Global Challenges/Chemistry Solutions 

New Fuels Part Two
Fuels From Ice, Water, and Sunshine
Combating disease … providing clean water and safe food …developing new sources of energy … confronting climate change. Hello from Washington, D.C.  This is “Global Challenges” — a special podcast from the American Chemical Society, whose 160,000 members make up the world’s largest scientific society. Today’s headlines are a drumbeat of dilemmas that affect the everyday lives of people everywhere. “Global Challenges” takes you behind those headlines for eye-opening glimpses of how chemistry is responding to those challenges — improving and sometimes saving people’s lives. You’ll hear the stories and meet the scientists whose discoveries are helping to make life longer, healthier, and happier for millions of people. Today’s global challenge in this ongoing saga of chemistry for life: Providing cleaner, cheaper, and sustainable sources of fuel to meet our growing energy needs. Methane hydrates, solar energy, hydrogen, nuclear power, and the continuing quest for conventional oil resources.
The Ice that Burns
Step onto the deck of a scientific research vessel in the Atlantic Ocean off the East coast of the United States.  Special gear hauls up chunks of ice the size of softballs from beneath the ocean floor. Lying on the ship’s deck in the open air, those chunks of ice come alive. The chunks sizzle and pop like bacon in a hot frying pan. Left alone, they just sputter away, disappearing into little puddles of water.  But put a lighted match next to a chunk of ice.  And it catches fire. This is no ordinary ice.  This is “the ice that burns.”  These are gas hydrates, one of the most exotic of a suite of new fuels that may help meet the world’s energy needs in the 21st Century.

In the first episode of this two-part podcast on new fuels, we focused on biofuels.  These renewable fuels are made from plants.  They include the familiar ethanol that is produced from corn in the United States and added to gasoline.  Biofuels are liquid fuels that supplement gasoline and diesel to power cars and trucks [traffic sounds]. But transportation accounts for only one-third of the energy consumed in the United States every year.

Much of the rest goes to other purposes.  Producing electricity, for example, to light, heat, and cool homes, stores, and other buildings.  Coal and natural gas now supply most of that energy.  We need new fuels to join them. New fuels suitable for a world concerned about sustainability, global warming, and minimizing releases of carbon dioxide.  
Icy Energy Bonanza
That’s why gas hydrates are generating a buzz. Gas hydrates form when methane gas from decomposition of organic material comes into contact with water at low temperatures and high pressures. Methane is the main ingredient in natural gas, which burns cleanly, with a smaller carbon dioxide footprint than any other fossil fuel.

Those cold, high-pressure conditions exist on land and sea in certain parts of the world.  Beneath the seafloor in deep waters, for instance, and in permafrost areas of the Arctic.  In those conditions, molecules of methane get trapped inside the crystalline cages that exist inside water ice. It’s the methane that makes the ice that burns.

Estimates suggest that tremendous amounts of gas hydrates exist, including rich deposits in the United States. Areas about the size of Rhode Island off the coast of North Carolina and South Carolina, for instance, may contain enough methane to supply energy for the United States for 50 years. Alaska has vast hydrate deposits. So does the Gulf of Mexico. Globally, there may be 100 times more methane in gas hydrates than in all known deposits of conventional natural gas.  
Tapping just two or three percent of that resource could produce an energy bonanza. The United States, Japan, India, and other countries are funding research programs to do exactly that.  However, the challenges are every bit as great as the opportunities. We need economical ways of producing methane from these deposits, so that methane hydrates become competitive with conventional natural gas.  That means scientific breakthroughs in chemistry, engineering, and other fields to make commercial production possible. I am optimistic that we will meet those challenges.

That was Dr. Chris Hollinsed, director of the ACS Office of Research Grants, whose Petroleum Research Fund has been among the pioneers in supporting gas hydrate studies. Success in producing gas hydrates from the ocean floor will depend in part on research now underway in laboratories around the world.

Dr. Yong Ba, at California State University in Los Angeles, for instance, reported one such advance in the American Chemical Society’s scientific journal, Energy & Fuels. It was a rapid method for making artificial methane hydrates in the laboratory, to help scientists study the structure of gas hydrates:
Our lab has discovered a way to grow artificial gas hydrates in a sealed glass tube. By growing hydrates in the laboratory, we can get a better understanding of the chemistry involved in the formation of natural gas hydrates. We also do NMR – Nuclear Magnetic Resonance – to study the molecular dynamics of water and methane to understand the stability of gas hydrates. We hope that this study will lead to a better understanding of how to extract methane from these hydrates and to eventually use methane as fuel.
Fuel From the Sun
Now let’s move from the cold ocean floor into the warm sunlight and another new source of fuel: Solar energy. People are already using solar energy on a small scale.  Solar water heating systems, for instance, substitute for natural gas in thousands of homes, mainly in Sunbelt areas. Photovoltaic cells, rather than coal, are producing electricity from sunlight.
  
