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Source: US Energy Information Administration: International Energy Outlook 2011.  

World Energy Use 

Why the 

large 

increases? 



(Source: www.gregor.us via 2010 BP Statistical Review)  

Where Do We Get Our Energy? 

87%  

from fossil fuels 



Where Will We Get Our Energy? 

• % from fossil fuels 

decrease 

• Absolute amount 

from fossil fuels 

increase 



Energy Perspectives 2011. U.S. Energy Information 

       Administration, Office of Energy Statistics, Oct. 2011. Web. 

Where Do We Get Our Energy? 

United States 



https://flowcharts.llnl.gov/content/energy/energy_archive/energy_flow_2010/LL

NLUSEnergy2010.png 

What do We Use it For? 

https://flowcharts.llnl.gov/content/energy/energy_archive/energy_flow_2010/LLNLUSEnergy2010.png
https://flowcharts.llnl.gov/content/energy/energy_archive/energy_flow_2010/LLNLUSEnergy2010.png


Role of Fossil Fuels 
• Fossil fuels > 85% of primary 

energy consumption 

• Coal ~ 50% of electricity 

• Vigorous growth in renewables 
(wind, solar, cellulosic biomass) 
will require many decades before 
making significant contribution to 
primary needs 

• U.S. has abundant reserves of 
coal and natural gas 

• Will continue to use fossil fuels 

• Need to use them responsibly 
(SO2, NOx, particulate, and CO2) 



Shale Gas Resources 

Natural gas found trapped in shale formations 



- 1% of US NG 

production in 2000 

- 23% in 2010 

- 49% in 2035 
 

Shale Gas Development in US 

CEP, August 2012 

//upload.wikimedia.org/wikipedia/commons/b/bb/GasDepositDiagram.jpg


Production of NG from Shale 

CEP, August 2012 



Production of NG from Shale 

CEP, August 2012 



- Land footprint 

- Drill multiple wells from single pad (horizontal drilling) 

- Induced seismicity 

- Hydraulic fracturing creates permeability through microseismicity 

- Subsurface disposal of wastewater and produced brine 

- Air emissions 

- Drilling/fracturing engines 

- Water trucks (4 million gal./800 trucks) 

- Compressor engines 

- Flaring 

- Fugitive emissions of shale gas liquids 

- Water footprint 

- Water sourcing 

- Effect of roads and infrastructure on local water 

-Transportation of reuse backflow water 

- Groundwater contamination 

- Complete well casing (5000 ft vs. <1000 ft) 

- Produced water 

- Treatment of surface wastewater 

 

Production of NG from Shale 

CEP, August 2012 



6

9

36

BTU Ratio Historical Average Current Ratio

Price of Oil / Price of Natural Gas

Shale Gas Changing the Game 

David Bem, Dow Chemical 



Announced Ethylene Plants 
Announcements always 

exceed actual construction 

 

Current NA ethylene capacity 

is about 32 million tpa 

9.7 million tpa 

Requires 10.4 million tpa 

ethane (theoretical for  

ethane feed only) 

 

Projected new shale ethane 

is about 12 million tpa 

Ref:  Chem Week, March 26, 2012 

Shale Gas LIQUIDS to Chemicals 

David Bem, Dow Chemical 



Emissions From Burning Fossil Fuels 

• What do we use for home heating?  What are the 
major emissions? 

• What are the major emissions for transportation 
vehicles? 

• Does it make sense to capture CO2 from 
transportation vehicles? 

• What are the major emissions from power 
plants? 

• Natural gas 

• Coal 



Emissions – power plants 

What are the typical emissions from a 500 

MW coal fired power plant? 

 
Coal used (tons) 

CO2 (tons) 

SO2 (tons) 

NOx (tons) 

Ash (tons) 

Hg (lbs) 

HCs, CO from incomplete combustion too hard 

Particulate too hard 

 

Calculate it – don’t ‘look it up’ 

 

 



Emissions – power plants 

What are the typical emissions from a 500 

MW coal fired power plant? 

 
Coal used (tons) 

CO2 (tons) 

SO2 (tons) 

NOx (tons) 

Ash (tons) 

Hg (lbs) 

HCs, CO from incomplete combustion too hard 

Particulate too hard 

 

What information do you need from me? 

 

 



Molecular weights 

C 12 

O 16 

N 14 

S 32 

Hg 200.6 

Emissions – power plants 





Why do we care about SO2 and NOx 

emissions? 

 

Why do we care about Hg emissions? 

 

Why do we care about particulate 

emissions? 

 

Why do we care about HC emissions? 

 



What can we do to reduce our emissions? 

• Improve cycle efficiency 

• reheat, cogen, combined cycle… 

• Limited by 2nd law of thermo (can’t turn all 
heat into work) 

• Alternative combustion schemes 

• Integrated gasification combined cycle 
(IGCC) 

• Low NOx burners 

• Thermal NOx (N2 from air) 

• Need to keep temperature down 

• Reduces NOx by 50% 



What can we do to reduce our emissions? 

• Flue gas desulfurization 

• Expose to limestone (CaCO3) to form 
gypsum (CaSO4) and calcium sulfite 
(CaSO3) 

• Dry systems: 70-90% removal 

• Wet systems: 95% removal 

• Selective catalytic or non-catalytic reduction of 
NOx (SCR or SNCR) 

• Inject ammonia (NH3 + NOx = N2 + H2O) 

• SNCR:  40-60% removal 

• SCR:  90% removal 



What can we do to reduce our emissions? 

• Electrostatic precipitators (ESP) and fabric 
filters (FF) 

• Both remove >99% of particulate matter 

• FF better at getting out smaller particulates 

• FF>99% 

• ESP 85-95% 

• Also remove Hg (especially FF)! 

• Dry scrubber + FF removes > 95% 



CO2 

• Why do we care about CO2 emissions? 

 



Historical Temperature ‘Data’ – Last 1000 years 

This is the famous “hockey stick” diagram of Mann, Bradley and 

Hughes (1998) 

NOW PAST 



• Need energy balance on earth 

• Need to know how carbon moves around 

in our environment 

Developing a Model of Effect of Greenhouse 

Gases on Climate 



Energy Balance on the Earth 



Energy Balance on the Earth 



http://www.esrl.noaa.gov/gmd/ccgg/trends/ 
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Greenhouse Gases Absorb Infrared Radiation 
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The Carbon Cycle 



IPCC 2007 



• CO2 concentrations in the atmosphere are 
increasing 

• Global temperatures are increasing 

• Is one causing the other?   
– Not as simple as plotting CO2 and temperature on 

same graph 

– IPCC says “very likely” 

• Consequences? 
– Warming temperatures 

– Rising sea levels (expansion and melting) 

• Connection with other consequences much less 
certain  

Observations 



Summary 

• Meeting world energy needs is greatest challenge 
of this century 

• Significant gains can be made in energy 
efficiency 

• Will continue to use fossil fuels (especially coal 
and NG) until renewables grow to meet a 
significant fraction of our energy needs 

• Shale gas has completely changed US energy 
and chemicals landscape 

• Burning of fossil fuels is very likely linked to 
global climate change 

• Need to use fossil responsibly – CO2 capture 


