Global Challenges/Chemistry Solutions – Part 2

Confronting Climate Change

The quest for permanent solutions

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: The quest for  permanent solutions to global warming.


The sounds of New Orleans. And the sounds of a scientific conference. Both sounds mingled in April, when thousands of scientists from around the world gathered in the Crescent City for one of the year’s biggest scientific conferences. The 235th National Meeting and Exposition of the American Chemical Society began with an eye-opener of a talk by Dr. Raymond Orbach.  An undersecretary of the U. S. Department of Energy (DOE), Dr. Orbach directs the agency’s Office of Science.  It was an eye-opener for anyone who expects quick, simple, permanent scientific solutions to global climate change.


Our first climate change podcast described stop-gap solutions. Chemists and other scientists, for instance, are developing ways to capture carbon dioxide before it pours from the smokestacks of coal-fired electric power plants.  They are working on ways to lock away, or sequester, that CO2 — underground or deep below the ocean surface.


DOE’s Dr. Orbach caught the thrust of this second climate change podcast.  We will talk about advances toward permanent solutions to global warming.  In environmental science, like medicine, prevention always is better than treatment.


The best solutions to global warming involve not releasing those greenhouse gases in the first place.  That means finding new sources of energy, and finding cleaner ways of using coal, oil, and other existing energy sources. It also means development of new energy sources that do not release carbon dioxide.

Humanity’s Biggest Challenge  

Dr. Orbach described such 21st Century’s challenges as “monumental.” He ranked them among the biggest challenges in human history. Dr. Orbach predicted that routine workaday scientific discoveries would not be enough. The one-small-step advances traditionally at the core of the scientific process certainly will continue to be important.  However, Dr. Orbach talked about the need for revolutionary discoveries — he calls them “transformational discoveries” — in which scientists respond to global warming with totally new technology.


What did this scientist, who oversees a fiscal 2008 DOE research budget of $4 billion, have in mind?
What if we could do what the plant does without the plant? What if we could take sunlight, CO2, nutrients, and go directly to fuel? Now that would truly be transformational because we have not been successful in the past at such an approach. 

Dr. Orbach was talking about artificial photosynthesis.  That means harnessing the process plants have used for almost 3 billion years. It is pure simplicity. Water plus sunlight equals energy. Plants use sunlight to break apart chemical bonds between hydrogen and oxygen atoms in water — H2O.  Plants use the hydrogen for generating energy.  We could use it as a fuel.

Hydrogen would be a superb fuel, either through fuel cells that would power our automobiles electrically, or as a fuel itself for combustion in a power plant or other devices. We’re going to have cars around for a long time. It’ll be a while before people will give up their special relationship to the automobile – as they now know it. Is there any way to deal with all the cars on the road today? And that’s what I’m talking about: Ways of taking nature and producing combustion fuels that automobiles can use. 
Looking Back to Part One
Hummm. Hummm. So let’s see.  In the first part of this podcast, we learned how global climate change — global warming — happens.  The culprit?  The greenhouse effect, which involves a build-up of gases  — such as carbon dioxide and methane — in Earth’s atmosphere.  CO2 comes from burning.  Burning coal in electric power generating plants.  The tailpipes of motor vehicles.  Burning rainforests to make way for farms and pastures for cattle, and from other sources.


Much of the methane comes from raising cattle, growing rice in flooded fields, and the decay of plant matter in swamps. Cattle, for instance, release methane in their intestinal gas, and in their manure. Those gases accumulate in Earth’s atmosphere. Atmospheric levels of carbon dioxide, for instance, have risen from 280 parts per million in 1850 to nearly 385 parts per million in 2007.


Those gases act much like the panes of glass in a greenhouse. Sunlight passes right through and heats thing up.  Then the heat gets trapped and cannot escape back into space.  And Earth warms up.  
Magic on the Roof
The artificial photosynthesis that Dr. Orbach mentioned could mean revolutionary changes for consumers. Just imagine it.  Imagine filling up the car of the future with water rather than pricey gasoline.  Cars could have a photosynthesis unit on the roof that uses the plant’s magic to free hydrogen from its embrace with oxygen in water.  Voilà. There you go.  Hydrogen to power the car — producing only water vapor as it burns, rather than CO2 and a bevy of air pollutants. 


Developing artificial photosynthesis could mean another tremendous benefit for the United States – energy security.  Here is Dr. Orbach:
It would free us of 30 percent of our transportation fuels. And we are projecting up to 70 percent of our transportation fuels having to come from foreign oil. So it makes a huge difference.
In June, scientists in Switzerland and China announced one advance toward artificial photosynthesis.  Dr. Michaël Grätzel and colleagues reported achieving a record light-conversion efficiency of 8.2 percent with a solvent-free version of the dye-sensitized solar cells. Dr. Grätzel, of the École Polytechnique Fédérale de Lausanne in Switzerland, invented dye-sensitized solar cells in the 1990s, and has reported on them in ACS journals and at ACS National Meetings.


