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Preface

At various times over the past five years, I have seriously considered writing a comprehensive book about energy. My primary motivation for writing about energy is a sincere belief that many of our current global energy policies entail unacceptable trade-offs and threaten future generations. As a result, I feel compelled to engage people on the topic of energy, with the hope that these discussions can gradually help influence energy policy in a positive way.

To be clear, this is not a book about peak oil. There are plenty of those that cover both sides of that issue. This book is about the many energy options we have, and the many trade-offs we make as a result of our energy choices. The topic of peak oil is certainly covered, but I think my take on peak oil is a bit different from that of most people.

The topic of energy is wide and deep. As a result, it is impossible to cover all topics to everyone's satisfaction. My goals for this book are to pique your interest in a wide range of energy topics, encourage you to start thinking about energy in a different way, help you to more clearly understand our energy trade-offs, and to share with you interesting bits of energy trivia. I will tackle many polarizing topics—such as nuclear power and climate change—but hopefully in a nonpolarizing fashion.

Every reader is going to find points of agreement and points of disagreement in the book. I consider myself a reasonable person, and sometimes reasonable people disagree. We all view the world through a set of lenses influenced by our individual experiences, and those lenses frame our beliefs. The lenses come in many different forms, and to really understand a person's arguments, it helps to try to view the issue through their lenses. Some people believe we are entering the early stages of an unprecedented energy emergency, while others believe we are on the cusp of an era of abundant and clean energy. In order to effectively dialogue with such disparate groups of people, I want to understand what has shaped their views.

My lenses dictate what I write, as well as why I write. This book will go into depth about why I believe some of the things I believe, but there are three very broad beliefs that influence my writing:


	We must transition away from fossil fuels with a sense of urgency, for reasons discussed in this book.



	To achieve this transition, we need to develop systems and services with a much lower fossil fuel dependency—while ensuring that we have adequate energy supplies during the transition.



	During the transition process, we must take care of our air, water, and especially our topsoil to preserve our ability to feed the population.


During my career, I have worked in the chemical industry, the oil industry, and the renewable energy industry. I have lived in many places—Oklahoma, Texas, Germany, Montana, Scotland, the Netherlands, and now Hawaii. These jobs and these places helped shape my perspectives on energy. I am a chemical engineer, but before going into engineering I received my bachelor's degree in chemistry, and then spent two years working on a PhD in chemistry. That training as a scientist helped to instill in me the understanding that scientific conclusions are tentative and always subject to revision as additional data come in. I therefore realize the importance of keeping open the option that any particular position of mine is wrong—and I have tried to maintain that perspective during my career, and while writing about energy.

But acknowledging that one could be wrong has to go hand in hand with the consequences of being wrong. Therefore, when I advocate for a specific course of action, I strive to understand the consequences if that action is based on beliefs that are ultimately wrong. I try to constantly keep that in mind as I write.

My goal is to write objectively. In order to be successful, I constantly find myself trying to view the world through another person's lenses. But as you read this book, you will see the world through my lenses.







[image: Image]

All About Energy
Dependence and Disconnect


All our knowledge has its origins in our perceptions.

—Leonardo da Vinci



Over the past 250 years, energy has driven an enormous expansion of the global population, and it has dramatically changed the way we live. Beginning in the second half of the 18th century, the Industrial Revolution—enabled by cheap and ample supplies of coal—brought about many new inventions, large-scale industrial production, and jobs for many. The world's per capita income and population both began to grow rapidly.

The first half of the 20th century saw the rise of automobiles and airplanes—enabled by growing global production of petroleum. As the 20th century progressed, we began to heat our homes with natural gas, and during the 1960s and 1970s nuclear power became a major source of electricity.

As energy usage became a bigger part of our daily lives, the world built a structural dependency upon fossil fuels such as petroleum and coal, because no other source of energy was as cheap, convenient, and available at such a large scale. Globalized trade became possible in a way that would have been unimaginable without the fossil fuels used to fuel the global supply chain.

However, this dependency came with risks, as well as trade-offs. As countries became more dependent on oil, for instance, their economies were much more sensitive to fluctuations in oil prices. Environments were sometimes contaminated by the coal, oil, or nuclear power that provided most of our electricity and fuel.

But we made these trade-offs because people have an insatiable appetite for energy. We enjoy the conveniences—and sometimes vital necessities like food, medicines, and clean water—that have helped drive enormous in-reases in life expectancy, global population, and prosperity (for many).

The exploitation of energy has created a great deal of wealth, but that wealth has been unevenly distributed. It has created tyrants and victims of tyranny. Some countries have managed the wealth created from exporting energy to benefit all of their citizens (e.g., Norway), but in other countries the wealth is concentrated in the hands of a small group of people, with little to no benefit to the public at large.

Energy has many faces. The utilization of energy can save lives, and the desire for energy can cost lives. Energy can pollute, and energy can be utilized to clean up pollution. Energy is something most of us can't live without. But it is imperative that we become well informed about energy options if we are to make sound energy choices for the future.

The Perfect Drug?

In the early 1980s, American rock singer Huey Lewis wrote the song “I Want a New Drug.” His perfect drug would be “One that won't spill, One that don't cost too much, Or come in a pill.” He wanted a drug that made him feel good, without any of the consequences that are often associated with drug usage.

That magical drug is analogous to what the world wants for our energy supplies. We want energy that is cheap, reliable, and convenient. We want it to be safe, renewable, and have no serious environmental or economic consequences.

Unfortunately, there are presently no energy sources like this that are capable of powering modern society. We are therefore left with trade-offs where we accept only some of the criteria.

Most of us spend little time thinking about the implications of our energy usage. When we pull into a gas station and fill our tank, we are preoccupied with other thoughts. The price of gasoline might capture our attention for a bit, but beyond that we rarely stop to consider the implications of this regular ritual of filling our tank, multiplied millions of times around the world. We are making trade-offs in the name of cheap energy, whether or not we realize it.

Likewise, when we turn on a light switch, we rarely give it a second thought, but there are real implications from our electricity usage. Over 40% of the electricity produced in the world comes from coal.i A coal-fired power plant providing electricity for a continuously burning 100-watt incandescent light bulb requires over 700 pounds of coal a year and generates about a ton of air emissions like carbon dioxide, sulfur dioxide, and nitrogen oxides. This is a largely hidden trade-off we make for having the lights come on when we want them to come on—and without having to spend a fortune for lighting.

“Cheap” and “reliable” have always been near the top of the list of consumers' energy priorities. But the Fukushima Daiichi nuclear power plant disaster in Japan in 2011 and the Deepwater Horizon oil spill in the Gulf of Mexico in 2010 are but two examples of the sometimes-hidden trade-offs—in this case, environmental damage—that are made in the name of cheap and reliable energy.

Development of renewable energy also requires us to make trade-offs. Producing energy from wind kills bats and birds,ii generating hydropower can interfere with fish migration patterns and has put some species on the endangered list,iii and producing biofuels can create competition between food and fuel, driving up prices of both.

In short, there are no perfect energy solutions.

Many externalities—that is, many hidden societal and environmental costs and risks—are incurred as a result of the energy choices we make. But the basis of a sound energy policy should start with an understanding of what those trade-offs may be (namely environmental, economic, and political), followed by evaluating the risks, and then making informed choices on our energy usage.

Energy and the Global Economy

The energy embedded primarily in coal helped fuel the Industrial Revolution beginning in the 18th century. During the 20th century, oil enabled the rapid growth of a global transportation network.

Energy was crucial in the development of economies across Europe and North America, and it is now crucial in the growth of economies in developing nations such as China and India. However, developed countries that have a relatively high per-capita use of imported energy are more susceptible to economic slowdown in times of rising energy prices.

History has demonstrated many times that sharply rising energy prices can stall economic growth. In 1973, various members of the Organization of Petroleum Exporting Countries (OPEC) initiated an oil embargo against the United States and certain U.S. allies. U.S. oil production was already in decline, and the U.S. was unable to make up for the supply shortage brought about by the embargo. This resulted in a supply/demand imbalance. Oil prices quadrupled in a very short period of time, contributing to a deep global recession.

This event drove home the point that oil security in the U.S. was increase-ingly based on trade with other countries. Beginning in the early 1970s, the combination of the decline of U.S. production and the growth of demand in the U.S. resulted in continuous growth of oil imports into the U.S., often from countries whose interests ran counter to those of the U.S.

The global economy was rocked by a second oil shock in the late 1970s and early 1980s. Revolution in Iran and a subsequent invasion of Iran by neighboring Iraq in 1980 caused regional oil production to plummet. Globally, oil production fell by around 10%, and crude oil prices doubled in a short period of time to $35 per barrel. Again, the fast escalation of oil prices contributed to a recession in much of the developed world.

The recession that began for most developed countries in 2008 or 2009 also coincided with a time of rising oil prices.1 After the price of West Texas Intermediate fell to less than $11 per barrel in 1998, oil prices began a ten-year climb that carried U.S. crude prices above $100 per barrel for the first time ever in January 2008.

From 2001 through 2008, each subsequent year saw a higher annual average price than the previous year. Global oil prices quadrupled, going from $26 a barrel in 2001 to $99.75 in 2008. This had a negative impact on a number of industries. The airlineiv and automobilev industries were especially hard hit, both of which experienced an increasing number of bankruptcies as oil prices increased.

_________________


1 Sharply higher oil prices were but one aspect of the recession beginning in 2008. Irresponsible decisions by the global financial industry are widely considered to be the precipitating event. But James Hamilton, professor of economics at the University of California-San Diego, published a paper in 2009 in which he concluded “the economic downturn of 2007–08 should be added to the list of recessions to which oil prices appear to have made a material contribution.”



Thus, the price of energy has a strong influence on the overall global economy. But as prices rise or fall, some countries are winners and some are losers.

Energy and Politics

Political relationships between an energy importer and an energy exporter are sometimes poor, but trade continues because each country needs what the other offers. For example, the U.S. wants oil and Venezuela wants dollars, so despite present political hostilities between the two countries, Venezuela is one of the largest suppliers of oil to the U.S. Likewise, Europe is dependent on Russia for gas supplies, and therefore often makes political concessions to Russia as a result.

As energy prices rise, money and power are transferred from the importing nations to the exporting nations. Russia is at present the world's largest producer of oil, and it has benefited from an enormous influx of cash for oil, as well as the natural gas it supplies to Europe. Other major oil-exporting countries, such as Saudi Arabia (the top oil exporter), have also greatly increased their financial and political stature in the world, particularly as emerging economies such as India and China rapidly accelerate their imports of oil from these exporters.

Oil has been used as a political weapon both by and against countries that depend on oil exports for funding their governments. OPEC's 1973 embargo of oil to the U.S. and Western Europe was a political response by oil exporters to the West's support of Israel during the Yom Kippur War. On the other side of the coin, in 2012 the European Union agreed to an embargo of oil imports from Iran as a part of sanctions against Iran's nuclear program. Since 80% of Iran's oil revenue is from exports, the embargo has the potential to hit Iran's economy hard. But in a tight global oil market, Iran may find plenty of willing buyers for their crude oil in India and China especially if the embargo drives up global oil prices.

Major oil-producing countries have sometimes found themselves subject to military intervention for reasons that boil down to a desire for access to their oil. This was basically the situation during Iraq's 1990 invasion of Kuwait. So even though countries with rich oil resources possess a powerful political tool that can and has been wielded against oil-importing countries, they are also put at risk of military conflict because of those resources.

Beyond the geopolitics, the price of energy is often a politically charged domestic issue. In some countries—especially those that are oil exporters— governments subsidize the price of fuel. In the U.S., a cornerstone of energy policy has long been to provide energy for consumers at the lowest possible price. When prices rise, political finger-pointing and posturing ensue because nobody wants to be blamed for driving up energy costs. The Right blames the Left for blocking domestic oil exploration, and the Left blames the Right for protecting the oil companies and for blocking taxpayer support for alternative energy.

Political parties are so sensitive about energy—and oil prices especially— because rising energy prices have such a direct impact on personal budgets. After all, most of our lives are highly dependent on energy, and we become very unhappy with politicians when those prices rise.

Energy and You

The basic necessities are generally defined as food, water, shelter, and clothing. However, for much of the world's population, energy is just as much a fundamental necessity as the food we eat.

In fact, our food is mass-produced using energy—natural gas for fertilizers, petroleum for herbicides and pesticides, and fuel for trucks and tractors. Water is purified using energy to pump and filter it, and the chemicals used to treat the water are produced from petroleum.

Petroleum-based fibers like nylon, polyester, spandex, and acrylic are used to make our clothing, as well as carpets and curtains in our homes. And large tracts of the world would be uninhabitable without the energy used to heat and cool homes.

We are perhaps most familiar with our use of energy to fuel the global transportation system. Not only does energy provide a level of mobility unprecedented in human history, the fuel for these trucks, ships, and airplanes enables the global supply chain that moves goods and produce from around the world into your local stores.

Electricity—which is itself produced from coal, natural gas, nuclear power, hydropower, geothermal sources, etc.—provides lighting, heating, and cooling. Electricity brings us entertainment and information—sometimes crucial—in the form of the television and the Internet, and it is the backbone of the global communications system.

In addition to the aforementioned uses, petroleum provides us with plastics, synthetic rubber, detergents, medicines, and paints. Toothbrushes, combs, sunglasses, cosmetics, aspirin, tires, DVDs, basketballs, and umbrellas are just a few of the things in our daily lives that are generally petroleum-based.

This explains why higher energy prices have such an impact on personal budgets. While we notice it more so at the gasoline pump, higher oil prices cost consumers in the form of higher prices for almost everything we purchase.

But misconceptions about the energy we use abound.

Energy Misconceptions

Everyone knows that most U.S. oil imports come from Saudi Arabia, that France is the world leader for nuclear power, that Iceland leads in geo-thermal power, and that Brazil is a country that essentially runs on renewable energy. Actually, none of these things is true, but they are all very popular misconceptions.

This book will explore and correct many misconceptions that people have about energy. Despite the immense importance of energy in our lives, people remain woefully uninformed and misinformed about energy issues. And uninformed people can't make intelligent choices about our energy options for the future. This book will help inform people about the energy embedded in their lives, and discuss the trade-offs we make for the energy we use. It will cover the politics of energy, look into the science of global warming, and detail possible energy alternatives for the years ahead.

Why You Should Care

Among other subjects, this book will explore the following:


	Why is the world so dependent on fossil fuels, and why has energy independence remained such an elusive goal for so many countries?

	Just what are our major sources of energy? How extensive is our usage of fossil fuels? What are the prospects for a renewable revolution to make fossil fuels obsolete?

	Is the debate over global warming futile?

	What is peak oil? What are the major misconceptions surrounding peak oil? Does the size of the resource base have any bearing on the potential consequences of peak oil?

	What role will nuclear power play in the years ahead? Are fail-safe designs possible?

	Is hydraulic fracturing (“fracking”) the key to unlocking long-term supplies of cheap natural gas? Are we likely to contaminate our drinking water in the process?

	With so many companies announcing technical breakthroughs to solve our energy crisis, how can someone determine which breakthroughs have real potential, and which are essentially hype?

	Why have oil prices increased so dramatically over the past decade?

	What are the major threats to energy security in the developed nations?

	What are the best options for replacing oil in our transportation systems?



I will argue in this book that resource scarcity is likely to change the balance of power in the world, and that without proper planning, rising energy costs threaten to wreak havoc on nations that depend heavily on imported energy. Yet many will cling to the belief that technological advances will offer up replacements for the vast amounts of oil and coal we use.

Resource depletion will be a grave threat to the environment. But environmental considerations will continue to be overshadowed by economic considerations as countries seek the cheapest possible forms of energy.

Energy plays a critically important role in our lives. Depletion of energy sources threatens our quality of life and that of future generations. It is therefore imperative for people to be well informed about the implications of the energy we use and the energy policies we adopt.

Presently, the majority of the world's energy comes from nonrenewable sources. Further, the energy needs of developing nations will increase as living standards improve. These two factors have profound implications on nations that are heavily dependent on imported energy. Failure to be informed about energy issues will result in failure to recognize and act accordingly to threats posed by resource depletion and much higher energy costs.

This book will explore these threats in detail. It will also attempt to explore controversial issues in an objective fashion.

But let's first have a look at our major sources of energy.

References
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Fossil Fuels and Nuclear
Power Powering Modern Civilization


Since 1850, burning of fossil fuels, coal, oil and natural gas has increased 100 times to produce energy as the world has industrialized to serve the world's more than 6 billion and growing population.

—John Olver, U.S. Congressman



The energy sources discussed in this chapter literally power modern civilization. The world's transportation system—automobiles, trucks, airplanes, and ships—relies almost exclusively on fuel derived from oil. Coal, natural gas, and nuclear power produce three-quarters of the world's electricity. Almost every modern country in the world is dependent on these energy sources, and most countries are heavily dependent. Let's take a closer look at the energy sources that most of us rely on every day.

Forms of Energy

The fossil fuel energy sources we use every day come in many different forms. Some of those forms are obvious to us, such as the fuel we put in our cars, or the natural gas we may use for heating and cooking. But energy sources are also used in many ways that are far less obvious to us. For instance, coal is used to produce carbon fibers that are used in everything from mountain bikes to laptops. Petroleum is used to make plastics found in everything from water bottles to DVDs. Natural gas is important in the manufacture of fertilizer and is therefore an important contributor to food production.

The energy that we consume can be classified as primary energy or secondary energy. Primary energy is energy that has not been subjected to a transformation process. It may be nonrenewable energy, such as the fossil fuels discussed in this chapter, or it may be renewable, such as hydropower or biomass, which will be discussed in Chapter 3. Secondary energy refers to primary energy sources that have undergone a conversion process, such as electricity or hydrogen.

Primary Energy

Primary energy is used directly for heat and power. Fuel wood is an example of primary energy that is used in most of the developing world for heating and cooking. Liquid fuels are used to fuel our transportation systems, and coal is used to provide over 40% of the world's electricity.i Natural gas provides another 20% of global electricity.


[image: Image] I Did you know? In 2010, 87% of the world's commercially traded fuels were petroleum, coal, or natural gas.



Electromagnetic energy is another form of primary energy, covering the spectrum from very short-wavelength gamma rays and X-rays through ultraviolet rays, visible radiation, microwaves, and radiofrequency waves.

Energy from nuclear fission is a primary energy source that generates much of the earth's internal heat, and is the basis for nuclear power plants that provided 14% of the world's electricity in 2010. Nuclear fusion powers the sun, which in turn drives many of the energy systems on earth (e.g., solar power, wind power, and biomass result from solar energy striking the earth). Fossil fuels are primary energy sources that were formed from ancient biomass, and thus can be thought of as fossilized sunshine.

Secondary Energy

Secondary energy has undergone an energy conversion process. Forms of secondary energy are sometimes referred to as energy carriers. Two common examples are electricity and hydrogen, which are produced from primary energy sources.

Electricity Production

Electricity is the most common form of secondary energy. Electricity may be thought of in the same way as the steam that drove the steam engines of the 19th century, or the hydrogen that powers hydrogen fuel cells. Each of these energy carriers is produced via a primary energy source such as coal, natural gas, hydropower, wind power, or direct solar capture (see Figure 2-1).

Electricity is usually produced when a primary energy source is used to move a conductor through a magnetic field. The primary energy source can be used to produce steam, for example, which can be passed through a turbine. Inside the turbine are magnets that are moved past an electrical conductor such as a copper wire. This induces a current, which is electricity. In a motor, the opposite happens: instead of a force moving the magnets and producing electricity, the electricity moves the magnets and produces a force.

There are other ways to make electricity, such as with a solar panel or an electrostatic conductor. Further, even though electricity is an energy carrier, it could also qualify as a primary source of energy. An example of that would be if the energy from a lightning discharge could be harnessed.



[image: Image]




Figure 2-1. Fossil fuels and nuclear power accounted for 88% of U.S. net electric power generation in 2010. (Data source: Energy Information Administration)

Hydrogen Production

Elemental hydrogen (H2) exists naturally on earth only in trace amounts, because it readily reacts with other materials. Hydrogen can be produced by breaking down water into hydrogen and oxygen via extreme heat or electrolysis, but the vast majority of the world's commercial hydrogen is produced from hydrocarbons such as methane.1 Hydrogen has been envisioned as a possible clean fuel of the future, but today it is primarily used to produce fuels and chemicals in refineries and chemical plants.

_______________


1 Methane is the largest component of natural gas.



Nonrenewable Primary Energy Sources

Nonrenewable primary energy sources have long been critical for the functioning of modern society. This section introduces the four major nonrenewable primary energy sources—petroleum, coal, natural gas, and nuclear power—and provides a brief history of modern civilization's increasing dependence on these energy sources. (Renewable primary energy sources will be covered in the next chapter.)

Petroleum

Petroleum, or crude oil, was formed from the remains of microscopic animal and plant life that accumulated on sea floors. Sediments piled up over these remains, and the pressure of the sediments and the heat inside the earth gradually converted them into a complex mixture of chemicals that we know today as petroleum.


[image: Image] Did you know? The La Brea Tar Pits in California are formed from petroleum that has seeped to the earth's surface.



Humans have been using petroleum as an energy source for thousands of years. The earliest recorded usage of petroleum took place over four thousand years ago in ancient Babylon, where it was used as a binder in the construction of buildings. Eventually petroleum began to be used for lighting, and by the 9th century refined petroleum was being used in kerosene lamps in the Middle East. Petroleum could be collected in some locations from oil pits similar to the La Brea Tar Pits in California, but the Chinese are reported to have drilled for oil as early as 347 A.D.

The modern age of petroleum began in the mid-19th century when several commercial oil wells were drilled in Europe and North America. The industry was initially driven by demand for kerosene, used in oil lamps. Prior to the development of kerosene for use in lamps, whale oil was commonly used for this purpose. But kerosene quickly gained in popularity with consumers, demand for whale oil plummeted, and this was a major factor leading to the decline of the whaling industry.

The late 19th century brought the invention of the automobile. Gasoline, a highly volatile and initially undesirable byproduct of kerosene distillation, was found to be a very good fuel for the internal combustion engine. Diesel, a heavier petroleum fraction,2 soon found a place as the preferred fuel for the diesel engine.3

The rapid growth in the early 20th century of affordable automobiles was largely aided by major oil discoveries around the world. In the United States, demand for Henry Ford's Model T grew rapidly, and major oil discoveries in Texas, Oklahoma, and California provided the fuel for these cars, which enabled a level of personal mobility that had never been experienced in human history.


[image: Image] Did you know? It was initially envisioned that both Henry Ford's Model T cars and the diesel engine would be fueled by biofuels.



Oil helped to enable the Green Revolution4 by serving as the raw material for many pesticides and herbicides, and it powered the trucks and tractors that were used to plant and harvest the crops. The global population grew rapidly due to an abundance of food, and this in turn helped increase the demand for oil.

In the past 50 years, global oil production has nearly tripled—from less than 30 million barrels per day (bpd) in the early 1960sii to approximately 87 million bpd5 in 2010iii (see Figure 2-2). U.S. oil production began to decline in the early 1970s, but global oil production continued to expand at a rate that ensured a comfortable cushion of excess global capacity.

___________________


2 As petroleum is heated, numerous chemicals are extracted. Over a certain boiling range, the product that is collected is defined as the chemically complex mixture we know as gasoline. At a higher boiling range, the product is diesel. These are different petroleum fractions.




3 Ironically, both engines were first run on biofuels. Henry Ford first ran the Model T on ethanol and gasoline, and he envisioned that ethanol might become the fuel of the future. Rudolph Diesel first ran his engines on peanut oil.




4 The Green Revolution refers to a series of agricultural advances beginning in the 1940's that enormously increased crop yields over ensuing decades.




5 Oil production reported here is “all liquids” production. This includes not only crude oil, but also natural gas plant liquids and refinery processing gains.




[image: Image] Did you know? The largest domed stadium in the world is that of the Dallas Cowboys in Arlington, Texas. The amount of oil consumed globally each day would nearly fill five stadiums of this size.



As countries began to experience oil production peaks, many of them became ever more reliant on oil-exporting countries. A common misconception is that the 1970 oil production peak in the United States turned the U.S. into an oil importer. In fact, by the time oil production peaked in the U.S., petroleum demand had reached 14.7 million bpd and the U.S. was already importing over 3 million net bpd.iv The U.S. first became a net importer of petroleum in 1949.v
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Figure 2-2. Global oil consumption over the past 45 years (Data source: BP Statistical Review of World Energy 2011)

Declining production following the production peak in the U.S. did cause a rapid escalation in the dependence on oil imports. By 1976, U.S. net oil imports of petroleum and petroleum products had reached 7 million bpd, and by 2004 the U.S. imported more than 10 million net bpd—almost half of total demand.


[image: Image] Did you know? The United States became a net importer of oil in 1949, 21 years before U.S. oil production peaked.



However, the U.S. remains a leading producer of crude oil, ranking third in the world in 2010 production6 at 7.5 million bpd. The world's leading producer of oil in 2010 was the Russian Federation at 10.3 million bpd, barely edging out long-time leader Saudi Arabia's 10.0 million bpd. Rounding out the top five were Iran at 4.2 million bpd and China at 4.1 million bpd. Collectively, the Organization of Petroleum Exporting Countries (OPEC) provided 41.5% of global supplies.

Three of the top five oil producers are also among the top five oil consumers. The U.S. consumed the most oil in 2010 at 19.1 million bpd. China was the world's second largest consumer at 9.1 million bpd. Rounding out the top five consumers were Japan at 4.4 million bpd, India at 3.3 million bpd, and the Russian Federation at 3.2 million bpd.

During the 20th century, the world became heavily reliant on petroleum as a primary source of energy and as a feedstock for the petrochemical industry because it was relatively cheap, convenient, and energy-dense (i.e., oil has a high energy content per gallon compared to most alternatives).

Oil has been a blessing for many people around the world, but many also consider it a curse. I recently saw a protestor holding a sign that said, “Oil Kills.” This is certainly true. Many people have died in order to supply oil, to protect oil supplies, or as a result of oil-related pollution. On the other hand, oil was used to create the sign the person was holding. He may have reached the protest via an automobile fueled by oil. He had certainly eaten foods that were grown and delivered with the aid of oil, and had likely taken medicine that was made from oil.

Thus, the question is not whether oil kills or whether it improves our standard of living. The question is whether it provides a net benefit to society. But when considering that net benefit, we must also weigh the risks of continued dependence on a depleting resource. These questions will be explored in later chapters.

___________________


6 Data source: BP Statistical Review of World Energy 2011. Includes crude oil, shale oil, oil sands, and natural gas liquids.



Coal

While petroleum was formed from microscopic plant and animal life in the sea, coal was formed from the remains of more complex plant matter such as trees in swampy areas. As the plant matter accumulated, it first formed peat. If enough material accumulated on top of the peat, the heat and pressure slowly transformed the peat into coal.

Coal was reportedly first used for smelting copper in 1000 B.C. China, but it came of age during the Industrial Revolution. As countries began to industrialize, coal served many purposes, but perhaps most importantly it served as the fuel for steam engines that spurred the development of machinery used for manufacturing, as well as the rapid growth of the railroad industry.

As coal fueled industrialization, demand for it steadily increased. The Industrial Revolution created huge numbers of jobs, and as a result income and living standards improved and populations began to grow at unprecedented rates.

As incomes grew, so did demand for manufactured goods. In many cases these goods were produced in factories with coal-powered steam engine and coal furnaces, and demand for coal continued to grow.

One of the earliest uses of the steam engine was to pump water from coal mines, thus increasing the efficiency of coal mining. As the steam engine gained in popularity, and the Industrial Revolution expanded, coal carved out a large share of global energy consumption that extends to present day (see Figure 2-3).

In the second half of the 19th century, coal found a new use as a source of power for electric generators. The electrical-generation industry grew rapidly, and coal became the fuel of choice for electricity production. Even though oil overtook coal around the middle of the 20th century as the most widely used energy source, growth in coal consumption has remained strong. Today coal remains the most utilized source for electricity production, supplying 42% of the world's electricity.
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Figure 2-3. After overtaking wood in the late 19th century, coal became the predominant source of energy in the U.S. until 1950. (Source: EIA Annual Energy Review 2009)

China is by far the largest producer and consumer of coal. In 2010, China produced 3.2 billion metric tons of coal, which accounted for 48% of the global total. The United States was the second largest producer in 2010, with 985 million metric tons (mmt) produced (15% of the global total). Rounding out the top five coal producers were India with 570 mmt, Australia with 413 mmt, and the Russian Federation with 301 mmt. In total, the European Union (EU) produced 536 mmt of coal.


[image: Image] Did you know? China produces and consumes nearly half of the world's annual coal supply.



China was responsible for 48% of the world's total coal consumption in 2010, followed by the United States (15%), India (8%), Japan (3.5%), and the Russian Federation (2.6%). The EU consumes 8% of the world's coal.

While growth in the usage of coal in developed nations has been flat to negative over the past decade, consumption of coal in the Asia Pacific region has nearly doubled. This growth has been primarily driven by the economic development of India and China.

Because coal has a higher carbon content per unit of energy than oil or natural gas, it emits the most carbon dioxide when used to produce electricity. The U.S. Environmental Protection Agency (EPA) estimates that, per megawatt hour of electricity produced, coal emits 35% more carbon dioxide than does petroleum,7 and 98% more than natural gas.vi

___________________


7 The EPA estimates of carbon dioxide emissions per megawatt hour of electricity are 1,135 pounds when natural gas is the power source, 1,672 pounds for oil, and 2,249 pounds for coal.



Natural Gas

Natural gas is primarily composed of methane, the simplest hydrocarbon. Containing four hydrogen atoms for each carbon atom, natural gas when combusted produces two molecules of water and one molecule of carbon dioxide. For this reason, natural gas is generally considered the cleanest of the fossil fuels.

Natural gas is frequently found within coal and oil formations, as it forms under similar conditions and from the same types of organic matter. As a result, natural gas explosions are a frequent hazard for coal miners.

For many early civilizations, natural gas was the source of myth and mystery. Lightning sometimes ignited natural gas seeping from the ground. This “fire from the earth” was often believed to be of divine origin, and played a role in the religions of several early civilizations.

The Chinese made the first recorded practical use of natural gas in about 500 B.C. After routing natural gas through crude bamboo pipes, it was used for cooking, heating brine for extraction of salt, and as a source of lighting.

The commercialization of natural gas began in the Industrial Age as fuel for lamps. The emergence of electric lighting soon displaced natural gas, but the invention of the Bunsen burner in 1855 demonstrated that natural gas could be used for cooking and heating.

Global natural gas consumption grew slowly until the end of World War II, when improved pipeline construction techniques enabled reliable pipeline networks to be built. This began a strong growth period in natural gas consumption that continues to the present day.

In recent years, the United States and the Russian Federation have traded places as the world's top producer of natural gas. The shale gas revolution in the U.S.—which will be discussed in a later chapter—has significantly boosted natural gas production in the U.S. In 2010, the U.S. was the largest natural gas producer at 59 billion cubic feet per day (bcfd), followed by the Russian Federation (57 bcfd), Canada (15.5 bcfd), Iran (13 bcfd), and Qatar (11 bcfd).vii

The United States is also the world's largest consumer of natural gas, using 66 bcfd in 2010. This is the energy equivalent of 11.4 million barrels of oil per day.8 Other major consumers are the Russian Federation at 40 bcfd, Iran at 13 bcfd, China at 10.5 bcfd, and Japan at 9 bcfd.viii

In 2010, natural gas accounted for 24% of the world's energy consumption, third behind petroleum's 34% share and coal's 30% share. Natural gas is used globally for electricity generation, for heating and cooking, as transportation fuel, as the primary feedstock for hydrogen production, and in the production of fertilizers.

Natural gas is also used to produce synthetic fuel via the Fischer-Tropsch process invented in Germany in the 1920s. This gas-to-liquids (GTL) process is used commercially by Shell in Bintulu, Malaysia, and in Ras Laffan, Qatar, and by SASOL in South Africa.

Nuclear Power

Nuclear power is the production of electricity using a controlled nuclear fission reaction as the energy source. Nuclear power was commercialized only in the past half-century. One of the early drivers of nuclear power development was for use in powering submarines and aircraft carriers operated by the U.S. and USSR navies, but commercial development for peacetime purposes was taking place concurrently.

In the USSR in 1954, the 5-megawatt (MW) Obninsk Nuclear Power Station was commissioned and was the first nuclear plant to produce electricity for the grid. Two years later, the 50-MW Calder Hall nuclear plant was opened in the United Kingdom, and is generally considered the first commercial nuclear power plant. The first nuclear power plant to be commissioned in the United States was the 60-MW Shippingport Atomic Power Station in Pennsylvania in 1957.


[image: Image] Did you know? While France receives the largest percentage of its electricity from nuclear power (over 75%), the United States has by far the most nuclear power capacity of any country.



_______________


88 5,800 cubic feet of natural gas has the energy content of one barrel of oil. This is commonly referred to as a barrel of oil equivalent, or BOE, and is a measure used to compare different forms of energy relative to oil.



Today there are approximately 440 nuclear reactors operating in 30 countries. Nuclear power produced 14% of the world's electricity in 2010.

While France produces approximately 80% of its electricity with nuclear power, the United States has by far the largest overall nuclear power capacity. In 2010, the U.S. produced 807 billion kilowatt hours (kWh) of electricity from nuclear power, followed by France at 410 billion kWh, Japan at 280 billion kWh, Russia at 159 billion kWh, and South Korea at 142 billion kWh.ix

Nuclear power is one of the most controversial sources of energy. Proponents of nuclear power argue that a normally functioning nuclear power plant is one of the most environmentally friendly sources of power available. Opponents argue that the risks from nuclear power are too great. This controversy will be explored in depth in a later chapter.

Summary

The nonrenewable forms of energy discussed in this chapter account for over 80% of the world's current energy consumption for reasons that boil down to cost, convenience, reliability, and scalability. For centuries, these energy sources have driven economic growth and improved standards of living for many people. But increasing consumption of nonrenewable energy is unsustainable, and there are many open questions about how the world will transition to more sustainable energy sources. Renewable energy, which will play an increasingly important role during this transition, will be explored in the next chapter.
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Renewable Energy
Energy of the Past and the Future


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.

—Henry Ford, 1925



Henry Ford may have been a bit ahead of his time, but he was right about one thing: the energy of the future will have to come increasingly from renewable energy. Over the past 250 years, humans have consumed an ever-increasing amount of fossil resources like coal, oil, and natural gas. But as these resources are depleted, the world must transition to renewable sources of energy.

Transition to Sustainability

The word “sustainability” means different things to different people. My interpretation of sustainable energy is energy that can be produced: (1) without degrading the environment; (2) within the carrying capacity of the ecosystem; and (3) without putting future generations at a significant dis-advantage. In a nutshell, it is energy that doesn't increase pollution, that is produced within the annual solar budget of the planet, and that doesn't deplete natural resources.

This is an idealized definition, and in fact probably none of our existing energy sources could strictly meet this definition. My own personal metric is to assume that a particular process would be run for hundreds of years and evaluate how it would impact the environment. The lower the overall environmental impact, the higher the level of sustainability.

Some renewable sources are less sustainable than others, and may even be less desirable than the fossil fuels they seek to replace. To illustrate, consider one renewable fuel that petroleum ultimately replaced: whale oil. Whale oil is certainly a renewable fuel, but for many people this would not be an ethical source of fuel. Further, it isn't sustainable if whale populations are endangered due to demand for whale oil.

Given a choice, most people would likely choose petroleum over whale oil for a variety of reasons. The idea of killing whales so we could have fuel would probably trouble most people more so than the implications of petroleum usage.

This is, of course, an extreme example, as most of the world's biofuels are plant-based. But for just about every type of renewable energy, there are similar issues of ethics, sustainability, and economics that must be navigated during the transition from fossil fuels. As with all energy sources, we will be forced to make trade-offs.


[image: Image] Did you know? Nearly 85% of the world's use of renewable energy is either hydroelectricity or biomass used for heating and cooking.



In theory, a truly renewable energy source should be a sustainable energy source, but in fact renewable energy is sustainable to varying degrees. A renewable fuel that depletes resources is not sustainable, and would ultimately pose the same sorts of issues as those related to the dependence on fossil fuels.

For example, to gather and convert energy of any sort, certain inputs are required. Consider the production of oil. Energy inputs are required to operate the drill and the pumps, and then to transport the oil. Water may need to be injected into the well. Energy and water are both required for refining the oil into finished products. In addition, inputs of energy and raw materials are required to build the pipelines, trucks, and ships to move the oil, as well as the refinery equipment needed to process the oil.

It is obvious that in the long run, oil production is unsustainable because it isn't renewable.1 What may be less obvious is that other factors may render oil production unsustainable long before the resource depletes. For instance, if water from a depleting aquifer is used in the process of producing the oil, depletion of that aquifer could render the field unproductive even though there is plenty of oil left in the ground. In short, there are other sustainability factors to consider when producing energy.

The same is true when considering renewable energy. There are certain types of “renewable” energy that are dependent on fossil fuels for their production. In some cases, it is not clear that they would be viable sources of energy without the fossil fuel inputs into the production process. In such cases, these fuels are not truly renewable, due to their fossil fuel depen-dence, even though many of them are treated as renewable.

Energy whose production depletes aquifers faster than they can be recharged, degrades the topsoil, consumes nonrenewable resources, or causes pollution to build up in the environment might be called renewable, but it isn't sustainable. It might even appear to be sustainable for decades. For someone who lived out their life during the 20th century, oil production was, for all practical purposes, sustainable. They saw global oil production climb during their lives, and oil was almost always available to them—so it was sustainable over that time frame.

Under a strict interpretation, virtually none of the energy sources we consider to be renewable are truly renewable. Wind turbines are made of steel, the production of which is heavily dependent on coal. Growing crops for use in the production of ethanol is typically done with fertilizer made from natural gas, and pesticides and herbicides derived from petroleum. Biodiesel production uses methanol, which is normally made from natural gas.

However, in many cases the use of nonrenewable energy in the production of renewable energy is simply an economic choice. Methanol made from natural gas is much cheaper than methanol made from wood, but methanol can be produced from wood. So what we are really interested in determining is whether a renewable energy source whose production uses fossil fuel can transition away from the use of fossil fuel inputs. If so, even though the process is unsustainable in its current form, it eventually could be sustainable.

___________________________


1 Technically speaking, since fossil fuels are derived from biomass, they are renewable, but only over extremely long time spans. The key issue is that we use these resources at such a fast rate relative to the time frame over which they form that they are essentially nonrenewable and we treat them as such.



Beyond the question of sustainability, there are important ethical questions about the use of some renewable energy sources. One argument in recent years is that widespread use of renewable fuels leads to certain undesirable land use changes (e.g., conversion of forested land to farmland). Another is that use of food crops for renewable fuel drives food prices up and causes additional hardships on poor people who are already struggling to survive. These arguments can be more complicated than they might first seem, and will be explored in more detail in later chapters. For now, let's take a closer look at the major sources of renewable energy.

Renewable Primary Energy Sources

There are many renewable options available for displacement of fossil-based heat and power. Solar and wind power receive the bulk of the media coverage, but in fact, the vast majority of renewable energy in the world falls into two categories: traditional biomass and hydroelectricity.

Traditional Biomass

Approximately two-thirds of the renewable energy in the world is in the form of traditional biomass.i Biomass energy simply refers to energy from recently living plants or animals.2 In developing countries, the overwhelming majority of the energy consumed is provided by fuel wood, which is generally the cheapest fuel option available. Fuel wood is the main energy source for cooking for most of the developing world, and is the primary source of energy for over 2 billion people.ii

Wood has been used to heat homes for thousands of years. Until the 20th century, 90% of U.S. homes were heated with wood.iii That percentage fell during the 20th century as homeowners turned increasingly to fossil fuels for their home heating needs. But interest in wood for home heating surged during the energy crisis in the 1970s.

___________________________


2 Energy from biomass is derived almost exclusively from plant matter.



As with other energy sources, using wood for fuel has trade-offs. The majority of the wood used for cooking is burned in open cook stoves. This process is inefficient and leads to excessive consumption of wood. In some developing countries, excessive consumption has led to deforestation and desertification (see Figure 3-1).

Another trade-off is that use of wood in open cook stoves results in particulate emissions. The emissions from cooking with wood have been identified as a risk factor in acute lower respiratory infection, which is the chief cause of death in children in developing countries.iv

High-efficiency biomass stoves have been developed to mitigate some of the problems associated with cooking over an open fire. By operating more efficiently, less fuel is required, and the air pollution associated with open fires is diminished. Because of the advantages of high-efficiency biomass stoves, a number of programs by governments and charitable organizations have emerged to disseminate these stoves to developing countries.v
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Figure 3-1. NASA aerial satellite photo showing the border between the heavily deforested Haiti to the left and the Dominican Republic to the right (Source: NASA/Goddard Space Flight Center Scientific Visualization Studio)

Using wood to heat homes and businesses can also result in a high level of particulate emissions. In addition, open fireplaces suffer efficiency losses from heat exiting the chimney. Advanced wood combustion (AWC) systems have been developed to address these two issues.

AWC systems are operated at higher temperatures than a normal fireplace. In these systems, the wood is first gasified (converted to a gas) and the resulting gases are combusted. Conditions are carefully controlled to ensure an efficient combustion. AWC has grown in importance in Europe over the past 20 years, with more than 1,000 systems now installed in Austria alone.

In addition to being used for heating, wood can be used to produce electricity from combustion or co-combustion (e.g., co-fed with coal in a coal-fired steam plant). However, the most efficient usage of wood is in a combined heat and power (CHP) application to produce electricity and hot water.

The thermal efficiency of a system is defined as the usable heat or work generated by a system divided by the energy input into the system. Thermal efficiencies of CHP systems can approach 90%, whereas a wood-based electricity-only application generally has a thermal efficiency below 30%.

For example, if 1,000 British thermal units (BTUs)3 of wood produce 0.09 kilowatt hour (kWh) of electricity (equivalent to 300 BTUs), the thermal efficiency is 30%. If 600 BTUs of hot water are also utilized, the thermal efficiency increases to 90%.

ENERGY, POWER, AND UNITS OF MEASUREMENT


There are a number of potentially confusing units of measurement for energy and power. The first thing to understand, however, is the difference between energy and power. Technically speaking, energy refers to the capacity of a system to do work. In this definition, “a system” could be a gallon of gasoline that contains 115,000 British Thermal Units (BTUs)—a unit of energy. In addition to the BTU, some other units of energy are the joule (J), the calorie (cal), and the watt hour (Wh). Multiples of these units have abbreviations like kilo (one thousand) or mega (one million), so one kilowatt hour (kWh) is one thousand watt hours. Each of these units can be converted into the other. One BTU is equal to 1,055 joules, 252 calories, or 0.29 watt hours.

Power is the rate at which energy is consumed or generated. One BTU of gasoline refers to the energy content, but gasoline consumption over time could be measured in BTUs/hour, a unit of power. Other units of power are joules/second, calories/day, watts, and horsepower.

A 100 megawatt (MW) power plant is capable of generating energy at the rate of 100 megawatt hours (MWh) per hour. People frequently confuse the energy unit of watt hours with the power unit of watts. This is probably because other measures of power are defined per unit of time (e.g., calories/hour), and therefore it would seem logical that a kilowatt hour would be a unit of power. Alas, it is not. However, it should be clear that a joule/second is a unit of power, because it is energy con-sumed over time. In fact, that's what a watt actually is: 1 watt = 1 joule/second. So a watt is a rate of energy consumption, but the time element has been incorporated into the definition. Someone thought it would be a good idea to call it a watt instead of a joule/s, and many people have been confused ever since.



___________________________


3 BTU is the common unit in the U.S., but in Europe and much of the rest of the world it is joules; 1 BTU is equal to approximately 1,055 joules.



The city of Saint Paul, Minnesota, started up a wood-based CHP plant in 2003. The plant generates 25 megawatts (MW) of electricity and up to 65 MW of thermal energy from wood waste generated in the Twin Cities (Saint Paul/Minneapolis) metro area. The renewable electricity is supplied to the local electric utility and the thermal energy is used to heat buildings throughout downtown Saint Paul, including the Minnesota State Capitol Complex.

Globally, the usage of biomass for power production, heating, and combined heat and power has increased substantially in the past decade. The biomass heating market has seen strong growth rates in Northern Europe, driven in large part by imported fuel pellets.

In Sweden, biomass recently surpassed oil in the production of power for the first time. Denmark currently obtains an estimated 10% of its power from biomass. Germany, Austria, Finland, Belgium, and the Netherlands have all seen strong growth in the use of biomass for energy, largely in response to concerns over their energy supplies and a desire to lower their net carbon dioxide emissions.

Because of the ability to produce firm power,4 the global use of biomass for energy production is likely to continue growing strongly. Countries that have made commitments to reduce greenhouse gases, those with hot water demands for a majority of the year (e.g., Sweden), and those without access to cheap coal or natural gas will likely see the strongest growth rates.

