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A New Picture of the World

Imagine you could take a snapshot of the entire world. What would you see?
You would probably look upon a picture of war and misery, starvation and

disaster—and the threat of irreversible climate change.
Perhaps you would have the impression that we will soon be paying dearly for

exploiting more than nature can provide, and for failing to respect the limits of our
planet’s ecosystems.

This concept of the world is shared by a lot of people today.
However, I genuinely believe that such a worldview is distorted, because it has

been taken with the wrong kind of camera. A snapshot cannot do justice to the
transformation processes that have already been set in motion to make our planet a
better place to live.

The threats so vividly depicted in the media today have made many people
question modern civilisation, especially the concept of consumption. According to a
survey made for the World Wildlife Fund (WWF) by the consumer organisation
Cint, no less than 80% of young people in Sweden are deeply worried about the
world’s future climate. This is unfortunate as young people should have an opti-
mistic view of the future, rather than one riddled with angst. Most people today
share this bleak view of the state of the world, despite the fact that things have
actually been steadily improving with each passing decade.

Positive changes can be difficult to discover with only a snapshot view of the
world. To obtain a more complete picture of the progress made, our planet needs to
be seen as a sequence of moving pictures instead.

Throughout history, there have been occasions when humankind has believed
that it was on the brink of catastrophic disaster. Yet time and time again, devel-
opment has changed the course of history in unexpected ways, and solutions to old
problems have suddenly materialised.

We have all heard the question: How many worlds would be needed if every-
body lived like the average citizen in the developed world?

The answer must be: One!



The Right Remedy for a Coughing Planet

This book is not an attempt to deny the difficulties. Today, some of our world’s
natural resources are being overexploited in ways that deserve serious attention.
The whole planet is coughing, and the reason is undeniably the impact our civili-
sation is having on ecosystems.

The solution, however, is not to return to a primitive way of life. On the contrary,
the one thing that can save us from irreversible climate disaster is new and more
efficient technology. The fact that our technologically oriented society appears to
create serious problems does not mean, however, that we have turned down a blind
alley! As our knowledge and technology improve, we will also become able to
solve the environmental problems, which is the only viable road to follow into the
future. Fortunately, technology is evolving faster than ever and in a more
environmental-friendly direction; an evolutionary process driven by consumption
and economic growth. As such, consumption—in combination with suitable
incentives or other political steering measures—is required to speed up the tech-
nological solutions needed to save our planet.

My experience from a long professional career in the field of energy and
environmental technology has taught me that technology is not an enemy of the
environment. Rather, technology is actually the key to overcoming the problems we
are facing today.

I decided to write this book as a result of my interest in community development
and a fascination for the forces behind technological advancement. Many years ago,
I founded a technical consulting company called Citec, which I managed for 20
years. The company was originally started as a summer job for two people. Today,
the company employs 1300 people in 11 countries.

The type of projects I worked on included the creation of designs for water
purification and recycling plants, as well as the implementation of ways to generate
power and fuel from waste. These projects brought me and my associates to many
different countries, both rich and poor, across several continents.

Our company has also been involved in hundreds of power plant projects. In this
way, I have personally witnessed the consequential improvement of people’s health
and welfare—all over the world—when provided with electricity.

During my professional career, I realised that it is quite possible to solve energy
and environmental problems, and that industry can play a leading role when
working in cooperation with well-balanced governmental control.

The explosion of knowledge and technological development that is currently in
progress has convinced me that we will be able to create a balance between the
planet’s ecosystem and modern civilisation—and that this feat may be simpler to
achieve than most of us believe.

Instead of simply registering the looming deficits in our global balance sheet, we
need to remind ourselves of the tremendous progress that humankind has achieved
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in the past. In this way, we will be better prepared to find out how we can turn this
single planet into an adequate home for our growing population.

How this can be done—and the forces available to meet these challenges—will
be discussed in this book.

Korsholm, Finland Rune Westergård
February 2017
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Chapter 1
The Ecological Shackle

Abstract A concept widely used today is “the ecological footprint”. This is
basically the calculated space needed to provide for every individual—in terms of
resources, production, consumption and waste. The weakness of this valuation of
ecological footprints is that the products and services we develop and consume are
not considered to generate any environmental or other specific benefits at all. This
distorts the message and forces people to believe in false solutions that may well
defy their intended purpose.

There are many ways to discover the size of your personal footprint; a quick
internet search, for example, will provide several tools specifically for this purpose.
The result is presented as “planet units”, i.e. the number of planet Earths needed if
every individual lived the way you live.

For my part, I have used the WWF’s climate calculator to estimate my ecological
footprint. Based on the values I entered, I got the result that 3.5 Earth planets would
be needed if everyone in the world today lived the way I live.

That corresponds well enough with the average result for all people in the Nordic
countries.

Then I made a test to see what would be needed to bring this figure down to a
single planet.

