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Praise for Smaller Faster Lighter Denser Cheaper




“The author of four books on oil and energy, Mr. Bryce has written a new book well worth reading . . . Smaller Faster Lighter Denser Cheaper . . . captures the headlong rush of Western culture’s endless drive for ever better technology. It is an extraordinary impulse that has created a world in which more people live longer and more comfortably than ever before.”


—Fred Andrews, New York Times


“Engrossing survey.”


—Arthur Herman, Wall Street Journal


“A book brimming with well-founded enthusiasm about the amazing present and the prospects for a more amazing future . . . exploding with fascinating energy facts . . . super-fun to read. . . . Bryce takes his appreciation of innovation and uses it to illuminate the past, present, and future of innovation across the board.”


—Forbes


“So what went wrong—or, rather, right? Why is the human race in much better shape than it was 200, 100, or 50 years ago? Robert Bryce reminds us of the answers in his sprightly new book and promises that even better times lie ahead. . . . Bryce’s new book is an enlightening stroll down the sunny side of the street.”


—Hiawatha Bray, Boston Globe


“For years, Robert Bryce has been calling for rationality on energy policy. In this book, Bryce goes beyond energy to explain why the innovation that drives entrepreneurs is the way of the future. I’m an unapologetic capitalist. Reading Smaller Faster has only fortified my belief that the best way to address poverty is through entrepreneurial capitalism that produces more innovation and progress.”


—John Mackey, cofounder and co-CEO, Whole Foods Market, and coauthor of Conscious Capitalism


“A celebration of innovations that have produced cheaper and more abundant energy, faster computing, lighter vehicles, and other technological benefits. . . . Bryce [is a] booster for business and technology; he makes many intriguing arguments in this ‘rejoinder to the doomsayers [and] rebuttal to the catastrophists who insist that disaster lurks just around the corner.'”


—Kirkus Reviews


“Robert Bryce may be our finest observer of the energy scene. Smaller

Faster Lighter Denser Cheaper displays all the virtues—the contacts, the technical savvy, the wit and clear thinking—that make Bryce indispensable.”


—Charles R. Morris, author of The Dawn of Innovation and Comeback


“Don’t be misled by Robert Bryce’s very breezy style. His new book makes important and positive observations about the world’s energy future. You don’t have to agree with every one of his attitudes or conclusions to hope that the reporting and arguments in the book are taken seriously, and that the innovators and start-ups he vividly describes get the support they need.”


—James Fallows


“[Bryce’s] new book constitutes a direct assault against the policies of ‘degrowth’ advanced by those who peddle what he calls ‘collapse anxiety.’ The book is also a sustained argument against the fundamentally pessimistic worldview that underlies those policies. . . . The claim that we can and should replace fossil fuels with renewables such as wind and solar is, Bryce says, a ‘damnable lie’ that obscures the far more important question of what we should do to make more energy available to more people, especially ‘the more than two billion people who are still living in abject energy poverty.’”


—John Daniel Davidson, National Review


“Part of the fun of Bryce’s book comes from the sheer range of his examples. . . . [H]e has a way of bringing them to life.”


—Josiah Neeley, Master Resource


“I found the contrarian views expressed in Bryce’s new book to be a refreshing antidote to the gloom and doom that pervades the TV screens and print media today. He shows us there is hope, as long as the human power to innovate and make changes is present.”


—Huntington News
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AUTHOR’S NOTE


I like Austin Kleon’s 2012 book Steal Like an Artist: Ten Things Nobody Told You About Being Creative. One of the lines from it resonated with me: “Write the book you want to read.”


I did that here.


Kleon’s book is quirky, and the one you are holding is, too. My aim was to make this book inviting and easy to read. That’s why I’ve included so many graphics and photographs. I wanted to provide lots of entry points so that even if readers don’t capture every word, they can still grasp the key arguments and understand why I’m optimistic about the future and why they should be, too.


Before I go further, a note about vocabulary. The word “density” usually refers to mass per unit of volume. Here I’m using a broader interpretation of density, so that it includes population density, agricultural density, and other metrics. Given how critical density is to our culture, we need a broader definition of “dense.”


One other note about the content: where possible, I’ve included metric conversions so that readers from outside the United States, as well as those living here, can have the units being discussed in SI form. (SI is an abbreviation for the System of International Units.) I’ve also included a list of SI numerical designations in Appendix A, as Americans need to get more familiar with the nomenclature.


Now for some acknowledgments. Books, at least in my case, are solo projects. While this was a solo writing effort, it required lots of people to make it happen. As such, I have many people to thank and acknowledge. The people at the Manhattan Institute for Policy Research were wonderful. I joined the think tank in 2010 at about the same time that my last book, Power Hungry, was published. The affiliation has been stimulating and productive. I’m bored by the Left-Right, Democratic-Republican, liberal-conservative divide. I want to be with smart people who are promoting economic growth and liberty. Manhattan Institute is packed with smart people who are doing just that. In particular, I must acknowledge Howard Husock, MI’s director of research. Howard has repeatedly shown his ability to distill complex arguments into their essential points. My other colleagues at Manhattan Institute, including Larry Mone, Vanessa Mendoza, Michael Allegretti, Matt Olsen, and Bobby Sherwood, were also extremely supportive.


The entire crew at PublicAffairs were, as usual, wonderful. They are all pros. I have been extraordinarily lucky in my book publishing career to have had a single publisher (PublicAffairs) and a single editor. I’m proud to call Lisa Kaufman my editor and my friend. Lisa has a genius for being able to read a 90,000-word manuscript, digest the entire thing, and then explain how it needs to be organized to make it better. She’s the best. My other friends at PublicAffairs—Clive Priddle, Susan Weinberg (who’s now the group publisher for Basic Books, Nation Books, and PublicAffairs), Peter Osnos, Melissa Raymond, Tessa Shanks, and Jaime Leifer—were also great. In addition, Collin Tracy did a great job managing the production of the book, and copy editor Jerold Kappes was thorough and patient.


I’ve also been lucky to have the same person doing the fact checking on all five of my books. My pal Mimi Bardagjy worked through about a thousand footnotes. She treated each one punctiliously. Better still, she kept her good humor throughout.


I’ve had plenty of research help. Grant Huber provided helpful data. My friend Leslie McLain was, once again, invaluable. Yevginy Feyman at the Manhattan Institute was great at providing research and graphics. George Voorhes of Red Barn Muse Creative Group in Portland made the majority of the graphics. I recommend his work without reservation.


While I had plenty of help putting this book together, any errors are mine and mine alone. If you spot a mistake, please let me know so it can be corrected for the paperback edition.