___________________________


4 Firm power is power that is intended to be available on demand at all times even during adverse conditions. Intermittent power on the other hand varies according to outside factors. Coal-fired power is considered to be firm power, and wind power is considered to be intermittent power.



One of the strongest growth areas for biomass over the past decade has been its use to produce liquid fuels. Liquid fuels from biomass—biofuels—will be covered in more depth in Chapter 11.

Hydroelectricity

Hydroelectricity is electricity produced by utilizing the flow of water as the power source for a generator. Hydroelectricity is the second most common form of renewable energy, behind traditional biomass. Four of the five largest electric power stations in the world are hydroelectric plants.

Hydroelectricity was originally developed in the second half of the 19th century, and several hundred hydroelectric plants were built worldwide by 1900. During the 20th century, hydroelectric power continued to gain in popularity, and projects became larger in scale.

In 1936, the 1.3-gigawatt (GW) power plant at the Hoover Dam on the Nevada/Arizona border in the U.S. was the world's largest hydroelectric plant. By 1942, it had been surpassed as the world's largest by the 6.8-GW power plant at Grand Coulee Dam in Washington State, which remains the largest electricity-generating plant of any type in the U.S. today.


[image: Image] Did you know? Four of the five largest power plants (by capacity) in the world are hydroelectric plants.



The 1980s saw the construction of three major facilities in South America. In 1984, Brazil's Tucuruí Dam was briefly home to the world's largest hydroelectric plant, at 8.4 GW, but two years later, Venezuela completed the second stage of its power station at the Guri Dam, reaching a capacity of 10.2 GW. Brazil's Itaipu Dam first started producing power in 1984, and by 2007 the capacity had been increased to 14 GW.

The Three Gorges Dam in China is presently the world's largest electrical power plant of any type at 18.3 GW of installed capacity, but it is under-going an expansion that will bring the total installed capacity to 22.5 GW. That will make the capacity almost four times greater than the world's largest coal-fired power plant.

Electricity produced from hydropower has a lower environmental impact than many other sources of electricity. There are no emissions from the ongoing operations of a hydropower plant.

However, large hydroelectric plants do impact the environment. When dams are constructed, land areas must be flooded, displacing people and drastically changing the wildlife habitat.

The massive Three Gorges Dam in China displaced an estimated 1.4 million people, and may displace a total of 4 million people over the next decade.vi Hydroelectric projects in the U.S. Pacific Northwest disrupted the migration patterns of a number of species of salmon, drastically reducing the number of salmon in the region and pushing some species onto the endangered species list.

Over the past decade, most of the world has seen modest growth in hydroelectricity consumption. This is largely because many of the best sites for hydroelectric dams have already been developed. The exception to this is in the Asia Pacific region, where hydroelectric consumption more than doubled over the past decade. The region currently accounts for 32% of global hydroelectric consumption, and that percentage is likely to increase as countries continue to develop hydroelectric power plants.

Wind Power

The power of the wind has been used for thousands of years to propel ships with sails, to pump water, and to grind grain. The wind was first used to make electricity near the end of the 19th century, but it was only in the past two decades that global wind power capacity began to expand rapidly.

From 6.1 GW in 1996, global wind power capacity grew by more than a factor of 30, to nearly 200 GW, by 2010. Over the five-year period from the end of 2005 to the end of 2010, global wind power capacity increased by an average of 27% per year.

In 2010, China surpassed the U.S. for the world's largest installed capacity of wind power, at 44.7 GW. Capacity in the U.S. wasn't far behind at 40.2 GW. Rounding out the top five were Germany at 27.2 GW, Spain at 20.7 GW, and India at 13.2 GW.5


[image: Image] Did you know? In 2010, 19.4% of global electricity production came from renewable sources. Approximately 83% of the renewable electricity came from hydropower, with most of the remainder contributed by wind, solar, and geothermal power.



Despite the impressive growth rate of installed wind power capacity, wind remains a very small component of overall renewable energy production. In 2010, wind provided 2.3% of the electricity in the U.S. and 1.2% of the electricity in China.vii However, specific regions can produce much higher percentages of wind-derived electricity. In 2010, wind-generated electricity reached 21.9% of total demand in Denmark, 17% in Portugal, 16.4% in Spain, and 10.5% in Ireland. In the U.S., Iowa and Texas, respectively, obtained 15.4% and 7.8% of each state's electricity from wind power in 2010.

The biggest attraction of wind power is that when the wind blows, the electricity produced can directly back out fossil fuel–derived electricity from the grid while producing no direct emissions.6 The biggest disadvantage is that the wind doesn't always blow, meaning that installed wind power capacity has to be backed up by firm power sources.

The extent to which wind power must be backed up depends on the capacity factor, which varies by location. In consistently windy locations, wind generation might be counted on to contribute electricity to the grid up to 45% of the time on an annual basis. However, if there are times of the year—even if annual capacity factors are high—during which wind generation falls to lower levels, then utilities must plan to back up wind based on its lower output.

___________________________


5 Production and consumption figures for many of the renewable energy sources discussed here were obtained from REN21's Renewables 2011 Global Status Report (reference i).

6 Wind power, like all other sources of electricity production, does have indirect emissions. For example, the turbines are made from steel, the production of which is heavily dependent on coal.



For example, consider a community that requires 100 MW of electricity capacity. If a 100-MW wind farm is built to serve that community, a 30% capacity factor for the plant would mean that during the course of the year the plant has to be backed up by an average of 70 MW of a firm power source. However, if there are times of the year during which the wind power capacity factor is lower, there must be a higher level of backup available. In the worst case—if there are times of the year during which the wind plant produces no electricity—the plant may need to be backed up by 100 MW of firm power (unless, of course, suitable energy storage solutions are available—in which case the stored energy could be drawn upon for some of the backup power).

Two other oft-cited disadvantages of wind power are the noise from the turbines, and the fact that birds and bats are sometimes killed by the turbines. The noise issue often results in opposition to wind farms from local residents—a standard and understandable NIMBYist7 response.

The issue of bird and bat kills brings a broader level of opposition from many animal conservation and environmental groups. A frequently cited example is a 2008 study of a wind farm in Altamont Pass, California, that estimated the turbines there kill an average of 80 golden eagles and a total of about 10,000 birds annually.viii

Estimates of bird kills from wind turbines in the United States range from 150,000 up to about 500,000, according to the American Wind Energy Association (the U.S. lobby for the wind industry). In context, the U.S. Forest Service has estimated that each year 550 million birds are killed in collisions with buildings, 130 million are killed by power lines, 100 million are killed by cats, and 80 million in collisions with automobiles.ix

Thus, wind power is not immune to the trade-offs we must make with any of our energy sources. On the plus side, wind power has the potential to back out fossil fuels from power plants, and that has distinct environmental benefits. On the negative side, wind power often requires a high level of firm power backing it up—which is generally unaccounted for in the reported costs for producing wind power. Further, the number of birds and bats killed by wind power is expected to rise as additional wind power capacity is installed.

___________________________


7 NIMBY = Not In My Backyard.



Solar Power

Most of our energy sources can be traced to the power of the sun. The ancient biomass that produced coal, oil, and natural gas can be thought of as fossilized sunshine. The energy of the sun enables hydropower through the cycles of evaporation and rain. Wind is produced as the sun unevenly heats the earth and causes air to move between warmer and cooler locations.

However, the indirect capture of the sun's energy is relatively inefficient. Plants are able to capture and store the sun's energy via photosynthesis, but the efficiency of solar capture can be as low as 0.1%. Intensely cultivated crops can reach 2% to 4% photosynthetic efficiency, but this is a small fraction of what can be achieved by direct capture of solar power.

There are three primary methods of producing energy via solar power: solar photovoltaics, concentrating solar power, and solar heating.

Solar Photovoltaics

The first major method of producing energy via solar power uses solar photovoltaic (PV) cells. Certain materials, such as various types of silicon or cadmium telluride, are capable of producing electricity when struck by solar radiation. Solar PV cells are produced using materials that are susceptible to this photoelectric effect.

Solar PV cells are capable of converting solar radiation into energy at a much higher efficiency than plants. While most commercial solar PV cells convert solar radiation at efficiencies ranging from 10% to 15%, experimental cells have managed to increase the efficiency to above 40%.

Like wind power, the solar PV market is small relative to the total electricity market, but it is growing rapidly. During 2010, solar PV capacity was added in more than 100 countries, and the estimated global capacity at the end of 2010 was 40 GW—a sevenfold increase over the previous five years. Much of the growth was due to the construction of a number of utility scale systems (generally multi-megawatt facilities designed to service hundreds or thousands of customers). There are presently over 5,000 utility scale systems, accounting for nearly 25% of global solar PV capacity.

Because of policies that are favorable toward solar PV, EU countries dominate global capacity. At the end of 2010, Germany had by far the largest solar PV capacity at 17.3 GW, which was more than the combined capacity of the rest of the top five countries, and 44% of global capacity. Spain's 3.8 GW of solar PV capacity was enough for second place globally, followed by Japan at 3.6 GW, Italy at 3.5 GW, and the U.S. at 2.5 GW.

Concentrating Solar Power

The second major method of producing energy from solar radiation is called concentrating solar power (CSP). CSP systems use lenses or mirrors to concentrate the sun's rays, much like a magnifying glass. The concentrated rays are then used to produce heat. The heat may be used to generate steam directly, which is then passed through a turbine to produce electricity. Alternatively, the heat may be used to produce molten salt, which retains heat when the sun doesn't shine and can potentially enable these plants to run for 24 hours a day.x

Total installed capacity of CSP at the end of 2010 was 1.1 GW, and was located primarily in two countries. Spain leads the world in global CSP capacity with 632 MW of capacity, followed by the U.S. at 509 MW. However, a number of countries are either building or planning CSP systems, including several countries across North Africa and the Middle East, as well as Australia, South Africa, Mexico, and Italy.

CSP capacity grew by 77% in 2010 and has increased by an average annual rate of 25% over the past five years. Additional capacity currently under construction is 2.6 GW, and growth rates are expected to remain high. The International Energy Agency estimates that in sunny countries, CSP can become competitive for peak and intermediate power by 2020, and for base load power by 2025 to 2030.xi The IEA also estimates that CSP could provide over 11% of global electricity by 2050.

Solar Heating

The final category of energy production from solar radiation is solar heating. This takes the form of solar hot water and space heating for homes, as well as industrial process heat. The process can be as simple as water moving through black tubing outdoors to absorb heat from the sun.

Global capacity of solar heating applications is far larger than that of either solar PV or CSP. At the end of 2010, total global capacity of solar hot water and space heating was 185 GWth.8

There are more than 70 million solar hot water systems globally, with most of them located in China. As a result, China has the majority of the global capacity of solar heating systems, with 118 GWth of capacity at the end of 2010. In addition to China, the top five countries in solar heating capacity include Turkey and Germany, each with 8.4 GWth, Japan with 4.0 GWth, and Greece with 2.9 GWth.9

Solar heating installations are expected to continue to grow rapidly. Many countries—including Israel, Spain, India, South Korea, and Uruguay—have mandates for solar hot water. Within the U.S., Hawaii is presently the only state that mandates solar hot water systems in new single-family dwellings (see Figure 3-2).10
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Figure 3-2. Solar water heater on the author's home in Hawaii (Photo by Courtney Rapier)

___________________________


8 GWth refers to gigawatts of thermal energy, as opposed to gigawatts of electrical energy (GWe, or simply GW).

9 These numbers exclude swimming pool collectors. If those are included, the U.S. jumps to second place with 15.0 GWth of solar heating capacity.

10 Although there is a mandate in place in Hawaii, some new homes request and receive exemptions from the mandate.



Solar Trade-offs

The trade-offs for solar power are primarily of cost and convenience. The cost of solar power—especially solar PV—has been falling, but it is expected to remain well above the cost of producing electricity from more conven-tional sources such as coal, natural gas, or hydropower (see Figure 3-3). The higher cost has limited the growth of solar power to locations in which traditional power production is very expensive, or locations that provide generous incentives for the production of solar power. But solar panels have been plummeting in price, declining by two-thirds over the past three years and 50% just in 2011. If that trend continues, solar PV may become cost competitive with coal-fired power before the end of the decade.
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Figure 3-3. Estimated levelized cost11 of producing electricity in 2016 (Data source: EIA, Annual Energy Outlook 2011xii)

Solar power also suffers from the same intermittency problem as wind power. The U.S. Energy Information Administration (EIA) estimates that the capacity factors for gas, coal, and nuclear electricity are in the range of 85% to 90%, for geothermal 92%, for hydropower 52%, for wind 34%, and for solar PV and solar thermal 25% and 18% respectively.

___________________________


11 The levelized cost is the break-even cost for producing electricity from various sources.



This means that, like wind power, solar power must be backed up by firm power. However, there are some important considerations to keep in mind. First is that most of the time that solar power isn't producing electricity—during the night—corresponds to the lowest demand period. Thus, the level of backup power required, particularly in sunny locations, is fairly predictable and can be planned. If the need for backup power can be planned, the backup power system can be operated more efficiently than if the system has to be cycled up and down frequently as demand rises and falls unpredictably.


[image: Image] Did you know? The price of solar panels dropped by around 50% in 2010, which was primarily driven by huge increases in polysilicon supplies.



Peak output from solar panels also roughly corresponds to peak demand from power consumers—which is also when power costs tend to be highest.12 Thus, some advocates have argued that solar power should be evaluated on the basis of peak power demand, which would make the economics of solar power more favorable.

Geothermal Power

Geothermal energy is energy obtained from the earth's internal heat. It is one of the most environmentally benign sources of energy, producing little to no emissions during normal operation.

Geothermal electricity is produced when the heat from the earth is used to produce steam, which is then passed through a turbine. Electricity produced in this way generally requires fairly shallow geothermal reservoirs (less than 2 miles deep). Geothermal electricity has a high capacity factor, and the cost of generation is comparable to that of coal-fired generation.

___________________________


12 Daily peak power demand actually occurs a bit after the daily peak output for the solar panels, but at a time when the solar panel output is generally not far from peak power.



Geothermal energy can be also be used for heating or cooling. Hot springs or water circulating in hot zones can be used to heat buildings. Geothermal heat pumps take advantage of the earth's temperature a few feet below the ground—consistently 50° to 60°F—to heat buildings in the winter and cool them in the summer.

In 2010, 24 countries operated geothermal plants and 78 countries used geothermal directly for energy. About 70% of the geothermal energy for direct use was through geothermal heat pumps.

Total geothermal electricity capacity was 11 GW at the end of 2010. Capacity was led by the U.S. with 3.1 GW of capacity, followed by the Philippines at 1.9 GW, Indonesia at 1.2 GW, Mexico at almost 1 GW, and Italy at 0.9 GW. On a per capita basis, Iceland leads the world with 0.6 GW of capacity, which accounted for 26% of the country's electricity in 2010.


[image: Image] Did you know? The U.S. oil company Chevron is the world's largest commercial producer of geothermal energy.



The global capacity of geothermal for direct usage was 51 GWth in 2010, with the U.S. again leading with 12.6 GWth of capacity, followed by China at 9 GWth, Sweden at 4.5 GWth, Germany at 2.5 GWth, and Japan at 2.1 GWth.

A small portion of global geothermal capacity is in the form of deep geothermal energy. This involves drilling much deeper into the earth, which opens up the potential of geothermal energy to countries that do not have shallow geothermal resources. The global potential for deep geothermal is immense. A recent assessment by MITxiii estimated that the potential for deep geothermal in the U.S. was greater than 2,000 times the current energy consumption of the U.S.

Despite the potential for deep geothermal, hurdles remain. Probably the most serious issue is that drilling has been implicated in the generation of earthquakes. There have also been reported issues of difficulty drilling through some of the formations in order to reach the required depths. Therefore, deep geothermal is presently an experimental technology with a seemingly great deal of potential.

Relative to many other energy options, the trade-offs for geothermal power are minimal. The primary issues are that a well can suddenly stop producing steam, and sometimes gases can escape from the holes drilled in the ground. The biggest disadvantage is that shallow geothermal is only available in limited locations around the earth. So until deep geothermal is fully commercialized, geothermal will be geographically limited.

Ocean Energy

There are several sources of renewable energy from the ocean that are either still in an experimental stage or presently have limited commercialization. There are over 100 ocean energy projects currently in development with a cumulative capacity of over 1 GW.

Tidal power is a form of hydropower. As tides rise and fall, the water moving inland and back out can be passed through a turbine, utilizing the same principles as hydroelectric power plants at dams. A 240-MW tidal power system has been operated in France since 1966. At present this is the bulk of the world's 262 MW of tidal power capacity. However, high energy prices in recent years have sparked increasing interest in tidal power. New plants are being planned or are under construction in South Korea, Scotland, and India.

Wave energy utilizes the power of ocean waves to produce electricity. Some devices utilize floating buoys that produce electricity as the waves rise and fall. Other devices face perpendicular to the waves and capture the force of the wave as it strikes the surface. The world's first commercial wave power plant was commissioned in Scotland in 2000 and has been operating continuously since. Plant capacity is 500 kW and plant availability is reported to be over 90%.

Ocean thermal energy conversion (OTEC) utilizes the temperature differences between the deep ocean and the water's surface to drive a heat engine. Because of the relatively small temperature differences (~35°F), the maximum theoretical efficiency of these systems is below 10%. Japan, India, and the U.S. are among the leading countries working to advance the development of OTEC.

Summary

Renewable energy has played an important role in human civilization for thousands of years. As the world discovered coal, oil, and natural gas, it relied increasingly on those sources, and continued development of many renewable technologies stagnated. However, as the world approaches the end of the fossil age, renewable energy is experiencing a renaissance as the world grapples with the problem of transitioning to a post–fossil fuel economy. Due to the magnitude and breadth of the world's fossil fuel usage, a wide variety of renewable energy technologies will be required to supply the world's energy in the coming decades.
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Energy Production
From the Source to the Consumer


Formula for success: rise early, work hard, strike oil.

—J. Paul Getty



When humans first tamed fire, they needed energy sources to feed that fire. Thus the history of energy production greatly predates human civilization. But as civilizations grew, they demanded greater and more concentrated sources of energy in the form of fossil fuels. This chapter details how we produce the fossil fuels we use today, as well as some of the environmental and social costs of producing those energy sources.

Coal Production

Coal was the first energy source produced on a large commercial scale. While coal had been used for centuries, usage began to accelerate during the 1600s due to widespread deforestation in England. By the end of the 1600s, England was the world's leading coal producer, accounting for 80% of global coal production.i

Coal quickly became the fuel of choice across England, and then usage began to skyrocket during the Industrial Revolution in the 18th century. During the second half of the 19th century, coal overtook wood as the world's predominant source of energy. Global use of coal continued to grow during the 20th century, and was the world's most widely used energy source until it was overtaken by oil in the second half of the 20th century.

Forms of Coal

Coal comes in many different forms. Peat is a coal precursor, i.e., it would eventually become coal if subjected to the right conditions over time. Lignite, or brown coal, has properties intermediate between those of peat and other forms of coal. The energy density of lignite is similar to that of many types of wood. Lignite is the lowest grade of coal, and it is used primarily for the production of electricity in power plants.

Subbituminous and bituminous coal are of a higher quality than lignite. Both have lower moisture content and higher energy content than lignite, with bituminous coal having the highest quality of the three. Like lignite, sub-bituminous coal is used primarily for electricity production. In addition to being used for electricity production, bituminous coal is used to produce coke, which is in turn used in the production of steel.

Anthracite is an even better fuel than the other types of coal. It contains fewer impurities and has the highest heating content of the major types of coal. The heating content of anthracite can be more than double that of lignite, and as a result of the high heating content and low impurity levels, anthracite is primarily used for heating purposes.

Coal Mining

Coal is predominantly produced by either mining it from underground or excavating it from the surface in open pits. After coal is extracted from a mine, it is moved by truck, rail, and/or barge to its final destination.

Underground mining is responsible for about 60% of global coal production, and it is conducted primarily by using either one of two techniques. Room-and-pillar mining involves carving out underground rooms from the coal, and leaving coal pillars behind to support the roof of the room. The advantage of this method is that it can be done at a lower capital cost than other techniques, but the recovery of coal is lower than with some techniques because the pillars can take up to 40% of the area of the room.

Longwall mining is a more productive mining technique, often extracting up to 80% of the coal in a coal seam and at much higher production rates than is possible with room-and-pillar mining. Longwall mining is carried out underneath a self-advancing hydraulic roof support. Underneath the support a shearer with cutting drums is moved across the coal seam. As coal is removed from the seam, it falls into a conveyor system that eventually moves the coal out of the mine.

In areas where a coal seam is near the surface, surface mining can extract more than 90% of the coal from the seam. With surface mining, the dirt and rocks covering the seam are first removed, and then the coal is extracted with excavation equipment. There are several variations of surface mining, including strip mining, open-pit mining, and mountaintop removal mining.

Coal Consumption

Today, the world produces approximately 7 billion metric tons of coal per year.ii This is about 30% of the world's total primary energy production. Over the past three decades, global production of coal has increased by 90%. Globally the coal industry employs an estimated 7 million people.iii The majority, about 5 million, are employed in China.

As was the case in England during the 18th century, industrializing countries often rapidly increase their rate of coal consumption. Over the past decade, coal consumption in China, India, and Vietnam—three rapidly developing countries—increased by 133%, 92%, and 192% respectively. In comparison, coal consumption over this same time period declined by 8% in the United States and by 14% in the European Union. But even in the developed world—as Jeff Goodell aptly noted in Big Coaliv—“our shiny white iPod economy is propped up by dirty black rocks.”

Safety and Environmental Considerations

As coal became widely adopted in England in the 18th century, the air quality in England's cities diminished. Rickets—a disease caused by vitamin D deficiency that can be brought on by inadequate exposure to sunlight—was a common ailment. Even in the modern era, coal pollution continued to cause premature deaths in major cities in the UK and the U.S.

One famous incident took place in London in 1952, when a period of unusual weather in December caused a layer of smog—primarily from coal combustion—to settle over the city. Estimates are that 4,000 to over 12,000 people died prematurely as a result of exposure to this smog, and an estimated 100,000 people were sickened. In the U.S., serious coal-related air pollution events have occurred in New York City, Saint Louis, and Donora, Pennsylvania. While stricter air pollution laws have greatly reduced coal-related air pollution in much of the developed world, many cities in China are still plagued by air pollution from coal-fired power plants.

Coal mining has historically been a dangerous occupation, and it continues to be highly dangerous in certain countries. In the U.S., more than 100,000 coal miners were killed in accidents during the 20th century.v Numerous others suffered from long-term illnesses as a result of breathing coal dust.

The fatality rate in the U.S. has fallen dramatically in recent years as a result of improvements in technology and stricter safety standards, but globally the number of annual fatalities remains high. In China, for example, thousands are killed each year in the coal-mining industry, and the death rate per million tons of coal extracted is 30 to 50 times the rate in the developed world.vi

Coal mining also impacts the environment. As surface-mining techniques became more prevalent in the U.S., the Surface Mining Control and Reclamation Act of 1977 was passed in part to ensure that land that had been altered by mining was ultimately reclaimed.

In more recent years, the practice of mountaintop removal has come under criticism. This practice sometimes involves dumping the mountaintop overburden into neighboring valleys, which can bury streams and change the hydrology1 of the area. Studies have documented that this practice can lead to increased flooding of downstream areas and a degradation of downstream water quality.vii

Oil Production and Refining

Humans have a long history of using oil in small volumes for lighting and heating, for medicinal purposes, and even in warfare. But the modern oil industry began when several oil wells were drilled in Europe, Russia, and North America around the middle of the 19th century. As more oil was discovered, the industry spread and began to build refineries, initially to remove kerosene—which was valued as an energy source for lighting and heating—and later to provide transportation fuel.

___________________________


1 Hydrology refers to the movement of water on and under the surface of the land.



Today, the methods of oil production encompass many categories, including several different types of unconventional oil production.

Discovery and Extraction

The first step in the production of oil is to discover an oil reservoir. This often involves the propagation of seismic waves into the earth and interpreting the reflected shock waves to determine whether a geological formation might contain oil.

Once a suitable prospect has been found, an exploratory well2 is drilled to assess the quality and quantity of recoverable oil in the reservoir. If the prospect is deemed to be economical, then the development phase begins.

During the development phase, a hole is drilled into the zone where the petroleum deposit is located. The hole is lined with sections of pipe—the casing—that are then cemented into place. The casing serves to prevent sections of the drill hole from collapsing and to prevent contamination of fresh water by the oil that is produced.

Once the casing has been cemented into place, it must be perforated to allow oil to flow into the pipe so it can be extracted. This is done by lowering explosive charges into the oil production zone and setting them off, creating holes through the casing and cement. The explosions also create cracks in the reservoir rock surrounding the casing, which helps to facilitate the flow of oil into the pipe.

The cracks may be further opened by fracturing, or “fracking,” the formation. This involves pumping water, chemicals, and a proppant down the well under high pressure to break open channels in the reservoir rock. The proppant can be a material such as sand that is designed to hold the cracks open once they are formed. In some formations, acids are used to perform a similar function of opening up channels for facilitating the flow of oil through the rock.

___________________________


2 An exploratory well is commonly called a “wildcat well.”



Conventional Oil Production

The first stage of commercial production is called primary recovery. During this phase, the pressure of the oil and gas in the formation drives the oil into the wellbore. Typically about 10% of a reservoir's oil can be produced during this phase.

Secondary recovery involves the use of artificial pressure by injecting water or natural gas, for example, into the reservoir. The injected fluid then pushes the oil into the wellbore. Use of secondary recovery methods pushes the recovery rate up to 20% to 40% of the reservoir's oil.

Recovery rates can be increased to 60% or even more through the use of tertiary, or enhanced oil recovery (EOR), techniques. There are three primary methods of EOR: gas injection, thermal recovery, and chemical injection. Each of these methods works by changing the flow properties of the oil so it can more easily move through the reservoir.

With gas injection, a gas that is miscible3 with the oil—such as carbon dioxide—is injected into the well. The gas lowers the viscosity4 of the oil and sweeps it toward the production well. Approximately 60% of the EOR production in the United States occurs by gas injection.

Thermal recovery involves heating the oil in the reservoir. This is usually done by injecting steam into the well. Thermal recovery accounts for nearly 40% of the EOR in the U.S.

The final primary EOR technique is chemical injection. During this process, chemicals such as detergents are injected into the well. They reduce the surface tension of the oil, which allows it to flow more easily through the reservoir. Around 1% of the EOR in the U.S. is from chemical injection.

Techniques for conventional oil recovery and EOR can be classified as onshore, shallow water (water depth of less than 1,000 feet), deepwater (water depth between 1,000 and 2,500 feet), or ultra-deepwater (water depth greater than 2,500 feet).viii

___________________________


3 Miscible means the formation of a single phase when two different substances are mixed together. Immiscible means that two or more phases are formed upon mixing, such as when oil is mixed with water.

4 Viscosity refers to the ability of a fluid to flow.



Unconventional Oil Production

Unconventional oil production typically involves very heavy oil resources that require special processing before they can be refined. The resource can be oil sands, bitumen,5 or oil shale. However, conventional oil production in difficult-to-reach locations—such as deepwater or in the Arctic—is some-times also classified as unconventional oil production.


[image: Image] Did you know? The world has consumed approximately 1 trillion barrels of oil since the oil age began in the mid-19th century. That is enough oil to cover the state of New York to a depth of 3.7 feet.



Most unconventional heavy oil production today occurs in the Athabasca oil sands in Alberta, Canada, and in the Orinoco oil sands in Venezuela. The deposits in the Orinoco Belt are estimated to contain up to 1.2 trillion barrels, with over 200 billion barrels technically recoverable.6 The oil sands in Alberta contain an estimated 1.7 trillion barrels, with about 10% (170 billion barrels) of that being technically recoverable. For reference, Saudi Arabia's proven reserves of conventional crude oil are estimated to be 267 billion barrels.

Unconventional heavy oil is commercially produced by adding heat to the oil. This may be done by mining the deposit and then extracting the oil in a processing plant, or it may be done in place by injecting steam into the ground to reduce the oil's viscosity so it may be extracted by conventional methods.

As the ratio of oil prices to natural gas prices increases, the economics for techniques such as steam-assisted gravity drainage (SAGD) become more attractive for producing heavy oil. SAGD involves drilling two horizontal wells, one approximately 15 feet above the other. Steam—usually produced from natural gas—is injected into the upper well, which heats the oil and allows it to flow to the lower well, where it is then pumped out of the ground. This technique is particularly attractive in the Athabasca oil sands because it provides a use for stranded natural gas reserves.7 In areas where natural gas can reach the marketplace, SAGD can still be competitive at a high enough oil to natural gas price ratio.

___________________________


5 Bitumen is naturally occurring asphalt.

6 Technically recoverable oil is defined as oil that is recoverable using known exploration and production technology, but without regard to cost.



In contrast to the other heavy oils, oil shale8 consists of sedimentary rock that contains heavy organic compounds called kerogen. Oil shale lacks the tarry or sticky qualities of heavy oil deposits, and more processing is required to produce oil from oil shale.

Global estimates of technically recoverable oil shale reserves are around 3 trillion barrels. Commercial grades of shale may yield 0.5 to 1 barrel of oil per metric ton of shale, but there is little commercial production of oil from shale globally because of poor economics.

OIL SHALE DEVELOPMENT: IMMINENT FOR OVER A CENTURY


During the 2012 U.S. presidential campaign, then-candidate Michele Bachmann made the claim, “We have more oil in three Western states in the form of shale oil than all the oil in Saudi Arabia.” What Bachmann was referring to is the Green River Formation, a geologic formation that encompasses parts of Utah, Colorado, and Wyoming and contains an oil shale resource estimated at more than 2 trillion barrels.

But a resource is not the same as a reserve. An analogy to help understand the difference is to consider the amount of dissolved gold in the oceans. All of the gold in the ocean would be the resource—and it is enormous. The value of this resource would amount to trillions of dollars if the gold could be economically recovered. But the gold is at such a dilute concentration that even though it could technically be recovered, it can't be economically recovered. Thus even though the resource is huge, the reserve—the amount that can be economically recovered with existing technology—is zero.

This is similar to the situation with the oil shale in the Western U.S. Over 100 years ago, the headline of a Colorado newspaper declared “Oil Shale Development Imminent.” But despite developmental work, the oil shale has never been developed, because processing the shale into oil has always been costly relative to the oil that is produced. One of the costs is the energy inputs, and those—along with other processing costs—tend to increase as the price of oil increases. This has always put the economics of oil shale out of reach even as oil prices climbed.



___________________________


7 Stranded natural gas reserves are natural gas reserves that can't economically reach the marketplace.

8 The oil produced from processing oil shale is shale oil. Another category of oil unrelated to this is deposits of oil found within shale deposits. This type of oil can be produced with horizontal drilling combined with fracking, and has led to increased oil production in the U.S. in recent years.



Oil Refining

Once oil is extracted, it is transported to an oil refinery for conversion into final products such as gasoline, diesel, jet fuel, fuel oil, and asphalt.

The level of refining required depends on the quality of the crude oil. There are numerous different types of crude oil, and the quality of the crude oil is indicated by the crude oil assay. Figure 4-1 shows a comparison of two different generic types of crude oil. Crude oils that have very high density—designated in the assay by a low API gravity9—are called heavy crudes. If a crude oil has high sulfur content, it is called a sour crude. Crudes may also have varying contents of heavy metals that complicate processing.



[image: Image]




Figure 4-1. Comparison of two simplified crude oil assays

The crude oil assay indicates expected products from processing the crude, as well as what type of processing is needed to meet market specifications. In this example, the amount of product that boils off as the temperature is raised to 99°F is called “gas.” As Figure 4-1 shows, this is 4.4% for the light crude and 3.4% for the heavy crude.

___________________________


9 The API gravity is a measure of how heavy or light oil is relative to water. If the API gravity is above 10, the oil is lighter than water and would float. If it is less than 10, it is heavier than water and would sink.



Crudes that are heavy and/or sour trade at a discount to light, sweet crudes, because they require more processing. Refineries must be specifically configured to process crudes that are heavy and/or sour, but depletion of light, sweet crude supplies has caused many refineries to make the capital investments required to process the lower grades.

The first step in the refining of crude oil is removal of salt and water. The oil then undergoes distillation, where different fractions are separated according to boiling point ranges (as shown in the assay).

The lightest fraction, or cut, in crude oil consists of a mixture of light gases. This gas mixture includes dissolved methane, ethane, propane, some butane, and some trace higher gases. This fraction can be purified for sales or conversion to various petrochemicals such as ethylene or propylene, or it can end up as fuel gas to help satisfy a refinery's need for steam.

The next fraction is straight-run, or natural, gasoline. Gasoline is a mixture of hydrocarbons that is partially characterized by a specific boiling-point range, and the gasoline you purchase at the gas station contains many different blended components. One of these components is usually light, straight-run gasoline. This fraction contains compounds like butane, octane, and many branched and cyclic hydrocarbons that boil in a specific range. However, most finished gasoline has been subjected to additional processing. The straight-run gasoline is what is distilled from the crude oil with no additional processing.

The next fraction is naphtha. Small amounts of naphtha can be blended into gasoline, but the octane rating10 for naphtha is very low. More commonly, naphtha is fed to a catalytic reformer, which processes the naphtha and boosts the octane rating from less than 40 to greater than 90.

The fraction just heavier than naphtha is kerosene (also called “jet”), which starts to get into the range of the distillate fractions. This fraction has greater energy content per gallon than the lighter fractions, but is too heavy (i.e., the boiling point is too high) to be blended into gasoline.

___________________________


10 The octane rating refers to the tendency of a fuel to pre-ignite. Fuels with low octane ratings will ignite early in an engine, which will cause the engine to knock.



The sulfur components start to become more concentrated in the heavier fractions, so kerosene is typically subjected to hydrotreating. In this step, hydrogen is added to the kerosene in a reactor to convert sulfur compounds into hydrogen sulfide, which is then removed. Kerosene is used as fuel for jet engines and for some portable heating and lighting applications, and it may also be blended into diesel.

The next fraction is distillate (specifically, No. 2 Distillate; kerosene is sometimes called No. 1 Distillate). Like kerosene, this fraction contains sulfur (as do all the heavier fractions) and must be subjected to additional treatment. Distillate has two major end uses: as diesel fuel and as home heating oil. In fact, as indicated in the assays shown in Figure 4-1, a substantial portion of a barrel of oil ends up as heavy distillate. For the light, sweet crude assay, an estimated 32.4% ends up as distillate (i.e., the 32.4% of the components will boil off in the boiling range characterized as “distillate”), and for the heavy, sour crude assay, 19.3% ends up as distillate.

The fraction following distillate is gas oil, which is also known as fuel oil or heavy gas oil (distillate also being known as light gas oil). This fraction is typically processed in a catalytic “cracker” to make cracked gasoline. Cracking involves breaking heavy, long-chain hydrocarbons down into shorter hydrocarbons that boil in the gasoline range. The cracked gas is then blended into the gasoline pool.

The final cut, residuals, or just plain “resid,” is of great interest when the economics of heavy crudes versus light crudes are compared. Note in the assays in Figure 4-1 that less than 5% of the barrel of light crude ends up as resid, whereas the heavy crude yields over 28% resid. Resid is sold as asphalt and roofing tar, and it is not as valuable as gasoline or distillate. Therefore, more and more refiners are installing a piece of equipment called a coker to further process the resid.

A coker thermally cracks the resid by subjecting it to extremely high temperatures and converts it into additional gasoline, diesel, and gas oils. The economics of doing this are often very attractive, given the historical price spread between light crude oil and heavy crude oil. A coker can convert over 80% of the resid into valuable liquid fuels.

Safety and Environmental Considerations

The production, transportation, and refining of crude oil pose a number of safety and environmental considerations. Certain types of oil production—such as offshore or unconventional oil—have higher potential to impact the environment.

Millions of gallons of oil and fuel are spilled each year throughout the petroleum supply chain. We are all familiar with images from the Exxon Valdez, which spilled 11 million gallons of crude oil in Prince William Sound in 1989.11 While such tanker spills are rare, they can do tremendous damage to ecosystems when they occur.

Less rare are any number of pipeline leaks that occur as oil is transferred from beneath the earth to refineries and then to consumers around the world. The recent Deepwater Horizon oil spill leaked nearly 200 million gallons of oil into the Gulf of Mexico following a blowout deep below the ocean that took months to cap.


[image: Image] Did you know? A 1979 underwater oil well blowout in Mexico's Bahia de Campeche flowed uncontrollably for nine months before being capped.



In addition to accidents, there have been a number of cases where waste from petroleum production operations has been dumped into the environment. One example of this took place in Ecuador, where oil byproducts were dumped into unlined pits and contaminated the soil and waterways. The Niger Delta has become extremely polluted with oil due to accidental spills as well as vandalism, sabotage, and theft from pipelines.

Development of oil sands poses additional environmental considerations. The process requires the removal of the land above the deposit, uses a lot of water, and generates a lot of wastewater. The wastewater often ends up in tailings ponds containing toxic byproducts of the extraction process. These tailings ponds have been responsible for a number of documented bird fatalities.

___________________________


11 Globally, drivers and boaters spill nearly twice this much fuel every year. This often contributes to smog, but does not have the same impact on the ecosystem as a large spill in a single location.



The burning of petroleum products—as with the combustion of all fossil fuels—emits greenhouse gases believed to be contributing to global warming. Smog is also a major issue that can be caused by vehicle emissions, particularly in large cities.

As with the coal-mining industry, millions of people are employed globally in the oil industry, and thousands are killed each year in accidents. Historically, there have been many major accidents that killed large numbers of employees as well as private citizens, and damaged personal property. For example, in 2005, an explosion at a BP refinery in Texas killed 15 people, injured over 170, and caused tens of millions of dollars in property damage.

Natural Gas Production

Natural gas and petroleum are both products of the decay of organic matter within the earth. Petroleum is a mixture of hydrocarbons, and natural gas primarily consists of the simplest hydrocarbon—methane. Therefore, natural gas and petroleum are generally found together. (Natural gas is also found in coal deposits.)

Oil fields will contain some natural gas, and natural gas fields will contain heavier hydrocarbons (i.e., light petroleum fractions). Whether oil or natural gas is the predominant deposit is a function of the conditions the buried matter experienced over time. The deeper the organic material was buried, the more pressure and temperature it experienced. Higher temperatures and pressures favor the formation of natural gas.

METHANE HYDRATES: THE ICE THAT BURNS


Because of advances in hydraulic fracturing, U.S. oil and gas production has started to grow in recent years. Resources that were formerly uneconomical are now being developed in places like North Dakota, Texas, and Pennsylvania. While it is too early to tell how long these production increases can continue, this does show the importance of technology improvements when it comes to increasing energy supplies.

Another potential energy supply for the future is called methane hydrates, also known as methane clathrates. Methane hydrates are compounds in which methane forms an ice-like crystalline compound with water. Methane hydrates are flammable in the crystalline form, and methane can be extracted from them and burned.

The methane hydrate resource is immense—much larger than the conventional resource base for natural gas. But the deposits occur primarily on and under the ocean floor, and there is presently no way to economically extract them.

Beyond the economic issue is the fact that methane is a powerful greenhouse gas, and development of the hydrates would both increase the amount of methane in the atmosphere, as some would be lost to the air during processing, and increase the atmospheric carbon dioxide concentration as the methane is burned for power.

Nevertheless, countries are working to commercialize the extraction of methane hydrates. Japan and China are both engaged in long-term commercialization efforts, and the United States is conducting research into the potential of methane hydrates.



The exploration and production of natural gas is similar—and in many aspects identical—to the process for finding and producing petroleum. Refining of natural gas is much simpler than petroleum refining. It generally consists of removing heavy hydrocarbons for processing in an oil refinery, and removing impurities such as water and hydrogen sulfide.

The Shale Gas Revolution

As with petroleum, hydraulic fracturing, or “fracking,” is used on many gas wells to break open channels in the reservoir rock that facilitate gas flow to the well bore. Fracking was first commercially introduced in the oil and gas industry in 1949, and application of the technique grew rapidly in the oil and gas fields of Oklahoma and Texas. Fracking increases the amount of oil and gas that can be recovered from a field, and it is credited with boosting recoverable U.S. oil reserves by 30% and natural gas reserves by 90%.ix

In recent years, fracking has been used in conjunction with horizontal drilling to extract natural gas from shale deposits. Shale gas typically can't be economically produced via conventional methods.

Shale gas reserves exist in many countries around the world (see Figure 4-2), with the U.S. Energy Information Administration (EIA) projecting that “adding the identified shale gas resources to other gas resources increases total world technically recoverable gas resources by over 40 percent to 22,600 trillion cubic feet.” (Global consumption of natural gas was 112 trillion cubic feet in 2010.)x
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Figure 4-2. Map of 48 major shale gas basins (Source: EIA)xi

China is estimated to have the most technically recoverable shale gas, with 1,275 trillion cubic feet (tcf). This is 12 times greater than China's conventional gas reserves and could ease pressure in the global marketplace from China's growing energy needs.

Shale gas that contributes to China's energy supplies could ease pressure on China's energy demands in the global marketplace. This is likely why in 2009 U.S. President Obama signed an agreement with Chinese President Hu Jintao to share U.S. knowledge on shale gas development and help China develop its shale gas reserves.

Many other countries have large shale gas resources. Behind China, the top five technically recoverable shale gas resources12 are located in the United States with 862 tcf, Argentina (774 tcf), Mexico (681 tcf), and South Africa (485 tcf).

___________________________


12 This according to the EIA assessment, which did not examine Russia or the Middle East because their large conventional gas reserves are expected to remain the dominant source of gas production for the foreseeable future.



Exploration and/or development of shale gas is underway in more than a dozen countries, including the United States, China, India, Canada, Australia, the United Kingdom, Poland, and Germany.

The Barnett Shale geological formation in Texas became one of the early major economic successes in shale gas development, ultimately becoming the largest source of natural gas in the U.S. Spurred on by the success in Texas, fracking has expanded out of traditional oil-and-gas producing areas and into more densely populated areas of the country such as the East Coast of the U.S.


[image: Image] Did you know? Not only has hydraulic fracturing dramatically increased natural gas production, but it is also the primary driver behind the increases in U.S. oil production that began in 2009.



The Marcellus Shale is a geological formation underlying most of West Virginia, northern and western Pennsylvania, western New York, and eastern Ohio. Conventional fracking has been carried out on gas wells in the region for decades, but over the past five years unconventional fracking13 has been increasingly used to extract gas from the Marcellus Shale.

Environmental Implications of Fracking

As unconventional fracking has been increasingly used in more populated areas, concerns have been raised about the potential for the technique to harm the environment. The primary issue is the potential for fracking fluids—water mixed with a cocktail of chemicals, some of which are carcinogens—to migrate into the groundwater as a result of the fracking process.

In fact, a number of people have reported that their water was contaminated in areas where fracking was taking place. In 2010, gas driller Cabot Oil was cited by the Pennsylvania Department of Environmental Protection for contaminating 14 water wells during Cabot's Marcellus Shale drilling operations.

___________________________


13 Unconventional fracking utilizes horizontal drilling and requires much greater volumes of water than does conventional fracking.



The Cabot case provides a perfect example of why fracking has become controversial in the area. The reason the water wells were contaminated was determined to be not a result of fracking fluids migrating from the fracking zone, but rather because the gas wells were improperly cemented.

These gas wells do pass through the water table, but the fracking takes places thousands of feet below the water table. Between the fracking location and the water table, the rock presents a formidable barrier against migration of the chemicals. Thus, fracking proponents argue that there is zero chance of contaminating a water table because of the fracking process, and that there has never been a documented case of water being contaminated via fracking.

However, the fracking fluids must be transported to the site, pumped down the well, and ultimately recycled or disposed. If fracking fluid leaks out into the environment during any stage of a fracking operation, it is irrelevant to impacted people whether it was the physical act of fracking, or simply operations supporting the fracking, that resulted in the contamination. In any case, the negative impact will be associated with the fracking.

Ultimately, even if there is zero risk of chemical migration from the fracking zone into the groundwater, accidents are going to happen such as the one that resulted in Cabot's citation. The production of energy—coal, oil, natural gas, even biofuels—has always been accompanied by accidents that injure people and harm the environment. As the number of operations and individual operators increases, so will the risks.

Fracking Trade-Offs

Fracking provides a classic example of energy trade-offs. Development of the Marcellus Shale can indeed increase the level of energy security for the U.S., but some people are going to be impacted by developments in the area. For some, it will mean jobs and a higher standard of living. For others, the impact will be inconvenience, such as more noise and traffic. And for some, the impact has already been contaminated groundwater.

Because of the stakes involved, it is likely that development in shale deposits across the U.S.—and indeed the world—will continue to grow. A U.S. Department of Energy (DOE) panel that was created by President Obama to study the issue concluded that fracking can be done in an environmentally responsible way, but major steps must be undertaken to protect the environment.

