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Preface

The aim of this book is to produce a comprehensive overview of how our world and the chemical industry could look by 2050, by completing a detailed and structured assessment of how the upcoming megatrends could influence our world and the chemical industry during the next decades.

During the last century the world has seen the largest and longest period of wealth creation in human history, with our world living standards reaching their highest levels. During the next decades, that trend is not only going to continue but also accelerate. The world will go through another period of unprecedented economic and social wealth creation. In a world with more than nine billion people and an expected gross domestic product (GDP) four times larger than today, the world by 2050 will host the wealthiest society in human history.

During the next decades the world will be in the midst of one of its largest and most radical transformations. Our societies, economies, political systems, and even the way we work, communicate, and live may be altered. New economic superpowers, like the BRIC (Brazil, Russia, India and China) will become reality, with China and India becoming the two largest economies in the world. New industries and new and large economic players will appear, while many others will quickly loss relevance. The potential improvements in human progress and wealth creation, with millions of people leaving poverty forever, are simply outstanding and fascinating. The world per capita GDP will treble from current levels up to $30 000 by 2050 (2009 based) while the world average life expectancy will move from 67 years in 2010 to 75 in 2050. The potential progress in all fields of human life will be simply enormous. The change will be gigantic, the speed frantic and the need for change will be unquestionable. However, all this positive progress will not come for free and without caveats.

During this journey, our world will be confronted with some of the largest challenges humanity has ever seen. Energy scarcity and climate change might be the most obvious and radical, but not the only ones. Strong global demand across all industries, significant changes in the way we live, communicate, and organize our societies, at national and international level, will also pose significant challenges. Life expectancy and medical progress will reach unseen levels across the world, a factor that might have the potential to alter all aspects of our life to levels never seen or even thought of before.

In a world with more than nine billion people and the host of the wealthiest and most advanced society in human history, our world energy demand under the “business as usual” (BAU) scenario will not only be enormous, but might also be impossible, and even when possible it might not be sustainable. The world average CO2 emissions per capita per day will move from 12,000 grams a day in 2010 to 28,000 grams by 2050. However, in order to avoid climate change, our world will need to learn to live with just 4,000 grams of CO2 per capita per day; equivalent to a 30 km drive per day (based on a car with CO2 emissions of 130 g per km). Under the “BAU” scenario the world energy demand could triple from 12 million tonnes of oil equivalent in 2010 to 35 million tonnes by 2050. Crude oil demand could also more than double from 87 million barrels a day in 2010 to 247 million barrels a day by 2050.

The enormous growth experienced during the last century, in economic terms, energy demand, and population, among others, suggests that similar or higher levels of growth during the next decades might not be attainable or sustainable this time. The world will need to face a gigantic energy and emissions diet, cutting CO2 emissions to the current levels of a citizen in India.

The chemical industry, as the key enabler of human progress and a building block of many other industries, will again be called into duty. In a world with a GDP of more than $US 280 trillion (2009 dollar) the chemical industry not only has the potential to quadruple by 2050 but, more importantly, it will again have the opportunity to unleash its full potential. During the next decades we will see how China consolidates its role as the largest chemical maker in the world, how the Indian chemical industry will blossom to levels never seen before and how the pharmaceutical industry in the BRIC economies will simple explode with a humungous 1595% growth. The per capita demand for pharmaceuticals in the BRIC economies is expected to grow from $30 in 2010 to $444 by 2050.

The chemical industry is not new to this sort of challenge. It has been enabling human progress and innovation through chemicals and pharmaceuticals for centuries. This industry enabled the first and second industrial revolution and, most recently, all the miracles of the last century's economic growth; the longest period of wealth creation in human history. The chemical industry has been improving living standards and quality of life since its origins, and indeed our current life standards would not be possible without it.

The enormous challenges that climate change and the expected vast economic growth will present, will not only affect directly the chemical industry as an industry itself, but will also force the industry to excel in what it does best: technology and innovation. The industry will soon be called into duty again, forcing it to transition again from a manufacturing and operational model into an innovation model.

This book is intended to provide a logical and comprehensive framework to understand and assess the potential impact of upcoming megatrends in the chemical industry. It is not intended to provide critical solutions or answers to very complex topics, but to provide the right level of understanding, fundamentals and concern, pointing the industry towards its major megatrends. In other words, this book is not intended to be the end, but just the beginning. A starting point and an area of reflection; a book that aims to stimulate proper debate across the chemical industry, other industries, and our society.

