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Figure S1. Photos of the MEA cell and the PID Temperature Controller.
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Figure S2. Schematic of the setup for pressurized experiments.
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Figure S3. Photograph of the complete experimental setup for the pressurized CO,

electrolyzer.
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Figure S4. FE( and single-pass CO, conversion efficiency (SPCE) as functions of current
density at 20 °C under 1 bar and 10 bar CO, pressures. A total CO, feed flow rate of 20 sccm
was maintained for both conditions.
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Figure S5. Calculated cathodic thermodynamic potential at various temperatures and pressure.
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For the cathode reaction: €O, +2e +2H —-C0+H)0

The thermodynamic potential at different temperature was calculated using the
-AG(T,...) AS(T. .
ET (T) _ r\* ref n ref

following equation nk nF

(T - TTEf)

where AS, was treated as constant from 20 °C to 80 °C.

The thermodynamic potential at different temperature was calculated using the

RT  A%co%H20
E.(T,P)=E.(T) - n—ln(—z)
following equation Aco2qy +
Pi y; X P
a’i = =
P p°

where ayo and ay, was treated as constant, and the yco and yco, was calcultated

from the GC peak area.
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Figure S6. Calculated anodic thermodynamic potential at various temperatures and pressure.

1
H,0-2e">-0,+2H"
For the anode reaction: 2

The thermodynamic potential at different temperature was calculated using the
-AG(T,...) AS(T. .
ET (T) _ r\* ref n ref

following equation nk nF

(T - TTEf)

where AS, was treated as constant from 20 °C to 80 °C.

The thermodynamic potential at different temperature was calculated using the

RT a0'25 aHz
o +
E(T,P)=E.(T) - n—In(a—)
following equation H20



where ajpo and ay, was treated as constant. For the anolyte, 0.1 M KHCO; was

- +
used, with the equilibrium reaction: HCO3 +H " >0, + HZO, Yoz 18 assumed

to be 0.2.
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Figure S7. Temperature effect on CO,RR cell voltage at (a)1 bar, (b)3 bar, (c) 6 bar, and (d)10
bar
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Figure S8. CO, diffusion coefficients (D) in water at various temperatures. !
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Figure S9. CO, solubility in water at 1 bar at various temperatures.?



Figure S10. Contact angle measurements of water droplets on Ag GDEs at varying
temperatures: (a) 20 °C, (b) 40 °C, (¢) 60 °C, and (d) 80 °C.



4004

v 6001 3.4V 3.8V
a & b c 1000 4
320 0.1bar 5004 1bar 1bar
& 0.5bar 3bar 8004 3bar
40 —*0.75bar s~400| —A— Bbar A —4— Gbar
< 1bar E —=— 10bar S gog{ —™—10bar
£ 2 <
E < 3001 <
5160+ E 400
_EZDD 1 =
0 -+ 100 2001
M .
0, , . ‘ 0§ ; - : ol . - ;
20 40 60 80 20 40 60 80 20 40 60 80

Temperature (°C)

Temperature (°C)

Temperature (°C)

Figure S11. Effect of reaction temperature on the CO,RR performance: jy, as functions of
temperature at various CO, partial pressures for applied cell voltages of (a) 3 V, (b) 3.4 V, and
(c) 3.8 V. A total flow rate of 250 sccm was used for the CO,RR at 3 V.
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Figure S12. E; for CO and H, under 10 bar at (a) 2.8 V, (b) 3 V and (c) 3.2 V. The error bars

