



  [image: cover]






   





  Christopher Barnatt has been working as a futurist for over twenty years. He is currently Associate Professor of Computing & Future Studies in Nottingham University Business

  School, and the author of ExplainingTheFuture.com, ExplainingComputers.com and their associated YouTube channels. Christopher has written six previous books and numerous articles on future studies

  and computing, and makes regular lecturing and media appearances. You can follow him online at twitter.com/ChrisBarnatt.




  
 




  

    By the same author:


  




  

    A Brief Guide to Cloud Computing


  




  Cyber Business: Mindsets for a Wired Age




  Challenging Reality: In Search of the Future Organization




  Valueware: Technology, Humanity and Organization




  Management Strategy & Information Technology




  The Computers in Business Blueprint




  





  [image: ]




  
 





  Constable & Robinson Ltd


  55–56 Russell Square


  London WC1B 4HP


  www.constablerobinson.com




  First published in the UK by Constable,
 an imprint of Constable & Robinson Ltd, 2012




  Copyright © Christopher Barnatt, 2012




  The right of Christopher Barnatt to be identified as the author of this work has been asserted by him in accordance with the Copyright, Designs and Patents Act 1988




  All rights reserved. This book is sold subject to the condition that it shall not, by way of trade or otherwise, be lent, re-sold, hired out or otherwise circulated in any

  form of binding or cover other than that in which it is published and without a similar condition including this condition being imposed on the subsequent purchaser.




  A copy of the British Library Cataloguing in Publication data is available from the British Library




  ISBN 978-1-84901-6971


  eISBN 978-1-78033-5094




  Typeset by TW Typesetting, Plymouth, Devon




  Printed and bound in the UK




  Disclaimer


  While every effort has been made to ensure that the content in this book is as accurate as possible, no warranty or fitness is implied. The information is provided on an ‘as is’ basis,

  and the author and the publisher take no responsibility for any loss or damages arising from its use. All trademarks included in this book are appropriately capitalized and no attempt is made or

  implied to supersede the rights of their respective owners.




  1 3 5 7 9 10 8 6 4 2




  
 





  To Mum & Dad. To Mark.


  And to the Future.




  
 





  CONTENTS




  Acknowledgements




  Prologue: Future Gazing as Future Shaping




  Part I: The End of the Age of Plenty




  Chapter 1 Peak Oil




  Chapter 2 Climate Change




  Chapter 3 Peak Water




  Chapter 4 Food Shortages




  Chapter 5 Resource Depletion




  Part II: The Next Industrial Wave




  Chapter 6 3D Printing




  Chapter 7 Nanotechnology




  Chapter 8 Genetic Modification




  Chapter 9 Synthetic Biology




  Chapter 10 Vertical Farming




  Part III: Fuelling the Third Millennium




  Chapter 11 Electric Vehicles




  Chapter 12 Wind, Wave and Kinetic Power




  Chapter 13 Solar Energy




  Chapter 14 Nuclear Fusion




  Chapter 15 Space Travel




  Part IV: Computing and Inorganic Life




  Chapter 16 Cloud Computing




  Chapter 17 Artificial Intelligence




  Chapter 18 Augmented Reality




  Chapter 19 Quantum Computing




  Chapter 20 Robots




  Part V: Humanity 2.0




  Chapter 21 Genetic Medicine




  Chapter 22 Bioprinting




  Chapter 23 Cybernetic Enhancement




  Chapter 24 Life Extension




  Chapter 25 Transhumanism




  Epilogue: Singularity or Decline?




  Further Reading




  Index




  
 





  ACKNOWLEDGEMENTS




  While writing this book I have been on quite a journey. I would therefore like to thank those people who have been along for the ride. For a start my

  thanks go to Leo Hollis at Constable & Robinson for asking me to write another book and coming up with the title, as well as Howard Watson for his copy-editing, and Nicola Jeanes for guiding

  these pages through the editorial and production processes. More broadly, I would also like to thank Sue Tempest, Ken Starkey, Steve Diacon, George Kuk, Sally Hopkinson, Teresa Bee, Andrea

  O’Mahony and many others in the University of Nottingham for their support over the past few months, years and even decades. None of us know where higher education is headed. However, thus

  far, our travels through the land of academia have largely been fruitful and fun.




  Moving from the Ivory Tower to life’s more brutal practicalities, I would like to thank Ian Beckingham for his surgical skill and Nicholas Browne for being an excellent GP. As detailed in

  Part V, there may be a medical revolution on the horizon. But today we are still very dependent on those who have mastered existing technologies and methods.




  Finally, I would like to thank Mark Daintree for his friendship beyond the call of duty, as well as my parents for their support and guidance for over 40 years. To everybody

  I offer my best wishes as I unleash another tome on to an unsuspecting world. Little bits of you all have worked their way into some of these pages and most certainly in a positive manner.




  
 





  Prologue




  FUTURE GAZING AS FUTURE SHAPING




  How will we live in the future? And what will the human race become? These fundamental questions are important to us all. Some of the future possibilities

  now on the horizon may also startle, frighten and amaze.




  By 2030 many parents may be able to choose the sex, hair colour and other characteristics of their children. Bioplastic bottles could also be growing on trees, while 200 million intelligent

  robots may be at our beck and call. 3D printers will probably also be widely used to manufacture all manner of products and even replacement human organs just as easily as we currently print out

  photos. Much of our food may also be farmed in skyscrapers, people could live to 150 or more, and our computers may be controlled by thought alone. As we shall see across the following 25 chapters,

  the potential scientific advancements on the horizon are nothing short of astonishing.




  While technology may soon allow us to do many incredible things, there is also a distinct possibility that shortages of oil, fresh water and other natural resources will start to constrain our

  lifestyles. In little more than a decade we may therefore descend into a spiral of industrial decline. Like it or not, we are entering an age of unparalleled technological possibility just at the

  moment when the cupboard of Planet Earth is starting to run bare.




  Perhaps more than at any other time in history, the future of advanced human civilization now hangs in the balance. Without a crystal ball it is impossible to predict

  precisely what lies ahead. However, by studying known challenges, next-generation technologies and current trends, we can gain some insight into a range of possible futures. We can then act to make

  our most favoured vision of tomorrow a reality. Or in other words, we can use future gazing as a tool for future shaping.




  This book is a toolkit for anybody wishing to future gaze and future shape. In some respects it is therefore a manifesto for understanding and changing the world! At one level, the intention is

  to examine in isolation 25 things that may determine what we can and cannot achieve in the next few decades. However, more fundamentally, this book also demonstrates how many future challenges and

  technologies will interrelate. From bioprinting to resource depletion, solar energy to space travel, climate change to vertical farming, and nuclear fusion to electric cars, 25 Things You Need

  to Know About the Future will provide you with a routemap to the possible world of tomorrow.




  Seeing the Forest for the Trees




  One of the greatest dangers for future gazers is getting so close to a particular interesting tree that we fail to notice the wider forest in which it is trying to grow. To try

  to help us avoid this, the 25 chapters of this book are grouped into five parts. Each of these parts then has a single overarching theme.




