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Introduction
Jim Al-Khalili 

According to Einstein’s theory of relativity, the future is out 
there, waiting for us – all times, past, present and future, pre-
existing and permanent in a static four-dimensional spacetime. 
And yet our consciousness is stuck in an ever-changing now, 
crawling along the time axis, welcoming the future as we gobble 
it up, then leaving it in our wake as it transforms into the past. 
But we are never able to see what is ahead of us. It is an incon-
testable fact that we cannot predict the future, despite the 
claims of psychics and fortune-tellers.

On a metaphysical level, whether our future is predestined 
or open, whether our fate is sealed in a deterministic universe 
or whether we have the freedom to shape it as we wish, is still 
a matter of debate among scientists and philosophers. Some-
times, of course, we can be reasonably confident what will 
happen – indeed some future events are inevitable: the sun will 
continue to shine (for another few billion years anyway), the 
Earth will continue to spin on its axis, we will all grow older, 
and the team I follow, Leeds United, will always leave me disap-
pointed at the end of every football season.

In other ways, the future can unfold in completely unex-
pected ways. Human culture is so rich and varied that very 
often events happen in ways no one could have predicted. So, 
while there will have been a few who foretold Donald Trump’s 
US election victory in 2016, no one can (thus far) predict when 
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2 Jim Al-Khalili                                                                                                 

and where the next big natural disaster – maybe an earthquake 
or a flood – might strike. 

Predictions about the way in which our lives will change 
thanks to advances in science and technology are spread across 
that wide expanse between the inevitable and the utterly 
unforeseen. The most reliable, and imaginative, soothsayers 
when it comes to conjuring up the future are usually science 
fiction writers, but how many of them before 1990 described a 
world in which the internet would connect all our lives in the 
way it does today? The World Wide Web still sounds fantastical 
when you stop to think about it.

So how does one compile a book, in the second decade of 
the twenty-first century, on what scientific advances are await-
ing us, whether they are just around the corner, five years or 
ten years from now, or they are further off in the future, way 
beyond our lifetimes?

Some of the essays in this book serve as dire warnings about 
the way our world will be shaped, whether by nature or human 
activity, if we don’t do something now. Solutions to our global 
problems will require financial, geopolitical and cultural ele-
ments as well as scientific and engineering ones, but it is clear 
that harnessing our knowledge of the natural world, as well 
as the use of innovation and creativity in the technologies that 
exploit any new science, is going to be more vital than ever in 
the coming decades. So these essays are also beacons of hope, 
because they show how science can mitigate worst-case scenar-
ios, like the damaging effects of climate change, overpopulation 
or the spread of pandemics through microbial resistance.

It is also undeniably true that the implementation of new 
technologies, whether in AI, robotics, genetics, geoengineer-
ing or nanotechnology, to name but a few exciting current 
areas of rapid advancement, must be carefully considered and 
debated. We cannot afford to allow ourselves to be propelled 
headlong into an unknown future without carefully exploring 
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  Introduction  3

the implications, both ethical and practical, of our discoveries 
and their applications. Many examples come to mind, such as 
the way robots are already beginning to replace humans in the 
workplace, how we can best guard against cyber terrorism, or 
the way we use up our natural resources while destroying habi-
tats and threatening the ecosystem as the world’s population 
grows both in size and greed. But I am painting a bleak picture, 
and our future need not look like that.

It is important to remember that scientific knowledge 
in itself is neither good nor evil – it’s the way we use it that 
matters. You can be sure that within a decade or two we will 
have AI-controlled smart cities, driverless cars, augmented 
reality, genetically modified food, new and more efficient forms 
of energy, smart materials, and a myriad of gadgets and appli-
ances all networked and talking to each other. It will be a world 
almost unrecognisable from today’s, just as today’s world 
would appear to someone in the 1970s and 1980s. One thing 
we can say with certainty is that our lives will continue to be 
completely transformed by advances in our understanding of 
how the world works and how we harness it. 

Some of the contributions in this book paint a relatively 
reliable picture of the future. This is because the science they 
describe is with us in embryonic form already and we can see 
clearly how it will mature in the years to come. Others offer 
more than one scenario describing how our future will unfold, 
not because we don’t understand the science or because its 
application may throw up surprises, but because the path we 
take depends on how that scientific knowledge is used. These 
will be decisions we must make collectively as a society and 
which require responsible politicians as well as a scientifically 
literate populace. 

