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Chapter 17

Capturing Energy
THE MAIN IDEA

Dirty energy is most convenient, and 
clean energy is most abundant.

17.8 Hydrogen Fuel

An ideal fuel is hydrogen, H2. By weight, hydrogen packs 
more energy than any other fuel, which is why it is used to 
launch spacecraft. It is readily produced from the electrolysis 
of water, and the electrolysis equipment can be driven by 
solar-derived electricity. In this way, hydrogen provides a 
convenient means of storing solar energy, thus qualifying it 
as a solar fuel.

Hydrogen burns cleanly, producing almost nothing 
but water vapor. The energetic vapor can be used to drive a 
gas turbine for the production of electricity. Any waste heat 
can be used for industrial purposes or to warm buildings. 
The water that condenses from the turbine can be used for 
agriculture or human consumption, or it can be recycled for 
the production of more hydrogen.

Because it is a gas, hydrogen is easily transported 
through pipelines. In fact, pumping hydrogen through 
pipelines is more energy efficient than transmitting elec-
tricity through power lines. Thus, hydrogen facilities could 
be located in regions where production is cheapest—desert 
regions for solar thermal and photovoltaics, windy regions 
for wind turbines, and moist regions for biomass—and then 
transported to meet the energy needs of distant communities.

Hydrogen can even be used as a fuel for automobiles, 
as shown in Figure 17.40. Porous metal alloys have been 
developed that absorb large quantities of hydrogen gas. 
Pressing the gas pedal of a car powered by hydrogen fuel 
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sends a warming electric current to the alloy, which is housed in the 
gas tank. As the alloy heats up, it releases hydrogen, which powers 
either an internal-combustion engine or an electricity-producing 
fuel cell. Gas stations of the future may truly be “gas” stations!

C O N C E P T   C H E C K
Why does the combustion of hydrogen produce no carbon dioxide?

CHECK  YOUR  ANSWER   There is no carbon with which to form carbon dioxide. Hydrogen is an 
ideal fuel that, when burned, produces almost nothing but water vapor—no carbon dioxide, no carbon 
monoxide, and no particulate matter.

What is a potential source 
of abundant quantities of 
hydrogen?

READING CHECK

Figure 17.40 >
A hydrogen-powered test vehicle. 
The exhaust consists primarily of 
water vapor. However, many tech-
nical and economic hurdles must 
be cleared for hydrogen-powered 
vehicles to be commonplace.

Fuel Cells Produce Electricity from Fuel

As Section 11.4 discussed, an efficient way to produce electricity 
from hydrogen (or any other fuel) is with a fuel cell. Utilities could 
produce megawatts of electricity by stacking fuel cells. Present-
day fuel cells have an efficiency of about 60 percent, which is well 
above the 34 percent efficiency of a typical coal-fired power plant. 
Interestingly enough, one potential source of hydrogen is coal, 
which when treated with high-pressure steam and oxygen produces 
hydrogen gas and methane gas. Burning these gases in a gas tur-
bine results in a coal-to-electricity efficiency as high as 42 percent. 
If the gases are first run through electricity-producing fuel cells, the 
efficiency is even higher. Meanwhile, because the coal is not burned 
directly, fewer pollutants are released into the environment.

Photovoltaic Cells Can Be Used to Produce Hydrogen 
from Water
The cleanest and most abundant source of hydrogen on our planet 
is water. Creating hydrogen from water is an energy-intensive pro-
cess, however, that is best done using electrolysis, a technique 



© Conceptual Chemistry by John Suchocki

<  Figure  17.41
This special photoelectrochemical 
electrode submerged in water uses 
the energy of sunlight to generate 
hydrogen gas, which forms on the 
electrode’s surface. A technical bar-
rier in this case is preventing the 
electrode from corroding.

discussed in Section 11.6. Ideally, the electrical energy required to 
create hydrogen from water could be provided by a solar-driven 
photovoltaic cell. The electricity generated by the cell is then sent 
to a second cell, where water is electrolytically cleaved to produce 
hydrogen. Also, as described in Section 11.5, current “solar fuel” 
research seeks to develop photovoltaic surfaces that directly gen-
erate hydrogen from water directly, as shown in Figure 17.41.

Over the past several years, there has been great progress 
toward the realization of a commercially feasible solar-energy-to-hy-
drogen system. For such a system, the efficiency at which the solar 
energy is converted to hydrogen needs to be as high as possible. 
Initial systems had efficiencies of no more than 6 percent. One of 
the main hurdles was developing a photovoltaic system optimized 
for 1.23 volts, which is the voltage needed for the hydrolysis of 
water. Such a system was developed by 1998 and provided an effi-
ciency of 12.4 percent. With newer nanotechnologies now under 
development, researchers are anticipating efficiencies in excess of 
60 percent.

