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April 16 Homework Solutions
1.
Problem 7.2 in text.  Estimate the rate at which energy flows from a gasoline pump to a motor vehicle during a “fill-up”.  Express your answer in kW.  If this rate of energy delivery were electric power, roughly how many people would it serve assuming a typical US residential community?  Assume: the HHV of 1 gallon of gasoline is 145,000 Btu; 5 minutes for filling up a 16 gallon tank; and a 1 GW(e) electrical plant serves a residential community of one million people.

The flow rate required to fill a 16-gallon tank in 5 minutes is 3.2 gallons per minute.  If each gallon has an energy content of 145,000 Btu, the energy rate is (3.2 gallons per minute)(145,000 Btu/gallon) = 464,000 Btu/min.  We can convert this into kW as follows.
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If a 1 GW(e) plant [= 106 kW(e)] supplies a residential community of 106 people each person has an average of 1 kW.  Thus, if the gasoline-pump energy flow were electric power it would serve 8159 people.  Even if one discounted the energy rate for the second law efficiency, say by the current average efficiency of 33%, the fuel energy rate could supply electricity to a community of about 2300 people.  (I sometimes the time the gasoline-tank filling rate and often find rates of 5 to 7 gallons per minute, about twice that cited above.)
2.
Problem 10.5 in text.  Chemical analysis of a biogas from a digester gives the following results: CO2: 44%; CH4 56%. (all percentages are by volume). What is the higher heating value of this particular sample of biogas?  Is this above average or below average?  It is later discovered that this analysis was in error and the correct assay for this sample is CO2: 44%; CH4 52%, H2 = 4%.  What is the higher heating value of the biogas?  If the objective is to produce a gas with as much heating value per unit volume as possible is hydrogen a good co-product.  Assume the HHV of pure CO2 and pure CH4 are zero and 1000 Btu/SCF, respectively.  (Note: the presence of hydrogen is generally an indicator of abnormal digester operation.)

The initial analysis will have a HHV of (44%)(0 Btu/SCF) + (56%)(1000 Btu/scf) = 560 Btu.scf which is above the “typical” value of 500 Btu/scf cited in the text.
For the addition of hydrogen, I found the HHV of H2 = 60,970 Btu/lbm at 1 atm and 68oF in Table A-27E of Çengel and Boles, Thermodynamics An Engineering Approach, 6th edition, McGraw-Hill, 2008.  Table A-1E of the same book gives the gas constant for hydrogen as 5.3224 psia(ft3/lbm(R.  Using the ideal gas law to find the hydrogen density at the given conditions of P = 1 atm = 14.696 psia and T = 68oF = 527.67 R gives
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The heating value per unit volume is then found as
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The HHV of the biogas with the revised analysis is then found as the weighted sum of the HHVs of the individual gases
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We see that hydrogen is not a desirable co-product if we want to have a large HHV per unit volume.

3.
Problem 10.7 in text.  US residents consume roughly 10 million barrels per day of gasoline for transportation fuel.  Using the ethanol yields projected to be attainable for advanced fermentation technology (Table 10.8), how many acres would be needed to be devoted to cellulosic biomass production to supply 10% of the miles traveled on gasoline using fermentation ethanol as the automotive fuel?  Note that ethanol provides roughly 2/3 the miles per gallon attainable for gasoline.  Compare your answer with the total area of France and of the state of California.
The consumption of 10% of 10 million barrels per day is 365x106 barrels per year, which is 1.50x1010 gallons per year at 42 gallons per barrel.  Since ethanol has only 2/3 the energy content per gallon of gasoline, we would have to supply 2.24x1010 gal/yr of ethanol to provide the same amount of mileage.
Table 10.8 gives the figure of 905 gallons per acre for cellulosic ethanol using advanced fermentation technology.  At this rate we would need (2.24x1010 gal/yr) / (905 gallons/yr/acre) = 2.48x107 acres = 3.87x104 mi2, assuming one crop per year.  (There are 640 acres in one square mile.)
The land areas of California
 and France
 are 155,973 mi2 and 210,669 mi2 respectively.  The area required for production of cellulosic ethanol to supply 10% of the US gasoline demand would require 24.8% of the area of California or 18.4% of the area of France.
4. Problem 10.8 in text.  The US has a lot of federally owned land.  Unfortunately, uncontrolled natural forest fires destroy large areas in the western US every summer.  In 2002, about 1,000,000 acres of standing timber in national forests were consumed.  Some consideration is being given to improved management practices that could produce electrical power from residual forest thinnings.  Estimate the lost energy content of burned US forests during 2002.  Assuming the average US electricity demand load is about 300,000 MW(e), how much forested land would be needed to produce all the country’s power?  Is this a sustainable alternative?  A few facts to consider:
· The total forested area on US federal lands in the lower 48 states is about 600 million acres with a standing stock density of about 100 dry metric tons of wood per acre.

· Woody plants and trees capture solar energy via photosynthesis at an average rate of about 0.8 W/m2 which corresponds to producing about 5 – 10 tons of biomass per acre annually with an average heating value of 8000 Btu/dry lb.  Note that 1 acre = 43,650 ft2 = 0.4047 hectare = 4,047 m2.

· A representative heat to work conversion efficiency of a biomass-fired electric power plant is about 35%.

The lost energy content due to forest fires in 2002 can be found from the following calculation.
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The amount of forested land required to produce an average demand load of 300,000 MW(e) = 3x108 kW(e) can be found from the following calculation, assuming the high end of the range of 5 – 10 tons of biomass per acre.  The low end of the range, 5 tons/year, would require twice the area.
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This land would be required each year.  See http://www.fia.fs.fed.us/library/briefings-summaries-overviews/docs/ForestFactsMetric.pdf for the total amount of forest land in the US.  It shows a total of 302x106 hectares of which 21 x106 hectares are reserved (as in national parks and forests) 204 x106 hectares are used for timber and the remaining 77 x106 hectares are classified as other.  So the requirements for 1.6x108 acres would only require (1.60x108 acres)(0.4047 hectares/acre) = 6.48x106 ha.  This is 2% of the total forested area in the US.  This area fraction may seem sustainable, but the energy requirements for obtaining this wood and transporting it to power plants would overwhelm the gains obtained by using this energy source.  Also, note that this is the high end.  The low end of the growth range would require 4% of the forested land for this purpose.
5. The December 17, 2007 issue of Chemical and Engineering News, the weekly newsmagazine of the American Chemical Society had a cover story that pitted two experts who disagree on the benefits of fuel ethanol.  Read the article at http://pubs.acs.org/cen/coverstory/85/8551cover.html and write a short paper (one to two pages) that tells which point of view you agree with and why.  You can also pick a middle ground, agreeing with parts of one argument and parts of another; of course, you also have to give your reasons in this case as well.
As usual, there is no “right” answer to the essay question.  I find it difficult to analyze the different arguments because each person seems to have a good argument when you read only one in isolation.  If you and I have difficulty understanding these arguments, how does a policy-maker who does not have technical training decide if biofuels are a good or bad idea?
� http://www.netstate.com/states/tables/st_size.htm


� https://www.cia.gov/cia/publications/factbook/print/fr.html
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