I made the following assumptions regarding this hypothetical lifestyle: I am a
vegan, I buy no food that is not locally produced and I don’t drive a car or a
motorbike. I never travel by air and I travel a maximum of two hours by train and
one hour by bus each week. My family of four people is crowded into 40 m2 of
living space and our home is heated only by firewood and district heating. We buy
environment-classed electricity, switch off the low energy lights and other electrical
equipment when not in use and are satisfied with a room temperature of 15–18 °C.

I spend at most 300 euro a year on pets, jewellery, cosmetics, and tools, and I
haven’t bought a TV set, a mobile phone, a washing machine or any other technical
equipment in the last year (but I have, admittedly, indulged in one single item of
furniture).

© Springer International Publishing AG 2018
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I use a compost and I recycle all household waste as far as possible.
However, the WWF calculator reported that this isn’t enough by far.
If we all live crowded together in cold flats and deny ourselves most of the good

things that life has to offer, we would still consume an environmental equivalent of
2.1 planets.

Other studies, for example the MIPS1 method, have come up with roughly the
same results.

Looking at Finland, the average citizen’s material footprint is 40 tonnes per year,
and calculations made by the scientist Tuuli Hirvilammi (according to the MIPS
method) show that even relatively poor people in Finland have a footprint of 18
tonnes a year.

Based on this information, we can deduce that only a homeless vegan can
manage a sustainable existence, because only an individual like that can get away
with an ecological footprint of less than eight tonnes a year.

So what is our conclusion?
Even if we all make our best efforts to save the planet by changing our lifestyle,

actions like improved waste separation and less frequent air travel will be far from
sufficient. What is needed is a fundamental revolution of our entire way of life, in a
material sense.

Such an accomplishment would require far more than mere marginal modifi-
cations of behaviour, such as stopping smoking and eating red meat. The apparent
solution would be to deny ourselves virtually all forms of consumption that we are
used to having in our daily lives.

The biggest drawback of these calculation models, however, is that they don’t
take into account the negative consequences of a reduced consumption.

The weakness of this valuation of ecological footprints is that the products and
services we buy are not considered to generate any specific benefits at all, either
directly, indirectly or in the long run. This distorts the message and forces people to
believe in false solutions that may well defy their intended purpose.

At an Important Crossroads

There are two ways to avoid increasing greenhouse gas emissions. One is to refrain
from using any activity that demands energy. The other is to continue the activity,
using better technology instead. Simply put, you can either stop taking hot showers,
or you can heat your water with more efficient technology. In the first case, you will
sacrifice some of your comfort. In the second case, you will keep your comfort, but

1The MIPS method (Material Input Per Unit of Service). This is the total amount of natural
resources consumed by a specific product or service.
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the crows sitting on your newly insulated roof will miss the heat they enjoyed in the
past. The first case involves a changed lifestyle, the second doesn’t.

Virtually everything we do produces emitted climate gases, because almost all
current energy-dependent systems are based on energy technologies that generate
such gases. In a different world, where transportation and power generation would
be free from such emissions, disputes about the proper amount of car driving would
be unnecessary.

Therefore, the answer is to find the solution in a redirection of technology, not in
reduced comfort.

Whenever a demand for a specific product exists, the product will be further
developed. Unfortunately, despite the fact that the effect of such development is
beneficial to all concerned, no developmental value is granted in the calculations of
an ecological footprint. The only things taken into account are drawbacks.

Let’s assume that in an attempt to limit climate gas emissions, we avoid buying
certain products.

One such example could be to stop buying electronic wristbands for heart rate
monitoring and calorie counting. What happens then? Well, of course the industry
would stop developing this product. As a result, we would not only lose the benefits
of heart rate monitoring, but also of any future technologies that may appear as
spin-offs from the heart rate monitor concept. Wearable sensors for the medical
measurement of blood values and the revolution of remote self-diagnostic devices
are already appearing on the market today, with cheaper and more efficient
healthcare as an added bonus.

This branch of technology can mean a lot to our health in the future. But it
depends on the simple first steps, like wristbands for heart rate monitoring.

The point is that the consumption of electronic gadgets like wristbands is
actually sustainable technology in the true sense of the word, despite all the eco-
logical calculations that seem to suggest the opposite. On the other hand, it is
admittedly a development that wouldn’t be possible without a certain amount of
consumption of natural resources and various emissions.

A common argument when discussing ways to reduce the ecological footprint is
to try to buy second-hand products instead of new. In my opinion, this is flawed
logic; the best policy for sustainable global development—and a reduced footprint
in the long run—is active consumption. As such, we should preferably buy new
products with consideration of what is environmentally sound.

On the other hand, the use of second-hand products may be the only econom-
ically viable alternative, for an individual consumer. But this is an entirely different
issue that has nothing to do with the ecological footprint and a sustainable global
development.

As seen with the example of the heart rate monitor, the consequences of banning
the consumption of certain products will have detrimental effects. Another way to
see this clearly is to use a backward time perspective. Let’s assume that we would
have based our actions 20 years ago on the estimates of ecological footprints and
similar calculation models used today. Which products would we then have to live
without?