I believe, our world is poised to enter another period of unprecedented wealth creation, human progress and change. The challenge will be enormous for our society and for the chemical industry, but the rewards will be equally large and satisfactory. By 2050 the world will have not only the privilege to host the wealthiest and most advanced society in human history, but also the enormous responsibility to leave a sustainable world for the generations to come. At this time there are no answers or solutions, sometimes not even questions, but that is expected to change very quickly and soon.

The stakes are high, very high, and our society and the way we live depend on it. The challenges and rewards are enormous, the responsibility gigantic, and the clock is ticking fast. However, it is in adversity where the best of mankind and the chemical industry has always been seen; and it is my firm conviction that the chemical industry, as a catalyst of human progress and innovation, will be at the core of the solution. There is no other way, and that will be the case.

In this current world, severely affected by perhaps the second largest economic recession in our history after the great depression, I hope this book brings a fresh opportunity to start shifting our focus from the short term to the long term, gearing our attention toward much brighter horizons and the industry into more innovative paradigms. During the next decades our world has the potential to host the wealthiest society in human history, pulling hundreds of millions of people out of poverty; however, if the upcoming concerns are not properly and timely addressed, our generation will move from regretting what has been lost during the last economic crisis, into appreciating what we had and perhaps might not be able to have again.

The world will overcome the current financial crisis and the different economic challenges, as always, but what we may have in front of us might be something as unexpected to some as unbearable to others. The world is on the verge of its most fascinating challenge, the potential for human progress and economic growth is tremendous, however, at stake is the way we live and work, not only today but also tomorrow.

A call for attention to the future will soon reach us, perhaps as soon as the world economy comes back on track, and with that call the world will be confronted with a huge potential and enormous challenge. This shift from the financial crisis to the sustainability of our world and a bright economic future will reach us very soon; and with it, the chemical industry will be called into service once more. I am confident the industry will again be at the forefront of the solution, as always. This time I just hope we will not forget it too soon.

Enjoy the challenging journey into a better world through better chemistry.

Rafael Cayuela Valencia
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Introduction

The purpose of this book is to provide, for a certain set of assumptions and megatrends, a solid understanding and overview of how the chemical industry and our world could look by 2050.

Due to the obvious complexity and difficulty in making such a projection we will provide a very simple and robust framework of analysis, with the aim that every reader can be aware of our assumptions and eventually could replicate this analysis with his own assumptions, expectations, and realities.

This book is not intended to provide a concrete and unique view of the industry by 2050, but a frame of solutions and questions, based on a certain set of assumptions and megatrends. The ultimate purpose is to create a solid understanding of the principles, fundamentals, and guidelines under which the chemical industry operates, with the premise that trends and circumstances might change, but the framework would not.

For a group of selected megatrends and different sets of assumptions we will present different scenarios and alternatives for the chemical industry. In some cases we will provide one or several scenarios, however, on other occasions we might end up by providing a set of questions or some open scenarios.

Therefore, this book is not intended to offer a final view of the industry, but more a directional one. It is intended to be a starting point, providing different trends and scenarios. Basic scenarios that are intended to create awareness and to stimulate appropriate debate across the industry and society. The speed of change in the world in which we operate and live these days will make it almost impossible to make an accurate forecast for a 40 year period. However, we feel very confident the framework of analysis that we will use should still be applicable for decades to come and directionally our study may still be valid in the foreseeable decades.

In Chapter 1 we will present some of the most pervasive megatrends that will impact our world and chemical industry during the next decades. We will review trends in several different areas, such as social, economic, political, energy, and climate change. For each of these megatrends we will also review several small trends, their interconnection and their connection with other megatrends.

Chapter 2 will present a projection of how the world could look by 2050, based on the previous megatrends. Two scenarios will be presented. In the first, the so-called business as usual (BAU) scenario, we will see how our world could look by 2050 if no major human action takes place and no changes are applied to the expected megatrends. This scenario will present staggering improvements in wealth and living standards across the world, quadrupling the world gross domestic product (GDP) and pulling millions of people out of poverty. Unfortunately, and as we will see later, this scenario might not be sustainable from an energy and emissions perspective. In the second scenario, we will present a sustainable world, a world that will still preserve all the positive aspects of the previous scenario but will manage to avoid climate change and the potential for energy and resources scarcity. For both scenarios we will review some of the fundamental pillars for our society with high impact on the chemical industry. In that sense three fundamental pillars have been selected. The social pillar that includes population and economic conditions; the energy pillar that will establish energy demand projections, including oil and gas; and the sustainable pillar that refers to different measurements for climate change.