  Part I concerns the Earth and its resources, and has as its theme ‘The End of the Age of Plenty’. Like it or not, our civilization now faces the enormous challenge of continuing to

  expand in the face of diminishing natural resources. Some people see this as a cause for great concern. However, for future shapers, the end of the Age of Plenty is a call to

  arms that will drive radical innovation.




  Part II turns to manufacturing and farming in order to identify ‘The Next Industrial Wave’. From the bronze age to the iron age to the steam age and beyond, time and again our

  dominant means of making things have determined how we live. Part II therefore examines key manufacturing developments including nanotechnology, 3D printing and synthetic biology.




  Future energy and transportation are the subjects of Part III, and are grouped together under the heading of ‘Fuelling the Third Millennium’. Nobody knows precisely how long fossil

  fuels will last, let alone how long it will be considered appropriate to keep on burning them. However, we can be certain that fossil fuels will not be the bedrock of future civilization the way

  they have been for the last two centuries. Part III subsequently focuses on alternative forms of power. It also discusses how space travel may be developed to allow resources to be obtained from

  beyond our first planet.




  Part IV focuses on ‘Computing and Inorganic Life’. Topics covered include cloud computing, artificial intelligence and robots. We may still be scanning the heavens for other

  intelligent life out in space. However, within the next few decades we are far more likely to encounter new intelligent, digital species entirely of our own making.




  Finally, under the banner of ‘Humanity 2.0’, Part V examines future healthcare and augmentation. Already our population is rapidly ageing, with extended periods of retirement

  becoming economically unsustainable. Add in the numerous new medical possibilities on the horizon, and it becomes clear that fairly soon many current social norms will need to be recast. As we

  start to take control of our own evolution, a great many ethical and even religious dilemmas will also need to be addressed.




  Enhancing Our Future Consciousness




  All of us have an awareness of time, and with it an appreciation of the past, the present and the future. What this implies is that we all have some level of ‘future

  consciousness’. As defined by psychologist Tom Lombardo, future consciousness is the human capacity to have thoughts and feelings about the future. An individual’s level of future

  consciousness is therefore a measure of their ability to envision future possibilities.




  This book is intended to heighten your future consciousness. It will do this by allowing you to develop a deeper understanding of things that may be different in the future. Any suggestion that

  tomorrow will be different from today may seem rather obvious. However, it is worth remembering that constant, radical change is a fairly new phenomenon.




  The vast majority of our ancestors spent their lives caught in the endless cycles of the natural world. The nights grew longer and shorter, and the climate colder and warmer, as the seasons and

  years marked the passage of time. Harvests and religious festivals arrived and were conducted in an identical, timeless fashion. Millions of individuals were also born, lived and died. However, for

  the most part, it was pretty much a case of ‘same news, different names’.




  For most of our forebears the passage of time was effectively a cyclical loop rather than a linear straight line. As illustrated in Prologue Figure 1, the general expectation was that life would

  repeat in a constant cycle. The past had been, the present was, and the future – usually associated with the end of the world – could only be influenced by the Gods.
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    Prologue Figure 1: Changes in the perception of time


  




  Perceivable differences between the past, the present and the future only started to emerge when our more recent ancestors began to change the world in which they lived. For

  example, when the Ancient Egyptians constructed the pyramids they altered the landscape for future generations. A linear history could subsequently be traced from past times before the pyramids, to

  a present when they were being built, and to a future in which the mighty tombs would dominate both skylines and minds.




  As the actions of our ancestors started to separate the past from the present and the future, so history began to be perceived as a linear flow of events. More than anything, radical distinctions between the past, the present and the future were driven by technological innovation. Railways, cars, airlines, the Internet and many other highly successful

  inventions have all helped to separate one period of history from another. Today, most of us in the developed world regularly watch television, speak on the telephone and browse the web. However,

  we also all know that these common, present-day activities would be incomprehensible to those who lived only a few generations ago.




  Dispelling Mass Delusion




  Given our awareness of the gulf between the recent past and the present, it is surprising how many people’s perception of the future remains somewhat blinkered. For

  several decades most individuals and organizations seem to have focused almost entirely on short-term horizons. It is almost as if civilization has been trying to revert to a cyclical or even

  stationary perception of time.




  Today a great many aspects of our lives are on the brink of a radical transformation. It is therefore alarming that we continue to act as if the future will be a facsimile of today. Granted,

  most people do expect to be wearing different fashions and talking on new models of mobile phone a few years from now. However, there is little common understanding that in only a few decades there

  are likely to be radical changes in our available raw materials, manufacturing methods, energy sources, diet, life expectancy and freedom to travel. Many people – and in particular a great

  many industrialists, politicians and others in authority – really do appear to possess a very limited level of future consciousness.




  The popular delusion that the next few decades will be a point upgrade of the present is also starting to become dangerous. The recent calamity of the global financial crisis ought to have made

  us all question our rose-tinted perceptions of tomorrow. Yet unfortunately this has not been the case.




  Never in history have property prices risen and economies expanded indefinitely. Permanent wealth has also never been created through the magic of financial mathematics. How the majority of

  those who run the world came to believe that these things had become the case is now the subject of many a book if not this one. This said, what I do want to signal here is that we are still

  jollying along in the grip of several even more dangerous mass delusions. Not least, we seem to have developed a belief that the Earth’s natural resources are infinite; that current methods

  of agriculture will be able to feed nine billion; that most people in developed nations can be economically unproductive for a large proportion of their lives; and that human evolution has come to

  an end.




  This book will set the record straight by explaining how the future cannot be a clone of today. Some of the following 25 chapters will explore future developments – such as electric cars,

  solar power and cloud computing – that are pretty certain to become commonplace within only a few years. Other chapters – such as those on space travel, artificial intelligence, quantum

  computing and transhumanism – will then really push at the limits of future possibility. As a consequence, it is inevitable that some of the 25 things I cover will turn out to be incorrect.

  However, what really matters is that this book helps us to engage with a wide range of future possibilities and the dynamics of radical change. Nobody knows exactly what the world will be like in a

  few decades’ time. This said, given the number of challenges and opportunities on the horizon, I would place a pretty safe bet that by 2030 many aspects of our lives will be very different

  from today.




  Next Week’s Lottery Numbers?




  Whenever I am introduced to an audience as a futurist I tend to get a wide range of reactions. Often there is at least one very enthusiastic person who thinks that it is all

  very exciting. However, there are usually also several more awkward audience members at the sceptical end of the spectrum. Some such individuals have even been known to preface my talk with long

  tirades to the effect that everything I say will be rubbish. More commonly, one or more subtle naysayers just asks if I can give them next week’s lottery numbers.




  As I have explained in this prologue, the goal of future studies is not to predict a single, definitive future. Rather, the intention is to put on the table as many credible options as possible.

  Each of the 25 things discussed in this book could have a major impact on many people’s everyday lives. Yet which ones actually will has to depend on choices made by us all in the face of the

  challenges and opportunities that lie ahead.




