Global Challenges/Chemistry Solutions
New Fuels:  Part One
Biofuels
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/Chemistry Solutions” — 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 new fuels to meet the needs of a society facing oil shortages and global climate change.
Get set for a trip back to the future — Global Challenges’ recreation of a September day in 1925 when American automobile pioneer Henry Ford made a prophetic comment to The New York Times.  Ford, we know, invented the mass production automobile assembly line.  Off those lines rolled the first widely available car, Ford’s Model T. Ford had fuel on his mind in that interview with The Times more than 70 years ago.   
The fuel of the future is going to come from fruit like that sumac out by the road, or from apples, weeds, sawdust — almost anything. There is fuel in every bit of vegetable matter that can be fermented. There's enough alcohol in one year’s yield of an acre of potatoes to drive the machinery necessary to cultivate the fields for a hundred years. 

Strange as it may seem, Henry Ford did not design the Model-T to run on gasoline.  Ford built the “Tin Lizzie” to putt along on today’s most popular biofuel — ethanol. Although Ford lobbied for ethanol as the standard motor vehicle fuel, gasoline won out. In 1898, Rudolph Diesel, the inventor of the diesel engine, demonstrated that his new engine ran just fine on peanut oil. Now, it really is back to the future, as society rediscovers the virtues of biofuels like ethanol from corn and diesel fuel made from plant oils.
A Perfect Storm
A “perfect storm” of factors is forcing society to seek alternatives to gasoline and other fossil fuels. It includes sticker shock prices for gasoline and home heating oil.  Concerns about global climate change due to carbon dioxide release in smokestacks and tailpipes. Potential shortages of petroleum. And national security concerns about dependence on foreign sources of oil.

In a two-part podcast, Global Challenges explores scientific advances toward providing us with new fuels.  First, we will look at biofuels, the most familiar kind of alternative fuel. Biofuels already are a reality and in wide use.  Most of us fill it up with gasoline that contains a biofuel — Henry Ford’s biofuel, ethanol made from corn.  In part two, we will look into the future, when scientific advances may allow us to fill it up with water, sunlight, and other new fuels that may seem straight out of science fiction 
Brewing Up Fuels
So exactly what are biofuels?  Biofuels are combustible substances made from plants. 
There are two main types of biofuels. There’s ethanol, which is the same type of alcohol found in wine beer, and hard liquor. Ethanol is a renewable fuel that can be made by fermenting corn and other plant material. We call that material “biomass.” And biofuel producers use it in a process similar to the one brewers use to make beer. As Henry Ford said, the process is fermentation. To make ethanol, we mash up corn, add yeast, and let those microorganisms churn out alcohol. 


Nearly half of all gasoline sold in the United States contains ethanol. In 2007, 6.5 billion gallons of ethanol were mixed into the domestic supply of 142 billion gallons of gasoline. Almost all of that ethanol was made from corn. Other countries produce ethanol from different plants. Brazil, for example, makes ethanol from its most abundant crop, sugarcane.

The other main type of biofuel is oily stuff.  Biodiesel, for instance, can be made from soybean oil, palm oil, peanut oil, and other vegetable oils; animal fat; and even cooking oil recycled from restaurant French fry makers. Biodiesel can be added to regular diesel fuel.  It also can be a stand-alone fuel, used by itself as  an alternative fuel for diesel engines. The most common biodiesel blend used in the United States, called B20, contains 20 percent biodiesel and 80 percent regular diesel.  Europe’s biofuels come from multiple sources, including canola oil and palm oil.
Biofuel Benefits
Both ethanol and biodiesel can help to reduce greenhouse gas emissions and air pollution in comparison to conventional gasoline. Moreover, both are renewable and can be produced domestically, dramatically reducing our dependence on foreign oil and ultimately lowering fuel prices for consumers. With skyrocketing oil and gas prices, biofuels will power civilization into the future.

For now, ethanol remains the most successful biofuel. The U.S. Department of Energy — the DOE — estimates that gasoline prices would be between 20 cents and 35 cents per gallon higher without ethanol as a  fuel additive. For the U.S. overall, that means that use of ethanol saves an estimated $28 billion to $49 billion per year based on annual gasoline consumption of roughly 140 billion gallons. Corn-based ethanol also reduces America’s dependence on oil. DOE estimates that biofuels will reduce gasoline consumption by 7.2 billion gallons in 2008. 

On a Liquid Diet
The Energy Independence and Security Act of 2007 requires American fuel producers to use at least 36 billion gallons of biofuel in 2022. This is almost five times more than current levels.  Crude oil is the source of our mainstay liquid fuels — gasoline and diesel. The liquid nature of these fuels is critical because the 230 million cars and trucks in the United States run on liquid fuels.
We need biofuels primarily because they’re drop-in replacements for the petroleum fuels upon which we’re nearly completely dependent. Our society is really committed to liquid fuels and biofuels are the only renewable option that I know of to provide these fuels. We’re going to be committed to liquid fuels for a long time and biofuels are the only way I know to get there.