My appreciation also goes to my friend Buddy Kleemeier, who was instrumental in arranging my visit to a drill rig. Hans Helmerich and Rob Stauder were patient tutors regarding drilling-rig technology. Cal Cooper offered valuable perspective on the history of drilling and the ongoing progress being made in that sector. My friends Hill Abell and Frank Kurzawa never tired of talking about bikes and watts. Jan Van der Spiegel at the University of Pennsylvania went out of his way to send me a photo of ENIAC-on-a-chip that he and his students developed about two decades ago. John Fannin and Michael Ramos were helpful in discussing music technology and recording. I must also thank my pal and Web guru Tyson Culver, who has been instrumental in keeping me current in the digital age.


I also want to thank Joe Bruno, Mark Ehsani, Anthony Holm, Rob Manzer, Eric Topol, Anas Alhajji, and Jesse Ausubel. Others who need to be acknowledged and thanked include my longtime friend Robert Elder Jr., who patiently read many different drafts and offered encouragement and insights. Omar Kader, the CEO of Pal-Tech, also made time in his busy schedule to read over a draft of the manuscript. Stan Jakuba, who was a pivotal reviewer of the early drafts of my last book, Power Hungry, was also a sharp-eyed reader. So, too, was Rex Rivolo. Rex has been a friend for many years, and he offered some key technical guidance as I thought about power density. Another friend, Bruce Hamilton, provided guidance on nuclear technology and helped me avoid several errors.


In addition, my Tulsa connections—Bryan Shahan, Violet and Ronald Cauthon, Chris Cauthon, and R. Dobie Langenkamp—have always been supportive and helpful. I must also acknowledge my father-in-law, Paul Rasmussen, a professor emeritus in chemistry at University of Michigan. Even in his 70s, Paul remains one of the hardest-working people I know. He read numerous chapters and untold drafts with good humor. He was particularly helpful when it came to understanding battery technology.


I must also acknowledge my agent, Dan Green. We have been friends since 2001, when we were introduced by our mutual friend, Lou Dubose. I am proud to work with Dan. He’s a pro.


Finally, I must thank my wife, Lorin, and our three children, Mary, Michael, and Jacob. Lorin and I have been married for nearly three decades. Every day I am amazed and humbled by her love and support. As for my children, no father has ever been as proud.


We are lucky to be living in extraordinary times. And because of the inexorable trend of Smaller Faster Lighter Denser Cheaper, those times are only going to become more extraordinary.


11 December 2013


Austin, Texas
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MOVING BEYOND “COLLAPSE ANXIETY”


We are besieged by bad news.


Climate change, pollution, famine, water shortages, war and terrorism, the mess at Fukushima, political gridlock, and the ongoing debt problems and economic malaise in Europe and the United States are dominating the headlines. On October 31, 2011, demographers at the United Nations announced that the Earth now hosts some seven billion people, prompting UN Secretary-General Ban Ki-Moon to declare that “alarm bells are ringing.”1


Those alarm bells are also continually ringing about the danger of pandemics and epidemics. In 2007, the head of the World Health Organization warned that new diseases are “emerging at the historically unprecedented rate of one per year,” and given the ease of international air travel, she went on to say that it would be “extremely naïve and complacent” to assume that the world will not be hit by another disease like AIDS, the Ebola virus, or severe acute respiratory syndrome (SARS).2 In 2013, two new respiratory viruses came to light—including a coronavirus in the Middle East that is similar to a bat virus, and a new strain of bird flu in China, known as H7N9—and the WHO quickly warned health officials to monitor any unusual cases of respiratory problems. Those outbreaks came on the heels of outbreaks of swine flu and a strain known as H1N1.3


Television news inundates us with the latest images of floods in Europe, hurricanes in New York, wildfires in Australia and the American West, earthquakes in Haiti and Japan, and drought in California and Texas. Terrorism, or even the hint of a terrorist attack, always makes the news. The US government continually ranks the risk of terrorism with a color-coded system. In July 2013, the terror-alert chart was yellow, for “Elevated: Significant Risk of Terrorist Attacks.” Terror-alert.com will even send you an e-mail whenever the alert status changes.4 To all of those worries, add in gun violence, train derailments, fertilizer-plant explosions, the never-ending violence in the Middle East and Africa, and it seems like the drumbeat of bad news will never end.


The avalanche of bad news has led many people to experience, or even embrace, what author Gregg Easterbrook calls “collapse anxiety.” Easterbrook defines the condition as a “widespread feeling that the prosperity of the United States and the European Union cannot really be enjoyed because the Western lifestyle may crash owing to economic breakdown, environmental damage, resource exhaustion . . . or some other imposed calamity.”5


Collapse anxiety pervades the rhetoric of many of the world’s most prominent environmentalists as well as some of the biggest environmental groups. They abhor modern energy sources as despoilers of earth’s beauty and natural order and cling to the idea that we humans have inappropriately sought to subdue nature for our own shortsighted, materialistic, and short-term benefit. In their view, we humans have sinned so much against Mother Earth that even the weather has turned against us. Drought, wildfires, hurricanes, tornadoes are all increasing in frequency and intensity, we are told, due to climate change caused by the amount of human-produced carbon dioxide in the atmosphere. And those carbon dioxide emissions are due to the fact that we humans are using too much energy.6 We are driving too much, flying too much, eating too much, making too much unneeded stuff, and using far too much air-conditioning and refrigeration.


The fundamental outlook behind collapse anxiety is one of scarcity and shortage. It’s a view first put forward by the English economist Thomas Malthus, who forecast a dire future in “An Essay on the Principle of Population,” which was published in 1798. Malthus claimed that increasing global population would soon result in starvation for many people as the world would not be able to feed itself.7 Today’s neo-Malthusians, a group that includes John Holdren, President Barack Obama’s top science adviser, advocate radical approaches to forestalling catastrophe, including what they call “de-growth.”8 This worldview is frequently represented in the pages of The Nation, Mother Jones, and other Left-leaning media outlets.9 It can also be seen with depressing regularity on the Op-Ed pages of the New York Times.10 And it is most obvious in the prescriptions put forward by some of the world’s biggest environmental groups, including the Sierra Club and Greenpeace. The worldview of the degrowthers was neatly summarized in a 2013 segment of Bill Moyers’s TV show, Moyers & Company. It was called “Saving the Earth from Ourselves.”