Inevitably, certain topics, whether driverless cars, genetic 
engineering or the so-called Internet of Things, are covered by 
more than one contributor. This is deliberate, since it gives the 
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reader more than one perspective on the different ways all our 
lives will change in the coming decades. It also highlights that 
many of these new technologies are interconnected and act to 
drive each other forward.

Some of the essays, particularly those towards the end of 
the book, are inevitably more speculative as we peer further 
ahead. In my own contribution at the very end of the book, for 
example, I take a look at the very distant future, way beyond 
our lifetimes. But then where would any self-respecting book 
on the future of science be without some mention of teleporta-
tion and time travel?

It is fair to say that some of the early chapters in the book 
strike a rather sombre note in describing future scenarios, par-
ticularly if current warnings are not heeded, while others hail 
the wondrous technological advances just around the corner 
that will enrich our lives. An important point to make at the 
outset, however, is that this collection of essays is meant to be 
neither celebratory nor alarmist, but aims instead to paint as 
honest and objective a picture as possible, as seen by the world’s 
leading experts in their fields, of what our future will look like. 
The one thing all the essays have in common is this: they are 
all based on our current understanding of the laws of nature – 
science fact, not science fiction. They do not predict a fanciful 
or far-fetched future and they do not appeal to magic or fantasy. 
I like to think that their sober assessment – their very grounded-
ness – makes for a far more honest – and, yes, exciting – read.
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Demographics, conservation and 
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1

Demographics
Philip Ball 

The world changes because we do. Like most frequently over-
looked truths, it’s obvious once you say it. The future will be 
different not simply because we will have invented new tech-
nologies but because we will have chosen which ones to invent 
and which ones to use – and which, thereby, we will permit 
to change us. Some of these technologies will surely solve a 
few long-standing problems as well as create some new ones; 
some will touch hardly at all the big challenges that the future 
threatens. At any rate, we won’t foresee the future simply by 
placing our present-day selves amid extrapolated versions of 
our natural and artificial environments. So: how will we live 
differently – and how differently will we live?

Mouths to feed
One of the biggest drivers of change today is population 
growth, which is possible only because of technological 
change. We could not sustain a planet of 7½ billion without 
the changes in agriculture and food production that have taken 
place since the nineteenth century: in particular, the so-called 
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Green Revolution that, in the middle decades of the twenti-
eth century, combined the development of high-yielding crop 
strains with the availability of artificial fertilisers. Without 
those advances, billions would probably have starved.

But it is not clear that we can sustain a planet with more 
than 9 billion people on it, as is predicted for 2050, without 
substantial further innovations, particularly in food growth 
and production and water resources. Most of the population 
growth will be in Africa and Asia – in countries that lack eco-
nomic and infrastructural resources to easily accommodate it.

There is no guarantee that agricultural productivity is going 
to increase in line with population. Climate change – which 
can increase soil erosion, desertification and loss of biodiver-
sity – is expected to decrease productivity in much of the world, 
including many of those regions where population growth will 
increase demand for food. Such changes are now coupled to 
the vicissitudes of the market through globalisation: changing 
demand or priorities in one place (such as the cultivation of 
crops for biofuels) can have a significant impact on food pro-
duction or provision elsewhere. This means that food security 
is going to remain high on the agenda of concerns about a sus-
tainable future for the world. Already, a food price spike in 2008 
triggered widespread social unrest and led to the fall of the gov-
ernment in Haiti, while increases in food prices in 2011 have 
been implicated in the ‘Arab Spring’ uprisings in north Africa. 

The outlook is no better for water. Three quarters of a 
billion people currently face water scarcity. This figure could 
rise to 3 billion by 2025, while freshwater reservoirs are already 
oversubscribed in arid regions ranging from the American 
Midwest to the North China Plain.

You could see all of this as a tale of woe, a forecast of 
disaster, civilisational breakdown and the end of days. Or you 
could regard it as a to-do list for the political and technologi-
cal challenges ahead. But perhaps more than anything else, it’s 
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a reminder of what matters in the future. Yes, personalised 
medicine and intelligent robots, asteroid mining and organ 
regeneration all sound very thrilling (or satisfyingly chilling, 
depending on your view) – and maybe they will be. But the 
age-old problems of humankind – How will we feed ourselves, 
and what will we drink? – will not be going away any time 
soon. Indeed, it may be these issues, more than any technologi-
cal innovations in information, transport or medicine, that will 
dictate our patterns of personal and international interaction.