That was Dr. Bruce Dale, of Michigan State University. Dr. Dale, a pioneer in the development of so-called “cellulosic ethanol,” described the promise and challenges of biofuels in the Journal of Agricultural and Food Chemistry, one of ACS’ 36 peer-reviewed journals.

Cellulosic ethanol is one of the most exciting biofuels on the horizon today. It is ethanol made from cellulose.  That cellulose could come from the inedible parts of plants, such as stems and leaves, that are not used as food or animal feed.  Cellulosic ethanol also could be made from trees and grass like switch grass grown for fuel rather than food.  Chemistry is playing a key role in efforts to trap cellulose as a fuel source.  Intensive research is underway on enzymes to break cellulose down into sugars, for instance, and other enzymes to increase the efficiency with which those sugars ferment into alcohol.

Cellulosic ethanol is a centerpiece of the Federal Government’s Biomass Program, which aims to discover less-expensive ways of producing cellulosic ethanol.  The program’s goal:  Make cellulosic ethanol cost-competitive with corn-based ethanol by the year 2012. Here again is Dr. Dale:

Cellulosic ethanol looks attractive, or any cellulosic biofuel, because the volume of cellulosic material is so large that we can make these materials really cheaply and also because they don’t interfere with the food chain at all. I think we’ll see tens of billions of gallons of cellulosic biofuels being produced within about the next 20 years. They’ll be much cheaper than current petroleum derived fuels.
Four “Fs” of Farming
Cellulosic ethanol and new ways of making biodiesel also could ease concerns about the potential consequences — unwanted, indeed — of switching from fossil fuels to biofuels.

One concern is biofuels’ impact on food prices and the global food supply.  As more of each year’s corn crop goes to biorefineries to produce fuel, less is available to feed chickens and cows and produce corn oil and other food products.  Prices rise and consumers feel the pinch. Here again is Bruce Dale: 

Regarding the food vs. fuel controversy: The cellulosic materials, which I call “grassoline,” basically gasoline replacements and woody materials, doesn’t really exist for cellulosic materials. However, obviously corn and grain oilseeds in particular also have alternative uses as foodstuffs. Really, they’re animal feeds. But they do contribute to some degree to the rise in food prices, so that has made them much more controversial.

Dr. Jerald Schnoor, editor of  Environmental Science & Technology and a scientist at the University of Iowa, points out that biofuels put a fourth “F” in farming:
Farmers grow the three Fs — food, feed, and fiber — for the entire world. Now, for the first time, they are being called upon to produce a fourth F: fuel. But the burgeoning growth of corn and soybeans for biofuels could gravely impact the environment, increasing our soil and nutrient runoff from the land, adversely affecting water quality, and causing conservation reserve lands to be brought back into production.

There’s a widespread assumption that biofuels will reduce carbon dioxide emissions.  CO2, of course, is the main greenhouse gas.  Those gases contribute to global warming.  However, some researchers are concerned that biofuels may not be as beneficial as expected.  Look at biofuels’ “life-cycle” impact — from production through processing and transportation to burning in a car engine — and biofuels actually could contribute more CO2 than they save.


 In August, a panel of experts convened on Capitol Hill to discuss the impact of biofuels on greenhouse gas emissions. Dr. Cathleen Hapeman, a research chemist with the U.S. Department of Agriculture’s Agricultural Research Service, moderated the panel discussion on this topic.

 Biofuels production is actually quite complex. We have to consider the amount of energy and environmental issues associated with production. We have to look at the processing and conversion part and we have to look at the market aspect of this. And part of the piece that’s not been studied very much is the environmental issues. That is, what are the issues in terms of soil erosion, greenhouse gas emissions, are there water quality or air quality issue. And sometimes we can actually use biofuels production to be a positive aspect but it may also have negative aspects. And we have to make sure we’re not contributing to environmental degradation
Another involves environmental effects of biofuel, especially of Europe’s recent attempts to use palm oil as a biofuel.  Much of that oil comes from plantations in areas like Borneo and Sumatra. Those plantations are carved out of rainforest that provides habitat for threatened or endangered species like the orangutan.

The Allure of Algae
So scientists are now eagerly looking at a second generation of biofuels that are made from other sources, such as algae. Yes, we’re talking about those weeds of the water world, most familiar as the green coating known as “pond scum” and the seaweeds that decay and stink on some beaches.

Scientists have figured out how to produce both ethanol and biodiesel from algae. Unlike food-based biomass that takes up hundreds of acres of farmland, algae needs comparatively little space and grows quickly. Although algae-based fuel produces more energy than cellulosic ethanol, it also costs more to produce.