The issue of fracking in areas like New York and Pennsylvania will continue to pit development versus those who would rather preserve their existing way of life. This is not an issue specific to fracking; opposition to develop-ment will take place any time an extractive industry moves into a populated area for the first time, be it natural gas production, logging, or coal mining.


[image: Image] Did you know? Geologists have linked fracking to earthquakes in Oklahoma and Ohio.



Such opposition is understandable by those who are impacted by the development, and if development is to proceed, then governments and companies must work to minimize the impact on the local population.

However, this is a two-way street. History tells us again and again that such lucrative revenue streams are irresistible to private companies and governments alike. Therefore, people are likely to continue to be impacted by fracking operations. Even if their primary goal is to prevent fracking in their area, protesters should spend considerable energy providing input into the regulatory process because of the likelihood that fracking will continue to expand.

Summary

The fossil fuels discussed in this chapter will continue to provide the majority of the world's energy for many years. As conventional supplies deplete, the world will turn increasingly to unconventional methods of production. However, unconventional methods often have higher costs and a higher environmental footprint than conventional methods, and therefore strict regulations must be applied to protect the environment.

Some would argue that the environmental footprint of burning fossil fuels is too high and that the threat from climate change is so great that fossil fuels must not continue to be used to provide the majority of the world's energy. That brings us to the issue of climate change, the topic of Chapter 5.
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Global Warming
How Do You Stop a Hurricane?


The warnings about global warming have been extremely clear for a long time. We are facing a global climate crisis. It is deepening. We are entering a period of consequences.



—Al Gore


With all of the hysteria, all of the fear, all of the phony science, could it be that man-made global warming is the greatest hoax ever perpetrated on the American people?



—James Inhofe, U.S. Senator

There are few issues that are as polarizing as the topic of global warming. On one side are proponents of the theory that human activity is contributing to climate extremes, and that rising greenhouse gas emissions pose a serious threat to life on earth. On the other side are people who believe that global warming is at a minimum grossly exaggerated, at worst a scam, and that enacting drastic measures to address the issue will result in economic calamity. On each side are people who feel strongly about their position, and who believe that if the other side prevails the results will be disastrous.

This chapter explains the science behind global warming, examines some of the reasons that it is a controversial topic, and considers the political and economic issues involved in attempting to bring greenhouse gas emissions under control. But to be clear, I am not attempting to present the scientific case either for or against global warming, but rather to better familiarize readers with the issue.

What Is Global Warming?

The earth's climate can be influenced by a number of different factors. Small wobbles in the earth's orbit, changes in the level of solar activity, changes in ocean currents, and even major volcanic eruptions can all contribute toward the warming and cooling of the earth.

One of the factors that influences the earth's climate is the greenhouse effect. The surface of the earth is warmed by short-wavelength (visible) solar radiation that passes through the earth's atmosphere. As solar radiation causes surfaces to warm, energy is reemitted from those surfaces in the form of infrared radiation.

Infrared radiation has longer wavelengths than the visible radiation from the sun, and it interacts with the atmosphere in a different way. The atmosphere contains certain gases—water vapor, methane, and carbon dioxide, to name a few—that absorb the infrared radiation from the surface of the earth and radiate some of that energy back toward the earth. This is analogous to a greenhouse, where glass blocks some of the infrared radiation and reflects it back into the greenhouse.


[image: Image] Did you know? The term “greenhouse effect” is actually a misnomer. While a greenhouse glass will in fact reflect some infrared radiation back into the greenhouse in a way that is similar to the atmosphere reflecting infrared radiation back to earth, the primary heating mechanism in a greenhouse is the prevention of airflow that would otherwise cool the interior.



The result of the heat being radiated back to the earth is that the earth is about 60°F warmer than it would be without a greenhouse effect. Because greenhouse gases in the atmosphere are responsible for the greenhouse effect, it stands to reason that if the atmospheric concentration of those greenhouse gases increases, then so should the surface temperature of the earth.

Climate change that is induced by increasing greenhouse gas concentrations is commonly called global warming. However, in recent years, this has been increasingly referred to as “climate change,” since the overall impact to climate is more complex than a mere rise in the earth's temperature. I tend to use the two terms interchangeably, but will more often use “global warming” simply because that is the phrase that is most familiar to the layperson.

The Controversy

There is no dispute that there is a greenhouse effect on earth. The reason for the greenhouse effect is well understood. In fact, it is only because of the greenhouse effect that life as we know it on the earth is possible. Without the greenhouse effect, the average surface temperature of the earth would hover around 0°F.

There is also no dispute that greenhouse gases, like carbon dioxide (CO2), are accumulating in the atmosphere as humans burn through ancient carbon sources like coal, oil, and natural gas. The atmospheric CO2 concentration has increased from about 285 parts per million (ppm) in preindustrial times to 320 ppm in the 1960s to the present value of 390 ppm (see Figure 5-1).

It is clear from our scientific understanding of the greenhouse effect that increases in the atmospheric CO2 concentration should cause the surface temperature of the earth to warm, and if the concentration continues to increase, this should lead to further warming. Despite this, a large number of people are skeptical of the idea that human activity is causing the earth's climate to change.
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Figure 5-1. Historical atmospheric CO2 concentrations at Hawaii's Mauna Loa Observatory (Graphic source: National Oceanic and Atmospheric Administration)

A poll conducted in the U.S. in 2011 showed that a strong majority—83%—believes that the earth is warming, but only a minority of those polled attributed it primarily to human activity. Respondents were split along political lines: 37% of Democrats attributed the warming primarily to human activity, but only 14% of Republicans agreed.i

Skepticism is not limited to the U.S. A 2010 poll by Cardiff University in the UK showed that 40% of those surveyed thought that climate change concerns were exaggerated, and less than one-third believed that climate change was primarily a result of human activity.

So if the science behind the greenhouse effect is understood, why are so many people skeptical of the idea that human activity is primarily responsible for global warming?

Understanding the Skepticism

People may be skeptical of the science behind climate change for various reasons. The science of why there is a greenhouse effect is clear, but the specific impacts on climate come from projections based on climate models. Some skeptics feel that because complex feedback mechanisms are involved in modeling the climate, the certainty of the results have been overstated. In fact, the reason that “global warming” eventually morphed into “climate change” is that the climate impact was much more complex than simply a warming earth.

To put this in the context of why some people have doubts, consider the accuracy of your local weather forecast. Some skeptics argue that if science can't model the weather a week in advance, it can hardly predict years in advance the climate impacts due to the greenhouse effect.

Another common reason for skepticism is that some people have a hard time believing that the relative contribution of CO2 can have a major impact on the climate. There are a number of greenhouse gases in the atmosphere, but water vapor is the greenhouse gas in the greatest abundance and with the dominant contribution to the greenhouse effect.

The concentration of water vapor in the atmosphere is 3% to 4%.ii The concentration of CO2 in the atmosphere is 390 ppm, which is 0.039%. So, there is about 100 times more water vapor than CO2 in the atmosphere, and water vapor contributes an estimated 75% of the earth's greenhouse effect.iii (A report from the U.S. Department of Energy (DOE) attributed as much as 95% of the greenhouse effect in the lower atmosphere to water vapor).iv

Thus, even if the atmospheric concentration of CO2 doubles from current values due to continued burning of fossil fuels, there will still be around 50 times more water vapor in the atmosphere. Some skeptics argue that this relatively small contribution could not have a major impact on the climate.

However, once again there are complex feedback mechanisms in play. For example, as the earth warms, methane that is locked up in permafrost can leak into the atmosphere. Methane is a more powerful greenhouse gas than CO2, so this has the potential to set up a positive feedback loop: as the earth warms, methane is released, and this causes more warming.

The world's oceans—the largest global sink of CO2—also play an important but complex role. As the oceans warm, they can absorb less CO2, setting up the potential for a greater portion of future global CO2 emissions to remain in the atmosphere. These are the sorts of feedback mechanisms that the climate models must attempt to incorporate.

There are other people who accept the science behind global warming and accept that there will be some warming, but believe temperature increases will be small and are not cause for undue concern.


[image: Image] Did you know? Some of the CO2 that is absorbed by the oceans dissolves and forms carbonic acid. This has slightly decreased the pH of the world's oceans as atmospheric CO2 concentrations have increased, a process referred to as “ocean acidification.”1



However, it is important to bear in mind that projected temperature increases are global averages, and some areas are apt to see more extreme temperature changes than others. In addition, temperature variations can change the intensity of the weather and shift global climatic zones. Some areas that currently experience cold climates might become more temperate, but then some temperature zones may become drier and unable to sustain agriculture.

Some arguments against global warming are simply based on misinformation. An example of this is the oft-repeated claim that volcanoes contribute more CO2 to the atmosphere than do humans. This claim is false. According to the U.S. Geological Survey, volcanoes emit approximately 130 million metric tons of CO2 into the atmosphere each year.v In contrast, the burning of fossil fuels contributed 33.2 billion metric tons CO2 to the atmosphere in 2010—255 times the estimated level contributed by volcanoes.

Obstacles to Action

The reality is that global warming is a complex issue, but it is one that is viewed by many as the most pressing environmental issue facing humankind. Still, developing an internationally agreeable mitigation plan has proven to be difficult, for both political and economic reasons.

One reason for this difficulty is that humans tend to discount the future, which means that we usually are unwilling to pay $1 today to avert $1 of future costs. The greater the uncertainty about those future costs, the heavier the future is likely to be discounted (i.e., the less we are willing to pay). Because there is some uncertainty about specific impacts of global warming—and because a large portion of the general public remains skeptical that global warming is a result of human activity—some countries have been unwilling to commit major public funding to reducing greenhouse gas emissions.

____________________


1 Some people have suggested that the term “ocean acidification” is misleading, because even though the pH of the oceans is declining, the pH is actually alkaline, or basic (the opposite of acidic). Thus, they have argued for characterizing the change as “becoming less basic,” or “neutralizing.”



A second reason for the difficulty in developing an internationally agreeable mitigation plan is that people often act in their own self-interest, even when these interests conflict with those of the global population. This is a dilemma known as the tragedy of the commons, first used to describe a situation in which individuals are allowed to graze their herds on public lands. Individuals will seek to maximize their personal gain when accessing a common resource, and this leads to overuse of the resource by individuals acting in their self-interest. Hence the asset may ultimately be destroyed by those self-interests.

Many countries display this sort of behavior on the issue of CO2 emissions. While a majority of countries may agree that global warming is taking place and that carbon emissions must be regulated, some countries have refused to participate in global agreements because of concerns about how their economies would be impacted.

There have been international treaties aimed at reducing CO2 emissions. The most famous is the Kyoto Protocol, a treaty that was ratified by nearly every country in the world. The treaty became effective in 2005 and commits certain developed countries to reduce their collective greenhouse gas emissions. However, it contains no quantitative requirement of reductions for developing countries, and the United States cited this as a reason when it refused to ratify the treaty. Thus, global CO2 emissions have continued to rise despite the treaty.

Case Study: United States

For most of the 20th century, the United States was by far the world's largest emitter of CO2. The U.S. is also a high per capita emitter of CO2. As Figure 5-2 shows, in 2010 there were nearly 20 metric tons of CO2 emitted for every person living in the U.S.2 Thus, as global concern over global warming escalated, the U.S. came under increasing international pressure to reduce CO2 emissions.

____________________


2 The U.S. Census Bureau indicates that the 2010 U.S. population was 309 million people, and the BP Statistical Review of World Energy 2011 put 2010 U.S. emissions at 6.1 billion metric tons.
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Figure 5-2. Per capita CO2 emissions for various regions of the world (Data source: Emissions data is from BP Statistical Review of World Energy 2011 and population data is from the CIA World Factbook)

There has also been pressure within the U.S.—especially among Democrats3—to reduce greenhouse gas emissions in the U.S. But as reported in the Reuters/Stanford/Ipsos poll mentioned earlier in the chapter, Republicans are less likely than Democrats to attribute climate change to human activity—and the U.S. has a substantial conservative population. Thus, attempts to regulate carbon emissions in the U.S. at the federal level have been mostly unsuccessful, and the U.S. has resisted pressure to sign on to international agreements such as the Kyoto Protocol.

However, in 2009 the U.S. Environmental Protection Agency (EPA) made a determination that greenhouse gases fall under the Clean Air Act definition of air pollutants and threaten the public health. This ruling would have given the EPA the authority to regulate greenhouse gas emissions, but, unsurprisingly, Republican lawmakers introduced legislation to block the EPA from enforcing the ruling.

_____________________


3 Al Gore is one of the prominent Democrats urging action on greenhouse gas emissions.



There has been some successful legislation at the state level. California, one of the most liberal states in the U.S., passed legislation to cap emissions at 1990 levels by 2020, which would be approximately 25% lower than present day emissions. A number of traditionally Democratic states followed California's lead, but prospects for meaningful legislation at the U.S. federal level appear to be slim.

Despite the political stalemate in the U.S. over enacting carbon emission caps, greenhouse gas emissions in the U.S. have declined over the past few years. As oil prices reached record highs in 2008, demand for oil fell and CO2 emissions declined as a result. The total decline in U.S. CO2 emissions between 2007 and 2009 was nearly 620 million metric tons,4 or a 10% decline over the two-year period.

However, the decline in greenhouse gas emissions in the U.S. occurred during a recession, when economic activity—and thus energy usage—declined. When the economy technically emerged from recession in mid-2009, demand for energy began to rebound, and total carbon emissions once again began to climb. Carbon dioxide emissions in 2010 were 240 million metric tons higher than in 2009, an increase of 4%.

Emerging CO2 Emitters

While most developed countries saw their CO2 emissions fall between 2006 and 2010, developing countries experienced sharp increases in CO2 emissions over that time frame. In 2006, China displaced the U.S. as the largest global emitter of CO2. Since then, China's annual CO2 emissions have increased by 28%, or 1.8 billion metric tons.

In addition to China, some of the countries that experienced double-digit growth in CO2 emissions between 2006 and 2010 include Peru (49%), India (40%), Vietnam (37%), Singapore (36%), and Saudi Arabia (28%).

The net result was that even as the U.S., Canada, European Union, Australia, New Zealand, Japan, and Malaysia all saw declines in total CO2 emissions over the past five years, global emissions grew by 11% over the same time frame.

An examination of the past decade shows that economic development in the Asia Pacific region is the current driver behind growing CO2 emissions. Over the past decade, CO2 emissions declined slightly in North America and the EU, but grew steadily across the Asia Pacific region, as shown in Figure 5-3. Further development of the region could see it become responsible for 50% of global CO2 emissions within a decade (see Figure 5-4).

__________________


4 According to data from the BP Statistical Review of World Energy 2011.
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Figure 5-3. Global CO2 emissions over the past decade for Asia Pacific, North America, and the European Union (Data source: BP Statistical Review of World Energy 2011)


[image: Image] Did you know? If CO2 emissions in the U.S. and the EU fell to zero, global emissions would still be at 1994 levels—and rapidly increasing.
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Figure 5-4. Percentage of global CO2 emissions over the past decade for Asia Pacific, North America, and the European Union (Data source: BP Statistical Review of World Energy 2011)

Not only does the Asia Pacific region emit the most CO2, it has the highest CO2 emissions growth rate of any region. Other developing regions—the Middle East, Africa, and South and Central America—have much lower overall emissions than both the Asia Pacific region and more developed regions, but as Figure 5-5 shows, all developing regions are experiencing very fast growth in CO2 emissions.

This is understandable, considering that the majority of the world's population lives in developing regions, and they seek to raise their standards of living. Developed countries have done that by burning fossil fuels, and developing countries seek the same modern conveniences—washing machines, televisions, computers, and cars—enjoyed by the developed world and which are currently powered mostly by fossil fuels.
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Figure 5-5. Change in CO2 emissions from 2000–2010 (Data source: BP Statistical Review of World Energy 2011)

Thus, due to growth in developing countries, global CO2 emissions are likely to continue to increase just as they did in the past decade. If that trend is to be reversed, future development would need to take place without fossil fuels. This may be possible in theory, but no country has yet provided the blueprint to show that it can be done in practice.

Consider again the per capita emissions of the United States, China, and India. While the U.S. has heavily subsidized and incentivized renewable energy, per capita emissions in the U.S. are still more than 3 times those of China and over 13 times those of India.

It is one thing to imagine that developing countries could develop without increasing their use of fossil fuels, but the reality is that even the developed regions have not shown that it can be done. Thus, the developed world is in the poor position of asking developing countries to do something we ourselves have not done.

The U.S. consumes 9 times as much oil per capita as China, and 24 times as much as India—thus the U.S. is an order of magnitude beyond being able to demonstrate an appealing, low-fossil-fuel lifestyle for these countries. Imagine your life with one-tenth of the oil you currently consume, and you may see why I believe consumption in these countries will continue to climb.

Emissions and GDP

One of the ways to control carbon emissions would be to produce goods and services more energy efficiently. The amount of gross domestic product (GDP) produced per ton of CO2 emissions is a function of


	The specific industries in a country.

	Which forms of energy those industries use.

	How efficiently those industries use energy. The energy efficiency of industries is influenced by government standards as well as the price industries must pay for energy.



For instance, countries with high levels of chemical, metal, or concrete manufacturing will generally have a high level of CO2 emissions because these industries typically rely heavily on fossil fuels.5 Thus, an oft-cited reason for the high per capita CO2 emissions of the United States is that this is the result of the country's high GDP.

It is true that the U.S. has the highest GDP of any country in the world. However, many developed countries emit far less CO2 per dollar of GDP. Switzerland and Sweden, for instance, produced nearly $7,000 per ton of CO2 emissions in 2009, but the U.S. produced just over $2,000 per ton of CO2 emissions.6 India and China are even less efficient, producing $550 and $460 per ton of CO2 emissions, respectively. The global average in 2009 was $1,300 per ton of CO2 emissions.vi

However, these numbers do indicate that further economic growth is possible without increasing CO2 emissions. If China and India simply improved to U.S. standards of energy efficiency, they could produce four times their current GDP without increasing their carbon emissions. If the U.S. can improve to the efficiency standards of Switzerland and Sweden, it could produce 3.5 times current U.S. GDP without increasing carbon emissions.

And in fact, over the past two decades, most countries have increased GDP per ton of CO2 emissions. For example, the U.S. increased GDP by 51% per ton of CO2 emitted, Switzerland increased by 24%, Sweden by 80%, China by 85%, and India by 19%.

________________


5 Iceland is a notable exception. Aluminum smelting is a major industry in Iceland and a heavy consumer of electricity, but Iceland derives most of its electricity from hydropower and geothermal power. However per capita oil consumption in Iceland is comparable to that of the U.S.




6 Amounts are U.S. dollars per metric ton in dollars inflation-adjusted to 2000.



Mitigation Options

Global CO2 emissions increased by nearly 50% over the past two decades, while global GDP increased by 64%. Thus, while the world as a whole increased GDP per ton of CO2 emissions over that time frame, the efficiency gains weren't nearly great enough to keep CO2 emissions from growing.

One of the biggest reasons CO2 emissions continue to grow is that many of the fastest-growing economies are also the least efficient at producing GDP. Thus, if developing countries improve their fossil fuel efficiency to the levels of the developed world, this would address the major contributor to growing carbon emissions.

But there are other tools for mitigating carbon emissions. Probably the most common method is through the establishment of carbon trading markets. With this approach, a governing body sets limits on the amount of carbon that can be emitted, and then distributes emission allowances equal to the emission limit set for a specific company (or cumulatively, a country). Firms may use their permits to emit up to their limit of CO2, or they can emit less and then sell the extra allowances. The ability to sell unused allowances provides a financial incentive for a company to reduce their carbon emissions below their limit.

The world's largest carbon trading exchange is the European Union Emission Trading Scheme (EU ETS). The EU ETS was put into place to provide EU countries a way to help meet their emission reduction obligations under the Kyoto Protocol. Other mandatory trading exchanges exist in New Zealand and in Tokyo, Japan. In the U.S. trading exchanges do exist, but they aren't mandatory under federal law. California, however, did recently adopt the first state-administered cap-and-trade program in the U.S.vii

SULFUR TRADING MARKETS: MODEL FOR CAP-AND-TRADE?


In response to the acid rain caused by sulfur dioxide (SO2) emissions from U.S. power plants, the EPA in 1990 established a market-based sulfur trading scheme. This sulfur cap-and-trade system has been cited as one of the major factors behind the steep decline in SO2 emissions.

Some would argue that the sulfur trading markets in the U.S. provide an example of how such markets might bring carbon emissions under control. However, there are two significant differences between SO2 emissions and CO2 emissions. One is that sulfur is washed out of the air by rain (and in the process forms acid rain) and remains in the atmosphere only for a few days. That means that SO2 emissions in China aren't going to result in a prolonged global increase in atmospheric sulfur. That is not the case with CO2, which has a residence time in the atmosphere of years versus days for SO2. Thus, a country's SO2 emissions are more a localized problem.

Second is that the point sources for sulfur emissions are predominantly coal-fired power plants, and therefore pollution-control equipment could be concentrated there. There are far more point sources for CO2 emissions, making them much more difficult to control.



Another class of emission reduction tools is carbon offsets. Carbon offsets typically involve projects that reduce carbon emissions by a specific amount to create a potentially tradable offset that another company could use to counter its own emissions. Certain carbon offsets qualify for trading on various emission trading schemes. For example, Company A could execute a project to reduce carbon emissions by one ton, and Company B could then buy the offset to compensate for one ton of its own emissions. Examples of carbon offsets that have been traded include those that have been generated from the planting of trees, from installation of renewable energy projects, and from energy efficiency improvements.

A more direct way to deal with CO2 emissions is through a carbon tax. As energy becomes more expensive, people are more frugal with their usage and businesses invest more money into energy efficiency projects. The disadvantage of a carbon tax over emission trading schemes is that it is more difficult to predict the level of emission reduction at specified tax levels. The advantage of the carbon tax is that the costs are more transparent than when companies simply have mandates to reduce their emissions by a specified amount.

Summary

Carbon dioxide emissions from human activity have been increasing since coal began to be burned in large quantities during the Industrial Revolution. Since then, the atmospheric CO2 concentration has increased from about 285 ppm to the present value of 390 ppm. Based on our scientific understanding of the greenhouse effect, this increase in atmospheric CO2 concentration should cause the surface temperature of the earth to increase, and this has the potential to cause serious environmental damage.

My own view is that the earth is warming, and that human activity is contributing to that warming. However, even though greenhouse gases are at current levels primarily due to emissions from developed countries, future emissions are likely to be driven by developing countries. Because this problem is global in nature—and developing countries are starting out at such a low per capita level of CO2 emissions (but rising rapidly)—it is hard to imagine a scenario in which CO2 emissions stabilize in the near future.

Thus, I liken the issue of growing CO2 emissions in developing countries to trying to stop a hurricane: we may see a hurricane headed toward landfall, but even if the results are projected to be devastating, we have no actual tools for stopping the hurricane. That is not to suggest that we therefore do not try; it is simply my prediction that we will continue to see growing CO2 emissions for the foreseeable future because developed countries presently lack the tools (and moral authority) to prevent their growth in the developing world.
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Peak Oil
Myth or Threat to Civilization?


The peaking of world oil production presents the U.S. and the world with an unprecedented risk management problem. As peaking is approached, liquid fuel prices and price volatility will increase dramatically, and, without timely mitigation, the economic, social, and political costs will be unprecedented.



—Robert L. Hirsch et al., Peaking of World Oil Production


In the 1970s, it was thought that we were going to run out of oil and, of course, it turned out that there is a lot of oil. The theory today is that we're about halfway through the global endowment. Our view is that we're probably more like 20 percent, based on what we know today.



—Daniel Yergin, The Prize

Between 2000 and 2010, world oil prices advanced from approximately $25 per barrel to more than $100 per barrel. The price appreciation of oil over the decade was around ten times the rate of inflation.

By 2005, the idea that escalating oil prices were the result of an impending global peak in oil production—a phenomenon commonly known as “peak oil” —was receiving widespread attention. Many books and articles were published that argued that peak oil was the culprit behind the escalating price of oil, and an imminent threat to civilization. But others dismissed the idea of peak oil, instead offering up oil speculation, OPEC, growth in developing countries, or other geopolitical factors as the primary factors behind the advance in prices.

In this chapter I will examine the issue of peak oil in depth and weigh the risks posed to society.

What Is Peak Oil?

In simple terms, peak oil refers to the rate of maximum global oil production, after which oil production will begin a terminal decline when oil fields deplete faster than new production can be brought online. Oil production has already peaked and is in decline in numerous countries around the world.

I am personally not a fan of the term peak oil, for two reasons. First, there are a number of negative stereotypes associated with it, some of which are based on misconceptions (discussed in a later section) and some of which are based on the fact that there have been many incorrect predictions of the date of a global peak in oil production. There have also been many incorrect predictions—at least to this point—about the ramifications of peak oil.

The second reason I don't like the term peak oil is that it implies consequences will occur only following the peak of oil production, while I believe there will be serious “peak-like” consequences before a global peak necessarily occurs. We won't be able to confidently say that world oil production has peaked until several years after the production decline begins. Thus, a preoccupation with the timing of peak oil can diminish the sense of urgency that I believe we need in order to cope with a world whose countries are increasingly competing for the remaining oil supplies.

As a result, I prefer to discuss the subject as one of resource depletion. When I discuss the problem in terms of “peak oil,” what I am really referring to is the inability of oil supply growth to stay ahead of oil demand growth. After all, this is the real implication of peak oil: insufficient supplies to meet demand, and rising prices and potential shortages as a result. This can take place even when oil production is rising, and in fact has been the case in recent years.


[image: Image] Did you know? “Peak oil,” effectively, is the inability of oil supply growth to stay ahead of oil demand growth.



I do not know whether oil production peaked last year or might instead peak in five or even ten years. But I do know that oil production has struggled in recent years to meet surging demand. The worsening of this situation over time is what peak oil means to me, and is the context in which it is discussed in this chapter.

The Scientific Study of Peak Oil

The history of the scientific study of peak oil dates to the 1950s, when Shell geophysicist M. King Hubbert reported on studies he had undertaken regarding the production rates of oil and gas fields.i In a 1956 paper, Hubbert predicted that oil production in a particular region would approximate a bell curve, increasing exponentially during the early stages of production before eventually slowing, reaching a peak when approximately half of a field had been extracted, and then going into terminal production decline.

Hubbert applied his reasoning to oil production in the contiguous United States.1 He estimated that the ultimate potential reserve of the Lower 48 U.S. states and offshore areas was 150 billion barrels of oil. Based on that reserve estimate, the 6.6 million barrels per day (bpd) extraction rate in 1955, and the fact that 52.5 billion barrels of oil had been cumulatively produced in the U.S. already, Hubbert estimated that oil production in the U.S. would reach maximum production in 1965.

Hubbert further calculated that if the U.S. oil reserve was 200 billion barrels, peak production would occur in 1970, a delay of five years from his base case. Hubbert's estimate of 1970 U.S. oil production based on the 200 billion barrel reserve case was 3 billion barrels, or 8.2 million bpd. Oil production in the U.S. did in fact peak in 1970 (see Figure 6-1), albeit at 9.6 million bpd.

__________________


1 Alaska had not yet been granted statehood.
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Figure 6-1. Historical oil production in the United States (Data source: Energy Information Administration ii)

Through 2010, cumulative U.S. production stands at just over 200 billion barrels,iii with a remaining estimated reserve of 20 billion barrels.iv Even correcting for Alaska's cumulative 15 billion barrels of production and remaining 3.5 billion barrel reservev that Hubbert didn't consider, the total reserve of the Lower 48 in 1955 was somewhat higher than Hubbert's higher estimate (200 billion barrels) of Lower 48 oil reserves.


[image: Image] Did you know? Hubbert's 1970 prediction of a U.S. oil production peak, which turned out to be correct, was based on a secondary case in which he assumed the U.S. oil reserve grew to 200 billion barrels. But he indicated skepticism that this was possible because it would require the U.S. to find additional oil fields equivalent to “eight East Texas oil fields.”



Hubbert's critics argue that while his technique may have some utility, the methodology is simplistic and does not account for reserve growth, unconventional oil production, or geopolitical factors. Hubbert did address the issue of improved extraction techniques but argued that rather than significantly impacting the date of peak oil in the U.S., better extraction techniques would slow the rate of production decline—and thus skew the back half of the bell curve. And in fact, the average annual rate of decline in U.S. oil production since the 1970 peak has been under 1%—much lower than the natural decline rate of most aging oil fields.

However, Hubbert's critics do make some valid points. Hubbert's model was based on a presumed global reserve of 1.25 trillion barrels of oil, but the ultimate size of the reserve was vastly underestimated. Cumulative global oil production through 2010 is just over 1 trillion barrels of oil, and remaining proved reserves are estimated to be nearly 1.4 trillion barrels.2

PEAK OIL: IT'S ALL ABOUT FLOW RATES AND NET ENERGY


One of the fundamental mistakes that some peak oil critics make is to misunderstand the relationship between peak oil, the size of the oil reserve, and the rate of flow from the reserve. To illustrate the problem, let's presume that in fact the world has produced 1 trillion barrels per oil, and the remaining proved reserves are indeed 1.4 trillion barrels of oil. This would mean that the total reserve that would ultimately be produced is 2.4 trillion barrels, and the world is still 200 billion barrels from the halfway mark. At the current global production rate of around 75 million bpd (just crude oil plus condensate), 200 billion barrels will last over seven more years. Hence, this would imply that peak oil could be seven years away, and maybe more if more oil reserves are discovered.

There are two problems with this line of reasoning. The first is that peak oil is about flow rates, not about the size of the reserve. The easiest to extract oil has already been produced. A lot of the remaining oil falls into unconventional oil categories like oil sands and deepwater oil. The production rates for the remaining oil likely won't be ramped up as quickly as the production rates for the oil that was produced during the 20th century, and potentially not fast enough to keep up with depletion in existing fields. In this case, global oil production may start to decline even though less than half the reserve has been produced.

The second problem is that the amount of energy required to produce the remaining oil will be greater than the amount of energy required to produce the previous oil. This will be addressed in a later chapter, but it essentially means that the net energy obtained from one barrel of oil in the future will be lower than for one barrel of oil produced in the past. The implication of this for the preceding example is that 1.2 trillion barrels isn't the effective halfway point, because the second 1.2 trillion barrels will provide less energy to society than the first 1.2 trillion barrels did, due to the higher energy requirements to produce it.



_________________


2 This includes unconventional oil such as oil sands that are technically recoverable and economical to produce at present-day oil prices.



Based on his underestimate of global oil reserves, Hubbert estimated that a global peak in oil production would occur around the year 2000 at an annual production rate of 34 million bpd. While it is unclear whether global oil production has peaked, it is clear that it did not peak in 2000. The rate of global oil production by 2010 was 73.5 million bpd—which represents a slight decline from the 73.7 million bpd rate achieved in 2005.3

Hubbert's defenders point to his U.S. oil peak prediction as proof of the utility of his methodology, and his critics point to the missed global peak prediction and gross underestimate of global oil production in 2000 as evidence of the shortcomings of his model. In fact, Hubbert's method is not designed to predict reserve growth; a specific reserve size must be assumed. If the reserve size is accurately estimated, Hubbert's model would be expected to give a fairly accurate estimate of an oil production peak. Thus, in the U.S., where the oil reserve estimate was fairly accurate, Hubbert's model made a fairly accurate prediction on the peak.4

While global oil reserves appear to be more than twice what Hubbert estimated, the production rate has also been more than twice Hubbert's estimate. The result is that Hubbert's estimate for the year of global peak oil—44 years in the future at the time of his prediction—may not be grossly in error. In fact, the current peak for conventional oil stands at the year 2005, with many convinced that this peak will not be exceeded. If that peak were to stand, Hubbert will have missed the mark by only five years.

So what can the world expect as oil production begins to decline? It depends largely on the timing and the steepness of the decline.

___________________


3 This represents crude oil plus lease condensate, according to the Energy Information Administration. Inclusion of “all liquids” increases the total to more than 80 million bpd and pushes the current peak forward to 2010.




4 Of the two cases he modeled, the case with the higher estimate of U.S. oil reserves correctly predicted a 1970 peak, but at a somewhat lower bpd rate than was actually achieved.



Peak Oil Consequences

When oil production peaked in the United States, the primary consequence was a rapid increase in the volume of oil imported into the country. Between the peak year in 1970 and 1977, oil imports into the U.S. nearly tripled. As a result—and because the price of oil also sharply increased following the 1973 OPEC oil embargo—increasing amounts of money began to flow from the U.S. to oil-exporting countries.


[image: Image] Did you know? In January 2000 the price of West Texas Intermediate crude was $25 a barrel. By January 2008, the price had reached $100—an annual average increase of 19%.



While this certainly didn't help the U.S. trade deficit, global oil production continued to rise and economies continued to expand. U.S. oil consumption continued to grow—from 14.7 million bpd in 1970 to the current peak consumption of 20.8 million bpd in 2005—and U.S. GDP continued to rise.

However, when world production peaks, global increases in oil consumption must necessarily come to an end. There are a number of implications and possible outcomes from this.

As the pie shrinks, countries will compete for the remaining slices. It may seem obvious that the wealthiest countries will bid against each other for available oil supplies, pricing poorer countries out of the oil market. However, that is not what has happened over the past few years as oil prices have risen. In fact, it is in the developed countries where demand has fallen in the face of oil prices. Developing countries have increased their consumption even in the face of higher oil prices.

The reason for this trend will be covered in a later chapter, but if this trend holds true, we may see oil consumption continue to increase in developing countries while developed countries continue to cut back. Developed countries will cut back by reducing discretionary consumption and by turning to alternative sources of energy. As the pie shrinks, the developed countries will go on a diet and try to find other pies.

The economic consequences are dependent on the timing of the production peak and the rate of the global production decline. If oil production peaks within the next decade, as many believe will be the case, it does not appear that liquid fuel alternatives can be scaled quickly enough to fill the supply gap that will develop. The results will be potentially much higher and more volatile oil prices, and great economic strain on oil-importing countries.

Industries that are heavily dependent on oil—such as the airline industry—will be particularly susceptible to bankruptcy (and many regional carriers declared bankruptcy when oil prices spiked in 2008). Goods that have long supply chains will experience significant cost increases, and because so much industrial and agricultural output is dependent on oil, there will likely be widespread inflation.

Military forces and critical services will be near the front of the line for receiving oil supplies, but higher oil prices for them may mean tax increases to pay for the higher costs, or a decline in military capabilities and reduced critical services.

Globally, political power will increasingly shift toward oil-exporting countries. Oil-importing countries will likely find themselves making concessions toward the oil exporters. Political stability within top oil-exporting nations like Russia and Saudi Arabia will assume greater urgency, and maintaining good relations with the oil exporters will be an increasingly important part of a country's foreign policy.

The liquid fuel shortfall will likely result in some scarcity, but as oil prices rise, some alternatives will begin to make a greater impact. Countries will increasingly turn to unconventional oil sources like oil sands and very heavy oils, and more countries will produce synthetic fuels from coal and natural gas.

The severity of the consequences will increase if oil production has already peaked, or peaks within the next two to three years. However, some of the implications of peak oil have already begun to be felt due to a scenario I have termed “Peak Lite.”

“Peak Lite”

One implication of peak oil is that declining oil production will mean that there simply won't be enough oil to go around. In this case, the price will rise until supply and demand are back in balance.

Over the past ten years, oil prices made their impressive advance even though oil production increased by 10% over the same time span. A major driver of the price increase was the fact that oil consumption in developing nations grew sharply, while global production rose slowly.

In a world with ample spare production capacity and free markets, the price of oil will be correlated with the price of producing it. With excess oil production capacity, disruptions in supply can be managed by bringing excess capacity online.

But as the supply cushion diminishes—either because oil production declines or because demand grows faster than new supplies can be brought online (or both)—there will be upward pressure on oil prices and increasing volatility in the oil markets. The implications are that some people will be priced out of the market for oil, many other people will be forced to become more frugal with their oil consumption, and rationing of oil supplies may eventually occur. Erosion of excess capacity also strengthens the positions of oil cartels such as OPEC, because there are fewer suppliers able to bring oil onto the market if OPEC restricts supplies.

The scenario of rising production but eroding spare capacity because of increased demand prompted me to propose the idea of Peak Lite. It is “peak” because the symptoms will mostly manifest themselves as those of a true production peak: not enough supply to meet demand. In fact, we have already passed the point at which there was sufficient production to meet everyone's expectation of oil being supplied at $25 per barrel. But production can still grow in this scenario, which is why it is “lite” ; it is not a true peak. Contrary to the case of falling oil production, however, the dangers of demand outpacing production growth may be underappreciated because rising oil production could convey a false sense that oil prices will soon return to “normal.”

It is important to note that Peak Lite does not imply that peak oil will be a minor event. Rather, it is meant to convey that the world could begin to see some impacts of peak oil before we necessarily experience a physical peak. I envision a scenario in which global demand growth outstrips the growth in supply, so that even if supply can still grow, the market behaves as it would in a peak oil situation. So I used Peak Lite to denote “effective peak” —which is not to imply that the impact of peak oil would be “lite.”

The Long Recession

Another implication of peak oil is the possibility of an extended economic recession or depression.

Historically, as economies grow, so does demand for oil. As long as supplies can keep pace with demand—and barring geopolitical factors—oil prices should be relatively stable. But when the demand for oil grows at a faster rate than new supplies can come online, higher prices are inevitable.

Spiking oil prices have historically contributed to recessions. Jeff Rubin, in his book Why Your World Is About to Get a Whole Lot Smaller (Random House Canada, 2009), wrote that four of the past five recessions were caused by spiking oil prices. This makes sense when we consider the impact of rising oil prices on consumers. As fuel prices rise, people have less money to spend on discretionary items. They start to cut back on purchases, and then companies have to cut back. Unemployment increases, and then fewer people are driving to work. If the rise in oil prices is steep and sustained, the result can be a recession.

In normal economic cycles, oil companies invest more money in oil production capacity when oil prices are high. Because demand normally declines in a recession, the combination of higher capacity and lower demand will cause oil prices to fall. Lower oil prices eventually ease the way to economic recovery.

But what if spare capacity can't be built, because oil production has peaked or because spare capacity can't be built quickly enough to outpace demand? In this case, even if spending begins to recover and economies emerge from recession, there will be greater pressure on oil prices because oil demand increases when economies begin to gain strength. Higher oil prices may in turn “restall” the economy, leading to another slowdown that just repeats the cycle every time the economy begins to recover. Borrowing terminology from James Kunstler's book The Long Emergency (Atlantic Monthly Press, 2005), I describe this sort of cycle as the Long Recession.

The Long Recession is a risk, particularly for countries that are heavily dependent on oil imports. Oil-exporting countries will benefit from an influx of cash during periods of high oil prices, and thus should be more resistant to oil-price-induced recessions. They will not be totally immune, as many oil-producing countries may see some of their other exports decline in the face of a global economic slowdown. But in general, those whose economies depend the most on oil imports will face the greatest economic challenges, and those whose economies depend the most on oil exports will thrive in the face of sustained high oil prices.

GOVERNMENT REPORTS ON PEAK OIL


Peak oil is a threat recognized by many government agencies around the world. In 2005, the United States Department of Energy released a report it commissioned, Peaking of World Oil Production: Impacts, Mitigation, and Risk Management.vi The report concluded that the peaking of oil production presents the world with an “unprecedented risk management problem” and that serious mitigation efforts would need to start 20 years prior to the peak to avoid supply shortages. The report warns that if the world waits until oil production peaks before initiating an emergency mitigation program, there will be a significant liquid fuel shortfall for more than two decades.

In a 2009 report, the Department of Energy and Climate Change in the UK warned the government that there would be “significant negative economic consequences” if peak oil occurs before 2015, and that mass deployment of alternatives would take time.vii The report further warns of the potential for oil price–induced inflation and stagnant economic growth as a result of peaking oil supplies.

A 2010 report from the U.S. Department of Defense warned that “By 2012, surplus oil production capacity could entirely disappear, and as early as 2015, the shortfall in output could reach nearly 10 MBD.” viii

Also in 2010, a study on peak oil by a German military think tank revealed that the German government is closely studying the issue of peak oil, and is aware of the potential for serious consequences as oil production declines. The study warns of the potential for regional shortages, market failures, and a shift in political power toward those capable of exporting oil.ix The report lays out Europe's vulnerability toward Russia because of its continuing dependence on Russia for both oil and gas, and notes that Russia will be in a very strong political bargaining position as a result.



Peak Oil Misconceptions

In its simplest form, peak oil means that just as oil production in the United States peaked in 1970 and began to decline, so shall production for the entire world peak and decline (see Figure 6-2). Once you get past that basic premise—one in which there is near-universal agreement when people understand that is what you mean when you say “peak oil” —there are many different opinions of exactly how events will unfold.
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Figure 6-2. Is global oil production nearing a peak? (Data sources: Netherlands Environmental Assessment Agencyx and BP Statistical Review of World Energy 2011xi)

However, there are a number of misconceptions and negative connotations associated with the term “peak oil.” The most common misconception about peak oil is undoubtedly that peak oil means that the world is running out of oil. Many would-be debunkers of peak oil make that assumption, and then respond with claims about the very large global oil resource and further argue that there is a lot of oil still left to be produced.


[image: Image] Did you know? An oil resource is the total amount of oil available in the ground. The oil reserve is the amount that is technically and economically recoverable, and is generally a small fraction of the resource.



Resource vs. Reserve

In fact, anyone concerned about peak oil will readily acknowledge that oil will continue to be produced for a very long time. Peak oil is not about how much oil is in the ground—it is about the speed at which that oil can be extracted. How much of the oil resource is ultimately produced will be a function of technology improvements and the price of oil, but some—and perhaps most—of the original oil in place will never be economically recoverable. So it is important not to confuse the resource—the total amount of oil in the ground—with the amount that will actually be recovered (the reserve).

Civilization Will Collapse

The second most common misconception about peak oil is probably that anyone who is concerned about peak oil believes that a collapse of civilization will inevitably follow. In fact, the beliefs among people who are concerned about peak oil cover a wide span. There are certainly those who believe that a global peak is imminent, followed by a catastrophic decline in oil production rates. Included in this group are people who have vocally and (to this point) wrongly predicted dates and catastrophic consequences as a result of peak oil. These people are the real targets of those who claim that peak oil is nonsense. What critics really mean—but perhaps don't say due to misconceptions about peak oil beliefs—is that the idea of imminent, catastrophic decline is nonsense. But that isn't the same thing as arguing that peak oil is nonsense.

But there are also people who believe peak oil will inevitably lead to cleaner environments, closer communities, and healthier food. Then there are those who believe that peak oil will lead to a dirtier environment as we become more desperate for energy and turn to more oil sands and coal to replace declining oil supplies. There are people who believe peak oil will be a minor inconvenience because there are plenty of sources capable of replacing oil, including an enormous reserve of unconventional oil. And there are those who believe certain elements of all of the above.

Peak Oil: Merely a Theory

Peak oil is sometimes referred to as a theory in a pejorative sense. Again, this paints with a very broad brush. When someone describes peak oil as a theory, they are likely referring to some of the worst expectations of the consequences of peak oil. Strictly speaking, there is a “Hubbert peak theory,” which merely posits that oil-producing regions will tend to see production approximate a bell-shaped curve (as shown in Figure 6-1, earlier in the chapter). But this is an observation rather than a real scientific theory, as there are far too many factors that can skew the bell-shaped curve.

Peak Oil: Oil Company Manipulation

Another misconception is that oil companies dreamed up peak oil in order to convey a sense of scarcity to inflate oil prices. However, most of the major oil companies argue that oil production will not decline for decades. This has been the publicly stated view of ExxonMobil and the American Petroleum Institute. Within individual oil companies, there have been some executives who have publicly expressed concern that oil production could not grow to the levels projected by various agencies. I am unaware that this is the official position of any major oil company, but the CEOs of Total, BP, and ConocoPhillips have all expressed concern that oil supplies will not meet projected demand growth. I don't believe this is some ploy to drive up oil prices; rather, I believe they expressed concern because they are concerned.

Oil Companies: Peak Oil Deniers

A final misconception is the flip side of the previous misconception: peak oil is denied by oil companies because they are afraid that awareness would spur a major push to alternatives. The idea is that if oil companies acknowledge peak oil, governments will redouble their efforts to develop alternative fuels, hastening the end of Big Oil. I worked in the oil industry for several years, and from my experience I believe that there are two flaws to this reasoning. First, most people in the industry who deny peak oil do so either because they simply have never given it much thought or because they subscribe to one of the misconceptions. I frequently had conversations with people about peak oil in which their response was, “They have been saying that we are running out of oil my entire life.”

The second flaw in this argument is that I have never heard anyone in the oil industry express any worry over alternative energy. They may be annoyed by mandates that force them to do something they don't want to do (like blend ethanol which takes away market share for gasoline), but rather than worry they can respond by getting into the alternative energy business themselves.

