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‘The challenge, in short, may be our salvation.’


– John F. Kennedy, addressing the US


National Academy of Sciences, 1963.


When future generations recall our period of life on earth, what name will they give to our era? Heavy footprints have been laid on our recent path by world wars, space travel, quantum physics, information technology and genetic engineering. However, these imprints are faint compared to the impact that fossil fuel energy has had on our contemporary history. In time, our era will be known as The Carbon Age. It is an age that is ending.


Look around you. Almost every material aspect of life in the developed world is shaped by the energy latent in fossilised carbon or its derivative products. The influence is so prevalent that we take it entirely for granted. The electricity in a light bulb and every electrical component, the machine power or heat that moulded almost every object around us, the central heating or air conditioning, the production of food, most plastic items, the fuel that propels the vehicles and planes outside: life as we know it has a source of creation in carbon.


The energy and materials for the life we know have been sourced primarily from hydrocarbons such as oil and gas. These have provided the fuel for the fastest economic and social growth in the history of humankind. Total world gross domestic product (GDP) per capita grew at some 0.6 per cent on average per year in the century prior to the mainstream adoption of oil and gas, around 1900. During the subsequent century, the average rate of growth tripled to 1.9 per cent per year. It is no coincidence that the average annual world population growth rates over the same periods were 0.5 per cent and 1.4 per cent respectively. During this carbon age, the total population has grown an unprecedented fourfold, from some 1.7 billion to nearly 7 billion.


Carbon energy has not only driven this development but has also brought many benefits. It has brought the world closer through air travel; given us the freedom of the open road; provided warm and comfortable homes on well-lit streets; energy for industry; communications networks and functioning medical equipment; and materials for pharmaceutical, agricultural and personal luxury businesses. However, carbon energy has also brought a terrible legacy.


The burning of carbon to release energy in recent decades has been so intense that the addition of carbon dioxide to the atmosphere has exceeded its natural absorption, like a bath filling faster than it can empty. The amount of carbon dioxide in the atmosphere is now greater than at any point in measured history. If temperature increases resulting from the greenhouse effect of carbon dioxide pollution continue to rise at current rates, respected scientists tell us that we can expect vast tracts of land to be covered by rising seas, major droughts, food and water shortages, displacement of large populations and international conflict over scarce resources. It is not a comfortable picture. Are the scientists right? The evidence is compelling.


Furthermore, this carbon-based energy source is now running out. No one disputes that the finite reserve of fossil fuels will dry up; only the date is in question. Experts debate a window of thirty to fifty years, even when unconventional sources such as tar sands and oil shale are taken into account. The demand on these falling reserves continues to rise as a result of explosive population growth and consumption beyond reasonable needs in the developed world.


Fossil fuel’s two fatal flaws – dwindling reserves and a negative impact on the natural world – precipitate the end of the carbon age and present the single greatest challenge to human development. We have no choice. If we wish to continue to develop society and live without chaos in nature, we must find and use alternatives to carbon energy.


What is energy? Where does the energy we use come from? What are the possible alternatives for heat, power and transport to which we must turn? Will renewable energy meet our needs and how might the nuclear option work? This book addresses these questions. It first provides a clear picture of the source and use of our current energy. It explores our voracious thirst for the hydrocarbons that fuel our economy and lifestyles. Ultimately, it assesses, with optimism, the practical energy alternatives and efficiency savings that can be applied to meet all our needs.


The book will show how energy is both Ireland’s greatest challenge and greatest opportunity. It lays bare unprecedented energy and climate change crises that may yet ravage the nation. It describes that while Ireland has become heavily dependent on volatile foreign fossil fuel, importing almost 90 per cent of its energy needs, it has over three times accessible renewable energy more than total requirements on its own doorstep. Ireland is endowed with some of the most powerful wind and waves on the planet, some of the highest yields of next-generation sustainable biomass in the world and plentiful solar energy, despite the clouds. The accessible renewable energy is a small subset of the full renewable resource, which can be easily captured, without a wind turbine blitz, without competing with food and without prohibitive costs. The wealth of Ireland’s accessible renewable energy is similar in scale to production from the massive nation-shaping oil and gas fields of the North Sea or the Middle East – but instead of polluting and dwindling, it is clean and perpetual. This book shows how 20 per cent of Irish energy needs can be met by renewable energy by 2020 and sets a vision for meeting 80 per cent of energy needs by 2050. It highlights that employment can be provided for more than 80,000 in the near term and an enormous fifth of GDP can be derived from clean energy exports.


