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I hope this talk will begin to open the door to the complex cross currents of energy consumption within society, economic growth, strategic planning and policy decisions. Let us start with a few basics. The primary energy resources: Coal is abundant (and everyone knows that) but dirty and inefficient; oil, although cleaner, may be approaching certain limits and at best its productive capacity is being stretched to meet continuing increases in long-term global demand; natural gas is clean, efficient and abundant (not everyone knows that) and its use accelerating. Now, I basically want to make three points and talk about a solution. The solution is a big picture solution concerning the understanding of the true cost of energy use to society and energy taxation. The three points are: Point One, energy is within every single thing we do – every living and sleeping and waking hour. Its consumption is with us all the time and affects everything we do and everything societies and governments do. Point Two, energy over human history has transitioned in great long-term waves and each of those waves have provided long-term economic pulses that lifted the standard of living for the society that rode each great energy wave. The first wave, and the origin of civilization, was based upon wood. And the second great wave was coal. Coal fueled the first industrialization beginning in the 19th Century. The coal wave was ridden principally by the United Kingdom and that wave powered the establishment of the British Empire. The next great wave was oil. Oil fueled the post World War II modern world. It’s the wave America rode, along with much of the western world. Some say oil powered the American Empire. The oil wave brought us to the technological advances we achieved over the previous half century or so. And Point Three: The next great wave is what I call The Age of Energy Gases. It’s the natural gas wave that begins with methane and transcends into and culminates with hydrogen before the end of the 21st Century. A hydrogen based energy system can provide for fully sustainable economic growth because its byproduct when burned is oxygen and water. The Age of Energy Gases wave will bring the next great economic and technological pulse and the societies that ride this wave will, over the decades of the 21st century, surpass those who miss the wave.
Now to touch upon a solution to the problem of transitioning to The Age of Energy Gases. The solution must begin by understanding the true costs of energy. It’s not the price you pay per unit you consume. It’s the external costs – the costs not paid by the consumer but by society in general that are often much larger than the cost you pay to consume, for instance, a ton of coal. So, people in public policy, people in government, such as many of you at the Lee Kuan Yew School of Public Policy (LKYSPP), are going to have to have a place where they can go to understand exactly what the external costs of energy consumption are in order to make policy decisions that will allow society to shift toward and benefit from the next great wave. How will nations that are so deeply ingrained in their own energy habits make the transfer to the next great wave? I’m going to advocate energy consumption taxes. Don’t tax labor, don’t tax capital. Let those flow and grow. Tax energy consumption that brings with it large external costs – the costs of lost productivity, pollution and environmental costs, health costs, geostrategic costs, “brink of war” costs, the costs to a national economy of loosing out in economic efficiency to its natural competitors. Such a policy would push a society’s energy system toward enhanced efficiency, security and the cleanest fuels, principally natural gases.
Point One: Energy is within every single thing we do 

Energy consumption is within every single thing we do and deeply embedded in our daily habits. Look at the daily act of eating a meal. How did that meal get there? Well, somebody had to expend energy to grow crops. Was the pollution nearby so severe that the productivity of the crops was lower than a non-polluted area and thereby required more labor and energy consumption for the same output or could crop productivity have been higher, requiring less energy? How much energy was used to gather those crops? What sort of transportation mechanism was used and what fuel was used? And what was the energy efficiency? How did the produce get into the restaurants? What was the food cooked with? What sort of energy – was it coal, was it wood, was it natural gas, was it electricity? Was your meal in an air-conditioned restaurant? How much power’s being burned to light, heat or cool the restaurant and what was the efficiency of the plant that provided the electricity? Just think of this lecture today for instance – the lights that are on all producing heat that necessitates air conditioning. We’re all consuming energy every moment and that’s why it’s so deeply ingrained in our individual daily habits, and habits are hard to change. In society our economic growth and our standard of living require continuous expenditure (use) of energy. Our quality of life is largely determined by the quality of the energy we consume. Singapore couldn’t be a global financial city without tall buildings and air-conditioning, so it’s a requirement for Singapore today and for its future to have ample energy, energy security and to use energy efficiently. Government policy must consider the security of that energy supply and therefore energy leads us to defense issues. Singapore must protect its harbors and oil refining and chemical plants on Jurong Island. Iran has recently been talking about the oil weapon. The oil weapon was once used by the Saudis in the late seventies and resulted in the disruption of the global economy, particularly in the oil addicted West. About 70% the oil in the world flows either through the Malacca Straits or through the Strait of Hormuz. The prevention of terrorism at these narrows is at best a difficult thing to handle and if oil’s going to flow freely, then the tankers must be protected. All the world has an economic interest in the free flow of oil, but which governments are going to protect that oil? And who is going to pay? And if much of the military protection is provided by the United States, what will be the relationships between the defense departments of these countries with the U.S. over the long term as economic and strategic conditions change? So, I can’t make the point strongly enough that energy is within everything we do and in today’s global economy, the consumption of energy will transcend political boundaries. So, deals are going to have to be made. Relationships that one may not ordinarily have will happen and the global societies will either come together in those relationships over energy – particularly oil – or break apart. These are the issues you as tomorrow’s policymakers must be prepared to study and wisely address.
 