What we need, then, is a framework of sustainability. The 
word is used often enough, but the thinking isn’t always joined 
up. Some economists discount warnings of unmanageable 
population growth as alarmist, figuring that human innovation 
and ingenuity will sustain us much as they ever have. Others 
point out that the economic imperative for open-ended growth, 
driven by market forces and relegating undesirable issues such 
as pollution to the sidelines, is deluded and impossible in the 
long term. Both sides of the debate can marshal data, or at least 
narratives, to fit their view, but what tends to get overlooked is 
that science already has a framework – thermodynamics – that 
places strong restrictions on the options. Nothing happens – 
not food production, not the appearance of new ideas, not the 
metabolic maintenance of a society – without a cost in energy 
and the consequent generation of waste. To put it simply, there 
are no free lunches. Societies are complex ecosystems, but they 
are ecosystems like any other: webs of interaction, requiring 
energy, fighting entropic decay, adaptive but also vulnerable to 
fragilities. Creating a true science of sustainability is arguably 
the most important objective for the coming century; without 
it, not an awful lot else matters. There is nothing inevitable 
about our presence in the universe.
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The changing face of us
Who, though, will ‘we’ be?

A combination of increasing longevity and decreasing birth 
rates means that the population globally is becoming older 
on average. The number of over-75-year-olds in the UK will 
increase from 5.1 million in 2012 to about 6.6 million in 2022. 
By 2050, a third of the people in developing countries will be 
over 60, which will, among other things, place greater strain 
on healthcare requirements and shift the proportion of the 
working population.

We must also ask ‘where will we be?’ In the early twenty-
first century the world population passed a significant marker 
when a 2007 United Nations report announced that more than 
half the people on the planet now live in cities. For most of 
humankind the future is an urban one.

There are now many megacities with populations of over 
10 million, most of which are in developing countries in Asia, 
Africa and South America: Mumbai, Lagos, São Paulo and 
Manila are examples. Nearly all the population growth forecast 
for the next two decades will be based in such cities, especially 
in developing countries, and by 2035 around 60 per cent of the 
world’s population will live in urban areas.

In the old tales, you set out into the wide world to seek your 
fortune; today you look for it in the city. Many people come to 
cities from the surrounding countryside in the hope of a better 
life, but they don’t necessarily find it. Many cities can’t cope 
with such an intake: for example, 150 million city dwellers now 
live with water shortages. In addition, many fast-growing cities 
in low-lying coastal areas will be at increasing risk of flood-
ing as sea levels rise and extreme weather events become more 
common, as is forecast by climate change models.

You don’t need a crystal ball to predict a continuation of 
the waning global influence of the United States, nor to foresee 
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the cloud hanging over the European unification project. But 
if you harboured any doubts, a glance at the changes in the 
world’s largest cities tells us something about where the action 
is likely to be in the years to come. In 1950 these were, in order 
of size: New York, Tokyo, London, Osaka and Paris. In 2010 
the top five had become: Tokyo, Delhi, Mexico City, Shang-
hai and São Paulo. By 2030 the list is predicted to read: Tokyo, 
Delhi, Shanghai, Mumbai and Beijing. To find the epicentres of 
the future, go east.

Of course, it is one thing for a city to be growing, quite 
another for it to be thriving, as is all too evident among the 
favelas of Rio de Janeiro and São Paulo. All the same, there 
seems little doubt on current form that China and India will 
continue their growth into global superpowers. Over the next 
twenty years, China is expected to construct two or three 
hundred entirely new cities, many with populations exceeding 
a million. In fact, the equivalent of a city of about a million and 
a half people is added to the planet every week. 

But what will a city of the future look like? An artist’s 
impression, all gleaming glass and chrome topped with green-
ery, can be very enticing – but also misleading, because there is 
no single future of the city. Some look likely to become more 
user-friendly, more green and vibrant. Others will sprawl in a 
morass of slums, perhaps punctuated in the middle by a glitter-
ing financial district, with disparities in wealth that will dwarf 
those of today. Can we even plan a successful city, or must they 
always grow ‘organically’, as influential urban theorists Lewis 
Mumford and Jane Jacobs have argued, if they are to be vibrant 
and thriving rather than soulless and sterile?