Irish green energy offers a golden opportunity. Ireland can choose to overcome the energy challenge it faces and in achieving this, can become an outstanding world leader and global beacon of future energy.
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Energy is . . .


‘. . . like the God of the creation . . . within or behind or beyond or above his handiwork, invisible, refined out of existence, indifferent . . .’


– James Joyce, A Portrait of the Artist as a Young Man.


Energy is everything we know. It is within or behind everything that is created and changes. Energy is the driver of all motion. It is the life of all biological things and innate to all matter. It is light and every living sense. It is the flickering neurochemical reactions that create thought and consciousness.


The ancient elements of earth, water, air and fire are all direct manifestations of energy, each in a constant state of flux, changing from one form to another. Energy is the surge of that flux through time, like the current of a river into which we can never step twice.


Does energy help define or shed light on the unsolved mysteries of creation? These are the things that we do not know. They belong to the realm of Kierkegaard’s infinite resignation and to faith. Energy is simply everything we know.


WHAT DO WE KNOW? . . . ENERGY SCIENCE


From a scientific point of view, energy is defined as the ability to do work. One unit of energy, the joule (J), is exerted when a unit of force moves an object one metre. Energy exerted over time is measured in watts (W). One joule of energy exerted for one second is one watt, while one watt operating for an hour is called a watt-hour (Wh). In the world we know, we describe energy in many familiar forms. For instance, heat energy is measured as the temperature of things and is in fact a measure of how quickly atoms are moving or vibrating in a substance. Gravitational energy is the attraction of masses to each other across a distance, such as the pull between an apple on a tree branch and the earth or the moon and the earth’s oceans. Electrical energy is established by the flow of electrons along a conductor. Nuclear energy is released by splitting or fusing the nuclei of atoms and the spontaneous decay of radioactive atomic particles.


More generally, energy can be classified as either potential energy, when something is at rest but has the potential to do work, or as kinetic energy, when something is in motion and work is being done.


A book held above the ground in a pair of hands has potential energy. Although it is resting, the book has the potential to fall closer to the earth if the hands were to open. Energy would be exerted if the book were to fall to the ground. Until it falls, that potential energy is stored, waiting for a trigger to convert it to another form of energy.


Kinetic energy is experienced, or ‘work is done’, when the book falls. Roughly one joule of work is done if a small book falls one metre. When the book clatters to the floor, the kinetic energy of motion ceases and the energy is converted to a little heat from friction, some sound energy and a new source of potential or stored energy in the changed profile of the atoms of bent or torn pages.


CONVERTING ENERGY TO CHANGE LIFE


The science of energy becomes life changing when we harness energy as it is being converted from its potential to its kinetic state to do useful work on our behalf. Potential energy resides like a locked-in tension in the chemical bonds of molecules of all matter. If matter is converted from one form to a simpler form, it may release energy in the process. For example, when wood is combusted with oxygen, the carbon in the wood combines with oxygen to form carbon dioxide, water and ash residue. However, the stored energy in the chemical bonds of the carbon dioxide, water and ash output can be shown to have less potential energy than that stored in the original wood. The difference in potential energy between the start and the end of the process is released primarily as heat and can be put to good


In the same way, when other forms of hydrocarbon, such as petrol or coal, are combusted with oxygen, heat is again released from the potential energy in the chemical bonds. This heat can in turn be converted to kinetic energy. The heated expansion of air can push a piston in a car engine or the boiling of water can create steam to drive a generator for electricity.


Converting energy from one form to another is never fully efficient. Some energy is inevitably lost and may be partially converted to a form that is not useful. In the case of the car internal combustion engine, not all of the heat energy is converted to kinetic energy in the moving pistons. Some is lost as heat to the surroundings. In fact, a typical car internal combustion engine loses 75 per cent of the energy potential of its fuel and it is never captured again.


The mainstream fuels of the modern world are those substances that can easily and cheaply be converted and that release useful energy in the process.


CONSERVATION, DISORDER AND THE LAST ACT OF TIME


Energy conversion complies with a key principle. The total amount of energy does not change but is conserved. This constancy is true of the total energy in the universe. If one part of the universe experiences an increase in energy, another part must lose the same amount of energy. In science, this is known as the first law of thermodynamics. In everyday life, it means that energy cannot be created or destroyed but simply changes form.