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, the cells are widely expected to become competitive in price with fossil fuels in the long term.


Compared to standard solar cells, the new cells work more like plants in the way they convert sunlight to energy.  If they use a dye that is structurally similar to chlorophyll, they become green in color. They also are easier and less expensive to produce.  Dye-sensitized cells also have a longer working life than amorphous silicon-based solar cells, which have a 6 percent light conversion efficiency.
The revolutionary discoveries — the “eureka! moments” — that Dr. Orbach mentioned earlier sometimes do happen suddenly, almost overnight. More often, however, the revolutions rise out of one-small-step advances, scientific discoveries that quietly build one atop the other until we reach a tipping point.


Chemists, chemical engineers, and other scientists made many other advances toward harnessing artificial photosynthesis in 2008.  ACS’s 36 peer-reviewed scientific journals were among the showcases.
Clean Energy Solutions

Artificial photosynthesis is based on solar energy, and solar is among the energy technologies that experts view as likely permanent solutions to global climate change.  The others already are in use and making contributions to reducing carbon dioxide emissions today. Clean hydroelectric power, for instance, now supplies an estimated 20 percent of the world’s electricity.  Another 16 percent comes from nuclear power.  What lies ahead for nuclear power, which is available right now and releases no carbon dioxide?  Dr. Jerald L. Schnoor, editor of ACS’ Environmental Science & Technology, and a professor at the University of Iowa, has these thoughts:

Nuclear may become a bigger part.  My students don’t like it when I say it, but I don’t think we can rule out nuclear …uh … out of the energy mix in the future for the simple reason that we have to come with terms with how to dispose of the waste anyway. We have nuclear wastes already sitting above ground at commercial sites and we have nuclear defense waste as well. We have to come to grips with how to dispose of that and that means that the next generation of nuclear plants could be far far safer. I would prefer not to do that. I would prefer to do it with energy efficiency and wind and solar, but I don’t think we can rule it out of the mix because it has such a small carbon footprint emitting almost no carbon dioxide.


Wind power is just beginning to blow its way onto the list of major power sources, supplying about 0.3 percent of the nation’s electricity.  Globally, it has amazing potential to reduce use of fossil fuels.  One 2006 study, for instance, concluded that wind turbines could supply 34 percent of the world’s electricity by 2050. If implemented on a large scale, wind power would prevent 113 billion tons of global warming gases from entering the atmosphere by 2050, the study found. Here is Dr. Schnoor:
Wind is economically competitive right now. And it’s growing at more than 30 percent per year. Sort of like the growth of cell phones in the 1990s. So wind is on its way with a little government help. There is a government subsidy of about a little more than a cent per kilowatt hour helping wind along. But it’s competitive certainly with new coal right now and we’re building an awfully lot of wind turbines.

The Solar Challenge

Another permanent solution to global warming lies in wide use of solar energy in photovoltaic cells — solar cells — and other technology. Dr. Harry Gray, of the Caltech Center for Sustainable Energy Research, makes it clear that solar energy has vast potential.  He also spoke at that ACS 235th  National Meeting in New Orleans. 

 
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.
With the sun such a vast potential resource, why does solar energy provide less than 0.1 per cent of the country’s electricity? The problem is solar energy’s high cost compared to other sources of energy.  Here is Harry 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. Schnoor points out that while solar now lags, government policy — for instance, subsidizes for early adopters of solar — can have a major impact while scientists continue the search for more efficient photovoltaic devices.

But subsidies are in place in, California, Japan, Europe, for solar roofs. For example why should we have shingles on the roofs of our houses? Why shouldn’t we capture that sun’s energy and turn it into electricity or even turn it into hydrogen to run the appliances in our homes. We’ll soon have a million homes doing it in California, with subsidies. 

Harry 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.
The Energy Storage Challenge

That potential show-stopper is the challenge of developing technology to store energy produced with alternative sources.  To store solar energy for use during the night or on cloud-filled days.  To store wind power for times when winds are calm. Dr. Robert Disselkamp, of United Research Service’s Washington Division, is among the chemists addressing that challenge.

It’s a two-pronged approach. Certainly one of the areas that needs to be pursued is alternative energies and certainly another area that is just as important would be storage of that energy. And then certainly the use of that energy at some later time via some large-scale energy storage, or on smaller scales as well, would be another area to pursue work in and it’s also well underway by various groups.
Traditional fossil fuels are always available. Simply burn as needed. With wind and solar however, there’s a need for technology to store the energy and for release when needed. The energy source may be unavailable at times of greatest consumer demand. Disselkamp describes it as an “out-of-phase issue.”