The two big drivers of energy in today’s world are the United States which consumes 22% of the world’s energy used every day and China, the next largest, which consumes about 15% and growing. And so I’ll use the U.S. and China for some of the examples. Let’s first take China: Lee Kuan Yew has said, and I certainly agree and I know the Chinese themselves agree, that for China to continue up the escalator of economic growth will require two things – one, internal stability and two, external peace. I think that’s an absolutely fundamental thing for the long-term continuation of China’s growth and, for that matter, the rise of Asia. So let’s look at internal stability. Without a continuous flow of stable and not excessively polluting energy, further growth will be limited, certainly over the longer term. Without continued growth in China, there’s going to be internal instability. With the wrong kind of energy consumption – in my opinion particularly polluting coal, as there’s already now some rioting over pollution and the location of coal plant sites – China can not maintain its current rate of growth with internal stability. Coal plants take a lot of space. They are inefficient and they have a lot of external costs with their use. The World Bank did a study on pollution in China and has estimated (I don’t know if it’s right, but it’s probably in the ballpark) that the current status of pollution in China is costing the country somewhere between eight and twelve percent of its GDP. That’s enormous; China is a two-trillion-plus U.S. dollar economy now, so pollution is costing $160 billion to $240 billion U.S. dollars annually. Hong Kong has recently estimated that its air pollution costs the city nearly $3 billion U.S. dollars annually. China could make a lot of money – perhaps enough to pay for natural gas development and infrastructure – by moving away from polluting coal to clean natural gas. So, this is what I mean about the external costs. Coal is not the cheapest fuel – coal produces probably 80% of China’s pollution, therefore its use is costing over $100 billion annually over and above its direct cost of use. Why? One reason is lost human productivity. It’s hard to work. I’ve spent time in Sichuan with pea soup fog – just like London in the 19th Century using coal technology – that on bad days shuts down all transportation. My eyes hurt the entire time because of the burning, the pollution, and the toxins in the air – that reduces human productivity. It also reduces agricultural productivity. Pollution reduces the amount of crops that will grow in a given space (once again in Sichuan there is a layer of coal dust over each leaf of all the flora); the amount of fish you can raise in a given pond is also reduced by coal pollution and it adds dramatically to health costs as, in addition to fly ash, the air is also polluted by sulfur and mercury emissions. These acid rains are killing the Mongolian grasslands, thereby causing more great dust storms to cover Beijing. Coal is also a transportation problem because it takes train after train after train load of coal to run these big plants. When I was in China in the late 1980’s and early 1990's, literally 40-50% of the entire railroad transportation sector was taken up by the transport of coal during the winter. Although this has improved today, transportation of coal is still a problem and I might add that rail transportation of coal is now crowding out the other commodities in both the U.S. and China, causing more and more goods to be hauled by less efficient trucks, exacerbating both countries oil demand – which, of course, is another hidden cost of coal consumption. China’s massive increase in the use of coal will diminish economic efficiency and growth while its accelerating pollution will lower economic productivity and increase health costs thereby leading to increasing levels of internal tension and stress as rates of growth diminish over the long term. So, suffice it to say internal stability will be an increasing problem within China without a significant shift in energy policy away from coal. It does appear that China has recognized this problem and is beginning to “go nuclear”; however, nuclear is not nearly as economically efficient as natural gas nor are there long-term solutions to nuclear’s waste and proliferation problems. And even if China meets its nuclear targets, nuclear will only produce a relatively small percentage of China’s electric demand.