At an Important Crossroads 3



The answer is that we would have been denied a plethora of useful everyday
devices such as smart phones, flat screen televisions and new energy effective
machines. In fact, only a handful of very wealthy individuals would ever have had
access to the electronic and data-oriented devices and services that most of us can
barely imagine living without today.

The sad truth is that if the estimation of ecological footprints and similar cal-
culation models had been allowed to control consumption, then the climate and the
environment would be in an even worse state than it is today.

Virtually all products manufactured today are more environmentally-friendly
than the versions that were used 20 years ago. If our civilisation today would be
based on the technology level of 1995, the atmosphere would contain a much
higher amount of greenhouse gases, and our natural resources would have been
depleted to a much higher degree.

The conclusion is that the ecological footprint, when used as an argument
against consumption, may turn out to be an ecological shackle.

Is Sustainable Development a Sustainable Concept?

The concept “sustainable development”, as originally coined by the environmental
scientist and writer Lester Brown, has been widely accepted by politicians world-
wide. The concept was first globally acclaimed by the so-called Brundtland com-
mission that was assigned by the United Nations in the mid-1980s. The intention
was to formulate an all-encompassing view of the world’s resources and environ-
mental challenges.

In the report “Our common future”, where the result of the commission’s work
was presented, “sustainable development” was defined as follows:

Sustainable development seeks to meet the needs and aspirations of the present without
compromising the ability to meet those of the future.

The concept of “sustainable development” is today widely used as an argument
against consumption and growth. The interpreters of this concept speak of three
dimensions of sustainability: ecological, economic, and social.

The meaning of the concept is that development isn’t sustainable if it hurts
people, destroys the environment we live in, or consumes our finite natural
resources.

Some argue that ecological sustainability is the most important of the three
dimensions, as it is a necessary prerequisite for both social and economic
sustainability.

This message is easy to understand and accept when presented in general terms.
But if you take a closer look at the meaning of ecological sustainability and welfare
development, things immediately become more complicated.

According to the definition of the Brundtland commission, the meaning of
ecological sustainability appears to suggest that our generation cannot make use of

4 1 The Ecological Shackle



the planet’s finite resources, because we would then limit the possibilities of later
generations. According to this perspective, these natural resources should be left
intact for all eternity, consequently making them utterly worthless.

However, isn’t it obvious that it would be impossible to achieve social and
economic sustainability without making any use of our finite natural resources? In
that case, the priority of ecological sustainability becomes meaningless.

Some are of the opinion that we can actually use a reasonable part of the finite
resources, as long as we don’t do it to such a high degree as is the case today. But
then we must answer the question of how big this reasonable part would be, and
there we have no consensus.

What if we are to assume that the things created from the natural resources are
actually what make the development in all three dimensions sustainable in the long
run?

Minerals, metals and oil provide us with washing machines, ambulances and
computers, just to mention a few concrete examples. At the same time, we indi-
rectly create knowledge and continued technological evolution. The benefits of this
may be worth more for future generations than the natural resources that were
consumed in the process.

In my opinion, we can manage a sustainable evolution in the long run, even if
the development in a more limited time perspective seems to be unsustainable.

But let’s first have a look in the rear-view mirror to consider how humankind’s
development in the past has proceeded hand-in-hand with technology.

Is Sustainable Development a Sustainable Concept? 5



Chapter 2
The Children of Technology

Abstract It is important to keep in mind that our ancestors, before the techno-
logical era, were animals. Technology has not only contributed to the creation of
Homo sapiens; it has also granted us the opportunity to live long and protected
lives. Can a continued technological evolution create a balance between a modern
way of life and the planet’s ecosystem? I believe that the answer to that question is
definitely yes; which is why it is of great significance to fully understand the
essence of technology.

Try to imagine a group of ape-like creatures sitting huddled together somewhere on
the African savannah, about three million years ago. They would have been busy
using stones to crush the bones of a carcass that a pride of lions had left behind—an
everyday task to access the nutritious marrow inside. On this particular day,
however, something unusual happened. Instead of hitting a bone fragment, one of
the creatures smashed a stone against another stone.

The other members of the group would probably have considered such beha-
viour as counterproductive, since there is nothing edible inside a stone. However,
by breaking the stone our inventive hero managed to create a much sharper stone
fragment—a hand tool—making it possible to obtain food faster and easier than all
the others in the group. The stone-breaking method was soon adopted by the entire
group, thus establishing the first technological innovation in human history.

This is how we imagine that technological development began, a journey that
has transformed us from primitive primates1 to space travellers. Incredibly, the
catalyst that set off this long chain of development almost certainly came from a
simple tool used in the immediate fight for survival.

As people today become increasingly cocooned in the technosphere2 they are
finding it increasingly difficult to step outside of their reality and view things from

1Primates are the group of animals that includes apes and humans. Together with certain whales,
the primates are the animals with the largest brains and highest intelligence.
2Technosphere, a term for the parts of the earth’s surface and adjacent areas that are affected by
technological processes.
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another perspective. For many, such a task is almost on a par as it would be for a
fish to explore the world outside of the hydrosphere.