The prescriptions put forward by the degrowth crowd are familiar. Nuclear energy is bad. Genetically modified foods are bad. Coal isn’t just bad, it’s awful. Oil is bad. Natural gas—and the process often used to produce it, hydraulic fracturing—is bad. Those things must be replaced by what the degrowth crowd claims are the Earth-friendly ones. Renewable energy, of course, is good. Organic food is good. Locally grown organic food is even better. And if you really care about Mother Earth, then you will give up flying. Less air travel means less jet fuel gets burned and therefore less carbon dioxide is produced.


The mantra of the neo-Malthusians is “peak everything.” In fact, a book carrying that very title, Peak Everything: Waking Up to the Century of Declines, by Richard Heinberg, was published in 2007. In this neo-Malthusian view, there are simply too many of us humans, and we are using too much of everything. We should—as the segment on Moyers’s show put it—be saving the Earth from us. The catastrophists claim that we are running out of essential commodities—food, oil, copper, iron ore. Given our myriad sins against the planet, we are surely going to pay. This dystopian outlook appeals to plenty of people. It seems they cannot be happy unless they are scared out of their minds.


This pessimistic worldview ignores an undeniable truth: more people are living longer, healthier, freer, more peaceful, lives than at any time in human history. Amidst all of the hand wringing over climate change, genetically modified foods, the latest Miley Cyrus video, and other alleged harbingers of our decline as a species, the plain reality is that things are getting better, a lot better, for tens of millions of people all around the world.


Dozens of factors can be cited for the improving conditions of humankind. But the simplest explanation is that innovation is allowing us to do more with less. We are continually making things and processes Smaller Faster Lighter Denser Cheaper. Our desire to do more work and exchange more information is making our computers Smaller Faster. From food packaging to running shoes, nearly everything we use is getting Lighter. More precise machinery is making our engines and farms Denser. And always—always—innovators are driving down costs and making goods and services Cheaper.


The innovation that drives the push for Smaller Faster Lighter Denser Cheaper is making us richer and that, in turn, is helping us protect the environment. Density is green. And thanks to our ability to wring more energy and more food from smaller pieces of land, we can save wild places and wild things from development.


The trend toward Smaller Faster is not dependent on a single country, company, or technology. Nor is it dependent on ideology. Smaller Faster Lighter Denser Cheaper has flourished despite Marxism, Communism, Socialism, Confucianism, and authoritarian dictatorships. It might even survive the Republicans and the Democrats.


The centuries-long trend toward Smaller Faster Lighter Denser Cheaper will continue. It may even accelerate in the years ahead thanks to ever-cheaper computing, high-speed Internet connectivity, wireless communications, 3-D printing, and other technologies that are catalyzing yet more innovation.


This book is a celebration of the trend toward Smaller Faster Lighter Denser Cheaper. It’s also a rejoinder to the doomsayers, a rebuttal to the catastrophists who insist that disaster lurks just around the corner. Big environmental groups like Greenpeace, Sierra Club, Natural Resources Defense Council, and others raise hundreds of millions of dollars every year by instilling fear and proclaiming that we humans are headed for disaster. Those groups and their many supporters have the right intentions—the desire to preserve nature, wild places, and rare animals—but in many cases, their proposed solutions will only exacerbate the problems they claim to be addressing.


Do we face challenges? Of course. We face a panoply of scary problems ranging from rogue asteroids and climate change to the loss of privacy in our networked age and all-out cyberwar.11 Shortages of freshwater, excessive use of pesticides, destruction of the rain forests, and the problem of declining topsoil only add to the list of worries that can cause collapse anxiety. The bad-news list goes on and on, and the mainstream media adds to that list every day. Bad news sells. If it bleeds, it leads. No politician ever got elected by telling voters that everything is going to be just fine the way it is.


There’s no doubt that we have many problems. But our future doesn’t lie in the past. We cannot solve our problems by forgoing modern energy sources and eschewing modern agriculture for a “simpler life” based on renewable energy and organic food. For millennia, we humans subsisted on the ragged edge of starvation by relying on those sources. If we want to continue bringing people out of poverty, we must embrace innovation, not reject it. We need an ethic that embraces both humanism and environmental protection. We need an ethic that embraces innovation and optimism. In short, we need to embrace the ingenuity and entrepreneurial spirit that is continually making things Smaller Faster Lighter Denser Cheaper.


Examples of that ingenuity abound. The smart phone I carry in my pocket has 16 gigabytes (16 billion bytes) of data-storage capacity. That’s about 250,000 times more capacity than that of the Apollo Guidance Computer onboard Apollo 11, the spaceship that Neil Armstrong and Buzz Aldrin used when they landed at the Sea of Tranquility on July 20, 1969, when I was nine years and one day old.12 We are living in a world equipped with physical-science capabilities that stagger the imagination—from nanoparticle medicines that battle cancer to intra-solar-system exploration feats like NASA’s Curiosity Rover, a plutonium-fueled six-wheel-drive robot that’s gallivanting across the surface of Mars with as much ease as if the Red Planet were only a tad more remote than Candelaria, Texas.13 Sequencing the human genome, which can help doctors diagnose and treat illness, has become almost routine as the process has gotten Faster Cheaper. Over the past decade or so, the cost to sequence a human genome has dropped from millions of dollars to less than $10,000.14


The purpose of this book is to put a name to what’s happening, and to illuminate how the extraordinary discoveries and developments transforming everything from computers and cars to medicine and sports are rooted in the push for Smaller Faster Lighter Denser Cheaper.


This book provides a lens to examine and make sense of our history and our future. It showcases the innovations, individuals, and companies that are allowing us to do more with less. It lauds the tycoons of the Industrial Age and the twenty- and thirty-something inventors of today who are trying to develop and market The Next Big Smaller-Faster-Lighter-Denser-Cheaper Thing.


Yes, I am optimistic about the future. Absolutely. But I’m no Doctor Pangloss. I’m not claiming that technology will solve all our ills. It won’t, and can’t, force humans to love one another or, heck, even to be polite while standing in a queue. Innovation created penicillin. It also gave us the AK-47. I am leery of what my fellow PublicAffairs author Evgeny Morozov rightly calls “solutionism,” the belief that all of our ills can be solved if only we have the right technology, whether that be smart phones, or algorithms, or big data sets. In his 2013 book, To Save Everything Click Here, Morozov writes that over the last century “virtually every generation has felt like it was on the edge of a technological revolution.”15 And over the past few years, bookstores—remember them?—have been flooded with chock-full-of-optimism tomes, from Dow 30,000 to Infinite Progress.


