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Heat recovery in heat pump-assisted TVSA DAC systems

WANG Zhaoyang', WANG Kuihua', CHEN Yanlin', HUO Yingjie', ZHU Lijun’, GE Tianshu'

(Institute of Refrigeration and Cryogenics, Shanghai Jiao Tong University, Shanghai 200240, China;* China Energy
Construction Group (Shanghai) System Engineering Company Limited , Shanghai 200030, China)

Abstract: Direct Air Capture (DAC) is a pivotal negative emission technology, yet its large—scale deployment is
critically constrained by intensive energy consumption, particularly the thermal demand for sorbent regeneration. To
mitigate this, this study focuses on a Temperature Vacuum Swing Adsorption (TVSA) system utilizing Lewatit 1065.
A comprehensive one—dimensional unsteady—state model was developed to simulate the coupled heat and mass
transfer dynamics within the adsorber. The model was employed to comparatively evaluate two distinct thermal
integration strategies—adsorption heat recovery and condensation heat recovery—across a broad spectrum of
ambient conditions (5 - 45°C, 25% - 85%RH). A granular energy audit was conducted to decompose the total
energy consumption and analyze the supply—demand characteristics of heating and cooling. The results indicate that
the condensation heat recovery strategy generally yields lower specific energy consumption than the adsorption heat
recovery strategy under most operating conditions, demonstrating a significant advantage of over 1.5 GJ/t under
high—humidity scenarios (70% - 85%RH). Conversely, the adsorption heat recovery strategy only exhibits a
marginal energy saving of no more than 0.65 GJ/t under low—humidity conditions (e.g., 25%RH). Crucially, the

performance discrepancy between the two strategies is attributed to the combined effects of the dynamic heating and
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cooling supply—demand characteristics and the variation in the Coefficient of Performance (COP) of auxiliary

equipment across the investigated range. This study elucidates the intrinsic energy coupling mechanisms within the

TVSA process and provides a quantitative framework for the scenario—based selection of thermal management

schemes in DAC system design.

Keywords: CO, capture; adsorption; desorption; energy consumption; heat recovery; heat pump
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Fig.1 Principles of the two heat recovery strategies
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Fig.2  Process flow of the two heat recovery strategies in the TVSA cycle
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Table 1 Structural parameters of the reactor unit
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Table 2 Related thermophysical properties
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Table 5 Coefficient of performance of the devices
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