In Chapter 3 we will introduce the chemical industry, its history, players, products, and recent status in many critical areas. The idea is to provide a comprehensive summary of the chemical industry, its structure and major features, with the assumption that not all readers may necessarily be knowledgeable about this industry. Even for those already in the chemical industry, certain aspects of this chapter may be interesting and revealing, like those related to its history, products, players, or even its total size and characteristics. As a proud and senior member of the industry, I still find it amazing how little some of us know about our own industry, its history, wonders, roots, and its full positive potential in society. Writing this chapter was an enormous source of personal pleasure and enrichment, a chapter where I kept learning about the complex and fascinating history of our industry. This is a chapter that I recommend to anyone working in the chemical industry or with interest in it.

In Chapter 4, we will review the potential influence of the expected megatrends on the chemical industry. For that purpose we will develop a simple framework of analysis, a framework that we will use for this and further assessments within the book.

Using this framework we will start to assess the impact of the upcoming megatrends on the chemical industry and, ultimately, on the chemical companies of the future. We will review some of the major impacts, the key trade-offs and synergies, however, and for obvious reasons, we will not be able to review all possible interactions.

In the belief that the presented and used framework of analysis may also be valid for different companies within the chemical industry, this framework will be made available for our readers. The idea being that the readers can adapt the model to their own companies, beliefs, and assumptions. After all, our projections are based on some pre-selected numbers of megatrends. Under this premise, we believe that by providing the model to our readers, each will be in the best position to judge our assumptions and projections, while having the option to make their own ones.

In Chapter 5 we will provide an overview of the future of the chemical industry by 2050, by reflecting on the potential impact of each of the megatrends on the major features of the chemical industry under the two defined scenarios: BAU and a “sustainable” world. For each scenario we will present qualitative and quantitative statements about the industry, its major companies, the potential areas of growth, as well as areas of concern and focus. For the first scenario (BAU) we will review how large our chemical industry could become, its energy demand, emissions, major areas of growth, and its key players. Sometimes a modified BAU scenario will also be presented, where the author will introduce some minor changes while remaining as conservative and realistic as possible.

For the second, sustainable scenario we will reflect on the challenges and opportunities the chemical industry will be confronted with when operating in a sustainable way with reduced greenhouse emissions, however, under this second scenario, answers and solutions will tend to be more vague and open. Indeed this is an area that could provoke significant amount of research and innovation during the next decades.

In this chapter we will also provide some conclusions and recommendations for the chemical industry of the future. Considering the enormous area the chemical industry covers – from petrochemicals to polymers, industrial gas, crops, fertilizers, pharmaceuticals, and so on – the aim of this chapter is to provide generic and broad recommendations to the industry, highlighting major changes, areas of focus, growth, or concern. In this chapter, as in some of the previous ones, we do not expect to come with clear answers and solutions, but more with certain generic reflections and guidelines. Guidelines that should be placed into the context of different companies and sectors of the chemical industry.

Finally, in the conclusion we will summarize some of the major opportunities and concerns for the chemical industry in its transition to 2050. The chemical industry is poised to experience significant changes in the next decades, from massive growth, to changing demand, technologies, locations, feedstocks, and even the way it operates and interacts with its different stakeholders. However, and despite the massive changes and challenges expected in these areas, it is in its capacity to innovate and to enable other industries and higher living standards that it will experience the major transformation. Innovation will be by far the major area of focus and attention, as the chemical industry will be required to be at the forefront of the solutions that will save our endangered world.

While the chemical industry has learned to mitigate the negative aspects of change – like the associated cost or potential concerns of the new challenges – the reality is that the upcoming decades with their associated challenges will bring an enormous opportunity for the chemical industry to unleash its full potential, create unprecedented levels of wealth and transform itself into the industry of the new century. The industry will be on the brink of its second revolution; its transition from a manufacturing model into an innovation and growth model. We expect an industry more focused on innovation and value creation, versus its cost, operating efficiency and all sort of other concerns. In other words, an industry more focused on the numerator than on the denominator.