Although some solar cells feed into the electrical grid, most photovoltaic energy powers on a small scale, in applications such as lighting street signs and phone booths. Solar currently provides barely 0.1 percent of the electricity used in the United States. That’s a drop in what could be an enormous bucketful of new fuel. 

 
There’s enough energy reaching the Earth’s surface from the sun every hour or so, maybe it’s a couple of hours, but a reasonable number of hours, say in a day, to power the planet for an entire year.
That was Dr. Harry Gray, of the Caltech Center for Sustainable Energy Research, who spoke at ACS’ spring 2008 National Meeting in New Orleans. High cost, of course, is perhaps the major barrier to expanded use of solar energy. Here is Dr. Gray:

Right now, it’s about four to five times as expensive per kilowatt hour for solar electric. I priced it. Right now, it’s about 25 cents a kilowatt hour versus about five, or six, seven cents, something like that for conventional sources.
I think if we get it down to ten cents a kilowatt hour, there’ll be a large-scale buy-in and there are great advantages of course to using solar electric. Once you make the initial investment, you can run lots of things then at lower cost than you are just paying. . .paying the power station for electric everyday. Once you make the initial investment, your. . .your monthly costs are much less. So, I think at 10 cents per kilowatt hour, people will buy-in. I think that will happen over the next five years
Dr. Gray says that scientists face two major challenges in bringing down the costs of solar energy:

We have to get cheaper solar cells made out of Earth-abundant materials that can be scaled up. That’s the first thing that we have to do. The second thing, which is very important, is that we have to make fuel. Instead of electricity, we need to make fuel, hydrogen fuel, by splitting water so that at night we can run fuel cells and get electricity when the sun isn’t shining.
Dr. Grätzel’s Cells

In October, scientists in China and Switzerland reported a major advance toward meeting those challenges. Dr. Peng Wang and a group of colleagues that included  Dr. Michaël Grätzel achieved record light-conversion efficiencies as high as 10 percent with a new type of so-called “dye-sensitized” solar cell.  They made it with a ruthenium-based dye that helps boost the cells’ light-harvesting ability. The new cells also show better stability at higher temperatures than previous versions, whose performance tends to drop after relatively short exposures to sunlight. Dr. Grätzel, of the Swiss Federal Institute of technology in Lausanne, invented the first dye-sensitized solar cells in the 1990s and has reported on them in ACS journals and at ACS National Meetings.

Compared to standard solar cells, the new cells work more like plants in converting sunlight to energy. Dye-sensitized cells also have a longer working life than amorphous silicon-based solar cells, which have a light-conversion efficiency of about 6 percent. Many scientists think that these dye-sensitized solar cells offer the best hope for making the sun a mainstay source of energy in the future.

Dye-sensitized cells are already being produced commercially, and the technology can create energy from a broad spectrum of light, both indoors and outdoors. Because they are relatively inexpensive and easy to produce, dye-sensitized cells have a good chance to become competitive with fossil fuels in the long term.

