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    Book Abstract


    MAIN IDEA


    Capitalism has been proven time and again to be the most powerful economic force in the world. It’s now time to bring this engine of change fully to bear on the most pressing problem facing civilization today – global warming.


    The way to do this is simple – by installing a cap-and-trade mechanism which will provide genuine economic incentives for companies to cut their pollution and reduce their global warming emissions. It could work this way. The U.S. Congress would first need to set a legally binding and steadily declining limit on the amount of global warming pollution U.S. companies could emit. The emissions allowances could then be divvied up among current emitters or auctioned by the government to raise revenues. Polluters who want to emit more than their fair share would then need to pay more to buy extra credits while those who reduce their emissions can profit by selling their credits in an open market.


    By offering genuine financial benefits to those who develop new ways to generate carbon-free energy and to those who develop new technologies to remove carbon emissions from existing industries, a huge amount of ingenuity and innovation would be unleashed. This has always born fruit in the past and there is no reason to believe the markets cannot be harnessed now to solve the growing global warming problems facing the world today. A cap-and-trade market mechanism of this nature would set off an intensive commercial race to find new and creative ways to reinvent energy and the various ways it gets used. A lot of promising new energy sources are already under development and it is time to let the free markets decide which of these technologies should be scaled up and put into prime time use and which will lack genuine commercial viability.


    In short, let the markets decide how energy should be reinvented – not some government bureaucrat or environmental special interest group.


    About the Author


    FRED KRUPP has been president of the Environmental Defense Fund for 23 years. He is considered a pioneer in the use of market forces to achieve ambitious environment goals. Mr. Krupp, a graduate of Yale and the University of Michigan Law School, was instrumental in the strengthening of the 1990 Clean Air Act which The Economist hailed as “the greatest green success story of the past decade.” Mr. Krupp has advised presidents of the United States and partnered with DuPont, FedEx, GE, McDonalds and Wal-Mart to lessen their impact on the environment.


    MIRIAM HORN is an employee of the Environmental Defense Fund. She previously worked for the U.S. Forest Service and as a writer for Vanity Fair and the New York Times. She is the author of Rebels in White Gloves. She is a graduate of Harvard University, and studied environmental science at Columbia University.


    The Web site for this book is at www.earththesequel.edf.org.


    Important Note About This Ebook


    This is a summary and not a critique or a review of the book. It does not offer judgment or opinion on the content of the book. This summary may not be organized chapter-wise but is an overview of the main ideas, viewpoints and arguments from the book as a whole. This means that the organization of this summary is not a representation of the book.


    Summary of Earth: The Sequel

    (Fred Krupp and Miriam Horn)


    How a Cap-and-Trade market would work


    At the present time, no cost is attached to companies which emit the pollution which contributes to global warming. Equally, no benefit flows to those who come up with workable ways to actually reduce that pollution. The cap-and-trade market concept is designed to provide just such economic incentives and disincentives.


    How it would work would be very simple:


    
      	The United States Congress must set a legal and steadily declining limit on the amount of global warming pollution the country is able to generate each year.


      	The allowances must be divvied up among the current pollution emitters in the form of “carbon credits” – an arbitrary unit which allows the owner to generate a specified amount of pollution.


      	Alternatively, the allowances could be auctioned off by the government to raise some revenue.


      	The ongoing market price of carbon credits is then set by the market itself.


      	If companies want to generate more pollution than they currently have carbon credits for, they will need to purchase additional carbon credits at whatever price the open market sets it at.


      	Conversely, if companies introduce new technology which allows them to reduce their carbon emissions, they will have more carbon credits than they need. Companies can profit by selling those carbon credits on the open market.

    


    The normal market forces and human impulses like ingenuity, idealism and ambition would then be harnessed in this way to undo some of the damage which has led to global warming. Companies which come up carbon-free ways to generate electricity, for example, would generate huge financial windfalls under a cap-and-trade mechanism of this nature. It would also create a level playing field where the risks involved in investing in some of these new clean technologies can be offset by the sizable benefits that could flow if successful.


    The real benefit of a cap-and-trade system, however, would lie in the regulatory certainty this kind of system would provide. At the present time, the developers of low-carbon technologies must hope markets will emerge for what they are developing. This makes these types of investments high risk from both a technical and a commercial perspective. With a commitment to a cap-and-trade system, at least the commercial risks will become better known. It will be clear there will be a market for what becomes available because there is a cap which is steadily reducing. Anything which helps in this effort will obviously and clearly have high commercial value.