represent standard deviations of three independent measurements.
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Figure S13. Temperature effect on FE¢g at CO, pressure of (a)l bar, (b) 3 bar, (c) 6 bar, and
(d)10 bar.
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Figure S14. Temperature effect on FE¢g and jco under different CO, flow rates. The CO,RR
was conducted at 3 V with CO pressure of 1 bar.
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Figure S15. Temperature dependence of FE-o and SPCE under different CO, flow rates (10,
50, 100, and 250 sccm). The CO,RR was conducted at 3 V under a CO, pressure of 1 bar.
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Figure S16. Comparison of CO,RR performance on Ag-based catalysts under various reported
conditions. The plot illustrates the relationship between FEco and jco. Data points represent
different studies employing Ag and Au catalysts in various configurations, including H-cells,
flow cells, and MEA systems, across a range of operating pressures and temperatures.3-14]
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Figure S17. FEo and cell voltage as a function of current density for CO,RR in 1 M KOH
anolyte at 80 °C and 10 bar.
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Figure S18. K,COj; solubility in water at various temperatures.
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Figure S19. KHCOj solubility in water at various temperatures.
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Figure S20. Temperature effect on cell voltage at (a)10 vol% CO,, 1 bar and (b)10 vol% CO,,
10 bar. 0.1M KHCOj; was used as an anolyte.




Techno-economic analysis
Case 1: Comparison of pure CO, electrolysis under ambient and pressurized conditions

Table S1: Electrocatalytic performance under ambient and pressurized conditions using pure

CO, feedstock.
Reaction parameter 20 °C, 1 bar 80 °C, 10 bar
Current density 100 mA cm 900 mA cm
Cell Voltage 29V 29V
FEco 95 % 96 %

As shown in Table S1, both systems exhibit comparable performance in terms of cell
voltage (2.9 V) and FE¢ (~95-96%). However, the high-pressure system achieves a ninefold
increase in current density (900 vs. 100 mA cm?), enabling significantly higher productivity.
Based on previous TEA models!®, electrolyzer capital cost scales linearly with the required
electrode area. Therefore, the high-pressure system requires only 11% of the electrolyzer cost
compared to the ambient system for the same CO output.

To account for the additional hardware costs associated with pressurization—such as
reinforced reactor housings, pressure-rated piping, and high-pressure flow pumps—we assume
a one-time capital expense equivalent to 25% of the base electrolyzer cost, following estimates
from prior high-pressure system assessments!©.

Factoring both benefits and added costs, the total system cost at 80 °C and 10 bar is
estimated to be only 14% of that of the ambient pressure system, demonstrating the strong
techno-economic potential of pressurized CO, electrolysis.

Case 2: Comparison of pure and diluted CO, electrolysis under ambient and pressurized
conditions
Table S2: Electrocatalytic performance comparison between pure and 10% CO, feedstocks

under ambient and pressurized conditions.

Reaction parameter

20 °C, 1 bar, 100% CO,

20 °C, 10 bar, 10% CO,

Current density
Cell Voltage

FEco

100 mA cm™
29V
95 %

100 mA cm™
29V
95 %




As shown in Table S2, both the ambient (20 °C, 1 bar, 100% CO,) and pressurized (20 °C,
10 bar, 10% CO,) systems demonstrate comparable electrochemical performance, with similar
cell voltages (2.9 V) and FEcq (~95%) at a current density of 100 mA cm2. This indicates that
the electrolyzer capital cost remains unchanged across these conditions.

To evaluate the additional cost of gas pressurization, we consider a three-stage compression
system, which has been shown to operate efficiently for low-pressure feed gases. Based on
previous reports'’, the ideal work required to compress simulated flue gas from 1 bar to 10 bar
is 207.41 kJ kg! (equivalent to 0.2 GJ ton'!). Assuming a conservative mechanical efficiency
of 90% and leveraging renewable electricity priced at US$0.03 kWh!, the corresponding
operational energy cost was calculated to be approximately US$1.9 per ton of flue gas.
Additionally, accounting explicitly for capital expenditures, including compressor installation
as well as routine and extraordinary maintenance (US$0.4 per ton of gas), we estimate a total
pressurization cost of around US$2.3 per ton of gas. For a flue gas mixture containing 10%

CO, by volume, this translates to a pressurization cost of ~US$23 per ton of CO, equivalent.
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