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Abstract: The transformation of energy production to renewable energy is the only way to achieve the dual-carbon
goal. At present, the lack of peak shaving capacity and flexibility of coal-fired units hinders the large-scale
consumption of renewable energy. In this paper, taking a 600 MW coal-fired unit as the research object, eight
schemes for peak shaving system aided by molten salt heat storage are proposed, and the peak shaving capacity and
thermal performance of each scheme are compared and analyzed through simulation calculation. The results show
that, the peak shaving system can improve the flexibility of coal-fired unit, effectively regulate the output, and
greatly expand the operating range. Heating by electricity causes a large amount of exergy loss, while extracted
exhaust of intermediate pressure cylinder causes a small amount of exergy loss. The maximum peak shaving
capacity can be obtained by the scheme of heating the molten salt directly by electric energy output by generator
when charging, and heating the bypass feedwater by high-temperature molten salt when discharging, whose peak
shaving depth can reach 17.83%. Moreover, the highest system efficiency and economy can be obtained by the
scheme of heating the molten salt with extracted exhaust of intermediate-pressure cylinder when charging, and heating
the bypass feedwater with high-temperature molten salt when discharging, of which the system thermal efficiency and
exergy efficiency are 40.95% and 40.29% respectively, and the coal consumption rate is 350.01 g/(kW h).
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Tab.1 Technical parameters under rated operating
condition of a 600 MW unit

BiH Hd
HE IRIMW 600.18
TR/t hY) 1.848.80
FHRIRIEE/CIE IR E S1IMPa 538/16.67
FRFERME/(thT) 1576.13
TGRS CIT IR E J1/MPa 538/3.41
5 [E/kPa 15
25 /KRB C 276
PEEZRI(KI (KW h) 1) 8 064
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i, %t 100%. 50%HE fifir 2 APy THddkAT 1
FERL, AR B &0 S A S S B E T
XPHG, REIFESER K 2. HE 2 AT KR
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Mo FREE|E 2RI E IR RN, FZaR
ZE 0} ZEVR M I I AR R e 22 1T DA 28, AR R
AT 5E




5% 2 3

Xgte 55 I ERAE A BRI AL A I R g i PR BEXT LE 113

%2 AR T RTREANSEIRITESERMEN L
Tab.2 The design value and simulation values of system thermodynamic parameters under typical operating conditions

; L0 1t fi 5094l S i
VAL LT — - - — " -
witE BAE AHXF R ZE Y% WilHA HEE AHXTHRZE %
TR R/t hD) 1.848.800 1.843.590 -0.280 900.110 894.300 -0.650
F A S1IMPa 16.670 16.670 0 9.770 9.770 0
1 SHiRUE S1/MPa 6.080 6.080 0 3.090 2.950 ~4.530
2 SHIKE F1/MPa 3.790 3.790 0 1.940 1.910 -1.550
3 SHKE /1/MPa 2.050 2.050 0 1.060 1.050 -0.940
4 25 R F1/MPa 1.020 1.020 0 0.530 0.530 0
5 S 4175 K /7/MPa 0.615 0.615 0 0.324 0.321 -0.930
6 S5 R /7/MPa 0.240 0.240 0 0.128 0.127 -0.780
7 S HI5E S/MPa 0.081 0.081 0 0.043 0.043 0
R HEIHRIMW 600.180 600.180 0 300.110 300.030 -0.030
PFEZRI(KI (KW h)?) 8 064 8 059 -0.060 8 653 8633 -0.230
POUFEIY% 40.580 41.700 2.760 37.740 38.930 3.150
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Tab.3 Schemes for peaking shaving system aided by molten salt heat storage
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Fig.3 The system power output in heating charging process
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Fig.4 The peak shaving depth in heat charging process
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Fig.5 The system power output in heat discharging process
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Fig.6 The peak shaving depth in heat discharging process
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Fig.7 The system power output in heat charging-
discharging process
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Fig.8 The peak shaving depth in heat charging-
discharging process
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Fig.9 The thermal efficiency in heat charging-
discharging process
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Fig.10 The exergy efficiency in heat charging-
discharging process
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75.00 MW I, J7% 1 JEFEZ A 372.05 g/(KW h),
Ji % T HHREZR AN 350.01 g/(KW ).