The Latin poet Ovid suggested that nature turned all chaos to order at the time of creation, hurling the rough unordered mass of things in the universe into their rightful places and binding them in harmony. For millennia, philosophers found comfort in this same hope – that order follows chaos, that the future will be safe. Sadly, the opposite metamorphosis is true of energy and all life.


The physicists of the nineteenth century showed that all things naturally progress towards total and utter disorder. All energy and matter dissipate to the state of greatest chaos. Heat energy creeps from warm to cold bodies, never the other way around. Everything disintegrates. In science, this is the second law of thermodynamics. In life, this is the inevitability of complete anarchy. This disorder, or entropy, is driven by energy changing from one form to another, from high intensity energy to lower intensity, distributed energies. Natural disorder is also what we often call beauty, such as the crumbling russet of scattered leaves or the tumultuous rush of falling rivers.


Humans have generally endeavoured to place order on things. We have fashioned objects, cities and civilisations from natural resources, harnessing energy to help us do the work. The irony is that we have been wading against the overwhelming universal flow of increasing disorder: our harnessing of energy conversion actually accelerates the process.


The conversion of energy is an advanced definition of time itself. Time moves forward as energy conversion drives the increase of disorder in the universe. Measurement of time as the revolution and orbit of planets marking days and years or a pendulum swinging between states of potential and kinetic energy striking out seconds and minutes has been displaced: time is now measured by the precise frequency at which electrons change energy levels in an atomic clock.


The conversion of high intensity to low intensity energy to do work is a one-way process. Those sources on which we have readily laid our hands are degraded once converted and are less useful for doing work. In the same way, all energy conversion in the universe will lead to a point of least usefulness and maximum disorder at some point in the future. Science tells us that once maximum entropy is reached, absolutely everything will have a uniform heat, density and even colour, which, astronomers say, will be sandy beige. In the end, the last act of energy will be the last act of time.


E = mc2



When we think about the kinetic energy of the falling book, we can intuitively understand that the energy in its motion should relate to the mass of the book and the speed at which it is falling. The bigger the book, the bigger the crash. The less speed it has managed to work up, the less the impact. It can be shown by classical mathematics that kinetic energy is equal to the mass of the moving body multiplied by the square of the velocity, divided by two (i.e., KE = ½ mv2). This confirms our insight that the bigger an object and the faster it is moving, the greater the energy. Think of the energy in an impact of a fast-moving juggernaut hitting a lamp post compared to a slow-moving bicycle hitting a lamp post. The equation does not yet convey any equivalence between energy and mass.


Einstein formulated a theory that had a revolutionary impact on this definition of energy. In his spare time while working in a Swiss patent office, he set his mind to understanding why the speed of light appeared constant in all circumstances, even when one is moving relative to the direction that light is moving. Intuition suggests that the relative speed of light might well increase while moving towards it and slow down while moving away from it. This happens to the relative speed of sound, for instance when we are moving closer to or further away from an ambulance siren. Major experiments that had expected to find changes in the speed of light by measuring it under different frames of reference failed to detect any change, such as an experiment conducted by Albert Michelson and Edward Morley in 1887. No physics puzzle had ever generated more intense effort to explain why an expected result did not happen. Albert Einstein entered the scene in 1905, at the age of twenty-six, to provide an answer.


While others considered how best to measure a changing speed of light, Einstein considered what it would mean for space and time if the speed of light were indeed constant. In his special theory of relativity, he suggested that the only way to understand the experiment results was to say that the laws of physics are the same in all inertial frames of reference and in particular, that the speed of light is the same regardless of how one is moving relative to it.


This completely shattered the understanding of our world held for hundreds of years and still challenges some of our very basic instincts when considering it. For instance, it suggests that time does not progress steadily but actually depends on the speed at which one is travelling.


For instance, take the case of one person sitting on a train moving towards a source of light while another person sits on a platform. Despite the fact that one person is moving towards the light and one is stationary, the speed of light is unexpectedly the same for both. Speed is determined by the distance travelled and the time taken to travel it (i.e., speed = distance / time). If the speed of light is the same for both the stationary and moving observer but the distance is changing between them, then time must also be changing between the observers in order for the above equation to remain true. Time is actually moving slower for the person on the platform compared to the person on the train. The phenomenon becomes noticeable at speeds approaching that of light.