 

So next, let’s consider external peace. One of the principal reasons that Japan came into Southeast Asia was for access to resources, the principal one of those being oil. Why did Nazi Germany go into Russia? Oil again. In the Second World War the Germans went to Baku after the Caspian oil, so the loss of a supply of something so fundamental to the economy can certainly create war and destabilize the world again – with the Iraq wars as recent examples. It’s also a bargaining chip in the battle with Iran over nuclear with Iran’s threat of cutting off oil. If, over the coming decades, China and India were to consume per capita quantities of oil approaching those of super efficient Japan (about half the per capita consumption of the USA), global oil demand would double from about 85 million to over 160 to 170 million barrels of oil per day, a quantity that has a very low probability of being met without enormous international tension, volatile global financial disruption and massive capital investments in the production of nonconventional liquid production to displace conventional oil – probably not the most efficient use of such enormous amounts of the world’s available capital. So I don’t see how, without a solution to the problems of coal and oil, that there will be either long-term internal stability or external peace. I see the implementation of a long-term path toward more sustainable energy consumption to be a critical and fundamental long-term necessity for the rise of Asia and therefore also for the global economy.

 

So, the first point I’ve probably over-made, but let’s suffice it to say that energy is spent with everything we do – it cuts across the cost of living, the quality of life, economic growth, strategic relationships, national defense. In many ways it’s more fundamental than money, as it is certainly possible to do a lot of bartering without the expenditure of money, but you can’t even barter without the expenditure of energy.

Point Two: Energy over human history has transitioned in great long-term waves
Now to dig a little deeper into the great waves of energy consumption as I see them. Let’s turn to the chart. This chart depicts the percentage of each primary energy within the total world marketplace. 
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The vertical axis is the percentage of the marketplace and the horizontal axis is time. Civilization started around a fire and wood was the first principle energy source. Nothing changed for a long, long, long time but finally there was a better technology that came along. That was coal and it came into being beginning in the early 1800’s and drove the Industrial Revolution. Coal powered our first leap into the “modern world,” concentrated in the heart of the Industrial Revolution, London. However, by the turn of the century, the quality of life in London and much of England had profoundly deteriorated to the point when a dirty energy begins to reduce economic productivity and quality of life with the fogs, with the dirt inside and outside of homes, with London’s coal black stone buildings, with the misery of coal miners, etc. The same conditions came along in America in Pittsburgh after World War II where there were killer fogs that one month killed some 70 people because of the use of dirty coal in the steel mills. The same is happening today across China from Sichuan to Shenzhen to Beijing and the industrial northeast.

 

So, the point is that until a fully sustainable energy input is in place, there will always be an economic and environmental constraint to the continued growth of the use of that energy supply. But, on the other hand, each better energy source reformed the technology and produced waves of modernization. But once an energy infrastructure is in place, it is most difficult to change. With coal – a solid fuel – the infrastructure was largely concentrated in populated centers surrounding the point of coal deliveries. Big factories were built that were able to produce goods cheaper than before, thus expanding the economy and producing a middle class. The coal driven steam engine revolutionized the world, made the Industrial Revolution possible, increased personal mobility with the introduction of railroads and the ability to cross the oceans with larger ships carrying more goods, access to more resources – food, gold, iron, copper, etc. – which was the real beginning of global trade as we know it today.

 

Following coal was the great oil wave that was largely ridden by the West and led by America. Oil – a liquid – is more efficient and cleaner than coal, easy to transport, with a much higher conversion efficiency. You can get a lot more bang for your buck per BTU from oil while also reducing coal pollution. The fuel conversion in an internal combustion engine is a lot more efficient than burning coal in a steam engine, so the efficiency is better and with oil we built bigger, more efficient boats, navies; the airplane came into existence, the automobile, and these technologies shrank and changed the world once again both economically and geo-strategically. For instance, at the close of World War II President Roosevelt went to Saudi Arabia to initiate a strategic relationship of oil security for the U.S. and military security for the Saudis that has continued until today, but is now being strained by changes in oil consumption patterns, the rise of Asia, 9/11 and the Iraq war. And that’s the world we’re all familiar with today and we’ve been living in – the Age of Oil, an energy age that I believe is now entering the beginning of its twilight (note that as a percentage of global energy consumption oil is declining) and will necessitate many new global strategic and economic relationships. And as always, change is difficult but also, as always, presents great opportunities for those who study the facts, see the future and are willing to act courageously.

