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Abstract: The process of CO, hydrogenation to methanol not only enables the resource utilization of CO, but also
converts fluctuating and intermittent wind and solar power into easily storable methanol, thereby achieving
long-cycle energy storage. This process typically consists of three subsystems: CO, capture, water electrolysis for
hydrogen production, and methanol synthesis. To investigate the structure-performance relationship between the
coupling characteristics of the three systems and the process performance, this study employs multi-parameter
collaborative regulation for the optimal design of the CO,-to-methanol process. First, simulation models for each
subsystem were developed in Aspen Plus software and model validation. Then, using the optimal Latin hypercube

sampling method, batch generate simulation data of process energy consumption and methanol yield under different
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combinations of decision variables based on computational and simulation software. The response surface
methodology was employed to establish the functional correspondence between target variables and decision
variables. A multi-objective optimization of methanol production and process energy consumption was performed
using the Non-dominated Sorting Genetic Algorithm II (NSGA-II). Finally, the techno-economic performance of the
CO,-to-methanol process was evaluated in terms of energy efficiency and total annual cost (TAC). The results show
that after optimization, the methanol production reached 1477.03 kg/h and the process energy consumption was
40.44 MW. Following global heat integration, the process energy efficiency reached 51.98%. When the electricity
price is 0.1 CNY/kWh, the payback period is shortened to 3.25 years, and the TAC is 1743.54 CNY/t. This research

provides important guidance for the design and optimization of CO,-to-methanol processes.
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Fig.1 Schematic diagram of Power—to—Methanol process based on flue gas CO> capture
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Table 1 The composition of flue gas
15y FEIR I3 (%)
H,0 11.50
Co, 14.10
N, 71.90
0, 2.50
MEACOO™ + H,0 <> MEA + HCO; (2)
2H,0 <> H,0" + OH" (3)
CO, + 2H,0 < HCO; + H,0" (4)
HCO; + H,0 <> CO2™ + H,0" (5)
CO, + OH” — HCO; (6)
HCO; — CO, + OH~ (7)
MEA + CO, +H,0 — MEACOO™ + H,0" (8)
MEACOO™ + H,0* — MEA + CO, +H,0 (9)
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Table 2 Pre—exponential factor and activation energy in

the rate—controlled reactions of CO, capture unit™’

s k E(MJ/mol)
6 1.33e+17 55.5
7 6.63e+16 107.4
8 3.02e+14 413
(IR ) 5.52e+23 69.2
9(FHAEH) 6.50e+27 95.4
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Table 3 Pre—exponential factor and activation energy of

Ten,on = ke

methanol synthesis unit'””’

G5 A E (J/(mol K))
A 4.0638x10° kmol/(kg, , s Pa) 11695
B 9.0421x10° kmol/(kg,, s Pa'?) 112860
c 1.5188x107 kmol/(kg,, s Pa) 266010
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Fig.2 Comparison of literature data and simulation

temperature profiles data in absorber at different heights
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Fig.3 Comparison of literature data and simulation

temperature profiles data in stripper column at different heights
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24 Iy
CO, & HTT
WO EAE (m) , 355 (m) 15,61
BRI AR (m) 3 i (m) 1.0,3.3
TR EE(C) 40.2
JHAREE(C) 62.1
S H L/G (mol MEA/ mol CO,) 3.15
ZX CO, F &k (mol CO,/mol MEA) 0.2
AWE BB BT
HLAR AL (°C) 80
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FEL PR R L U2 2 E (A/m”) 2000
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Table 5 Decision variables and constraints for multi—
objective optimization
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Table 6 The operation parameters and objective
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24 A B(AR) C
YRR
A H (mol MEA/ mol CO,) 2.65 3.12 4.14
UM 2 (mol CO,/mol MEA) 0.30 0.21 0.15
JHAHERREE (°C) 42.50 60.00 68.14
FORERHIRE (°C) 55.93 40.14 32.21
H AR R (°C) 80.00 80.00 79.96

AL A R 77 (MPa) 0.70 0.71 0.73

LR A P 328 2% BE (A/m?) 2007.51  2006.96  3977.58
PR 5 TR (°C) 209.59 236.42 224.17
5 1% T (MPa) 7.00 6.05 6.41
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FEFE(MW) 32.64 40.44 57.65
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