When energy was analysed under this new theory of relativity, it became clear that the classical equation of KE = ½mv2 did not hold up entirely. At speeds approaching light, the accuracy of the equation faltered. Einstein worked to find a more correct definition for kinetic energy under his new theory. He found that the kinetic energy of a moving object was proportional to the speed of light. Furthermore, he showed that an object’s energy at rest was equivalent to its mass multiplied by the speed of light squared, or mc2. This groundbreaking development showed that mass is actually a possible manifestation of energy.


Since light travels at the enormous speed of some 300 million metres per second, the energy of even a small amount of mass is also enormous. This is fundamental to nuclear energy, the source of the sun’s energy and man-made power and destruction. Einstein continued to develop his relativity theory and created the mathematical basis for predicting the Big Bang theory.


GENESIS OF ENERGY


The Big Bang was the explosion of birth when everything that we know in the universe was created. This phenomenal explosion was accompanied by overwhelming heat energy and instability. The entire contents of the universe expanded away from the source of the explosion and began to cool. Atomic particles such as quarks and gluons were formed within seconds. Within three minutes, nuclei of protons and neutrons were being formed by superheated nuclear fusion. This soupy broil continued to swell and larger masses congealed out of the fog of particles and elements. After a billion years, the first stars were born and seeded the first galaxies. Thirteen billion years later, in the universe of today, galaxies continue to hurtle away from each other. They are accelerating and are driven by an energy form recently detected, called ‘dark energy’. Though little is known about it and its secrets are still being uncovered, dark energy is known to comprise a staggering 73 per cent of the entire universe.


Echoes of energy unleashed at the Big Bang churn in the star closest to earth. The sun was formed 4.5 billion years ago from a swirling cloud of hydrogen gases and particles. This matter exerted a gravitational energy that packed it closer together and increased its temperature. The heat rose to a point where nuclear fusion of hydrogen began and resulted in a temperature explosion that counteracted the continuous pressure of gravitational collapse, achieving relative stability. There is enough nuclear feedstock to maintain this intense balance of gravity and thermonuclear energies, and sustain our sun for another several billion years. The enormous well of nuclear energy produces heat energy at temperatures of 5,500 °C at the sun’s surface and up to 15 million °C at its core. The molten pummelling of elements sends searing heat and light energy 150 million km through space to earth and light years beyond. The energy that reaches our planet is the genesis of our energy and life.


PLANT ENERGY


Light energy from the sun is captured by plants and converted into chemical energy by the process of photosynthesis. Light enters green-coloured chlorophyll that is part of the chloroplast in plants. The chloroplast is like an ‘energy factory’, where water absorbed from the environment is split apart by the light energy. The chemical energy and electrons that previously bonded the water are ultimately gathered up in energy carriers, called NADPH (nicotinamide adenine dinucleotide phosphate) and ATP (adenosine triphosphate).


Meanwhile, carbon dioxide and more water are absorbed from the environment. The carbon from the carbon dioxide is affixed to existing organic compounds and the energy carriers impart their energy to these compounds to produce simple sugar, life’s building block, as well as oxygen. The simple sugars and oxygen produced have greater net chemical energy than the starting products. Sunlight supplies the required energy difference.


The sugars created by photosynthesis provide all the starting material needed to build complex carbohydrates and all other parts of the plant. With sufficient water, carbon dioxide and sunlight, plants flourish and evolve in profuse variety. The first green plants of algae are thought to have evolved 1 billion years ago. The first land-based, mossy plants appeared some 475 million years ago. There have been countless cycles of life, decay and rejuvenation. Plant carbohydrates laid down in thick layers over these millions of cycles and fossilised are the primary finite hydrocarbon fuel sources of the modern world.


Plants, acting as solar energy catchers, are indispensable for animal life. Animals cannot convert light energy into chemical energy directly themselves so they collect their energy by eating it as food. The oxygen given off by light energy conversion in plants throughout the world is the same oxygen animals require for respiration.


BIOLOGICAL ENERGY


The body is, in a functional sense, a mobile energy converter. It is constantly converting the chemical energy of food to do useful work such as moving muscles, activating nerves in the body and brain, maintaining body temperature or building new cells. The full set of chemical energy conversions occurring in the body is called metabolism, which is derived from the Greek word metabole, meaning change or conversion.


The pathway of energy conversion starts with breaking down food while chewing. In the stomach, it is further reduced by acids and enzymes that literally cleave their way through large molecules. Finally, the basic components of food are liberated as simple sugars, fats and proteins. These are the building blocks for the biology of the body.