  More than anything I hope that this book will fire your imagination. As Winston Churchill once said, ‘the empires of the future are the empires of the mind’. As this implies, we need

  to construct the future in our heads before we can craft it with our collective hands. Some people may choose to passively look ahead with no more than a mixture of fear, bewilderment or wonder.

  However, it is definitely far more satisfying and worthwhile to future gaze with intent.




  Christopher Barnatt,




  June 2011




  
 





  Part I




  THE END OF THE AGE OF PLENTY
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  PEAK OIL




  When I started writing this book, a friend told me that it should only include one topic. As he only half-jokingly explained, in his opinion the only thing

  we need to know about the future is that ‘we are all doomed’.




  Future supplies of oil, fresh water, food and many other things we currently take for granted are at best uncertain. Climate change and a growing population will also make life more difficult

  over the next few decades. However, even in the face of these challenges, I reject the growing proposition that ‘we are all doomed’. Time and again human civilization has thrived and

  risen to greatness in the face of monumental adversity. And there is no reason to believe that this will not happen again.




  While tougher times ahead need not necessarily be feared, it is important to understand the challenges that will frame the next few decades. I therefore make no apology for starting this book

  with a set of chapters that outline the end of the Age of Plenty. However, I also want to make it clear that I have no intention of doom-mongering. Rather, my reason for including this material

  upfront is to establish the things that will make necessary the radical and often exciting innovations detailed in the rest of this book.




  The Most Fundamental Challenge




  If I had to highlight just one thing we need to know about the future then it would have to be Peak Oil. Today, oil has become the lifeblood of industrial civilization. Future

  changes in the supply of oil will therefore have a fundamental impact on our lives.




  Peak Oil refers to the point in time when global oil production reaches its maximum, and after which there is less oil left in the ground than we have taken out. Whether we are very nearly at

  this point, or will reach it later this decade, next decade or the one after that is a matter of debate. This said, there is increasing evidence that Peak Oil can be no further away than about

  2030. For example, in September 2009 the UK Energy Research Centre published its Global Oil Depletion Report. Based on a review of over 500 studies, an analysis of industry databases and a

  comparison of 14 global supply forecasts, this comprehensive work concluded that ‘a peak in conventional oil production before 2030 appears likely and there is a significant risk of a peak

  before 2020’.




  For more than 50 years it has been known that the rise and fall of oil production in a particular region follows a so-termed ‘bell curve’. The first such curve was drawn in 1956 by

  geophysicist Marion King Hubbert to predict when oil production would peak in the United States. Hubbert estimated that this would be between 1966 and 1972. Most people at the time dismissed

  Hubbert’s meticulous work as ridiculous. Nevertheless he was right, with the actual peak occurring in 1970.




  Figure 1.1 illustrates a bell curve for global oil production. The historical data on the left-hand side of the curve has been approximated for clarity. As has been noted, the exact dates on the

  horizontal axis are also a matter of debate. This said, Figure 1.1 is indicative of most current predictions.
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    Figure 1.1: The Peak Oil curve


  




  Peak Oil matters because, when the top of the global bell curve is reached, oil will start to become scarcer and more expensive. There are also many commentators who predict that Peak Oil price

  rises will trigger an oil crash on the financial markets. For example, LifeAfterTheOilCrash.net has suggested that a shortfall between the demand for oil and its supply of as little as 10 to 15 per

  cent could have serious implications for the global economy.




  It is really important to understand that Peak Oil is not about the world running out of oil, even though this will happen in the longer term. Rather, Peak Oil concerns the very significant

  shorter-term implications of us hitting the top of the bell curve sometime in the next 20 years.




  Our Reliance on Liquid Gold




  All industrialized societies are based on oil. It is, in fact, quite difficult to stress just how dependent on oil human civilization has become. For a start, oil is the

  lifeblood of most personal travel, with almost 50 per cent of oil in some countries being used to fuel cars. Oil is also used in pesticides and to cultivate, harvest, package

  and transport most of our food. For these reasons, since 2002 every calorie eaten in many developed nations has also required the consumption of around ten calories of oil. Many everyday products

  are also manufactured using oil. These include all items made in whole or part from plastic or nylon, and even the tarmac on our roads.




  Stand in the average home or workplace and you will be surrounded by items made at least partially from oil. Most of the things in your field of vision will also have enjoyed at least one

  oil-fuelled journey. Imagine your daily life if every item with a plastic casing were removed, not to mention all computers, mobile phones and other electronic devices. DVDs are made from oil. So

  are many carpets and furniture coverings. Most of our clothes are also made from at least some oil based materials, with even 100 per cent cotton garments usually having nylon buttons or fasteners.

  Detergents, most cosmetics and many medicines are also at least partly oil based, as is a great deal of packaging. A world with less and more expensive oil will therefore be a very different place

  indeed.




  According to the International Energy Agency, the world currently consumes over 4 billion tonnes – or roughly 30 billion barrels – of oil a year. This level of demand is also

  expected to double by 2030, with China alone accounting for half of this anticipated increase. The magnitude of our global addiction to oil is simply staggering.




  New sources of oil do continue to be discovered. However, on average we are discovering and exploiting new oil supplies far more slowly that we are burning up our existing reserves. As reported

  by Paul Roberts in his book The End of Oil, since 1995 new oil discoveries have only been running at about 40 per cent of the rate of global oil consumption. The gap

  between oil discovery and consumption is also increasing.




  We clearly cannot go on indefinitely discovering fewer new oil reserves than we continue to deplete. Eventually the point will have to be reached when the level of global oil production starts

  to fall and continues to do so. That is, after all, what Peak Oil and the bell curve shown in Figure 1.1 are all about.




  Using data gathered from the 2009 edition of the BP Statistical Review of World Energy, in 2009 TheOilDrum.com carried a very clear article that made our situation absolutely explicit. As

  it noted, by 2009 only 14 out of 54 oil-producing countries and regions in the world were still increasing their oil production. A further 30 were then definitely past their production peak, with

  the remaining 10 appearing to have flat or declining production.




  So How Much Oil is Left?




  There are currently about 70,000 oil fields in the world. Of these, 25 giant fields account for about one-quarter of conventional oil production, and 100 for about half of it.

  Most giant oil fields are also well past their peak, with an average decline in their production of at least 6.5 per cent a year. To replace their lost output would require the equivalent of a new

  Saudi Arabia coming on stream roughly every three years. And few expect many new giant oil fields to be found.




  While oil production is fairly easy to measure, there is a lot of controversy concerning just how much oil is actually left in the ground. It is also important to distinguish between oil

  reserves – or quantities of oil considered possible and economically viable to extract – and any estimate of total but not necessarily extractable oil resources.




  Estimates of oil reserves are often split into those that are ‘proven’, ‘probable’ and ‘possible’. However, even these terms are not used consistently. A

  widely reported estimate for the world’s remaining proven oil reserves is about 1.2 trillion barrels. This figure is also about the same as total global oil production to this point in time.