My bias is not that we are on the edge of a technological revolution—although that may well happen—but rather that we must recognize the countless Smaller Faster Lighter Denser Cheaper technologies that have come before us as well as those that lie ahead. Improved medicines are allowing us to live longer. Faster Lighter more powerful, more efficient automobiles and airplanes are allowing us to travel farther, safer, in greater comfort. Cheap, or even free, communications technologies like e-mail and Skype are giving us the ability to communicate with nearly anyone on the planet instantaneously. We humans were born to network, and our increasing ability to network with people who are across town or a dozen time zones away, combined with cheap (or even free) computing power, is fostering countless new technologies.


The Internet is freeing information like never before, freeing men, and even more, women and girls, from the intellectual and societal chains that for centuries have been wielded by the kings, generals, priests, rabbis, and mullahs. The ability of ordinary people to collaborate, to launch new businesses, to invent new medicines, and to provide goods and services of all kinds has never been easier.


Technology is allowing more people to escape the destitution and darkness of poverty so they can live in the incandescent and LED-lit world of modernity. As more people get richer, the competition for land and water, iron ore and petroleum, wheat and soybeans, will continue, just as it always has. This book isn’t a blind celebration of technological advancement. Nor is it one that touts a particular method of innovation or even a particular sector. But it does unashamedly celebrate business and entrepreneurs because they are driving the trend toward Smaller Faster Lighter Denser Cheaper.


This book puts a great deal of emphasis on energy and power systems. That focus is purposeful. The energy sector is by far the world’s biggest industry, and every sector of the global economy depends directly or indirectly on it. The availability of cheap, abundant, reliable energy is what separates the wealthy from the poor and fuels economic growth. That growth fosters both human liberty and environmental protection. As we go forward, we will need to make energy Cheaper so that more people can join the modern world. We will need more natural gas and more nuclear energy, more oil and solar energy, and yes, more coal.


In Part I, I’ll look back at some of the examples of our quest for Smaller Faster Lighter Denser Cheaper and highlight a few of the historical innovations that have changed our lives, including the printing press, the vacuum tube, and digital communications. I will discuss some of the negative outcomes that have come about from, or are unintended consequences of, our innovations. The section concludes with a look at the arguments being put forward by the catastrophists and discusses the pivotal question: should we continue innovating, or retreat to the past?


Part II is a wide-ranging section that examines the push for Smaller Faster Lighter Denser Cheaper in history and in the current day. It looks at the technologies used in the Tour de France as well as those being deployed in education and medicine. It shows how the push for Smaller Faster has motivated industrial giants like Ford and Intel and how those same catalysts are motivating today’s start-ups.


In Part III, I dive into the energy sector. Every year, the people of the planet spend roughly $5 trillion on energy.16 Finding, refining, and delivering the gargantuan quantities of energy needed by the world’s consumers requires an epic effort. I show how the energy sector typifies the push for Smaller Faster, and particularly the effort for Cheaper.


In Part IV, I look forward and offer a few ideas as to how we can continue fostering innovation. I explain why, regardless of your beliefs about climate change, the best no-regrets policy for the future is N2N—natural gas to nuclear. I also explain why the United States will dominate our Smaller Faster Lighter Denser Cheaper future.


Now on to Part I, and the project that offers the world’s single biggest example of our desire for Faster Cheaper: the Panama Canal.




PART I:


The Push for Innovation, Its Consequences, and the Degrowth Agenda




1
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PANAMA


DIGGING A FASTER CHEAPER WAY TO TRAVEL


For more than five centuries, humans have been surveying the Panamanian Isthmus in the relentless pursuit of a Faster Cheaper way to travel the oceans. Long ocean voyages are expensive. Wages must be paid. Meals and freshwater must be supplied to passengers and crew every few hours. And the longer a ship stays at sea, the more likely it is to be damaged or sunk by bad weather.


The Isthmus was the logical place to launch an attempt to cut the distance from the Atlantic to the Pacific. If a canal could be completed, a ship going from New York to San Francisco could avoid going all the way around Cape Horn, a months-long voyage of 13,000 miles. A canal could shorten the trip by 8,000 miles. A voyage from New Orleans to San Francisco via an Isthmian canal could save more than 9,000 miles.1 A canal would mean Faster and Cheaper ocean travel.


The pursuit of Faster Cheaper travel across the Isthmus has been ongoing for the past 130 years. Indeed, the digging continues to this day. During my visit to the Canal Zone in August 2013, I could hear the dynamite blasts being used to deepen and widen the canal. Dredges were actively working in the Culebra Cut, hauling yet more rock out of the narrowest section of the waterway.


In 2014, Panama will celebrate the hundred-year anniversary of the opening of the canal, a celebration scheduled to coincide with the biggest overhaul in the canal’s history: a $5.2 billion widening and deepening project that will allow the world’s biggest container ships to move between the Atlantic and Pacific Oceans in a matter of hours.


Prior to the expansion, the canal’s locks could handle ships that were a maximum of about 295 meters long (968 feet) and 33 meters wide (109 feet). After the expansion, the locks will be able to handle ships that are 366 meters long (1,200 feet) and 49 meters wide (161 feet). For a global shipping industry increasingly reliant on giant container ships, the results will be profound. Before the expansion, the canal could handle vessels carrying up to 5,000 containers; after the expansion, it will be capable of handling ships carrying up to 13,000 containers (known in the business as TEUs).2 In the ocean-going shipping business, bigger ships usually mean Cheaper.


Building the canal was the moon-shot of the nineteenth century and early twentieth century. No other civil engineering or construction project in modern human history can rival it or even come close in terms of scale, quantity of dirt moved, or number of lives lost in the process. At the time the canal was built, it was both the most ambitious, most expensive and, unfortunately, most deadly, engineering feat ever attempted. There is no exact count of the people who died—the vast majority of them felled by disease—during the entire effort to build the Panama Canal. It may have been as high as 28,000.3


The Panama Canal wasn’t the first effort at moving lots of dirt to enable more water-borne commerce. In 1761, the Duke of Bridgewater commissioned the Bridgewater Canal, on which coal from the mines in Worsley could be hauled to the city of Manchester. Over the ensuing decades, Manchester became a manufacturing powerhouse. By 1853, it had more than one hundred cotton mills.4 In 1869, an effort led by French engineers succeeded in connecting the Mediterranean Sea with the Red Sea with the completion of the Suez Canal.*


Emboldened by his success in the desert on the Suez Canal, an uncomplicated sea-level waterway, a pompous French diplomat named Ferdinand de Lesseps convinced himself and numerous French investors that he could repeat his success in Panama, and that he could do so by building yet another sea-level canal. He was wrong. Spectacularly wrong. The idea of building a sea-level canal in Panama was foolish from the get-go. But it took years of failure and enormous financial losses before de Lesseps and his French backers finally conceded and the Americans took over.