The technosphere is our world, our natural habitat.
It is only by studying the first technological breakthrough when hominines3

began to make tools, that we can better understand how, and why, our material
environment is continuously expanding around us.

The impact that technology has on humankind is much stronger than we tend to
believe, and it touches upon the very soul of what actually makes humans human.
The very idea that humanity can be regarded as a creation of technology, for
example, is a supposition that is bound to cause great controversy—the traditional
objection being that man is capable of thoughts and feelings, and is not a
semi-robot. People advocating a different view to this line of reasoning are often
derided as unemotional simpletons with a naive belief in science and technology—a
type of reaction reminiscent of the upset Darwin caused when he first presented his
theories, dethroning man from the divine pedestal.

Nevertheless, the fact that technology has played an important role in the rise of
Homo sapiens is a fairly well-accepted thesis among scientists in the diverse fields
of archaeology, anthropology and evolution. However, a source of considerable
controversy between the disciplines remains when it comes to deciding on exactly
how important that technological part is.

A common misconception in early human evolution theory was that the brain
and intelligence of our ancestors were developed before tools were manufactured.
Such a claim, however, has been contradicted by later evolutionary research and
archaeological findings. For example, a study by Daniel E. Lieberman and
Katherine D. Zink from Harvard University—recently published in Nature—sup-
ports the hypothesis that early stone tools were created long before there were
hominines with brains of a size comparable with ours.

Consequently, the evolutionary step where the Homo genus was separated from
the other primates could not have taken place without technology. (The technology
we are dealing with here is defined as all artificial objects, including primitive
artefacts like the simple stone tools that were in use approximately three million
years ago.)

The archaeologist Timothy Taylor, professor at Bradford University in the UK,
writes in his book The Artificial Ape that the evolution of our genus started thanks
to stone tools. These tools also contributed to the development of traits like walking
upright, shortened arms, less body hair, a larger brain and increased intelligence.

An ape’s skull is formed the way it is because apes have to tear and chew their
food using their teeth and powerful jaw muscles. Generally, apes don’t prepare their
food with tools as do the members of the Homo genus. The Homo genus represents
the evolutionary line from the early hominines to our current species, H. sapiens.

3Hominines, ancestors of man, the evolutionary branch of primates that was separated from the
chimpanzee branch several million years ago.
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Earlier along the same line we find the Homo habilis, the Homo erectus, the Homo
neanderthalensis, and others.

Technology has directed the evolution of the Homo genus in a very concrete
way—it has affected the way we look and, above all, the size of our brain and the
way it is programmed. An average human brain today is about twice as heavy as a
hominine brain from 2.5 million years ago.

Chimpanzees—our closest living relatives—and other apes have not undergone
the same dramatic change as H. sapiens, because their evolution has not been
accelerated by the use of artificial tools. Thanks to stone tools, the members of the
Homo genus became better at foraging and were able to consume more nutritious
substances, like important fats and proteins, which were needed to increase the
weight and volume of their brains. Current research (e.g. the study by Daniel E.
Lieberman and Katherine D. Zink from Harvard University mentioned earlier) has
shown that, first and foremost, it was plentiful and more nutritious food that
modified the hominines’ physiology and anatomy.

Technology Makes a Difference

According to Taylor and other archaeologists, two parallel evolutionary processes
were probably interacting with each other in small steps. The result was a devel-
opment spiral, where simple technology nurtured and stimulated the pre-human
brain and innovative capability, which in turn empowered the development of more
advanced technology.

In due course, the early hominines made several important innovations, like
improving the stone tools with wooden handles. Thanks to the axe handle, the strike
could be aimed and focused on the right spot, and the handle also served as a lever,
augmenting the strength of the arm. The handle made a difference, and in a his-
torical perspective it was an innovation of the same or even greater importance than
any advanced machine today.

Consequently, this interaction between biological and technological evolution is
a proven driving force behind the evolution of the species H. sapiens, which
appeared on the stage about 200,000 years ago. Without technology, we wouldn’t
have looked the way we do, and we wouldn’t have been the most intelligent species
on earth. In fact, we wouldn’t even exist. This may seem strange, but without all the
artificial objects that we associate with technology, the evolution would have fol-
lowed entirely different tracks. As it were, humankind has created itself with the use
of technology.

Another important milestone in humankind’s past was the gradual conversion
from a life as hunter-gatherers to an agricultural society. It is plausible that men first
became domiciled and started to cultivate the earth sometime between ten and
twenty thousand years ago. The original hunter-gatherers were nomads and their
nativity was low, but when they became settled, their populations skyrocketed. In
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additional to the larger food supply, the growing number of people also affected
evolution, because the genetic variation increased.

