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Abstract 
Combustion has long provided the primary source of energy for the world. Unfortunately, 
the CO2 emitted through the combustion of hydrocarbon fuels is substantively modifying 
Earth’s climate through its role as a greenhouse gas. Furthermore, limited availability of 
hydrocarbon fuels contributes to geopolitical instabilities, while production of polycyclic 
aromatic hydrocarbons and soot nanoparticles has deleterious health effects. An 
enormously challenging global transition away from the combustion of hydrocarbon fuels 
is now underway.  

Methods are required for reducing our emission of carbon, for capturing CO2 (either as it is 
emitted or directly from the air), and perhaps even some form of geoengineering-based 
reduction in the effects of greenhouse gases on the climate. The US Department of Energy 
has recently started six Energy Earthshots (Hydrogen, Long Duration Storage, Carbon 
Negative, Enhanced Geothermal, Floating Offshore Wind, and Industrial Heat) as drivers 
for the major innovations that are required to achieve a net-zero carbon emission by 2050.  

Combustion research is rapidly evolving in response to this transition. A wide variety of 
sustainable fuel candidates (hydrogen, hydrogen-rich fuels, metal fuels, synthetic fuels, 
biofuels, efuels) are being considered. New combustion strategies (plasmas, supercritical 
fluids) are also being explored. Combustion pyrolysis is being used as a materials synthesis 
technique. Heterogeneous chemistry at gas-solid boundaries plays a role in reforming and 
biomass pyrolysis. The strong correlation between combustion oxidation and autooxidation 
in the atmosphere provides opportunities for improving atmospheric models.  

The implementation of new fuels and the design of novel combustion devices employs 
models for the chemical conversions as an aid in explorations of the response to parameter 
variations. These models have a substantial degree of empiricism, which limits their utility. 
In this talk, we will illustrate the remarkable progress in theoretical chemical kinetics that 
underlies its ongoing transformation from an empirical modeling tool to one that can be 
used to obtain quantitative a priori predictions of the reaction kinetics for a full combustion 
system consisting of thousands of species and tens of thousands of reactions. The resulting 
fully in silico chemical mechanism should provide higher fidelity predictions of the chemical 
behavior outside the range of parameter space captured by traditional validations, and 
thereby result in a dramatic shortening of the overall device design process.

 
Dr. Stephen J. Klippenstein is a Distinguished Fellow at Argonne, where he has been since 
2005. He received his Ph. D. from Caltech, which was followed by a postdoc at University 
of Colorado Boulder. After 11 years on the faculty at Case Western Reserve University, he 
moved to the Combustion Research Facility at Sandia National Laboratory, where he spent 
5 years. His research focusses on the development and application of high accuracy methods 
for predicting the kinetics and dynamics of gas phase reactions. His application work, which 
generally involves the coupling of high-level ab initio electronic structure theory with 
transition state theory and the master equation, focusses on predicting the kinetics of key 
reactions of relevance to combustion, atmospheric, and interstellar chemistries. 

 
 
 
 
 
 
 

 

Stephen J. Klippenstein, Ph.D. 
Argonne National Laboratory 

Distinguished Fellow of         
Theoretical Chemistry 

 
 
 

November 16, 2022  

11:30 a.m.  

STEM-II Auditorium  

(Room 1218) 
 

Combustion in a Sustainable World:  
From Molecules to Processes 