    “The United States is now the only developed country in the world not under a carbon cap. As the nation responsible for the largest proportion (30 percent) of man-made greenhouse gases already in the atmosphere, the United States has the obligation to lead. And as the richest nation on earth, and the sole superpower in economic as well as geopolitical terms, the United States has the unique ability to lead. Developing nations racing to modernize cannot be expected to act if the largest and richest emitter will not. Some argue that the United States should not make a move until China and India do. But the United States has never followed China’s lead in foreign policy-nor should it now.”


    – Fred Krupp and Miriam Horn
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    “Some economists have proposed a carbon tax rather than a cap-and-trade system, arguing that a tax would not only provide the price signal needed to spur changes in behavior but also generate revenues to fund research in clean energy and help low-income households pay their energy bills. A cap-and-trade system could also create government revenue, by auctioning off some of the allowances. But more important, a cap would mobilize far more money than the government ever could to solve the problem of global warming, by creating a marketplace where anyone who can reduce the levels of carbon in the atmosphere can sell those reductions for a profit. A tax creates no such market, and so fails to enlist the full range of human potential in a struggle where every bit of creativity is needed. The most critical failing of a tax is that it requires lawmakers to guess how high that tax must be in order to drive emissions down far enough to ensure the planet’s safety. The price of guessing wrong, and allowing emissions to rise past the point where the planet may begin to change in irreversible ways, is a gamble no one should be willing to take.”


    – Fred Krupp and Miriam Horn


    “In meeting the challenge of global warming, we are all in it together; either we all succeed or we all fail.”


    – Fred Krupp and Miriam Horn


    New energy technologies currently under development which would get launched into the mainstream under a Cap-and-Trade market mechanism


    1. Solar generated electricity


    Use high efficiency photovoltaics to turn sunlight directly into electricity


    “Every hour, the sun provides the earth with as much energy as all of human civilization uses in an entire year. At just 10 percent efficiency – that is, if only 10 percent of that solar energy were converted to electricity – a square of land 100 miles on a side could produce enough electricity to power the entire United States.”


    – Fred Krupp and Miriam Horn


    One way to convert some of the sun’s energy into electricity is to use photovoltaic cells – semiconductor devices which take sunlight and convert it directly into an electrical current. Even though these devices have been known to science for more than 50 years, in 2007 less than 0.05 percent of the total electricity supply was generated by photovoltaics.


    The biggest obstacles to date have been the fact photovoltaics have been too expensive and it has been too difficult to store the energy generated on a sunny day for use on cloudy days. There are three paths which are currently being pursued to address these shortcomings:


    
      	More efficient and cheaper photovoltaic cells are being developed – typically using crystalline-silicon cells but also other materials are being looked at. Companies are active in Japan, China, Germany, India and elsewhere looking for the next-generation materials to make even more efficient photovoltaic cells in the future. Nanotechnology may also be an important player in this regard.


      	Mass production techniques are being used to produce next-generation photovoltaics in high volume – making it feasible to build huge generators. A number of companies are actively developing newer and cheaper manufacturing technologies which will allow photovoltaic cells to be mass produced. Some of these new technologies even embed photovoltaics into building materials that can be used in construction such as roofing shingles and plywood.


      	More expensive photovoltaics are being developed – which are much more efficient again than current generation photovoltaics. Some of these new devices concentrate the sun and continually orientthe photovoltaic cells to where they will operate most efficiently. A series of in-built microprocessors keep a series of lenses and cells aimed directly at the sun. These more expensive photovoltaic cells have layers of metals, each of which absorbs a different wavelength of light to generate electrical current. They achieve efficiency rates of 40 percent or more which are almost unheard of for any kind of solar cell technology.

    


    The good thing about photovoltaics is the fact they are generating the most electricity exactly when the demand for electricity is highest – when the sun is shining and it’s hot enough for consumers to turn on their air conditioners. That means photovoltaics can reduce the need for electricity suppliers to add more generating capacity to handle peaks in demand.


    Much of the development work carried out to date on photovoltaics has been subsidized by government grants paid by Japan and Germany. These are fine but they tend to reward those companies which have solid lobbying prowess and not necessarily those technologies which perform the best. Grants also require governments to try and take a guess which technology is going to end up being the best which is an exercise fraught with obvious danger. The fact grants can be turned off abruptly whenever there is a change of government also generates other problems for this as an ongoing funding model.


