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Motivation: CO2 Emission

üCoal is the worldôs principal energy supply

ÁGlobal climate change concerns from CO2 

üIncreasing Restriction for CO2 Emission

ÁEPAôs regulation for existing power plants (2015)

Á30% reduction in CO2 from 2005 levels by 2030

ÁEPAôs regulation for new power plants (2015)

Á1100 lbs/MWh CO2 for gas-fired power plants

Á1400 lbs/MWh CO2 for coal-fired power plants
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Trends in global CO2 emissions, PBL Netherlands Environmental

Assessment Agency, 2014



Motivation: Cycling Damage
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The Cost of Cycling Coal Fired Power Plants, Coal Power Magazine, 2006
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Motivation: Cost of Spinning Reserves
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Deloitte Center for Energy Solutions, 2011
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Hybrid System Enhances Renewable Adoption
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CO2 Removal

üOxy-combustion (1.69MJe/kg CO2)

üChemical and Physical Absorption (1.72 MJe/kg CO2)

üMembranes (1.3 MJe/kg CO2)

üCryogenic Carbon Capture (0.7 MJe/kg CO2)
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Advantages of the CCC Process

üRapid-load-change capability 

üFlexible operation

üScalable energy storage

üEnergy recovery with heat integration
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Cryogenic Carbon Capture (CCC)
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Jensen, PhD Dissertation, Brigham Young University, 2015
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Hybrid System of Power Generation and CCC
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üTwo 
refrigeration 
cycles

üRefrigerant 
is also the fuel  

üPower 
produced with 
gas turbine



Improved Profitability through Integration

üDynamic integration of CCC with power generation units

üMeet residential and CCC electricity demands

üMaximize operational profit of the hybrid system

üMinimize cycling of the coal power plant
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Optimization Approach
üObjective function: Љ1-norm

üDead-band for the controlled variable

üPrioritize multi-objective functions

üActive Set or Interior Point Solvers

üAPOPT or IPOPT

üAPMonitor Modeling Language
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Power Output from Coal Plant

üSignificant variations in 
coal power plant in 
load-following case

üVariations in baseline 
case to avoid 
overproduction of power
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Power Production vs. Electricity Demand

Basel ine Boi ler Load-fol lowing Boi ler
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üMeet the total electricity demand

üRefrigerant storage used in gas turbine 

ü100% utilization of the wind power