445 ik

TR R R g A R, RIEEZE, [HAS
TR EAERRIR B KT 4. AR SCLL 600 MW #R I
LB TEN G, $R T 8 Fhids Shfifi #i Bh i g &
G R, BRI ERITE, M T &R
IR RE I FN# T T1H R

1) b A BRI Rau it & TR R
WEYE, PARORTTHLA S ST, BT NLAE
(e TS o1 G Y B e Sy N o R TS

2) fl— R A R AR AN R 2 B
AN IESON S Y0 N =9 i KL ARG £ i
TR A B A0 2 AN

3 HE 1 MAEFFTTRE ok, GRS ER]IA
106.97 MW, HIEIREETIA 17.83%; TR 7 KRG
BRGNS AT 23731 T 2 40.95%
A1 40.29%, JEFEZATFE 4 350.01 /(KW h).

(& % 3 #]

(1] e, BRRAS. DU T3 e U 98 % 34 o Hr 5 2
W) FreedRHYE, 2021(10): 35-37.

LIU Shiyu, CHEN Junjie. Analysis and suggestions on
new energy consumption during the 14th Five-Year
Plan[J]. New Energy Technology, 2021(10): 35-37.

[2] WANG C Y, LIU M, LI B X, et al. Thermodynamic
analysis on transient cycling of coalfired power plants:
simulation study of a 660 MW supercritical unit[J].
Energy, 2017, 122: 505-527.

[3] ZHANG L, CUI J, ZHANG Y P, et al. Performance
analysis of a compressed air energy storage system
integrated into a coal-fired power plant[J]. Energy
Conversion and Management, 2020, 225: 1-16.

[4] XU XF, WEI ZF JI Q, et al. Global renewable energy
development: influencing factors, trend predictions and
countermeasures[J]. Resources Policy, 2019, 63: 101470.

[5] HASAN NS, HASSAN MY, MAJID M S, et al. Review
of storage schemes for wind energy systems[J].
Renewable and Sustainable Energy Reviews, 2013, 21:
237-247.

(6] M, wkEH, £8H, & 7H AR K R K-
Je-JGRIBG R E R G AT BE SR ES [J]. Hh E AL
FE244K, 2020, 40(10): 3103-3113
CUI Yang, ZHANG Jiarui, WANG Zheng, et al. Day-
ahead scheduling strategy of wind-PV-CSP hybrid power
generation system by considering PDR[J]. Proceedings of
the CSEE, 2020, 40(10): 3103-3113.

(7] R, RS2, TR, 5. B mel A

P )T BB B R BF 7T 3t e [3]. 5 4 HE R, 2020,
26(1): 32-40.
ZHU Chao, WU Pengju, WANG Yongging, et al.
Formation mechanism and research progress of flow
instability in ultra-supercritical boiler[J]. Clean Coal
Technology, 2020, 26(1): 32-40.




118 kAL &

2023 4

(8] Efh, 1RG, B, & o EBEHLALEIEIZ /TR

Mr[J]. ® 77 BEVE A v, 2017, 4(1): 18-24.
WANG Wei, XU Jing, ZHAO Xiang, et al. Analysis on
peak load regulation status quo for coal-fired power plants
in China[J]. Southern Energy Construction, 2017, 4(1):
18-24.

[9] #&WE, shBRI, ZRAME, 5. VREEVRIEHLALKIS BEE T

ZR R 3T [I]. #477K H, 2020, 49(11): 176-181.
CAI Hui, SHI Zhigang, QIN Chengpeng, et al. Cause
analysis for cracking of water-wall tubes in steam depth
peaking unit[J]. Thermal Power Generation, 2020, 49(11):
176-181.

[10] REGERE, 8, =%, & WAL e VAL

B RIRMI]. #A 1K R, 2018, 47(5): 89-94.
WU Ruikang, HUA Min, QIN Pan, et al. Influence of deep
peak load regulation of coal-fired units on turbine
equipment[J]. Thermal Power Generation, 2018, 47(5):
89-94.