Once again, technology was a prerequisite for development, this time in the form
of all sorts of picks, spades, and levers. In the area of the Middle East known as the
Fertile Crescent, archaeologists have found harvesting tools made of honed volcanic
glass, that remain sharp even according to modern standards. These innovations,
tools and stationary cultivation—in combination with a beneficial climate—were
the conditions required for a lasting agricultural society. The agricultural revolution
was one of the most important steps in the rise of civilisation.

We represent the first species of this planet that—to a large degree—has evolved
by artificial means. Our development is still ongoing, not least because of medical
technology.

Culture Is Technology-Driven

It is not only human biology that has been affected by technology; our entire
culture—including lifestyle and behaviour—has also been affected. This is contrary
to the traditional way of describing human development, where artificial objects are
considered to be products of a culture, rather than the opposite.

Tools, clothing, vessels and fundamental building principles have kept our
ancestors warm, fed and reasonably healthy, while simultaneously driving the
development of culture in various directions. In this light, it is possible to state that
virtually all major technical innovations have guided the development of culture
into new paths.

It is easy to imagine how the simple artefacts that made it possible for the early
hominines to control fire half a million years ago created new ways of social
interaction. Sitting around a fire created a feeling of security, which undoubtedly
brought along a new sense of togetherness and solidarity. Some scientists have
suggested that this was also the period when language development rapidly
advanced. It is an interesting thought. Perhaps a distant genetic memory of such a
time may explain why we still experience a special kinship when sitting around a
camp fire together. Who knows—perhaps even the first sparks of romance were
ignited around those early fires!

Research has shown that at the time we are dealing with here, members of the
Homo genus began to create more sophisticated tools, and of a greater variety than
before. Other things that appeared at about the same time were body-painting,
jewellery and other items of beauty—early portents of the cosmetics and fashion
concepts of our times.

Our ancestors gradually became more social-minded and more ready to coop-
erate, even with different tribes. Tolerance increased and aggression decreased.

Findings of early baby carriers and similar artefacts show the extent to which
various Homo species at various times have been able to create aids and tools to
facilitate everyday life, all the way back to the beginning three million years ago.
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The baby carrier was particularly important since it freed women’s hands for other
tasks, which made various food-related work easier.

Thanks to the baby carrier, which is considerably older than the
200,000-year-old H. sapiens, the early hominids could have children whose heads
continued to grow after birth. The children could be born in an unfinished condi-
tion, so to speak, meaning that the head would achieve its full size outside of the
womb.

If the head grew too big in the womb, the child (and probably the mother) would
die. The child would also die if the birth was premature, before the skull was fully
developed. This is where the baby carrier appeared on the scene making it possible
for the “prematurely” born babies to survive.

This is yet another example of a technological aid that guided the Homo genus’
evolution on the way towards eventually becoming beings with larger brains—
H. sapiens.

Man—A Domestic Animal

Given the culture and lifestyle of today, man is totally unable to survive without the
help of technological aids. As a species, man is like a domestic animal, utterly
helpless if placed alone in the wilderness. This is actually not a new idea at all, since
there is one thing that we can be certain of: H. sapiens have never lived in a kind of
harmony with nature. On the contrary, we have always been in a constant state of
war against nature.

It may seem odd that nature should be considered humankind’s adversary, but
we have to remember that the concept of nature includes a lot of things, not all of
which are pleasant: predators, insufficient food, bacteria, sickness and bad weather.
In humankind’s persistent struggle against nature, we have prevailed thanks to our
talent for innovation and technological aids. Nevertheless, it is import never to lose
sight of the fact that nature is essential for our survival.

Our thinking capability has developed through an intimate interaction between
ourselves and the artificial world with its artefacts that we have created around us.
In this respect, our thinking does not exist separately from our artificial
surroundings.

The philosophy professor Andy Clark at the University of Edinburgh argues that
the H. sapiens species’ cognitive development and talent for problem solving are
products of technology, rather than the opposite.

This becomes more understandable when we consider the development of a
baby’s brain. Small children who are stimulated by interaction with their parents
and play with physical objects are simultaneously programming their brains.
Conversely, children who for some reason have been deserted or isolated, suffer
from a lack of stimulation; they develop fewer brain cells and synapses and are far
more liable to behavioural disorder.
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The making and use of tools by those early hominids obviously stimulated the
evolutionary development of their brains in a similar way. A recent discovery to
support this theory was made when a group of scientists tried to persuade some apes
to create tools by knocking stones together. They found that the stone-knocking
activity stimulated exactly the parts of the brain where the understanding of lan-
guage is situated, which supports the theory that language and toolmaking share a
common evolutionary background. The fact that apes lack this ability to understand
language is something that may explain the great difference between apes and men.

This integrated interaction between man and his artificial world is obvious when
we study the Renaissance. The great improvements in this period—i.e. scientific
progress, increased urbanisation and travel, a virtual explosion of information
interchange thanks to the invention of the printing press etc.—occurred simulta-
neously with a revolution in art and literature.

