
Caterpillar: Non-Confidential

Decarbonization Options for 
the Future

Chris Lyons
Solar Turbines Incorporated



Caterpillar: Non-Confidential

Addressing the Concern of Climate Change
• CO2 from burning fossil fuels is contributing to global warming and climate changes
• Renewable energy sources are helping mitigate this impact, but is far from the ultimate solution
• Using intermittent renewable energy does not always keep buildings powered, warm and cool
• Using electrification for transportation and building heating will require significant increase in 

electricity supply and upgrades to T&D
• A wide variety of solutions will be required based on location and local resources 
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First, Our CO2 Footprint w/CHP is Not so Bad
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Possible Options with our Gas Turbines

• Use of carbon neutral fuels
• Sequester CO2 from exhaust 
• Convert exhaust CO2 to other products
• Improve efficiencies
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Possible Carbon Neutral Fuel (CNF) Options
• Hydrogen* (Blue and Green)
• Renewable Diesel (From waste sources, meets ASTM D6751 specs)
• Biodiesel* (Mono Alkyl Esters mostly from soybeans)
• Dimethyl ether (CH3-O-CH3, renewable if made from biomass or waste)
• Gasified biomass or municipal waste*
• Renewable natural gas*
• Digester or landfill gases (CH4 and CO2, issue is high CO2 concentrations)
• Ammonia (Hydrogen carrier, major NOx producer)

*More information in subsequent slides
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Hydrogen has Potential as CNF 
But:
• Where will it come from: SMR, 

electrolysis, etc.
• Safety concerns, storage, 

flammability, NOx, LEL, etc.
• Large water and electricity 

requirements for electrolysis
• Need high H2 volume % to make 

significant CO2 reductions
• Cost can range from 

$20/MMBTU to $35/MMBTU 
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Can Hydrogen Cost Decline
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What is Future for Biodiesel 

More supplies becoming available when co producing proteins for use with oils as a byproduct
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More on Biodiesel

Cost today are still a bit high,
but will come down w/ CO2 credits, etc.? 
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Gasified Biomass or MSW is a Possibility 
But:
• Need reliable source of 

biomass or MSW
• Gasification to syngas has 

high initial capital cost
• Cost can be lowered with 

MSW tipping fees or waste 
biomass 

• Good gas cleaning a 
requirement

Cyclone

Cooler

Particulate 

Product Gas  Combustion 
Gas Outlet  

Little steam or air,
at high velocity

Air, at low 
velocity 

Air, at low 
velocity 

Feedstock

CFB 
Gasifier

BFB Char 
Combuster

50 MWe MSW Gasification Project in UK Milena Gasifier
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Renewable Natural Gas is an Option
But:
• It is defined as renewable, but supply is ltd 
• Better if produced locally and used without 

expensive pipeline quality improvements 
when considering digestion or gasification

• Methanation requires CO2 source and is 
relatively expensive when taking into 
account electrolysis, etc.

• Premium today for RNG is 300%+ over NG 
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Future of Post Combustion Carbon Capture
• First Step - CO2 sequestration
• Second Step – Viable use of sequestered CO2
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CO2 Sequestration will be Needed 
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EGR and Carbon Capture with Titan 130

A DRIVING FORCE FOR POWER

Liquid Separators

Mixers

Component Splitter (O2 or CO2 separation)

Cooler

Splitter

Pump
Working with Enhanced Energy Group 
on Semi Closed Cycle CO2 
Sequestration for EOR
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Potential Uses for Sequestered CO2
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Improving Efficiency
How: 
• Typical HRSG Exhaust 275 F to 300 F
• Titan 130 can provide an additional 

16.3 MM BTU/h if using lower 
temperature media source

• Assume 80 F water supply could get 
the exhaust temperature to 150 F 
providing 16.3 MM BTU/h of 
additional heat

• Improves LHV efficiency to 91% 
• Media temperature could be 180 F 

to 220 F hot water
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What to do with this Low Grade Heat?
• Hot water for heating
• Absorbers for cooling
• Use with heat pumps 
• Can make more power
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Thank You, Any Questions?

Chris Lyons
Solar Turbines Incorporated

Phone: 1-619-322-6054
Email: clyons@solarturbines.com

www.solarturbines.com
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