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Energy may be the most important factor that  
will influence the shape of the society in  
the 21st century  
 

Energy has long played a critical role in our  national security, 

economic prosperity, and environmental quality. 

 

Today concerns about how we produce and consume energy  

are  at the forefront of public attention. 



21st Century: Primary Challenge  

Prevent life-enhancing 
technologies from 

destroying  
the environment 



Are we able to predict what energy we will use in the future? 

Sometimes doing this is like the weather forecast: 

 

Weather forecast for tonight:  dark     (-Gregory Carlin) 

Moreover, we can follow Mark Twain who says that everybody talks  

about the weather (we may change this for the word energy), but  

nobody does anything about it. 



Why Should We Care About Coal Technology,                                 

        or Advances in Coal Technology 

- Coal ranks 2nd  in consumption 

- Half of electricity is from coal 

- We use coal because is cheap 

- And because is here!!!! 



Emissions from coal continue to DECLINE 
                  (despite 60% increase in cola use since 1980) 



Carbon Management 

Technology Road Map 
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The Future of Coal 

 

 
As new, cleaner coal technologies are 

developed, coal is likely to remain an 

integral part of the nation’s overall 

power supply mix. The U.S. has more 

coal than any other country — by some 

estimates a 250-year supply. 
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Summary of Technical Needs 

•   advanced filtration,  

•   Rankine cycle improvement,  

•   reliability and cost reductions, 

•   advanced combustion system design and  

    analysis 

•   emission 

•   demonstration of mercury control technologies 

•   IGCC – improved reliability of gasifier and cost    

    reduction for oxygen, advanced turbines and   

    fuel cells, and carbon capture 

• combustion – advanced materials and low cost 

carbon capture technologies 

• turbines – rich hydrogen combustion (for CO2 

capture) 

• carbon sequestration – issue is need for long-

term demonstration of storage  

• MUST ALSO RECOGNIZE GAP IN POLICY: long 

term liability issue 

 



UNIVERSITY ROLE  IN THE  

ENERGY INNOVATION CHAIN 
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Applied  R & D to address technical issues 
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Coal conversion to oil, gas and chemicals 
                                 (Fischer – Tropsch Synthesis) 

 A solid fossil fuel, such as coal, can be converted into oil, gas or 

other chemicals. 

 Depending on the process, these initial products can be refined to 

produce transport fuels, substitute natural gas and a wide of range 

other products, such as plastics and solvents. 



Coal conversion routes and key products 
 

 

  Direct liquefaction process                          Fischer Tropsch indirect process 

Gasoline and Diesel fuel, synthetic natural gas, olefins dimethyl glycol,  

alcohols, ethylene glycol 



DIRECT CONVERSION 



INDIRECT CONVERSION (FT Process) 



Economic overview 



Environmental considerations 



1. More selective catalysts 

2. Gas-phase FT synthesis with simultaneous cracking  

3. Enhancing selectivity by mass transfer limitations 

4. Termination to either paraffins or olefins 

5. Re-adsorption of olefins 

6.  Secondary reactions on different active sites 

     such as cracking and hydrogenation 

 

Syngas Biogas 

Natural 
Gas 

Coal 

Fischer 
Tropsch    

Synthesiss 
Cracking 

Liquidd 
Fuels 

Research has to be done on….. 



Final Thoughts  



Transition to Hydrogen 

the "forever fuel" that we can never run out of  

Water  +  energy                   hydrogen   +  oxygen  

 

 

Hydrogen   +     oxygen             water   +  energy     



Transition to Hydrogen 



   Is it safe?: A primer on Hydrogen safety 

 
     All fuels are hazardous, but… 

 

     Hydrogen is comparably or less so, but different: 

 

         Clear flame can’t sear you at a distance; no smoke 

 

         Hard to make explode; can’t explode in free air; burns first 

 

         22× less explosive power 

 

         Rises, doesn’t puddle 

 

         Hindenburg myth (1937) – nobody was killed by hydrogen     

            fire 

 

         Completely unrelated to hydrogen bombs 

  

  

  



Where Does Hydrogen Come From? 

 

95% of hydrogen is currently produced by steam reforming 
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