  Estimates for total proven, probable and possible reserves – also known as the ‘ultimate recoverable resource’ (URR) – then range up to about 4 trillion barrels. This said,

  an upper estimate for the URR of around 2.3 trillion barrels is typical and appears most credible. An answer to the question ‘how much oil is left?’ is therefore ‘probably

  somewhere between 1.2 and 2.3 trillion barrels’.




  Reported oil reserves have been increasing for years. However, it needs to be understood that such ‘reserve growth’ has largely been due to a revision of initial estimates of the

  size of known fields and not as a result of the discovery of new ones. There are also a great many economic and political factors that influence oil reserve estimations.




  For example, most of the world’s major oil producers are members of the Organization of the Petroleum Exporting Countries (OPEC). In 1985 OPEC reserves were estimated at about 400 billion

  barrels. However, at that time OPEC decided that each country’s permitted oil production and sales quota should be determined by its proven reserves. Every OPEC member subsequently

  re-evaluated its reserves, meaning that by 1986 OPEC had reserves of 700 billion barrels. At the end of 2009 OPEC was estimating proven member reserves to be just over 1 trillion barrels, with a

  claim that this represented 80 per cent of a proven global reserve of about 1.33 trillion barrels. The potential over-reporting of reserves by OPEC continues to be a matter of

  great controversy, with several reputable sources suggesting that OPEC has proven reserves of at most 900 billion barrels.




  The growth in reported reserves in existing oil fields in part may be legitimate. Not least this is because rising oil prices will make it economically viable to extract some oil resources

  previously considered too costly to get at. Improved extraction techniques also continue to be developed, while the extent of some early giant fields really does appear to have been underestimated.

  This said, reserve growth is mainly associated with large, old and onshore fields, in turn meaning that we ought not to expect it to continue.




  Unconventional Oil




  Almost all current estimates of oil reserves focus only on petroleum, or what is sometimes now termed ‘conventional oil’. However, those on the optimistic side of

  the Peak Oil debate suggest that the exploitation of so-termed ‘unconventional oil’ may fill the pending gap to be left by decreasing petroleum supplies.




  Petroleum is a liquid that flows easily and can be pumped without treatment. In contrast, unconventional oil is far more viscous and requires processing or dilution before it can be extracted.

  Unconventional oil includes ‘very heavy oil’, as well as oil that may be extracted from oil sands, tar sands (bitumen) and oil shale. Extracting oil from tar sands is not only

  technically possible but proven. For example, Canada has achieved a production level of over one million barrels a day from tar sands since 2006.




  While about 80 per cent of conventional oil reserves are in the Middle East, around the same percentage of unconventional oil reserves are in Venezuela, Canada and the United States. Some

  estimates suggest that these nations may have over three trillion barrels of unconventional oil resources. However, it is likely that only a relatively small percentage

  actually constitute a technically and economically recoverable reserve.




  Even ignoring technical and economic limitations, many factors are likely to limit the exploitation of unconventional oil. For a start, environmental pressures may prevent unconventional oil

  being extracted in many regions. Unconventional oil can also be up to three times more energy intensive to extract than conventional oil, hence making it a less environmentally acceptable

  proposition and more expensive. There is also the concern that carbon emissions from burning unconventional oil are higher than those from conventional oil.




  The UK Energy Research Centre’s Global Oil Depletion Report did consider unconventional oil. However, even after taking it into account, it still explicitly concluded that a peak

  before 2030 is likely not just for conventional oil production, but for ‘all oil production’.




  Understanding the Implications




  Based on our current global consumption level of roughly 30 billion barrels a year, and the likelihood of between 1.2 and 2.3 trillion barrels remaining, all conventional oil

  will be exhausted sometime in the next 40 to 75 years. However, as already noted, the global demand for oil is expected to double by 2030. Even if demand roughly plateaus by that time, this means

  that we actually have no more than maybe 25 to 40 years before conventional oil production drops to a very low level indeed.




  Adding in some acceptable exploitation of unconventional oil may add ten or more years to the above estimates. However, even 50 years is not that much time for our civilization to wean itself

  off liquid gold. We also need to remember that it is when we hit the Peak Oil position of falling global oil production and demand starting to outstrip supply that we will

  start to feel the implications.




  A great many commentators expect that we will hit Peak Oil before 2030, with a global oil supply crunch and significant price spike likely to occur well before that. For example, the

  International Energy Agency (IEA) warned in 2008 of a near-term oil supply crunch due to the cancellation or postponement of many projects following the global financial crisis. In 2010 Professor

  Sir David King, the UK government’s former chief scientist, also predicted that global demand for oil would start outstripping supply as early as 2014. An estimated date for Peak Oil of 2014

  was also determined by a team from Kuwait University in late 2009. Led by Ibrahim Sami Nashawi, this group of academics based their assertion on a revamping of Hubbert’s bell curve model to

  account for technology changes and ecological, economic and political influences on production trends in all major oil-producing countries.




  In 2010, a white paper published by Lloyds Insurance and Chatham House (the Royal Institute of International Affairs) predicted an oil-supply crunch ‘in the medium term’. This

  heavyweight publication also highlighted that some expect this to be as early as 2013, with an accompanying price spike in excess of $200 per barrel being a credible possibility.




  Increases in the price of oil beyond its supply peak will have major implications. For a start they will lead to an increase in the price of any product made in whole or part from oil. An

  increase in the price of oil will also raise prices more generally due to its direct impact on most transportation costs. However, it is the consequences of the widening gap between oil supply and

  demand that are likely to be the most serious.




  Most estimates suggest that beyond its peak, the supply of oil will decrease by a few percentage points per year. This is also likely to be in the face of rising global

  demand. For economists, future supply/demand disparities may be ‘fixed’ by price rises that will deprive some consumers of some of the oil that they could previously afford. However,

  oil is currently so essential to our systems of transportation, agriculture and industrial production that the implications of all demand not being met are likely to be severe. For example, as will

  be discussed in Chapter 4, if levels of food production fall because some farmers have to produce less for a higher price there is likely to be widespread famine.




  An Artificial Debate?




  The only effective response to the future challenge of Peak Oil is a controlled transition to a post-petroleum economy. This will obviously take decades rather than years. Peak

  Oil therefore needs to start headlining a great many political and industrial agendas as soon as possible.




  Despite the urgent need for widespread agreement and action, to date the debate surrounding future oil supply has become sidetracked into a showdown between two distinct factions. On the one

  hand we have the so-termed ‘early toppers’ who believe that we have around 1.2 trillion barrels of oil left and will hit Peak Oil sometime this decade. On the other hand there are the

  ‘late toppers’ who believe we have well over 2 trillion barrels of oil left. Late toppers also generally believe that increasingly advanced extraction technologies will allow previously

  unattainable conventional and unconventional oil resources to be viably exploited. Many late toppers therefore place Peak Oil out toward 2030 and sometimes beyond.