Fill ‘er Up! — With Water
Dr. Gray also mentioned the need for using solar energy to produce hydrogen fuel by splitting water molecules. In July of 2008, scientists described a key advance in that direction in Science, the journal of the American Association for the Advancement of Science. It is a new process that may allow ordinary water to be used as fuel in cars equipped with hydrogen fuel cells. Dr. Daniel Nocera, of the Massachusetts Institute of Technology, described development of a catalyst that can cheaply and efficiently split water into hydrogen and oxygen:
We’ve discovered a catalyst that splits water into oxygen. The protons that are left behind we send over to another electrode and that’s a standard platinum electrode to make the hydrogen. And why is that important? It’s because if you can feed current from a photovoltaic or use the sun directly on a material that has this catalyst on it you can then store the energy in the rearranged bonds of water to make hydrogen and oxygen. Now a lot of people might be thinking: “Now wait a minute. I remember seeing this experiment in high school. There was a teacher maybe that took two electrodes and put them in water and you saw hydrogen and oxygen bubbling off of them.” And we did the same thing. And what’s the big deal? The interesting piece of science is that we can do it out of just a glass of water. That’s it. With some earth abundant metals in it…cobalt and phosphate. You can almost set this up at home and you could do it. You certainly could do it in a high school lab now. So it’s that simple. We have this very simple material that just deposits from solution onto an electrode and then it can split water into hydrogen and oxygen.
So there you have it: That familiar process called electrolysis, made faster and more efficient thanks to the power of chemistry. It has major implications for efforts to use the sun in producing liquid fuels for transportation.  Here again is Dr. Nocera:
So water can be fuel. Water is fuel if you combine it with the one other thing — light. In itself water isn’t a good fuel. We all know that. But if I can take the water and water has an h – hydrogen, and o-oxygen bond.  And I can take two water molecules  and rearrange the bonds to make hydrogen and oxygen then that is then a fuel because you can take hydrogen and oxygen at some later time, put them over a fuel cell, and then get water back and  electricity. And so that’s one way you can use water as fuel. That’s an indirect way as a fuel cell. 

But Dr. Nocera isn’t just talking about fueling cars in the future. He envisions using these catalysts to solve our other electricity needs as well. And he’s optimistic that, given enough commitment and resources, a self-contained, solar energy system can be developed within just 10 years:
I’m also talking about even more than about transportation fuel because I’m also talking about getting off the grid at a power station. Two-thirds of your energy use is electricity. One-third is transportation. And so if you solve the transportation problem, you still haven’t solved the energy problem. And so the way I’m describing this I’m doing the whole thing: electricity generation and transportation.

Other new sources of energy that reduce greenhouse gas emissions and cut dependence on fossil fuels also are on the horizon. Consider just one technology — for making better thermoelectric devices.  These semiconductor systems can directly convert electricity into thermal energy for cooling or heating, replacing conventional climate-control systems.  Thermoelectric devices also can recover waste heat and convert it into electricity.

This technology already is being used on a small scale in portable beverage and picnic coolers, for instance, and to heat and cool seats in some cars. Advances in developing more economical and efficient thermoelectric devices could expand that application, according to a review of the technology in the September 2008 issue of Science.
Nuclear Power
Experts believe that new technology will make nuclear fuel an increasingly important source of energy in the years ahead.  More than 100 nuclear power plants in the United States already provide about 20 percent of our electricity.  Globally, that figure stands at 16 percent.  Unlike coal and oil, nuclear power does not release carbon dioxide that contributes to global warming.  One form of nuclear energy that is still a dream, offers the prospect of turning the world’s oceans into a new source of fuel.  That, of course, is nuclear fusion. Abundant supplies of its fuel — deuterium — exist in the world’s oceans. Nuclear power also promises many countries increased energy security, with reduced dependence on imported oil. 

The global utilization of nuclear energy has come a long way from its humble beginnings. But the effective utilization of nuclear power will require continued improvement in nuclear technology, particularly with regard to safety and efficiency. The projected growth in nuclear power has focused increased attention on the development of advanced materials, fuels, waste forms, and separations technologies. In all of these areas, the performance of materials and chemical processes under extreme conditions is a limiting factor.
That was Dr. James B. Roberto, deputy director for science and technology at Oak Ridge National Laboratory in Tennessee. Dr. Roberto reported on nuclear energy at the ACS’ spring 2008 National Meeting in New Orleans.  Scientists and engineers are responding to the challenges that have limited use of nuclear energy in the United States.  For instance, a new generation of so-called “inherently safe” nuclear reactors are moving from design to reality.  And the United States is moving ahead in addressing thorny problems such as how to deal with spent nuclear fuel and nuclear waste.  Here is Dr. Roberto:
Chemists are heavily involved in addressing this challenge and in the future of nuclear energy through research on advanced fuels and waste forms. This is a scientific challenge of enormous proportions with broad implications for materials science and chemistry. Addressing this challenge provides an opportunity to revolutionize the science and technology of advanced nuclear energy systems for a brighter, more sustainable future.
Conclusion
Revolutionizing science and technology.  Addressing great challenges.  Fostering a brighter and more sustainable future. Dr. Roberto’s words go to the very heart of this series of podcasts. Please join us at the American Chemical Society for the next chapter in this ongoing saga of chemistry for life. Today’s podcast was written by Mark Sampson. Our editor is Michael Woods. I’m Adam Dylewski at the American Chemical Society in Washington.
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