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Question 1:  What are some of the expected energy impacts that may result from switching from traditional oil- and natural gas-based feedstocks to coal or biomass-based raw materials for the chemical industries?

Possible answers:

1.  The average reaction energy will change from net exothermic to net endothermic.

2.  Reaction energy will not likely be available for recovery and use within the process for separation and purification.

3.  Reaction selectivity is likely to decrease (because of the likely higher average temperatures likely required to achieve satisfactory reaction equilibria, and the fundamental asymmetry between removing heat from a reaction site and its environment and adding heat to a reaction site).
4.  If the raw material is biomass, additional energy may be required to dry it and remove water of reaction                        .

5.  Average utility requirements may triple (because reactions will be net endothermic and all separation and purification requirements will be driven by utilities (not exothermic reactions)).

Question 2:  Can biomass be expected to meet society’s energy needs?  Elaborate.

Possible answers:

1.  Today’s worldwide biomass production (60GTC/yr) exceeds the dry biomass energy equivalent of total fossil fuel consumption (10GTC/yr) so it would be possible if 1/6 of all annual biomass were so harvested, dried, and so employed.  However, 50% more must be harvested if biomass energy is to be used to dry and dehydrate the biomass or the resulting fuel product.  This totals 15GTC/yr biomass which might be compared to 6GTC/yr for all cultivated crops worldwide.  Within fifty years, the total energy need is expected increase by about 350% which would equal the entire annual worldwide biomass production (including the 9GTC/yr that would by then be required for agricultural crops).  Further, given that half of the world biomass production occurs in the tropical rainforest and tropical savannah, and that harvest of the annual biomass production in non-agricultural areas is extremely difficult, the conclusion would be that only a very small fraction of energy needs can be derived from solar via biomass.
Question 3a:  What fraction of current carbon dioxide emissions (7GTC/yr) must be captured and sequestered to return the atmosphere to preindustrial CO2 concentrations (280ppm)?

3b:  What fraction of projected 2050 carbon dioxide emissions if all coal-based (37GTC/yr) must be captured to hold the atmospheric CO2 concentration at today’s level (380ppm)?

3c:  What level will the atmospheric CO2 concentration rise to if we hold worldwide emissions at today’s level (7GTC/yr)

3d:  What level will the atmospheric CO2 concentration rise to by 2050 is all energy is coal-based and no CO2 is captured or sequestered (37GTC/yr CO2 emissions)?

3e:  At what atmospheric CO2 concentration do adverse climatic, geophysical, or biological impacts begin?

Answers:

3a:  100%

3b:  93%
3c:  460ppm

3d:  about 1650ppm
3e:  unknown, but some may already be occurring at 380ppm

Question 4:  What does carbon capture and sequestration cost?

Answer:  Unknown, but current estimates are about $125/ton CO2 ($450/TC).  It may prove to be significantly higher.