[image: June 1909: Afro-Caribbean workers operating air drills...]


June 1909: Afro-Caribbean workers operating air drills in the Culebra Cut. (Also known as the Gaillard Cut, in honor of the American engineer David D. Gaillard, who managed the excavation of the Cut during the height of the work on the canal. Gaillard died in 1913, felled by a brain tumor.) Completing the Cut required the removal of 100 million cubic yards of dirt and rock.5 To put that 100 million cubic yards in perspective: Cowboys Stadium—the palatial $1.3 billion home of the Dallas Cowboys, which seats 80,000 people—has a volume of 3.85 million cubic yards.6 Therefore, the material removed from the Cut would fill Cowboys Stadium 26 times. At the peak of construction, about 6,000 workers were excavating the Cut, filling 160 trainloads of spoil per day.7 John Stevens, a dynamic American engineer who headed the canal effort for several years, wrote that the excavation of the Cut was “a proposition greater than was ever undertaken in the engineering history of the world.”8 Source: Library of Congress, LC-USZ62–75161.


The desire for a Faster Cheaper route through Panama that would allow travelers to easily traverse the continent first arose in the early 1500s, when the Spanish explorer Vasco Nuñez de Balboa succeeded in crossing the Isthmus on foot.9 By 1811, a German scientist and adventurer named Alexander von Humboldt was declaring that Nicaragua was the best route for a path between the Pacific and the Atlantic. (Nicaragua continues to be discussed as an option for a new canal. In 2013, a Chinese company announced it had been awarded a hundred-year concession that would allow it to build an alternative to the Panama Canal. The project has an estimated cost of $40 billion.)10


In 1882, the company that de Lesseps controlled, the Compagnie Universelle du Canal Interocéanique de Panama, began excavating the Culebra Cut. (The word “culebra” is Spanish for “snake.”) They optimistically estimated that they would be finished with their excavation by 1885.11 The French effort to build the canal failed for many reasons. Chief among them was de Lesseps’s failure to understand the immensity of the excavation that would be required.


In his landmark book on the building of the canal, The Path Between the Seas, historian David McCullough wrote that the variable geology of the Cut was “fascinating terrain to a geologist, but for the engineer it was an unrelieved nightmare.”12 The earth in the region was a mixture of shales, marls, and clays along with some igneous and volcanic rock. The clays were the most problematic because, as McCullough points out, after a heavy rain, they “became thoroughly saturated, slick, and heavy, with a consistency of soap left overnight in water.”13 Numerous landslides forced the engineers to make the Cut wider than they had planned. That was a problem because the nine-mile-long Cut was being made in the saddle between two big hills. As the Cut was widened, more and more dirt, clay, and rock had to be removed. “The deeper the Cut was dug, the worse the slides were, and so the more the slopes had to be carved back,” explains McCullough. “The more digging done, the more digging there was to do. It was a work of Sisyphus on a scale such as engineers had never before faced.”14


[image: August 2, 2013: A cruise ship heading south through...]


August 2, 2013: A cruise ship heading south through the Culebra Cut. The excavation of the Cut, which began in 1882, was ongoing even as this ship passed. Dredging operations, including the use of explosive charges to break up the rock in the Cut, continued nearly around the clock. The sound of the explosions could easily be heard as far away as Canopy Tower, a popular bird-watching spot located about three kilometers (1.5 miles) east of the Cut. Source: Photo by author.


The Cut became known as “Hell’s Gorge” due to the dust, heat, and smoke from the coal-fired steam shovels, and nearly constant noise. The working conditions were made worse by the nearly constant danger of dying on the job. Workers were crushed by equipment or falling rock. Others were killed when dynamite accidentally detonated. From start to finish—and there were plenty of interruptions as the French effort faltered—the excavation of the Cut took thirty-one years until the canal was finally opened to traffic.15


In many ways, the opening of the Panama Canal on August 15, 1914, marks the true beginning of the twentieth century.16 It opened just after the beginning of World War I.17 It opened at about the same time that the internal combustion engine, the automobile, and the airplane were all coming of age—and all of them made transportation Cheaper than ever before. The canal was the first major public works project to utilize electricity on a large scale. The locks were operated by electric motors and switches, all of which were made by an upstart company called General Electric.


Today, a full century after it opened to traffic, the Panama Canal continues to be one of the largest and most astounding feats of human ingenuity on the planet. To transit the canal by boat, or to fly over it in an airplane, is to be awed by the human desire to achieve, to innovate, to go Faster.


The drive toward Smaller Faster Lighter Denser Cheaper that the Panama Canal represents is manifest in many other examples throughout human history, and I’ll discuss a few of the most transformative ones in the next chapter. They all have their origins in an innovation engine that has no peer: the human brain.
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*  The Suez route opened to traffic just six months after the opening of another major public works project aimed at providing Faster Cheaper transportation: the Transcontinental Railroad. In May 1869, the last spike was inserted into railroad ties at Promontory Summit, Utah.
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THE TREND TOWARD SMALLER FASTER LIGHTER DENSER CHEAPER


THE BRAIN


The gravimetric power density of the human brain is 100,000 times that of the Sun.*


Yes, it sounds implausible. The Sun is massive. It’s the engine for nearly all life on earth. But it is a verifiable fact. My pal Mark Ehsani, an engineering professor at Texas A&M University who heads the school’s Advanced Vehicle Systems Research Program, first told me about the power density of the brain in 2010.1 He walked me through the math. Our brains make up just 2 percent of our body weight, and yet they consume about 20 percent of all the calories we burn.2 The average power flow in the human body is about 100 watts. Twenty percent of that would be 20 watts. The average brain weighs about 1.5 kilos. Simple division, then, shows that the gravimetric power density in the human brain is approximately 13 watts per kilogram. Meanwhile, the gravimetric power density of the Sun is about 0.00019 watts per kilogram.3


The huge difference in power density between the Sun and the brain makes sense when you think about it. The Sun is made up of gases, a big ball of plasma.4 The brain is a tangled mass of fatty liquid. Water is heavy. Gases are not.


The brain is not only extraordinarily power dense, it also supports the most complex network in the universe. As Steven Johnson explains in his 2010 book, Where Good Ideas Come From, the brain contains about 100 billion neurons. And “the average neuron connects to a thousand other neurons scattered across the brain, which means that the adult human brain contains 100 trillion distinct neuronal connections, making it the largest and most complex network on earth.” By comparison, Johnson points out that there are about 40 billion pages on the World Wide Web. “If you assume an average of ten links per page, that means you and I are walking around with a high-density network in our skulls that is orders of magnitude larger than the entirety of the World Wide Web.”5


The brain has greater power density than the Sun, is more complex than the Internet, and yet is so compact, it can fit inside the confines of a St. Louis Cardinals baseball cap. That’s quite a machine. Whether this particular machine was invented by a supreme being or is the result of natural evolutionary processes, it is itself an exemplar of the trend both in nature and society toward density, toward making things Smaller Faster Lighter.