But researchers are hoping to lower its cost. Last year, the U. S. Department of Energy’s National Renewable Energy Laboratory and Chevron forged a collaboration to develop advanced technologies for making fuel from algae. A few other companies, such as GreenFuel and Solix, plan to produce  algae-based biofuel.  
Green Gasoline
Gasoline doesn’t grow on trees — not today’s gasoline, anyway.  But tomorrow, we may be filling up with gas that does, with green gasoline.  Green gasoline is a liquid identical to traditional gasoline in energy content, but made from sawdust, switch grass, or other biomass.

In April 2008, the National Science Foundation, DOE, and the American Chemical Society released a report on the latest efforts to produce not just green gasoline, but green diesel and green jet fuel. One contributor to the report was Dr. George Huber, a chemical engineer at the University of Massachusetts in Amherst. Huber and colleagues also reported their own major advance toward producing green gasoline.  It was the first direct conversion of plant cellulose into gasoline components.  Here is Dr. Huber:
We’ve developed a new process to make green gasoline called catalytic fast pyrolysis. In this process, we take this biomass and thermally heat it, it decomposes and enters into the catalyst’s pores and out of it comes gasoline, CO, CO2 and water. We’re focusing on everything that’s found in gasoline today and trying to make that from biomass.
Dr. Huber points out that green gasoline has other advantages, in addition to being produced from renewable resources in a sustainable fashion.
The big advantage of this process is there are no net CO2 emissions. So the advantage of this process is its greenhouse gas neutral. So environmentally, it will be a lot better than gasoline. 
In Latin America and the Caribbean, another non-food plant is getting attention as a potentially rich source of biodiesel.  It is the jatropha, which grows well in this area, and especially Haiti, which experiences chronic shortages of diesel fuel and electricity.
Designer Hydrocarbons
Other research advances promise to improve the qualities of conventional gasoline. Dr. James Dumesic, a chemical engineer at the University of Wisconsin-Madison, developed a two-stage process for turning biomass-derived sugars into dimethylfuran.  That potential gasoline additive has 40 percent more energy per gallon than ethanol. Other scientists are trying to use genetic engineering technology to get microbes like E. coli and yeast to convert sugars to gasoline and diesel rather than ethanol.  At least two companies, LS9 and Amyris, are leading the way in producing these so-called designer hydrocarbons. 
       At LS9, a biotechnology company based in California, researchers are developing a petroleum product from sugars using genetically-engineered bacteria. The company expects the biofuel to serve as a drop-in replacement for conventional gasoline. Wei Huang, the company’s Vice President of Process Development and Engineering, characterizes the company’s biofuel as a revolutionary product that could be on the market three years:

We are very excited and proud of our technology. We believe that LS9’s Renewable Petroleum Technology will profoundly change the future of the transportation fuel industry. We will have a second generation biofuel that is non-fossil based, non-food based, sustainable, cost competitive and can be readily fit into the existing infrastructure. We have a pilot plant in operation right now. We make gallons of products, mainly for research purposes right now. We expect to make millions of gallons per year in the future.

These biofuels certainly will make a huge contribution to our energy needs in the 21st Century.  However, let’s keep biofuels in perspective, the kind of perspective that Jerry Schnoor talks about:
Are biofuels a panacea for our energy problems? I don’t think so. Unfortunately, our gluttony for liquid fossil fuels is so large, so gargantuan that we cannot grow our way out of this problem. The U.S. consumes 21 million barrels of petroleum each day. That’s about three gallons for every man, woman, and child in the country. Even if we utilized all 72 million acres of corn planted in the nation for ethanol and biodiesel, it would satisfy only 10 percent of our current petroleum consumption. And it would leave us with little room for the other three Fs: Food, feed, and fiber. Clearly, conservation and energy efficiency are still our greatest energy resources if we choose to get serious about them. Wind and solar can help, too. Biofuels are one element of a rational and strategic response to the problem, but they are not a panacea.
Conclusion

As Dr. Schnoor suggested, it will take smart chemists working on biofuels and a range of other options as we seek to power our economy. It also will take innovative thinking. Those are the key to solving global challenges of the 21st Century. Please join us at the American Chemical Society for the next chapter in this ongoing chapter of chemistry for life. In our next special Global Challenges podcast, we will examine other alternative energy sources, including solar energy and hydrogen.

Please join us here at the American Chemical Society for another chapter in this ongoing saga of chemistry for life. Our next Global Challenges is Act 2.  It picks up from here and raises the curtain on the challenges of developing new other than biofuels. Today’s podcast was written by Mark Sampson. Our editor is Michael Woods. I’m Adam Dylewski at the American Chemical Society in Washington.

