BT E fE .
RIS G ERTH 22 683.5 JiJt, BAUE/KIRILIT S
Tt 61.2%, U0AIE T 2 BRICA X PRI aS (138 2 o
2.4 EERR T SHERES XL AR

JEHERE Z= 5 (LR FRAE LOLYI A 45 B br b
IR, JEAEIRERLL “H K BEIR” Y E D8
L, TEHFZKIFALE Ol 4 9, 5INEKIRM G
AR 6 Xk, U EEZ RN S AR,
100%Pe L# i I7E 969.7~1 253.8 MW U3, ik
RN RGN, B BN T UERIER”
B BEIRZET 2B R, TR TR
P4 10 Ik, S NIBIKIRAL AR 5 4ERF 8 X,

Tk FESZ - e - R RR Sk = H K
3], 75%Pe. 90%Pe T A 7], 100%Pe T.Hi4E
HHTE LI B L @ F R IR, TR “ 2R
Pt - =AD" B, AR T RS P
A 2 a8 WL 4.

% 4 TREFHE TS s SR

Tab.4 Peak shaving performance and synergistic benefits in
different scenarios

Y VIRV ¢4 Wil 75
6 HR:itiziT 4 359.8
6 A KiRIET 6 786.4
12 AREiE1T 10 304.5
12 FigKigiassy 8 423.9
12 ARz KR Ais 47 8 683.5

http://rifd.cbpt.cnki.net

JEHERE Z2 5] NIRE/K IR AL G H J73a N 300.7~
1137.2 MW, B S FE A iy 47 g X T, o) e AR
U S M 359.8 J3 i & 786.4 Ji 7T, HIE 118.7%,
IKGEPRAE PP I a W . (IR IR R TR, A
289.34~1253.8 MW, {HSZHEREHIIAITELIA, HL
RIEMEZIR, Rkt 6835 T, HARBEIEZHEK
PAIBAT S BRIK 13.1%, {EIS 45 I (o
77 65%. HERE 25%. /KR 10%), HLiiiks)
VAL

34 B

AR SCHREHAZ LA S KRB AT R G, 45
HHAMET M, T REESFEITH R
CIEfERR 25 (IR =) K B (e KRk
AR TGRS S5, B RS
i ESRA TR H LR & .

1) % HALAECA KR R R LRE 2R H
ORI R AR SR, IR TR B AT A
878.5 MW.

2) 1% HAHLALI A IR KRB 1T & BRI
%, APBEIEZ IR 359.8 G & 786.4 Fit:
BEREZR U 2 683.5 Jiot, BEAEBLIE NS K,
{EL AL 2 485 W) B 389 1

3 ARGy aaE N, g RE S ST
Ft, HFrT R LR IR K EHRFR, A
Z L RIS IS T34 T AT 4% .

[& £ X #k]
(1] xR} kA, @i, & B8R IR IR HIEN
ESIE R BRI R GUAR ] (AR EAR




128

kAL

2026 4=

[2]

[3]

[4]

[5]

(6]

(7]

(8]

[9]

[10]

2025, 52(1): 62-71.

LIU Ke, ZHANG Limeng, MENG Lingtong, et al.
Optimal scheduling of power system with new energy
high penetration and deep peak regulation of thermal
power units[J]. Shandong Electric Power, 2025, 52(1):
62-71.

W, MR, RRL, 5. R H bR N IR ERRE K
L R T 2K R R AR (3], h LB AR 2 AR, 2024,
44(17): 6900-6910.

YANG Yongping, CHEN Heng, HAO Junhong, et al.
Development pathways for the transformation and
upgrading of China’s coal-fired power generation under
the goals of carbon peak and carbon neutrality[J].
Proceedings of the CSEE, 2024, 44(17): 6900-6910.
AR, HEH, ERE, F AR RE MR
PR FRIRAR L], BT L ) 2R 4, 2024, 2(4): 357-370.
LIU Jizhen, DU Zhongming, WANG Qinghua, et al.
Development paths for next-generation coal-fired power
generation under new electric power systems[J]. New
Type Power Systems, 2024, 2(4): 357-370.

PR, B, 7R, 55 JET CiteSpace HIAZ FEHLAL
WL IR AT [I]. LR 74 AR, 2025, 52(3):
75-85.