Here are a handful of other historical examples of the trend toward doing more with less.


THE PRINTING PRESS


Sir Francis Bacon (b. 1561, d. 1626) is considered the father of the scientific method, and he named the printing press, gunpowder, and the compass as the most important inventions of his time. In 1620, he wrote that those innovations “have changed the appearance and state of the whole world; first in literature, then in warfare, and lastly in navigation; and innumerable changes have been thence derived, so that no empire, sect, or star appears to have exercised a greater power and influence on human affairs than these mechanical discoveries.”6


While gunpowder and the compass have undoubtedly changed history, I’m sticking with Bacon on his first choice. The printing press—developed in about 1440 by Johannes Gutenberg—allowed books to be Smaller Lighter Faster Cheaper. Sure, the original Gutenberg Bibles were huge, with each page measuring about 17 inches by 12 inches, but as printers got better at their trade, they developed Smaller fonts and better papers, which allowed books to get Lighter. In the decades following Gutenberg, presses were continually refined so that they printed Faster, and as that printing got Faster, books became radically Cheaper.7


[image: 1899: The printing operation at Claflin...]


1899: The printing operation at Claflin University, a historically black school located in Orangeburg, South Carolina. Source: Library of Congress, LC-USZ62–107845.


The movable-type invention by Gutenberg (b. 1398, d. 1468) changed the world like no other innovation ever has. As historian Abbott Payson Usher explains, the development of printing, “more than any other single achievement, marks the line of division between medieval and modern technology.” Printing was among the first instance of “the substitution of mechanical devices for direct hand work in the interests of accuracy and refinement in execution as well as reduced cost.”8 In other words, the printing press enabled Faster Cheaper.


By 1500, more than 2,500 European cities had a printing press.9 The proliferation of the printing press made education Cheaper. Once reserved only for the rich, the clerics, and the nobility, Cheaper books allowed common people to access knowledge. Gutenberg’s invention allowed Faster dissemination of discoveries and scientific information. It increased accuracy. And perhaps most important, it took the control of ideas away from the Catholic Church and gave them to the masses. Without the printing press, there would have been no Renaissance, no Reformation. Martin Luther, the German cleric who lit the fuse on the Reformation, once declared that printing was “God’s highest and extremist [sic] act of grace.”10


Today, thanks to the Internet, billions of people on the planet have access to a virtual printing press; they can instantly publish nearly anything they want to say. If they want to read books, they can download them onto their computer. Project Gutenberg, founded by a visionary named Michael S. Hart, now has more than 42,000 books available for download.11 Every one of those books is available for free.


THE VACUUM TUBE


The spread of freedom, democracy, and racial integration around the world has many causes. But one that cannot be overlooked is rock and roll, which along with most of the electronic inventions of the twentieth century was a child of the vacuum tube.


Lee De Forest has never occupied the same hallowed place as Thomas Edison in our pantheon of inventors. But by perfecting the vacuum tube, in much the same way that Edison perfected the lightbulb, De Forest helped birth a seminal technology. De Forest’s vacuum tube changed music, and in doing so, it changed history. The vacuum tube corralled some of the smallest and fastest things known to humans—electrons—and made them malleable. It put those electrons into the hands of creative people, from Buddy Holly and Chuck Berry to Jimi Hendrix and Bob Marley, who were ready to twist them into entirely new sounds.


In 1906, De Forest, an American, invented the triode vacuum tube. It was the first electrical device that could amplify a weak electrical signal. Vacuum tubes went into the guts of amplifiers, radio receivers, telephone switchboards, TVs, and nearly every other significant communications device created between 1900 and 1950. The vacuum tube put real power—the wattage needed to be heard at loud volume by large crowds—into the hands of musicians who were ready to, as Jack Black put in School of Rock, “stick it to the man.”15


[image: Perfected by the American inventor Lee De Forest...]


Perfected by the American inventor Lee De Forest (1873–1961) in 1906, vacuum tubes (sometimes called electron tubes) can take weak signals and make them stronger, or act as a switch to stop and start the flow of electrons.12 When heated to somewhere between 1,000 and 2,400 degrees Celsius, a cathode boils off electrons into the vacuum inside the tube. The electrons then pass through a grid, or several grids, which control the flow of electrons before they reach the anode, where they are absorbed. If the cathode, grid, and anode, are properly designed, the tube boosts a small AC current into a larger one, thereby creating amplification.13 Vacuum tubes were essential to the Information Age. The MANIAC computer built at the Institute for Advanced Study at Princeton, New Jersey—the first computer to use random access memory—used 2,600 of them.14 Source: Photo by author.


Duke Ellington, Count Basie, Tommy Dorsey, and other big-band leaders needed a dozen or more players to make a big sound. By contrast, relatively low-cost amplifiers hooked to cheap electronic pickups on mass-produced guitars meant that four musicians, or sometimes even just three, could rock the foundation of nearly any building.


The vacuum tube transformed the guitar from an instrument more suited to the parlor and folk singers into a musical-cultural icon that has come to represent youth and rebellion. Armed with a Fender Telecaster—the world’s first commercially successful solid-body electric guitar, introduced in 1950, or another iconic instrument like the Gibson Les Paul (1952) or the Fender Stratocaster (1954)—and an amplifier made by Fender, Vox, or Marshall, a single musician could hold his own against the biggest of the big bands.16 The guitar democratized the making of music. The guitar didn’t require the years of intense training required by more demanding instruments like the violin, clarinet or saxophone. Bob Dylan and a host of other singer-songwriter-rock-and-rollers made their livings with just three or four basic chords. The electric guitar allowed a talented musician like a Hendrix, Eric Clapton, or Freddie King or even untalented ones (a list too long for this book) to bend the minds of tens of thousands of listeners from Wembley Stadium to the Cotton Bowl.


Thanks in large part to the ingenuity of a California radio repairman named Leo Fender, rock and roll gained the tools it needed. Fender used his knowledge of vacuum tubes and electronics to start building guitars, amplifiers, and basses at his shop in the Los Angeles area. Fender’s designs were quickly adopted by musicians like Muddy Waters, Lionel Hampton, Buddy Guy, Keith Richards, Bruce Springsteen, Stevie Ray Vaughan, and ultimately, millions of others.17 Cheap vacuum tubes, which were followed by even Cheaper integrated circuits (which could perform the same functions) allowed musicians more flexibility and tonal range than had ever been imagined.