Sometimes the use of our energy is out of phase with the production of energy, say by solar means or other renewable energy source production mechanisms. If it’s directly put into the electrical grid throughout the United States and within countries with well-established electrical grids within the countries, then certainly the idea would be to hopefully have sequestration of energy on a large-scale to meet that out-of-phase issue that can arise.
In an article in June 2008 in the ACS journal Energy & Fuels, Disselkamp reported on one approach to the challenge, a new energy storage concept — a fuel cell based on hydrogen peroxide that could be used to power cars.

One can think of it as an aqueous solution of hydrogen peroxide.  And then there would be an anode and cathode exposed to that solution. At the cathode you generate hydrogen and at the anode you generate oxygen.  Then at those respective electrodes you could take those different gases, send them into a polymer electrolyte membrane fuel cell, and generate electricity out of the system.
Climate-Friendly Cities

We could make a huge dent in CO2 emissions by focusing just on the generation of electric power and transportation.  In the United States, generating electric power with coal and other fossil fuels accounts for about 40 percent of CO2 emissions. Powering cars and trucks with gasoline and diesel accounts for another 29 percent.  Those are the No. 1 and No. 2 sources — almost 70 percent — of the total CO2 from human activity.


However, experts agree that other changes may help. We may need new agricultural technologies, for instance, that reduce methane emissions from cattle farming and rice growing.  “Green chemistry” may provide new processes that reduce greenhouse gases from industrial processes.  And entire communities and their infrastructures may have to become more energy-efficient.

One of the solutions for addressing climate change is urban form – that is the way a city is laid out. And commonly, people mean addressing and reducing urban sprawl. So, we know from significant evidence that as cities sprawl, people who live in more distant communities need to travel farther each day to get to where they’re going.

That’s Dr. Julian Marshall of the University of Minnesota. In a May 2008 article in  Environmental Science & Technology, he described how controlling urban sprawl and urban form plays an important role in addressing climate change.


Dr. Marshall says cities that are sprawled out tend to be less energy efficient than those with a more compact design. In part, that’s because people in cities with better urban form don’t have to travel as far to get to where they’re going. And there’s more mass transit available. Combined, that equals fewer transportation emissions. So how does controlling urban sprawl compare to other energy-saving technologies?

When we look at other approaches that are commonly discussed in the media and that people talk about quite a bit – such as improving vehicle efficiency or trying to lower carbon fuels – when I evaluated sprawl reduction, the magnitude of impact that I see is comparable to the other more commonly discussed technological solutions. So that suggests to me that if we want to we can include sprawl reduction as one of several solutions toward addressing climate change.
Dr. Marshall noted that 2008 has special relevance for scientists studying urban sprawl’s potential for mitigating climate change:

This is a very important year in the study of cities because this is the year that our globe switches from having a majority of the population live in rural areas, which is how it’s been for a very long time, and then this year it’s expected to switch, so we’ll have a 50-50 rural-urban population. And then looking forward into the future, it’s projected that urban population will roughly double while rural populations will level off or decline.

The human migration from rural to urban populations is an ongoing global phenomenon.  The urban sprawl of large cities has given way to megacities, those with more than 10 million population.  In 1995 there were 14 megacities.  By 2015, there will be 21. 
Conclusion

Amid all the concern and controversy over global warming and its consequences on everyday life, there are few certainties.  Most scientists agree on one:  In confronting this challenge, society must explore multiple solutions.


What if the quest for artificial photosynthesis or low-priced solar cells fails?  Then we must have back-ups such as clean coal technology, safer nuclear, more wind and geothermal power, and climate-friendly cities.


Most scientists also agree on another certainty:  We must move ahead now on the quest for solutions.  Today’s reductions in CO2 emissions may have little effect on global warming until our children’s children are experiencing life in a greenhouse world.

DOE’s chief scientist Ray Orbach put it well:

If we don’t address the issues of what causes climate change now, we’re going to leave our children and grandchildren with a problem that will only get worse.
Please join us here at the American Chemical Society for another chapter in this ongoing saga of chemistry for life. In our next special Global Challenges podcast, which focuses on efforts to achieve sustainability — the challenges of developing technology for agriculture, industrial production, transportation and other essentials that can continue for the long haul, without damaging the world that will be home to future generations. Today’s podcast was written by Marvin Coyner and Michael Woods. I’m Adam Dylewski at the American Chemical Society in Washington.
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