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Key Domestic Discussion Points

• Economics, Cost, Jobs

• Category Pollutant and Carbon Emissions

• Energy Imports/Exports, Energy Security, and 

Global Interactions

• Equity and justice



Domestic Snapshot-
Past, Present, and 
Future



US Energy System

Energy 
Sources

Renewables
Nuclear

Fossil Fuels

Energy 
Users

Industrial
Transportation

Buildings

Energy 
Carriers/ 
Storage

Electricity
(40%)

Fossil Fuels
(60%)

Note: fossil fuels are the 
source, carrier, and 
storage medium of 

energy

R. Simmons, “Valuation of U.S. Infrastructure Assets…. ”
https://epicenter.energy.gatech.edu/studies/

US  Non Real Estate Infrastructure - $37T

Hydrocarbons 
23%, $8.4T

Electricity
13%, $4.8T



U.S. Energy System – Supply View



U.S. Energy System – End Use View



U.S. Natural Gas Production

https://www.csis.org/features/us-natural-gas-global-economy



U.S. Petroleum Production

Million Barrels Per Day

Source: EIA Monthly Energy Review,June 2021, page 68

eia.gov/totalenergy/data/monthly/pdf/mer.pdf

https://www.eia.gov/totalenergy/data/monthly/pdf/mer.pdf
https://www.eia.gov/totalenergy/data/monthly/pdf/mer.pdf


U.S. CO2 Production by Sector

Source: eia.gov/todayinenergy/detail.php?id=43615

Date: May 5, 2020



Electricity Summary – New Capacity

https://headwaterseconomics.org/economic-

development/evolution-electricity-generation/



Electricity Summary

Source: eia.gov/todayinenergy/detail.php?id=42655

Date: Jan. 30, 2020



Electricity - Wind

eia.gov/todayinenergy/detail.php?id=45856

Date: Nov. 12, 2020

• Total wind turbine capacity as of Dec. 31, 2020 is 118 GW

• Wind accounts for 8.4% of electricity generation in 2020

• ERCOT Wind penetration record: 54% (October 27, 2017)

https://www.eia.gov/todayinenergy/detail.php?id=45856


Electricity – Natural Gas

• ~44% of US electricity (March, 2021)

Source: statista.com/statistics/220174/total-us-electricity-net-generation-by-fuel/

Date: March 2021



   

 

  

  

  

  

  

  

  

  

                                    

                                                                                    
                                                  
         

         

               
      
              

                 
                
                 

Revisiting Texas…
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Electricity - Solar

• U.S. has 100 GWdc installed solar capacity as of Q1, 
2021
• 2021, 39% of new capacity is projected to be solar
• Comprised 2.3% of electricity generation in 2020



Transportation - Summary

• Electric Vehicles 

comprised 1.8% of U.S. 

vehicle registrations in 

2020



Energy Prices vary significantly by fuel!

Source: eia.gov/energyexplained/hydrocarbon-gas-liquids/prices-for-hydrocarbon-gas-liquids.php

Date: February 19, 2021



US Energy System – What will the 
net-zero CO2 system look like?

Energy 
Sources

Renewables
Nuclear

Fossil Fuels

Energy 
Users

Energy 
Carriers/ 
Storage

Electricity

Fossil Fuels
(with carbon capture)

Renewable Fuels
(H2, liquid fuels, )

Source and carrier of 
energy are 
decoupled!



US Energy System – What will the net-
zero CO2 system look like? 

Energy 
Sources

Renewables
Nuclear

Fossil Fuels

Energy 
Users

Industrial
Transportation

residential

Energy 
Carriers/ 
Storage

Electricity
(50%)

Fossil Fuels (25%)
(with carbon capture)

Renewable Fuels
(25%)

Princeton 2050 Net 
Zero America (least 

societal cost) Gas Turbines will play a 
prominent role here

EPRI LCRI 
Demonstrations



Global Interactions 
and Geopolitics



Global Interactions are Sector Dependent

• US is energy independent in so far as electric power generation
• Pricing decoupled from electricity prices globally

• However, exports of LNG could effect gas prices

• Oil: US is net exporter, but also a major importer and fully coupled to global 
markets
• Prices set by global markets

• Energy security issue is coupled to transportation, oil imports

• Geopolitical considerations around US LNG exports to allies



Natural Gas Exports
• Global arbitrage opportunities     

• Current U.S. exports are roughly 13% of total production in 2020

https://www.iea.org/data-and-statistics/charts/selected-fossil-fuel-prices-in-2019-2020

https://www.iea.org/data-and-statistics/charts/selected-fossil-fuel-prices-in-2019-2020


• Chemicals Industry in US: $797 Billion in 2019
• Exports - $125B in 2020

• 9.2% of all exported goods

• Low-cost natural gas and natural gas liquids enable US 
to be low-cost producer of commodity chemicals, 
fertilizer, etc., and has attracted over $209B in U.S. 
chemical industry investment. 
• As of February 2021

• 229 projects are completed and operating.
• 40 projects cumulatively valued at $31 billion are under 

construction, 
• 80 projects valued at $81 billion are in the planning phase. 
• Total completed, under construction, or planned investment is $209 

billion across 349 projects.