Before concluding this introduction we would like to acknowledge that despite the recent developments in the world economy the world is poised to follow its growth course. The so-called “financial meltdown” in the USA with the Lehman Brothers collapse in November 2008 and the current European sovereign debt crisis have triggered several years of economic slowdown globally, and perhaps one of the longest and deepest economic recessions since the great depression of 1929.

At this time there are still many unresolved issues and concerns on both sides of the Atlantic. High levels of debt and unemployment across the world, especially in the US and Europe, with the potential default of Greece, Portugal, Ireland, and even Italy or Spain, our world still seems economically “ill”, digesting all excesses from the last decades. Weak economic data around the world, growing concerns on the robustness of the Chinese economy and on the long term sustainability of the high levels of debt in the US and Europe do not present a very optimistic outlook for the years to come. In the medium term, the outlook seems much more positive, but in the short term the reality is that the current economic recession might have stolen five to ten years of economic growth.

This economic slowdown has certainly shifted the focus away from the medium to the short term, and from some of the most challenging upcoming megatrends, like climate change and energy efficiency, to the current financial and economic issues. However, this shift will be just temporal, and some of the key issues of our world will come to the forefront of the global debate very soon, as soon as the financial crisis starts to get resolved.

As this book focuses on the long term, we will cover none of the current developments, despite the severity and potential short term influence, see Figure 1. The current slowdown may also have delayed some of the upcoming megatrends, but we do not expect it to have changed the structural and long term relevance of those.


Figure 1 Real GDP growth: black, world economy; blue, advanced economies; brown, emerging and developing economies.

World Economic Outlook (September 2011) © IMF, 2010.

[image: 1]

Our world is poised for an unprecedented period of growth in the decades to come, growth that will result in the largest and wealthiest population in human history, and this seems still to be the case. Unfortunately, this growth will not come for free, and significant challenges and opportunities lie ahead. Energy and resource scarcity and climate change will test our capacity to innovate and even put some of our most optimistic projections at risk.

The current economic slowdown is having severe influence in the short term, as well as causing structural changes in the medium term, however, we still believe that in the long term the upcoming megatrends will still apply, as they always did.


Methodology


With such a complex, subjective, and broad topic as the future of our world and the chemical industry by 2050, the aim of this book is to provide the most realistic, factual, and logical set of projections. Projections that are easily replicable, trackable, and understood by anyone. Indeed some of our own projections and calculations will be intentionally very basic in nature, so that they can be easily validated, appearing logical, and simple to our readers. ...
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		}

	}

}



function goProgress(progress)

{

	progress += 0.0001;

	

	var progressPerPage = 1.0 / gPageCount;

	var newPage = 0;

	

	for (var page = 0; page < gPageCount; page++) {

		var low = page * progressPerPage;

		var high = low + progressPerPage;

		if (progress >= low && progress < high) {

			newPage = page;

			break;

		}

	}

		

	gCurrentPage = newPage + 1;

	gPosition = (gCurrentPage - 1) * window.innerWidth;

	window.scrollTo(gPosition, 0);

	updateProgress();		

}



/* BOOKMARKING CODE */



/**

 * Estimate the first anchor for the specified page number. This is used on the broken WebKit

 * where we do not know for sure if the specific anchor actually is on the page.

 */

 

  

function estimateFirstAnchorForPageNumber(page)

{

	var spans = document.getElementsByTagName('span');

	var lastKoboSpanId = "";

	for (var i = 0; i < spans.length; i++) {

		if (spans[i].id.substr(0, 5) == "kobo.") {

			lastKoboSpanId = spans[i].id;

			if (spans[i].offsetTop >= (page * window.innerHeight)) {

				return spans[i].id;

			}

		}

	}

	return lastKoboSpanId;

}



/**

 * Estimate the page number for the specified anchor. This is used on the broken WebKit where we

 * do not know for sure how things are columnized. The page number returned is zero based.

 */



function estimatePageNumberForAnchor(spanId)

{

	var span = document.getElementById(spanId);

	if (span) {

		return Math.floor(span.offsetTop / window.innerHeight);

	}

	return 0;

}
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