    “The cap-and-trade system is the best way to harness market forces to fix a market failure. Instead of forcing polluters to pay certain prices or to back particular technologies, the cap-and-trade system mandates only the pollution limit, then lets the competitive machinery of the market figure out the cheapest, most efficient way to get there. Mobilizing the market ensures that the hunt for the cheapest technologies will be as broad as possible, ranging as far as the human imagination; only with such a far reaching search will the United States be able to reach the 80 percent reduction in global warming emissions that scientists tell us is necessary to stabilize the climate. That broad hunt, in turn, sets in motion a valuable cascading effect; as the market finds the most efficient technologies, and quickly brings down the cost of reducing pollution, the political will builds for even steeper carbon cuts – without the backlash that inevitably follows when the government tries to pick technologies and too often makes the wrong choice.”


    – Fred Krupp and Miriam Horn


    2. Solar generated electricity


    Use the sun’s thermal energy as an ongoing source of new electricity


    Rather than using photovoltaics to convert sunlight into electricity, a second alternative is to store the sun’s energy as heat and then use that energy to do useful things. There are three trains of thought on how this can be achieved in practice:


    
      	Concentrate sunlight to a central collector where it is used to turn water into steam – and that steam can then be used to drive turbines that generate electricity.


      	Convert solar thermal power into stored heat using molten salts as the storage medium – again with the stored heat ultimately being used to run electricity generators.


      	Use sunlight as the energy source for a Stirling engine – which then runs a small electricity generator.

    


    A large number of power generating utilities are now entering into electricity supply contracts with solar thermal power suppliers because they have a statutory obligation to derive a set proportion of their power from clean sources that don’t add to overall carbon emissions. However, whether the small-scale solar thermal energy generators who currently have proof-of-concept pilot plants operating can scale up to the size which will be required for solar thermal energy to make a dent on the overall energy market remains to be seen. Unless and until these solar thermal companies build anything on the scale of a commercial power plant, it’s impossible to forecast what kinds of technical problems they will strike. A commercial scale thermal energy power plant may require tens of thousands of solar collectors and power generators to act in sync, which may or may not work out in practice.


    The other key challenge with solar thermal electricity is how it gets integrated into the electricity supply grid. By their very nature, large-scale thermal plants will need to be built in the middle of nowhere so there won’t be any problems with having line-of-sight access to the sun. Generally speaking, there are no existing transmission lines in these kinds of places so new and expensive transmission lines will need to be built. It is generally accepted transmission lines cost more than $1 million per mile to construct. It’s hard to earn a decent return on this kind of infrastructure investment unless the line is used constantly but solar thermal energy will only really operate well in peak sunlight conditions. That means the majority of the time, the transmission lines will sit idle or underused.


    Reliability is also a concern with solar thermal energy. On a cloudy day, the thermal energy plants would be either nonoperational or operating only at a small percentage of capacity. This unpredictability makes it difficult for electrical utilities to match supply and demand. One possibility may be some of the sunnier states (Arizona, New Mexico, California, Nevada, Utah, Colorado and Texas, for example) to set aside resources and land in order to generate solar electricity to sell to those states with less suitable climates. It has been estimated that around 11 percent of New Mexico’s land converted to a solar thermal energy power plant could be used to power the entire U.S. power grid on a sunny day.


    How to attract the development funding which will be required to get to a stage where solar thermal sourced electricity is viable is also a good question. Most of the solar players favor the suggested cap-and-trade system.


    “A cap creates an immovable object, a problem that must be solved, and gets new technologies – first wind, not geothermal and solar-into volume production in the market where they then become ‘ordinary’ choices in resource plans. A cap creates a market where companies can plan on sustained business and invest in aggressive cost reductions to be the folks who capture that market – exactly what the planet needs.”


    – John O’Donnell, executive vice president, Ausra


    3. Alternative biofuels


    Use biomass and living microbes to generate suitable biofuels


    The U.S. vehicle fleet pumps 1.3 billion tons of carbon dioxide into the atmosphere every year. More than $820 million in capital is exported every day from the United States to pay for the oil needed to run these vehicles, creating in the process huge political uncertainty about the integrity of the oil supply chain. Therefore, when two postdoctoral students from the University of California, Berkeley founded a company to commercialize technology which uses the metabolism of yeast to ferment sugar into a fuel which is as energy dense as gasoline, it was not surprising that venture capitalists scrambled to get part of the action. Their new company, Amyris Biotechnologies, attracted more than $20 million in startup capital. The company’s CEO has promised to grow Amyris into a $10 billion company in five years.


