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Optimal Designs (Compared to Sensitivity Analysis from Literature [4])

Optimization Problem

Project Objective
Determine the optimal process design and operating conditions of the solvent-based CO2 carbon capture system. 

• Capture CO2 from flue gas from low concentration sources (i.e., NGCC power plants)

• Perform Techno Economic Analysis at high CO2 capture rates

• Compare solvent-based CO2 capture with alternative net-negative emission technologies.

• Quantify process and model uncertainties for high CO2 capture in solvent-based systems.

Problem Implemented in FOQUS (Framework for Optimization, Quantification of Uncertainty, and Surrogates)[1]

Economic Model (IDAES Framework)

Levelized cost of electricity (LCOE)

NGCC-MEA system. [2] [3]
References

min
𝑥

𝑓( 𝑥) Minimize LCOE

s.t.

𝑥𝐿 ≤ 𝑥 ≤ 𝑥𝑈 Bounded decision variables: 

design and operation of capture 

unit

Optimization Formulation
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Optimal LCOE and Cost of Avoided CO2 (COAC) with Incremental Avoided Cost
Percent Change in LCOE

Optimal solution prefers lower lean loading

Optimized solution enables lower SRD

CCSI2 optimization pushes 

higher CAPEX cost for higher 

energy efficiency

Intercoolers important to 

improve performance (lower 

temperature not always better)

Quantifying Impacts of Uncertainty on High Capture Designs
Thirteen parameters considered in the thermodynamic and mass transfer models, selected based on Sobol analysis [4] [5]

[4] EPRI Study: Du, Yang, et al. "Zero-and negative-emissions fossil-fired power plants using CO2 capture by conventional aqueous amines." International Journal of 

Greenhouse Gas Control 111 (2021): 103473.
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Probabilistically Required Absorber 

Height to Reach 97% Capture
Probabilistically Required Absorber 

Height to Reach 99.5% Capture
Aux Boiler Design Cost

~9% chance infeasible

Higher degree of recourse to 

ensure feasibility (L/G, SRD, 

intercooling, etc.) 

~40% chance infeasible

Less recourse

available 
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Maximum SRD (80% extraction at 

IP/LP crossover: ~ 4.33 MJ/kg CO2

Deterministic SRD: ~ 4.0 MJ/kg CO2

Probabilistically Required SRD 99.5% 
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Highlighted are Decision Variables for Optimization Problem

Blue dash – deterministic case

   Red dash – technical feasible

Black dash – computational limit
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