Some researchers believe we have little hope of answering 
such questions unless we develop a genuine ‘science of cities’, 
rather than relying on the often arbitrary, prescriptive and 
politicised dreams of urban planners and architects. There are 
a few glimmers of such a nascent discipline, not least in the 
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realisation that some things apply to pretty much every city, 
regardless of size and character. Cities depend on economies 
of scale: the bigger they are, the less they require per capita in 
terms of infrastructure and energy use, the more average earn-
ings increase, and the more they become innovation machines. 
But everything grows faster with scale, good and bad: bigger 
cities have higher rates of crime, theft and infectious disease, 
and a faster pace of life generally, whether it is the rate at which 
businesses rise and fall or even the speed at which people walk. 
It seems you can’t have the advantages of cities without their 
drawbacks. So take your pick, if you’re lucky enough to have 
the choice. 

The trend of migration to cities is a part of a much 
broader exodus across the planet. The United Nations esti-
mates that currently over 200 million people have migrated 
from their home country to another, and around 740 million 
have re located within their own country. Over the past several 
decades, a great deal of this movement involved migration from 
rural and mountainous areas to cities.

Why all this movement? In low-income countries most 
people relocate for economic reasons, looking for better 
employment opportunities, higher wages, or diversification of 
livelihood, especially if agriculture becomes unsustainable as 
a way of life. Some seek education, or move to be with other 
family members. Some wish to escape political or cultural 
persecution, war and conflict, as in Syria; some are forcibly 
relocated for socio-political reasons, as in the construction of 
Chinese dams. And some are compelled to flee from environ-
mental hazards, such as floods, infertile agricultural land or 
lack of water resources.

Climate change will inevitably increase migration in the 
years and decades to come, but that doesn’t mean it is meaning-
ful to speak of ‘climate migrants’. Environmental change can 
interact with other drivers of migration in complex ways. Rural 
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drought, added to the economic and political crisis in Zimba-
bwe, has led 1.5–2 million people to flee to an often hostile 
reception in South Africa since the turn of the millennium. 
What’s more, movements prompted by environmental change 
can blur the distinction often made in policy and legal circles 
between ‘migration’ and ‘displacement’: the former is consid-
ered a choice, the latter an enforced necessity. It is not always 
clear when local conditions can be considered to have deterio-
rated sufficiently for migration to be involuntary rather than 
voluntary. At any rate, there can scarcely now be any question 
after the recent European experience that migration and immi-
gration will be dominant political themes for years to come.

Identity technologies
All this burgeoning change might seem a far cry from life in 
rural Africa or amid the nomads of Mongolia – except perhaps 
for one factor. Thanks to telephone networks, they’re linked in.

Two out of every three people in the world now own a 
mobile phone (or at least, a subscription), even in less devel-
oped countries in sub-Saharan Africa. These devices are mainly 
how we (tele)communicate today. Internet access doesn’t yet 
show quite the same spread: in developed countries, four out 
of five households have it, but this drops to well below one in 
ten for the least developed countries. Fears of a technological 
or digital divide are warranted, but it’s not a simple equation. 
That divide is, not surprisingly, also evident in the age demo-
graphic: in the UK, more than 99 per cent of people polled in 
2016 between the ages of 16 and 24 said they had used the inter-
net in the last three months, but only 39 per cent of people over 
75 had done so. 

Access tells only part of the story; mobile networks have also 
shifted patterns of use towards an ‘always on’ mentality. The so-
called Generation Z, who were born in the 1990s and have never 
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known a time that lacked these facilities, is now reaching adult-
hood, and a 2011 survey of Britons aged 16–24 found that 45 
per cent felt happiest when they were online. Many businesses 
now expect employees to be constantly contactable by mobile 
phone and email; equally, domestic and personal matters can 
be managed from the work desk, breaking down the barrier 
between separate identities of work and home.

There are plenty of statistics like this, but quite what they 
mean isn’t obvious. A straightforward extrapolation of current 
trends implies that three quarters of the world will have mobile 
phones by the end of the next decade. But the consequences of 
phone access for a farmer in Kenya or a Mongolian nomad are 
very different from those for a city trader in London.