The vacuum tube birthed rock and roll and set the stage for the Information Revolution. In doing so, it changed the world by making music a global commodity—one that connected people of different cultures, economies and languages by giving them a common lyric and a common beat.


On February 9, 1964, the Beatles made television history by appearing on the Ed Sullivan Show. Paul McCartney played an electric bass. George Harrison and John Lennon played electric guitars. That appearance, watched by an astounding 40 percent of the US population, launched what became known as the British Invasion.18 That transfer of musical styles—all of it made possible by the vacuum tube—helped rock and roll become a global phenomenon. The Beatles’ appearance on the Sullivan show “opened the transatlantic floodgates,” writes Tim Brookes in The Guitar: An American Life. After the Beatles, came other British groups: the Kinks, the Moody Blues, the Who, and, of course, the Rolling Stones. That motley group of Limeys—the Stones in particular—introduced white American audiences to the black American music that had inspired them. “Perhaps the most important contribution of the British Invasion was in helping America connect with its own past and its alienated present,” writes Brookes.


The advent of rock and roll—which included the success of the Beatles, along with that of black blues artists, and southern singers like Elvis Presley, who was born in Tupelo, Mississippi—undermined long-held prejudices and helped the United States become more integrated. As Brookes points out, rock and roll held a giant mirror in front of Americans and allowed them to see Jimi Hendrix and Freddie King not as black men but as dynamic musicians.


When the Beatles came to America, the Fab Four were asked by an interviewer about what they wanted to see during their visit. They quickly answered “Chuck Berry and Bo Diddley,” the great African American electric-guitarists and performers. When the interviewer didn’t recognize the two names, John Lennon’s “indignation flattened the guy.” Lennon asked, “Don’t you even know your own music?”19


Rock and roll did as much, or more, to bring down the Berlin Wall as any other single factor. In 2003, Mikhail Safonov, a researcher at the Institute of Russian History in St. Petersburg, wrote a piece for The Guardian, in which he declared that it was John Lennon who “murdered the Soviet Union.” Safonov wrote that the history of the Beatles’ persecution in the Soviet Union—their music was banned and the group was prohibited from playing there—was “the history of the self-exposure of the idiocy of Brezhnev’s rule. The more they persecuted something the world had already fallen in love with, the more they exposed the falsehood and hypocrisy of Soviet ideology.”20


How the Beatles undermined the Iron Curtain was the subject of the 2009 documentary How the Beatles Rocked the Kremlin. The Beatles woke up “an entire generation of Soviet youth, opening their eyes to 70 years of bland official culture and rigid authoritarianism.”21 Created by the veteran British filmmaker Leslie Woodhead, the documentary contains numerous interviews with now-middle-aged Russians who discuss the importance of the Fab Four. One of them says simply, “It’s all thanks to the Beatles. They helped destroy the Evil Empire.”22 (In 2013, Woodhead released a book with the same title as the documentary.)23


The Soviet authorities weren’t alone in worrying about rock and roll. In 1964, the Israeli government refused a request to have the Beatles play in that country after the group was deemed “liable to have a negative influence on the youth.”24 In 1975, East German authorities prohibited the musicians who belonged to the Klaus Renft Combo, a rock and roll group, from performing, telling them that the lyrics to their songs “had absolutely nothing to do with socialist reality . . . the working class is insulted and the state and defense organizations” had been “defamed.” Rather than stick around, one member defected to the West. Other members of the group were briefly imprisoned by the East German authorities.25 In the 1980s, East German authorities also banned the British punk rock group The Clash.26


The outlawing of rock and roll groups didn’t end with the fall of the Iron Curtain. In 2012, members of Pussy Riot, an all-female punk rock group, were jailed in Russia after they performed a demonstration against the country’s strongman-president Vladimir Putin at Moscow’s main Orthodox cathedral. Three members of Pussy Riot were convicted and imprisoned on charges of “hooliganism motivated by religious hatred” even though their antics in the church were plainly aimed at Putin’s repressive government.27 It’s remarkable that Putin and his band of Kremlin-based kleptocrats are so threatened by a group of young women armed with nothing more than Fender Stratocasters.


The vacuum tube allowed musicians to be heard as individuals, and in doing so liberated millions of people. Lee De Forest, the Alabama-born inventor who perfected the vacuum tube, would eventually win more than three hundred patents.28 But none of his other inventions would ever be as important as the vacuum tube.


THE AK-47


Mikhail Kalashnikov made killing Cheaper. That’s hardly an achievement for which most people would want to be known. Nevertheless, Kalashnikov, a former tank mechanic for the Russian military who died in December 2013, deserves a place in history for designing the AK-47, a weapon that one writer has called the “most effective killing machine in human history.”29 Kalashnikov’s design was effective because it was Smaller Lighter Cheaper than other assault rifles.


In his 2010 book, The Gun, C. J. Chivers, the sharp-eyed war correspondent for the New York Times, described the key attributes of the AK-47, “shorter and lighter than traditional rifles but larger than submachine guns.” The AK-47 “could be fired either automatically or a single shot at a time. Their smaller, intermediate-power cartridges allowed soldiers and guerrillas to carry more ammunition into battle than before.” In addition to the increase in firepower, the rifle was “an eminently well designed tool—reliable, durable, resistant to corrosion, and with moderate recoil and a design so simple that their basics could be mastered in a matter of hours.”30


This entry could be devoted to firearms in general, as the development of firearms changed the balance of power among nations. The mass production of firearms, which began in earnest in the early nineteenth century, was a driving force during the early days of the Industrial Revolution. The need to produce large quantities of precisely machined parts led to major advances in manufacturing techniques that quickly spread to other industries. Therefore, any number of other firearms, including the Kentucky rifle, the Gatling gun, or the Colt M1911 .45 caliber semi-automatic pistol, could be listed here as a game-changing weapon.31


But I’m sticking with the AK-47 because of its ubiquity and price. Since it was developed in about 1947, as many as 100 million Kalashnikov rifles (both the AK-47 and AK-74) have been produced. (The American-made M-16 is a relative laggard, with about eight million copies). In 2006, Amnesty International reported that in some parts of Africa, an AK-47 could be purchased for as little as $30.32 In addition to its low cost, the AK has gained renown for its simplicity and ability to fire under almost any conditions. The rifle has only nine parts and can fire up to six hundred rounds per minute.33 Numerous videos available on YouTube show that the Kalashnikov can be fouled with water, dirt, leaves, and other debris, and yet it still operates.34
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The AK-47. Source: Wikipedia.