Natural Gas and Ethane to Chemicals



Key Domestic Discussion Points

• Economics, Cost, Jobs

• Category Pollutant and Carbon Emissions

• Energy Imports/Exports, Energy Security, and 

Global Interactions

• Equity and justice



Environmental Justice –Hydrogen 
Combustion

• NO is a regulated 
pollutant; leads to smog 
and respiratory issues

• Heating up air (N2 +O2) 
leads to NO production, 
even from 100% 
renewable fuels



Environmental Impacts of H2 
Combustion
• “When hydrogen is burned it emits little or no carbon dioxide — that’s the good 

news. The bad news is that hydrogen combustion produces dangerously high 
levels of nitrogen oxides – scientific studies indicate that burning hydrogen 
could produce NOx levels six times higher than burning methane.”
https://morningconsult.com/opinions/dont-fall-for-the-hydrogen-hype/

• “The bad news is that H2 combustion can produce dangerously high levels of 
nitrogen oxide (NOx). Two European studies have found that burning hydrogen-
enriched natural gas in an industrial setting can lead to NOx emissions up to six 
times that of methane (the most common element in natural gas mixes). There 
are numerous other studies in the scientific literature about the difficulties of 
controlling NOx emissions from H2 combustion in various industrial 
applications. ” https://www.renewableenergyworld.com/hydrogen/hydrogen-hype-in-the-
air/#gref

• HOWEVER,….

• Absolute vs. relative effects?

• Results from “old-fashioned”, high NOx devices; need for data in 
modern lean, premixed configurations

• LCRI program at EPRI (Bobby Noble and Rob Steele)

Reference: Mehmet Salih Cellek , Ali Pınarbası, 
“Investigations on performance and emission characteristics 
of an industrial low swirl burner while burning natural gas, 
methane, hydrogen-enriched natural gas and hydrogen as 
fuels”

https://doi.org/10.1016/j.ijhydene.2017.05.107
https://www.icax.co.uk/Advantages_Burning_Hydrogen_Heating.html
https://morningconsult.com/opinions/dont-fall-for-the-hydrogen-hype/
https://www.renewableenergyworld.com/hydrogen/hydrogen-hype-in-the-air/#gref


Environmental Justice – Carbon 
Capture



Key Domestic Discussion Points

• Economics, Cost, Jobs

• Category Pollutant and Carbon Emissions

• Energy Imports/Exports, Energy Security, and 

Global Interactions

• Equity and justice



Tim Lieuwen

tim.lieuwen@aerospace.gatech.edu

Thank You



Premixed vs Non-Premixed 

Flames
• Premixed flames

– Fuel and air premixed ahead of 
flame

– Mixture stoichiometry at flame 
can be controlled

– Method used in low NOx gas 
turbines (DLN systems) 

• Non-premixed flames
– Fuel and air separately 

introduced into combustor

– Mixture burns at f=1

• i.e., stoichiometry cannot be 
controlled

• Hot flame, produces lots of NOx
and more sooting

• More robust, higher turndown, 
simpler 
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Fuel

Air

Fuel

Air



Combustor Configurations

Dry, Low NOx (DLN) Systems
• Premixed operation

– If liquid fueled, must 
prevaporize fuel (lean, 
premixed, prevaporized, 
LPP)

• Almost all air goes 
through front end of 
combustor for fuel lean 
operation – little 
available for cooling

• Multiple nozzles 
required for turndown

32Copyright © T. Lieuwen 2013 Unauthorized Reproduction Prohibited

T
Premixed

Nonpremixed



Blowoff
Combustion 

Instabilities

Turndown

Emissions

NOX, CO, CO2

Cost/

Complexity

33Copyright © T. Lieuwen 2013 Unauthorized Reproduction Prohibited

Tradeoffs and Challenges



27 27.5 28 28.5 29 29.5 30 30.5
0

20

40

60

80

100

Time (Days)

N
o

rm
a

liz
e

d
 L

o
a

d
 (

%
)

34Copyright © T. Lieuwen 2013 Unauthorized Reproduction Prohibited

Turndown

• Operational flexibility has been substantially crimped in 
low NOX technologies

• Significant number of combined cycle plants being cycled 
on and off daily 



Transient Response Needs
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• Locations with high penetration of wind and photovoltaic 

solar are seeing significant transient response needs

• Avoiding blowoff and flashback are key issues
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Blowoff
• Low NOX designs make 

flame stabilization more 

problematic
Industry 
Advisory 

June 26,     
 2008 

 

Background: 

On Tuesday February 26
th
, 2008, the FRCC Bulk Power 

System experienced a system disturbance initiated by a138 
kV transmission system fault that remained on the system 
for approximately 1.7 seconds. The fault and subsequent 
delayed clearing led to the loss of approximately 2,300 MW 
of load concentrated in South Florida along with the loss of 
approximately 4,300 MW of generation within the Region. 
Approximately 2,200 MW of under-frequency load shedding 
subsequently operated and was scattered across the 
peninsular part of Florida. 
 

Indications are that six combustion turbine (CT) generators 
within the Region that were operating in a lean-burn mode 
(used for reducing emissions) tripped offline as result of a 
           k        “                              .” A  
the CT generators accelerated in response to the frequency 
excursion, the direct-coupled turbine compressors forced 
more air into their associated combustion chambers at the 
same time as the governor speed control function reduced 
fuel input in response to the increase in speed. This resulted 
           k          C  “       ,”          f f    ,         
the units to trip offline. 
 

 
 

 



NOx-Efficiency (CO2) Tradeoffs

• Future turbine 

efficiency 

improvements may 

be NOx rather than 

turbine inlet 

temperature 

limited!