  The above paragraph may suggest two entirely opposing positions. But sadly this is not the case. Basically we are witness to a hard-fought debate between those who believe

  we have between 10 and 20 years to migrate to a post-petroleum economy, and those who believe we have more like 20 to 30 years. For those seeking political election or planning medium-term

  investments or their individual careers, there may be a significant difference between these two time horizons. However, for wider civilization the message to be garnered from either perspective is

  that we need to start the transition from an oil-based economy right now. After all, even the most optimistic late toppers are banking on very significant near-term oil price rises in order to make

  viable many currently uneconomic reserves.




  

    *  *  *


  




  The Post-Petroleum Opportunity




  At the start of this chapter I promised that I was not going to spread doom and gloom. Granted, Peak Oil is a serious issue that will have a significant impact on all of our

  lives over the next few decades. However, there are also many ways in which we may turn this largest of future problems into a whole host of future opportunities.




  Most obviously, humanity may thrive in the face of Peak Oil by developing and exploiting new sources of energy and new means of transportation. As detailed in Part III, wind, wave, solar,

  nuclear and kinetic power are all set to play a role in fuelling the third millennium. As outlined in Part II, nanotechnology and synthetic biology also offer the hope of artificially synthesizing

  new fuels. An expanded use of genetically modified crops may also increase food yields while lowering the requirement for the use of oil-based pesticides.




  More broadly, there are also already some signs that industrial civilization can and will evolve to become more energy and resource efficient. For example, as outlined in

  Chapter 16, cloud computing technologies are already enabling us to communicate and trade digitally, so requiring people and things to be moved around a lot less. As detailed in Chapter 10, we are

  also likely to start farming at least some of our food in urban areas, so reducing the distance that it needs to be transported.




  Finally, almost all of the measures that we may employ to try to combat climate change are likely to assist with our transition to a post-petroleum economy. Indeed, at present it is our efforts

  to lessen the production of greenhouse gases that also constitute our best strategies for dealing with the implications of Peak Oil. Climate change, its implications and our future response also

  happen to be what the next chapter is all about.
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  CLIMATE CHANGE




  Many of the subjects covered in this book may surprise and even amaze you. However, it can hardly be a surprise that there is a chapter here on climate

  change. Alongside Peak Oil, climate change has to be one of the two greatest challenges that we face. Climate change additionally has direct and serious implications for our future food and water

  supplies. Looking ahead, changes in the climate and measures to try to limit them will also drive many of the technological innovations covered elsewhere in this book.




  This chapter reviews some of the most widely accepted climate change science, information and predictions. At present some of this material remains controversial and is disputed in some

  quarters. However, governments and other bodies are now starting to set policy as a result of their belief in climate change and its likely impact. Regardless of the legitimacy of the evidence, the

  new legislative regimes and business strategies that climate change is starting to generate will therefore affect us all. In this sense, a growing global belief in potential climate change

  is now becoming as significant as actual climate change itself.




  The Science and Its Implications




  According to the Intergovernmental Panel on Climate Change (IPCC), a wide range of evidence now suggests that a ‘warming of the climate system is unequivocal’.

  Already it is on average 0.74ºC hotter than it was a century ago. A continual rise in average global temperatures has now also been measured across several decades.




  Climate change is occurring because the burning of fossil fuels and some other industrial activities are increasing the level of greenhouse gases in the atmosphere. This higher concentration of

  greenhouse gases is then leading to an increased retention of heat from the Sun. As a consequence, the IPCC predicts that by 2100 average global temperatures will rise by a minimum of 1.1ºC

  and a maximum of 6.4ºC.




  A global temperature rise of a few degrees may not sound that much. However, in many parts of the world this is expected to result in higher levels of rainfall. In others there will be warmer,

  drier summers and an increased incidence of drought. The implications of climate change for agriculture will therefore be serious. For example, the International Rice Research Institute has

  suggested that yields of rice – the staple food for 60 per cent of humanity – could fall by 4 to 13 per cent in the coming decades. Cereal crop yields are also likely to fall. For

  example, crop yields in southern Europe are predicted to decline by 20 per cent following a 2ºC rise in temperatures. Chapter 4 will look in more depth at the implications of climate change on

  future food production.




  While climate change will result in a rise in average global temperatures, there is a possibility that some regions may actually become cooler. Already, melting icecaps are leading to an

  increase in the quantity of fresh water entering the Arctic Ocean. In turn there are fears that this may already be slowing down a Gulf Steam current called the North Atlantic

  Drift. This flow of warm water carries heat to Europe. However, as a result of glacial melting, lower concentrations of salt in the ocean may be curtailing the process of thermohaline circulation

  on which the North Atlantic Drift depends. As a result, average temperatures in the United Kingdom and other northern European countries could fall by 5ºC or more in as little as 20 years.

  Whether northern Europe will on average be hotter or cooler in the future is therefore very much open to debate.




  What we do know for certain is that melting glaciers in the polar regions are causing a rise in sea levels. Over the past 100 years the oceans have already risen by about 17 cm. The IPCC

  predicts that climate change will cause global sea levels to rise further by a minimum of 18 cm and a maximum of 59 cm by 2100.




  In most parts of the world, rising sea levels will increase flooding in the event of bad weather. In a significant number of locations they will also turn dry land into wetlands, convert

  wetlands to open water, erode beaches and increase the salinity of estuaries. In fact, estimates suggest that the melting or collapse of ice sheets due to global warming could eventually threaten

  land that is home to one person in twenty.




  Approximately 100 million people live less than a metre above sea level. The higher end of the IPPC’s predicted sea-level rises would therefore have very major implications. For example,

  around one fifth of Bangladesh would be flooded. The IPCC more broadly predicts that between 75 and 200 million people face flooding risks due to climate change. Many major cities are also built on

  or near great rivers or the sea. If or when global temperatures rise by 3 or 4ºC, sea-level rises would therefore threaten many of our most important metropoli, including London, Shanghai, New

  York, Tokyo and Hong Kong.




  Due to rising sea levels, some small island states will disappear entirely. Already the coral island of Tuvalu in the Pacific has had to accept that it will be inundated. It

  is therefore making plans to relocate its 11,000 inhabitants to New Zealand.




  Climate change will also have an impact on the wider environment, with many ecosystems likely to be severely damaged or destroyed. Estimates suggest that between 15 to 40 per cent of all species

  face extinction in the face of a 2ºC increase in average global temperatures. Some climate models even predict that the Amazon rainforest will be severely damaged by little more than this

  level of warming.




  Greenhouse Gas Levels




  The retention of heat in the atmosphere due to greenhouse gases is not only a natural process, but essential for life on Earth. Indeed, were it not for the greenhouse effect,

  the average temperature of the planet would be about — 18ºC, as opposed to the current average of about + 15ºC.




  There are several gases whose presence in the atmosphere causes the Earth to retain heat. Not least, water vapour is a greenhouse gas. However, the ones that really matter – and whose

  increased concentration in our atmosphere is associated with rising industrialization – are carbon dioxide, methane and nitrous oxide. Most greenhouse gas emissions result from burning fossil

  fuels, making cement, clearing land and agricultural production. Specifically, carbon dioxide is released when we burn oil, natural gas, coal and wood. Carbon dioxide is also emitted from limestone

  when cement is mixed. The involved chemical process, coupled with the combustion of fuels in the kiln and other general energy requirements, means that the cement industry produces about 5 per cent

  of all carbon dioxide emissions.