In 2005, the BBC called the Kalashnikov “an icon of violence in the 20th Century.”35 The outline of the AK with its distinctive curved magazine is on the flag of Mozambique as well as the flag of Hezbollah, the Shiite militant group that has long been backed by Iran.36 In The Gun, Chivers deems the AK-47 as a “stubbornly mediocre” firearm.37 That may be true. But that mediocrity has almost certainly resulted in hundreds of thousands, or perhaps even millions, of deaths.


Politicians and terrorism experts often focus on the risks associated with weapons of mass destruction, including ones that are chemical, biological, or atomic. But firearms like the AK-47 are the real killers. Up to 90 percent of all civilian casualties in conflict zones are caused by small arms like the AK-47. (The definition of small arms includes assault rifles, pistols, mortars, landmines, and grenades.)38 By some estimates, small arms are involved in more than a thousand deaths every day.39 Of course, there’s no way to know how many of those deaths can be attributed to the use of the AK-47. But as one of the most common of all small arms, Kalashnikov’s rifle has surely resulted in enormous human losses.


THE HABER-BOSCH PROCESS


There will always be arguments as to which invention is the most significant. But when it comes to basic human survival and the ability of people to have sufficient food on their tables, the Haber-Bosch process stands alone. As one author put it, no invention has “had such an impact on our civilization as did the synthesis of ammonia from its elements.”40


In the Haber-Bosch process, natural gas and atmospheric nitrogen are converted into nitrogen fertilizer. To understand the importance of the process requires a modicum of history, chemistry, and math. During the late 1800s and early 1900s, farmers were desperate for more nitrogen-based fertilizers because nitrogen is an essential plant nutrient. The problem was that the world’s primary source of raw material for fertilizer production was a large deposit of guano (bird poop) located on the Chilean coast. (Guano was also retrieved from other sources, including local bird roosts and bat caves.) Mining and hauling the guano from such a remote location presented many logistical problems, which made fertilizer expensive.


Two Germans, Fritz Haber and Carl Bosch, made fertilizer Cheaper by inventing a method of manufacturing that pulls nitrogen out of the atmosphere and combines it with hydrogen atoms that are usually derived from natural gas (CH4). The process, for which Haber won a patent in 1911, uses high temperature, about 500 degrees C, as well as high pressure (about 200 times normal atmospheric pressure), and an iron catalyst. The product is ammonia (NH3), a substance that is superior to guano when used as a raw material for fertilizers. It’s also essential to the production of nitric acid, which is used in the production of explosives. That last fact undoubtedly explains why Haber and Bosch had to wait years for proper recognition. Haber was awarded the Nobel Prize in chemistry in 1918 “for the synthesis of ammonia from its elements.”41 Bosch won the same Nobel award in 1931.42 While the importance of their invention was not questioned, the two were also blamed for giving Germany the capacity to produce more explosives, and therefore prolonging World War I. While the history and chemistry are important, it’s simple math that explains why the Haber-Bosch process is so important. About two out of every five people on earth are now getting the protein in their diets thanks to the Haber-Bosch process.44


World Fertilizer Use and Grain Production, 1961–2011
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Source: Earth Policy Institute.43


The dramatic increases in global grain production that have occurred over the past few decades are a direct result of the Haber-Bosch process. As the graphic above shows, these increases have occurred in tandem with increasing use of fertilizer.


The father of the Green Revolution, Norman Borlaug, fully understood that higher productivity on farmland was due to fertilizers produced with the Haber-Bosch process. In 1970, in the speech he gave while accepting the Nobel Peace Prize, Borlaug declared, “If the high-yielding dwarf wheat and rice varieties are the catalysts that have ignited the Green Revolution, then chemical fertilizer is the fuel that has powered its forward thrust.”45


THE DIESEL AND THE JET TURBINE


Regardless of where you travel on this planet, it’s unlikely you’ll be very long out of earshot of the familiar rattle of a diesel engine. Flying anywhere on a commercial airline almost certainly comes with the familiar whine of a jet turbine. Together, the diesel and the turbine have made transportation Faster Cheaper.


In his 2010 book Prime Movers of Globalization: The History and Impact of Diesel Engines and Gas Turbines, Vaclav Smil declares that those two machines are “more important to the global economy than are any particular corporate modalities or international trade agreements.”46 Smil continued, writing:


The human quest for a higher standard of living, profits, and power and the human propensities for long-distance trade and exploration have been the key motivating forces. But without the two prime movers [the diesel and turbine], trade would not have achieved its truly planetwide scope or have done so at such massive scales, at such rapid speed, and at such affordable costs.47


The centrality of diesel engines to the modern economy can be demonstrated by one fact: more than 80 percent of all the freight moved in the United States is conveyed on machines powered by diesel engines.48 The key advantage provided by the diesel engine is its efficiency, which is 25 to 40 percent higher than comparable gasoline engines that use spark-ignition systems.49 Some of that efficiency comes from the higher energy density of diesel fuel, which contains about 17 percent more heat energy by volume than gasoline.50 But it’s also true that the engine’s creator, Rudolf Diesel, born in Paris in 1858, was consumed by the desire to create engines that were Cheaper to operate.51 While in school at the Munich Polytechnic, Diesel learned that only about 10 percent of the heat energy used by steam engines was turned into useful work. He saw an opportunity. Diesel wrote that his desire to create a more efficient engine “dominated my existence. I left the school, went into practice, had to win a position in life. The thought pursued me incessantly.”52


By 1897, Diesel wrote that he had created “a thoroughly marketable machine.”53 As we now know, Diesel succeeded. Or rather, his belief in the need for an efficient, compression-ignited, internal-combustion engine did. On a personal level, Diesel was ruined. By 1913, he was heavily in debt and distressed by criticism from colleagues who claimed his engine wouldn’t work. In September 1913, while aboard a ship crossing the English Channel, Diesel apparently jumped overboard. His body was found about two weeks later.


Although Diesel didn’t live to reap the rewards or the accolades, his name has become synonymous with motive power. Some of the world’s biggest engines use Diesel’s idea. Finland-based Wärtsilä is now selling diesel engines that weigh about 2,100 metric tons and have power outputs of more than 94,000 horsepower (70 megawatts), which are for use in large container ships.54 While those numbers are certainly Bunyanesque, those ultra-large engines are also among the most efficient ever built, with thermal efficiencies of 50 percent or more.
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