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Optimization of steam turbine-driven propylene heat pump distillation system
CHEN Xin-hao', SONG Hui-hui', YUE Jin-cai'® , LI Gang’
(1.College of Chemical Engineering, Qingdao University of Science and Technology, Qingdao 266042, China;
2.Yantai Wanhua Petrochemical Co., Ltd., Yantai 265505, China)

Abstract: To improve the energy efficiency of the propylene-propane separation column in a propane
dehydrogenation (PDH) unit,a heat pump distillation process is employed.This process employs a two-stage extraction
condensing turbine to drive the heat pump,with turbine inlet steam pressure at 9. 9 MPa.Steam at 4. 1 MPa is extracted,
while the remaining steam is condensed after performing work, with condensate recovered at a condensing pressure of
0.013 3 MPa. However, the operation suffers from high steam costs. A heat pump distillation process model was
established using Aspen Plus. The study systematically examined the influence of key operating parameters—including
number of trays,reflux ratio, and feed position—on the reboiler heat load.Optimal process conditions were determined,
and the annual operating cost (AOC) for the existing plant’s heat pump drive system was provided. Using AOC as the
evaluation criterion, three optimization schemes for the drive unit of the heat pump system were proposed and compared
with the current process.Results indicate that the extraction back-pressure turbine scheme,extracting 25 t/h of 4. 1 MPa
steam and exhausting at 1. 1 MPa,delivers the best economic performance.This configuration reduces the AOC to 99. 55
million CNY/year, saving of 73.97 million CNY/year compared to the existing extraction-condensing turbine,
corresponding to a reduction of 42. 6% , providing a basis for energy conservation, consumption reduction, and enhanced
operational efficiency upgrades within the PDH facility.

Key words : propylene-propane separation; heat pump distillation; steam turbine; process optimization; energy
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