  Significant carbon dioxide emissions additionally result from the felling of trees for logging, as well as the burning of peatland and forests to clear land for agriculture

  and human inhabitation. Trees, other vegetation and peatland absorb and store carbon dioxide. Their demise then releases it back into the atmosphere. In fact, according to scientists from the

  Global Canopy Programme, ongoing deforestation is currently responsible for around 25 per cent of all carbon dioxide emissions.




  Methane is a rarer if more potent greenhouse gas than carbon dioxide, and is emitted during the production of coal, natural gas and oil. Methane is also emitted from landfill sites, water

  treatment plants, and the digestive systems of all livestock and other animals. Finally, nitrous oxide is released from the burning of fossil fuels, the use of fertilizers and a range of other

  industrial activities.




  Greenhouse gas levels are measured in carbon dioxide parts per million (ppm), with an equivalent cited for other gases. Today, the total level of all greenhouse gases in the atmosphere is about

  430 ppm. Of this about 380 ppm is carbon dioxide. This compares to about 280 ppm of carbon dioxide back in the mid-1700s before the Industrial Revolution. In 1958 – when famed climate

  scientist Charles David Keeling began to take detailed measurements – the carbon dioxide level was 317 ppm. Even if annual global emissions remain stable, we are likely to hit an equivalent

  of 550 ppm of carbon dioxide in the atmosphere by 2050. However, global emissions are actually rising rapidly, meaning that we could hit the 550 ppm figure by 2035. Most estimates suggest that this

  would result in a rise in global temperatures of more than 2ºC. As already indicated, even this is likely to have major implications, with any temperature increase beyond 2ºC being

  potentially very serious indeed.




  If climate change is not to get out of control, then annual global greenhouse gas emissions need to fall to a level that balances the Earth’s natural capacity to

  remove them from the atmosphere. In 2006 the Stern Review produced for the UK government provided a detailed analysis of our options. In particular, it suggested a realistic target of trying to

  limit greenhouse gas concentrations to between 450 and 550 ppm. At the upper end of this range, to stabilize at 550 ppm now requires global emissions to peak in the 2020s and to drop below 25 per

  cent of current levels by 2050. To stabilize at 450 ppm requires emissions to peak this decade and to fall by more than 5 per cent a year, reaching 70 per cent below current levels by 2050. All of

  these propositions clearly require deep global commitments to fairly rapid and radical change. For example, the Stern Review suggests that power generation will have to be decarbonized by between

  60 and 75 per cent by 2050 to stabilize greenhouse gas levels at or below 550 ppm.




  Dealing with the Consequences




  Regardless of what we do now, climate change will continue to occur for several decades. Emergency situations created or heightened by climate change are also already becoming

  increasingly expensive. For example, in the United Kingdom, each day of snow and more extreme winter weather is now costing the economy between £230 million and £600 million. The number

  of such bad days is also going to increase – and very significantly so if northern Europe cools due to a cessation of the North Atlantic Drift. A level up, weather-related disasters on the

  scale of 2005’s Hurricane Katrina and the Australian floods of 2011 are likely to become more frequent. At present Hurricane Katrina remains the most costly weather-related natural disaster

  in history. However, this sad record will continue to be broken.




  Disaster recovery planning and preparation need to step up a gear in the face of climate change. In September 2010 the UK government acknowledged this when it shifted its

  focus away from pure climate change mitigation and toward climate change adaptation. The announcement included plans to protect power stations from flooding, as well as to safeguard hospitals from

  water shortages during dry summers. These and all other climate change adaptation measures will inevitably lead to higher taxes and higher prices for us all.




  As discussed in the next two chapters, many countries need to take action to try to safeguard their future water and food supplies. We should also all expect continually rising food prices due

  to reduced crop yields, as well as agricultural produce being more regularly damaged by extreme weather.




  Pressure is also likely to grow on people in industrialized nations to eat less meat. This would then help reduce greenhouse gas emissions on two fronts. Firstly, it would reduce methane

  emissions from farm animals reared for table. Secondly, it would lessen the requirement for deforestation. According to Greenpeace, in 2004–5 alone more than 2.9 million acres of Amazon

  rainforest were destroyed to clear land for growing animal feed, with up to 220 square feet sacrificed to produce each pound of hamburger.




  In the face of climate change, some industries – such as insurance – will also need to fundamentally rethink their business models. For example, while today most property insurance

  is sold to cover all risks, in the future cover for fire and theft may be sold separately to that for flooding and weather damage. In fact, if this does not occur then many properties will become

  uninsurable.




  Relatively soon most nations could be spending hundreds of millions of dollars, pounds, euros or yen on efforts to improve their flood defences and to limit coastal erosion. For example, in the

  United Kingdom the Environment Agency suggests that the government will have to spend over £1 billion a year on these activities by 2035. However, it is quite possible

  that such costs will be deemed too high, with citizens having to relocate as climate change takes its toll. Deciding where this line is to be drawn is likely to become a major political issue. By

  the middle of the century politicians may even be campaigning on the basis of which areas of their country they pledge to protect, and which they consider unnecessary or uneconomic to maintain.




  More immediately, planning applications need to start taking far greater heed of climate change. For example, in the United Kingdom house building on flood plains is continuing unabated. This

  has to stop or else we need to start building radically different types of dwellings that are capable of withstanding inevitable and regular inundation. Firms in the construction industry that rise

  to this design challenge could also do very well. So too will those who develop and deploy building methods less reliant on cement. Making existing buildings and infrastructure resilient to climate

  change is then another great construction challenge and opportunity. Indeed, according to the Stern Review, such building works could cost between $15 and $150 billion annually in OECD countries

  alone.




  Preventing Future Climate Change




  Measures to cope with the consequences of climate change will have to be substantial, yet they will probably have less impact on our lives than those likely to be taken to try

  to address the causes of climate change. Unless there is a major public backlash, most governments now look set to push forward with significant climate change mitigation measures. New industries

  and opportunities may well be created. However, as a result of government action, the majority of us will need to make some lifestyle changes.




  The easiest sell for governments will be encouraging or cajoling people and businesses to increase their energy efficiency. Due to Peak Oil and broader resource depletion,

  energy prices are going to rise substantially over the coming decades. If, as is likely, schemes that directly or indirectly tax carbon emissions are put in place, then energy prices will increase

  further still. Switching to wind, wave, solar and nuclear power – as discussed in Part III of this book – will allow us to reduce greenhouse gas emissions. However, the energy produced

  by future alternative energy sources will almost certainly be more expensive than that currently obtained by burning fossil fuels. There can therefore be little doubt that most people’s

  lifestyles will have to become less energy intensive.




  Fortunately, technology will increasingly allow us to become more energy efficient. Already low-energy light bulbs use around 80 per cent less power than their traditional counterparts. Even

  more efficient LED light bulbs are also only a few years away.




