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Thermodynamic performance study of coal-fired power unit integrating
geothermal energy and BEST
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Abstract: Addressing the needs of deep peak shaving and low—carbon transition in coal-fired power plants, this
study explores the synergistic optimization mechanism of a Back Pressure Extraction Steam Turbine (BEST) coupled
with medium— and low—temperature geothermal preheating. This paper establishes a full-condition thermodynamic
simulation model for a 1000 MW ultra—supercritical double-reheat unit to compare and evaluate two geothermal
integration schemes under the BEST retrofit: completely replacing the low—pressure regenerative heaters with
geothermal heat, and independently heating a portion of the condensate with geothermal heat. Results show that the
BEST integration reduces the coal consumption rate by 1.33 g/(kW+ h) under rated conditions and by up to 3.33 ¢/
(kW- h) at 40 % THA load. The scheme with partial condensate independently heated reduces the coal
consumption rate by 3.0 — 4.7 ¢/(kW - h) with geothermal flow rates of 100 - 200 kg/s, demonstrating better resource
adaptability than the full replacement scheme. The exergy efficiency of the geothermal preheater decreases with
rising geothermal temperature; medium— and low—temperature geothermal sources yield higher exergy efficiency

due to better matching of heat transfer temperature differences. At 40 % THA, the required geothermal flow at 200 °
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C is only 31 % of that at rated conditions, yet the reduction in coal consumption rate reaches 7.24 g/(kW- h). By

leveraging the principle of 'enhancing high—pressure energy and replacing low—pressure energy’, the coupled

system reduces the boiler heat load, providing a reference for the low—carbon retrofit of coal—fired power units.

Keywords: back—pressure extraction steam turbine; geothermal energy; exergy analysis; off-design conditions; coal

consumption for power generation
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Fig. 1 Conventional unit system model
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Table 1 Main system parameter selection
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Fig. 2 Model of geothermal substitution for regenerative heating scheme
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Fig. 3 Model of condensate partial heating scheme
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Fig. 4  Off-design iterative calculation process
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