[10] BREEFI, madksx, K, 55 MR EER K

LA RERZ W 43 HT [J]. #vBE3h 71 TFE, 2020, 35(12):
26-30.
CHEN Xiaoli, GAO Jilu, ZHENG Fei, et al. Comparative
analysis of various deep peak regulation modes for
thermal power units[J]. Journal of Engineering for
Thermal Energy and Power, 2020, 35(12): 26-30.

[12] ERE, KREEL, RER, 55 BEEREEARKE

MU R % i 2 48 S B BORWE AUk e [3]. Ik,
2023, 52(2): 10-22.
MAO Cuiji, YU Xiongjiang, XU Jinliang, et al. Research
progress on key technologies of flexible peak shaving
system of thermal power unit coupled with molten salt
heat storage[J]. Thermal Power Generation, 2023, 52(2):
10-22.

[13] Ektavh. FREERNEZ & A ERESLIGHT FL[D]. dbat:
JEHL IR, 2017: 3.

QIAN Yijie. Experimental study on the thermal energy
storage performance of thermocline single tank[D].
Beijing: North China Electric Power University, 2017: 3.

[14] skt 70 20E AR h Bt P R ¢ b 1 B2 H 1 5T [ D).
MRV MR Tk K%, 2017: 15.

ZHANG Ting. Application of distributed thermal energy
storage in district heating system[D]. Harbin: Harbin
Institute of Technology, 2017: 15.

[15] LAIF, WANG S, LIU M, et al. Operation optimization on
the large-scale CHP station composed of multiple CHP
units and a thermocline heat storage tank[J]. Energy
Conversion and Management, 2020, 211: 1-12.

[16] LI D C, WANG J H. Study of supercritical power plant

http://rifd.cbpt.cnki.net

integration with high temperature thermal energy storage
for flexible operation[J]. Journal of Energy Storage, 2018,
20: 140-152.

[17] TROJAN M, TALER D, DZIERWA P, et al. The use of
pressure hot water storage tanks to improve the energy
flexibility of the steam power unit[J]. Energy, 2019, 173:
926-936.

[18] WEI H J, LU Y W, YANG Y C, et al. Research on
influence of steam extraction parameters and operation
load on operational flexibility of coal-fired power plant[J].
Applied Thermal Engineering, 2021, 195: 1-10.

[19] WEI HJ, LU Y W, YANG Y C, et al. Flexible operation
mode of coal-fired power unit coupling with heat storage
of extracted reheated steam[J]. Journal of Thermal
Science, 2022, 31(2): 436-447.

[20] B, REREL, RERE, 5. WAENLA RIENEZT R
SR T[], AL TR %54, 2022, 48(12): 1-10.
WEI Haijiao, LU Yuanwei, WU Yuting, et al. Exergy
analysis of flexible operation of coal-fird power unit[J].
Journal of Beijing University of Technology, 2022,
48(12): 1-10.

[21] FEJ5-F, SKUENI, Beorsg. i #h i sede m — ki

WL RS PR F 0] o [ HHL LR 2 4R, 2021,
41(8): 2682-2690.
PANG Liping, ZHANG Shigang, DUAN Ligiang.
Flexibility improvement study on the double reheat power
generation unit with a high temperature molten salt
thermal energy storage[J]. Proceedings of the CSEE,
2021, 41(8): 2682-2690.

[22] 5k B2, IhEN, BILE, & LHRAUKB-EREE
RatEe ot 5 R ek ¥ 5 HoR, 2021,
10(5): 1565-1578.

ZHANG Xianrong, XU Yujie, YANG Lijun, et al.
Performance analysis and comparison of multi-type
thermal power-heat storage coupling systems[J]. Energy
Storage Science and Technology, 2021, 10(5): 1565-1578.

[23] RICHTER M, OELJEKLAUS G, GORNER K.
Improving the load flexibility of coal-fired power plants
by the integration of a thermal energy storage[J]. Applied
Energy, 2019, 236: 607-621.

[24] 5t BT Aspen Plus (R HTTE K BT 5 4R 7 5K
B R [D]. R RIEF TR, 2011: 12.

HOU Dan. Exergy analysis applied in thermal power
plant, cleaner product practice based on Aspen Plus[D].
Dalian: Dalian University of Technology, 2011: 12.

(GUEHE HEE)