  It has been estimated that a switch to low-energy bulbs across the European Union has the potential to cut carbon emissions by 20 million tonnes a year. It is therefore not surprising that in

  2009 the European Union banned the manufacture and import of 100 watt frosted incandescent bulbs. With many other kinds of electrical appliance capable of becoming far more energy efficient,

  similar future initiatives are inevitable. Today I am typing these words on a low-energy PC and monitor that together consume only 41 watts. In contrast, a year ago I would have been typing them on

  very typical desktop hardware that consumed around 220 watts. Very significant opportunities for all of us to reduce our energy usage really do exist. Given the cost savings that they in parallel

  deliver, many of us are therefore likely to be purchasing low-energy electrical devices before the end of the decade.




  Getting people to reduce their energy demand via increased energy efficiency is one thing. But engendering broader behavioural change is quite another. Rising energy prices

  may in part trigger the mindset shift necessary to get more people to turn off electrical items that are not in use. They may even be enough to reduce some powered personal travel, not to mention

  the import of food that journeys for thousands of miles before reaching our plate. However, educating and persuading the majority of people to stop taking journeys and consuming things simply to

  protect the world of tomorrow is likely to be extremely difficult.




  As discussed in the last chapter, within a few decades the supply of conventional oil is going to become more and more restricted. Yet supplies of coal and potentially unconventional oil will

  continue to be plentiful for a great many decades. Any future choice to burn to exhaustion either of these relatively abundant energy sources could push the level of greenhouse gases in the

  atmosphere far higher and so fuel further climate change. Potentially, carbon-capture technologies could be fitted to power stations to lessen this impact. However, once again, convincing those

  involved of the need to use such technology – and in so doing to make their supply of energy more expensive – may well be difficult. The growth of China is 80 per cent fuelled by coal,

  with 544 new coal power stations currently planned. The moral authority of the West to tell China, India and others not to industrialize and pollute as they themselves have done is also somewhat

  limited.




  A similar dearth of moral authority is inevitably impeding efforts to lessen greenhouse gas emissions from deforestation. Currently we slash and burn around 50 million acres of rainforest a year

  – an area equivalent to the whole of England, Scotland and Wales. In turn this releases around two billion tonnes of carbon dioxide into the atmosphere. These emissions

  are far higher than those from the entire global transport industry, including aviation. As has been argued by Andrew Mitchell, the head of the Global Canopy Programme, ‘tropical forests are

  the elephant in the living room of climate change’.




  There is also considerable evidence to suggest that drastically curtailing deforestation is one of the world’s cheapest options for limiting future climate change. The problem is making

  this happen. As already noted, a rising demand for meat is driving the clearing of land to grow animal feed. To some extent this is under everybody’s control. However, international funding

  and support are desperately needed if those in Indonesia, Brazil and the Congo region are to be persuaded to pursue other activities. We simply cannot expect nations to destroy their economies

  unless the wider world offers them a tangible alternative to actions that are impacting all of our futures.




  Geoengineering Solutions?




  It is quite possible that our politicians will fail to agree and implement sufficient measures to reduce global carbon emissions. Over the coming decades the level of greenhouse

  gases in the atmosphere may therefore continue to significantly increase. As (and if) this happens, a far more radical solution for curtailing climate change will be needed way beyond anything

  already mentioned so far. In fact, many of those who argue against climate change measures today do so on the basis that we will in future be able to put in place grand, technological solutions on

  a planetary scale.




  Future ‘geoengineering’ options already proposed for controlling climate change include liquefying industrial carbon dioxide emissions and burying them deep underground, or

  cultivating new forms of marine algae to absorb more carbon dioxide in the oceans. Alternatively, as discussed in Chapter 7, it may one day be possible to build

  nanotechnology-based greenhouse gas filtration factories to extract excess greenhouse gases from the atmosphere. Strategically located around the planet, such plants could potentially return

  greenhouse gas concentrations to pre-industrial levels. As yet another option, potentially the most ambitious climate change solution may involve building solar sails in space.




  The level of solar radiation that bathes our planet is pretty much constant. Climate change is now starting to occur because an increased concentration of greenhouse gases in the atmosphere is

  causing the Earth to retain too much of this heat. To prevent this happening, all of the climate change mitigation measures discussed so far seek to control greenhouse gas levels. However, basic

  physics tells us that we could happily live with higher greenhouse gas concentrations if less solar radiation hit the Earth in the first place.




  In theory, giant solar sails could be constructed in orbit to shade the Earth and stop us receiving so much solar radiation. While vast in area, potentially such sails would only have to be made

  from plastics or metals a few hundred atoms thick. Creating such sails may be impossible today. However, the developments in nanotechnology discussed in Chapter 7 do suggest that their construction

  may become a possibility sometime next decade.




  A white paper presented by Kenneth I. Roy at the Space Technology and Applications International Forum in 2001 suggested that 100,000 square kilometres of solar sails may be sufficient to give

  humanity control of climate change. Such sails could also potentially generate electricity to be beamed down to Earth. Even with the best space access technology on the horizon, building such sails

  on the ground and launching them into orbit would probably be a non-starter. Indeed, according to Roy, 100,000 square kilometres of sail might weigh 40 million tonnes. Solar

  sails would therefore have to be constructed in space, and perhaps using raw materials mined from the Moon or the asteroids.




  This kind of thing may sound incredible and massively expensive. But so did sending a human being to the Moon in the early 1960s, and that mission had no planet-saving ambition. The solar sail

  solution to global warming may at present be just an outlandish idea. However, in a few decades time it could turn out to be a more viable option than persuading billions of people to consume and

  travel far less in addition to making other radical changes to their lifestyles.




  

    *   *   *


  




  Learning to Care about the Future




  Over the next few decades climate change will have an increasing impact on us all. For some the implications will be limited to higher food prices and occasional mild

  disruptions as a result of more extreme weather. However, for the less fortunate majority of the world’s population, climate change will result in floods, drought and associated shortages of

  food and water. There can be little doubt that many people in poorer parts of the world will die as a direct consequence of climate change.




  The difficulty humanity faces in responding to climate change is convincing far more people today to start caring about the global population of the future. John Maynard Keynes, the famous

  economist whose preachings dominated 20th-century capitalism, may have argued that ‘in the long-term we are all dead’. His inference that businesses, governments

  and individuals can simply ignore the long-term consequences of their actions may also have proved convenient for many decades. However, what Keynes and his followers chose to ignore is the simple

  fact that in the long-term our children and their descendants will still be alive and will suffer the consequences of our current selfish folly. In tandem with the 2008 financial crisis, climate

  change ought therefore to provide another strong reason to junk the misguided and short-term economic logic of the heartless 20th-century men-in-suits. Reflecting this, one of the most startling

  opening statements in the UK government’s Stern Review is an acceptance that ‘climate change is the greatest and widest-ranging market failure ever seen’. The way that the review

  then proceeds to make proposals based on economic logic is then at best bizarre.