The spread of information technologies and social media 
justifies their description as ‘transformative’ and indeed ‘dis-
ruptive’ technologies – but what will they transform and 
disrupt? It was exhilarating to imagine that the Arab Spring 
uprisings of 2011 were ‘Twitter revolutions’, but the evidence 
for that has largely evaporated, and in any event that idea told 
us nothing about how they would unfold subsequently.

An increasingly ‘info-connected’ world is just one facet of 
a trend towards greater interdependence affecting, and affected 
by, trade, travel, disease, censorship, privacy and a great deal 
else. A heady stew, in other words, and no one can know how 
it will taste. Here are a few suggestions of what experience so 
far can teach us:

•	 Interconnectivity	doesn’t	mean	inclusivity.	On	the	contrary,	
it may produce a Balkanisation of views that coarsens 
political discourse and supports or hardens extremist 
views. There is little sign that the internet or social media 
encourages broadmindedness and debate; in some ways 
they are set up to insulate us from dissent or challenge, 
for example, by offering to personalise news feeds. It used 
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to take some effort to find Holocaust-denying pseudo-
history; now it’s one click away. 

•	 Just	as	information	technologies	may	serve	to	amplify	
existing prejudices and misconceptions, so they amplify 
inequality. In business and trade, in arts and entertainment 
and fame, markets have become ever more inclined 
towards ‘winner takes all’. This, psychological studies 
show, is precisely what to expect from rating systems in 
which you can easily see what choices others are making.

•	 If	a	job	can	be	done	by	a	robot,	it	probably	will	be.	
Already there is a significant sector of the financial market 
in which all activity is carried out by automated trading 
algorithms. It happens faster than humans could possibly 
manage, it has its own rules, and we don’t yet really know 
what they are. This automation will expand into ever more 
sophisticated jobs, including in healthcare and education. 
There may be benefits, certainly: robot doctors never sleep, 
you might not need to wait weeks for an appointment, 
and the robot might know more about your health (from 
implanted monitors and genomic data) than a human 
doctor ever did. But automation will transform labour 
markets – and a clear lesson from history is that those 
who have no stake in a society’s productivity, rather than 
enjoying greater leisure, are deprived of economic power.

•	 Your	greatest	asset	might	not	be	your	skills,	knowledge	
or even wealth, but your reputation: how you are rated by 
others on online forums, say. That means you will need to 
manage and curate that reputation well – or perhaps to 
employ someone else to do so, as companies already do.

These trends don’t clearly point in any single direction, and 
indeed many contain internal contradictions: lies are easier to 
expose, but are easier to spread too. Most importantly, none 
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of these changes is happening in a socio-political bubble: what 
they mean in China is not the same as what they mean in 
Sweden or Iran.

It’s safe, though, to draw one implication for our future 
selves: identity is far less fixed, and far more multifaceted, than 
it used to be – or at least, than it was thought to be. We have 
multiple identities that surface in different situations, often 
overlapping and increasingly blurred but defining our views and 
choices in distinct ways. In particular, traditional social catego-
ries that defined identity, such as age, class and nationality, are 
becoming less significant, as are distinctions between public 
and private identity. Old definitions of identity based on class, 
ethnicity and political affiliation may cede to new divisions, for 
example marked by distinctions of urban/rural or well/poorly 
educated. 

If traditional attributes of individual identities become more 
fragmented over the coming decade, communities might be 
expected to become less cohesive. The result could be reduced 
social mobility and marginalisation, creating dangers of segre-
gation and extremism. On the other hand, hyperconnectivity 
can also produce or strengthen group identities in positive 
ways, offering new opportunities for community building. Will 
our increasingly connected lives and identities work for better 
or worse? Well, both – and ever more so.

The future of democracy and religion
Francis Fukuyama’s 1992 book The End of  History and the 
Last Man has become a favourite whipping boy of futurology: 
look now and laugh at the idea that, after the fall of the Berlin 
Wall and the Soviet Union, liberal democracies are the logical 
final expression of every developed state. But there is more 
reason than ever now to doubt Fukuyama’s cosy forecast. Not 
only is it clear that stable democracies remain as stubbornly 
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