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Thermodynamic performance and economic comparison of a typical combined
heat and power unit for coupled molten salt storage system

Dong Wei'!, Song Yajun!, Si Paiyou!, Shu Kaixiang?, Xu Gang?
(1. State Grid Jibei Electric Power Co.,Ltd., Research Institute (North China Electric Power Research Institute Co., Ltd.), Beijing 100045, China;
2. School of Energy Power and Mechanical Engineering, North China Electric Power University, Beijing 102206, China;

Abstract: [Objective] To investigate the detailed impact and mechanisms of molten salt energy storage systems on
the unit’s overall performance of classical industrial steam-supply combined heat and power (CHP) units, this have
studied optimizes and reconfigures existing molten salt heat release processes to further identify opportunities for
improving system energy efficiency and operational economics. [Methods] This study comprehensively investigates
various different CHP unit configurations that integrate molten salt thermal storage. Building upon typical molten
salt heat release schemes, an improved design was proposed to further enhance energy efficiency: the molten salt
was used to preheat boiler feedwater to 315 “C and replace some of the high-pressure heaters, reducing partial
steam extraction from the high-pressure and medium-pressure cylinders, then returning to the unit to perform work
to increase the power output of the unit while maintaining the original steam supply method. Additionally, waste
heat of the extracted steam from steam generation was recovered to achieve higher thermal-to-mechanical
conversion efficiency and improved overall unit performance. Taking a 350 MW supercritical extraction-heating
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2 #A% PO
CHP unit from typical region as an example, this study combines the unit’s heat balance diagram with precise
modeling using EBSILON Professional modeling software to conduct comparative analyses of thermodynamic
performance, including energy efficiency and flow rates. This revealed the mechanisms by which the improved
scheme enhances the performance of the case unit compared to the original typical scheme; Based on actual spot
electricity market conditions, a comparative analysis was conducted on peak-shaving capacity, thermal
performance, and economic performance under typical daily conditions for both schemes. [Results] The results have
indicated that the improved scheme could further enhance the system’s available heat through the molten salt’s
simultaneous heat storage and the release mode, while synergistically optimizing the molten salt heat release process
to enhance the coupled system’s heat release efficiency and cycle thermal efficiency. Under peak load conditions,
the improved scheme achieves a peak capacity of 39.7 MW, an increase of nearly 11 MW compared to the typical
scheme; its equivalent round-trip efficiency and thermal efficiency reach 86.5% and 40.0%, respectively,
representing significant improvements over the typical scheme; Under typical daily electricity spot market
conditions, the improved scheme’s annual operating revenue can reach 20.949 million yuan, with a static payback
period of 5.2 years—both significantly outperforming the typical scheme. [Conclusion] The findings of this study
provide theoretical justification and case-based support for the efficient and flexible operation of retrofitted
combined heat and power (CHP) units.

Key words: molten salt thermal storage; combined heat and power unit; peak capacity; energy analysis; exergy
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Tab.1 Main parameters of the unit under rated operating
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Fig.1 Original steam supply scheme of the case unit
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Tab.2 Hitec salt physical properties
gE| g
SRS KNO3(53%)+NaNO3(7%)+NaNO2(40%’

& Ri/°C 141~145
Eb#/(kT-(kg-K)™) 1.465
¥/ (g-em?) 1.985
TERABY(W-(m2-K)) 0.478

TAERSE/C 190~400

conditions

BiH g
TEAFRE/(hT) 1027
F#ITE J1/MPa 24.20
FARIRIEE/C 566.0
FINFEIR K J1/MPa 3.959
BER 28 5 /kPa 5.200

A KR/ PC 283.100
MU AFER/(KT-(KW-h) ") 7790.000
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Tab.3 Comparison of simulation results with design values

BEAME WRE

T FESH Wi E/MW W 9
TR E/(th) 1027 1027 0
0/1(%(1){ K ELIHR /MW 349.2 348.1 -0.32
A PREERITE/(Ch) 859.9 857.11 0.32
PRI L)/ MPa 3.960 3.960 0.00
TR E/(h) 741.7 741.7 0.00
75% R HL I ZE /MW 261.6 260.4 -0.44
THA PR E/(ChT) 633.7 631.5 -0.35
FZEIR)EJ)/MPa 2.940 2.930 -0.34
TR E/(h) 479.5 479.5 0.00
50% R HL I ZE /MW 174.8 175.1 0.22
THA  FHAZEAME/(thT) 419.1 417.1 -0.33
FEAGRIRE J1/MPa 1.960 1.960 0.00
TR E/(th ) 296.5 296.5 0.00
30% R I ZE /MW 104.7 104.1 -0.57
THA  F#HZERME/(thT) 264.1 263.3 -0.30
T #FEIRE J1/MPa 1.220 1.220 0.00
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Tab.4 Unit parameters and simulation results of
thermodynamic performance

ZH HEa T%ED
R HLE/MW 343.1 354.1
THe 75 1/ MW 28.70 39.70
Batp R MW 759.6 759.6
HEHA T/ MW 127.1 127.1
i I 2/ MW 43.76 43.76
B IhZE/MW 91.45 100.86
FREBA SRk VMW 0 9.41
BERGLRRIARCE Y% 38.7 40.0
Ecor 2.01 2.01
BRI TR % 31.24 4325
WA RGEIRIEE % 62.5 86.5
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Fig.6 Exergy flow diagram
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