In fact, I have yet to encounter an alternative energy scheme that oil companies aren't already working on: algae, cellulosic ethanol, butanol, solar—oil companies have major efforts in every one these areas (and have been working on them for years). It's just that, in most cases, the general public doesn't hear about the specifics of those efforts because the oil companies aren't trying to raise funds. This is just a part of the basic research that oil companies do (and with which I have personally been involved). The scientists and engineers that work at oil companies aren't just basking in the final days of the age of oil—a very common misconception. They are thinking about what comes next, and investing to make sure that when it does come, the oil companies will be in the position to provide it and profit from it if they believe there is a viable business case.

Peak Oil Criticisms

There are legitimate criticisms of peak oil arguments. The primary criticism is one illustrated by Hubbert himself, and that is a tendency of peak oil proponents to underestimate the size of oil reserves. Hubbert estimated that the size of the U.S. reserve was 150 billion barrels, and as a result he predicted a U.S. peak would occur in 1965. Many peak oil advocates may be unaware that Hubbert's 1970 peak prediction was based on his assumption that the U.S. reserve might grow to 200 billion barrels, but he indicated his skepticism by noting that this would require the discovery of another “eight East Texas oil fields.” Yet based on what we now know, even his optimistic 200 billion barrel reserve case was too low.

Similarly, Hubbert greatly underestimated the global reserve at 1.25 trillion barrels of oil. Current estimates of the total global reserve (produced and still to be produced) are in the range of 2.4 trillion barrels. Thus, while his method has shown to be fairly accurate when the reserve size is accurately estimated, the tendency among peak oil advocates to underestimate the reserve is common, and hence a major reason that incorrect forecasts have been made for production peaks of certain countries and the world as a whole.

There are a couple of reasons that the reserves tend to be underestimated. The primary reason is an underestimate of the impact of technology in increasing the recovery efficiency of existing fields, as well as in opening up fields that were previously inaccessible. Indeed, the “eight East Texas oil fields” that Hubbert skeptically indicated would be needed to push the reserve to 200 billion barrels were largely “found” in fields that were already known at that time.

Looking to the future, it is reasonable to expect that technology will continue to increase the size of the reserves, as long as oil prices continue to hold up. Unconventional oil will further add to reserves as high prices push resources such as oil sands and ultra-deepwater oil into the reserve category.

However, offsetting these increases will be strong growth in global demand driven primarily by developing countries. Strong demand growth is why even though Hubbert's estimate of global reserves was far too low, his prediction of the peak year may not be that far off because the rate of production has been much greater than he expected. In other words, the reserve was larger but has been drawn down at a faster rate. Continued strong global demand growth means that even potentially large reserve additions won't necessarily push peak oil off into the far future. It may simply mean a prolonged Peak Lite scenario.

Summary

Most of us can agree that, just as it did in the U.S. in 1970, global oil production will inevitably decline. The points of contention are the timing, the steepness of the decline, the impact on the global economy, and the ability of other energy sources to fill the supply gap. Some people believe it will be a nonevent, and some people believe it will be catastrophic.

Personally, I think that peak oil either has or soon will take place, but regardless, oil supplies will continue to struggle to keep up with demand. This will keep prices at recession-inducing levels, and make for a difficult transition to a post-peak economy. I think that we will probably eke out a bit more global production, but I will be surprised if the world gets past 90 million bpd. I believe that shale gas and oil sands production will continue to rise, that unconventional oil sources will become an increasingly important part of the oil supply mix, and that global carbon emissions will continue their upward march as a result.
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Nuclear Power
Practical Solution or Environmental Disaster?


It's ridiculous that time and time again we need a radioactive cloud coming out of a nuclear power station to remind us that atomic energy is extraordinarily dangerous.

—Pierre Schaeffer, French composer and engineer

Nuclear power will help provide the electricity that our growing economy needs without increasing emissions. This is truly an environmentally responsible source of energy.

—Michael Burgess, U.S. Congressman



When nuclear power was first commercialized in the mid-1950s, it was widely viewed as an almost magical solution for the electricity needs of a growing global population. One pound of uranium-235 can produce two to three million times as much electricity as one pound of coal or oili— but without producing any emissions. Scientists and the general public alike were enthusiastic about the abundance of cheap, clean energy that nuclear power promised.

But this was before issues like nuclear accidents, disposal of nuclear waste, or nuclear proliferation were part of the public discussion. Following accidents at Three Mile Island and Chernobyl, enthusiasm for nuclear power was replaced for many people with paranoia and mistrust. Nevertheless, nuclear power still offers the promise of abundant, emission-free power, and it retains many devoted advocates, but it also has many devoted opponents.

A Nuclear Renaissance

Prior to March 11, 2011, the future of the global nuclear power industry looked very bright. Due to growing concerns over climate change, the nuclear power option was gaining in popularity as a low-carbon alternative to coal-fired power plants. There had been no serious nuclear accidents since the 1980s, and attitudes toward nuclear power were improving.

HOW NUCLEAR POWER WORKS


Certain elements are capable of undergoing a fission reaction. Fission occurs when an atom splits into two smaller atoms and releases energy. This energy release occurs when a small amount of the atom's mass is converted into energy. Albert Einstein's famous equation for this mass–energy equivalence is E=mc2, where “E” is energy, “m” is the mass that is converted, and “c2” is the speed of light multiplied by itself. This is a very big number. The speed of light is just under 300 million meters (186,000 miles) per second, and c2 is 90 quadrillion meters2 per second2. Therefore, a very small amount of mass can be converted into a huge amount of energy.

Most nuclear power plants are based on an isotope1 of uranium called U-235. When U-235 absorbs a neutron, it splits into isotopes of two smaller atoms (some of the possibilities are isotopes of barium, cesium, krypton, and iodine) and releases energy, radiation, and more neutrons. If there is sufficient U-235 in the vicinity of the released neutrons, they may be captured by other U-235 atoms, and a chain reaction results that can be controlled to produce nuclear power.

The principle of a nuclear reactor is that as nuclear fuel undergoes fission, the heat that is released is used to produce steam, which is then passed through a turbine to produce electricity. Loss of cooling to a nuclear reaction results in a build-up of heat, and that can lead to a runaway nuclear reaction and ultimately a meltdown.



A quarter of a century had passed since the devastating Chernobyl nuclear accident resulted in many deaths from radiation poisoning or, ultimately, cancer. Chernobyl spread contamination across many countries in Europe, and left more than 1,600 square miles uninhabitable due to heavy radiation contamination. The Chernobyl disaster set the nuclear power industry back many years (see Figure 7-1) as countries delayed or cancelled plans to construct new nuclear power plants.ii

_________________


1 Isotopes are different versions of the same element. Each version has a different weight because the versions have different numbers of neutrons. Certain isotopes are radioactive.
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Figure 7-1. The growth rate in global nuclear generation slowed substantially after the Chernobyl accident in 1986. (Data source: EIAiii)

But over the subsequent 25 years, there had been no other major nuclear power plant disasters in the world, and many countries were facing difficult energy choices. Chernobyl began to look more like a fluke; a product of shoddy design from a bygone era. Ironically, a nuclear renaissance was sparked in part by developments in Russia and the Ukraine—the location of the Chernobyl disaster.

Following a series of disputes between Russia and the Ukraine over natural gas—a dispute that impacted gas supplies for many European countries and reminded Europeans of the tenuous nature of their energy security—many countries began to see nuclear power as a better energy option than Russian gas. The possibility of a gas shortage from Russia loomed for many as an imminent threat.

In 1987, Italy shut down its four nuclear power plants in the wake of the Chernobyl disaster. But by 2009, Italy began to reconsider that decision. Claudio Scajola, Italy's minister for economic development, stated that the gas crisis had “made the Italians understand the importance of energy security [and that] we must go back to nuclear power if we want to become less dependent on others' moods.”iv They turned to France—the country that gets the highest percentage of its electricity from nuclear power—for help in constructing four new nuclear power plants.


[image: Image] Did you know? France obtains 75% of its electricity from nuclear power, the highest percentage for any country.


Germany was also reconsidering nuclear power. In 2000, Germany's leaders had announced a plan to phase out Germany's 17 nuclear reactors. But in 2007, following a dispute between Russia and Belarus that shut down an oil pipeline and temporarily restricted oil imports into Germany, German Chancellor Angela Merkel began to question that decision, saying, “we have to consider what consequences there will be if we shut down nuclear power stations.”v

Chancellor Merkel, who holds a doctorate in the sciences and had long supported nuclear power, viewed it as an effective way to reduce carbon dioxide emissions that are believed to be contributing to climate change.

Merkel argued that pro-nuclear policy changes in both Italy and the UK left Germany as the only country in the G82 to have anti-nuclear policies. She characterized the phase-out plan as “absolutely wrong.” Michael Glos, the Minister for Economics and Technology in Merkel's cabinet, argued that “It is impossible to fulfill the Kyoto objectives3 without using nuclear energy.”vi

But an incident in Bulgaria in early 2009 is perhaps instructive. Bulgaria was one of the countries impacted when Russia curtailed gas exports in a dispute with the Ukraine, and they began to petition the European Union to allow them to restart an idled nuclear reactor because some towns had run out of gas during the crisis. The weather was below freezing at that time, and Bulgarian President Georgi Purvanov pleaded with the EU to allow the restart, stating that “a more critical situation is hardly possible.vii” (The EU turned down the petition.)

_________________


2 The G8 consists of Germany, France, Italy, the United Kingdom, Japan, the United States, Canada, and Russia.



3 The Kyoto Protocol was an agreement by many countries—including Germany—to reduce their greenhouse gas emissions by an average of 5.2% compared to 1990 levels.


It turns out that President Purvanov may have been wrong about that. The reason the reactor had been shut down was because it was deemed to be dangerous. The U.S. Department of Energy once described the Bulgarian reactor as “one of the world's most dangerous nuclear installations.”viii

But seemingly desperate times sometimes spawn desperate measures, and Bulgaria faced a choice of leaving some Bulgarians with no power in freezing weather or taking a risk with the idled nuclear power plant. The risk of restarting that idled reactor was acceptable in the mind of the Bulgarian president.

Assessing Risk

Whenever an energy project is being developed, a risk assessment is conducted. This is a systematic and rigorous process to identify risks, quantify the risk probability and the consequences, and mitigate the risk and/or associated consequences. Designing safety measures that would minimize the impact if an event were to take place is a key outcome of doing risk assessments.

We are all familiar with some level of risk assessments, as we constantly evaluate risk in our lives. Many risky situations are obvious; people are injured or even killed each year falling off of ladders. We recognize that risk, but we may not properly consider the probability of an accident, or the consequences if the risk actually goes against us. Failure to identify risks and/or consequences results in a great many preventable accidents each year.

Often, public expectation is that accidents related to energy production should never occur, but there are many reasons why that metric will never be achieved, the most fundamental of which is that we simply can't guard against every possible outcome.

Speaking as someone who has been involved in many safety studies and incident investigations, there is always the possibility that a series of incidents deemed low probability (or even not considered) in a safety study will combine to cause an accident.

For example, during a safety study, the risk of an employee pushing the wrong button on a control screen might have been considered. The risk of a leak in a certain process unit might have been considered. The risk of a fire in the process might have been considered. And appropriate mitigation may have been applied in each case. But the risk of all of these events occurring together may not have been considered. In fact, we often find out, after the fact, that accidents were caused by a series of low-probability events that no one considered happening simultaneously.

Risk assessments are done by people, and people have blind spots. People make mistakes. People cut corners. People sometimes underestimate consequences. (We more often overestimate risks and consequences that are considered in these risk assessments, but the impact of that is higher project costs—not damage to people and property.)

But if we accept that there are no risk-free energy options, we must then observe a very important rule of risk assessment: never accept a risk for which you can't afford the consequences.

Whether drilling for oil deep in the Gulf of Mexico, operating a nuclear power plant, or deciding not to carry homeowner's insurance, one has to be prepared to live with the worst-case scenario. The earthquake and subsequent tsunami that hit Japan in March 2011 reminded the world just what those consequences could be for a nuclear power plant.

Disaster and Aftermath in Japan

The Fukushima I Nuclear Power Plant located on Japan's east coast was certainly designed with safety in mind. Located on the coast in an earthquake-prone area, tsunamis were an ever-present possibility. Thus, the 4.7-gigawatt plant—the 11th largest nuclear power plant in the world at the beginning of 2011—was designed to withstand major earthquakes and a tsunami wave of 5.7 meters (18.7 feet).ix

The reactors were designed by General Electric, and the plant had DC batteries and emergency generators to keep the reactors under control in case of a power failure. The plant was subject to regular safety inspections, although Tokyo Electric and Power Company (TEPCO), the operator of the plant, has admitted to submitting some fake inspection and repair reports.x


[image: Image] Did you know? At the time of the Fukushima nuclear accident, the Fukushima I Nuclear Power Plant was the 11th largest nuclear power plant in the world.


On March 11, 2011, a massive 9.0 magnitude earthquake took place under the ocean east of Japan. The Fukushima nuclear power plant was subsequently hit with a tsunami estimated to be 15 meters (49 feet) high—almost two and a half times the wave height the plant had been designed to withstand.

Immediately following the earthquake, the reactors did shut down as they were designed to do, and emergency generators were started to continue circulating water to cool down the reactors. When the tsunami actually hit the nuclear power plant, all power to the plant was lost. The emergency generators were flooded and they shut down. The back-up batteries provided power for less than a day, and once they were depleted, cooling to the reactors was lost.xi

On the first day of the incident, an evacuation order was given to 30,000 people living within 3 kilometers (1.9 miles) of the damaged nuclear power plant. About 24 hours after the tsunami struck the plant, the evacuation order was extended to anyone living within 10 km (6.2 miles) of the plant. By the end of the second day, that evacuation zone was increased to include everyone within 20 km (12.4 miles) of the plant, which Japanese officials later estimated to be over 80,000 people.4 A voluntary evacuation recommendation was given to people living between 20 and 30 km from the plant.

As the world watched, workers struggled to regain control of the plant, but eventually three of the reactors reportedly experienced full meltdown. A meltdown means that the nuclear fuel gets hot enough to melt, and this has the potential to melt through the casing around the reactor and release radioactive material into the environment.

Also as a nuclear reactor heats up, zirconium, a metal alloy used in the construction of nuclear reactors, can initiate a reaction to break down water and release hydrogen.5 Because hydrogen is highly explosive, as the reactors heated up and hydrogen accumulated, there were several associated hydrogen explosions.

Within a couple of weeks of the tsunami, high levels of the radioactive isotopes cesium-137 and iodine-131 were detected outside of the 30-km voluntary evacuation zone. Radiation above the designated national safety level was detected in spinach and milk produced near the crippled plant.xii Radioactive cesium at 520 times the government-designated limit was found in straw on farms near the plant, and contaminated beef from those farms was ultimately shipped across Japan and eaten by consumers.xiii

_________________


4 Reports immediately after the evacuations began put the number of impacted people at 200,000.




5 Nuclear reactors have long been suggested as potential sources for hydrogen production should a hydrogen economy ever become a reality.



Tokyo Water Bureau officials temporarily recommended that people avoid the use of tap water for infants, because radioactive iodine was detected above the safe recommended drinking limits for that age group. Countries began to ban imports of Japanese food from near the restricted area.


[image: Image] Did you know? In the aftermath of the Fukushima nuclear accident, radiation exceeding government recommended limits was reportedly detected in beef, spinach, milk, and green tea originating from near the site of the accident.


About a week into the crisis, I was contacted by a reporter who told me that the Japanese people were being given much less information on the crisis than was being reported outside of Japan. The owners of the plant (TEPCO) and government officials tried to downplay the threat of harmful levels of nuclear radiation by assuring the public that “there is a low possibility that a massive amount of radiation has been leaked” or that there was a “low possibility of radioactive contamination.”xiv But Japanese television programs began to openly question the lack of information about the crisis being given to the public.

Outside of Japan, the opposite was the case as speculation ran rampant. Some nuclear supporters tried to downplay the threat, while some nuclear opponents exaggerated the threat. One poll in the U.S. showed that nearly one-half of the people polled were concerned that the radiation could reach the U.S., while more than two-thirds believed the crisis would damage the U.S. economy.xv

The nuclear incident's long-term impact on Japan remains to be seen. In contrast to Chernobyl (and in contrast to thousands of people killed by the tsunami itself), at the time of this writing there have been no reported fatalities from radiation poisoning, although three workers reportedly received radiation burns. But many people were permanently displaced from their homes, and numerous lives were disrupted. The damage to the food production industry in Japan is incalculable. People in Japan will live in fear for years over how this incident will continue to impact them, as well as future generations.

The incident highlights the fact that on a very fundamental level, many people are fearful of radiation. A perfect example of this can be found in the attitudes toward food irradiation. Food irradiation can be used to kill potentially dangerous pathogens like E. coli, and it has the potential to save thousands of lives each year. But even though the treatment does not create radioactive food, the U.S. Department of Agriculture has reported that less than half of consumers would be willing to buy irradiated meat, citing concerns around the risks and safety of eating irradiated food.xvi When it comes to our food, it seems that the only radiation we are comfortable with is microwave radiation.

If consumers aren't willing to eat non-radioactive food that has been irradiated, the idea of experiencing elevated radiation levels6 due to a nuclear accident is terrifying to many. Away from the immediate area of a nuclear accident—where radiation poisoning is likely a bigger concern—contamination of food and water is probably the single biggest fear related to a nuclear accident.

In this case, it didn't take long for fear to translate into actions.

Renaissance Interrupted

Within ten days of the accident in Japan, Germany signaled a reversal of its direction on nuclear policy, suggesting that the incident would force governments everywhere to reassess their policies. Angela Merkel had been pushing hard for wider acceptance of nuclear power to reduce the country's dependence on Russian natural gas, but within three months of the accident Merkel announced that all of Germany's 17 nuclear reactors would be closed by 2022. In announcing the closures, Merkel indicated that the consequences of the disaster were beyond her imagination: “After what was, for me anyway, an unimaginable disaster in Fukushima, we have had to reconsider the role of nuclear energy.”xvii




6 Background radiation is everywhere in our environment, and all of our food has some level of radioactivity. The human body itself is radioactive, albeit at very low levels that pose no threat.




[image: Image] Did you know? Prior to the March 2011 Fukushima nuclear accident, Germany's 17 nuclear reactors provided about a quarter of Germany's electricity.


Shortly after the decision in Germany, voters in Italy

rejected a referendum proposal put forth by the government to restart the country's nuclear energy program. This vote nixed government plans to obtain 25% of Italy's electricity from nuclear power by 2020.

Anti-nuclear protests were held in many countries, calling for an end to nuclear power. Japan was one of the countries that held protests, and a poll taken there after the accident showed that 74% of those polled favored phasing out nuclear power.

The U.S. Congress held hearings on the accident to determine whether the lessons learned were applicable to U.S. nuclear power plants. A number of nuclear plants in the U.S. were determined to possess some of the same design characteristics that led to the escalation of the incident in Japan. One new rule instituted by the U.S. Nuclear Regulatory Commission was for nuclear plants to have the ability to operate for 72 hours on backup power.

However, polls taken in the U.S. after the accident showed that the percentage of people who favored building more nuclear plants in the U.S. wasn't that much different from what it was before the accident. These attitudes may reflect what happened during the first serious commercial nuclear plant accident in the world: Three Mile Island in Pennsylvania.

In that case, the core did melt down, but containment held. Thus, despite the close call, there was no permanent contamination of the environment. Nuclear power proponents point to this incident to show the efficacy of the safety measures in place that are designed to keep the nuclear fuel contained, but opponents argue that the situation could have easily been much worse.

Thorium Reactors and Fusion Power: The Future of Nuclear Power?


There are two nuclear power possibilities for the future that are viewed as inherently less risky than uranium-based nuclear power. Besides the generation of nuclear waste, one disadvantage of using uranium-235 as fuel for nuclear power plants is that it can also be used for nuclear weapons. When North Korea and Iran (among others) were known to be enriching uranium, each claimed that it was for the peaceful purpose of power production. Ultimately, however, the North Korean government admitted that it had used the enriched uranium to produce nuclear weapons. Much of the world suspects that Iran is in the process of doing the same thing.

Commercialization of power derived from thorium or controlled fusion reactions would dramatically reduce (although not totally eliminate) the risk of nuclear weapon proliferation. Thorium is abundant relative to uranium, and thorium does not have to undergo the enrichment process that uranium requires. Further, thorium reactors have little risk of melting down because climbing temperatures will decrease the power output, eliminating the runaway reaction possibility present in a uranium-fueled reactor. The primary disadvantage is that thorium reactors are still mainly at the experimental stage, and therefore commercial viability has not yet been clearly demonstrated.

Controlled nuclear fusion has been proposed for decades as a safe alternative to nuclear fission for power. Fusion reactions power the sun, and have been used on earth as the source of the destructive power of hydrogen bombs. Fusion is the joining together of two atoms to make a larger atom, which is accompanied by a large release of energy. However, attempts thus far to develop a commercial fusion reactor have not advanced past short-lived experiments because of the high temperatures and extreme pressures required to initiate and contain the fusion reaction. Thus, energy from controlled nuclear fusion remains a very long-term possibility.



Despite some protests in India, countries like India and China are expected to continue down a path of rapidly expanding their nuclear power production. The reason is the same reason Japan chose that path: the alternatives all have trade-offs that many consumers may not like.

Why the World “Needs” Nuclear Power

After the Deepwater Horizon spill in the Gulf of Mexico, someone said to me, “We have to stop all offshore drilling.” In response, I asked what sacrifices the person was willing to make. The response indicated a belief that there wouldn't really be any sacrifices; to the contrary, the rewards would be a cleaner ocean, clean beaches, and healthy wildlife—and the only real impact would be a loss of profits to the oil companies.

This is often the case with people campaigning against the use of various forms of energy. They believe that the consequences will be all good (no more oil spills) with no real downside (like less energy available or higher energy costs). I have no doubt that we could live without offshore drilling or nuclear power, even though 20% of the electricity produced in the U.S. comes from nuclear power (see Figure 7-2). But I also have no doubt that energy costs would be greater—and perhaps far greater—than they are today. In some cases the alternatives would prove to be even worse. So once again we consider the trade-offs.
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Figure 7-2. In the U.S., the nuclear share of net electricity generation jumped from under 5% in the early 1970s to roughly 20% by the late 1980s and has remained there ever since. (Data source: EIAxviii)

The reporter I spoke with in Japan in the early stages of the Fukushima nuclear crisis told me that he couldn't help but notice that despite some rolling blackouts, Japan remained very much a country with all of the lights on.

This gets right to the heart of why we have nuclear power: we demand cheap energy, energy that is so cheap that we can afford to leave all the lights on all the time. Both coal- and nuclear-generated electricity are viewed as cheap and reliable relative to many other options—admittedly, this is debatable given various government subsidies and the occasional environmental calamity.

My response to the reporter was that I love to eat lobster, but I rarely eat it because of the high cost. My demand for lobster is moderated by the price of lobster.

But imagine the situation if everyone viewed cheap lobsters as almost a fundamental right, and they were willing to vote politicians out of office if they didn't deliver them.

Instead of telling us that cheap lobsters might result in lobster extinction, politicians would work to give us what we demand. We would see all sorts of lobster-related subsidies and programs designed to provide cheap lobsters to consumers (which would have to be paid through taxes and/or deficit spending). Consequences of our cheap lobster demands—higher deficits and possibly no more lobsters—would be pushed onto future generations.

This describes our energy dilemma. We demand cheap energy. Politicians strive to deliver or they lose their jobs. If energy prices rise despite their efforts, finger-pointing and congressional hearings follow to determine who is to blame. (These hearings never seem to conclude that consumers are to blame. But that's because consumers vote.)

Energy is subsidized in various ways to keep the apparent price as low as possible to consumers. Ultimately this means that our energy usage is so high that we “need” offshore drilling, tar sands, nuclear power, and coal power. Cheap energy perpetuates the careless consumption of energy, which diminishes resources and potentially spoils the environment for future generations.

The Path Forward

If people really want to be rid of nuclear power, it is important that they understand the consequences. Germany's decision to reverse course means that it is likely to rely more heavily on coal to meet the need for firm power. Is that a better option?7 Other options—albeit fraught with political liabilities—are to make electricity so expensive that people greatly cut back on its consumption or, alternatively, to ration electricity.

_________________


7Interestingly, the radioactive emissions from a coal-fired power plant exceed those of a normally operating nuclear power plant because trace radioactive elements exist in coal.


Renewable energy can certainly make a contribution, but the present scale of our electricity consumption is simply too great for renewable energy to replace economically the firm power generated by nuclear (and, even more so, coal) power.

On the other side of the debate, nuclear proponents must have a clear understanding of the worst-case scenarios. The world can't afford more incidents like those at Chernobyl and Fukushima where large tracts of land have been rendered uninhabitable. We can't afford to look back with hindsight and say “I didn't know that could happen.”

Those who build, own, and operate nuclear plants must do their utmost to engineer fail-safe systems. It is certainly true that designs become better after the lessons learned from accidents like Fukushima, but we can't lay waste to vast tracts of land before those lessons are learned.

It may be that fail-safe nuclear plants are possible. But there are still vexing political issues around the disposal and storage of spent nuclear waste. Just as many people don't want to live near a nuclear plant, many people don't want a nuclear disposal facility near their community, nor do they want nuclear waste passing through their community.

Summary

Nuclear power has long been an important part of the world's electricity generating mix, accounting for nearly 15% of global electricity production. Under normal operations, a nuclear plant produces no carbon dioxide emissions, and therefore nuclear power could be an important tool in the world's efforts to rein in carbon emissions.

But serious accidents involving nuclear power plants have convinced many people that nuclear power is inherently unsafe. These accidents have slowed the growth of nuclear power and have caused some countries to abandon it completely.

If history is any indication, the impact of the Fukushima incident will be to temporarily slow the global growth rate of nuclear power. But as history puts more distance between the present and March 11, 2011, many countries—just as they did years after Chernobyl—will again turn to nuclear power as an option that can provide cheap power with very low risk (but, as we have seen, potentially very high consequences).

Some countries will continue to develop without nuclear power. Others like Japan—which suffered the consequences when the risk went against them—and Germany will begin a long experiment of phasing out nuclear power. How well they manage that phase-out will show the rest of the nuclear countries what they are up against if they try to follow suit.
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Risk and Uncertainty
Energy Security Challenges


We will do everything that must be done within OPEC to continue strengthening the price of our oil; $100 is a fair price for a barrel.



—Hugo Chavez

Access to affordable, stable energy supplies is critical for the economies and national security of developed countries. For developing countries, affordable energy often offers a pathway to a better quality of life. But there are a number of global threats with the potential for destabilizing the energy markets. In this chapter I will discuss some of those threats.

OPEC

The Organization of Petroleum Exporting Countries—commonly known by the acronym OPEC—is composed of 12 major oil-exporting countries. Over 77% of the world's remaining proved crude reserves are within OPEC countries, which were also responsible for 42% of the world's crude oil production in 2010. As a result, OPEC has a great deal of influence over global oil production—and therefore at present OPEC has a great deal of power over the global economy.

OPEC's function is viewed very differently from different perspectives. Among member countries like Iran, Saudi Arabia, and Venezuela, OPEC is viewed as an organization that helps safeguard the financial interests of the country by ensuring the best possible price for oil exports. A country with depleting natural resources is obviously interested in extracting the maximum possible value for the resource, as well as maintaining production of those resources for the longest possible period of time.

But many oil-importing countries have a different view of OPEC, because OPEC's pricing power has been wielded in ways that have harmed Western economies. The most famous example is the OPEC oil embargo of 1973. In response to a political disagreement over the West's support of Israel in the Yom Kippur War, OPEC's Arab member countries stopped supplying oil to the U.S. and Western Europe. As a result, there was an immediate global oil shortage, oil prices quadrupled, and the world was thrown into a recession.

This incident framed a view of OPEC by many in the West as a group whose interests often run contrary to those of the West, and who are willing to wield a powerful economic weapon in pursuit of those interests. For many, OPEC became forever a major culprit behind the reason for high oil prices.

Today OPEC wields the same kind of power over oil supplies that it did in 1973. Collectively, OPEC member countries have the power to cause global oil shortages; and they could essentially drive the price of oil to hundreds of dollars per barrel in a very short period of time. Within OPEC, there are countries that could do this unilaterally. Saudi Arabia produces about 10% of the world's oil, and if it suddenly stopped producing for any reason, the price of oil would likely rise past $200 a barrel very quickly.

Iran is the second largest producer in OPEC, responsible for just over 5% of global oil production in 2010. The dispute over Iran's nuclear program is a perfect example of the disproportionate hold OPEC countries have over the global economy. The simple threat of Iran cutting off oil exports has been blamed for oil price increases in 2011 and 2012. Military action against Iran would likely send oil prices much higher, and thus the global economy is potentially at risk due to the actions of one country.

So the first threat from OPEC is that it retains the power to throw the global economy into turmoil overnight. This is a serious risk for the economies of oil-importing nations.

The second threat is that OPEC countries need the money from oil importers to pay for their budgets. It is a common phenomenon that governments find ways to spend any extra revenue they take in, and as that revenue grows so do government budgets. As oil prices increase and the budgets of these oil-exporting countries grow, they require higher oil prices to maintain these budgets.


[image: Image] Did you know? Saudi Arabia stated that to balance its budget in 2011, it required an oil price of at least $80/barrel, an increase of $15/barrel since 2009.



At one time OPEC was content with oil at $40 a barrel. Then it became accustomed to oil at $70 a barrel, and today some OPEC countries have signaled that they believe $100 a barrel is a fair price. In truth, “fair price” is a moving target, and that target will always tend to rise because of their need to maintain growing government spending.

The ideal situation from OPEC's perspective is to keep oil prices at a level high enough to still allow global economic growth, but at a price that allows them to cover their growing government budgets. But from the perspective of the oil importers, this raises the distinct possibility of a slow strangulation of their economies as the money they spend for oil imports increases year after year.

There are also countries within OPEC whose interests are directly counter to those of many Western countries, and who would like nothing more than to increase their wealth and power at the expense of oil importers. I suspect that if Iran or Venezuela could unilaterally raise the price of oil to $200 a barrel tomorrow, it would do so, and it would be a bonus for them that this would weaken the economy of the United States.


[image: Image] Did you know? When oil prices are $100 a barrel, the value of OPEC's oil production is $1.25 trillion per year.



Of course, there are moderate countries within OPEC that are more concerned about the impact of high oil prices on global economic growth, because that has the potential to reduce demand and cause prices to collapse. But even if the wishes of those countries prevail, it is unlikely that prices will be lowered to the historical levels that enabled Western economies to grow robustly.

Thus, countries whose economies are dependent on imported oil face multiple threats from OPEC that can quickly derail economic growth, and yet they will likely continue to transfer wealth to OPEC countries.

OVERSTATED OPEC RESERVES?


A different sort of threat is the possibility that OPEC oil reserves are overstated. OPEC reserves are not subject to outside audit, and therefore the rest of the world is left with the official reserve estimates from OPEC.

But there are reasons to believe those reserves are overstated. In 1982, Saudi Arabia stopped allowing its oil and gas data to be scrutinized. Prior to that, outsiders had some access to information on Saudi Arabia's reserves. At the time that acces-sibility was shut down in 1982, Saudi proved oil reserves were estimated to be 165 billion barrels.

Also in 1982, OPEC introduced a system of production quotas based partly on the oil reserves in each country. Shortly after, a number of OPEC countries raised their reserves estimates sharply, as a larger reserve would increase their production quota. In 1983, Kuwait increased its reserves by nearly 40%, from 67 billion barrels to 93 billion barrels, and Iran added 34 billion barrels to its reserves. In 1984, Venezuela increased its reserves by nearly 100%, from 28 billion barrels to 55 billion barrels. In 1985, the UAE nearly tripled its reserves from 33 billion barrels to 97 billion barrels. In 1988, Saudi Arabia raised its reported reserve number by 85 million barrels over the previous year.

Over the decade of the 1980s, OPEC's stated reserves increased from 425 billion barrels of oil in 1980 to 763 billion barrels by 1990—an increase twice the size of Saudi Arabia's entire estimated oil reserves in 1982 (see Figure 8-1). By 2010, OPEC's stated reserves had further grown to 1.1 trillion barrels of oil and accounted for 90% of the global oil reserve additions of the previous 30 years.

Reserve growth is certainly not out of the question. New discoveries take place and extraction technologies improve. But there have been reports that called into ques-tion some of the OPEC increases in reserves.i Since there are no independent audits of OPEC's reserves, its official estimates are accepted, yet it is possible that future production that has been counted upon will never materialize.
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Figure 8-1. The growth of OPEC's stated oil reserves (Data source: BP Statistical Review of World Energy 2011ii)

Developing Countries

Conventional wisdom may suggest that as oil prices rise, poorer countries will be priced out of the market as richer countries bid against each other for oil. But that is not at all what has happened over the past decade, and the trend implies a worrisome economic threat for developed countries.

From 2005 to 2010—as oil prices rose to record highs—oil consumption in the United States fell by 1.6 million barrels per day (bpd). The European Union saw oil consumption drop by 1.2 million bpd, and Japan registered a drop of 900,000 bpd.

Japan was the exception in the Asia Pacific region. Excluding Japan, the rest of the Asia Pacific region increased its oil consumption by 3.6 million bpd from 2005 to 2010 (see Figure 8-2). Africa increased consumption over this timeframe by 450,000 bpd, a 16% increase. Consumption in the Middle East increased by 1.6 million bpd, a 26% increase. Consumption in South America increased by 1 million bpd, a 19% increase over 2005 levels.

The trend was clear: As oil prices increased, developed countries reduced oil consumption, while regions that were significantly undeveloped or developing increased oil consumption. Perhaps unsurprisingly—since their revenues would have increased over this time period—oil-exporting regions experienced the greatest percentage increases in consumption. The Middle East and Venezuela both saw consumption increases of over 20%.

But why would developing oil-importing regions have also experienced consumption growth in the case of high prices?
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Figure 8-2. Demand for oil in Asia Pacific showed strong growth in the face of rising oil prices. (Data source: BP Statistical Review of World Energy 2011)

Consider the change in the consumption habits of the United States and China over the past decade. In 2000, the U.S. consumed 19.7 million barrels of oil per day—25.5 barrels of oil per person per year. By 2010 the population of the U.S. had increased by 10%, but the country's oil consumption had fallen to 19.1 million bpd—22.6 barrels per person per year.

The trend in China was sharply in the other direction. In 2000, oil consumption in China was 4.8 million bpd, or 1.4 barrels per person per year. In 2010, consumption had grown to 9.1 million bpd, or 2.5 barrels per person per year.

The demand growth in China, in India, and across Asia and South America in the face of record-high oil prices may at first be counterintuitive. But consider the consumption patterns in developed countries. Developed countries consume a lot more oil than they really need to use because they have more discretionary consumption. So when oil prices rise, we make a few changes to our lifestyle—driving fewer miles, buying more fuel-efficient cars, using more mass transportation, etc.—and oil consumption falls.


[image: Image] Did you know? If per capita oil consumption in China was as high as it is in the U.S., China would consume more than 82 million barrels of oil per day—an amount equivalent to almost all of the world's oil production.



So the 22nd barrel of oil many of us in the U.S. consume each year isn't worth $100 to us, and we use a bit less when oil prices rise. If oil prices were sustained at $150 a barrel, we would use even less. But the vast majority of the world uses very little oil, and aspires to higher standards of living.

The average consumption of oil in the world—87 million bpd in 2010 divided by a population of approximately 6.8 billion people—is 4.7 barrels of oil per person per year. In other words, if everyone on earth was allocated an equal amount of oil, the 2010 allotment would have been 4.7 barrels per person. This is 79% lower than average U.S. consumption, and 54% lower than average EU consumption.

Developing countries are presently below the average 4.7 barrel allotment, but their consumption is rising. Chinese consumption has risen to 2.5 barrels per person per year, a 79% increase in the past ten years. At that growth rate—and assuming China's population remains constant—China will reach 4.7 barrels of oil per person in slightly over ten years.

But this would require another 8 million barrels of oil per day for China, which either must come from the allotment of other countries—most likely developed countries—or would require global oil production to rise another 10%. Bear in mind that this is only for China; other developing countries are also on growth trajectories that would see their demand for oil collectively increase by millions of barrels per day over the next decade.

The threat for developed countries is clear: As oil prices rise, consumption in developed countries is likely to continue to decline in response, but developing countries will continue to increase their consumption. To the extent that the decline in developed countries is a result of the adoption of alternative fuels and improved efficiencies, economic growth in developed countries may be able to continue. But if the decline comes as a result of people simply being unable to afford oil, economic difficulty in developed countries is practically assured.

What might this signal for future oil prices? A question I frequently encounter is, “How high can gasoline prices rise in the U.S.?” Because the oil markets are global, the answer to that question is, “It depends on how much value the people in developing countries place on increasing their oil consumption to two or three barrels of oil per year.”

Or, an alternative way to think about it is, “If you were only allocated 3 barrels of oil per person per year, how much would you be willing to pay for those barrels?” The 20th barrel each of us in the U.S. consumes each year might allow us to drive that 12,000th mile. But the first barrel that someone in a developing country consumes might allow them to drive that very first mile and have heat in their home for the first time. They will be willing to pay a lot more for those initial barrels than we are for our excess barrels, and this explains why their consumption has increased even as oil prices have risen.

And if future oil prices are dictated by how much developing countries are willing to pay for their second or third barrel of oil per capita, this number may ultimately be much higher than $100 per barrel.

Declining EROEI

Two important—but largely misunderstood—concepts in the production of energy are energy return on energy invested (EROEI) and net energy. Here I will discuss how to use these concepts, why they signal a future threat, and some of the caveats that must be applied.

Understanding EROEI

The concept of EROEI is relatively straightforward. It is simply a measure of the energy that is produced relative to the energy that is consumed during the production of an energy source:

EROEI = Usable Energy Output/Energy Consumed

In other words, if 10 BTUs of energy are consumed to extract and refine 100 BTUs of oil into usable products, then the EROEI is 100/10, or 10 to 1.

The concept of net energy refers to how much energy is available for consumption after the energy inputs are accounted for. This equation is

Net Energy = Usable Energy Output – Energy Consumed

In our previous example, the net energy is 100 BTUs produced minus 10 BTUs consumed, or 90 BTUs.

Society operates on the basis of the net energy that is available for goods, services, transportation, etc. When the EROEI of an energy source is very high, it takes a relatively small portion of society to provide the energy for the entire society. For example, consider a world that requires 85 million barrels of oil per day. If the EROEI for oil production is 100 to 1 (which was the case in early days of the oil industry), solving the EROEI and net energy equations shows that total production need only be slightly higher than the required net. If the gross production were 85.86 million barrels of oil per day, 0.86 million bpd could be used as the energy to extract the oil at a 100 to 1 ratio. The net is then 85.86 – 0.86 = 85 million bpd.

However, as EROEI declines, the implications are that it will require more time, effort, and money from society in order to maintain the net production. Historically, as the most accessible oil was produced, more energy had to be invested to produce a barrel of oil. Deeper wells had to be drilled, production moved offshore, and we began to process crude oil that was heavier and had more impurities. The EROEI of oil production fell from 100 to 1 a century ago to perhaps 20 to 1 today. Solving equations for an EROEI of 20 to 1, we find that global gross production would need to be 89.5 million bpd in order to net 85 million bpd for society.1

While the required gross production has not changed dramatically in these two cases, the curve does begin to change significantly as the EROEI continues to fall. Consider a society in which the EROEI is only 2 to 1 (see Figure 8-3). This is in fact the reported EROEI range of many biofuels. In this case, in order to produce a net of 85 million bpd for society, the gross production must be 170 million bpd—twice the current global oil production rate! Half of that production would be consumed during the process, and half would be left for society.

___________________


1 The excess “barrels” required as energy to produce the oil will not necessarily be actual oil barrels. The energy can be the energy equivalent of the barrels of oil from other energy sources like coal, oil, natural gas, biomass, etc.



This highlights one of the major challenges for biofuels as we use them to replace oil: replacing oil with biofuels (or any low EROEI source) requires significantly greater primary energy inputs, and this generally translates into more effort and higher costs. If the modern world could operate at an EROEI of 2 to 1, it would require a far greater portion of the economy to produce the energy needed by the rest of society. This is one reason that it is true that many renewable energy technologies create more jobs than fossil fuel technologies—it simply takes more people to produce the same amount of energy.
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Figure 8-3. As EROEI declines, more primary energy must be produced just to produce the same amount of net energy.2

__________________________


2 This case considers production all the way to refined fuels. The EROEI of most conventional oil is still well above 10 to 1, but when refining is factored in, it drops below 10 to 1. Likewise, the EROEI for tar sands has been reported to be 6 or 8 to 1, but once the oil is refined, it drops to the 4 or 5 to 1 range.



EROEI Caveats

But there are some important caveats when using EROEI. First, the break-even figure for EROEI is 1.0. When the EROEI falls below 1.0, you have consumed more energy in the process than you got back from the process. But in some cases like this, it may make short-term economic sense.

An example of a process in which the EROEI is below 1.0 is the electrolysis of water to produce hydrogen, and then burning the hydrogen for power. The electricity required to produce the hydrogen will always be greater than the usable energy that can be obtained when the hydrogen is consumed for power. But, if the electricity used to produce the hydrogen is cheap—which could be the case if excess electricity is available at various times during the day—the hydrogen could be produced and used when needed. In this case, the hydrogen would be acting as a battery of sorts; storing the cheap electricity for later use.

The same is true of net energy—it can be negative and yet still make economic sense. But an important point here is that when the EROEI is less than 1.0 and the net energy is negative, the consumption of the primary energy inputs is accelerated. What a net negative energy return really says is that a process is not sustainable over the long term. This is like withdrawing money from a bank—at some point you have to make some deposits, or at least stop the withdrawals. If you consume 1 BTU of fossil energy to create less than 1 BTU of a derivative of that fossil fuel, this is a process that will speed up the depletion of fossil fuel reserves.

However, if the two forms of energy are not fungible (interchangeable), then economics can easily trump EROEI. For example, it might be economically attractive to consume 2 BTUs of coal to produce 1 BTU of ethanol (EROEI = 0.5 for this example). In that case the process speeds up the depletion of coal reserves, but economics (and potentially subsidies)—not EROEI—would dictate whether that process is commercialized because the coal has been turned into something of greater value.

On the other hand, if you consume one transportation fuel to produce another transportation fuel—as is mostly the case with corn ethanol (natural gas, diesel, and gasoline in; ethanol out)—then it may make more sense to just use the inputs directly as a transportation fuel if the EROEI for the process is low.

The other major caveat when using EROEI is that there is no time factor involved in EROEI calculations. Thus, it is possible for a lower EROEI process to be more attractive than a higher EROEI process if the former returns the energy over a shorter time interval. Think of it in terms of interest rate calculations.

Consider an investment that returns 3% on a daily basis versus one that returns 50% on an annual basis. The EROEI would simply say that the former is 1.03 to 1 and the latter is 1.5 to 1, but you would be far better off on an annual basis with the 3% daily yield. So, a process with a low EROEI—as long as it is still greater than 1—could be attractive if it produces the energy over a short time interval. An example of this could be a fermentation that can be done in 24 hours versus a different process that requires an entire growing season.3

Caveats notwithstanding, the threat from a declining EROEI is that we have to produce more gross energy just to produce the same net. This accelerates our consumption of fossil resources, and as EROEI continues to decline, a larger portion of our time, effort, and money must go into producing energy. This growing diversion of effort into energy production will potentially come at the expense of other sectors of the economy.

Miscellaneous Threats

While the three aforementioned threats are among the most glaring and potentially chronic concerns, there are other threats that can lead to short-term supply shortfalls. The 2011 civil war in Libya removed 1.6 million barrels of oil per day from the world markets, and oil prices responded by advancing back above $100 per barrel. There are numerous other oil-producing countries with the potential for civil unrest to remove oil from the markets.

Terrorism is an ever-present threat. There are a number of locations—particularly in the Middle East—where large fractions of the world's oil infrastructure are concentrated. There are also a number of oil transit chokepoints around the world where terrorism or military conflict could take a substantial fraction of the world's oil supply off the market.

____________________


3 An obvious solution to this dilemma would be to standardize EROEI calculations on the basis of annual return in the same way financial interest is computed.



The Strait of Hormuz, located between Iran and Oman, is the world's most important chokepoint.iii In 2009, 15.5 million barrels of oil passed through the Strait of Hormuz, a third of all seaborne-traded oil. Another 13.6 million barrels of oil a day passes through the Strait of Malacca to supply oil to China and Indonesia.

Severe weather also has the potential to disrupt energy supplies. Americans see this directly when hurricanes force closure of oil rigs in the Gulf of Mexico, and occasionally the hurricanes are severe enough to result in fuel shortages. Hurricane Katrina in 2005 and Hurricanes Gustav and Ike in 2008 all resulted in temporary product shortages and higher prices.

Summary

There are a number of credible, serious threats with the potential to cause very high oil prices and dislocations in oil supplies. These threats exist presently, and appear likely to worsen as global demand for oil grows. In order to mitigate these threats, governments must first clearly understand the nature of the threats and how they might impact upon national and global economies.

