FIGURE 15-20
energy installation. (b) A fossil-fuel steam plant. (¢) Large cooling towers at an electric generating plant.

FIGURE 15-21 Mechanical or
heat energy is transformed to elec-
tric energy with a turbine and
generator.
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Heat engines and thermal pollution

430

(a) An array of mirrors focuses sunlight on a boiler to produce steam at a solar

Thermal Pollution
and Global Warming

Much of the energy we utilize in evervday life—from motor vehicles to most of
the electricity produced by power plants—makes use of a heat engine. Elec-
tricity produced by falling water at dams, by windmills, or by solar cells
(Fig. 15-20a) does not involve a heat engine. But over 90% of the electric
energy produced in the U.S. is generated at fossil-fuel steam plants (coal. oil, or
gas—see Fig. 15-20b), and they make use of a heat engine (essentially steam
engines). In electric power plants, the steam drives the turbines and generators
(Fig. 15-21) whose output is electric energy. The various means to turn the
turbine are discussed briefly in Table 15-4, along with some of the advantages
and disadvantages of each. Even nuclear power plants use nuclear fuel to run a
steam engine.

The heat output O, from every heat engine, from power plants to cars, is
referred to as thermal pollution because this heat (Q, ) must be absorbed by
the environment—such as by water from rivers or lakes, or by the air using
large cooling towers (Fig. 15-20c). This heat raises the temperature of the
cooling water, altering the natural ecology of aquatic life (largely because
warmer water holds less oxygen). In the case of air cooling towers, the
output heat ( raises the temperature of the atmosphere, which affects
the weather.

Air pollution—by which we mean the chemicals released in the burning of
fossil fuels in cars, power plants, and industrial furnaces—gives rise to smog and
other problems. One big problem is the buildup of CO, in the Earth’s atmosphere
due to the burning of fossil fuels. This CO, absorbs some of the infrared radi-
ation that the Earth naturally emits (Section 14-8), causing global warming, a serious
problem that can be addressed by limiting the burning of fossil fuels.

Thermal pollution, however, is unavoidable. Engineers can try to design and
build engines that are more efficient, but they cannot surpass the Carnot efficiency
and must live with 7} being at best the ambient temperature of water or air.
The second law of thermodynamics tells us the limit imposed by nature. What
we can do, in the light of the second law of thermodynamics, is use less
energy and conserve our fuel resources.

CHAPTER 15 The Laws of Thermodynamics