Today, culture is changing at a faster pace than ever before. It would be a huge
understatement to merely claim that the culture development of today is empowered
by the internet, computers and social media. A more comprehensive description
would be that today’s culture is actually created to a very high degree by modern
technology, if not exclusively so. Billions of people spend a large part of their time
in interaction with social networks. In fact, nothing in the earlier history of mankind
can be compared with the cultural revolution currently in progress.

The Expansion of the Technosphere Is Accelerating

The pace of technology is accelerating, for better or worse. However, although
technology is the source of our anthropogenic environmental problems, it can also
provide us with the solutions.

Today, we have greater possibilities than ever before to control the development
of our species and culture, through technology in general and gene technology in
particular. Unfortunately, there is no certain way of knowing where the technology
era—which started with a few simple stone tools three million years ago—will
bring us in the long run. However, a retreat to a simplistic existence with minimal
technology seems to be an extremely improbable outcome.

One of the world’s leading genealogists, Craig Venter, suggests that humankind
is currently entering a new phase of evolution. Other scientists argue that humans
today have assumed control over their own evolution—or that we are playing God,
as the critical voices claim. Gene technology may seem frightening, but it also
creates enormous possibilities for progress. And in reality, there is nothing new
with the idea that we can affect our own evolution by artificial means. As mentioned
earlier, we already started doing this at least three million years ago.

It is important to keep in mind that our ancestors, before the technological era,
were animals. Technology has not only contributed to the creation of H. sapiens; it
has also granted us the opportunity to live long and protected lives.
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We have now arrived at a point in time when this development is being ques-
tioned. The modern way of life—with high levels of consumption—has made the
planet cough, which scares some people out of their wits.

Many believe that development is no longer sustainable, due to the ecological
footprints we are creating. However, in all probability, the forces of evolution that
have provided the good things in modern life can also eliminate the drawbacks!

Can a continued technological evolution create a balance between a modern way
of life and the planet’s ecosystem? I believe that the answer to that question is
definitely yes; which is why it is of great significance to fully understand the
essence of technology.
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Chapter 3
Darwin and the Machines

Abstract The fact that technology is subject to evolution is undisputed. Thus, a
brief summary of techno-evolution would be that it all started with hand tools. Then
the machines came, which were followed by the intelligent machines we have to
some extent today. These intelligent machines, in turn, will one day be superseded
by the autonomous machines anticipated in the near future. The most fascinating
thing about this techno-evolution is the driving forces behind it.

Life has been found in every reach of our planet—from the bowels of the earth to
the clouds in the sky. It is incredible to imagine that the earth was once totally
barren, until life somehow emerged from inert matter. This process was started by a
force which has empowered the development of life to an amazing degree ever
since—the same force that has modified tiny micro-organisms and transformed
them into space travellers. A force that has coloured the planet green and filled
every drop of the oceans’ water with life.

What is the force being described?
The force of evolution, of course.
Technology is also subject to evolution. And even here, we can observe a

“survival of the fittest”. Technology evolution (abbreviated as the “techno-
evolution”) is a process that occurs gradually over a long period of time and is—
to a large degree—autonomous.

You can say that technology is modified in three dimensions—evolution,
innovation and product development. See Fig. 3.1.

• Innovation represents a breakthrough, something new—not merely an idea but
rather a realised idea. Thus, an innovation is an implemented invention, which
has occupied a position in the technosphere. As such, a technological innovation
can be regarded as a leap in development, although it can still be traced from
earlier technology.
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• Product development is different in the sense that it can continue over a long
period of time without being an innovation. Small ongoing improvements of
existing products are not designated as innovations, although such a continuous
improvement process may still be able to raise a product to new levels of
excellence over time.

The biggest difference between these dimensions is that techno-evolution isn’t as
obvious as the other two; it is more difficult to observe and most of us never even
notice it. The fact that it is self-guiding and occurs over a long period of time is
sometimes confusing. Furthermore, it is a distorting mirror that may easily provide
a false image of the world we live in.

A still image simply doesn’t work. You can’t capture a process in a single
moment.

Techno-evolution will create as many revolutionary changes on this planet as
biological evolution has ever done.

The impact on the planet is already clearly visible—on the one hand we see
negative effects on the environment, while on the other hand, it is possible to
observe unbelievable progress for humankind.

The techno-evolution began three million years ago, when our ancestors created
the first stone tools mentioned earlier. This evolutionary primordial force is not
destructive in itself, as we might tend to believe when witnessing climate and
environmental problems in the world. If that had been the case, the Homo sapiens
species would have become extinct a long time ago.

Fig. 3.1 Technology is changed by innovation, product development, and techno-evolution.
While innovation and product development are concrete changes in a short time perspective, the
techno-evolution is a process that proceeds gradually over a very long time span and without
intentional human interference
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Without exaggeration, we can conclude that the future survival of humankind
will be decided by technology, as we are totally dependent on technological sys-
tems and aids of various kinds. Water purification, electricity, medical equipment,
and communication utilities are just a few examples of technology that has become
indispensable today.

And that isn’t all. Actually, the future of the entire planet will be decided by the
specific technology that is developed and implemented in the current century. We
have even been forced to ask ourselves if we have now reached a stage in devel-
opment where the technological consumption society has run aground.