 

Point Three: The next great wave is The Age of Energy Gases

The next great wave, I believe, will be based upon natural gases beginning with clean methane and somewhere during the second half of the 21st Century a transition will accelerate toward totally clean hydrogen. Natural gas is a globally abundant resource and its abundance is becoming more apparent every day as more and more very large natural gas discoveries are made around the world. What we must now begin to understand is that the historic concept that “oil and gas” are virtually one energy source and one energy industry is both flawed and, in the case of natural gas, limiting. My life’s work as a geologist and natural gas (not oil) explorationist have led to my belief that the global natural gas resource is much more abundant than oil and at least as abundant and globally pervasive as coal. Keep in mind as you contemplate the abundance of natural gas that wherever coal is found natural gas is present and wherever oil is found natural gas is also present, and, even more important, that the largest natural gas fields in the world have little or no oil. In order to understand the future of natural gas we must completely extricate ourselves from the long-held concept of “oil and gas” as one where “gas” comes second, an afterthought and originally a little-valued by-product of oil or, in the case of coal mining, a dangerous nuisance. Natural gas is different from oil in most every way except how it’s generally explored for and even then requires thinking outside of oil exploration. Natural gas is a gas lighter than air, oil is a liquid; natural gas is safer to use than oil, natural gas is compressible and oil is not, allowing a natural gas reservoir at deeper depths to hold twice or more as much natural gas as a shallow reservoir. Natural gas is produced from many reservoir rocks that could not produce one drop of oil. Natural gas is pervasive around the world, whereas about 70% of all the oil is located under about 2% of the earth’s surface. Natural gas requires a different infrastructure and is cleaner and generally more efficient. But today most people think of “oil and gas” as one industry. My grandfather and father were in the oil industry, but I separated myself from the “oil industry” while at the University of Oklahoma. Natural gas is a different industry and natural gas is an industry that only now is beginning to exist as an integrated global industry. The natural gas market is only now in its infancy as a global commodity. So, when you hear people talk about oil and gas in one breath, remember that they are “oil” people and are limiting their understanding of natural gas by their long-held views of oil. The world remains focused on oil. Why? Because oil fuels such a large segment of the global economy and its continued use is vital to all developed and developing economies. Because, other than financial futures, oil trade represents the single largest piece of the global economy, not to mention America’s largest trade deficit. Because the great multinational oil companies and, more recently, the state owned oil companies have an enormous capital investment in oil and oil infrastructure. Capital investment in “downstream” infrastructure such as transportation, storage, refining and distribution to the world’s automobiles far exceeds that of exploration and production. Also consider the invested interest of the auto companies so closely linked to oil through the internal combustion engine. So, natural gas has a long way to go before it has an equal global significance, but the 2005 International Energy Outlook continues to project that natural gas will be the world’s fastest growing primary energy and I believe that outside the western economies the natural gas trend will accelerate. So, what is needed now to alleviate fears of insufficient natural gas resources and to begin the task of understanding natural gas in its own right as the next major global energy source is for an appropriate international institution to organize a global effort for the collection of natural gas resource and production data and institute a continuing program for research and study of natural gas.

