

CHAPTER 11


FOSSIL FUELS: ENVIRONMENTAL EFFECTS



REVIEW QUESTIONS

11-1. Popular Science of October 1989, p. 54, has the following statement: “Brookhaven National Laboratory has ranked different fuels by their greenhouse gas contributions, when burned, in pounds of carbon dioxide generated per million Btu of heat. Natural gas is at the low end of the spectrum, at 0.11. Oil is at 0.16, wood at 0.18, and coal at 0.20.” Are these numbers correct?

11-2. A Mobil advertisement in the NYT of 9/17/92 applauds EPA's “Green Lights” initiative (see Investigation 11-9) and says the following: “If everyone in the United States switched to energy-efficient lighting, 202 million metric tons of carbon dioxide, 1.3 million metric tons of sulfur dioxide and 600,000 metric tons of nitrogen oxides could be eliminated every year.” Are the numbers cited in the right “ball park”?

11-3. The Worldwatch Institute publication “Vital Signs 1996” (p. 65) shows that the world CO2 emissions stand at 6 billion tons of carbon and states that “at 1.4 billion tons, the United States remained the world's largest source of carbon emissions in 1995.” Using the information in Figure 5-14, show how this number for the U.S. was obtained.

11-4. Time magazine of 1/29/96 reports that since the 1970s, CO emissions in the U.S. have decreased from 128 to 98 million tons. The most recent DOE data confirm that the decreasing trend is continuing: the figure for 1993 is 88.1 million metric tons. To get some feel for this number, show that this is roughly equivalent to 2% incomplete combustion of carbon in fossil fuels. Use the 1995 carbon emissions data for the U.S. (1.4 billion tons).

11-5. The Associated Press reported in August 1989 that the 2500-MW Navajo power plant near Page, AZ released as many as 13 tons per hour of sulfur dioxide by burning 24,000 tons of coal per day. These emissions found their way to the Grand Canyon, more than 50 miles to the south, and were responsible for the white haze over the canyon, especially during the winter months. Verify these numbers by seeing whether the efficiency of the plant and the sulfur content of the coal used are reasonable. (Assume that the coal has a heating value of 11,500 BTU/lb.)

11-6. Important policy decisions are made on the basis of how much sulfur is emitted into the atmosphere –in the form of SO2. Simple, ‘back-of-the-envelope’ calculations are often sufficient to understand the numbers being discussed by policy makers. For example, assume that all the coal burnt in the U.S. is a lignite having the following elemental composition: 68.6% C, 4.3% H, 25.6% O, 0.6% S, 0.9% N. These are weight percentages. Show that the “molecular formula” for this coal would then be CH0.75O0.28S0.0033N0.01 So for each ‘molecule’ of coal, 0.0033 molecules of SO2 are produced. Therefore, 0.012 tons of SO2 are produced for every ton of coal burnt. Verify this! If all the coal consumed in the U.S. every year (one billion tons) had this sulfur content, then the SO2 emissions would be some 12 million tons per year. Verify this as well. Is this number reasonable?

11-7. Important policy decisions are also made on the basis of how much carbon is emitted into the atmosphere –in the form of CO2. From the information provided in Figure 5-13, show how the 1985 CO2 emissions of 19.8 billion tons (corresponding to 5.4 billion tons of carbon) can be obtained. (Hint: Assume that coal contains 80% carbon on average, that natural gas contains 75% carbon and that crude oil contains 85% carbon.)

11-8. Indicate whether the following statements are true or false:

(a) Carbon dioxide from automobile exhausts is one of the principal constituents of photochemical smog.

(b) If fossil fuels contained no sulfur, the production of SOx during their combustion (in air) would be eliminated.

(c) If fossil fuels contained no nitrogen, the production of NOx during their combustion (in air) would be eliminated.

(d) The average concentration of carbon dioxide in the atmosphere has been increasing steadily for the last fifty years.

(e) The global temperature of the atmosphere has been increasing steadily for the last fifty years.