Simple sugar, glucose, combusts with oxygen that is inhaled into the lungs, absorbed into the bloodstream and carried to where the glucose fuel-stock is waiting. The combustion, or respiration, results in the creation of water and carbon dioxide that have a lower stored chemical energy than the starting glucose and oxygen. This energy conversion is the reverse of photosynthesis, which synthesises sugar and oxygen from water, carbon dioxide and sunlight.


The energy released from food is put to work to sustain life. The fuel conversion is similar to petrol combusting with oxygen to release heat that moves a car engine piston. However, in the body’s case, energy released in controlled combustion can be gathered up as a reserve in the energy carrier, ATP (adenosine triphosphate). The energy carriers store and deliver energy as it is needed. They can couple with proteins to trigger muscles, transport substances through membranes or mend and grow cells.


When a body is exercising vigorously, the breathing rate increases to feed oxygen to the furnace of energy production. If the body uses energy faster than it can be available, energy reserves are depleted and functions become limited and lethargic. When exertion is stopped, gasping for oxygen continues to enable the restocking of ATP. If available glucose for energy production is used up, the body will turn to fat as a source of energy.


The average energy intake required by a 70 kg person to do a normal day’s activities is about 2,400 kcal. This is about the same energy rate as a 100 W light bulb. Running 1 km will burn some 75 kcal, roughly the same energy in a slice of bread. Burning 1 kg of fat (or 2.2 lb) releases 9,300 kcal. Therefore, to lose 1 kg of fat, one would have to run 1 km every day for 120 days or eat one less slice of bread each day over the same period. Happily, there is another option. It has been calculated that 75 kcal is roughly the amount of energy released by ten minutes of laughter.


While energy in the body is converted primarily to do work, the energy that is transformed to less useful heat must be dissipated. Some heat is exhaled or carried away by ambient breezes. If needed, the body can boost heat transfer by opening pores to release warm perspiration. When less useful energy such as heat is taken into account, the overall efficiency of the human body in converting food energy into work is some 25 per cent, about the same as a petrol car engine. How much of that work is truly useful or wasted when applied is entirely subjective.


TAKING IT ALL FOR GRANTED


The processes of plant photosynthesis and living cell respiration act in perfect symbiosis. Each creates ingredients for the other to occur. Photosynthesis requires carbon dioxide and water and releases sugars and oxygen. Respiration requires sugars and oxygen and releases carbon dioxide and water. Sunlight is the energy source that feeds the virtuous cycle. It is a delicate harmony that we simply overlook or ignore as we carry on our everyday lives. Aside from the intricate energy balance of our bodies and nature, we generally do not bother to think about man-moulded energy sources and uses. When we turn on the kettle, fire up the computer or turn the ignition in a car, we do not think about the energy behind these acts. It is just there so we just use it. There is some vague association with energy and conservation, especially when a bill arrives, but our thoughts on energy are usually as fleeting as the flick of a light switch. We simply live the lives and lifestyles to which we have become accustomed, engrossed in the everyday effort of hope and survival. We have enough to be getting on with each day. Energy is taken for granted.


However, the impact that energy has on our daily lives and the world around us is profound. From the biochemical energy that sustains our every moment to the heat, power and transport of society, to nations that rise and fall over control of fuel, energy is the factor more than anything else that shapes us.


WHAT DO WE KNOW? . . . ENERGY HISTORY


Every meaningful technical invention ever made in the history of mankind has related to a new approach to harness energy or increase energy efficiency. Managing energy is a core facet of human nature.


The first energy we knew was food. We gathered and then hunted it to sustain life, build families and start communities. A captured spark of fire provided the energy to heat food and travel further into wintry lands with its protective warmth. We fashioned tools to reduce the energy burden of daily survival. Humans gathered by choice to share collective energy for a greater good. The energy of oxen, horses and other animals was harnessed to carry loads and work the land, with the first image of a man riding a horse at Susa, an ancient settlement in modern day Iran, dated to 4000 BC. The management of energy gave people more time to devote to leisure, science, philosophy and arts from which culture and civilisation grew. Energy was also the currency of power. Slavery was first inflicted by people who valued the control of human energy more than the freedom of life. The latent energy of the catapult and the tightened bow decided wars and established empires.


