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Increasing Carbon Pricing Initiatives - Tax / Trade / Credits 

*Source – World Bank Group, State and 
Trends of Carbon Pricing 2020

Paris Agreement Price: $40 - $80/tCO2e in 2020
(to achieve global avg temperature target of < 2C)

$50 - $100/tCO2e in 2030



CO2 Emissions of Gas Turbine Products
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Carbon Capture Equipment

 Traditionally, carbon capture has been with the 
amine process
– CO2 absorbed into a liquid, then heated to drive off CO2

– High capital cost of equipment a disadvantage with Solar engines, 
better with bigger systems

 Efforts mostly on mole sieve capture
– Adsorption process, smaller and less expensive than the amine 

system, better with smaller systems

 In both cases:
– The absorber / adsorption bed size/cost scales with the inverse 

square root of the purity based on constant velocity and dwell time
– The amount of CO2 that can be captured is linear with the 

concentration, or 7X greater at 21% CO2 than 3% CO2



Carbon Capture Economics

 Gas turbines have about 3% 
molar fraction of CO2
concentration in the exhaust

 To make CC economical the 
concentration of CO2 is essential

 Exhaust Gas Recirculation (EGR) 
is an enabler to increase CO2  
concentration in the exhaust of 
a gas turbine 

*Source – M.M. Faruque Hasan, Eric L. First, Fani Boukouvala, Christodoulos A. Floudasa, A multi-scale framework for CO2 
capture, utilization, and sequestration: CCUS and CCU, Journal of Computers and Chemical Engineering, May 2015

*



Simulation of Overall Gas Turbine Engine System 
with Exhaust Gas Recirculation (EGR)

 Detailed Accounting
– Part Load Controls

DLE and conventional
– Thermal analysis
– Gas/liquid constituents
– Non-dimensional behavior
– EGR levels
– O2 supplementation



 Recycling exhaust gas (high CO2, lower O2) into gas turbine inlet
 Effect of non-dimensional characterizations, especially the compressor
 Part load operation for different combustion systems DLE and conventional
 Minimize cost while maximizing performance and CO2 capture
 Must cool exhaust… 

– Leverage waste heat to maximize utilization of fuel energy, consider bottoming cycles
– Capture and use condensing water in the exhaust

Considerations for EGR Optimization 
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Bottoming Cycles - Reduce Carbon Intensity 

sCO2 Bottoming Cycle 

ORC (Organic Rankine Cycles

CHP – HRSG, WHRS

Steam Generator



Parametric Analysis with EGR System Model

 Power improves with EGR
 Efficiency same or less
 Hot End Drive (HED) improves more than the Cold End Drive (CED)



 Minimum required O2 levels determined by combustion analysis
 CO2 molar fraction levels and exhaust flow set by amount of EGR

Parametric Analysis with EGR System Model



Parametric Analysis with EGR System Model
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 Full Load Analysis Results – Power and Thermal Efficiency
 O2 addition to set combustion inlet conditions at least ~15% O2 MF
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 Full Load Analysis Results – Required supplemental O2, CO2 in exhaust flow

Parametric Analysis with EGR CED System Model



Effect of EGR on Exhaust Gas Constituents and 
Inlet Gas Properties



Parametric Analysis with EGR System Model

 Compressor non-dimensional characteristics drive performance behavior
 Higher CO2, more mass flow through the engine
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Combustion Behavior with EGR System

 Chemical reactor network model of 
combustion system

– Analysis of emissions, behavior with 
reduced O2 (blow out), and noting laminar 
flame speed and change in equivalence 
ratio

– O2 mole fraction in the range of 14% and 
16% is suitable from the emissions and 
flame stability point of view

– There is a potential to reduce NOx 
emissions using EGR running with reduced 
O2.  CO will still be negligible.



 Eliminating CO2 emissions from gas turbine engines is highly desirable 
due to environmental and especially economic consequences 

 Study concludes it is feasible to operate single or two shaft industrial gas 
turbine engines with significant amount of EGR, though requiring 
supplemental O2
– More O2 addition is needed with higher EGR levels to sustain robust combustion
– Gas turbines have about 3% molar fraction (MF) (4.7% mass fraction) of CO2

concentration in the exhaust
– For improved CC costs the target would be to increase the CO2 concentration in 

the exhaust to at least 6% molar fraction
– At 50% EGR, the gas turbine may not need supplemental O2

Conclusions and Final Thoughts
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 Power will increase substantially with higher levels of EGR
 EGR increases the CO2 concentration in the exhaust and reduces the 

exhaust flow.  The Gas Cleanup System (GCS), scales inversely with this 
increased concentration.
– Reduces the size of the capture system
– Reduces power required to operate the capture system
– Reduces number of stages or number of trains of capture system skids 

Conclusions and Final Thoughts (cont)
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