Ultimately, countries that are high consumers of oil—and particularly high importers of oil—must engage in risk management that includes scenarios of declining oil supplies and much higher future oil prices. There are a number of potential energy policy options that could mitigate against these risks. These will be discussed in the next chapter.
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Reducing the Risks
Policies to Enhance Energy Security


Let our advance worrying become advance thinking and planning.



—Winston Churchill

A sound energy policy should take into account the supply side, the demand side, and the possibility that projections will be wrong on one or both counts. Energy policy decisions must also factor in the impact on current and future generations, and they should be capable of weathering changing political climates. Unfortunately, when energy policy decisions fail to meet these criteria, the result is a dysfunctional, inconsistent energy policy.

While it will never be possible to satisfy everyone, the policy ideas discussed in this chapter attempt to find middle ground that can enjoy broad support. The purpose of the ideas in this chapter is to set in place energy policies that enhance energy security while attempting to satisfy concerns from those who hold very different opinions on energy policy.

Defining Common Ground

There are a few concepts on which people of very different political persuasion would probably find broad agreement, and upon which some sensible energy policies can be developed.

The first concept is that countries that are heavily dependent on other countries for their energy supplies face economic risks that are often beyond their control. As the dependence on energy extends into oil-exporting countries whose interests are counter to those of the oil-importing countries, the level of those economic risks increases. A country that imports energy also exports money out of the country and creates jobs outside of the country.

However, given the dominance of oil in the global transportation and manufacturing sectors, we probably can also agree that the world is likely to still be dependent on oil for at least the next two decades. Certainly the level of dependence is an issue that would be hotly debated, but the fact that we will need some oil for some years to come is something on which I think most would agree.

I think we would mostly agree that because fossil fuels are a depleting resource, there is a risk associated with being overly dependent on them even when supplies can be sourced domestically. For the past few years, that risk has manifested itself as very high oil prices that have helped drag down economies in the developed world. An economy built on depleting resources must eventually transition to other sources and/or decrease energy consumption as the resource depletes. Thus, all other things being equal, it would be preferable to eliminate wasteful energy consumption and encourage sustainable energy solutions.

Of course, all other things are never equal, and this is where we have to make choices. There is no free lunch in any of our energy choices. They all have costs, trade-offs, and risks associated with them, and this is the source of areas of disagreement. Certain costs are acceptable to some and not to others.

But on the basis of these premises—which boil down to a need to transition from oil while ensuring that secure oil supplies are available during the transition—I want to make three policy recommendations that would enhance the long-term energy security of any country. These recommendations address the demand side, the supply side, and the diversification of our fuel supplies.

Shifting Taxes from Income to Consumption

One way to encourage a transition away from oil is to send a strong signal to consumers that gasoline costs will continue to rise. But in order to get consumers and politicians to accept this, they need the following strong assurances:


	The overall impact to a person's budget will be neutral.

	A person will have the opportunity to make the impact to their budget favorable by making certain changes.

	The change will improve the energy security for our children and future generations.



Some people still cling to the notion that gasoline prices will fall back to historically low levels (and politicians frequently make hollow promises to make this happen), and as a result they hesitate to make the changes that are necessary to reduce their level of oil consumption. My first proposal—a shift in taxation from income toward gasoline consumption—increases the certainty for consumers that they must become more fuel efficient.

Targeting Discretionary Consumption

I think most people can agree that in the U.S., a lot of gasoline usage is discretionary. We consume energy without too much consideration that it is a resource that our children and grandchildren might need. Many Americans are content to use up energy resources now and hope that there is an alternative solution right around the corner for future generations.

But what if there is no easy solution just around the corner for our fossil fuel dependence? What if you knew that unless we stretch our fossil fuel resources, our children will have to make far greater sacrifices? It seems prudent—given the risk to future generations—to make changes in our consumption habits to stretch those depleting resources.


[image: Image] Did you know? About two-thirds of the oil consumed in the United States is used for trans-portation, and about two-thirds of the oil used for transportation is gasoline (~45% of total U.S. oil consumption).



The most effective way to get people to consume less of something is to make it more expensive. We saw this in the U.S. the past few years in the face of record high oil prices. As oil prices climbed rapidly in 2007 and 2008, oil demand in the U.S. decreased by nearly 10%.

This of course brings up the obvious question: Why not simply let high prices in the marketplace rein in demand as they did following the price run-up from 2007 to 2008? The main reason is that extreme price swings can occur quickly, putting severe, unexpected pressure on personal budgets and contributing to economic slowdowns. In many cases, the demand that is curbed causes financial hardship for many. So I believe a proactive approach is preferable.

In addition, these price swings can be caused by the whims of nations whose interests are directly opposed to those of Western democracies. As a result of price spikes, wealth is transferred from oil importers to oil exporters. This ultimately weakens the U.S., the EU, Japan, Australia, and other countries that are dependent on oil imports. At the same time, it strengthens countries like Russia, Venezuela, Iran, and Saudi Arabia.

More Choice in Taxation

Very few people—including me—want to pay higher taxes. Politicians know this, which is why discussions to raise gasoline taxes go nowhere. When the subject arises, that is the end of the discussion for many people.

So I make it clear that my proposal is not to raise taxes, but rather to shift a portion of the tax burden from one kind of tax to another. My proposal is to increase gasoline taxes, but then to offset that tax increase with an income tax credit (or offset it by merely lowering income tax rates).

The idea I am putting forth is neutral with respect to overall tax revenues; it does not try to increase them or decrease them. But, what I am proposing would give people more choice in how much taxes they pay. I want to change the taxes people pay in a way that will benefit future generations by reducing our dependence on oil.

We pay numerous kinds of taxes, including income taxes, real estate taxes, sales taxes, and various kinds of consumption taxes. In the case of consumption taxes, people have a much larger degree of choice over the amount of taxes they pay. So when I pay taxes, I would rather be taxed on my consumption—which I can choose to reduce. If I don't like the tax on alcohol, then I can choose not to drink. But I still have the freedom to choose to drink, and voluntarily pay more taxes.

The same logic holds for certain other consumption taxes, such as gasoline taxes. I can choose to consume less, and the higher the price, the greater my incentive to make that choice. If the price is low, so is the incentive to conserve.

But I don't propose to simply give governments more tax money to spend, and therein lies the difference between my proposal and a simple increase in gas taxes.

Addressing Common Objections

There are two oft-cited objections to raising gas taxes. The first is a general objection to raising taxes, period. Many people believe that we are overtaxed, and some of them will not entertain the notion of higher taxes. But my proposal would not be a net tax increase, so that objection isn't relevant here. With my proposal, we would be taxing personal incomes at a lower rate, thus providing an even greater incentive to work—and taxing more of something we want to reduce—oil consumption.

The other frequent objection is that higher gasoline taxes are regressive, that they hurt lower-income workers the most. That's a fair criticism, but it can also be addressed. Let's consider an example for illustration.

An average family of five in the U.S. consumes about 2,000 gallons of gasoline a year.1 If we phased in a federal gasoline tax increase of $0.20/gallon the first year, $0.30/gallon the second year, and then $0.50/gallon in each of the three following years, the total tax increase at the end of five years would be $2.00/gallon. Such an increase in the U.S. would still put gasoline prices at less than they currently are in Europe. But they should encourage serious conservation measures, while at the same time allowing people enough lead time to plan for the tax increase.

_______________________


1 In 2010, per capita consumption of gasoline for the entire U.S. population was 448 gallons per person per year. (Data source: Gasoline consumption data is from the Energy Information Administration and population data is from the CIA World Factbook).



However, a $2/gallon tax would place an additional tax burden of $4,000 on this hypothetical family. In order to offset the burden of these higher taxes, I would propose that as a part of the package, a tax credit is available to offset the increased tax burden based on the average family's consumption. For this example, this would be $400 in the first year of the tax, and $4,000 by the time the last increase is phased in. The credit would be available to anyone who files a tax return (even if their income is below the threshold for paying taxes).

A family with a $4,000 income tax burden would see that burden reduced to zero, while a family with a tax burden of less than $4,000 in this scenario would qualify for a tax refund to offset their increased gasoline taxes.

Families that use less gasoline than average should actually see their overall tax burden decrease. Those who consume more than 2,000 gallons per year2 would see an overall increase in their tax burden—and therefore would have a stronger incentive to reduce their fuel consumption. For those whose fuel usage is for farm or business use, the fuel taxes could be deducted against business income.

Since renewable fuels wouldn't be affected by this proposal, many options that are uncompetitive with gasoline at current prices would become much more attractive as the tax is phased in.

Benefits of the Proposal

Again, the intent is not to increase net tax revenues, but rather to discourage excessive consumption of a depleting resource. This is a practical measure to address our fossil fuel dependence from the demand side—without placing an additional tax burden on the average gasoline consumer.

____________________


2 One consideration to make the idea more palatable is to given everyone a greater than average exemption initially, and reduce that over time. For example, in the first years of the program the exemption could be based on 500 gallons of gasoline per person per year—which is above the per capita average.



When gasoline prices are high, people start to embrace public transit, conservation, and vehicles with higher fuel economy. The advantages of having a higher gasoline tax would be many. They include:


	It would lead to conservation, which would help preserve our remaining fossil fuel endowment.

	It would encourage public transit (people flock to public transit when gasoline prices climb).

	It would make alternative energy candidates more competitive with fossil fuels, without picking specific technology winners.

	It would enable people to do a better job of planning ahead, as opposed to the constant expectation that low gas prices are right around the corner.

	It should encourage more efficient city planning, and rein in the growth of suburban sprawl.

	It would make the price of fossil fuels more reflective of the negative externalities that are not currently priced in (air pollution, military expenditures, etc.).



Additional Considerations

There are admittedly many considerations beyond how this proposal might impact an average family. One consideration is the possibility that the net to overall tax revenues would be negative for the government. This is in fact what would happen if per capita gasoline consumption dropped—which is the objective. For instance, if the consumption for the example family of five fell to 1,000 gallons per year, their incremental gas taxes on that 1,000 gallons would be $2,000, but they would have gotten a tax credit of $4,000. But such a drop in consumption would be a success, and could be addressed by lowering the tax credits over time.

Another consideration is how to ensure that businesses that presently require high gasoline consumption won't be caused undue hardship by an increase in their fuel costs. Exemptions would need to be given to hospitals, fire and police departments, and numerous other critical services that are heavy consumers of energy. Some extra consideration may be required for those in commuter suburbs to allow sufficient time for public transit options to develop. In the longer term, everyone will have to become more efficient, but the low-hanging fruit is discretionary gasoline consumption by consumers.

The biggest challenge with the proposal, of course, will be politics as usual. As soon as someone makes a proposal such as this, some short-sighted politicians will say, “My opponent wants to raise your gas taxes”—while ignoring the revenue-neutral aspect of the proposal. This is the kind of selfishness and partisan behavior that has gotten the world into this energy predicament, but we will need to change our thinking to get out of it.

Drill—and Use the Proceeds to Curb Oil Demand

I consider myself to be an environmentalist, and like many environmentalists, I am concerned about the impact on our environment of continued fossil fuel consumption. But my thinking differs from that of many environmentalists in that I believe we will still need stable oil supplies for a number of years before we can fully transition away from oil.

My second proposal is designed to meet those petroleum needs during the transition phase, while using some of the proceeds to hasten the transition. In short, my proposal calls for governments to encourage domestic drilling while using the royalties and tax revenues to fund programs that reduce dependence on oil.

Ensuring Energy Supplies During the Transition

The objective of all of my proposals is that they should contain elements that people of very different viewpoints can support. In this case, a large number of people believe that domestic drilling is the answer to phasing out dependence on foreign oil, but a large number of other people believe that aggressive pursuit of alternative sources of energy is the only answer to eliminating dependence on foreign oil.

I believe that each viewpoint contains elements of the truth, and they can be combined into a powerful proposal. The thinking behind this proposal is that:


	As countries transition away from oil, they are still going to be dependent on oil for a number of years.

	To the extent that they can do so in an environmentally responsible manner, countries should satisfy as much of their oil needs as possible domestically to lower their economic risks.



Some critics will immediately complain that drilling merely ensures that we continue to be dependent on oil. But one element of my proposal specifically addresses this.

Environmentalists are generally vehemently opposed to opening up areas to additional drilling. They think there simply isn't a need to do so, and that it will just delay our transition to alternatives. They see oil companies—not ordinary citizens—as the primary beneficiaries of oil drilling.

Many environmentalists believe that if they can prevent further development of oil reserves, then alternative energy, public transit, and conservation will necessarily rise to the challenge and alleviate the dependence on diminishing fossil fuel reserves. But the risk in this approach is whether the alternatives can be delivered when they are needed, and whether they can cover severe shortfalls. What if they can't? What is Plan B? Shortages? Rationing?

On the other side are people who believe that underneath U.S. territory lies an ocean of oil, waiting to be tapped—if environmentalists would only get out of the way. They believe that energy independence is within our grasp if we aggressively develop our natural resources. But this notion suffers from a very similar risk as the position of environmentalists: What if the oil that is available simply can't cover any severe shortfalls? What if the expectations that these vast oceans of oil exist lead us to delay actions on alternatives? Again, what is Plan B? Military action? A continued transfer of wealth to OPEC?


[image: Image] Did you know? In the past three decades, commercial oil production has taken place in 31 of the 50 U.S. states.i



The majority of us fall somewhere in between these two positions; we want to see some domestic development and some development of alternatives. My proposal would enable one to fund the other, while giving both environmentalists and drilling advocates something they want. But each side would need to compromise a bit.

Both opponents and proponents of drilling would likely agree that our dependence on petroleum—and, specifically, imported petroleum—comes with risks. Among the arguments from both sides are that this dependence puts our national security at risk and that it poses risks to the environment. I think both sides would agree that a long-term solution to the problem of petroleum dependence could be a combination of conservation along with alternative options such as higher-efficiency vehicles, electric transport, and public transit. Where large numbers will start to disagree is whether this is achievable in the short term, or whether it is going to take a few more technological developments and more than a decade to see most of our petroleum dependence displaced.

HOW MUCH OIL?


In 2006, the Minerals Management Service (MMS) in the U.S. Department of the Interior estimated “that the quantity of undiscovered technically recoverable resources ranges from 66.6 to 115.3 billion barrels of oil and 326.4 to 565.9 trillion cubic feet of natural gas” below the offshore waters on the Outer Continental Shelf (OCS) of the U.S.ii Of that amount, the MMS estimated that 18 billion barrels of oil was off-limits due to a 1990 executive order that was signed into law by President George H.W. Bush.iii

The U.S. Energy Information Administration estimated in 2008 that there was another 10 billion barrels of technically recoverable oil within the coastal plain of the Arctic National Wildlife Refuge (ANWR) that was off-limits to development.iv

Based on 2010 U.S. petroleum demand of 19.2 million barrels per day (bpd), the 28 billion barrels of oil presently off-limits on the OCS and in ANWR is equivalent to four years of U.S. petroleum demand. In terms of the 9.4 million bpd of oil imported in 2010, 28 billion barrels of oil is equivalent to just over eight years of imports.

In dollar terms, 28 billion barrels of oil is worth $2.8 trillion at an oil price of $100/barrel—an amount equivalent to over $9,000 for every person in the U.S.

President George W. Bush lifted the ban on offshore drilling in 2008, and in March 2010 President Barack Obama announced his support for increased offshore drilling. However, this was prior to the Deepwater Horizon oil spill in the Gulf of Mexico, which galvanized resistance to drilling and led to a six-month moratorium on deep-water drilling. In December 2010 the Obama Administration announced that no drilling would be allowed in the eastern Gulf of Mexico or off the Atlantic coast for at least seven years.



I fall into the latter category, for a variety of reasons. I am familiar with a lot of the alternatives, and most are simply not competitive even at gasoline prices of $4 or $5/gallon—nor are they scalable. To illustrate that point, consider Europe, where gasoline prices in many locations are double the price in the U.S. Even at these prices, petroleum remains the dominant choice for transportation in Europe (albeit at lower levels of consumption than in the U.S.). But it is going to take more than price—or, at a minimum, much higher prices than Americans probably anticipate—to move us away from a very high level of dependence on fossil fuels.

Using Government Windfalls Wisely

So I propose a compromise. I propose that as we open up some of the more promising areas to exploration, governments earmark some or all of the royalties to funding fossil fuel alternatives. Leases on federal lands should also be structured so that governments share in any windfall if oil prices skyrocket. One of the problems with windfall profits taxes is that they discourage investment in projects with marginal economics. But oil companies don't plan projects with an expectation of $200/barrel oil; a lease that is structured to give governments an increasing portion of revenues at much higher oil prices will be unlikely to impact project economics for an oil company because the possibility of such high prices will be heavily discounted.

With the revenues, we could subsidize public transportation. We could provide a tax credit of $1,000 for each person who purchases a car that gets over 40 mpg. We could use these oil revenues to fund wind and solar power, freeing up natural gas that could then be used to displace petroleum in compressed natural gas (CNG) vehicles.

It is true that the oil won't flow from newly opened areas for perhaps a decade, but there is a risk that we will face oil shortages in a decade. Oil prices will probably be very high, which means the royalties from the oil would provide a lot of money for funding alternatives. By funding these alternatives, we are also buying insurance against the oil shortages that we hope to avoid.

This should be a compromise with attractive elements for both sides. If we don't agree to such a compromise, then what's going to happen is that as prices continue to rise, so will the pressure to drill, and governments will eventually cave in to this pressure. But by failing to earmark the money for alternatives, it will just postpone the inevitable day of reckoning for oil supplies.

That's a compromise I prefer. However, one that would have even greater support behind it would be to return an oil dividend to citizens (as Alaska has historically done). As noted in the sidebar (“How Much Oil?”), the oil that is currently off-limits to drilling in the U.S. is equivalent to over $9,000 for every person in the U.S. Thus, in this case one could propose to return 5% or 10% of the proceeds as an oil dividend back to U.S. citizens. That is tangible for people, whereas funding the alternatives may not be. However, while I think this compromise would find broad support among many people with stretched budgets, it does nothing to address the problem of oil dependence. That, in my opinion, must be part of any solution.

From an environmental perspective, the ideal situation would be that as we open up new areas to drilling, the incentives for alternative energy created through government lease revenue reduce the demand for oil to the point that extensive development is unnecessary. By using revenues from oil to transition away from oil, we move toward a more sustainable future while ensuring that domestic oil supplies are available if they are needed.

Open Fuel Standard

The reason the world originally became so dependent on oil is that it offered something that no alternative fuel did: enormous quantities of an ideal combustion fuel at a low cost. It certainly didn't hurt that as the automobile came of age, the U.S. was endowed with rich petroleum resources, which made driving affordable for the general public because oil was cheap.

Over time, a transportation infrastructure was built around oil, and decades of cheap oil influenced the choice of cars we drove and where we chose to live. But eventually oil became more expensive as demand grew and supplies depleted. However, because the transportation fuel infrastructure was built around oil, many countries simply paid more and more for oil—exporting greater and greater numbers of jobs and money—instead of building out a new infrastructure.


[image: Image] Did you know? In 2009 there were just over 8 million E85 flex-fuel vehicles (FFVs) on U.S. roads, about 3% of the total U.S. vehicle population of 250 million.v



It wasn't as if there have never been economic alternatives to oil. Compressed natural gas and methanol, for instance, have both been cheaper than oil on an energy equivalent basis for many years (see the sidebar “The Price of Energy” for an explanation of energy equivalent basis). As I write this, conventional gasoline costs $24.61 per million BTU (MMBTU), methanol is $23.59 per MMBTU, and natural gas is $2.60 per MMBTU.3 Ethanol is more expensive than both gasoline and methanol at $28.78 per MMBTU.

THE PRICE OF ENERGY


The price of energy has a strong influence on the energy choices governments and individuals make. I sometimes hear people ask, “Why are we still building coal-fired power plants?” or “Why don't we replace more petroleum with biofuels?” There are several reasons, but a major factor is simply price.

The price and convenience of energy sources are ultimately the keys to customer acceptance. Automobiles can be powered with gasoline, ethanol, natural gas, diesel, electricity, and a wide variety of unconventional fuels. If consumers have a choice and the supply is convenient, they will tend toward the cheapest energy source they can get—even though that energy source may have hidden costs that don't appear in the price at the pump.

In the following table I have compiled a list of prices for some transportation fuel options on an energy equivalent basis—the British thermal unit (BTU). A BTU is simply the amount of heat energy it takes to raise the temperature of one pound of water by 1°F. Everything has been converted into U.S. dollars per million BTU (MMBTU).



The Cost of Transportation Fuel on January 18, 2012 (Data sources: EIA,vi CME Group,vii and Methanexviii)
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_____________________


3 While natural gas is by far the cheapest option, the cost of converting a vehicle to run on natural gas is much higher than the cost of converting one to run on an alternative liquid fuel.



The problem lies in the fact that consumers don't have the option of filling up with methanol, ethanol, or any of the other contenders to replace gasoline (all of which will be discussed in later chapters)—because the transportation infrastructure is incompatible and, more importantly, the cars on the roads are not designed to handle these fuels.

Thus, my third proposal calls for support of the Open Fuel Standard4 that would require that a growing percentage of vehicles sold in the U.S. must be capable of running on fuels other than gasoline. I am not usually a big fan of mandates, because of the potential for unintended consequences, but in this case the additional cost to produce a vehicle that is flex-fuel capable is reported to be between $100 and $200. This would therefore only add around 0.5% to the cost of the average new car.5

The availability of more flex-fuel vehicles would remove one of the major obstacles for new fuels attempting to break into the transportation fuel market. Currently, there is no demand for methanol or mixed alcohols as transportation fuel primarily because the vehicles on the roads are not entirely compatible. If more vehicles were capable of operating on a wide variety of fuels with little added production cost, the market for domestically produced fuels would grow.


[image: Image] Did you know? In 1994, 25% of the FFVs on U.S. roads used methanol for fuel and 2% used ethanol. In 2009, the percentage of FFVs using methanol had dropped to 0%, but the percentage using ethanol increased to 74%.ix



Anne Korin and Gal Luft, in their excellent book Turning Oil into Salt: Energy Independence Through Fuel Choice,x compare the situation today with oil to the situation with salt hundreds of years ago. Salt held a monopoly on food preservation, and was thus an important strategic commodity. Countries with salt mines derived wealth from their salt exports, and sometimes wars were fought over access to salt. But eventually salt evolved from a strategic commodity into simply a commodity, because refrigeration broke salt's monopoly on food preservation. That is the goal of the Open Fuel Standard: to break oil's monopoly on the transportation system and convert it from its present status as a strategic commodity into simply a commodity.

_________________


4 A great deal of background information on the Open Fuel Standard may be found at www.openfuelstandard.org/.




5 According to the National Automobile Dealers Association, the average price of a new car sold in the United States was $29,200 in 2010.



Summary

There is still a lot of oil that will be produced in the coming years, but the world must begin planning for the end of the oil age. Further, countries that are heavily dependent on oil imports face special economic risks that should be mitigated against. To the greatest extent possible, we should begin to encourage a transition away from oil toward conservation and alternatives. I have suggested three proposals designed to accelerate this transition:


	A revenue-neutral scheme that would shift taxes from income taxes toward gasoline taxes

	Expansion of domestic drilling, with contracts written such that governments benefit increasingly from climbing oil prices, and a significant portion of those revenues dedicated to programs that decrease dependence on oil

	Support for an Open Fuel Standard that would diversify the fuel supply by enabling a wider variety of fuels easier access to the transportation fuel market



Trillions of dollars' worth of oil remains in the ground. We should leverage the remaining endowment of oil and some of those oil revenues to proactively wean ourselves from oil dependence. The realistic alternative to this is that we will simply continue to be highly dependent on petroleum until the end of the oil age, which will be met with price surges that crush global economies. Further, failure to act heightens the risk that a new generation of sons and daughters will march off to fight resource wars because of our failure to plan ahead.
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Investing in Cleantech
A Guide to Technical Due Diligence


The field of greentech could be the largest economic opportunity of the twenty-first century. There's never been a better time than now to start or accelerate a greentech venture.



—John Doerr, American venture capitalist, 2006

From 2004 to 2010, over $700 billion was invested globally in renewable energy projects by governments, private investors, private companies, and institutional investors (see Figure 10-1).i Of course, investing involves risks, and sometimes unforeseen factors cause an investment to underperform or even to fail. But, all too often, renewable energy investments have failed for reasons that should have been foreseen by investors had they done sufficient due diligence on the company and their technology.
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Figure 10-1. Global new investment in renewables 2004–2010 (Data source: Renewables 2011 Global Status Report)

Given the levels of investment at stake, it's a common occurrence for companies to announce that they have developed the key to solving the world's energy crisis. Maybe they claim they can convert any sort of waste biomass into gasoline at very low cost. Or perhaps they claim they can produce renewable electricity at a price competitive with that of producing coal.


[image: Image] Did you know? Solar photovoltaic (PV) capacity has increased by a factor of seven in the past five years.ii


In my experience, the vast majority of renewable energy startups are guilty of making exaggerated claims, and the reason they usually make such claims is that they believe it enhances their ability to raise money. These sorts of claims come in varying degrees of credibility, from outright fraud to misleading or misinformed statements to credible claims from companies with real potential. But exaggerated claims are exactly what you want to uncover as an investor interested in investing money in a technology. In order to sort what is real and credible from what is essentially hype, a certain level of due diligence must be applied.

Due diligence is the responsibility of those who are interested in becoming stakeholders in a process. Stakeholders could be private investors, corporations, institutional investors, or government entities. Journalists who wish to maintain journalistic credibility should also conduct due diligence as they report on new technologies. However, many people don't know where to start the process of performing due diligence. This chapter provides an overview of the due diligence process regarding potential new renewable energy investments. The same approach is generally applicable to investing in nonrenewable energy projects as well, but the focus of this chapter is on the relatively young field of cleantech1 investing.

Understand the Hurdles That Come with Each Step

All projects begin with an idea, which is first subjected to preliminary screening. Following screening, a decision may be made to conduct some small-scale laboratory experiments to validate certain aspects of the idea.

But it is a huge challenge to take results that were achieved in a laboratory and scale them up through a pilot facility to a demonstration facility to a commercial facility (see Figure 10-2). Each of those steps is a gate, and each of those gates has the potential to halt a technology from advancing to the next gate.

Skipping steps—for instance, jumping from the lab to a demonstration facility—greatly lowers the probability of success while putting much more money at risk. For instance, if each step has only a 50% chance of successfully demonstrating the technology (and, in my experience, the probability of success is typically lower), then advancing the three steps from lab scale to pilot scale to a demonstration facility to a full-scale commercial facility has a probability of failure of nearly 90%.

__________


1 The terms greentech, which is short for “green technology,” and cleantech are synonymous.
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Figure 10-2. Common steps in the development of a project

This is why the least risky strategy for investors is to fund each step and only proceed if the results at that step are completely satisfactory. The disadvantage of this strategy for investors is that it takes more time and, if commercialization ultimately occurs, will have been costlier than if some steps were skipped.

To illustrate, presume that each step requires a tenfold increase in investment. If laboratory experiments cost $1 million, then the cost of the pilot plant would be $10 million, the cost of the demonstration plant would be $100 million, and the cost of the commercial plant would be $1 billion. The piloting and demonstration scale testing together may cost $110 million, but most of the time the decision will be made not to advance to the commercialization scale for various technical or economic reasons that are often uncovered at smaller scale. Jumping straight from the laboratory to commercialization could save $110 million in this case, but doing so would place the $1 billion commercial plant at much greater risk of failure. Thus, an investor is at far less risk to fund five different pilot plants, and then only proceed to funding a demonstration plant based on the most promising pilot plant trials. Passing through each gate greatly enhances the chance of success at the next stage of scale-up.


[image: Image] Did you know? Globally, there are over 80 publicly traded companies whose primary business is production of renewable energy.


Companies sometimes get large loan guarantees or grants from governments and then proceed to skip some of the steps because some of the financial risk has been shifted away from the private investors. It is not surprising that many of the companies that take this route eventually go out of business.

LEVELS OF SCALE


Technologies must be scaled up if they are to compete with petroleum and coal. As a facility grows larger in size, the cost per unit of product tends to decline for reasons commonly referred to as economies of scale. This cost decline is important in the low-margin commodity fuel business. Producing fuel at a pilot or demonstration scale is important for purposes of proving the viability of a technology, but a commercial facility will ultimately be required for producing competitively priced fuel.

How large is a commercial facility relative to a demonstration facility? There are no hard-and-fast rules defining the scale of these particular facilities; one person's commercial facility may be another person's demonstration facility. But for renewable fuel projects, I think of lab experiments as consisting of one aspect of a technology at scales of ounces or milliliters.

Piloting moves up into scales of pounds or liters per day and incorporates more pieces of the process into the experiments. Demonstration facilities reach the realm of barrels per day (1 barrel = 42 gallons) and typically are integrated facilities designed to demonstrate that all aspects of the technology work—in conjunction with each other—at that particular scale.

A liquid-fuel facility producing 10 barrels a day (150,000 gallons per year) is demon-stration size; one that produces 1,000 barrels a day is on the low end of commercial size. To put those numbers into perspective, the average size of a corn ethanol plant in the U.S. is just over 4,000 barrels per day, and the average size of an oil refinery in the U.S. is 125,000 barrels per day.



Interviewing the Company

As you dig for information, generally the first people you will encounter are those who are promoting the company. The information they provide will be carefully controlled and very optimistic. What you really want to do ultimately is talk to an operator or technician who is involved in the day-to-day operation of the process. They are the people who can tell you about potentially significant issues.

The Secrecy Agreement

Before you even get to ask questions about a technology, you may be asked to sign a secrecy agreement or nondisclosure agreement. This is a legitimate and necessary step for companies that wish to protect against someone copying their technology and starting a competing company, or leaking proprietary information to competitors. Signing a secrecy agreement will give you access to information you might never obtain otherwise, and you will often find out very quickly that what companies tell you privately is different from what they state in their press releases.

On the other hand, many companies that are out promoting their technology and searching for investors will answer many questions before asking you to sign a secrecy agreement—and ideally you want to learn as much as you can before signing an agreement.

Of course, if you are a reporter doing an investigative story, you would not sign a secrecy agreement. You are just going to have to dig a little harder to find answers to your questions.

First Questions

The most important thing you want to learn is where the technology currently stands. The first question to ask is, “At what scale has this process been demonstrated?” But that's just a start, because you likely will get misleading and incomplete answers. You may not be told, for example, that the company only simulated some parts of the process. For instance, a biomass gasifier produces synthesis gas (syngas), but there can be problems with the gas quality because of tar formation. If a simulated syngas is used in lab or piloting experiments (e.g., bottled hydrogen and carbon monoxide are sometimes mixed together to produce the syngas), the tar issue can be conveniently ignored in the lab and yet be an intractable problem at a larger scale.


[image: Image] Did you know? There are approximately 500 biofuel companies in the world.iii


So you have to dig into the details. You want to know the scale of the process that has been demonstrated, and you also want to know how many consecutive hours it has been run, as well as whether runs have been repeated for confirmation. You want to find out the source of the raw materials and the composition of the final product.

Ask the company to provide an independent chemical analysis of the product. Often, what a company calls “renewable oil” or “renewable diesel” doesn't remotely meet the specifications for the petroleum counterparts. Ask about the nature of byproducts and waste products as well. Product quality issues and waste disposal issues have both bankrupted companies attempting to commercialize a process.

Know the Limits of Computer Modeling

Next you have to ask about the assumptions that are being used to model a commercial plant. What is the scale-up factor between what has actually been demonstrated and what a commercial plant will be? What are the production volumes in each case? How were the costs estimated for construction of a commercial plant? Have they attempted to skip steps in the scale-up process? (Going from lab or small pilot scale to small commercial scale with biomass-based processes, for example, is a red flag to me.)

If they are running at lab or small pilot scale and projecting their production costs for a commercial plant, I generally don't take those numbers seriously. There are just too many hurdles between the lab and commercial scale. Small lab-scale problems often become much bigger problems at demonstration scale.

You want to clearly distinguish between how much of the process has actually been proven and how much has been simulated with computer models. You also want to understand the basis of the model and how it was validated. Some companies will argue that you can prove a technology through modeling. In fact, the reverse is true: you prove a model by actually demonstrating that the process gives results consistent with the model. But some companies will present model results as if they represent reality.

THE CHALLENGE OF SCALING UP


Some readers may wonder why a process that works at a small scale would fail to work at a larger scale. This is really more specific to processes that require heating and chemical reactions, and biomass-based processes generally fall into this category. Scale-up is less technically challenging for a technology such as solar photovoltaics, which behaves essentially the same for 1 solar panel as it does for a system of 100 panels.

But processes that scale by creating larger and larger reactors are quite different. To illustrate, consider the act of cooking a single turkey in an oven. Heating elements surround the turkey and ensure a fairly uniform temperature profile within the oven. But now assume that you want to scale up this process to cook 1,000 turkeys per hour. If you were to duplicate this process in 1,000 different ovens, you would require mass production to produce very cheap ovens to keep capital costs low. This is analogous to the way solar power is scaled. But large industrial reactors are not mass-produced, so the analog to a biomass-based process would be to cook all of the turkeys in one large oven (which should be cheaper than 1,000 small ovens). The challenges then are easy to imagine. Turkeys of different sizes may cook at different rates. Some parts of the oven may be hotter than others. What could result in this case is a process that produces some turkeys that are overcooked, some that are just right, and some that are undercooked.

The same is true when trying to scale up a process to produce biofuel. As a reactor grows larger, the temperature and flow will start to deviate from those in a smaller reactor. There may be hot spots and cold spots within the reactor, and there may be locations that are better mixed than others. Any of these factors can lead to the production of undesirable byproducts (like overcooked and undercooked turkeys) and an ultimate failure of the process at a larger scale.



Models are merely guides that are used to help design processes at various stages of development; a model won't tell you whether a process will work or not. It will give you some guidance, but ultimately you have to take the results from the model and actually run the process. That is how you prove a technology (and validate a computer model). Boeing doesn't build a fleet of airplanes based on a model. It uses the model as guidance for building a prototype. Then it refines the model based on how the prototype performs, and then modifies the prototype—through several iterations if needed. In short, models provide feedback for testing, and the testing is fed back to validate and improve the model.

Feedstock, Economic Assumptions, and Energy Requirements

You need to ask about the presumed source, availability, and cost of the feedstock that will be used. Many biomass projects make unreasonable estimates of their future feedstock costs. Just because a lot of biomass ends up in municipal dumps each year, does not mean that this biomass is well-suited for the particular technology. Wood, grass, and municipal solid waste can behave very differently in specific processes.

An assumption of a long-term supply of cheap, free, or even negatively priced biomass is the most common assumption behind claims from companies that they can produce fuel for $1 or $2 per gallon. It is true that sources of free or cheap biomass do exist, but companies often fail to take into consideration (or don't disclose) the cost of processing that biomass when they make their estimates. For instance, there is a lot of standing wood in the U.S. that has been killed by the pine bark beetle which has been cited as “a plentiful and cheap feedstock,”iv but it still costs money to process those trees and move them to a facility for conversion into fuel.

You should ask a series of “What if?” questions, such as “What if the biomass costs $100 per ton?” Ask, too, about the project risks associated with a crop failure that drastically reduces the supply of biomass. It is important to understand whether the process can run on a wide variety of feedstocks; in my experience, companies always claim that their process can do so, but they don't have any proof. Ask to see test results. Do not accept an assumption that wood chips will behave the same as wheat straw.

However, some special considerations apply. For example, just a few years ago, polysilicon shortages threatened the economics of a number of solar power projects, but additional manufacturing facilities that subsequently came online alleviated this shortage and are presently the driving force behind falling solar panel prices. The problem wasn't a shortage of the raw material required to produce the polysilicon, but rather a shortage of facilities to turn the raw material into polysilicon. A company attempting to enter the market during the polysilicon shortage could have legitimately projected that its costs would fall, assuming it knew that additional manufacturing facilities would soon be completed.

Biomass projects have different dynamics. Unlike silicon, biomass has been grown and harvested with modern techniques for decades. The costs for purpose-grown biomass are fairly well-characterized. After all, people have been growing hay for livestock and trees for pulp and timber for a very long time. So I typically evaluate what the economics of the process look like by comparing the cost of the biomass to the cost of hay (i.e., purpose-grown biomass that is currently produced commercially).

The energy requirement for the process is a very important issue, but one that is not always easy to dissect. You want to know the types of energy inputs required by the process, as well as the energy balance for the process (how much and what kind of energy was consumed relative to how much energy was produced).2

Companies often omit all sorts of energy inputs when stating an energy balance. Some examples are the energy inputs required to grow and transport biomass, and the energy inputs required to move the fuel to the customer. Companies often assume that they will burn waste biomass in the commercial plant, and thus they assume low external energy inputs. When a company claims an energy return of five or ten to one for a renewable process, it's usually making those kinds of assumptions. Verify whether the company has actually shown that its waste biomass has been extensively tested to produce process energy.

Talk to Competitors and Former Employees

It is important to find out about predecessors and competitors. Very little is invented from scratch; almost everyone builds off of previous work. First ask the startup company you're evaluating questions such as “Who did similar work previously?” “Who is doing similar work now?” “How is your work better than that of others?” Then ask their competitors the same questions. This is a very effective tool for sniffing out problems. Competitors are always happy to tell you what is wrong with the other company's process. Many companies will insist that their process is so unique they have no competitors, but that is rarely true in practice.

Talk to former employees. If the company has skeletons in its closet, former employees may tell you where to look (especially if they are disgruntled). The difficulty here is that they may not be willing to go on the record, but they can provide leads. For instance, a former employee will likely be bound by a confidentiality agreement, but they may be free to point you to a specific bit of information in a patent that doesn't mesh with the company's public claims.

Bring up the company in casual conversation with industry sources and see where it leads. I did this on a recent trip, and a refinery manager relayed to me that many years ago he had worked for the company I mentioned. The company was claiming a new breakthrough in converting natural gas into gasoline, so I mentioned this process to him, to which he said, “Yes, it works, but the gasoline has a very high aromatic content.” That was the first time I had heard that particular revelation, and it was quite important because many countries have gasoline specifications that require very low aromatic content. Hence, this was a potential show-stopper, and at the least a good bit of information to have as I continued to investigate the company.

__________


2 The energy balance has to be understood in context. It may be economically attractive to consume 2 BTUs of coal to produce 1 BTU of liquid fuel even though the energy balance is poor.



Read Between the Lines and Use Common Sense

Parse each sentence in a prospectus carefully. Claims like “Ideally suited for landfill waste” could mean “Our economics only work if we are getting paid to take the biomass.” A statement like “Perfect for co-locating with a power plant” could mean “We need cheap steam.”

Determine if the company has patents or patents pending. If so, find out what the patent or patent application numbers are. Find out if “patent pending” means “Someday we hope to get around to filing for a patent.”

A prospectus will often contain specific technical claims that may be outside of your particular area of expertise. For instance, a company may claim to be able to run a car on water. You may not have the technical foundation to scientifically evaluate the claim, but you can often find lots of information freely available on the Internet that breaks down the technical issues. You can also consult with someone who knows the field. Sometimes you can locate a free opinion. You may see a quote from a researcher who is skeptical of the process. Contact that person for further information.

Beyond the technical questions, there are obvious signs that you can look for when evaluating a company's claims. Does the company issue press releases for fairly trivial developments? Do the company's claims appear to be grandiose? If the answer to either question is yes, this is a warning sign. Most companies making grandiose claims do not deliver on those claims. Simply applying the maxim “if it seems too good to be true, then it probably is” can frequently identify questionable companies.

Summary

To break this chapter down into a short “cheat sheet,” here is a summary of some important questions that potential investors in a new energy project should ask the company that is seeking investment in the project (the last two questions are specific to biomass facilities). Try to corroborate answers by talking to former employees or competitors.


	At what scale has the process been actually demonstrated, and is the process currently running?

	What is the source of raw materials for the process?

	What was being done with the product produced previously? Was it being sold? (Ideally, you are looking for a product that has been shipped to and tested by customers.)

	What are the primary energy inputs into the process, and what is the energy balance?

	Will there be intermediate scale-up steps before a commercial facility is built?

	What are the key assumptions for a commercial facility (e.g., size, cost of production, location, need for subsidies)?

	What are the patent or patent application numbers relevant to the process?

	What prior work is most similar to yours, and who are your perceived competitors?

	What is the presumed source and cost of biomass for a commercial facility?

	Has the process been proven on the specific biomass that is proposed for the commercial plant?



If you manage to get honest answers to those questions, you will be well on your way to burrowing through the hype to understand the true potential of the process.
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The Race to Replace Oil
Alternative Transportation Fuels


The Stone Age did not end for lack of stone, and the Oil Age will end long before the world runs out of oil.



—Sheikh Yamani, Saudi oil minister, 1962–1986

The above quote from the former Saudi oil minister is rather well known, and it is popular among those who believe that technology will inevitably solve the problem of oil depletion. In fact, the Stone Age ended because the Bronze Age began. Thus, the implication is that the Oil Age will end because of the rise of the Fusion Age or the Solar Age or the Biofuels Age.

This chapter examines some of the contenders that seek to displace oil's use as a transportation fuel either through suitable substitution or as a drop-in replacement.1

__________


1 An oil substitute is a substance whose chemical properties differ from those of oil but that can function in the same role as oil (e.g., ethanol and gasoline). Using this substitute may require some modification to engines and/or infrastructure. A drop-in replacement is chemically the same as the hydrocarbons it is replacing, and thus requires no special modifications (e.g., hydrocracked renewable diesel and petroleum diesel).



Petroleum Fuel Alternatives

Oil rose to prominence as the world's dominant transportation fuel for three key reasons: cost, convenience, and abundance. In the early years of the Oil Age, the cost to extract and refine petroleum was low enough that it was easily affordable for the general public. Oil had ideal characteristics as fuel for internal combustion engines and for aviation, and its relative abundance and affordability helped to spur demand as people began to enjoy unprecedented mobility.

As oil supplies have been depleted, some of the characteristics that made oil so attractive for so long have lost much or all of the advantage relative to some of the oil substitutes. There are numerous substitutes for the transportation fuels produced from a barrel of oil,2 but they generally suffer from high cost, are inconvenient compared to oil, or simply aren't widely available. Even today, some substitutes are gaining appeal for use in cars and airplanes as oil prices increase, but many suffer from issues of insufficient scalability or negative environmental impacts.

As oil depletes, there are two broad transportation fuel categories that will need to be replaced: gasoline for spark-ignition engines, and distillates such as diesel and jet fuel. Let's first look at the candidates to replace petroleum-derived gasoline.

Petroleum Gasoline Alternatives

There are a number of potential gasoline alternatives. Some are not yet widely used, while others, such as ethanol, have grown immensely in importance over the past decade.

Ethanol

Ethanol is the most widely utilized liquid fuel gasoline substitute in the world. Ethanol is used as a 10% blend in literally hundreds of millions of vehicles worldwide, and over 20 million vehicles globally are capable of running on either pure ethanol or a blend of 85% ethanol and 15% gasoline. If you own a vehicle in the U.S., it is almost certain that you have operated that vehicle on an ethanol blend at some point.

__________


2 In addition to the transportation fuels—gasoline, diesel, and jet fuel—a barrel of oil produces heating oil, lubricants, waxes, petroleum coke, and gases that provide raw materials for the plastics industry.



Global production of ethanol in 2010 was just over 23 billion gallons,i which was the energy equivalent of almost 1% of global oil demand.3 Ethanol contains two carbon atoms and is the second simplest alcohol after methanol. Ethanol can be made from a wide variety of starting materials, including starches, sugars, or cellulosic biomass.

Ethanol has some key differences from gasoline. First, the energy density is only about two-thirds that of gasoline, which means that a greater volume of ethanol is required to travel an equivalent distance. Ethanol is also hygroscopic, meaning that it will absorb water from the air. This can be an issue when transporting or storing ethanol, as well as when using ethanol blends in boats.

On the plus side, the octane rating for ethanol is higher than for gasoline. Octane rating is a measure of the tendency of a fuel to preignite when it is compressed. Higher-octane fuels are more resistant to preignition, which allows them to be used in an engine with a higher compression ratio. Engines with higher compression ratios are able to attain higher thermal efficiency, and therefore the fuel efficiency penalty from using ethanol is potentially less severe than might be estimated based simply on the energy content. This will be discussed in more detail in Chapter 13, which covers corn ethanol.

Ethanol from Carbohydrates

Most of the ethanol produced in the world today is made from carbohydrates. In tropical countries like Brazil and India, the carbohydrate source is often sugar or byproducts of the sugar-manufacturing process. However, ethanol can be produced from a wide variety of starches and sugars—from things like fruits, potatoes, wheat, or sorghum.

__________


3 Per the BP Statistical Review of World Energy 2011, oil consumption was 87.3 million barrels per day. One barrel of oil has the energy content of 5.8 million BTUs; 1 barrel of ethanol has the energy content of 3.2 million BTUs.