Computer projections of natural gas forecast that natural gas will supply about eighty percent of the world energy market, as did coal in the 19th Century. But how could that be realistic, particularly recognizing that oil never got to fifty percent of the marketplace. That fact fascinated me. I wondered why a fuel so efficient and competitive as oil, when compared to coal, only managed to achieve just less than 50% of the global energy market and today, as a percentage of the global energy market, is actually declining. It dawned on me that maybe in the big picture it’s very simple. In the big picture, matter in the universe is in two forms – solids and gases. Liquid is a transitional and minimal state of matter. There is not much liquid in the universe, in our solar system or on earth. If one drained all the water off the earth it would form a little ball of water less than the end of your thumb as compared to a two foot diameter earth. The earth is mostly solid, saturated and surrounded by gases. As liquid is a transitional and minimal state of matter, it could therefore be a clear indication that oil as compared to coal (a solid) and natural gas (a gas) may be a comparatively limited global energy resource. If you think of it that way, the energy source that we started civilization upon and created the Industrial Revolution with was a Solid, then a Liquid transition took us to the “modern world.” Then what would be the future? I call it The Age of Energy Gases, as depicted upon the next chart, that has the capacity for the first time in human history to transition civilization to fully sustainable growth for the very long term.

Global Energy Waves
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The Age of Energy Gases begins with a common natural gas, methane or CH4 – only one carbon and four hydrogen atoms. Further out in the wave of energy gases, say 2050, we will accelerate a transition – largely through an in-place methane infrastructure – to a hydrogen (also a gas) based economy, which, when burned, is totally clean. An important fact this chart makes clear is that as we move across these energy waves we’ve been de-carbonizing our energy input since the beginning of civilization. So we’ve been getting cleaner the whole time. The reason we are having a problem now is because we consume so much energy to sustain a large global population. This in itself is a conundrum, as we consume so much energy because its efficient input to the general economy has largely provided the necessary resources and economic efficiency for population growth that in turn required more economic growth that must be fueled by more energy consumption. And, as long as the energy input was relatively cheap, the cycle accelerated. On the chart you can see the de-carbonizing. In the beginning 100% coal and wood, or almost 100% dirty carbon. With oil, we are down to about 75% carbon. With methane (natural gas) we are about 50% carbon (and when burned efficiently even less carbon emitted per unit of electric output) and of course when we get to hydrogen there is no carbon. Hydrogen is a fully clean and fully sustainable form of energy. The use of methane gas will require an infrastructure based upon the use of a gas, not a solid or liquid and therefore will naturally lead to hydrogen gas that will largely use the same or similar infrastructure. The hydrogen economy is technologically possible today, so what is needed is a long-term commitment by governments to get there by providing the kind of research and development funding and incentives that have in the past been given to oil, nuclear and coal and a long-term commitment equal to putting man on the moon.

Now let’s look closer at how primary energy is used by a society. Coal: big, centralized, capital-intensive plants and very, very inefficient technologies. Most of the best and newest coal plants have only about 30% efficiency or slightly more. However, if we included coal transportation from mine to the electric consumer, the percentage would drop significantly as coal transportation is very inefficient, as is the distribution of electricity across resistive wires. Oil, however, is comparatively easily transported, so from oil field to the auto is much more efficient. However, a modern car has an engine efficiency that only averages about 20%; but, since about 95% of the mass moved by the fuel is the car, not the driver, the car uses less than 1% of its fuel to move the driver, thus the American oil addiction. And the great American absurdity is the delivery of a Domino’s Pizza to a home in an automobile! As we move to the natural gas wave, we probably have a natural gas well to electric generating facility transportation efficiency about equal to or better than oil; however, the efficiency of heating, cooking and electric generation – some of natural gas prime uses – have much, much higher conversion efficiencies. Today’s methane combined cycle generating plants are up to 60-65% efficiency (vs. coal at about 30%) and some are now being bench tested up to 70-75% conversion efficiency. With natural gas use we are burning a primary energy source that has less carbon and less CO2 output per unit used and therefore every kilowatt of electricity produced with methane emits much less CO2 than the same kilowatt produced by half as efficient coal. Also, natural gas virtually eliminates all the other external costs of coal.
What we have to do as we enter the 21st Century is follow the technology. Technology is saying we are going from complex chemistry of dirty, carbon rich solids (coal: C135H96O9NS), through a liquid transition (oil: C5H12 to C36H74), to simpler and simpler chemistry (natural gas: CH4) with less and less carbon, until we arrive at the simplest chemistry, hydrogen itself (H2). We are going from centralized, inefficient plants burning dirty, chemically complex solids to decentralized, highly efficient, smaller, less capital intensive plants burning chemically simple, clean natural gases. Our future will have smaller and smaller forms of energy converters, located closer and closer to energy demand. We will have smart energy technology with computers moving toward nanotechnology and programs implanted throughout the energy system from production through transportation to consumption. And possibly most important to the efficiency of consumption, we will move from regulated and bureaucratic centralized energy decision making to cost saving smart systems largely controlled by the individual, family or neighborhood and tailored to meet changing individual needs and, by doing so, add productivity to the economic systems. So, consumption itself will become vastly more efficient, but none of this is possible without basically a new energy infrastructure built for The Age of Energy Gases. We will be going from non-sustainable growth (as was proven during the Industrial Revolution in England, the Pittsburgh fogs, Sichuan, and Shenzhen) to fully sustainable economic growth. We will be going – in the case of oil – from a resource with impending limitations (in the long-term sense of energy transitions we are likely approaching peak oil production capacities) and largely concentrated in politically less stable regions to a resource – natural gas – that is abundant and globally more widely distributed. Natural gas, unlike oil, is spread around the world and pervasive in the world. Once again those who think “oil and gas” as one industry also think because Russia, Iran and Qatar have lots of natural gas that we will be jumping from an oil OPEC frying pan into a natural gas OPEC fire. Nothing could be further from the truth of widely distributed natural gas resources. The natural gases wave will move us away from strategic instability, unsustainable CO2 emissions, polluted cities, degraded environments and global warming, to less and less CO2 emissions with more sustainable and secure growth; that is, unless, for lack of understanding and the will of decision makers, as is now in progress in both the U.S. and China, we continue to accelerate the use of the 19th and 20th Centuries’ inefficient and dirty coal and oil in the same old addictive and non-sustainable ways. 