With regard to that, it is strange that the techno-evolution concept never seems to
appear in debates concerning the climate and environmental situation. Personally, I
am convinced that techno-evolution is the key to achieving a harmonic relationship
between civilisation and nature on our planet.

So what actually is techno-evolution?
To provide a satisfying answer to that question and to understand how this

concept affects our civilisation and planet, we have to realise how the technological
evolution process actually works. To make this easier, we can compare it with
biological evolution.

The Biological Evolution

The generally accepted theory is that biological evolution began on earth a little
more than 3.5 billion years ago, with single molecules being combined in various
ways. This reaction was started by environmental changes due to volcanic erup-
tions, meteorites and other natural disasters.

The molecules were chemically and physically combined into increasingly
complex groups. Somewhere in this process, one member in the enormously varied
mass of molecules became self-reproductive—it started to change itself so that a
copy was created. For obvious reasons, these self-reproductive (but still not living)
molecules became more frequent. As they were not perfect, some copies were
slightly corrupted. As a result, new variants continuously appeared, and these
variants were sometimes even better at reproducing themselves than the original
had been. The complexity increased continuously, and after hundreds of millions of
years, something resembling life was created.

When Charles Darwin published his book The Origin of Species in 1859, he
introduced a theory that explained how life on earth had been developed from its
primitive origins to the overwhelming diversity that exists today.

Biological evolution can be described in a simplified way as a process where the
organisms that are best suited to the environment in which they live manage to
prevail and multiply more efficiently than other organisms. This natural selection is
the key factor in the evolution process that results in a gradual modification of all
biological life.
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Even if it may seem strange, we have the changes of environment and climate to
thank for our existence. If earth had been an absolutely stable living environment,
the evolution would have followed an entirely different path, and complex organ-
isms like mammals and men probably wouldn’t have existed today.

About 65 million years ago, earth was hit by a large meteorite—a disaster that
caused a dramatic change of climate. As a result, the dinosaurs became extinct and
mammals became free to evolve. Without this climate change, the dinosaurs would
probably still be the undisputed masters of earth. This was neither the first nor the
last time that climate changes created by natural phenomena led to the mass
extinction of some species.

This shows us that climatic changes should be taken very seriously, because they
always cause enormous changes, for better or worse. One species may come out a
winner, another a loser. Unpleasant and even chaotic changes are sometimes nec-
essary to fuel the evolutionary creation process.

Technology is also subject to the same phenomenon. The techno-evolution has
been at work for at least three million years—slowly at first, accelerating later.
Scientists and writers who have discussed this subject, for example John Ziman and
W. Brian Arthur, have shown that there are significant similarities between bio-
logical and technological evolution.

Evolution is a complex process, involving several sub-processes. While some
scientists believe that the biological and technological evolution processes closely
resemble each other, others point out the differences that actually exist.

Inmyopinion,whenwe look at the fundamental principles, the evolution processes
in biology and technology aremore similar than dissimilar. Especially in a longer time
perspective, much seems to indicate that the basic principles are fully universal.

The renowned biologist Richard Dawkins has shown that culture is also subject
to evolutionary processes. Dawkins suggests that culture is changed by evolution
when exposed to variation and selection.

As an example, different languages and dialects have been created by evolution.
When a person begins to pronounce a word differently than before or invents a new
word, this is analogous to a mutation. If other individuals follow the lead and
reproduce the new pronunciation or word, it will spread throughout the population.
Even if the linguistic differences at first seem insignificant, the cumulative changes
will be considerable after one thousand years. This explains why we in the northern
parts of Europe can no longer understand the old Nordic languages that were
spoken by our ancestors, the Vikings.

But what is the basic reason behind the technological evolution? Which forces
are driving it forward?

Will technology submit to our control, or is it really an independent power?
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Technology and Biology Are Shaped by the Same Hand

The fact that technology is subject to evolution is undisputed. Therefore, the
metaphor of a development tree—something often used to illustrate biological
evolution—is also relevant for technology. The trunk is simple but new branches
appear with time. One thing leads to another, all the way up (Fig. 3.2).

In light of the fact that most common sub-processes in biological evolution theory
have their counterparts in technology, the following comparisons between these two
areas of science have beenmade to help to comprehendhownew technologydevelops:

• Intensification—How complex organs, for example the eye, could originate
from evolution has puzzled science for a long period of time, and has sometimes
been used as an argument against evolution theory. Today we know that the eye
developed in several small steps through so-called intensification. It began with
a mutation that provided a primitive organism with a singular light-sensitive
cell, which gave some kind of advantage in the natural selection process.

The offspring of this organism inherited this light-sensitivity, and because of the
advantage, this variant became more numerous than its competitors. Over time, a
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Fig. 3.2 Technological products and biologic life both began with non-living natural material.
The evolutionary processes that control their development are similar, in that one step leads to
another, with ever increasing complexity
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kind of light-sensitive spot appeared, and additional small changes resulted in
muscles that could move the spot. Thus, there were lots of intermediate stages
between the first light-sensitive cell and the eye.