[image: Image] Did you know? Ethanol that is used for fuel is chemically identical to ethanol that is in beer, wine, and hard liquor. In some countries, ethanol that is destined for use as fuel is rendered undrinkable (denatured) by mixing it with poisonous additives before it leaves the ethanol refinery.



In the U.S., most ethanol is made from starch contained in corn. When starch is the feedstock, it must first be converted to simple sugars by using enzymes.4 The sugar solution is then fermented with yeast to produce a solution of ethanol in water and a carbon dioxide byproduct. When the ethanol is to be used as fuel, it is purified to remove the water and then usually blended with gasoline.

Ethanol from sugarcane has long been one of the most competitive biofuels relative to oil. A major factor in the production of low-cost sugarcane ethanol is that the fuel that powers the ethanol plant is essentially free. When sugarcane is processed, it is washed, chopped, and shredded so the soluble sugar can be removed. This leaves behind a fibrous waste product called bagasse.

As a result of the processing, the bagasse is relatively clean. This, plus the fact that the bagasse is a waste product from the sugarcane processing facility, makes it an ideal fuel for a biomass boiler. Use of the bagasse to produce process energy minimizes the fossil fuel inputs required to process sugarcane and subsequently produce ethanol, and the sugarcane ethanol production process is therefore less sensitive to petroleum price spikes.5

Thus, sugarcane ethanol is an attractive candidate to displace some gasoline supplies when produced in regions with sufficient sunlight and ample rainfall. However, the price of a fuel derived from a crop that has a competing use as food can have increased volatility due to changes in demand for the feedstock. This was the case in recent years with sugarcane ethanol as world sugar prices have surged since 2009. A greater portion of the sugarcane harvest was used to produce sugar for sale, and this in turn drove up the price of sugarcane ethanol—making it less competitive on world markets.

__________


4 An enzyme is a protein that speeds up a chemical reaction.




5 There is no reason corn ethanol producers couldn't also use biomass for power, but as long as low-price natural gas is available, it will usually be a more economical option.



Ethanol from Cellulose

Cellulose is an important component of plants. It is made up of a long series of sugar molecules that are bonded together in a chain. In 1819, Henri Braconnot, a French chemist, discovered how to release the sugars from cellulose by treating biomass with sulfuric acid. Once the sugars are released, the solution can be fermented to ethanol in processes that are very similar to those used to produce corn ethanol or sugarcane ethanol. Ethanol production via this process is called cellulosic ethanol and was used by the Germans in 1898 to first commercialize cellulosic ethanol production from wood.

The technique came to the U.S. in 1910, when Standard Alcohol Company built a cellulosic ethanol plant in South Carolina to convert lumber mill waste into ethanol. Standard Alcohol later built a second plant in Louisiana. Each plant was capable of producing over 5,000 gallons of ethanol per day from wood waste, and both were in production for several years.

Many attempts have been made to commercialize cellulosic ethanol over the past century, but there has been little success in developing cellulosic ethanol as a cost-competitive energy option. Because of the extra steps involved relative to corn or sugarcane ethanol, capital and operating costs are higher for cellulosic ethanol than for ethanol derived from carbohydrates.

The yields per ton of biomass are also lower than when using a carbohydrate feedstock, and the ethanol that is produced from the cellulosic ethanol process is at a far lower concentration (i.e., it contains more water) than that of corn ethanol. That means that a greater quantity of energy is required in order to purify the ethanol.

Because of the low energy density of biomass and the energy required to produce ethanol from cellulose, I don't view cellulosic ethanol as an economical, scalable replacement for gasoline. But it might be produced economically in some niche situations. One could be a situation in which there is waste heat available—perhaps from a power plant—near a central source of cheap waste biomass. Another alternative could be if there is a cheap source of steam available that can't be better utilized in proximity to a source of waste biomass.


[image: Image] Did you know? The two most popular methods for converting cellulose into sugars for fermentation to ethanol are chemical hydrolysis and enzymatic hydrolysis. The former typically uses an acid like sulfur acid and the latter uses enzymes such as those used by cattle to digest grass.



Regardless of the method used to produce it, ethanol can serve as a suitable replacement for gasoline in a combustion engine, and the volume of ethanol being utilized as transportation fuel is growing rapidly.

Methanol

Methanol is the simplest alcohol and one of the world's most widely used commodity chemicals. Global capacity of methanol is similar to that of ethanol at 24 billion gallons.ii Most of the world's methanol is produced from natural gas, but it can be produced from other materials, such as coal or biomass.

Methanol's strength is that it is cheap to produce relative to both gasoline and ethanol. It is not unusual for methanol to trade at a 20% or greater discount to ethanol and gasoline per equivalent unit of energy.

Methanol's disadvantages are similar to the disadvantages of ethanol relative to gasoline. Methanol has a lower energy density than gasoline (about 2 gallons of methanol are equal to the energy content of 1 gallon of gasoline), and it is more corrosive than ethanol (which is more corrosive than gasoline).

Methanol is also much more toxic than ethanol. Despite the toxicity, methanol is commonly sold in the U.S. as a windshield washer solution. Further, methanol degrades much more quickly than gasoline (which not only is toxic but also contains carcinogenic compounds) in the environment as it is quickly consumed by microorganisms.

Like ethanol, methanol has a much higher octane rating than gasoline and could benefit from running in engines with higher compression ratios. Methanol has been used in high-performance race cars in the U.S. for many years, and was tested extensively in California from 1980 to 2005 as a part of the California Methanol Program.

THE ZUBRIN EXPERIMENT: METHANOL VERSUS GASOLINE


Aerospace engineer and methanol enthusiast Robert Zubrin—author of Energy Victory: Winning the War on Terror by Breaking Free of Oil (Prometheus Books, 2007)—recently documented an experiment in which he ran his 2007 Chevy Cobalt on 100% methanol.iii The car was not a flex-fuel car, but Zubrin reportedly made only two modifications to the vehicle before conducting the experiment. He replaced a fuel pump seal with a material that is methanol compatible (retail cost was reported to be 41 cents) and he advanced the ignition timing to take advantage of methanol's high octane rating.

Zubrin reported that the car's fuel economy was 36.3 miles per gallon on gasoline (which contained 10% ethanol), 32.3 miles per gallon on a 60% methanol/40% gasoline blend, and 24.6 miles per gallon on 100% methanol. But because methanol is much cheaper than gasoline, his reported cost per mile was almost 30% lower on 100% methanol than on gasoline.

Zubrin also tested the vehicle emissions on both gasoline and methanol, and found that hydrocarbon and NOx (nitrogen oxides) emissions were substantially lower on methanol. Carbon monoxide was higher, but still well under the emission limit.

While Zubrin's experiment is encouraging for those who believe that methanol could be an excellent gasoline substitute, I would caution readers against attempting to replicate this experiment in a vehicle that isn't designed for methanol. Methanol can attack certain components of the fuel system over time, and therefore long-term use requires that compatible materials be used.



In response to the oil crisis of 1979, the state of California began to investigate gasoline alternatives. After considering ethanol, methanol, natural gas, electricity, hydrogen, and propane, the California Energy Commission (CEC) determined that “methanol stood out clearly as having the best potential for replacing petroleum on a widespread basis.”iv

The state partnered with automakers to build a fleet of flex-fuel vehicles (FFVs) that could operate on M85 (a blend of 85% methanol and 15% gasoline). Major fuel retailers participated in the program to provide a limited fuel infrastructure for the vehicles.

By 1997 there were over 21,000 M85 FFVs in the U.S., most of which were in California. At that time, the state had over 100 methanol refueling stations providing fuel for light-duty vehicles as well as hundreds of methanol-fueled transit and school buses.v

While drivers were reportedly satisfied with the performance of the methanol FFVs, the limited fueling infrastructure proved frustrating for drivers attempting to keep the vehicles fueled. After 25 years and 200,000,000 miles of operation, California terminated the methanol program in 2005. This was also the year that the Renewable Fuel Standard was passed in the U.S., which shifted the advantage strongly to corn ethanol with a national mandate that methanol has never enjoyed in the U.S.


[image: Image] Did you know? In the U.S., the number of ethanol FFVs overtook the number of methanol FFVs in 1999, and surpassed the number of compressed natural gas (CNG) vehicles in 2002.



Methanol is used as automotive fuel in China, but in the U.S. it has never had the widespread political support of corn ethanol. Thus, some of the issues—such as compatibility with automobiles and fueling infrastructure—have not been addressed sufficiently for methanol as they have been for ethanol. Still, with adequate political support, methanol could make a major contribution as a long-term substitute for gasoline.

An additional advantage for methanol is that it can be used to produce di-methyl-ether (DME), which can substitute for gasoline or diesel (and will be discussed in the section “Petroleum Distillate Substitutes” a bit later in the chapter).

Higher Alcohols and Mixed Alcohols

In addition to ethanol and methanol, a number of longer-chain alcohols (higher alcohols) are also suitable for use as fuel or as a blending agent for producing reformulated gasoline. These include propanol (with three carbon atoms, or C3), butanol (C4), pentanol (C5), and others, as well as mixtures of these alcohols.

Higher mixed alcohols6 may offer some advantages over methanol or ethanol as fuel. Reported advantages include lower corrosion rates, higher energy content and octane rating, and more favorable combustion characteristics than for ethanol and methanol. I personally tested a mixed alcohol blend in my car in 2009, and the car experienced a noticeable boost in power.7 The blend consisted of eight alcohols ranging from methanol through octanol (C8), and I tested it with no modifications to my car.

There are three primary pathways for producing higher mixed alcohols, two of which are strictly biomass-based. The first is a platform in which starches or sugars are fermented to alcohols. This is a similar process to corn or cellulosic ethanol production, but different microorganisms can be used to produce longer-chain alcohols. Such a process was used to make butanol long before the petrochemical route was discovered. Cobalt Technologies is currently working on a fermentation process to convert waste biomass into butanol. Cobalt is targeting the use of butanol as jet fuel instead of gasoline, as it believes the economics for jet fuel are better than those for butanol as a gasoline replacement.

__________


6 Mixtures that contain methanol, ethanol, and longer-chain alcohols.




7 The fuel I tested was called Envirolene, supplied by Mark Radosevich from Standard Alcohol Company of America. The fuel was a 30% blend of the mixed alcohol with 70% gasoline.



The second pathway is also a fermentation platform, in which naturally occurring microbes are used to convert cellulose into chemical intermediates, which can then be converted into mixed alcohols. I actually helped develop this technology as a graduate student working for Professor Mark Holtzapple at Texas A&M in the 1990s. We used microbes from the stomachs of cattle, which are efficient digesters of cellulose. Cattle eat grass—largely cellulose—and in their digestive system a combination of microbes works to convert the cellulose into acetic, propionic, and butyric acid that the cattle then use for energy. Those acids can also be converted into mixed alcohols—ethanol, propanol, and butanol (and trace amounts of higher alcohols)—in a process called the MixAlco process. A company called Terrabon was formed in 1995 to commercialize the MixAlco process.

The final platform is a thermochemical platform, and it is not limited to biomass. In this process, carbon-containing materials (e.g., biomass, coal, natural gas, oil) are first gasified (more on gasification later in the chapter), and then a catalyst is used to convert the resulting synthesis gas into mixed alcohols. The Dow Chemical Company carried out catalyst research on this process in the 1970s and 1980s. Dow was awarded a number of patents for its alcohol catalysts. Several companies continue to pursue mixed alcohol production via this route today.

Compressed Natural Gas

Natural gas primarily consists of methane, which is the simplest hydrocarbon. Methane has the chemical formula CH4. That is one carbon atom bonded to four hydrogen atoms. (Methanol is one carbon atom bonded to three hydrogen atoms and one OH group. The OH group is what makes it an alcohol.) When methane is burned—which means that it is reacting quickly with oxygen—it produces carbon dioxide (CO2) and water (H2O).

Compressed natural gas (CNG) is an alternative to gasoline that is used in approximately 13 million vehicles around the world (and is even used in diesel engines). Natural gas vehicles (NGVs) are especially popular in developing countries.

Countries like Brazil and India are well known for their sugarcane ethanol production. Less well known is the fact that Brazil and India have two of the largest NGV fleets in the world. Brazil's fleet of 1.7 million NGVs represents 13% of the world's total and is larger than the combined NGV fleets of Europe and all of North America. India's NGV fleet is just over 1 million vehicles. Neighboring Pakistan has the world's largest NGV fleet at 2.7 million vehicles, while Iran and Argentina each have nearly 2 million NGVs.

THE PICKENS PLAN


Oil tycoon T. Boone Pickens has proposed a plan that he believes could nearly cut in half the amount of money that the U.S. spends on imported oil. His proposal calls for an enormous investment in new wind turbines, which would displace some of the natural gas that is presently being used to produce electricity. This would free up more natural gas supplies for use in NVGs.

The plan consists of private investment, government investment, and legislation to reduce the risks. One of the biggest challenges for wind power in the U.S. is that many of the best locations for wind are far from population centers and thus lack major electric power transmission lines.

The Pickens Plan would have private investments funding the wind turbines, which would benefit from favorable legislation providing continued incentives for the purchase of wind-generated electricity, as well as a government investment in the transmission lines.

The final part of the plan—conversion of fleets and buses to natural gas—would also benefit from legislation that provides favorable tax incentives for the conversions and the infrastructure.



By comparison, the NGV fleet in the U.S. is only about 115,000 vehicles (of a total fleet of approximately 250 million vehicles). Europe has 1.4 million NGVs, with Italy by far leading the way with 54% of Europe's total fleet.vi

Advantages of natural gas relative to gasoline are that it is much cheaper and emits fewer pollutants when combusted. The U.S. Department of Energy estimates that NGVs emit 60% to 90% fewer smog-producing pollutants and 30% to 40% fewer greenhouse gas emissions than petroleum-fueled cars. Thus, some CNG advocates have even argued that natural gas can do more in the short term to reduce carbon emissions than can renewables, since the technology exists today to deploy NGVs on a large scale (and to convert coal-fired power plants to cleaner, natural gas–fired plants).

There are several disadvantages to CNG. Some opponents object that it is not a suitable replacement for gasoline since natural gas is also a depleting fossil fuel resource. While natural gas can be produced from the anaerobic digestion of biomass such as sewage sludge and landfill waste, the vast majority of the world's natural gas will continue to come from fossil resources for the foreseeable future. Thus, someone concerned about global CO2 emissions would need to weigh the merits of the NGV against available alternatives—as well as the estimates of the future availability of natural gas.

Another disadvantage is that it can be costly to convert vehicles to run on CNG. This is especially true in the U.S., where onerous licensing requirements generally push the cost of converting a gasoline-powered car to above $10,000 per car. With conversion costs that high, one would have to drive many miles before the savings from natural gas paid for the conversion. On the other hand, fleets that drive many miles a day may find that the payback time is acceptable. However, it isn't necessarily the technology that pushes the costs up so high. Certainly the presence of millions of NGVs in developing countries (see Figure 11-1) attests to the fact that they don't have to be expensive. It is possible that changes in government regulations could greatly lower the costs of NGVs in the U.S.
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Figure 11-1. The author in a natural gas-powered taxi in India

The final disadvantage of CNG is that there is insufficient CNG fueling infrastructure in many locations. Thus, CNG suffers from the same problem as many other gasoline alternatives. Even though there is a price advantage, there isn't necessarily an easy pathway to fuel your car with this cheaper alternative.

Still, NGVs are on the roads today in large numbers, and thus no new technology is required for them to displace gasoline.

Drop-in Gasoline Replacements

The final category of petroleum gasoline substitutes consists of drop-in replacements for gasoline. In this case, all of the infrastructure in existence today would be compatible, because the fuel is still gasoline; it is just derived from different feedstock.

There are several methods for producing gasoline from biomass, but most are still in the development phase. Here I will discuss some of the more widely known approaches.

One route is via flash pyrolysis of biomass and subsequent upgrading of the pyrolysis oil that is produced. With flash pyrolysis, biomass is rapidly heated to over 900°F (500°C), and the products are pyrolysis oil (also called bio-oil) and char. The pyrolysis oil is then reacted with hydrogen to produce about 30% gasoline (by weight) and nearly 10% diesel. The other products of the reaction are light gases that can be used as fuel, as well as carbon dioxide and water.

Another route is being commercialized by Virent Energy Systems, whose technique involves breaking down biomass into sugars and then utilizing an aqueous-phase reforming process to convert those sugars ultimately into hydrocarbons that are appropriate for use as gasoline, jet fuel, and diesel.

Gasoline can also be produced from methanol in a process developed by Mobil (now part of ExxonMobil) in the early 1970s. The process involves production of methanol, which is first converted to di-methyl-ether (DME)—which will be discussed in the next section—and then the DME is converted over a catalyst to gasoline-type hydrocarbons.

This process has been practiced commercially in New Zealand, and additional projects are underway based on the methanol-to-gasoline (MTG) technology. The Jincheng Anthracite Mining Group (JAMG) in China started up a plant based on ExxonMobil's MTG technology in 2009. In the U.S., DKRW Advanced Fuels is developing a project based on this technology in Wyoming.

Other companies are utilizing a biological approach to produce gasoline from biomass. In most cases, genetically modified microorganisms or algae consume sugars and then convert them into long-chain hydrocarbons in the gasoline and diesel range. Most of the companies working on this approach are still in an early development stage.

Petroleum Distillate Substitutes

The replacement of oil also means the replacement of petroleum distillates, the class of petroleum products that includes diesel, jet fuel, and fuel oil. These account for almost 30% of worldwide petroleum consumption. As with gasoline replacements, renewable distillates may be categorized as substitutes or drop-in replacements. Substitutes include biodiesel and di-methyl-ether (DME), and drop-in replacements can be produced via hydrotreating or gasification plus Fischer-Tropsch (FT) technology. Let's take a closer look.

Biodiesel

Biodiesel is derived from reacting fats like vegetable oil (sources include soybeans, oil palm, or even oil from algae) or animal fats with an alcohol like methanol. The products of the reaction are biodiesel and glycerin. The chemical structure of biodiesel is distinctly different from that of petroleum diesel. Petroleum diesel is composed of only hydrogen and carbon (hydrocarbons),8 but biodiesel also contains oxygen. This gives biodiesel somewhat different physical and chemical properties from those of petroleum diesel.


[image: Image] Did you know? Modern diesel engines are capable of running on straight (unmodified) vegetable oil (SVO), but over time this leads to carbon deposits in the engine.



__________


8 Some minor additives to diesel may contain additional elements.



A key difference between biodiesel and petroleum diesel is performance in cold weather conditions. Biodiesel starts to gel and freeze at higher temperatures than does petroleum diesel. This is a disadvantage when using biodiesel in cold climates, as it can cause fuel filters to plug if the biodiesel concentration is too high. Thus, biodiesel tends to be blended at much lower levels with petroleum diesel in cold weather. The cold-weather properties would also limit the use of biodiesel in aircraft that fly at high altitudes.

A major attraction of biodiesel is that it is easy to produce. Unlike many alternative fuel technologies, an individual with a minimal amount of equipment or expertise can learn how to produce biodiesel in a garage from widely available waste cooking grease. Most alternative fuel technologies have much larger capital expenditure and expertise requirements.

Biodiesel is produced and used in numerous countries around the world, and is the most commonly used biofuel in Europe. Many countries have biofuel mandates that encourage the use of biodiesel. Global production in 2010 was 5 billion gallons (19 billion liters).vii Some of the major producers include Germany, France, Brazil, Argentina, and the U.S.

Di-Methyl-Ether

One fuel that can fulfill multiple functions as a petroleum substitute is di-methyl-ether (DME). DME is a gas that is classified as nontoxic and non-carcinogenic. It is a common propellant in many consumer products. DME can be used in a diesel engine, as a mixture with liquid petroleum gas (LPG) in a gasoline engine, as a substitute for propane for cooking, and even as a refrigerant.

DME is a simple compound. DME can be thought of as two methane molecules with an oxygen atom separating them. It looks like this: CH3–O–CH3. Two hydrocarbon groups separated by an oxygen atom is an ether; in fact, DME is the simplest ether. Note that each methane group is missing one hydrogen, which allows it to form the bond with oxygen. But when DME is burned, the products are still carbon dioxide and water, just as when methane is burned.

DME is normally produced from natural gas or coal, in a process that first makes methanol and then dehydrates the methanol. As a transportation fuel, DME has some advantages over methanol, the biggest of which are that it is nontoxic and noncorrosive. A disadvantage is that DME is a gas at room temperature, but it is easily compressed to a liquid at modest pressure.

Most of the world's DME production is in China. The Chinese have been using DME for many years, and continue to increase their DME capacity. DME allows them to convert their coal reserves into something much more desirable for them—an LPG replacement for cooking fuel and transportation fuel.

The Swedes are also at the forefront of rolling out DME as automotive fuel. The BioDME project is a partnership between the Swedish companies Chemrec and Volvo, the French company Total, and the Danish company Haldor Topsøe that is converting pulp mills into biorefineries that produce DME from waste black liquor. Volvo has announced that it is conducting studies on the performance of DME in 14 of its heavy trucks, and that it is developing an engine optimized for DME.

While DME is a promising alternative to petroleum, it suffers from the same issue as many other options: there is no distribution network, and therefore vehicles aren't being built that are optimized for DME.

Drop-in Diesel Replacements

There are two major methods of producing a hydrocarbon drop-in distillate: hydrotreating technology, and gasification followed by a reaction called the Fischer-Tropsch process.

If the drop-in fuel is produced from biomass, it is sometimes known as “green diesel.” Green diesel is chemically the same as petroleum diesel, but it is made from recently living biomass. Since green diesel is composed of hydrocarbons, it can be mixed with petroleum diesel in any proportion for use as transportation fuel. Green diesel technology is frequently referred to as second-generation renewable diesel technology.

Hydrotreated Renewable Diesel

One way to make green diesel uses the same kinds of feedstocks used to make biodiesel. Instead of reacting the feedstocks with methanol, they are reacted with hydrogen in a process called hydrotreating. The products of this reaction are diesel-length hydrocarbons—green diesel—and propane (as compared to glycerin as the biodiesel byproduct).

Hydrotreating and hydrocracking technologies have long been used in the petroleum industry to convert long and complex molecules into simpler molecules ranging from those suitable for LPG applications through those suitable for use as distillate fuels.

The primary advantage of hydrotreated green diesel over biodiesel is that since the product is chemically equivalent to petroleum diesel, it can be used in diesel engines in any concentration with no modifications. The disadvantage is that the capital costs of hydrotreating equipment are much higher than the equipment required to produce biodiesel, and thus the process requires larger scale to be economical.

A disadvantage for both biodiesel and hydrotreated green diesel is that in their presently practiced forms, both are reliant on fossil fuels for a major step in their production. Biodiesel production uses methanol, and hydrotreated green diesel uses hydrogen. Both are predominantly produced today from natural gas. There are other ways to produce both methanol and hydrogen, but these methods are not presently as economical.

There are a number of commercial plants worldwide that are producing hydrotreated green diesel. Neste Oil in Finland began developing its hydrotreating technology—called NExBTL technology—in 2002, and in May 2007 started up a plant with a capacity of 50 million gallons (170,000 metric tons) per year of renewable diesel fuel from a feedstock of vegetable oil and animal fat. In November 2010, Neste Oil commissioned the largest renewable diesel refinery in Singapore. The feedstock for this plant is palm oil9 and the capacity is 245 million gallons per year (800,000 metric tons). Neste Oil also operates a renewable diesel refinery in Rotterdam, with a capacity close to that of its Singapore facility, and which is Europe's largest renewable diesel refinery.

Some of the other companies involved in developing hydrotreated green diesel include Italian oil company Eni, Brazilian oil company Petrobras, U.S. oil company ConocoPhillips,10 and Honeywell's UOP—which is a major provider of refinery upgrading technology.

__________


9 The environmental controversy from the expansion of palm oil plantations in Southeast Asia is well known, but discussion of it is beyond the scope of this book.




10 Full disclosure: I worked for ConocoPhillips from 2002 to 2008, which was during the time it developed the hydrotreating technology. I also own shares in Petrobras.



Diesel from Gasification

The second major method of making a drop-in diesel replacement involves gasification and then conversion of the gas into fuel. Gasification may be thought of as a partial combustion reaction. Whereas a complete combustion reaction of biomass results in carbon dioxide and water as products, the gasification reaction stops the reaction at an intermediate stage to produce hydrogen and carbon monoxide as the major end products.

This combination of hydrogen and carbon monoxide is commonly known as synthesis gas (syngas). Syngas can be used as the foundation for producing a wide variety of chemicals, including synthetic hydrocarbons, methanol, ethanol, mixed alcohols, and DME. Syngas may also be combusted directly for power, in either stationary power or transportation applications.

Gasification is carried out on materials containing carbon and hydrogen, such as coal, natural gas, or biomass. These processes are referred to as, respectively, coal-to-liquids (CTL), gas-to-liquids (GTL), and biomass-to-liquids (BTL), and the resulting product is called “synthetic fuels” or “XTL fuels.” Of the XTL processes, BTL produces the only renewable fuel (green diesel).


[image: Image] Did you know? The Fischer-Tropsch process for producing liquid hydrocarbons from synthesis gas was invented in Germany in the 1920s.



Gasification has been used to commercially produce liquid fuels for decades. CTL was used during World War II by the Germans, when they had limited access to petroleum but desperately needed fuel for their military. At peak production, the Germans were producing over 5 million gallons of synthetic fuel a day.

South Africa during Apartheid had a similar experience. With sanctions restricting its petroleum supplies, South Africa followed Germany's example and turned to CTL, using its large coal reserves to produce liquid fuel. Sasol (South African Coal, Oil and Gas Corporation) operates a number of gasification facilities, including the 160,000 barrels per day (bpd) Secunda CTL facility in South Africa. In total, about 25% of South Africa's liquid fuel is produced synthetically from coal.viii

Shell is also a major developer of GTL technology. Shell has operated a GTL plant in Bintulu, Malaysia, since 1993, with a current capacity of nearly 15,000 bpd. In 2011, Shell commissioned the 140,000 bpd Pearl GTL plant in Ras Laffan, Qatar—by far the largest GTL plant in the world.

Capital costs are an economic challenge for all of the XTL technologies. According to the U.S. Energy Information Administration's Annual Energy Outlook 2006, capital costs per daily barrel of production were estimated to be $30,000 for GTL,11 $60,000 for CTL, and $120,000 to $140,000 for BTL (more than five times the capital costs for a conventional oil refinery).

Capital costs for BTL are higher than for GTL or CTL because biomass requires more processing than coal or natural gas prior to gasification. Nevertheless, work is being done to commercialize BTL technology. Rentech, a U.S. company, completed its 10-bpd BTL demonstration unit in 2011, and has several more projects in the pipeline. UOP is providing the upgrading technology for the project.

Summary

There are numerous substitutes—both renewable and fossil-based—for gasoline and distillates. These fall into the categories of drop-in replacements and substitutes. The biggest challenge for most of the drop-in fuels is that many are higher-cost options or are still early in development.

The biggest challenge for most of the substitutes is that much of the infrastructure for transporting, dispensing, and using the fuel may be incompatible with specific alternatives. This creates a chicken-and-egg problem in which vehicles won't be built without infrastructure for delivering the fuel, and the fueling infrastructure won't be developed unless there is a market for the fuel.

One final word about scalability. While some of these options are capable of operating on a fairly large scale—as some of the CTL and GTL plants demonstrate—the scale of global oil consumption is far too great for most of the alternatives to make a major contribution toward displacing oil consumption. Thus, what is needed to close the supply-demand gap as petroleum depletes is an approach that combines some level of petroleum replacements with some nonpetroleum transportation alternatives and a healthy dose of conservation and increased energy efficiency.

__________


11 These costs are likely to have all been grossly underestimated. Shell's reported cost for the 140,000 bpd Pearl Facility was at least $19 billion—$136,000 per daily barrel of production.



References

__________

i Renewable Fuels Association (RFA), “2010 World Fuel Ethanol Production,” accessed January 5, 2012, http://ethanolrfa.org/pages/World-Fuel-Ethanol-Production.

ii Methanol Institute, “The Methanol Industry,” accessed February 11, 2012, www.methanol.org/Methanol-Basics/The-Methanol-Industry.aspx.

iii Robert Zubrin, “Methanol Wins,” National Review Online, December 1, 2011, www.nationalreview.com/articles/284560/methanol-wins-robertzubrin.

iv Peter Ward and Jonathan Teague (California Energy Commission), “Fifteen Years of Fuel Methanol Distribution,” presented at the XI International Symposium on Alcohol Fuels, 1996, www.methanol.org/Energy/Resources/Alternative-Fuel/CEC-1996-ISAF-Fuel-Meoh-Paper.aspx.

v L. Bromberg and W.K. Cheng, “Methanol as an Alternative Transportation Fuel in the US: Options for Sustainable and/or Energy-Secure Transportation,” MIT Sloan Automotive Laboratory, November 28, 2010, www.afdc.energy.gov/afdc/pdfs/mit_methanol_white_paper.pdf.

vi Natural & bio Gas Vehicle Association (NGVA) Europe, “NGVs and Refuelling Stations in Europe,” accessed January 6, 2012, www.ngvaeurope.eu/downloads/statistics/20110919/1-ngvs-and-stations-in-europe-june-2011.xls.

vii Renewable Energy Policy Network for the 21st Century (REN21), Renewables 2011 Global Status Report (GSR), July 12, 2011, www.ren21.net/Portals/97/documents/GSR/REN21_GSR2011.pdf.

viii Ebbie Haan (Sasol Petroleum International), “Sasol Overview,” presented at the Howard Weil Energy Conference, New Orleans, March 25, 2009, www.sasol.com/sasol_internet/downloads/Howard%20Weil%20Energy%20Conference%20-%202009_1238077992064.pdf.







[image: Image]

Oil-Free Transportation
Alternatives to the Internal Combustion Engine


Someone's sitting in the shade today because someone planted a tree a long time ago.

—Warren Buffett



Liquid fuels dominated the transportation sector in the 20th century and the first decade of the 21st century, and they will continue to dominate that sector for at least the rest of the present decade. Over time, petroleum-based liquid fuels will relinquish their dominance, but there is no apparent sustainable liquid fuel option with the scalability to replace even half of global oil consumption. As noted in the previous chapter, ethanol is the most widely used biofuel in the world, yet the energy supplied by ethanol is less than 1% of the energy supplied by global oil production.

In most of the developed world, the functioning of societies and economies depends on a continuing supply of affordable oil. In many countries, there are at present no significant oil-free transportation alternatives for industry and commerce. Thus, development of these alternatives is critical to minimize the risk of oil-related price and supply shocks in the future.

There are a number of oil-free transportation alternatives, some of which have been around as long as humans have, and others that are still in development or are just taking the first tentative steps toward commercialization. This chapter will discuss some of the more promising options for shifting transportation away from oil or oil substitutes.

Transportation Electrification

One way to greatly reduce oil's role as the dominant transportation fuel is to utilize transport that is not based on the internal combustion engine. Electric vehicles use electric motors to provide power to the wheels. There are many different kinds of electric vehicles, including electric-assisted bicycles, electric cars, and electric trains, and there are also hybrid combustion/electric cars and trains.

Hybrid Vehicles

A hybrid vehicle uses an electric motor and a gasoline (or diesel) engine to power the vehicle. The electric motor is powered by batteries, which are charged by the engine and, frequently, also by recovering energy when braking the vehicle (regenerative braking). On shorter trips, the hybrid vehicle can be operated in electric mode by draining power from the batteries. On longer trips, power ultimately shifts from the electric motor to the engine, which greatly increases the range of the vehicle.

Because of the dual sources of power, hybrids tend to be more expensive than cars with just a combustion engine. However, their advantage is that they achieve far superior fuel economy, because the efficiency of an electric motor in converting energy into power is much higher than the efficiency of a combustion engine. Thus, the cost of fuel per distance traveled is much lower with a hybrid, especially on short trips where electric mode is the predominant source of power.

Hybrids were first mass-produced in the late 1990s, and for several years the market was dominated by the Toyota Prius and Honda Insight. At that time oil prices were low, so, except for those who drove a great number of miles each year, the extra cost of the vehicles would not be recouped by the fuel savings.

This situation began to change over the course of the past decade as oil prices started to climb (see Figure 12-1). Higher fuel prices lower the number of miles that must be driven to warrant the extra expense of the car. Therefore, the economics of buying a hybrid became more attractive to greater numbers of people as fuel became more expensive. Hybrid sales have declined somewhat since 2007, but this can be attributed to the recession, as well as fuel prices that declined after 2008 (but are on the way back up).
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Figure 12-1. Hybrid sales grew rapidly as gasoline prices increased. (Data source: U.S. Department of Energy, Alternative Fuels and Advanced Vehicles Data Center)

From 1999 to 2003, Toyota and Honda offered the only hybrid options in the U.S. But in 2004, Ford introduced a hybrid version of the Ford Escape, and by 2010 there were almost 30 hybrid models available in the U.S. from a number of automakers. These models range from affordable options for the middle class to more expensive offerings from Lexus, Mercedes, and Porsche.

PLUG-IN HYBRIDS


Most hybrid vehicles combine gasoline engines and electric motors, although there are some diesel/electric hybrids on the market, with more in development. What these hybrids share in common is that the batteries must ultimately be charged by the engine (which includes regenerative braking).

Enter the plug-in hybrid electric vehicle (PHEV). A PHEV still has a combustion engine and an electric motor, but the batteries can also be charged by plugging into an electrical outlet. This can enable the vehicle to function as an all-electric vehicle for short commutes, and then the batteries can be recharged at home or at the workplace. This offers the potential to displace even more oil, and further save consumers money.

While some PHEVs have been available to consumers in Europe and China in the past decade, prior to 2010 most of the PHEVs on U.S. roads were from after-market conversions of the Toyota Prius. But in December 2010, General Motors began delivering the Chevrolet Volt to dealers in the U.S. While it is a common miscon-ception that the Volt is an electric car, it is in fact the first mass-produced PHEV in the U.S.



Hybrid vehicles have become very much mainstream, yet they still comprise a small fraction of the auto fleet. But in the years ahead, rising oil prices will likely be enough incentive for greater numbers of people to opt for hybrids to insulate themselves from future price shocks.

Electric Cars

The history of electric cars dates back over 100 years. Prior to the rise of the gasoline-powered car, electricity was actually the preferred power source for an automobile. In 1900, electric cars outsold gasoline cars, but then electric cars nearly vanished for the next 90 years as gasoline-powered personal transportation took over.


[image: Image] Did you know? In 1900, electric cars outsold gasoline-powered cars.


In the 1990s, as countries sought to reduce their carbon emissions and reduce demand for oil, they began to implement regulatory changes that improved the prospects for electric vehicles. Major automakers began to develop electric cars, and eventually models became available from General Motors (GM), Chrysler, Ford, Toyota, Nissan, and Honda.

All of these models were eventually withdrawn from the market, but GM's experience with its EV1 is probably the most well-known withdrawal, because it was featured in the 2006 documentary Who Killed the Electric Car? GM's official position was that it withdrew the EV1 from the market because it was simply too costly and was not expected to be profitable. This is reasonable considering the low cost of gasoline at that time and the higher price of the electric cars relative to gasoline-powered cars.

By the end of the 1990s, interest had shifted to hybrid vehicles, which dominated the alternative vehicle conversation for the next decade. During this time a few electric car models were available in Europe, but none to speak of in the U.S.

But development of electric cars continued, and in 2008 electric carmaker Tesla Motors began delivering the sporty (and pricey) Tesla Roadster to customers in the U.S. In December 2010, Nissan began delivery of the fully electric Nissan Leaf, which was the most affordable family-sized electric car in the U.S. in 2011. At a retail price of around $33,000 (which doesn't account for a $7,500 tax credit available for the first 200,000 electric car purchases in the U.S.), the cost is only about 10% higher than the price of the average new car in the U.S. (which was nearly $30,000 in 2011). In 2012 Mitsubishi began delivering its Mitsubishi “i” electric vehicle, which retails for around $5,000 less than the Nissan Leaf.

Unlike a plug-in hybrid there is no combustion engine providing back-up power for an electric car. The lack of a combustion engine lowers the cost relative to a hybrid, although it also limits the range of the vehicle. Further, some of the savings is lost in the cost of the batteries, which tend to be very expensive. But for those who have regular, short commutes, an electric vehicle could be a viable transportation option.

The fuel economy of an electric vehicle is far greater than for gasoline- or diesel-powered vehicles. The Alternative Fuels and Advanced Vehicles Data Center (AFDC)—a branch of the U.S. Department of Energy—reports that the fuel economy of electric vehicles is normally expressed as kilowatt hours per 100 miles (kWh/100 mi), and that a typical electric vehicle achieves 32 kWh/100 mi in city driving and 36 kWh/100 mi on the highway. One gallon of gasoline contains the energy equivalent of about 34 kWh, so these reported numbers for electric vehicles are akin to traveling 100 miles on a gallon of gasoline.

For most places in the U.S., this translates into a much lower cost per mile driven. In 2011, the average retail price of electricity to consumers (which can vary greatly) was 11.79 cents per kWh.i At 32 kWh/100 mi, this translates into a cost of $3.77 to travel 100 miles. In comparison, a reasonably fuel-efficient gasoline-powered car that gets 30 miles per gallon of gasoline and consumes $3.50/gallon of fuel (approximately the average price of regular gasoline in 2011) would require $11.67 per 100 miles traveled—over three times the cost per mile of the electric car.

Besides the improvement in fuel economy, another major advantage of electric cars is that the vehicles themselves emit no pollutants.1 One of the major challenges in controlling carbon dioxide emissions and pollutants in general is that there are hundreds of millions of cars emitting pollutants in hundreds of millions of places. When electricity is used to power the car, the pollutants are relocated from the tailpipe to a central electrical generating plant. In this case, pollutants from the plant could be more easily controlled or captured than would be possible from numerous gasoline-powered cars.

FUEL CELL VEHICLES


In President George W. Bush's 2003 State of the Union address, he proposed $1.2 billion in funding for research into hydrogen-powered vehicles. Hydrogen can power a vehicle in either one of two ways: through direct combustion, similar to a com-pressed natural gas (CNG) vehicle, or via hydrogen fuel cells.

The direct combustion route is problematic because hydrogen has a very low volumetric energy density. That means that even a compressed tank of hydrogen would have a low range relative to most other fuels used in combustion engines.

Fuel cells, however, are much more efficient than combustion engines, and there-fore have been proposed as a means of powering vehicles in the future. The fuel cell produces electricity by reacting hydrogen with oxygen. The electricity then charges batteries in the car in the same way that the electricity produced from the engine of a hybrid charges its batteries.

Hydrogen fuel cells are commonly used to produce electricity for spacecraft. They are also used in many stationary power applications. But the biggest challenge with the use of fuel cell technology in vehicles is that fuel cells are very expensive. A 2009 story in Fortune stated that the price of the hydrogen fuel cell-powered Honda Clarity was $300,000.ii Such high prices are commonly reported for fuel cell vehicles because the fuel cells themselves are expensive to produce.

After the Bush administration spent nearly $2 billion on research and development of hydrogen-powered vehicles, in 2009 the Obama administration announced that funding would be cut for the program because they did not believe that a hydrogen economy would materialize within the next two decades. So vehicles powered by fuel cells will likely remain a longer-term proposition.



__________


1 The emission profile is ultimately dependent upon the source of electricity used for powering the electric car.



This also raises the possibility of essentially pollution-free vehicles if renewable sources of electricity can be used. While today most electricity is produced from fossil fuels, production of electricity from renewable sources has grown rapidly. If renewable sources manage to displace significant fossil-derived electricity, then the emission profile for electric vehicles will decline.

Some critics have argued that in places that are heavily dependent on coal for electricity, increasing the numbers of electric cars on the roads will actually increase pollution as more coal power will likely be the source of the electricity for the cars.

One study compared the well-to-wheels (WTT)2 emissions from the Tesla Roadster electric car to those of a similar car, the Lotus Elise.iii The author examined the way electricity is produced today in five different countries (Australia, China, New Zealand, U.S., and UK) and concluded that in four of the five countries, the Tesla would actually be dirtier than the internal combustion Elise because of the amount of electricity originating from coal in each country. New Zealand was the one exception in which the study concluded that the Tesla would have fewer overall emissions because of the large amount of renewable electricity produced in New Zealand.

Other studies have reached different conclusions. A 2007 paper from the Massachusetts Institute of Technology (MIT) concluded that based on the electricity generation mix in the U.S., the WTT carbon dioxide emissions from an electric vehicle would be 40% lower than those from an internal combustion engine.

In any case, there are regions today such as New Zealand where renewable sources like hydropower and geothermal are major sources of electricity. Adoption of electric cars in these areas would be expected to greatly lower net emissions from transportation. But more importantly, electric cars offer a transition pathway to cleaner energy transportation in the future while maintaining the same transportation infrastructure—even in regions that today predominantly obtain their electricity from fossil fuels.

Perhaps the biggest issue for electric carmakers to overcome is so-called range anxiety—the fear of being stranded by the vehicle. Range anxiety is a particular concern when driving in cold weather or in hilly terrain, as the range of the vehicle can be lower in these circumstances.

_________


2 A well-to-wheels analysis would consider the entire life cycle of the car and the fuel used to power the car—from production to combustion to applying power to the wheels to disposal (if applicable).



Fear that the vehicle will leave a driver stranded with no way to easily charge it has led some to argue that electric vehicles will be predominantly used for niches like short, regular commutes and that hybrids rather than fully electric vehicles will continue to be a far more common personal transportation option.

It is too soon to project whether consumers will embrace fully electric cars. A 2010 report from J.D. Power and Associatesiv projected that global sales of hybrids, plug-in hybrids, and battery-electric vehicles (BEVs) would total 5.2 million units in 2020—or just over 7% of the passenger vehicles projected to be sold worldwide in 2020. Nissan-Renault Chief Executive Officer Carlos Ghosn was more optimistic, projecting that electric cars will make up 10% of global sales by 2020.v The actual figure will ultimately be strongly influenced by oil prices.

First-year sales figures for the Nissan Leaf and the pricier Chevy Volt hybrid were both below forecasts, but in the case of the Leaf, some of the problem was due to the March 2011 tsunami in Japan that disrupted production for several months. Nevertheless, 2011 sales for both cars combined exceeded 17,000 vehicles, which is greater than first year combined sales for the Honda Insight and Toyota Prius a decade ago.

One little-known (but developing) concept that could have a major influence on the future development of electric vehicles is the potential for them to provide backup power to the electrical grid.3 In the same way that some homes can draw power from the grid, but then also feed excess power back into the grid from solar panels (for example), the concept would allow a limited amount of electricity to be drawn from the batteries of vehicles connected to the grid. This would be net-metering, with the vehicle batteries acting as temporary power storage in the mix.

The way in which the idea is envisioned to work (and is currently being tested) is that a participant would indicate how much of their battery may be used on a particular day, and then the electric utilities could draw on that as needed. For example, if I indicated that my battery could be drawn down to 75% charge—presuming that was more than enough to cover my commute the next time I needed the car—the electric utility could draw it down to that level as needed. But then when excess electricity was available, the battery would be charged back up. The system could be managed by software, and in this example in the worst case I would make my commute with a 75% charge, but in the best case the battery would be fully recharged.

________


3 Full disclosure: my company is one of several working on this concept.



Imagine numerous electric cars, all plugged into the grid, from which power plants could draw electricity during periods of high demand. This would essentially be like a large battery backup for the grid, and it could reduce the need for new generating plants. It could also help smooth out the intermittency from renewable sources like wind and solar power.

A December 2010 report from business research firm Global Data estimated that the global market for vehicle-to-grid could pay $40 billion to owners of electric cars by 2020.vi Development of such a market would be a strong driving force for the future adoption of electric vehicles, as earnings from supplying power back to the grid could further offset the cost of ownership of an electric car.

Electric Rail

Nearly 50% of the oil consumed in the U.S. is for gasoline used by automobiles and light trucks. Diesel fuel—used mostly for heavy trucking, but also for diesel locomotives and barges—is the second largest category and accounts for another 20% of U.S. oil consumption.

Transporting freight by rail can be three to nine times as efficient as transporting it by truck, and thus simply shifting more freight from trucking to rail would reduce oil consumption. However, an even greater reduction in oil consumption would occur if rail transport were electrified and if greater numbers of people were to opt for electrified passenger rail over gasoline-powered personal transport.

The passenger and freight rail systems are already electrified across most of Europe and the large population centers of Southeast Asia, but in the U.S. the Northeast Corridor is the only major electrified rail line. This is partially a function of the population density; many European and Asian countries with extensive electric passenger rail networks have a population density five to ten times that of the U.S. Nevertheless, areas of California, Florida, Texas, and the Upper Midwest have population densities comparable to that of the Northeast Corridor's service area and could feasibly support electric passenger rail systems.


[image: Image] Did you know? Fuel cell—powered vehicles are also in development for locomotives. As of this writing, the world's largest fuel cell vehicle is a hybrid locomotive.