    The shining commercial example in the extensive use of biofuel is Brazil. This country has used its abundant sugar cane crop to reduce its gasoline imports by fully 40 percent. As a result, Brazil became energy independent in 2006 when its ethanol exports matched its petroleum imports.


    Bioengineering has come to the fore in the search for suitable biofuels for transportation purposes. Most of the companies which are currently active in this field use microbiological processes rather than


    

    
      	One 25-gallon tank of corn-based ethanol requires enough grain to feed one person for an entire year.


      	The United States uses 140 billion gallons of gasoline and 40 billion gallons of diesel fuel each year. Even if the entire nation’s corn crop were converted to ethanol, it would meet just 17 percent of gasoline demand.


      	Ethanol derived from corn produces just 25 percent more energy than the fossil fuel used to plow the fields, grow, harvest and transport the grain. When measured over its entire life cycle, corn ethanol is not very good at reducing greenhouse gas emissions.


      	For political reasons, the United States currently subsidizes the corn crop with more than $7 billion a year.

    


    

    

    
      	A Jet-A biofuel equivalent which actually has more energy than the standard fuel and a lower freezing point is now becoming available at a 2010 cost equivalent of around $40 a barrel of oil.


      	A diesel fuel equivalent will come to the market by 2010 priced at under $2 a gallon, which will make it very price competitive if the current price of oil is maintained.

        

        
      

    


    4. Biofuels


    

    

    

    

    

    

    

    

    5. Ocean energy


    

    

    

    
      	You can build buoys which are moored loosely to the sea floor. As the buoys rise and fall as a wave passes by, that can produce a small squirt of water which can then be fed into a turbine and generator. Each buoy can generate about 250 kilowatts of electricity. You would then have a submarine cable to carry the electricity back to shore from a large number of buoys clustered together.


      	You can build giant underwater turbines (basically shaped like wind turbines) which get turned consistently by the backwards and forward movements of the tide. Typically these underwater turbines rotate to capture the flow direction of both high and low tides.


      	You can install devices on the shoreline to capture the movement of waves and use that to drive a turbine shaft.

    


    

    

    

    

    

    

    6. Earth-derived energy


    

    

    

    

    

    

    

    

    

    7. Coal


    

    

    

    

    
      	Some are trying to increase coal’s efficiency – so if it does need to be used to generate electricity, the maximum amount of energy will be extracted from each ton of coal that is used. Nearly all coal-burning power plants in use today burn coal that has been pulverized to a powder which is then blown into a boiler. Typically, these plants convert only about 35 percent of the coal energy into electricity. It has been found if higher temperature boilers are installed, an efficiency rate of greater than 45 percent can be achieved which in turn can reduce carbon dioxide emissions by 20 percent or more. Various companies around the world are working to develop boilers which will run at even higher temperatures again setting off a virtuous cycle where the greater the efficiency of energy extraction, the less coal that must be burned and therefore the less carbon emissions which will be generated by the power plant.


      	Others are working on enhanced scrubber technologies – which could be retrofitted to the smokestacks of existing power plants to better capture the carbon dioxide which ordinarily would be vented with the flue gases. New technologies using chilled ammonia and other reagents to strip the carbon dioxide from the exhaust gases are currently being tested and fine-tuned. The challenges are quite daunting because of the sheer volumes of materials involved. A typical 500-megawatt coal-fire power plant will generate about 3 million tons of carbon dioxide a year so whatever technology is used to do the scrubbing it must be capable of handling awe inspiring amounts of material on an ongoing basis.


      	Still other projects are attempting to fundamentally change the way coal is used – for example turning coal to gas before it is burned coupled with the underground sequestering or capture of carbon dioxide in the ground. One approach is to use catalysts which turn coal into methane gas which will burn more efficiently than coal dust. Another idea also being trialed is to burn the coal underground where it occurs in nature and then pipe the gas produced to the surface where it can be used to fuel boilers that power turbines. Other projects are looking at ways carbon can be captured and then stored deep underground forever.

    


    8. Today’s solutions


    

    

    
      	Tropical deforestation is a huge global warming challenge. It has been estimated deforestation is in fact the second-biggest cause of global climate change, trailing only the burning of fossil fuels. The problem at the present time is the owners of the land many tropical forests are on are impoverished. Many groups are working to vest ownership of these lands into extractive reserves where the local people are allowed to carry on their fishing and gardening but speculators are not allowed to purchase land and turn it into pastures or use it for other purposes. Other groups are working towards allowing nations which discourage deforestation to earn tradable carbon credits which can be used to fund modernization and commercial development projects. Paying countries to keep their rainforests standing is a very practical idea.