INVESTIGATIONS

11-1. Much has been written lately on the air pollution caused by lawn mowers. For example, the Economist of 3/4/95, p. 26, states that a lawnmower generates in one hour as much pollution as a new car driven 8500 miles. Find out about some of the recent initiatives to curb lawn mower pollution. See the Economist of 3/11/95 (“New fuel: The lawnmower's tale”), Time of 7/4/94 (“The Backyard Besieged”), and NYT of 8/6/92 (“Lawn Mower Is New Target in War Against Air Pollution”).

11-2. Motor vehicle engines in cars, buses and trucks that use diesel fuel are more efficient than the spark-ignition engines that are mostly used in cars. Unfortunately, they have serious air pollution problems. Find out about some of these problems and about efforts to solve them. See NYT of 9/26/93 (“A Unique Joint Effort Seeks to Reduce Sulfur Levels in Diesel Fuel”).

11-3. Coal mining is the principal culprit for the black-lung disease. Find out some of the statistics on this. See NYT of 3/17/91 (“Coal Miners Contend Their Plight Is Worsening”). See also www.courier-journal.com/dust.
11-4. The Exxon Valdez oil spill was a highly publicized environmental tragedy. Review the media reports for an update on the clean-up efforts and an account of the damage to Prince William Sound. See National Geographic of 8/89 (“Tragedy in Alaska Waters”) and 1/90 (“Alaska's Big Spill”); USA Today of 10/1/91 (“Alaska Oil Spill Settlement”); Time of 9/28/92 (“A battle is raging over how best to spend the settlement money from the Exxon Valdez disaster”); NYT of 7/31/94 (“Exxon Is Right. Alas”).

11-5. Increasingly abundant abandoned oil and gas wells can be a pollution problem. Find out more about it. See NYT of 5/3/92 (“Abandoned Oil and Gas Wells Are Now Portals for Pollution”). See also the recent controversy about Shell's idea to abandon an offshore platform in the North Sea: NYT of 6/21/95 (“Shell Abandons Plans to Sink Oil Platform Off Scottish Coast”), 6/23/95 (“A Humbled Shell Is Unsure On Disposal of Atlantic Rig”) and 6/29/95 (“Refugee Oil Platform: Hope for Growth Industry?”).

11-6. One man's fortune is another's misfortune. Owners of stocks in Wyoming coal mines are the fortunate ones this time around (see Investigation 7-2). The miners of high-sulfur coal in Fairmont, WV are not; find out more about the reasons for their misfortune. See NYT of 2/15/96 (“East's Coal Towns Wither in the Name of Cleaner Air”).

11-7. Japan has very strict air pollution control standards. Despite the increase in its energy consumption since 1970s, its emissions of nitrogen and sulfur oxides has decreased very significantly. Compare the 1990 NOx emissions in Japan and the U.S. in kilograms per thousand dollars of GDP. See the Economist of 4/9/94, p. 114.

11-8. That carbon dioxide emissions are a global problem is clear from the fact that their increase has been detected even in Hawaii (see Figure 11-9). So it makes sense that electric power utilities in the U.S. embark on tree growing projects in places like Guatemala and Malaysia. Find out more about such initiatives. See the Economist of 10/24/92 (“Plant a tree”).

11-9. Find out more about EPA's voluntary program called “Green Lights,” whose goal is to reduce pollution by encouraging businesses, governments and other large organizations to switch to energy-efficient lighting. Look it up on EPA's web site: http://www.epa.gov. See also Mobil's advertisement “Change a light bulb: combat air pollution and save some money, too” in NYT of 9/17/92, as well as NYT of 1/16/91.

11-10. An important issue in EPA's new initiatives on smog control is the effect of particulate matter of different sizes. Find out more about regional differences in air pollution from soot and fly ash. See NYT of 3/10/95 (“Dirty-Air Cities Far Deadlier Than Clean Ones, Study Shows”). See also NYT of 7/19/93 (“Studies Say Soot Kills up to 60,000 in U.S. Each Year”).