I think that the next great wave – The Age of Energy Gases – will be the wave that Asia rides. I make that point because – let’s get back to the habits – the habits of individuals and the habits of societies are difficult to change. The United States today, with its current boom in coal consumption, is leading the West backwards toward the energy technologies of the 19th and 20th Centuries (England has now surpassed the U.S. in its percentage of natural gas use vs. coal, with natural gas consumption in England accounting for 37.4% of total energy consumed versus 24.4% in the U.S.). The U.S. is, of course, a much different culture than Asia and its practice of democracy is virtually a unique form. America has created a government, a type of democracy based first upon individual rights. Everybody has a vote and that happens every two years. We are a newer society and shorter-term thinkers and our form of democracy reflects short-term thinking and severely limits long-term planning. It is very difficult for the United States of America to plan for the long term with four year presidential terms and shifts in direction of each administration, and a two year election cycle for the House of Representatives and six years for Senators. Long-term energy planning is not going to happen in America without a catastrophic crisis. It took the Cold War and Sputnik to spur the U.S. to a decade-long plan to put a man on the moon. In my opinion the West will not lead the 21st Century’s energy future. The West, for now, is stuck in 19th and 20th Century technology. Now why can Asia be different? Asians have a different type of culture. Asians have a long history and a propensity to think and act long term. That’s why I am so excited to be here at LKYSPP and talk with Asia’s future leaders. Here you are sitting in this room. You’ve got to understand that energy’s future is in your hands. You can make changes happen. It is possible. The next great wave, I think, will be Asia’s wave. You’re an older society. You have a propensity to think longer term in the first place, and your governments are the types of governments that allow for long-term planning. I was really heartened to see China’s most recent five-year plan because it was not only about growth, but it took into consideration the energy input to that growth. For the first time the quality of growth was a concern. That change is being made and in China and in Asia long-term policy is possible. It’s certainly possible here in Singapore. As a matter of fact, Singapore is quite a way up the curve toward The Age of Energy Gases. About 80% of Singapore’s electricity is generated from natural gas. Singapore also has two hydrogen automobile filling stations. It is the first one I had ever seen. I had to come to Singapore to see that kind of modern technology. I think it’s great. It shows how Asia can indeed lead. 