      	In 2007, 125 methane biogas recovery systems were built in the United States alone. These systems, typically installed at large farms or landfills, capture the methane gas emitted by animal wastes and trash dumps and produce clean, cheap power. In a win-win situation for the environment, methane capture avoids millions of tons of greenhouse gases which would otherwise have been vented into the atmosphere and turns them into electricity which can then be sold. Waste management companies which operate landfills are also starting to develop expertise in the commissioning and management of these electricity generators.


      	In a number of countries, energy efficiency educational programs have been launched. The combined impact of better education is massive, with some reports suggesting the United States could almost halve its greenhouse gas emissions by 2030 even without major new technology or draconian lifestyle changes. Better software is becoming available which helps individuals and businesses track how much energy has been saved by simple measures like replacing incandescent lighting with more energy efficient bulbs and also encouraging people to turn off electrical devices when they are not being used. More energy efficient home appliances are also part of the mix


      	Much thought and effort is going into figuring out how to make automobiles more environmentally sound. Some people are suggesting moving the entire fleet towards using electricity for fuel. The number of plug-in electrical cars and hybrids now under development in Detroit and elsewhere is staggering. Other companies are furiously laboring away to develop better batteries, smarter ways of charging those batteries and other ideas. If plug-in hybrid vehicles go mainstream, interesting things can and will happen. The more widespread use of electricity to fuel transport will be inextricably linked to the search to generate power from carbon-free sources and the necessity to develop the infrastructure needed to make this happen right across the entire vehicle fleet.


      	Other research is going into developing ways to make current gas engines more efficient, to make cars lighter and at the same time stronger, and to optimize all aspects of the way motor vehicles operate. As these technologies reach the market, it’s very easy to see thousands of tons of greenhouse gases which would otherwise have been created will simply not get created in the first place.


      	Another interesting area of automobile-related innovation is to focus on finding ways to reduce the amount of driving people do. Ideas here range from smarter real estate developments to getting the incentives right for people to use public transport rather than their own private vehicles. Charging access fees for people who want to enter city centers during peak hours, developing toll roads and even offering cheaper pay-as-you-go insurance with lower premiums for those who reduce their annual mileage are all being trialed. So too is integrated real-time information systems which will allow travelers to avoid traffic bottlenecks and breakdowns. When used widely, these innovations alone could save 600 million tons of carbon by 2030.

        

        
      

    


    9. Other possibilities


    

    

    
      	Nuclear fusion is the process of combining two or more light particles to form a heavier one. It is what powers stars. The hard part is to heat the atoms enough to force them together in a controlled way. Scientists have spent many decades and tens of billions of dollars trying to build a workable nuclear fusion process without success. If ever there is a breakthrough in this area, it will profoundly change everything to do with energy production and consumption on earth.


      	The conversion of solar energy directly into liquid fuels is also technically feasible. That would allow vehicles, for example, to be powered by chemical reactions rather than fuel. Billions of dollars are currently being poured into the development of this kind of artificial photosynthesis technology. If it can be made to work as envisaged, portable but very powerful solar cells would result which can be used in all kinds of applications requiring power.


      	There is a jetstream which circles the earth at high altitudes. Some scientists are trying to develop turbines which could be positioned in the jetstream to generate prolific amounts of electricity. These generators will need to fly or hover at thirty-five thousand feet or more to work but if machines robust enough could be built, harnessing just 1 percent of the energy in the jet stream could power the whole of human civilization around the world.


      	Some scientists are proposing ways the man-made carbon emissions currently in earth’s atmosphere can be burnt to provide free fuel for future electricity generation.


      	Other scientists have proposed building artificial trees which are highly efficient at removing carbon from the atmosphere by converting it into carbon dioxide and sodium carbonate.


      	One researcher has suggested using radio waves and powerful lasers to charge the carbon ions currently suspended in the atmosphere. Those charged ions would then journey by themselves into space where the solar wind would pick them up and carry them to outer space.


      	Nuclear fission is currently used to generate around 15 percent of the world’s energy, even though questions still remain on how to dispose of nuclear waste and prevent the proliferation of nuclear material that can be turned into weapons. If these problems which scientists have been working on for the past forty years can be adequately addressed, new nuclear power plants may become commercially viable.
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