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Energy Efficiency Analysis of Carbon Capture Systems Using Chemical

Absorption Based on the Second Law of Thermodynamics
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(1. SPIC Yuanda Environmental-protection Co., Ltd., Chongqing 401122, China;
2. Technology Branch of Chongqing Yuanda Flue Gas Control Franchise Co., Ltd., Chongqing 401122, China )

Abstract: [Objective] This study aims to investigate the actual energy efficiency of coal-fired flue gas chemical absorption-based carbon
capture systems, providing a scientific basis for the optimization and promotion of this technology. [Method] Initially, the energy
consumption status of typical chemical absorption-based carbon capture systems worldwide was reviewed to establish the energy
consumption levels of existing technologies. Subsequently, based on actual engineering cases, a heat balance analysis of the chemical
absorption-based carbon capture system was conducted, and the system's heat and electricity consumption were measured and calculated.
On this foundation, an equivalent total energy consumption calculation method was proposed to comprehensively evaluate the system's
overall energy consumption. The concept of "Second Law of Thermodynamics efficiency” was introduced as a thermo-economic
evaluation method to analyze the system's energy efficiency. Furthermore, by taking the steam thermal consumption - one of the critical
energy-consuming links in the system - as an example, an exergy loss analysis was performed to identify critical nodes of energy

utilization. [Result] The results indicate that the target carbon capture system has an equivalent total electricity consumption of
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397.8 kWh/t CO,, an equivalent total heat consumption of 33.4 GJ/t CO,, a Second Law of Thermodynamics efficiency of 28.1%, and a

steam exergy loss rate of 18.81%. Compared with existing chemical absorption-based carbon capture technologies, the system

demonstrates superior performance in energy consumption control and energy utilization efficiency, although further optimization

potential remains. [Conclusion] It is recommended to conduct further research on absorbents and optimize the process technology for the

carbon capture system to enhance the system's Second Law of Thermodynamics efficiency. Exploring more economical heat source

alternatives or utilizing heat pump technology to recover low-grade heat from steam condensate for energy recycling could reduce the

consumption of high-grade energy and improve the system's overall economic viability.

Key words: Chemical absorption-based carbon capture; energy consumption analysis; thermoeconomics evaluation; exergy loss
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Fig. 1 Typical chemical absorption-based carbon capture process
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Tab. 1 The situation of chemical absorption-based carbon capture projects in coal-fired power plants at home and abroad
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e = hy —hy— To(s51 — 50) (5) — R ZETRIR IR i AR 5 R/ % 18.81




8 7 RETR A B

FxH

e HPRE T BRI H Hh, —IRZETRIL 18.81%,
8.5 t/h ZE IR T 5 il Dy e 7 it 2k iR 3k 417.93 kW
TP 6 420 °C . 4.2 MPa B P T 28 V508 o T R
YA 149 °C. 6.0 MPa F9 s 5 7K 5k B 18 5 3545
T 32 t/h 8 210 °C. 1.6 MPa Ik JE 28 3%, ML F N
14.5%., W14 25 % 36 th, 3.43 MPa, 435 C (¥
— R FEVRIR IR R 1.25 MPa. 260 C, Mk % h
15%, S5A SO AR

JARAR H bR R ZRIR, A BUE RS B0 — Ik
ARV ), MR BUEAREE . 1 T i — kKR
AU IR R A R A BT RE . BRI UL, 7RI
TRV o R v AR VR AR R R, SRR 1R 2R A
BEAK . SR SRRt it v, d 5 I8 TR T 25 i A
J&, AR SR 2875 SRR IRAR LR AR,
ol i AR A SO 28 TR K R A 7 BE VR R A T
IFIFE, DT A = A B TR TS #E o

%8 AE—REASHTHRBRETEMAKE

Tab. 8 Exergy loss rate during temperature reduction and

pressure reduction with different primary steam parameters

WIS KT RE Mpa W%
280 0.98 17.3
260 0.93 15.81
220 0.8 12.35
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