Solution 

Now as I turn toward a solution let me first address the non-solutions of nuclear energy and so called "clean coal" technology. Nuclear is not a long-term solution. Its use will undoubtedly increase, but there are huge costs to it. I don’t think it’s ever going to be economically competitive with natural gas; it must therefore be subsidized by government, always leading to higher taxes on the economy. There is no clear understanding of the costs and risks for how to store nuclear waste; so without full knowledge of the enormous cost of the storage of nuclear waste and associated risks, as well as the external costs of nuclear proliferation, governments will continue to subsidize nuclear in one way or another, thus delaying our path to a truly “sustainable” energy future with hydrogen. And we must be realistic; if China and India carry out their ambitious nuclear plans over the coming decade, no more than 5 – 7 % of their electrical demand will be generated by nuclear. So, nuclear energy is not a long-term solution to our global energy problems. Second, regarding “clean coal” technology, I do not believe there is real evidence to show that so called "clean coal" is a viable solution to 21st Century energy needs or environmental requirements. It cannot meet even the environmental standards and efficiencies of today's natural gas fueled electric plants that produce no mercury, virtually no sulfur oxides, very little NOX and less than half the CO2 emissions of coal. "Clean coal" is an oxymoron and simply a clever slogan of the western coal lobby and not a technology that can economically or environmentally compete with natural gas to generate electricity on a level playing field. And you will ask what about CO2 sequestration, but I can assure you that it is a very large and unknown cost that once begun will require government subsidies. Coal will always be a 19th Century technology with, at best, a few 20th Century modifications requiring very large capital investments in large, relatively inefficient command and control facilities. Suffice it to say coal will clearly prevent an economy from riding the wave into a sustainable, efficient 21st Century energy infrastructure.
In order for leaders to make long-term decisions and quality decisions, good decisions, decisions that will have the kind of results humanity clearly desires over the long term, leaders must first understand what indeed are the true external costs of the type of energy consumed by society. Is the World Bank right about China? Is it costing China over $100 billion U.S. dollars annually because of the amount of coal being consumed in China? The problems of resistance to change, I think, in most societies are its bureaucrats and political leaders as they generally want to do what’s simple and what’s easy and what sounds to be the least cost over the near term. Coal to buy is the cheapest and that, of course, is easy to understand, but to understand that coal is not the cheapest to society is complex, difficult and after the fact of its use. Coal is also known to be abundant; therefore it is not risky to make the decision to use coal because it is near to the surface of the earth and can easily be exactly measured by drilling very shallow, inexpensive core holes. Thus, there is no resource risk and it is outwardly the least cost, so very easy for the bureaucrat or politician to say yes and take no risk. But, to think philosophically, I think from the origin of civilization through to today as we approach higher and higher quality of life, we tend to have to take on more risks. That is the dialectic, more quality of life, more risk, and therefore the conservative politician and the bureaucrat will always resist. To lead a society to a higher quality of life will require enlightened learning, exceptional communication, a dedicated long-term direction, and usually great political risk and personal courage. 

 