  Along with Peak Oil, climate change is a physical certainty that will not go away and that we will have to do something about. Coupled with an expanding global population, both Peak Oil and

  climate change are also likely to have a significant impact on future agricultural production and fresh-water supplies. The next two chapters therefore address head-on possible future food

  shortages and the phenomenon called Peak Water.
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  PEAK WATER




  Whether they believe in it or not, everybody has heard of climate change. And even if they do not know the term ‘Peak Oil’, most people

  understand that eventually we will run out of petroleum. However, mention the term ‘Peak Water’ in general company and the most common reaction is a vacant stare.




  Peak Water refers to the point in time when we will reach the natural limit of available fresh-water supplies. Beyond Peak Water, demand for fresh water will then start to outstrip supply.

  According to the United Nations, by 2025 1.8 billion people will face a position of ‘absolute water scarcity’, with two-thirds of the world’s population likely to be facing

  stressed or restricted fresh-water supplies.




  Some regions of our planet are clearly more blessed with fresh water than others. Different parts of the world will therefore hit local Peak Water at different times. Already the United Nations

  believes that around 700 million people across 43 countries live with water scarcity. At present all such individuals reside in Africa, south Asia and other regions where droughts have always been

  common. However, parts of China and Europe are now also listed by the United Nations as facing ‘moderate-to-high water stress’.




  Water, Water Everywhere?




  When they first learn about Peak Water, many people’s initial reaction is one of disbelief. As they usually argue, over two thirds of the surface of the world is covered

  with water! Alone in the solar system, our Earth is sometimes even referred to as the ‘blue planet’. Unlike oil and other fossil fuels, most water is also naturally recycled after it is

  consumed. How, then, can we possibly be running out of water?




  Estimates suggest that there are about 1.4 billion cubic kilometres of water on the planet (or roughly 326 quintillion gallons). However, around 97 per cent of this water is salty and hence

  unsuitable for agriculture or human consumption. In addition, the majority of all fresh water is frozen in the polar icecaps. Most of the rest is in the soil or inaccessible very deep underground.

  The tiny percentage of fresh water that is available for human consumption and all other land-life therefore comes from lakes, streams, rainfall, snow melt, glacial melt and accessible groundwater

  aquifers. This global reserve is admittedly still very large indeed. However, it is also very unevenly distributed.




  Almost all local fresh-water sources do naturally replenish over time. This occurs through the Earth’s ‘hydrologic cycle’ of evaporation, precipitation, surface runoff and the

  transfer of atmospheric moisture from the sea to the land. However, in given climatic conditions, the rate of replenishment of any particular fresh-water resource is pretty much fixed. All sources

  of fresh water will therefore face their own production peak if they are drained beyond their natural replenishment level.




  Figure 3.1 illustrates a potential Peak Water curve for a single water source such as a groundwater aquifer. As shown in the figure, the acquisition of water beyond the aquifer’s natural

  rate of replenishment follows a bell curve, with production beyond the peak inevitably falling to the natural replenishment level.
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    Figure 3.1: A Peak Water curve


  




  Some groundwater aquifers do recharge fairly rapidly. They may therefore have a natural replenishment level fairly high up Figure 3.1’s vertical axis. However, other so-termed

  ‘fossil groundwater’ sources have been accumulated over many thousands of years and naturally replenish either very slowly or not at all. For example, the Ogallala aquifer in the United

  States and Saudi Arabia’s Umm Er Radhuma aquifer have no effective natural replenishment and will eventually be pumped dry.




  Many parts of the world are already experiencing or will soon face groundwater production peaks. For example Delhi, Rajasthan and many other parts of India rely on groundwater sources that are

  now being drained at almost twice their natural rate of replenishment. Other countries over-pumping their groundwater aquifers include China, Iran, Israel, Mexico and Spain.




  In total, around half of the world’s population live in countries where the water table is falling. In places this is occurring at an alarming rate. For example, the

  aquifer under Hebei Province in the heart of the North China Plain is dropping nearly three metres a year. Worse still, in the North Gujarat region of India the water table is falling by double

  this amount. With wells in these regions either having dried up or needing to be sunk deeper and deeper each year, agriculture is inevitably starting to suffer and crisis looms.




  Most water that is not sourced from underground aquifers is taken from lakes and streams. These naturally replenish from rainfall and the runoff that results when snow or glaciers melt. However,

  if drained faster than they replenish, lakes and streams are still subject to a production peak as shown in Figure 3.1. Most open-water sources just have a natural rate of replenishment reasonably

  high up the vertical axis.




  Water, Climate Change and the Environment




  Humanity’s increasing demand for fresh water is unfortunately not the only factor now putting more pressure on supplies. As detailed in the last chapter, climate change is

  also going to have an increasing impact. Even small changes in global temperatures are already altering the intensity and duration of rainfall, causing lakes to evaporate more rapidly, and so

  precipitating more droughts. Communities dependent on runoff water from glacial melt will in coming decades also face local Peak Water situations due to a loss of glaciers. As global temperatures

  lead to hotter climates, the demand for drinking water will also rise, as will the requirement for irrigation systems to grow crops that were previously watered naturally by the rain.




  In some parts of the world, the quantity of water appropriated for human consumption, agriculture and industry is additionally starting to cause potentially irreversible

  environmental damage. In 2009, the Pacific Institute tried to highlight this danger by introducing the term ‘Peak Ecological Water’. As its report on The World’s Water

  pointed out, every new project that captures water for human use also ‘decreases the availability of this water to support ecosystems and diminishes their capacity to provide services. The

  water that has been temporarily appropriated or moved was once sustaining habitats and terrestrial, avian and aquatic plants and animals’.




  When regions consume water beyond the ecologically sustainable peak, the implications can be very serious indeed. For example, since 1900 half of the world’s wetlands have disappeared.

  This has led not only to the extinction of many species, but also the increased flooding of many dryland regions in which people live. The draining of rivers to provide water for drinking and

  agriculture now also frequently causes natural vegetation to go short of water. In turn this leads to a loss of food and habitats for wildlife, and in time soil erosion.




  During the 20th century, humanity’s consumption of fresh water increased by a factor of nine. Some estimates suggest that we are now tapping almost half of all renewable and accessible

  fresh-water resources. If we continue to appropriate even more, there has to be a risk that the resultant damage caused to many ecosystems will seriously backfire.




  Peak Water Implications




  Peak Water is a future challenge with a very wide range of human and non-human implications. Around 8 per cent of the water consumed by human civilization is used for drinking

  and basic household purposes. In the majority of developed countries, this domestic supply may in future be more constrained but is not in danger. Nevertheless, in many regions

  the supply of the far greater quantity of water required for food production is far less certain.




  At least 70 per cent of the water appropriated by humanity is used in agriculture. It takes, for example, about 1,000 tonnes of water to produce one tonne of grain, and a staggering 5,000 tonnes

  of water to grow one tonne of rice. In any region with insufficient rainfall, all or part of this water has to be supplied via irrigation. The current over-pumping of water in some key agricultural

  regions will therefore have significant future consequences.
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