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Abstract: Chemical absorption is the most mature technology for CO, capture. However, its large—scale industrial

application is still constrained by the high energy consumption required for solvent regeneration. In this work, a

skid—mounted chemical absorption carbon capture system is selected as the research object, with reduction of
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regeneration energy consumption as the primary objective. Systematic energy—efficiency optimization is carried out
through high—efficiency packing screening, heat pump working—fluid selection, and energy—saving process
integration. First, high—efficiency packing is selected through experiments, and an Aspen Plus benchmark model is
established to determine the optimal operating conditions. Then, several single energy—saving processes, including
mechanical vapor recompression (MVR), compression heat pump, interstage cooling of the absorption tower, and
flue gas splitting, are systematically investigated. Based on these results, coupled processes, such as heat pump—
flue gas splitting, heat pump—interstage cooling, and MVR~flue gas splitting, are further proposed and evaluated.
On this basis, an innovative MVR~-compression heat pump deep—coupling process is proposed. In this process, the
heat source for the heat pump is shifted from heat extraction at the top of the desorption tower to interstage heat
extraction from the absorption tower. This modification provides a more stable heat source for the heat pump while
simultaneously enabling interstage cooling. Furthermore, systematic analysis clarifies the synergistic effect of MVR
flash pressure and heat pump compression ratio on overall system energy consumption. Under the optimal operating
conditions, the energy consumption of the proposed process decreases to 2.440 MJ/kgCO,, corresponding to an
energy—saving rate of 44.6%. This study provides a valuable technical optimization scheme for industrial carbon

capture systems.

Keywords: carbon capture; packing; aspen plus simulation; process optimization; heat pump
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Fig. 1 Skid-mounted chemical absorption carbon capture unit
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Table 1 Parameter acquisition equipment and accuracy
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Fig. 2 Schematic diagram of skid—mounted chemical

absorption carbon capture process
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Table 3 Key input parameters of the mode
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Fig. 7 Aspen simulation flowchart of skid-mounted chemical absorption carbon capture process
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Table 4 Statistical analysis of energy consumption

prediction errors

FRAXR TR Y R Y :
HURRE J'Z;ﬁA;’E ig(ﬂif% y%ﬁff& R
XDCI50S  0.05MJ/kg  0.07 MJ/kg  0.997  FUiAS B 1% 5
250Y 0.04 MJ/kg  0.05MJ/kg  0.999  FINHE 2 M =5
il SR IR 0.15MJ/kg  0.20 MJ/kg  0.992  FHINAE F RL 4T

AT DL 32 Bl 8 4 5 PR CEA R XS ) o3 A, R FR A 4
B g ARk X AR ) 3 VR B v TR A B IR B
SRR 27 | BT AR OO B SR BRI I8
FIAH A H 2R BT VAR TR B

R Z2 G VAR MR A4 T RO 1R, 3 T SR o AR R
(HEFE 4.408 MJ/kgCO,) , TEAL TR B At 57 1
WA 53 AR IR R B 43 b TR A3 L
(0.1~0.9) FE R B (MIE TS 1~24 HeH e ) i
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Table 5 Difference in simulated energy consumption

between the two fillers at various cycle flow rates

FARTE (L) XDC1508S BEFE 250Y fiE 28
(MJ/kg CO,) (MJ/kg CO,)  (MJ/kg CO,)
100 5.78 5.89 0.11
125 4.73 4.82 0.09
150 4.67 4.75 0.08
175 5.02 5.07 0.05
200 5.47 5.51 0.04
250 6.38 6.39 0.01

*6 AEEMTESHMAFZEETHEERERE (MJ/
kgCO,)
Table 6 Regeneration energy consumption (MJ/kg CO,)
under different circulating flow rates and heat exchanger

temperature differences

xR7 FAEBEFRRESAREDRE THBEERERE (MJ/
kgCO,)
Table 7 Regeneration energy consumption (MJ/kgCO,)
under different circulating flow rates and lean solution

inlet temperatures

PEIR L PN IE RO L/ C
(L/h) 30 35 40 45 50
100 5.963 5.996 6.028 6.059 6.092
125 5.736 5.769 5.801 5.832 5.865
150 4.602 4.632 4.646 4.660 4.675
175 4.965 4.993 5.017 5.038 5.060
200 5.359 5.446 5.496 5.533 5.566
250 6.542 6.465 6.412 6.480 6.564

PG¥R i (L/h) P
20 15 10
100 5.926 5.869 5.796
125 4.664 4.615 4542
150 4.533 4.506 4.436
175 4.892 4.856 4.829
200 5.364 5.324 5.295
250 6.233 6.179 6.140
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Fig. 10 Simulation flow diagram of the flue gas splitting process
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T CAS bRk sC Il S 1L g/ °C Il B 1 /Mpa oDP GWP
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R141b 1717-00-6 32.05 204.35 421 0.086 700
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Fig. 18 Saturation vapor pressure versus temperature curves for candidate working fluids
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