If hydrogen can be efficiently produced using electricity 
from photovoltaics or wind turbines, then a number of interesting 
possibilities arise. Photovoltaics and wind turbines are “distributed” 
sources of energy, as opposed to “centralized” sources. In other 
words, they can be placed in people’s backyards or in neighborhood 
solar energy parks, in contrast to a centralized coal-fired power 
plant. The solar electricity and hydrogen can thus be produced at 
the point of use, thereby avoiding energy losses inherent in ship-
ping energy over long distances. Such a system would not likely 
put the centralized utility out of business; instead, it would help the 
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utility cope with ever-increasing energy demands. Perhaps most 
importantly is the fact that the greatest energy growths for the 
next century will be occurring in developing nations where the 
infrastructure for centralized energy sources does not exist. Starting 
people off in these countries with noncentralized and nonpolluting 
sustainable energy sources would be a worthwhile investment.

In Perspective
Nearly a quarter of all U.S. facilities that generate electric power 
will need major renovations, overhauls, or replacement within the 
next few years. This represents an opportunity for the development 
of sustainable energy sources. Even greater opportunities exist in 
developing nations, where there are more than 2 billion people 
without electricity and many more to come with population growth. 
Much money will be spent to bring electric power to these people. 
Immediate choices made about where that energy comes from and 
how it is produced will affect the environment for a long time to 
come (Figure 17.42).

All regions of the world will benefit from energy conserva-
tion, which is the natural partner of sustainable energy. Conservation 
measures can be quite effective, as was demonstrated after the Arab 
oil embargo imposed by the Organization of Petroleum Exporting 
Countries in 1973. From the start of this embargo until 1986, energy 
consumption in the United States remained constant as a result of 
increased efficiency while the economy grew by 30 percent. 

Are we close to our limit in terms of conservation measures? 
New technologies and materials suggest there is still much we can 
do. Super-insulated buildings, for example, now require only one-
tenth as much heating in winter and cooling in summer. Hybrid 
combustion–electric vehicles can now drive up to 100 miles per 
gallon (mpg), which is a big step up from the average U.S. fuel effi-
ciency of about 25 mpg. If you were to replace a single 60-watt 
incandescent bulb with an equivalent 8-watt LED light, you would 
be saving the release of about 1800 kg of carbon dioxide each year 

Figure 17.42 >
Electrical wiring typical along 
the streets of a densely popu-
lated city in Central America, 
which reminds us that electrical 
energy is a highly desired prod-
uct and vital to modern living. 
Careful planning for the creation 
and delivery of this electrical 
energy is greatly needed.

Consider a scenario where 
just about every voter in an 
election felt their single vote 
made no difference and, 
therefore, they did not vote. 
In such a case, the results 
of the election would be 
determined by a select few. 
The results would not be 
representative. This is why 
for a democracy to work, 
it’s important to nurture 
the attitude of each vote as 
being exceedingly import-
ant. Conversely, the easiest 
way to defeat a democ-
racy, would be to nurture 
an attitude of voter apathy. 
So, do the minor energy 
conservation efforts of one 
individual make a differ-
ence? Very much so. Why? 
Because we live on a planet 
of about 8 billion individu-
als and counting. We each 
have only one voice, but we 
live in a choir of voices. The 
attitude of the individual is 
everything.

FOR YOUR
INFORMATION
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(assuming a fossil fuel power plant). This LED light would also be 
about 90 percent cheaper to operate. How many LED light fixtures 
are in your home?

Our energy needs are increasing 1) because of our increasing 
population, and 2) because there are still many who are underserved 
but now demanding service. The data in Table 17.1 assumes that 
an acceptable stan-
dard of living can 
be had at 0.0030 
megawatt per 
person. On aver-
age, however, the 
1.2 billion individ-
uals of developed 
nations, such as 
the United States, 
consume about 
0.0075 megawatt per person. If conservation measures are not set 
in place and if the far greater number of individuals in developing 
nations is brought up to 0.0075 megawatt per person, then the 
world will use 75 million megawatts in 2050 and 112 million mega-
watts in 2100, six times the amount consumed in 2000. Bottom line: 
If we are to meet the energy needs of the many, conservation efforts 
are imperative. We cannot just come to rely on new technologies 
to save the day. As within many areas, they are our attitudes that 
make the biggest difference.

Thomas Jefferson described revolution as an extraordinary 
event necessary to enable all ordinary events to continue. If a decent 
standard of living for all human beings is to be held as ordinary, 
what we need is nothing short of an energy revolution. The days of 
our using nonrenewable energy sources are numbered. The sooner 
we make the necessary transitions to a sustainable future, the better.

Good chemistry to you.

TABLE 17.1 The World’s Increasing Energy Needs

 Figure  17.43
A composite image from the 
night skies of the Earth. Where 
will the energy come from to 
meet the needs of our growing 
human population?
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