LI Wei, LI Ao, FANG Xingyu, et al. Analysis of
development trends in fault diagnosis of nuclear power
units based on citeSpace[J]. Shandong Electric Power,
2025, 52(3): 75-85.

ASER, ALME, AR, & BRI AL LA
S s3], R E A% H, 2021, 14(6): 847-851.

ZOU Wei, DU Hui, LI Zuode, et al. Analysis for the
influence of electricity market on nuclear power plant[J].
China Nuclear Power, 2021, 14(6): 847-851.

QIU B, LI G, WEI X, et al. System design and operation
optimization on the hybrid system with nuclear power,
concentrated solar, and thermal storage[J]. Annals of
Nuclear Energy, 2023, 189: 109862.

DONG Z, LIU M, HUANG X, et al. Dynamical modeling
and simulation analysis of a nuclear desalination plant
based on the MED-TVC process[J]. Desalination, 2019,
456: 121-135.

AL-OTHMAN A, DARWISH N N, QASIM M, et al.
Nuclear desalination: a state-of-the-art review[J].
Desalination, 2019, 457: 39-61.

ThET, FEILWE, FRATIE, SE. % A RURLAL ik RESE A
RiFR[]. #I1kH, 2025, 54(1): 12-22.

DING Xuantao, JIAO Lifeng, GUO Xueyi, et al.
Advancements in scaled nuclear energy storage
integration technology[J]. Thermal Power Generation,
2025, 54(1): 12-22.

LI 'Y, CAO H, WANG S, et al. Load shifting of nuclear
power plants using cryogenic energy storage

http://rifd.cbpt.cnki.net

technology[J]. Applied Energy, 2014, 113: 1710-1716.

[11] SUI X, LU S, SUN H, et al. Research on combined
optimal dispatch model of nuclear-thermal-energy storage
with nuclear power participating in equivalent peak load
regulation[C]//2019 IEEE 3rd International Electrical and
Energy Conference (CIEEC). 2019: 384-389.

[12] CHEN Z, SU C, ZHAN H, et al. Thermodynamic and
economic analyses of nuclear power plant integrating with
seawater desalination and hydrogen production for peak
shaving[J]. International Journal of Hydrogen Energy,
2024, 82: 1372-1388.

[13] HU J, WU L, WANG Y, et al. Dynamic modeling and
simulation of the multi-effect distillation desalination
process[J]. Desalination and Water Treatment, 2021, 217:
31-41.

[14] HASAN H, ALSADAIE S, AL-OBAIDI M A, et al.
Dynamic modelling and simulation of industrial scale
multistage flash desalination process[J]. Desalination,
2023, 553: 116453.

[15] EWER, BEME K, BRER, 55, IR T EAE PEM Ff#

K S P R R R B AT FE 0], IR R 5 EOR, 2025,
45(1): 92-100.
WANG Xiaoli, HUANG Pengfei, CHEN Chen, et al.
Experimental study on the application of membrane
integration process in PEM water electrolysis for
hydrogen production[J]. Membrane Science and
Technology, 2025, 45(1): 92-100.

[16] KIM H S, NO H C. Thermal coupling of HTGRs and
MED desalination plants, and its performance and cost
analysis for nuclear desalination[J]. Desalination, 2012,
303: 17-22.

[17] GHAZAIE S H, SADEGHI K, SOKOLOVA E, et al.
Comparative analysis of hybrid desalination technologies
powered by SMR[J]. Energies, 2020, 13(19): 5006.

[18] WU Q, LI G, YIN J, et al. The integration of seawater
desalination system with nuclear power plant: operational
flexibility —enhancement and thermo- economic
performances[J]. Nuclear Engineering and Design, 2024,
418: 112889.

[19] NASERBEGI A, AGHAIE M. Exergy optimization of
nuclear-solar dual proposed power plant based on GWO
algorithm[J]. Progress in Nuclear Energy, 2021, 140:
103925.

[20] ASSAREH E, FIROOZZADEH M, ZOGHI M, et al.
Water desalination using waste heat recovery of thermal
power plant in tropical climate; optimization by Al[J].
Energy Conversion and Management: X, 2024, 24:
100731.

(BT HEH)