Passenger rail is more competitive where population density is higher, so the top priority for increasing acceptance of passenger rail is simply to ensure that areas of high population density have access. The second priority would be to pursue policies that encourage people to use rail over highways. This could be done simply by shifting income taxes to fuel taxes, as discussed in Chapter 9. Finally, in order to save the most oil, routes should be electrified to the greatest possible extent.

But much of the U.S.—and indeed the world—comprises large areas of low population density. The appeal of traveling by even high-speed passenger train begins to drop off for trips longer than 300 miles, and the market share of passenger rail for trips 500 miles and longer is very low. Thus, for longer distances, passenger rail will have a more difficult time competing with other modes of transportation.

However, freight is still transported across these wide, open spaces, and the value of express freight service increases with distance. Reliably delivering vegetables from Fresno, California, to New York City in under 40 hours would attract virtually all of the market. But to do so would require some system upgrades to allow higher freight rail speeds.

Freight railroads in the U.S. already carry essential goods such as food and critical materials (over 15% of fruits and vegetables, and growing), but they are dependent on diesel fuel. Line and terminal capacity improvements plus electrification of major corridors would greatly reduce rail diesel usage. More importantly, it would allow freight currently carried by truck to be shifted to oil-free transportation. A double-stack container train could replace 280 trucks and move freight across a continent at 90 miles per hour.vii

Much of the freight carried by rail is essential for even minimal economic functioning. Rail quite literally “keeps the lights on” and can “put food on the table.” Transforming one of the priority uses of oil—long-distance freight—to oil-free transportation using minimal amounts of domestic energy would be a major improvement in national security as rail becomes less dependent upon imported oil.

There is precedence for such a shift. During World War II, the United States faced a critical shortage of rubber, gasoline rationing, and the overseas deployment of a large number of trucks. As a result, 90% of truck freight was diverted to rail.

A DEVELOPING NATION


Many years ago there was a developing nation that had about 100 million people, was about half rural, and had an economy of 3% to 4% of current U.S. GDP. It had limited access to advanced technology.

Yet, despite these limitations, this nation managed to build subways or elevated rail lines in all of its major cities—and streetcar or tramlines in over 500 cities, towns, and villages—all in just 20 years.

The name of that developing nation? The United States of America.

Between 1897 and 1916, cities as diverse as Pine Bluff, Arkansas, Flint, Michigan, and Honolulu, Hawaii, all built light passenger rail powered by electricity.

Many of these rail systems operated for decades, but eventually the rise in popularity of the automobile, the impact of the Great Depression, and, in some cases, a nudge from automakers resulted in the closure of most of the rail lines.

But is it conceivable that with the resources and technology of today, these successes could be repeated in an emergency? If so, a viable oil-free transportation system in our cities and towns is a real possibility.



China has been expanding its electric rail system to decrease its dependence on oil and the vulnerabilities associated with oil dependence. By 2010, China had more high-speed railway track than Europe, and it is expected to have more than the rest of the world combined by 2012.viii

Human-Powered Transportation

In 2008 and 2009, I lived in the Netherlands. For the first time in my adult life, I managed to live for an extended period of time without a car. There were several reasons that I was able to do this. First, Europe has excellent high-speed passenger rail connections between central train stations in major cities, and it has slower trains that connect smaller stations. There are extensive, affordable bus networks and subway systems that I could use to move around large and small cities. Finally, many cities are designed with bicyclists and pedestrians in mind.

Within the city in which I lived—Arnhem—there was a large area in the city center that was accessible by pedestrians and bicyclists only. Numerous restaurants, small shops, and boutiques were contained within this pedestrian zone, which was easily accessible from my home via foot, bus, or bicycle. I was also able to bike (which is a very popular pastime in the Netherlands) to work in about 10 minutes on a bicycle path from my home to the front gate of the factory where I worked.

But much of the United States developed during the automobile age, and as a result many Americans have moved into the suburbs and have to drive everywhere—to the grocery store, to the doctor, to school, to work. Furthermore, many cities have failed, and still fail, to build sidewalks and bike paths, which discourages walking and biking by making them much riskier activities.

But some areas are planning for the future.

Bicycling

There are around a billion bicycles in the world, with about 40% of them located in China. While many people in China aspire to trade their bicycles for cars, they would be wise to keep their bicycles well maintained as they offer an excellent option for oil-free transportation. This will provide an insurance policy against much higher oil prices and/or oil shortages in the future.

Copenhagen and the rest of Denmark started making bicycling safer and easier in the late 1970s as a way to reduce oil consumption. Later they started to give bicycling and walking a higher priority than driving. Copenhagen's goal is for 40% of urban trips to be made by bicycling by 2012 (with walking, subways, commuter trains, and buses supplying most of the rest) and 50% by 2015.ix These goals are realistic because of four decades of steady improvements in infrastructure as well as a change in culture that steadily evolved over decades.

ELASTICITY OF TRANSPORTATION SUPPLY


Sometimes the world changes quickly. But how quickly can we adapt to these changes? Some modes of transportation can adapt quickly—others much more slowly—as the price and availability of oil change.

A commuter who drove to work today could bicycle to work tomorrow if the Strait of Hormuz was blocked overnight—provided there is a bicycle in the garage and safe and easy bike paths from home to work.

In an oil-supply emergency, it may take a few days to stagger work hours and adjust the schedule of the local urban rail to carry every commuter that suddenly wants to ride oil-free transportation to work. The ride may be packed with people for several hours in the morning and evening, but oil would be saved. More rail cars could be ordered immediately and delivered within a year or two, relieving the worst of the overcrowding. More rail lines could be built in four or so years in an emergency.

On the other hand, it would be a decade or so before enough electric cars could be produced to meet a sudden change in market demand. Most other alternatives would take just as long.

These are issues that political leaders should consider when evaluating transport-ation alternatives.



An example of a country that more recently decided to promote bicycling is France, whose goal in 2000 was to increase bicycling from 1% of urban trips to 10% in 2010. While France increased bicycling to “only” 6% of urban trips by 2010, this increase laid the foundation for substantially greater increases in the future—and created an elasticity of oil-free transportation supply in case of an oil-supply emergency.

In the U.S., the city of Portland, Oregon, has developed a comprehensive bicycling plan as a part of an overall initiative to create a more sustainable city. Its “Portland Bicycle Plan for 2030”x is intended to make bicycling safer and more accessible so that it is a preferred option for trips under 3 miles. The plan calls for an additional 681 miles of bikeways over the next 20 years at an ultimate cost of $613 million. (The annual cost for all transportation projects in the Portland metro area is reportedly around $630 million per year.)

An auxiliary benefit identified in the Portland plan is the impact on health. That plan's authors noted that a greater shift to bicycling would be expected to reduce rates of obesity and lower health care costs for treating obesity-related illnesses.

Some critics of Portland's plan have argued that it simply isn't reasonable in the car-centric culture of the U.S. to expect most people to opt for a bicycle for a three-mile trip. As someone who traveled between two worlds for two years—Texas and the Netherlands—I do believe it is possible, but the cultural mindset in the U.S. will somehow need to shift. In the Netherlands, practically everyone rides a bike, and when I was there I did the same. In Texas, few people bike, and neither did I (except as occasional exercise around the neighborhood). Part of the reason for the difference is that bicycling in most Texas cities simply isn't convenient or safe. Where I lived, there were no bike paths, and I certainly couldn't bike to the store or to work safely on the streets.

But if a U.S. community were to build extensive bike paths and persuade people to treat biking as a normal, or even preferable, way to get around—I do believe that large numbers of people would migrate toward biking for short trips. Portland's bicycle plan will provide a test of that hypothesis.

In any case, if communities can convince people to take up biking via policies that make it easier and safer, then this would be an attractive, medium-term option for oil-free transportation as oil prices rise. It can deliver results quickly, has an excellent oil reduction return on investment (perhaps the highest), superb elasticity of transportation supply, and a surprisingly high long-term potential.

Walkable Communities

Walking is the oldest form of transportation, but it is still just as effective today as it was when humans took their first steps. In addition to the two years I lived in the Netherlands, twice I lived in small villages in Europe—once in Germany and once in Scotland. In each case the village had a grocery store, a bakery, a butcher shop, a post office, a pharmacy, and a place to get my hair cut—all within a quarter mile of my house. The sidewalks from my house to the village shops were clean and well maintained, and therefore walking was a convenient (and healthy) means of transportation.

In fact, prior to the 20th century, almost all cities functioned as walkable cities. But the situation changed in many cities that grew over the past century. Numerous communities were built that put walking at a distinct disadvantage to other forms of transportation. A suburb in the U.S., for instance, often contains no stores or shops and is far removed from places of employment. Thus, there is no real alternative but to find other means of transportation to buy household goods and to travel back and forth to a job.


[image: Image] Did you know? There is already a wide variety of cities in the U.S. with neighborhoods that are walkable communities, including Seattle, Washington; Austin, Texas; Albany, New York; New Orleans, Louisiana; Pensacola, Florida; Milwaukee, Wisconsin; and Arlington, Virginia. Go to www.walkscore.com to find the walkability score for U.S. neighborhoods.


But if the long-term future brings persistently higher oil prices—as I believe it will—then walkable communities offer a proven way of reducing the vulnerability to price and supply shocks.

There are a number of characteristics that walkable communities should ideally possess in order to make them desirable places to live:


	The vicinity of the town center should contain the goods and services most people require on a weekly basis. This would include things like a grocery store, pharmacy, hardware store, and restaurants. An open, public space where children can play and people can meet would also be a plus.

	The highest population density neighborhoods should be adjacent to the town center, to give the largest number of people access to the town center. Neighbor-hoods that are further out should be connected to the city center by public transportation.

	The city center should be free of traffic, but if traffic is allowed, the speed limits should be kept low while also allowing an orderly flow of traffic at a safe distance from bicyclists and pedestrians.



Beyond merely the fact that they reduce oil consumption, properly designed walkable communities can be very pleasant places to live. Thus, it makes sense when making planning decisions for communities to make at least a portion of the community walkable. Even better would be to make planning decisions with future expansion of the walkable areas in mind—just as planners take into account future highway expansions when building a new highway.

Summary

The sheer scale of our oil consumption implies that it will be very difficult to replace it with sustainable sources of energy. Therefore, prudent planning would suggest that we replace today's cars and trucks-to the greatest degree practical—with oil-free transportation.

There are a great many options with varying degrees of potential for replacing oil-based transportation. Some of the options—such as hybrids and electric cars—offer a similar level of mobility to what we enjoy today. Another option would be to shift more freight to electrified rail, which would be transparent to most people.

Still other options require a higher level of forward planning. Cities that can be easily traversed by foot and by bike don't simply happen in today's car age without the input of forward-thinking individuals into long-range city planning. But these are the types of cities that will be sorely needed in the post-oil age.
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Corn Ethanol
Past, Present, and Future


By increasing the use of renewable fuels such as ethanol and bio-diesel, and providing the Department of Energy with a budget to create more energy efficiency options, agriculture can be the backbone of our energy supply as well.



—John Salazar, former U.S. Congressman


Today, about 40 percent of all U.S. corn—that's 15 percent of global corn production or 5 percent of all global grain—is diverted into the corn ethanol scam in order to produce the energy equivalent of about 0.6 percent of global oil needs.



—Robert Bryce, author

In order to examine the pros and cons of biofuel policies—and how they might be improved upon—this chapter considers the case of corn ethanol in the United States. Politicians, particularly those in farm states, love corn ethanol. The idea that the U.S. could begin to replace oil with domestic fuel by having farmers do what they do best contains many elements of a compelling story.

However, corn ethanol has had its critics—myself included—for a number of reasons. Some criticisms have arisen due to concerns about turning food into fuel and driving up food prices. Others have voiced concern about various environmental implications of corn ethanol. My own concerns have always centered on two issues in particular:


	The relative sustainability of the process—that we may be simply replacing one unsustainable fuel for another.

	That some U.S. ethanol policies are counterproductive.



In this chapter I will look at the past, present, and possible future of the corn ethanol industry, explore some of the controversies and challenges, and offer some suggestions for moving the corn ethanol industry toward a more sustainable long-term alternative to oil.

Corn Ethanol Policies: Past and Present

In an effort to spur development of a domestic renewable fuel industry, wean the U.S. off of foreign oil, and provide additional markets for farmers, the U.S. government introduced tax credits for ethanol usage with the Energy Tax Act of 1978. The tax credit was an exemption to the Federal Excise Tax on gasoline, and amounted to $0.40 for every gallon of ethanol blended into gasoline at the 10% level. This tax credit was increased to $0.60 per gallon in 1984, decreased in stages to $0.45 per gallon by 2009, and finally phased out completely at the end of 2011.


[image: Image] Did you know? 2012 marks the first year since 1978 that corn ethanol will not be directly supported by U.S. federal tax credits.



During the 1980s, in addition to increasing the tax credit to $0.60 per gallon, the U.S. government made government-backed loans available to ethanol producers for plant construction, and implemented an import fee to help protect domestic ethanol producers from cheaper ethanol imports. Despite these measures, the U.S. ethanol industry struggled to make headway. The majority of the ethanol plants that were built in the early 1980s were bankrupt by the mid-1980s.

However, the plants that were able to stay in business increased production from under 200 million gallons per year in 1980 to 900 million gallons per year in 1990. Production slowly continued to grow, reaching 1.6 billion gallons by 2000 and 3.9 billion gallons by 2005 (see Figure 13-1). But there were still two glaring problems at that point.
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Figure 13-1. Three decades of corn ethanol production in the U.S. (Data source: Renewable Fuels Associationi)

First, while production had grown substantially between 1978 and 2005, ethanol still amounted to a tiny fraction of U.S. gasoline demand. Ethanol production expanded by 3 billion gallons per year from 1990 to 2005, but U.S. gasoline demand grew by 30 billion gallons—to 140 billion gallons per year. Petroleum imports grew by 87 billion gallons per year (5.7 million barrels per day). Clearly, if the purpose of U.S. biofuel policy was to reduce dependence on petroleum imports, ethanol was having very little impact up to that point.

The second glaring problem was that ethanol could not compete head-to-head with gasoline on price. Despite all of the financial incentives for ethanol, the average annual price of ethanol had exceeded the price of gasoline in every single year on record through 2005.ii Not only was ethanol more expensive on a per-gallon basis, but since ethanol contains only two-thirds the energy content of gasoline, consumers were also sacrificing fuel economy when using ethanol blends.


[image: Image] Did you know? Ethanol became a mandated component of the U.S. gasoline supply with the Energy Policy Act of 2005.



The result was that the cost per mile for consumers when using ethanol in their fuel was higher than the cost when using straight gasoline. However, with a 10% ethanol blend (E10), the impact of the higher cost was diluted such that it was likely not overtly obvious to most consumers. But for gasoline blenders, ethanol at equal to or higher than the cost per gallon of gasoline was not a price that would compel them to buy ethanol.

So the U.S. government decided to force the issue by mandating ethanol usage in the Energy Policy Act of 2005. One of the provisions of the new energy policy was the Renewable Fuel Standard (RFS). The RFS started with a mandate of 4 billion gallons of ethanol in 2006—just about the amount that was being produced at that time—and initially increased each year to 7.5 billion gallons of ethanol by 2012.

THE MTBE PHASE-OUT


Ethanol demand also received a boost due to the phase-out of a blending component that was popular with oil refiners. The Clean Air Act Amendments of 1990 stipulated the use of oxygenated gasoline in certain areas with high levels of specific air pollutants. Oxygen-containing components in fuels (oxygenates) help to enable a more complete fuel combustion, and therefore help to reduce tailpipe emissions from gasoline engines.

The oxygenate of choice for many gasoline blenders was methyl tertiary butyl ether (MTBE). Blenders had already been using MTBE as an anti-knock alternative to tetraethyl lead, which was ultimately phased out of gasoline in the U.S. in 1995.

MTBE production ultimately rose to over 3 billion gallons per year as its popularity as an oxygenate increased, but it began to be implicated in groundwater contamination through leaking gasoline tanks. Unlike most gasoline blending components, MTBE is soluble in water, and gives water an unpleasant taste at very low concentrations. As reports of contamination began to surface, some states began to ban the use of MTBE in gasoline.

Ultimately, refiners moved to completely phase out MTBE usage when the Energy Policy Act of 2005 failed to shield MTBE manufacturers from liability for water contamination. The only real alternative oxygenate that could replace 3 billion gallons a year of MTBE was ethanol, and so oxygenate demand shifted from MTBE to ethanol in 2005–2006.

Although the U.S. Environmental Protection Agency (EPA) formerly lifted the oxygenate requirement in 2006—with the stipulation that refiners must still produce gasoline that meets Clean Air Act standards—ethanol remained a popular choice for boosting octane in gasoline. The sudden increased demand from the MTBE phase-out resulted in regional shortages of ethanol, which caused a short-term price spike and an increase in ethanol imports. But it also provided incentive for growth in the ethanol industry, and was one factor in the explosive growth in ethanol production that began in 2005.



The ethanol mandate and MTBE phase-out (see sidebar) quickly achieved what nearly 30 years of subsidies did not: explosive growth of ethanol usage, and ethanol prices that finally dropped below the price of unleaded gasoline (see Figure 13-2). An ethanol gold rush ensued, capacity was overbuilt, and suddenly the industry found itself in financial trouble as ethanol supply exceeded the mandates.
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Figure 13-2. Average annual wholesale prices of ethanol and unleaded gasoline in Omaha, Nebraska (Data source: Nebraska.gov, Official Nebraska Government Website)

Again, the government came to the rescue by increasing and accelerating the mandates in the Energy Independence and Security Act of 2007. Instead of mandating 7.5 billion gallons of ethanol in the fuel supply by 2010, the new mandate was for 12 billion gallons of corn ethanol in 2010 and 15 billion gallons by 2015.1

One of the controversial aspects of the Renewable Fuel Standard was that Congress did not eliminate the ethanol subsidy when it put the mandate in place. The gasoline blender—typically an oil company—collected the subsidy as an incentive to purchase ethanol, but when the mandate was enacted, the blender was compelled by law to buy specific quantities of ethanol. Thus, gasoline blenders were being paid to comply with the law, a situation akin to paying someone to obey traffic laws, which was an ineffective usage of tax dollars.

In addition to the tax credit and mandate, domestic production was protected from ethanol imports by a tariff of 2.5% tax plus $0.54/gallon. The stated justification of the tariff was that ethanol imports were eligible for the ethanol tax credits, so the tariff was a way to ensure that foreign ethanol companies did not collect incentives intended for domestic ethanol production. However, the tariff was set at a higher value than the domestic tax credit, so foreign ethanol producers were at an economic disadvantage relative to domestic ethanol producers. By contrast, U.S. policies concerning crude oil do not give domestic producers the benefit of protective tariffs.

But did U.S. ethanol policies—the tax credits, mandates, and protective tariffs—create a viable, sustainable alternative to oil? Are U.S. ethanol policies a good model for creating an alternative energy industry? Answers to those questions vary greatly depending on whom you ask, because different people look at different metrics of success.

Metrics of Success

If the goal of U.S. ethanol policy was to produce a lot of domestic ethanol, the program has succeeded well beyond most expectations. Ethanol currently supplies about 10% of the fuel by volume for gasoline-powered vehicles in the U.S. The program has also particularly benefited the U.S. Midwest, as billions of dollars flowed into the Midwest to buy the more than 12 billion gallons of ethanol produced in the region.

___________________


1 There was also a requirement for cellulosic and advanced biofuels that pushed the total biofuel mandate to 36 billion gallons by 2022.



But some opponents of U.S. ethanol policies would argue that the success of the program for the Midwest comes at the expense of the rest of the country, as the mandate is essentially a government-imposed transfer of wealth into the ethanol-producing regions.

Others have argued that the increase in corn production has contributed to higher rates of soil erosion and more runoff of herbicides, pesticides, and fertilizers into waterways.

Still others suggest that while corn ethanol has somewhat improved the energy security of the U.S., it is a solution that is presently barely more sustainable than is usage of petroleum. The reason for this is that the production of corn ethanol is dependent on fossil fuels—particularly natural gas.

The truth is more complex than either ethanol proponents or opponents might acknowledge, because there are trade-offs with ethanol just as there are with all of our energy sources. Ethanol does provide a portion of the motor fuel for the U.S., and ethanol policies have created jobs and a robust economy in the Midwest.

But there have been costs as well, and there are risks associated with the use of corn to produce ethanol. For example, consider the risk of a major drought in the Midwest. If one year the corn crop comes in much lower than normal, consumers would likely have to contend simultaneously with much higher food and fuel prices, and potentially shortages of both. This risk is a trade-off, but one that may only be obvious if a disastrous drought occurs.

The question that must be asked and answered about U.S. ethanol policies—and for that matter energy policies in general—is whether the trade-offs we are making are ultimately beneficial to society as a whole. Certainly, some people benefit and some do not, but the proper measure of success should be the net benefit to society.

Challenges and Opportunities

Currently, U.S. ethanol producers face several challenges that threaten the future growth of the industry. In this section I describe those challenges, and make some suggestions for how to overcome them.

The Blend Wall

The most pressing challenge is that Congress has mandated levels of ethanol blending that are at odds with EPA regulations. In 1979, the EPA granted a gasohol waiver that put the legal maximum ethanol limit for general usage in gasoline engines at 10% by volume.

But as a result of high oil prices, demand for gasoline in the U.S. declined to less than 140 billion gallons in 2010, which meant that the 10% limit imposed by the EPA would create a “blend wall” well before 15 billion gallons of ethanol could be blended into the gasoline supply. The U.S. Energy Information Administration (EIA) has reported that the 10% limit was reached in the summer of 2011.iii

There are several possible solutions to this dilemma. The most obvious is to simply change the Renewable Fuel Standard to lower the volumes of ethanol that are legally required to be blended. However, given the political support that ethanol enjoys, this solution is unlikely to be seriously entertained. It would also be severely detrimental to the ethanol industry.

The solution favored by the ethanol industry is to have the EPA raise the maximum legal limit for general usage to 15% by volume. In March 2009, the ethanol lobbying group Growth Energy and a coalition of ethanol producers filed a request with the EPA to allow ethanol blends above the 10% limit. After conducting testing in conjunction with the Department of Energy, the EPA first approved (but did not mandate) the use of 15% blends (E15) in 2007 and newer light-duty vehicles in 2010, and then in January 2011 expanded that approval to 2001 and newer light-duty vehicles.

E15 Meets Resistance

However, the EPA's decision was met with resistance from many groups, including automakers, who sued to have the decision reversed. Their stated reason was that their automobiles were not designed for E15 service, and some indicated that they would not honor warranties for vehicles fueled with E15. They were further concerned that, because the EPA waiver allowing E15 usage did not cover all model years, putting E15 into nonapproved vehicles was inevitable.

Underwriters Laboratories (UL) also weighed in with results from tests on fuel-dispensing equipment.iv The purpose of its testing was to expose various pieces of fuel-dispensing equipment that were UL-approved for 10% ethanol blends (E10) to 15% ethanol blends (E15) to assess compatibility.

The results of the UL testing were that only three of eight categories of new dispensing equipment tested—fewer than 40% of the categories—passed all compliance tests. When used equipment was examined—that is, the equipment currently in service in the U.S. fuel infrastructure system—none of the categories was found to be fully compliant, and some pieces of equipment showed “a reduced level of safety or performance.”


[image: Image] Did you know? Iowa contains less than 1% of the U.S. population and about 1.5% of the land area of the U.S., but it is responsible for 27% of U.S. ethanol production.



Gasoline retailers also had reason for concern. Given EPA's limited approval of E15 only for 2001 and newer light-duty vehicles, retailers not only would have to buy additional equipment to store and dispense E15, but would also have to ensure, for liability reasons, that customers do not put E15 into nonapproved vehicles. In addition, because the EPA allowed E15 but did not specifically mandate E15, it was not clear to retailers that demand would justify the expense and hassle of selling E15. As a result, E15 sales were nonexistent.

Ethanol Exports

Ethanol producers have thus far dealt with the blend wall issue by exporting their excess ethanol production. The U.S. ethanol industry exported approximately 1 billion gallons of ethanol in 2011, well over double the export level of 2010. The industry has also advocated for a dedicated pipeline capable of shipping ethanol from the Midwest to the East Coast, where it could then be easily exported.

However, exporting ethanol undermines one of the main reasons for U.S. ethanol policy—to reduce dependence on foreign oil. In fact, ethanol that is exported actually increases dependence on foreign oil because some oil is used in the production and export of the ethanol, but no fuel is displaced domestically. Thus, while exporting ethanol may help the industry continue to grow, this is not the best long-term solution with respect to U.S. energy policy.

Long-Term Solution: Midwestern Sustainability

I have advocated a different, potentially long-term solution that would enable the future growth of the U.S. ethanol industry, and that is to aggressively grow the Midwestern market for 85% ethanol blends2—(E85).

One reason I have often spoken out against certain ethanol policies is that I didn't see regions actually becoming more self-sufficient as a result of those policies. What I saw was a delusion of self-sufficiency. Yes, more ethanol was being produced, but the oil dependence of those ethanol-producing regions continued to be very high—in some cases growing even as ethanol production soared.

The Midwest provides a perfect example. The United States is divided into five Petroleum Administration for Defense Districts (PADDs). These districts were created during World War II, and the Energy Information Administration (EIA) collects and reports statistics for the different PADDs. Most Midwestern states are contained within PADD 2. The states in PADD 2 are Illinois, Indiana, Iowa, Kansas, Kentucky, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, Oklahoma, South Dakota, Tennessee, and Wisconsin.

PADD 2 is responsible for approximately 95% of all ethanol production in the United States.3 Ethanol production in PADD 2 grew from 1.6 billion gallons in 2000 to 3.9 billion gallons in 2005 to almost 12.5 billion gallons in 2010. The region has been very successful in rapidly increasing ethanol production.

Despite this success, demand for conventional gasoline in PADD 2 has remained strong. In 2000, demand for conventional gasoline in PADD 2 was 2.1 million barrels per day (bpd). Demand increased slightly by 2004–2005 to 2.2 million bpd before slightly declining to the 2010 demand level of 2.14 million bpd.v

______________________


2 E85 is 85% ethanol and 15% gasoline. E15 is 85% gasoline and 15% ethanol.




3 Ethanol production is actually even more concentrated in a handful of PADD 2 states, as some PADD 2 states produce little or no ethanol.



E85 CASE STUDY: IOWA


Iowa is to corn ethanol what Saudi Arabia is to oil. In 2011, Iowa produced 3.7 billion gallons of ethanol, which is 27% of the U.S. total. This is due to the large amount of corn production in Iowa, enabled by ample rainfall and rich topsoil.

But Iowa differs from Saudi Arabia with respect to energy production in one very important detail: Saudi Arabia satisfies its own energy needs with the oil it produces, and it exports the excess. Iowa, on the other hand, exports the vast majority of the ethanol it produces while importing gasoline as motor fuel.

Gasoline consumption in Iowa is around 1.6 billion gallons per year. This is the energy equivalent of 2.4 billion gallons per year of ethanol. But only 100 million gallons of Iowa's ethanol production —less than 3%—is consumed within the state. Perhaps even more surprising is that Iowa—seemingly the state most ideally poised for biofuel self-sufficiency—ranks in the top ten consumers of gasoline per capita in the U.S.

Iowa is a state that by all accounts should be able to satisfy its own liquid fuel needs with ethanol, and still have some left for export. Iowa is perhaps unique among U.S. states in that respect. Instead, petroleum continues to supply over 90% of the motor fuel in Iowa and virtually all of the fuel used in the farm equipment for growing all of that Iowa corn.

Ethanol prices in Iowa are generally more competitive than in other states, with E85 sometimes selling at a 30% discount to gasoline. Iowa also has widespread—and growing—availability of E85 across the state. The biggest impediments to wide-spread adoption are that the percentage of flex-fuel vehicles on the roads is still small—under 5%—and the price spread between gasoline and E85 is inconsistent.



In other words, ethanol production soared in the Midwest by some 700%, but that production increase did not translate into reduced conventional gasoline demand.4

So, even though the Midwest produces about 95% of the ethanol in the U.S., it exports 70% of that ethanol out of the Midwest. At the same time, it imports gasoline that is the energy equivalent of 37 billion gallons of ethanol. If gasoline demand in the Midwest could be shifted to demand for E85, every drop of ethanol produced in the Midwest could be consumed in the Midwest instead of using energy to export the ethanol and import gasoline.

____________________


4 Gasoline demand did decline slightly, but this phenomenon was seen throughout developed countries in response to much higher oil prices.



Further, this would greatly enhance the energy security of this important food-producing region.

What, then, are the obstacles to establishing the Midwest as a self-sufficient area utilizing locally produced ethanol as its primary fuel? There are three key issues:


	The price of ethanol relative to gasoline

	The availability of vehicles designed to run on E85

	Development of E85 infrastructure



Closing the E85/Gasoline Price Gap

The most pressing obstacle to large-scale adoption of E85 in the Midwest is that of price. Despite the enormous improvements ethanol has made relative to gasoline pricing, it is still not normally cheap enough to compensate for the loss of fuel efficiency relative to gasoline. In recent years, E85 in the Midwest has generally traded at a discount from 10% to 20% relative to gasoline.5 When oil prices rise, the price differential between gasoline and ethanol tends to increase. While gasoline and ethanol are considered fungible (interchangeable) fuels, the primary fossil fuel input into ethanol production is natural gas. If natural gas prices remain low and oil prices rise, E85 can become more competitive against gasoline (barring major spikes in the price of corn).

Clearly, if E85 is to become the dominant fuel in the Midwest, the price differential will have to properly reflect the fuel economy difference of E85 versus gasoline. E85 contains about 25% less energy than gasoline on a volumetric basis. Owners that experience a 25% reduction in fuel economy will expect to pay 25% less for their fuel. In fact, they may expect to pay 30% less because they have to refuel more often.

The most promising way to reduce the price differential is to develop engines that have the potential to reduce the mileage penalty for E85. Several of these engines are in development. Because ethanol has a high octane rating, it is more resistant to preignition6 than is gasoline. Thus, an engine can be designed with a higher compression ratio, which could then extract more useful work from ethanol. This is the principal behind diesel engines, which have higher compression ratios than gasoline combustion engines, and thus reach engine efficiencies of around 45%, versus 25% to 30% for gasoline engines.

_________________


5 Historical E85/gasoline price spreads are available at http://e85prices.com/.




6 Preignition is ignition of the fuel mixture prior to the spark plug firing, leading to reduced engine performance.



Several automakers have been working on engines that are specifically optimized for ethanol. It may be possible to eliminate most or all of ethanol's fuel economy penalty in engines that are optimized for performance on ethanol. The disadvantage is that these engines will no longer be optimized for performance on gasoline, and in fact may be incapable of running on gasoline due to the high compression ratios and gasoline's greater tendency to preignite. Thus, automobiles based on these engines may not be flex-fuel, but rather ethanol-exclusive.

Nonetheless, in areas that are capable of producing substantial supplies of ethanol, engines that minimize the mileage penalty will also lower the significance of the ethanol/gasoline price differential—provided the engines themselves are not exorbitantly expensive.

Vehicles and Infrastructure

The other obstacles to large-scale adoption of E85 in the Midwest are the availability of flex-fuel vehicles (FFVs), and limited infrastructure. According to U.S. government statistics, only about 8 million of the 250 million registered highway vehicles on U.S. roads are FFVs.vi However, this represents an increase of 2.5 times the number of FFVs available five years earlier. So the number of FFVs on the roads is growing rapidly, but is still a very small percentage of the total number of vehicles.

Infrastructure for E85 has also grown rapidly. Iowa, for instance, currently has 180 stations across the state that sell E85, and there are nearly 3,000 stations across the U.S. that sell E85. The number of stations selling E85 has grown rapidly, but as in the case of FFVS, the number still represents a small percentage of overall service stations.

But the dual problems of lack of availability of FFVs and E85 would be quickly resolved if E85 were consistently a cheaper option per mile than is conventional gasoline. In that case, people would demand both the vehicles and the ability to purchase E85. Thus, achieving competitive pricing is the most important issue.

Competitive pricing may ultimately be achieved simply due to continued increases in oil prices. But this process could be accelerated. Money that is currently dedicated to shipping ethanol out of the Midwest—and money that goes toward importing oil into the Midwest—could be better spent ensuring that Midwestern ethanol is used closer to the source by further development and deployment of ethanol-optimized engines, as well as the continued build-out of E85 infrastructure to ensure E85 compatibility.

States with a lot of ethanol production may benefit from passing statewide tax incentives designed to incentivize local use of ethanol. In Chapter 9, I discussed the potential benefits of shifting federal income taxes to gasoline taxes. This could also be carried out on a state level. Iowa, for instance, has a state sales tax, an income tax, and property taxes. If the state could implement a higher tax on gasoline, it could keep the tax burden constant by lowering any or all of the other taxes. The benefit would be to make E85 in Iowa more consistently price competitive with gasoline, which would make the state more energy independent. The local economy would also be more resilient as more dollars that are spent on fuel would stay in the state, supporting local farmers, ethanol plants, and related businesses.

The addition of blender pumps is also an option for increasing the market penetration of ethanol. Blender pumps give consumers a choice of how much ethanol they want in their gasoline, and does not limit them to either regular gasoline (generally E10) or E85. Consumers could choose to have 20%, 30%, or 50% ethanol in their fuel. Some consumers who aren't immediately comfortable with the idea of E85 could first experiment with lower blends to determine optimal performance for their vehicles.

Summary

U.S. ethanol policy has resulted in the development of a large corn ethanol industry in the Midwest. While corn ethanol has been criticized on several points, it enjoys great support among Midwestern lawmakers, and will therefore be a part of U.S. energy policy for many years to come. So the best course of action is to pursue policies that address some of corn ethanol's shortcomings.

Current U.S. energy policy results in a little bit of ethanol being distributed across the U.S. It is inefficiently transported from the Midwest to coastal states, while at the same time oil imports continue to flow into the Midwest. A portion of these imports comes from places like Venezuela and the Middle East, who are not necessarily sympathetic to U.S. interests.

My view is that instead of exporting ethanol from the Midwest to New York and California (or even out of the country), we should make sure that E85 dominates the local Midwestern markets and backs out crude oil from unstable and hostile suppliers. If ethanol is a true alternative to oil, then there is no reason that it shouldn't out-compete oil in its own backyard.
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U.S. Energy Politics
The Elusive Goal of Energy Independence


Fool me once, shame on you. Fool me twice, shame on me. Fool me eight times…I must be an idiot.



—Jon Stewart, The Daily Show

The current U.S. president and the past seven U.S. presidents—five Republicans and three Democrats presiding over a span of over four decades—have publicly declared that U.S. dependence on foreign oil is a national security risk. They have all stressed the need for a comprehensive energy policy to reduce U.S. dependence on foreign oil and improve U.S. energy security. The result? Oil demand and oil imports climbed mostly unabated across the terms of those eight presidents.

In this chapter I will examine the energy policy initiatives of those eight presidents and explore the reasons for the disconnect between what those presidents sought to achieve and what they actually achieved (or failed to achieve).

Forty Years of Growing Dependence

This chapter's introductory quote by my favorite comedian, Jon Stewart, comes from a brilliant segment he did following the Deepwater Horizon oil spill in April 2010. The segment, called “An Energy-Independent Future,”i has Stewart playing video clips from President Obama and the past seven presidents in which each of them voices concern that U.S. dependence on imported oil is a pressing problem that must be solved and offers up their proposed solutions.

They all had a plan. As Stewart noted, “Counting Barack Obama, the last eight presidents have gone on television and promised to move us toward an energy-independent future.” How did they fare? Figure 14-1 tells the tale (numbers 1–12 along the Imports line are explained in the following section).
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Figure 14-1. U.S. oil consumption and imports through four decades of U.S. presidents (Data sources: BP Statistical Review of World Energy 2011 and the Energy Information Administration)

U.S. Presidents and Oil Production and Consumption: A Chronology

As previously noted, above the Imports line in Figure 14-1 is a series of numbers, 1–12. These numbers represent the inauguration dates for President Obama and his seven predecessors, including second terms where applicable. The following chronology coincides with those dates and briefly describes what happened with domestic oil production, consumption, and imports during each term:


	Richard Nixon is inaugurated as the 37th president on January 20, 1969. When President Nixon took office, U.S. oil production was nearing its peak after over 100 years of increasing production. Imports made up 10% of U.S. consumption. In 1970, U.S. oil production reached 9.6 million barrels per day and began a long, steady decline.

	Richard Nixon begins his second term on January 20, 1973. U.S. oil production had declined to 9.2 million bpd while consumption had increased by 3 million bpd from the first year of Nixon's first term. As a result, oil imports would more than double during Nixon's presidency, and American citizens would learn the danger of the dependence on imports with the OPEC Arab oil embargo of 1973.

	Gerald Ford is inaugurated as the 38th president on August 9, 1974 after Nixon resigns in disgrace. During President Ford's term in office, domestic oil production continued to decline. Consumption and imports continued to grow, and both were at all-time highs during Ford's last year in office.

	Jimmy Carter is inaugurated as the 39th president on January 20, 1977. Recent trends in consumption, production, and imports all reversed themselves during President Carter's presidential term. Consumption fell by 2%, U.S. production increased by 6%, and imports—after initially rising to record highs during his first year in office—were a fraction of a percentage lower at the end of his term than during Ford's last year in office. Factors beyond Carter's control—such as the Iranian Revolution and the Iran–Iraq War—heavily influence the oil markets.

	Ronald Reagan is inaugurated as the 40th president on January 20, 1981. Oil consumption continued to decline during most of President Reagan's first term, and oil production crept back to levels that had not been seen in a decade. Oil imports fell by 35% during his first term.

	Ronald Reagan begins his second term on January 21, 1985. The trends from his first term all reversed themselves, as consumption rose 10%, domestic production fell by 8%, and oil imports increased by 49%.

	George H. W. Bush is inaugurated as the 41st president on January 20, 1989. Consumption fell slightly during his term, but domestic production fell even more—down 12%. Imports increased by 19%, back above 6 million bpd for the first time since the 1970s.

	Bill Clinton is inaugurated as the 42nd president on January 20, 1993. During his first term, consumption increased by another 7%, domestic production fell by 10%, and imports increased by another 23%—exceeding 7 million bpd for the first time in U.S. history.

	Bill Clinton begins his second term on January 20, 1997. His second term trends were almost identical to those of his first term: consumption rose by another 8%, domestic production fell by another 10%, and imports increased by an additional 21%. Consumption and oil imports were at all-time highs, and production had fallen 40% from the 1970 production peak.

	George W. Bush is inaugurated as the 43rd president on January 20, 2001. During his first term, consumption climbed above 20 million bpd for the first time in the nation's history. Imports also reached new highs, above 10 million bpd. Domestic production continued to fall.

	George W. Bush begins his second term on January 20, 2005. During Bush's second term, consumption began to decline as the nation entered a recession and oil prices reached record highs, and imports fell back to below 10 million bpd. The decline in domestic production continued, albeit at a slower rate of decline than during his first term. During Bush's last year in office, the level of imports reached just over 50% of U.S. consumption.

	Barack Obama is inaugurated as the 44th president on January 20, 2009. The economic sluggishness continues, and consumption and imports both initially declined before heading back up. Domestic production grew in each of President Obama's first three years in office, increasing 14% from Bush's last term in office.



Synopsis

While there was certainly variation across the terms of these presidents, the general trend was one of increasing consumption, decreasing domestic production, and increasing imports. Over the course of four decades, consumption increased from 14 million bpd to above 20 million bpd, domestic production fell from 9.6 million bpd to 5 million bpd, and imports grew from 1.4 million bpd to over 10 million bpd. Imports increased during this span of time from 10% of overall consumption to 50% of overall consumption, pushing the U.S. ever further from the stated goal of energy independence.

Of course, there were many factors contributing to the changes in consumption and production that went well beyond the policies of different presidential administrations. There were price spikes, recessions, wars, and supply gluts—all of which influenced demand for oil. Production from the largest field ever discovered in the U.S.—Prudhoe Bay in Alaska—began in 1977 following the completion of the Alaska Pipeline, and this reversed the oil production decline in the late 1970s. Improvements in oil recovery technologies slowed the rate of decline in U.S. oil fields.

The population of the U.S. increased by 52% between Nixon's first term and Obama's first term, and U.S. gross domestic product (inflation-adjusted) more than tripled. Since oil consumption only increased by a little over 40% over that time, energy efficiency clearly improved in the U.S. The energy required to produce a unit GDP in the U.S. fell by more than half over the past four decades.ii

In addition to the many factors impacting upon oil supply and demand, the impact of one president's policies often extends into future presidential administrations.

Let's now examine some of the energy policy highlights of the past eight presidents.

Richard Nixon


Let us set as our national goal, in the spirit of Apollo, with the determination of the Manhattan Project, that by the end of this decade we will have developed the potential to meet our own energy needs without depending on any foreign energy source.



—President Nixon (November 7, 1973)

When President Nixon took office in 1969, concerns about energy were not high on the list of American priorities. That would change dramatically during Nixon's presidency. Beginning in 1971, the Nixon administration began a series of price-control measures designed to combat rising inflation. By the summer of 1972, there were long lines at gasoline stations in some regions as shortages of gasoline were dealt with by rationing.iii


[image: Image] Did you know? President Nixon instituted the first price controls in 1971, which led to long gas lines and rationing in the summers of 1972 and 1973—before the OPEC oil embargo.



But the defining energy event for the administration would not happen until October 1973. In that month, OPEC dramatically increased the posted price of oil, and in response to U.S. support for Israel during the Yom Kippur War, the Arab members of OPEC announced an oil embargo against the U.S. The embargo was ultimately expanded to a number of other countries, and the result was a rapid quadrupling in the price of oil.

In response, Nixon instituted additional price controls and began rationing oil to states based on 1972 levels of consumption. On November 7, 1973, Nixon announced Project Independence, the stated goal of which was energy independence for the U.S. by 1980 through conservation and alternative energy initiatives. That same month, Nixon increased funding for mass transit, and he authorized the Trans-Alaska Pipeline by signing legislation that cleared away legal challenges from those opposed to the pipeline. Soon after, the National Maximum Speed Law was passed, reducing the maximum speed limit nationwide to 55 miles per hour.


[image: Image] Did you know? There were a number of notable environmental accomplishments during the Nixon years (although not all were attributable to him). The Environmental Protection Agency was established, the Clean Water Act and Clean Air Act were passed, Earth Day was first observed, and National Arbor Day was standardized as a national holiday.



The oil crisis emphasized the risks from increased dependence on imported oil. The sharp run-up in price contributed to a deep economic recession in the U.S., and it represented the initial stages of what would become a massive transfer of wealth from the U.S. to oil-exporting countries. Despite Nixon's goal of energy independence by the end of the decade, the level of oil imports by 1980 was more than 50% greater than during his last year in office.

Gerald Ford


I am recommending a plan to make us invulnerable to cutoffs of foreign oil. It will require sacrifices, but it—and this is most important—it will work.



—President Ford (January 15, 1975)

Gerald Ford was nominated to be vice president under Nixon on October 12, 1973. This was less than one week before the OPEC Arab oil embargo began, so Ford had a high-profile seat from which to watch events unfold.

When Ford became president in August 1974—following Nixon's resignation—addressing the U.S. loss of energy independence was high on his list of priorities. In his 1975 State of the Union address, he stated, “Our growing dependence upon foreign sources [of petroleum] has been adding to our vulnerability for years and years, and we did nothing to prepare ourselves for such an event as the embargo of 1973.”

In his address, Ford proposed a number of specific initiatives designed to reduce growing dependence on foreign oil. He promoted expanded use of coal and nuclear power, development of synthetic fuels and shale oil resources, and he proposed tax credits to help homeowners with the cost of installing insulation. He set forth goals to reduce oil imports by 1 million bpd by the end of 1975 and by 2 million bpd by the end of 1977. But he also pushed out to 1985 Nixon's goal of energy independence by 1980.

However, Ford faced a hostile Congress that sometimes openly questioned the political legitimacy of his presidency since he had ascended to the vice presidency and the presidency without having been elected. When Ford moved to increase import fees on petroleum imports, Congress passed a law delaying implementation of the fee increase (which Ford then vetoed).

Two Ford proposals for eliminating the federal ceiling on domestic oil prices were rejected by Congress, and Ford vetoed a proposal to extend the ceiling.

But Ford did have some energy policy successes. In December 1975, the Strategic Petroleum Reserve (SPR) was established when the Energy Policy and Conservation Act (EPCA) was passed by Congress. The law was designed “to reduce the impact of severe energy supply interruptions” such as the interruption from the OPEC embargo. EPCA also extended the Emergency Petroleum Allocation Act of 1973—which had established price controls on petroleum—and for the first time set federal standards for fuel efficiency in new cars.