11-11. Find out more about the monitoring of smog (ozone levels) in metropolitan areas. See whether the newspapers that you read regularly report any air pollution information (on the weather page). To find out more about the EPA's Pollution Standards Index, see the NYT of 2/7/94 (“Smog Pulse”). See also WSJ of 7/31/95 (“Highflying Scientists Watch Ozone Drift”).

11-12. Find out more about smog control strategies. See “New Tactics Emerge in Struggle Against Smog” in NYT of 2/21/89, “Reducing Pollution From Gasoline” in NYT of 4/26/89, and “We Can Fight Smog Without Breaking the Bank,” in BW of 10/3/94.

11-13. It should come as no surprise that some media reports on air pollution are not precise enough. Here is a typical example, from a NYT report of 7/11/95 (“U.S. Will Begin Efforts to Halve Truck Pollution”): “Nitrogen oxides are the essential ingredients in ground-level ozone, a component of smog.” What is wrong with this statement? If you were the journalist assigned to (re)write it, what would you say instead? 

11-14. Find out about the economics of global warming. See NYT of 10/10/95 (“Price of Global Warming? Debate Weighs Dollars and Cents”); Economist of 7/7/90 (“Greenhouse economics: Count before you leap”) and 3/6/93 (“Global warming: Cool costing”).

11-15. One way to boycot the purchases of a right to pollute (see Investigation 21-6) is to follow the example of a group of students at the University of Southern Maine. They have formed the Acid Rain Retirement Fund. Unlike power plants, when they buy pollution ‘shares’ they ‘retire’ them. Explore the Internet to find out about this altruistic initiative. Is it still alive? Start with the ARRF web site: http://www.usm.main.edu/~pos/arrf.htm.

11-16. Most large metropolitan areas around the world suffer from at least one form of air pollution. For example, the biggest problem in Los Angeles (population, 10 million) is ozone. In Mexico City (population, more than 20 million) SOx, particulates, CO and ozone are all big problems. Find out more about these and other problems of mega-cities and comment on the reasons for the prevalence of one or another air pollutant. See “Take a deep breath: City dwellers are anxious about air pollution. But the causes are complex, its impact on health poorly understood, and most remedies controversial,” in the Economist of 9/17/94. See also Time of 12/14/92, p. 25.

11-17. The conventional wisdom is that, given the magnitude of CO2 emissions in the world (see Figure 11-9), there are no cost-effective technologies to capture them once they are released to the atmosphere. Nevertheless, there are some ideas how this might be done. Find out what they are. See “Science gets the CO2 out” in Popular Science of 2/94.

11-18. It is fashionable (and appropriate, for the most part) to point out how polluted the air we breathe is. It is also useful to emphasize how much progress has been made in cleaning up the air since the 1970s. One of the prominent spokesmen for environmental optimists is Gregg Easterbrook, the author of “A Moment on the Earth,” Penguin Books, 1995. Make a list of some success stories. See also Newsweek of 8/23/93 (“Winning the War on Smog”), and NYT of 8/13/93 (”From Uncle Smoke to Mr. Clean”).

11-19. Can fly ash be put to some good use? See PI of 10/31/93 (“Finding a home for 150,000 tons of ash”).

11-20. Global warming has even gotten onto the pages of Consumer Reports (9/96, pp. 38-40). Read this article and make a list of important facts that are mentioned. Summarize the top 10 CR suggestions on how to “cut your personal energy use” and thus help reduce the greenhouse effect. Comment on how effective these actions can be. Finally, check whether the CO2 emissions for the U.S. (43,000 lb per person in 1992) agree with the information provided in this chapter.

11-21. Read the article “An Atmosphere of Uncertainty” in National Geographic of 4/87, pp. 502-537. List the fossil fuel-related air pollution problems discussed there.
11-22. The “ozone hole” problem should not be confused with ground-level ozone pollution. Explore some of the recent media reports to convince yourself that combustion of fossil fuels is NOT the main reason for the existence of the ozone hole. See, for example, NYT of 12/27/02 (“In an Upside-Down World, Sunshine is Shunned”).
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