Waves of progress accompanied the invention of energy-saving devices such as the lever and the wheel. They enabled movement of goods, trade and epic construction projects such as the Irish passage tomb at Newgrange from 3200 BC, and later the Egyptian pyramids from 2600 BC and the palaces of Assyria (Iraq) from 2400 BC. The leading engineer of the Roman Empire, Vitruvius, said in 27 BC that without contemporary energy-saving machines, ‘We should not have plentiful food ... enjoyment ... transport ... and without them every kind of work is difficult’.


A shift from applying the animate energy of muscle power to exploiting the inanimate energy of natural resources set humans on a track of accelerated growth. Where water fell freely, its energy was directed to the grinding of grain in watermills. Wind filled sails that slaked a thirst to explore and expand the boundaries of the known world. Arab writings record the use of windmills on the plains of Persia/ Afghanistan from 900 AD. They brought fertility to the land through irrigation and economic wealth from large-scale milling.


Although steam had been used for rotating toys in ancient Rome, its potential for large-scale energy use was not fully realised and exploited until the eighteenth century. The energy source of coal and the prime mover of steam were drivers of the industrial revolution that changed the face of the developed world. Growth in manufacturing and transport built stronger, more expansive societies, and organised labour began to establish safer, more regulated working conditions. The industrial revolution precipitated a period of rapid development of the knowledge and application of energy.


The modern concept of energy was christened vis viva, meaning ‘living force’ in Latin, by Gottfried Leibniz close to the start of the eighteenth century. He defined it as the relationship between the mass and velocity of a moving object. Thomas Young was the first to coin the word ‘energy’ in 1807, from the Greek word energeia, meaning activity, as he grappled with mathematical concepts of mechanics, light and waves. Michael Faraday first induced electricity in a copper coil by passing a magnet through it in 1831 and uncovered one of the world’s most flexible sources of energy and energy transportation.


The realisation that all types of energy were interchangeable and conserved came in the 1850s. Less than a decade later, versatile liquid fuel first flowed from oil wells in Pennsylvania. It was the gushing black gold that would soon overtake roughly hewn coal as the primary energy source for the developed world. Within a year, a steamer cut through the ocean from Valentia, County Kerry, to Newfoundland and laid the first transatlantic electric cable to connect Europe to the New World.


The engines of mass transportation were invented from the work of Niklaus Otto, Gottlieb Daimler and Karl Benz at the close of the 1800s. Cars brought transport freedom to the individual and the intense rate of energy output from a plane engine gave us the skies. Populations began to shift with the availability of this energy freedom. A person could fall asleep in one continent and wake in another. The auto engine finally put the last animate energy of faithful farm horses out to pasture. The efficiency of food production for the masses increased, population growth exploded and lands were deserted for the cities. Cities spread from urban cores to encompass vast suburbs from which people commuted on a daily basis through individual and mass transportation means.


What might Henri Becquerel have foreseen when he noticed an innocuous fogging of photographic plates in contact with uranium compounds in 1898? What might Ernest Rutherford have imagined as he pored over abstract drawings of his atomic model and considered its energy potential in 1902? What might have dawned on Albert Einstein when he related the energy equivalence of atomic masses to the enormous speed of light in 1905? Their work led to understanding that the energy of unstable atoms could be released with such immediate intensity that it gave rise to tremendous violence or, when controlled, could be applied to heat and power generation, with beneficial results. None of these physicists changed human propensity for good or evil but their knowledge elevated the consequences of choice to new dimensions of global impact. One such choice led to the horrific end of a world war and the start of a new global tension as powers sought to exploit this brave new atomic energy in order to establish regional or global hegemony.


The information and communications technology revolution started from the objective to process data in a less energy-intensive way in overheated server rooms in California in the 1960s. The speed and efficiency of communication and knowledge transfer that resulted has led to savings in the energy and resource use of governments, companies and individuals and to increasing the emergence of the so-called knowledge-based economies.


Today, the fact that fossil fuels are dwindling and that their negative impact on the environment is significant is widely accepted. This has led to increased efforts to tap energy from natural, renewable sources. The suite of renewable alternatives that can some day fill the carbon-energy void include solar, wind, wave, hydroelectricity, solid biomass, liquid biofuels, hydrogen and geothermal. Even with increased focus in recent decades, renewable energy sources collectively account for less than 2 per cent of the amount of energy used in the world. Yet these sources represent our best hope that the energy history of the future will report how a path of secure and sustainable world growth was chosen during our lifetimes.
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