Certainly to base an economy on natural gas there is more perceived and near-term political risk. My life’s work tells me the occurrence of natural gas is diffused around the earth and is pervasive in the earth in abundant supply; however, natural gas resource abundance is harder to determine than coal or oil, particularly because we have not thought about or studied natural gas as a resource separate from oil for very long. We have studied coal for over 200 years and have courses in universities about its abundance and how to mine coal and for over 100 years the same has been true for oil, but I know of no universities studying natural gas today as a resource separate from oil. In the U.S. there is only one underfunded institute devoted to natural gas and natural gas technology – the Gas Technology Institute. There needs to be a center of resource understanding. As to how much oil is left, we don’t know because basically the governments in the Middle East don’t wish to share that data. There is no place that you can go and have third party examinations of how much oil might be there. But because natural gas is still a very young industry it may be possible to share its resource quantities on a global basis with its consumers; for instance, at a special unit of the WTO. Natural gas I think is more abundant than oil, probably more abundant than coal. Personally, as a geologist/geophysicist who has spent my life studying natural gas, I believe that the globe’s natural gas resource base can be larger than all the BTU’s of coal and oil put together, and no question that is true if the oceans’ natural gas hydrates are included. I don’t know if you know what the natural gas hydrates are but the quick explanation is that on the continental shelves and at the bottoms of most of the world’s oceans there is a layer where the pressure and cold temperature of water and the seeping of methane has created kind of a mushy-looking soupy yellowish stuff and that’s methane hydrates. If you include hydrates, there’s more natural gas – BTU’s of natural gas – than all the coal and oil put together. So the resource is abundant but we are going to have to study this and governments must gain more confidence in the natural gas resource base, its cost to produce and consume, as well as its geographic location. Natural gas is only now beginning to receive the research and development studies that have gone on for a century with oil and two centuries with coal. Only recently have the multinational oil companies begun to pay attention to natural gas. Only recently has Qatar and its multinational partners planned for and devoted the capital resources to becoming a global center for natural gas production and distribution. Qatar is in the process of becoming the world’s first multinational integrated natural gas company. 
Enlightened energy policy will require studying the technology and the external costs of each fuel’s use and then it will take courageous long-term policy decisions. Energy, particularly through a great transition, will continually be a risk and energy risks must be studied and understood and decisions made based on the understanding of the realities of the technological future and resource abundance and the strategic analysis and mitigation of those risks. One of the major necessary components of energy understanding will be the true cost of the energy – direct, indirect and strategic. How do we control the energy input and what are its true costs to society? And, with a realistic understanding, what will be the best policies to drive society in an enlightened energy direction? How can we formulate policy to ride the next great wave? I believe, as I said earlier, that energy consumption taxes are by far the best way, maybe the only efficient and fair way. It’s probably not at all efficient for a society to tax income and capital as we tend to do in the West. With a consumption tax, everybody that’s got the money to consume pays the tax. So you lessen or eliminate the tax on income and capital and you increase the tax on costly energy consumption. What kind of energy consumption should you tax? Those that have the largest cost to society at large and reduce economic growth and productivity. What costs society the most? The energy use with the largest externalities and least efficiency. So, a consumption tax on coal would level the playing field with natural gas because of the differential in the pollution that each produce and the cost and lost productivity related to each, if any for natural gas. You can measure that; not precisely, but close enough. 

 

On gasoline: Americans have built their personal habits upon relatively inexpensive gasoline so we can drive all around a very large country and commute from communities grown far from jobs along major highways. As long as gasoline is relatively cheap to society and the government continues to subsidize its use by paying the cost of its global free flow across the oceans, that is how America will function. The American celebration of the automobile has been continuously subsidized so Americans drive everywhere and consume 25% of the world’s oil. If America had a consumption tax we could reduce or even eliminate our income taxes and payroll taxes. We could eliminate capital gains tax. A consumption tax on gasoline is fair because the direct and indirect costs of gasoline are a huge cost to the world and the consumer should pay, not society as a whole. For the poor of all nations, their governments should take care of their needs directly through the social safety net and should not, because there are poor, macro economically distort their economies with subsidies that encourage the consumption of fuels which reduce the efficiencies of the economy and the energy infrastructure, and pollute their air and lands. Strategic global security and a sustainable energy efficient infrastructure, coupled with lower taxes on labor and capital, will provide the catalyst for economic growth that will lift the poor into upward mobility as well as the society at large. Today, just as America, Mongolia, Hong Kong and others are paying the costs of China’s pollution, the global society is paying many of the external costs of America’s addiction to oil. These sorts of issues now need to be talked about at the United Nations, at Davos, the WTO and at the G-7 and G-8 – places where the world leaders come together – because they affect the entire world. The amount of gasoline used every day in the United States is going to affect the rise of Asia; that is why China and the U.S., as the world’s largest oil consumers, must begin to cooperate as oil consumers in order to insure the continuance of global growth. Energy consumption and its consequences always extend beyond borders. So we must understand the true and full cost of the consumption of energy and then make global policy decisions that will be based upon that understanding. I would, to repeat again – too many times I suspect – advocate taxes upon energy consumption varying based upon the estimated external costs of each fuel. Asia, I believe, has a culture and generally the form of government to make such long-term changes and thereby leapfrog the West – that is mired in 19th and 20th Century energy technologies – to a 21st Century energy infrastructure that will provide for long-term, secure, sustainable economic growth. Asia, I believe, can and will take the lead.
So in conclusion, I believe that Asia will ride the next great energy wave – The Age of Energy Gases that can lead the world to fully sustainable economic growth. As Chou En-Lai said, “The helmsman must guide the boat by using the waves, otherwise the boat will be submerged by the waves.” Thank you. 
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