Some of the policies from Ford's tenure have had a lasting impact. Fuel efficiency in cars initially rose rapidly following implementation of the Corporate Average Fuel Economy (CAFE) standards in 1978. A 2002 study by the National Academy of Sciences concluded that motor vehicle fuel usage was 14% lower in 2002 than it would have been in the absence of fuel efficiency standards.iv

The SPR is also still an important tool of energy policy today, and has been utilized several times to stave off supply disruptions. However, it has also been used for political purposes in an attempt to manipulate the price of crude even in the absence of a supply disruption (as discussed later in the chapter, in the sidebar “Political Games with the SPR”).

But even though Ford's tenure was shorter than the normal four-year presidential term, crude oil consumption and imports both rose sharply between his first year and last year in office. Thus, despite the best efforts of Nixon and Ford, the next president took over a nation that was more dependent on foreign oil than ever before.

Jimmy Carter


In little more than two decades we've gone from a position of energy independence to one in which almost half the oil we use comes from foreign countries, at prices that are going through the roof. Our excessive dependence on OPEC has already taken a tremendous toll on our economy and our people. This is the direct cause of the long lines which have made millions of you spend aggravating hours waiting for gasoline. It's a cause of the increased inflation and unemployment that we now face. This intolerable dependence on foreign oil threatens our economic independence and the very security of our nation. The energy crisis is real. It is worldwide. It is a clear and present danger to our nation. These are facts and we simply must face them.



—President Carter (July 15, 1979)

Of the past eight presidents, President Obama included, perhaps Jimmy Carter was the one most openly vocal about the need to reverse growing U.S. dependence on foreign oil. He was brutally honest with the American people about the need to act, and about the consequences if we did not. But his message was not entirely well received.

When Carter took over as president in 1977, oil imports had increased by 370% from Nixon's first year in office, 1969. Oil consumption was at an all-time high, and domestic production was down 14% from the 1970 peak.

Only three months into office, Carter delivered a major speech in which he described the energy situation as “the greatest challenge our country will face during our lifetimes” outside of preventing war. He predicted that the prob-lem was going to get progressively worse through the end of the century.

But Carter underestimated the amount of oil still to be produced. At the time of his 1977 speech, the world consumed 60 million bpd. He noted that demand was increasing by 5% each year, and that—due to production declines in existing fields—just to maintain production at 1977 levels would require “the production of a new Texas every year, an Alaskan North Slope every nine months, or a new Saudi Arabia every three years.” Carter stated that this obviously could not continue, but then oil production continued to expand for the next 30 years (albeit not at 5% per year).

The goal Carter set forth was that the U.S. would never again use more foreign oil than it did in 1977. He proposed initiatives such as insulating 90% of U.S. homes and all new buildings, establishing a six-month supply of oil in the SPR, placing import quotas on foreign oil, increasing usage of solar power, and increasing production of coal.

In August 1977, Carter signed into law the Department of Energy Organization Act of 1977, which created the Department of Energy (DOE). The DOE was established as a cabinet-level department originally designed to consolidate several energy-related government agencies, including the Federal Energy Administration and the Federal Power Commission.

In a much-maligned speech in July 1979 (commonly referred to as Carter's “national malaise” speech), Carter acknowledged that these programs would cost a lot of money, and urged windfall profits taxes on oil companies to pay for them. His justification for these taxes was that if oil price controls were gradually ended—as he also proposed—oil companies would receive “huge and undeserved windfall profits” as oil prices began to rise.

In 1980, Carter signed into law the Crude Oil Windfall Profits Tax Act, which imposed a 70% tax on the price of oil above a $12.81 per barrel threshold. The tax was forecast to raise $178 billion to $277 billion over 13 years, but by the time it was abolished in 1988 it had raised only $40 billion.


[image: Image] Did you know? The Three Mile Island nuclear power plant core meltdown in Pennsylvania took place in 1979, Carter's third year in office.



Many of Carter's proposals were advanced with the Energy Security Act (ESA) of 1980. Included within the ESA were programs to increase the production of gasohol (gasoline/ethanol blends) via loan guarantees for biomass and alcohol fuels projects.

The ESA also included the U.S. Synthetic Fuels Corporation Act, which established the Synthetic Fuels Corporation (SFC)—a government-funded corporation with the purpose of developing a synthetic liquid fuels industry. But technical challenges and cost overruns ultimately doomed the SFC to failure, and this failure is sometimes cited by critics as an example of why the government should leave the energy business to the free markets.

A cursory look at the oil production and consumption trends under Carter would suggest that his proposals were highly successful. U.S. consumption and imports both fell during his term, and domestic production reversed a six-year decline. However, it is important to note other world events that were taking place during his term, and that impacted world oil markets.

Beginning in 1978, protests in Iran—which ultimately culminated in the Iranian Revolution—reduced Iran's oil production from 6 million bpd to 1.5 million bpd. This resulted in a dramatic increase in world oil prices. The situation worsened when Iraq invaded Iran in 1980, and by 1981 the combined output of the two countries had fallen by 5.6 million bpd from 1978 levels.

The result is known as the 1979 oil crisis. It was the first major oil crisis to impact the U.S. since the 1973 OPEC embargo. The price of oil increased by 160% in two years, from $14.55 in 1978 to $36.00 in 1980. A sharp increase in prices generally has an impact on consumption, and this is at least part of the reason consumption and imports were down during the Carter administration.

Carter was also fortunate enough to be in office when the Prudhoe Bay oil field began production in 1977 upon completion of the Alaska Pipeline. Thus, the energy policy decisions made by previous administrations to approve the pipeline manifested themselves as increased oil production during the Carter administration. Excluding Alaska, production in the Lower 48 U.S. states declined by over 10% during Carter's term.

Carter was perhaps ahead of his time, as many of his energy policy ideas still have a great deal of support today. He was thoroughly engaged on energy issues throughout his presidency, and he understood the growing risks from dependence on foreign oil. But Americans were frustrated with high inflation, high oil prices, and a stagnant economy, and so they voted Carter out of office in 1980 in favor of someone who had very different ideas about the direction the country needed to go.

Ronald Reagan


Our national energy plan should not be a rigid set of production and conservation goals dictated by government. Our primary objective is simply for our citizens to have enough energy, and it is up to them to decide how much energy that is, and in what form and manner it will reach them. When the free market is permitted to work the way it should, millions of individual choices and judgments will produce the proper balance of supply and demand our economy needs. Overall, the outlook for this country's energy supplies is not nearly as grim as some have painted it, although our problems are not all behind us.



—President Reagan (July 17, 1981)

When Ronald Reagan took office in 1981, crude oil prices were still hovering near all-time highs. But Reagan took a very different approach from Carter's proactive attempts to deal with the energy issue. Reagan believed that the free market was the best solution to the energy crisis, and his policies reflected that.

He accelerated the phase-out of the price controls on domestic oil production, let the tax credit on solar power expire, abolished the U.S. Synthetic Fuels Corporation, and repealed the Crude Oil Windfall Profits Tax Act that had been signed into law under President Carter. Reagan also famously removed from the White House the solar panels that Carter had installed during his term.


[image: Image] Did you know? The Chernobyl nuclear disaster in the Ukraine took place in 1986, prompting President Reagan to sharply criticize the secrecy the Soviet government originally attempted to maintain about the incident.



Reagan was a strong supporter of developing domestic energy, and he pushed to have more federal resources opened to exploration and development. He unsuccessfully advocated for the opening of parts of the Arctic National Wildlife Refuge (ANWR) for development.

Reagan was also an advocate of nuclear energy, signing several pieces of legislation during his tenure. Nuclear production overtook hydropower to become the second largest provider of electricity in the U.S (behind coal) while Reagan was in office.

The Strategic Petroleum Reserve was viewed by Reagan as an important part of emergency preparedness, and he supported the government's role in stocking the SPR with crude oil. The SPR reached the 250 million barrel mark during Reagan's first term and the 500 million barrel mark during Reagan's second term.

POLITICAL GAMES WITH THE SPR


The OPEC oil embargo of 1973 emphatically demonstrated the vulnerability of the U.S. to disruptions in oil supplies. In 1975, President Ford signed legislation that (among other things) would establish a petroleum reserve of up to 1 billion barrels of crude oil. The Strategic Petroleum Reserve was the result, and oil began to fill the SPR two years later.

The Energy Policy and Conservation Act (EPCA) states that oil can be released onto the market from the SPR if the President determines that there is a “severe energy supply interruption” or if the President declares that a condition “exists that constitutes, or is likely to become, a domestic or international energy supply shortage of significant scope or duration.”

Oil has been released from the SPR under those conditions three times.

In 1991, President George H. W. Bush announced that the U.S. would release a portion of the SPR to stabilize the oil markets as military action began against Iraq; 17.3 million barrels were released.

In 2005, President George W. Bush authorized a release in the wake of Hurricane Katrina, which sidelined oil production in the Gulf of Mexico. The total release—which included emergency loans as well as direct sales—was 20.8 million barrels.

In 2011, President Obama authorized a release of 30 million barrels in response to the loss of production during Libya's civil war. The release was coordinated with the International Energy Agency (IEA), whose member countries also released 30 million barrels.

But many politicians have sought to use the SPR for political purposes. In 1996—an election year—President Clinton used the SPR in an effort to reduce oil prices. Senator Chuck Schumer lobbied to have the SPR tapped in 1999, when he cited oil's “meteoric ascent to nearly $25 per barrel” as justification for withdrawing oil from the SPR. As gasoline prices reached $1.33 a gallon, Schumer declared that this was a “crisis” and he introduced legislation to make it easier to use the SPR as a tool against high oil prices.

In 2011, Congressman Ed Markey introduced similar legislation that called for a release from the SPR to combat rising prices. The irony in Markey's request is that he is one of the most outspoken members of Congress on the need to reduce CO2 emissions. Demand for oil had fallen sharply in the U.S. due to high prices (and hence, oil-related CO2 emissions had also fallen), but Markey wanted to use the SPR to lower oil prices—which would result in higher demand and higher CO2 emissions. Hence, his two positions were inconsistent: he wanted lower CO2 emissions and lower oil prices.

In any case, use of the SPR to control oil prices puts the U.S. government in the role of an oil speculator. It is hard to imagine that oil prices today would have been materially different had the government released oil in 1999 in response to the “crisis” of $25/barrel oil. In all likelihood, the oil would have been replaced at a higher price than $25/barrel—a bad deal for taxpayers.

Higher oil prices do not constitute an oil supply emergency. They are an inconvenience. Supply disruptions such as the 1973 oil embargo—the spark that caused the SPR to be created in the first place—can result in no fuel at the service station. That can be an oil supply emergency, and the SPR should be saved for those sorts of events. If we end up draining the SPR in a series of futile attempts to control oil prices, then how will we cope with a true supply emergency?



During Reagan's first term, oil production continued the expansion that began under Carter, primarily driven by increasing production from the Prudhoe Bay oil field. Imports and consumption continued to fall throughout Reagan's first term, primarily in response to continued high oil prices and a recession that began during his first year in office.

However, the trends in domestic production, consumption, and imports reversed themselves during Reagan's second term. Years of high prices had brought online substantial oil capacity outside of OPEC and had reduced demand for oil. Prudhoe Bay was also reaching peak production. Despite OPEC's best attempts to cut production to hold prices up, an oil glut developed and oil prices collapsed in 1986—dropping more than 50% from 1985 levels.

Low oil prices provided a disincentive for domestic production, and Prudhoe Bay production peaked in 1988. Thus, the decline in U.S. production that had reversed itself as Prudhoe Bay ramped up continued, and it would not reverse direction for the next 22 years.

But low prices also spurred demand, and when Reagan left office, imports and consumption were starting to trend higher. Both were at the highest levels of Reagan's presidency when Vice President George H. W. Bush was elected to the presidency.

George H. W. Bush


But we are, I will be the first to concede, a long way from total energy independence. Our imports of foreign oil have been climbing steadily since 1985 and now stand at 42 percent of our total consumption. Too many of those oil imports come from sources in troubled parts of the world.



—President Bush (February 20, 1991)

George Bush had been in the oil business in Texas before entering politics. As president, oil would play a major role in his foreign policy decisions, the most notable of which culminated in the Persian Gulf War.

Following its war with Iran—which also corresponded to the global collapse in oil prices—Iraq was in desperate financial shape and deeply in debt to Kuwait and Saudi Arabia. Iraq partially blamed Kuwait for depressed oil prices, accusing it of overproducing its quota. Iraq further claimed that Kuwait was stealing Iraq's oil by slant drilling into oil fields in Iraqi territory.


[image: Image] Did you know? In 1989, the Exxon Valdez oil tanker ran aground and spilled hundreds of thousands of barrels of oil in Alaska's Prince William Sound.



Saddam Hussein's saber rattling with Kuwait finally led to action as Iraq invaded and overran Kuwait in August 1990. U.S. troops were immediately deployed to Saudi Arabia at the request of Saudi Arabia's King Fahd to deter Hussein from advancing into Saudi Arabia.

On August 8, 1990, Bush addressed the nation, demanding that Iraq immediately withdraw from Kuwait. Bush cited the potential economic threat from Iraq's invasion:


Iraq is already a rich and powerful country that possesses the world's second largest reserves of oil and over a million men under arms. It's the fourth largest military in the world. Our country now imports nearly half the oil it consumes and could face a major threat to its economic independence. Much of the world is even more dependent upon imported oil and is even more vulnerable to Iraqi threats.



The price of oil responded quickly to the invasion. By October 1990 oil prices had more than doubled from their levels three months earlier. Throughout the remainder of the year, the U.S. pursued diplomatic efforts and put together a coalition of forces to join in ousting Iraq from Kuwait.

In January 1991, the U.S. began military action against Iraq. In order to calm the oil markets, Bush ordered the first-ever emergency sale of crude oil from the Strategic Petroleum Reserve. The military campaign was over relatively quickly, and crude oil prices returned to their levels from before the war. But the precedent for U.S. military action in the Middle East to maintain stable oil supplies had been set.

The Gulf War was the defining energy event of Bush's administration, but there were other noteworthy developments. Due to environmental concerns, in 1990 Bush signed an executive moratorium banning offshore oil developments outside of the western Gulf of Mexico and certain parts of Alaska. The ban impacted the North Atlantic, Pacific Coast, New England, Mid-Atlantic, and the eastern Gulf of Mexico.v


[image: Image] Did you know? The executive moratorium on drilling put in place by President George H. W. Bush in 1990 was lifted by his son, President George W. Bush, in 2008.



Bush also signed into law a comprehensive energy package—the Energy Policy Act of 1992 (EPAct). A wide range of energy issues was addressed in EPAct, including energy efficiency standards for buildings and appliances, energy conservation, and the promotion of use of alternative energy vehicles.

Bill Clinton


I am today concurring with the Department of Commerce's finding that the nation's growing reliance on imports of crude oil and refined petroleum products threaten the nation's security because they increase U.S. vulnerability to oil supply interruptions.



—President Clinton (February 16, 1995)

The year Bill Clinton became president, oil consumption was on the rise, oil imports were at an all-time high, and domestic production was at its lowest level since the 1950s. However, Clinton's two terms in office also corresponded with oil prices that were both lower and less volatile than those in the 1980s, and thus the idea of energy independence likely assumed a lower priority with the public than it had held in the 1970s and 1980s.

Still, there were some significant energy initiatives during the Clinton years. The Partnership for a New Generation of Vehicles (PNGV) was founded by the Clinton administration in 1993 as a venture between the U.S. government and major automobile makers including Chrysler, Ford, and General Motors. The purpose of the program was to develop vehicles with a fuel efficiency of up to 80 miles per gallon.

The PNGV identified several fruitful areas for increasing fuel economy, including lighter vehicles, higher engine efficiency, hybrid vehicles, and regenerative braking. The three major automakers—Chrysler, Ford, and GM—all built hybrid concept cars capable of achieving at least 72 mpg. However, the program was cancelled following Clinton's presidency by the George W. Bush administration.

As part of his deficit reduction plan in 1993, Clinton also pushed through a federal gasoline tax increase of 4.3 cents per gallon. The initial proposal had been for a 9-cent-per-gallon increase, but after fierce opposition in the Senate, the amount was reduced. There have been no federal increases in gas taxes in the U.S. since the 1993 increase.

The Clinton presidency marked the end of 12 years of Republican rule, and Clinton's priorities on energy and the environment sharply differed in some areas from those of Reagan and Bush. For example, Reagan was a proponent of developing the oil reserves in ANWR, but Clinton vetoed a bill from the Republican-majority House that would have allowed drilling in ANWR.

The Clinton administration also helped negotiate the Kyoto Protocol, which set targets for reducing greenhouse gas emissions. However, even though Clinton signed the protocol, the Senate voted 95-0 for a resolution to reject it on the grounds that developing countries were not being asked to make serious emissions cuts. So the administration decided not to send the Kyoto Protocol to the Senate for ratification.

In 1977, as the attorney general of Arkansas, Clinton had opposed the construction of a new nuclear power plant, arguing that increased efficiency was a cheaper route to meeting future energy needs. His opposition to nuclear power was still evident 20 years later, when nuclear power was conspicuously absent in his discussions regarding his administration's energy priorities. And in 2011, Clinton was critical of the Obama administration's loan guarantees for future nuclear power plants, arguing that the plants were too vulnerable to natural disasters and did not create many jobs.vi

In 2000, the last year of Clinton's second term, oil consumption was at an all-time high (the economy had been expanding for nearly a decade), oil imports were at an all-time high, and domestic production had fallen to a 50-year low. The situation seemed ripe for a rise in oil prices.

George W. Bush


Keeping America competitive requires affordable energy. And here we have a serious problem: America is addicted to oil, which is often imported from unstable parts of the world.



—President Bush (January 31, 2006)

The George W. Bush presidency was extremely eventful in terms of energy developments. Among the events occurring during his two terms in office were the September 11 terrorist attacks followed by a war with Afghanistan, another war in the Persian Gulf, major hurricanes that interrupted supplies and caused record gasoline price spikes, an almost uninterrupted increase in the price of oil, and passage of some major pieces of energy legislation that led to a massive expansion of biofuel production.

Like his father, George W. Bush had ties to the oil industry. Even Bush's vice president, Dick Cheney, was an ex-oilman, having served as the CEO of oil field–services company Halliburton. Thus, the administration would come under heavy criticism at times for being too cozy with the oil industry.

Within two weeks of taking office, Bush named Cheney as the chairman of the National Energy Policy Development Group (NEPDG).1 The group's purpose was to “develop a national energy policy designed to help the private sector, and, as necessary and appropriate, state and local governments, promote dependable, affordable, and environmentally sound production and distribution of energy for the future.” vii

___________________


1 Also commonly referred to as the Energy Task Force.



The group's work culminated in the release of the National Energy Policy (NEP) in May of 2001. The report warned that in the years ahead, America would face the most serious energy shortages since the 1973 oil embargo. The report made specific recommendations designed to meet five goals:


	Modernize conservation

	Modernize U.S. energy infrastructure

	Increase energy supplies

	Accelerate the protection and improvement of the environment

	Increase U.S. energy security



The NEPDG came under criticism because its activities were not made public and critics charged that the oil industry heavily influenced the outcome. In fact, many of the report's recommendations were focused on increasing domestic oil supplies and ensuring that the U.S. maintained access to supplies abroad. However, continued access to oil was only one part of a comprehensive energy plan detailed in the report.

One area in which the group made specific recommendations was in the use of renewable and alternative energy. Among the recommendations were an expansion of a tax credit for landfill methane projects, acceleration of the permitting process for geothermal projects, expansion and extension of the tax credits for electricity produced from wind and biomass, a new tax credit for residential solar installations, a continuation of the ethanol tax exemption, an income tax credit for the purchase of hybrid or fuel-cell vehicles, and the development of hydrogen and fusion technologies.

President Bush aggressively pursued development of hydrogen power. In 2002, Bush replaced Clinton's PNGV with FreedomCAR,2 which was a program designed to produce affordable cars powered by hydrogen fuel cells.

In his 2003 State of the Union address, Bush proposed $1.2 billion to develop hydrogen vehicles:

_____________________


2 CAR stood for Cooperative Automotive Research.




A simple chemical reaction between hydrogen and oxygen generates energy, which can be used to power a car, producing only water, not exhaust fumes. With a new national commitment, our scientists and engineers will overcome obstacles to taking these cars from laboratory to showroom, so that the first car driven by a child born today could be powered by hydrogen, and pollution-free.



Bush's hydrogen initiatives had numerous critics—myself included—on the basis that there were far too many major technical challenges to overcome and that this was not the best investment of tax dollars for alternative energy. The criticisms were seemingly validated in 2009. After nearly $2 billion had been spent on the program, Obama's new secretary of energy, Steven Chu, announced that funding for the program would be cut because, in the Obama administration's view, a hydrogen economy was unlikely within the next 20 years.

2003 also ushered in a new conflict in Iraq. The stated reason for the U.S. invasion was to prevent Iraqi president Saddam Hussein from obtaining and deploying weapons of mass destruction. However, the location of Iraq and its potential to disrupt the international oil markets certainly factored into the decision. After all, there are other dangerous dictators around the world who are largely ignored because they pose no real threat to the oil markets.

In 2005, Bush signed the Energy Policy Act of 2005 (EPAct2005). The act had numerous provisions across the energy space, including incentives for nuclear power, fossil fuel production, biofuels, wind power, geothermal power, solar power, and ocean power—and was arguably the most important piece of legislation ever passed for ethanol producers.

Ethanol production in the U.S. had been subsidized with tax credits for decades, but EPAct2005 for the first time established a Renewable Fuel Standard (RFS) that mandated specific volumes of ethanol that had to be blended into motor fuel. After the RFS was established (and expanded in 2007), the ethanol industry entered the fastest growth period in its existence. Thus, George Bush the oilman oversaw the largest expansion of biofuels in the nation's history.

In his 2006 State of the Union address, Bush famously stated that the U.S. was “addicted to oil” and that his administration had spent $10 billion to develop alternative energy since 2001. Yet during that time, consumption had increased and domestic production had fallen, leading to record-high oil imports.

In his 2007 State of the Union address, Bush called for reducing U.S. gasoline consumption by 20% in the next ten years, which became known as the “Twenty in Ten” goal. Later that year, Bush signed the Energy Independence and Security Act of 2007 (EISA), which was designed to meet those objectives. The EISA expanded the Renewable Fuel Standard program (RFS2) to accelerate and increase the volumes of ethanol that had to be blended into the fuel supply, and it established new categories of renewable fuel.

One of the biggest stories of the Bush administration was the volatility of oil prices when he was in office. During Bush's first week in office in 2001, the price of West Texas Intermediate crude was $31 a barrel. In 2004, the price breeched $50 a barrel, and then in the wake of Hurricane Katrina, in 2005, the price nearly reached $70 a barrel. In 2008, the price crossed the $100 threshold on the way to $147. But then a recession brought prices crashing back down, and during Bush's last week in office, in 2009, the price of WTI was back under $40/barrel (but not for long).

Barack Obama


We have known for decades that our survival depends on finding new sources of energy. Yet we import more oil today than ever before.



—President Obama (February 24, 2009)

Before President Obama was elected, he campaigned on familiar themes. He said that a major priority would be to end dependence on oil from the Middle East and Venezuela within ten years. The core of his energy policy would revolve around a $150 billion investment in renewable energy that he estimated would create 5 million new jobs. Domestic drilling, he said, would be a stop-gap measure.

Obama promised to help retool U.S. automakers to produce more fuel-efficient cars, to tap domestic natural gas resources, and to develop new clean coal technologies. He took a cautious approach with nuclear power, promising to find a way to safely harness it but never pushing it as a major piece of his platform.

Prior to being elected, candidate Obama took a hard stance against domestic oil producers, declaring that it was not fair that they were making record profits in tough economic times. He promised to implement a windfall profits tax that would be used to rebate $1,000 back to American families. He also said that he would take a “use it or lose it” approach to existing oil and gas leases, arguing that oil companies were leasing lands that they were not developing.

By the time Obama was inaugurated, the U.S. was in the midst of a recession and oil prices had plummeted from record prices of the summer of 2008. To facilitate his technology-centric energy policy, he tapped Nobel Prize–winning physicist Steven Chu as his energy secretary.

In February 2009, Obama signed the American Recovery and Reinvestment Act of 2009 (ARRA), and one of Secretary Chu's immediate priorities became disbursement of more than $70 billion in ARRA funds dedicated to energy efficiency, clean energy, and transportation initiatives.

In June 2009, Obama signed the Supplemental Appropriations Act of 2009, which contained within it the Car Allowance Rebate System (CARS), commonly known as “Cash for Clunkers.” This program provided rebates for consumers who traded in their inefficient automobiles for more efficient models. The program proved extremely popular with consumers, and the initial $1 billion allocated for the program was quickly depleted. Congress then allocated an additional $2 billion, and ultimately a total of $2.9 billion in rebates was paid out under the program.

June 2009 also saw introduction of the American Clean Energy and Security Act of 2009 (ACES), which would have established a greenhouse gas emissions trading plan in the U.S. This bill was narrowly passed by the House of Representatives but failed to pass the Senate.

In February 2010, Obama announced over $8 billion in federal loan guarantees for the construction of the first new nuclear power plant in the U.S. in over 30 years. He noted that nuclear power has “serious drawbacks” but stressed that investing in nuclear power was a necessary step.

In March 2010, and in the face of oil prices that had recovered to above the $100/barrel mark, Obama announced that he would allow oil and natural gas drilling offshore along the Atlantic coastline, the eastern Gulf of Mexico, and the north coast of Alaska.

On April 20, 2010, the Deepwater Horizon drilling rig in the Gulf of Mexico suffered an explosion that killed 11 men. Over the next three months, millions of barrels of oil leaked from the sea floor into the Gulf of Mexico. Some supporters of expanded drilling reversed course as a result of the accident, and the Obama administration announced the suspension of planned exploration in two Alaska locations. It also canceled a pending lease sale in the Gulf of Mexico and another offshore in Virginia, extended a moratorium on deepwater drilling permits for six months, and suspended activities on 33 deepwater exploration wells in the Gulf.viii

In December 2010, the administration announced a seven-year ban on drilling in the eastern Gulf of Mexico and off the Atlantic Coast because a “more stringent regulatory regime” was needed.

In March 2011, the disaster at the Fukushima Daiichi nuclear power plant in Japan altered the debate over nuclear power in the U.S. The incident was a setback for Obama's nuclear power plans as it hardened objections against nuclear power within Obama's own party.

THE KEYSTONE PIPELINE DEBATE


One of the ongoing major energy policy debates during the Obama administration concerns the Keystone pipeline project. In 2008, TransCanada proposed an extension to the existing Keystone pipeline system, which delivers crude oil from Canada to refineries in the U.S. The extension, designated Keystone XL, requires U.S. State Department approval because the pipeline crosses the U.S–Canadian border.

The State Department issued a favorable environmental impact statement, noting in it that if the pipeline was rejected, Canada would “seek alternative transportation systems to move oil to markets.”

Growing indications that the pipeline would be approved by the Obama administration mobilized opposition against the pipeline. Huge protests against it were organized to occur outside the White House. The protesters demanded that President Obama live up to his campaign promises, because as a candidate Obama campaigned against the “tyranny of oil.”

The protesters cited several objections against the pipeline, but ultimately the objections came down to a desire to slow development of Canada's oil sands, the source of the oil for the pipeline. NASA scientist and Keystone opponent Jim Hansen said that the pipeline would be the “fuse to the biggest carbon bomb on the planet” and that if it were built it would be “game over” for the climate.

Proponents of the pipeline argued that it would enhance the energy security of the U.S. by opening up greater oil supplies from a friendly nation. They argued that if the pipeline was not approved, then Canada would likely build a pipeline to its West Coast and sell the oil to China. Or, they argued, Canada would simply keep moving the oil through existing pipelines, by truck, or by rail.

In the wake of the massive protests, the Obama administration blinked, announcing that it couldn't make a decision until early 2013—conveniently, after the 2012 presidential election. Opponents of the pipeline praised the decision. Pipeline proponents began to immediately use the (deferred) decision as a campaign issue against Obama, and they have made legislative attempts to authorize the pipeline despite the administration's decision.

My personal view is that it was not—as pipeline opponents have portrayed it—a courageous decision by the Obama administration. A courageous decision would have been to take a bold stand on one side of the issue or the other. This decision was not sound environmental or energy policy. Obama made a calculated political decision in order to try to appease the environmental constituency while still holding out the possibility for pipeline proponents that it may be ultimately approved.



In August 2011, Solyndra—a solar power company that had been a recipient of $535 million in loan guarantees under Obama's 2009 stimulus package—declared bankruptcy. As a result of the bankruptcy, taxpayers had to pay back the loan. The failure of Solyndra, as well as the failures of some other alternative energy companies that had received grants and loan guarantees, raised questions—especially among Obama's critics—about the efficacy of his clean energy initiatives.

In his 2012 State of the Union address, Obama announced that his administration would open more than 75 percent of potential offshore oil and gas resources to exploration and development. After noting that U.S. oil production was at an 8-year high and that dependence on foreign oil was at a 16-year low, he stressed his commitment to develop natural gas reserves in the U.S. He further said that the U.S. should stop subsidizing oil companies and direct the money instead to clean energy tax credits.

Some of Obama's initiatives will have a meaningful impact, some will have a modest impact—but at a very high cost—and some will have little impact or may even be counterproductive. But it will be several years before we can judge the impact of the entire Obama energy policy.

There is one great irony over oil production in the Obama administration. Obama is viewed as being not particularly friendly toward the oil-and-gas industry. Other than the concession to drilling that occurred prior to the Deepwater Horizon oil spill—which was later rescinded—few of his policies could be characterized as friendly to the industry. In fact, he criticized the oil industry in his 2011 State of the Union address and stated that it was in the business of producing “yesterday's energy.”

But the irony is that U.S. oil production under George W. Bush—whom everyone knows as an oilman sympathetic to the needs of the oil industry—fell every year he was in office. During Obama's first three years in office, oil production rose every year (see Figure 14-2). Further, in 2011, oil refiners actually became net exporters of finished products3 for the first time in decades, and fuel exports were the nation's highest-value export of the year.ix
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Figure 14-2. U.S. oil production under presidents Bush and Obama (Data source: Energy Information Administration)x

If this seems counterintuitive, that's not surprising. It is counterintuitive, but the explanation holds the key to why the past eight presidents have been unable to tame U.S. oil dependency.

___________________


3 Note that this is very different from being a net exporter of oil. The U.S. is still heavily dependent on oil imports to produce the exports; it just means that the U.S. exported more finished fuel than it imported.



Why Presidents Fail to Tame Oil Dependence

So why did the past seven presidents—using many different initiatives and approaches—fail to rein in 40 years of growing dependence on foreign oil?4 Why did they fail to rein in consumption, or reverse falling U.S. production?

The answer—in the simplest terms—is that presidents simply do not possess that kind of power in a democracy. Further, the fruits of the power they do wield will often not bear fruit for many years. Draconian measures may work to reduce oil imports or cut consumption, but draconian measures result in fierce opposition from political opponents and from the public. But even draconian measures will have a limited impact on a commodity that is global in nature and in high demand.

U.S. oil production didn't fall under Bush and rise under Obama based on the policies of these presidents. Production behaved according to policies that had been put in place years earlier, and in accordance with the behavior of oil prices in previous years. Jimmy Carter experienced a rise in oil production because the Alaska Pipeline—approved by Nixon—was completed while he was in office (see Figure 14-3). Obama experienced a rise in oil production following years of climbing oil prices, which increased the number of economically attractive oil projects and led to record capital expenditures by oil companies.

Ultimately, presidents don't have a lot of long-term influence on the oil markets for two reasons. First, although high prices are known to cut consumption and imports, consumers (a.k.a. voters) don't like to pay high prices, so any policy that a president puts in place that is perceived to cause oil prices to rise is a political liability.

___________________


4 I omit President Obama from this list because it is too early to determine whether his policies will ultimately succeed where others have failed.
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Figure 14-3. U.S. oil production under presidents Nixon, Ford, and Carter (Data source: Energy Information Administration)xi

The second reason is that the two major political parties in the U.S. have very different ideas about energy policy, and the policies of one administration are often overturned by the next administration. This results in an inconsistent energy policy, and uncertainty causes energy projects to be cancelled or delayed. Thus, passing new energy legislation every two to four years that sometimes changes the rules in the middle of the game has a detrimental impact on energy production—both fossil and renewable.

Summary

Four decades of presidents—from Nixon to Obama—all publicly fretted about the loss of energy independence for the U.S. They tried many different approaches to solving this problem—from serious intervention in the energy markets to letting the free market solve the problem. Many billions of dollars have been spent on programs with the intent of eliminating dependence on foreign oil. Yet in 1969, Americans depended on oil imports for 10% of their consumption, and in 2008 that number had risen to over 50% of consumption (but it has started to decline since then).

Presidents have underestimated the ability of domestic supplies to fill our needs, overestimated the ability of alternative energy to replace oil, and failed to pass policies that reined in growing consumption. These trends have put U.S. energy security at much greater risk than at the time of the OPEC oil embargo of 1973, and the longer they continue, the greater the threat to the U.S. economy.

Nevertheless, there have been periods during the previous seven administrations where the trends of declining domestic production and increasing consumption and imports reversed direction for a period of time. The U.S. is presently undergoing a reversal of years of declining oil production, and Goldman Sachs recently went so far as to project that by 2017 the U.S. would once more reign as the world's largest oil producer.xii To the contrary, I rather suspect the current situation is analogous to oil production during President Carter's administration, when the Alaska Pipeline provided but a brief respite from the annual production declines.
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The Road Ahead
Planning and Preparation


Knowledge of what is does not open the door directly to what should be.



—Albert Einstein

The primary message that I hope readers take away from this book is this: When it comes to energy, there is no free lunch. There are always trade-offs. Politicians often end up dictating our energy policies based on the perceived desires of the electorate, but the electorate is often woefully uninformed about energy issues. This often leads to ineffective or counterproductive energy policies. Hence, the first step toward improving energy policies is ensuring that citizens are well versed in energy issues.

The second major message I want readers to take away is that, despite assurances from people that there will be adequate supplies of oil for the next 50 years, or warnings from others that peak oil will soon send the world back to the Stone Age, the future is uncertain. So we have to plan for various possibilities.

The Three Tenets

Here is what I want in an ideal world: access to clean and affordable energy for everyone. A push for simply affordable energy may result in exploiting the dirtiest energy options on the planet. This is the driver behind the huge increases in carbon dioxide emissions in the Asia Pacific region over the past decade. Affordable energy is energy that is often used frivolously, and this is a problem when the affordable energy source is polluting.

On the other hand, a rush to clean energy may result in energy that is too expensive for many people to afford and supplies that are inadequate. So there have to be compromises.

Those compromises are what this book is about. We make these compromises without even realizing it, and very often they are made for us. Oil may be one of the cheapest liquid fuel options, but it comes with a price, and with risks. Corn ethanol comes with a price and with risks. So do nuclear power, wind power, hydropower, coal, and natural gas. The trick is in balancing the risk-to-reward ratio. How do we provide affordable energy for people at the lowest possible economic and environmental risk?

There are three broad tenets that largely define the positions I take.

Tenet One

Because fossil fuels are a depleting resource that present special economic and environmental risks, we must plan for an orderly transition to more sustainable energy sources.

I think everyone would broadly agree that this transition must occur, but some believe it needn't occur for years or decades, and others believe that the market will take care of the transition. In other words, they believe that as fossil fuels deplete, oil prices will skyrocket and alternatives will become competitive.

The inherent risk in this view is that we have seen how quickly oil prices can change, and alternatives can't scale quickly enough to fill supply shortfalls and prevent those price spikes. Thus, it is imperative to manage this transition via policies such as those I have put forth in the book. These policies are designed to have features that people with opposing viewpoints can agree to, but they will require some level of compromise on certain points.

Tenet Two

As we make the transition to an economy built on more sustainable sources of energy, we need to ensure that we have adequate energy supplies during the transition, and carefully evaluate the trade-offs from our energy policy decisions.

We must be aware of—and be willing to have a civil debate about—the inherent trade-offs in our energy choices. For example, there is a legitimate debate to be had about the impact of biofuels on food prices—a debate that has been characterized as “food versus fuel.” But it is important to keep in perspective that we need both food and fuel. Many things will increase the cost of food, including high oil prices. So while using arable land to produce biofuels could increase the price of food, it could also provide some competition to oil, potentially lowering overall energy costs. Thus, there are circumstances in which it is perfectly acceptable to use arable land to produce fuel, especially if the result is an overall lowering of the total cost of food plus fuel.

Of course, the reverse is true if the biofuel that is being produced is heavily dependent on fossil fuels for its production. In that case, it may take arable land out of food production and potentially even drive up the overall cost of energy. This is a worst-case scenario that we wish to avoid: higher food prices and higher energy prices without actually alleviating the dependence on fossil fuels. But we must be willing to have civil discussions on these issues in order to achieve the most desirable trade-offs.

Tenet Three

In the process of producing energy, we must take care of our air, water, and especially our topsoil to preserve our ability to feed the world's population.

Most people would likely agree that food security is as important—if not more so—than energy security. A country that is capable of feeding itself and providing for its own energy needs could weather a lot of global turmoil.

Areas that can produce food can also produce crops and byproducts that can be used to make fuel. Of course, this must be accomplished with sustainable agricultural practices. There are going to be a lot of people to feed in the future, and we can't afford to strip mine the soil and deplete fossil aquifers. We have to farm in a way that encourages good stewardship of the land, and we must not encourage unsustainable farming practices.

These three tenets explain why I have often been critical of corn ethanol policies in the U.S. Corn ethanol is heavily dependent on fossil fuels. Corn farming requires petroleum for herbicides, pesticides, diesel, and gasoline. It requires natural gas for fertilizer. Ethanol refineries rely almost exclusively on natural gas to produce steam for cooking mash and distilling ethanol, and their electricity supplies are often coal-based. So we have a fuel that is often characterized as renewable, but the majority of the energy content in ethanol can be traced directly to the fossil fuel inputs.

Further, corn farming has one of the higher environmental impacts among the crops we grow. It is a high fertilizer consumer, and we apply lots of fertilizer, pesticides, and herbicides that end up running off into our waterways.

These are the sorts of trade-offs we have to debate and discuss. But in my opinion, the answer is not to abandon corn ethanol, but rather to encourage it in the most sustainable way possible.

The Unpredictable Future

A 1999 article in The Economist, “Drowning in Oil,”i projected that oil might fall to $5 a barrel, noting that “the world is awash with the stuff, and it is likely to remain so.” Instead, the price went on a decade-long run that increased oil prices by an order of magnitude.

On the flip side, in 2003, the late Matt Simmons, an energy investment banker, predicted an imminent natural gas crisis. He predicted, “Under the best of circumstances, if all prayers are answered there will be no crisis for maybe two years. After that it's a certainty.”ii What happened? In 2005, advances in natural gas fracking resulted in the beginning of the largest expansion of natural gas production since the 1960s. Despite the prediction of the certainty of a U.S. natural gas crises, new all-time records were set for natural gas production and natural gas prices plummeted.

Contingency Planning

Because of the uncertainty of the future, what we must do is plan for contingencies, and not for calamity or business as usual. At different times, I have been asked for my opinion on whether someone should forgo college or having children because of the energy-related calamities that surely await us. I always respond to these sorts of queries in the same way: “We don't know for sure what the future holds, so don't put your life on hold waiting for a calamity. Go live your life, and if adversity lies ahead, we will work hard to deal with it.”

Some people don't like this response, because they “know” that we are in for a disaster within a few short years. And they ask, “Why would you bring a child into a world that is going to be so terrible?”

Certainly there are challenges ahead. But some people have been awaiting imminent disaster for decades. Those who have read books like Rachel Carson's Silent Springiii (1962), Paul Ehrlich's The Population Bombiv (1968), or The Limits to Growthv (1972), a report for the Club of Rome, may have concluded that Mad Max1 scenarios were all but assured by the year 2000.2 So if you placed your life on hold in 1968 and began preparing for the end of civilization, you may have missed out on the joys (and challenges) of raising a family, or of advancing your education and working in exciting fields that were still in their infancy (e.g., computers and biotechnology).

On the other hand, it would be exceedingly foolish to dismiss risks simply because scenarios have not played out over a specific time line. I often hear the following type of criticism directed at people who express concern over the implications of peak oil: “Peak oil alarmists have wrongly forecasted imminent doom and gloom many times, and therefore their warnings can be dismissed.”

To me, this is sort of like arguing that since my house has never burned down, it never will. This argument has two major flaws. The first is that it fails to recognize that one reason my house has never burned down is that I am aware of the many risks that could lead to my house burning down, and I have taken appropriate precautions. Therefore, educating people about the risks can cause changes in behavior that lessen the risks.

Concerns about the risks of future oil supplies have led to many policy changes—such as higher fuel economy standards and the implementation of the Strategic Petroleum Reserve—that have reduced the risks of future oil shocks.

The second flaw is that even when precautions are taken, homes can still burn down. Therefore, it is important not only to take precautions, but to have insurance and contingency plans in place in case the home does burn down.

With respect to peak oil, some precautions are being taken. Development of alternative fuels, increased mass transit options, and new enhanced oil recovery technologies all offer the potential to mitigate against declining global oil production.

______________________


1 Mad Max (1979) and its sequels, The Road Warrior (1981) and Beyond Thunderdome (1985), are post-apocalyptic movies starring Mel Gibson.




2 Note that this is not a criticism of the books themselves, but rather a commentary on how some people respond to such books.



Are the precautions enough? So far, they have not prevented record-high oil prices that have challenged economic growth. But we could imagine that the economic situation might be a lot worse if countries had not implemented tougher fuel economy standards, or if oil companies weren't developing unconventional sources of oil.

But what is it that we are trying to prevent? What is the peak oil equivalent of the house burning down? For me personally, it is persistent fuel shortages that disrupt lives and/or fuel prices that become unbearable for the average person and wreak economic havoc. But others have different ideas, to the extent that some believe the house should burn down.

I imagine that most of us would like to see the sort of continued technological and economic progress we enjoyed over the past century. Let's face it; most of us don't want to go back to an 18th century lifestyle. But there are plenty of people who believe that the world is heavily overpopulated, and who are ready for the end of growth (both economic and population). There are also those who want to see an entirely new paradigm. Then there are those who do want a return to simpler times. Some of these desires are mutually exclusive, and therefore some people are not going to get what they want.

Business As Usual?

So what can we expect? I don't claim to be able to predict the future either; instead, I try to view the future as a set of possibilities. I am sometimes asked if I believe a business as usual (BAU) scenario is possible, or whether my projections about the future make that assumption. When people mention BAU, they may be referring to a number of different things, but for purposes of this discussion, BAU generally means that the trends of the past 50 years—population growth, higher energy consumption, more economic growth—will continue in the future.

My opinion is that for the most part BAU will continue for at least the next decade or two (although economic growth will not necessarily be enjoyed by all countries or all industries), and political and business leaders will do everything they can to keep that paradigm going for as long as possible. But things will evolve over time. Is “business” in 2012 the same as it was in 1970? No, but many of the same aspects are there. We still drive to work, fly for business and pleasure, and enjoy affordable electricity. Our energy mixture has shifted, as has political power among oil importers and exporters, and we have become more energy efficient. But BAU continues.

I expect that the same will hold true for the next couple of decades. Business as usual will continue in some ways, and in other ways it will not. I believe we will continue to drive and fly, but I don't think we will do so as much as we do today. I don't believe that the U.S. can continue to consume 20 barrels of oil per person per year while China consumes 2 barrels per person. China—and many other developing countries—is on a growth trajectory that will see that figure go somewhat higher, and I believe that will come at the expense of the high oil consumers like the U.S.

Thus, it seems to be a prudent course of action to envision and plan for a world in which U.S. consumption of oil is ultimately a fraction of today's consumption. That will require planning, unless we are happy to let the market take care of that on its own. I personally believe that approach is too risky, which is why I proposed a set of energy policies in Chapter 9 to accomplish the objective of lessening dependence on oil while ensuring that oil is available during the transition. These policies are designed to satisfy multiple possible outcomes, as well as people of widely differing political beliefs.

Summary

There are few things that influence so many aspects of our lives as thoroughly as does energy. But we take energy for granted. We expect there to be fuel at the service station when we pull up, and we expect the lights to come on when we flip the switch. Yet the energy policy decisions that were made in years past determine how much we pay for that energy, its reliability, and all of the related externalities. Sometimes we observe those externalities firsthand, as in the case of oil spills that get major news coverage. Sometimes the externalities are largely hidden from view, because they take place half a world away. Other times, the externalities are merely an acceptance of a greater level of energy insecurity, as when oil is imported from unstable regions of the world.

But there is little doubt that the path we are on is unsustainable. Fossil fuels have sustained us for a very long time, and they will continue to sustain us in the future. But the price we pay is likely to get higher—in terms of physical price, the costs to the environment, and economic risks—and therefore we must proactively plan for a transition away from fossil fuels.

I believe the energy policies in place in many countries are inadequate given the risks we face. Improving our energy policies requires improving our understanding of energy issues. My sincere hope is that this book has helped your understanding in some small way.
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