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Optimization-based Operability Approach for
Process Design and Intensification*
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Natural Gas Combined Cycle (High-D Application)
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Input variables: natural gas
and steam flows

Outputs: net plant power
and efficiency

Minimize size (power
generation) of NGCC plant
for intensification and
modularity

Maintain combined cycle
efficiency

*Carrasco and Lima. AIChE
Journal, 2018

*Carrasco and Lima. Comput.
Chem. Eng., 2017
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NGCC High-D System (8x8)
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NGCC P4 (63 cores) Reduction after
Subsystems  Time [hr:min:sec] parallelization
[times]
4x4 00:00:07 5.4
8x8 00:14:24 70.6

Capital Cost* [MM$] = 2.821 (NPP)0-7991

NPP: Net plant power [MW]

U.S. EIA, 2013. Updated capital cost estimates for utility scale electricity generating
plants

ESMAP Technical paper 122/09. Study of equipment prices in the power sector
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» Life Cycle Inventory (LCI) analysis can be incorporated into sustainable
process control framework using reduced models of chemical processes
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*Lima et al. In Sustainability in the Design, Synthesis and Analysis of Chemical Engineering Processes, 2016 case

*Li, Mirlekar and Lima. Processes, 2016
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Consequences of power plant cycling

» Cost and maintenance of cycling plants —
thermal stresses from cycling and
cold/warm start-ups

» Decreased efficiency from base-loaded
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» Increased emissions
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» Plant-wide control for the
SCPC plant is currently being
addressed based on the
optimal profiles from the
cycling impact optimization

' Steam
Turiing

*He, Wang, Bhattacharyya, Lima and Turton. Chem. Eng. Res. Des., 2018 14/17
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