Such intermediate stages of various organs are not mere assumptions, but easy to
prove, as they can still be observed in simpler organisms today. A classic example
that has been proved using fossils are fish fins, which later developed into legs, and
further into bird wings.

There are several counterparts to this in the field of technology, and one of the
best examples is the computer. If we trace the computer’s development far enough
back, we realise that the intensification started with a collection of small stone beads
in a wooden frame. In between, there have been countless intermediate stages on
the way to the modern computer.

The concept of intensification also helps us to understand the difference between
development and evolution. The word “development” describes concrete short-term
changes, while “evolution” is used for slow, gradual changes. It is these gradual
changes that we sometimes find hard to observe and understand.

• Existence environment—All life on earth exists in the so-called biosphere. This
place is also known as the “life environment” or “existence environment”, and is
subject to constant change at the whim of nature – this includes everything from
daily weather variations to disasters such as impacts from giant meteorites. All
environmental changes drive evolution forwards as organisms have to adapt to
new environments for survival.

Likewise, technology has its own existence environment.
This environment is affected by many different factors, including man’s lifestyle

and knowledge, the structure of society and the climate.

• Reproduction—The genes are the basic building blocks in the genome that
transfer the characteristics from one generation to the next. The reproduction
process itself is generally controlled by DNA, a long molecule chain of genes
that could be described as a set of instructions or a recipe.

Technology’s equivalent to a gene would be the part of a specific technology
that is reproduced. A new innovation is generally not 100% new. Rather, a new
piece of technology is usually born via a chain of development, and is founded on
older predecessors or an earlier known technology, as is shown in Fig. 3.3.

Richard Dawkins has studied analogues between biological and cultural evo-
lution, and has introduced the meme concept as a non-biological equivalent to a
gene. A “meme” is the smallest unit of cultural transfer, a unit of imitation.
Consequently, the basic technological solutions that are transferred and copied
could well be called “techno-memes”.

• Mutation—When a cell splits, reproduction errors sometimes occur. This
change is called a mutation. Without mutation there would be no evolution, as
mutation is the only source for new variants of living organisms. Mutations
either occur spontaneously or are triggered by disturbances such as virus attacks,
radioactive radiation or foreign substances that have entered the organism.
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The technological equivalents to mutations are ideas. Let’s have a look at a
common example: the light bulb. It has been told that the inventor Tomas Edison
tried 1000 different ideas for a working light source before finally choosing an idea
that fulfilled the criteria he had stipulated after development and testing. The type of
lightbulb that proved to be successful represented the actual innovation, while the
remaining 999 experiments were discarded variants, like the mutations that don’t
survive natural selection.

In the field of biology, those mutations that don’t lead anywhere are consider-
ably more common than the ones spawning a persisting change. Nature is generous
by allowing an overwhelming number of experiments, but extremely picky when it
comes to salvaging the results. And exactly the same is true for product ideas—
most are scrapped. A technological idea that is never realised is similar to a
mutation that doesn’t result in a successful change of the organism.

The Natural Consumption Selection

When a mutation occurs, we get several similar variants of the same organism.
They are launched into a competitive situation, and the variant that is best adapted
to the living environment wins. The new improved organism will spread and
transfer the successful properties to new generations. The old organisms lose the
competition and disappear. Darwin chose to call this process natural selection, to
separate it from the choices breeders make to improve the quality of livestock.

Fig. 3.3 Thegenes are the entitieswhich transfer properties to thenext generation.The technological
version of a gene could be defined as the part of a technology that is copied to later versions. A new
technological product is born via development in several steps from earlier technology
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In the context of techno-evolution, natural selection has an equivalent in con-
sumption selection, which includes everything from simple household products to
advanced technological systems. The selection on the market—representing the
sum of many consumers’ actions—is a phenomenon that is as important for
techno-evolution as natural selection is for the evolution of organisms. Exactly like
biological evolution, technology is adapted over time to its new existence envi-
ronment as part of a continuous process.

New products are exposed to enormous hazards when passing the various stages
on the way from an idea to an established position on the market. Most won’t
survive the journey. A typical inventor is a creative person with a head bursting
with ideas. Most of the ideas created are discarded by the inventor himself, but
some are passed on. A first selection among several “mutations” has then already
been made in the inventor’s brain. The following selection is often made in a
product development situation, where several brains are involved. This is the time
when a lot of research, laboratory work and testing goes on.

Finally, we arrive at the most important level of selection—the consumers’
verdict. The products that most successfully satisfy the consumers demands will
survive, while others eventually become obsolete, i.e. “extinct”. A product has to be
well adapted to its market (its existence environment) to be chosen.

This process very closely resembles the mutations and natural selection in
biological evolution.

As mentioned above, the concept of consumption works like natural selection in
the biological world and is totally decisive for evolution. The choices consumers
make affect how a product develops over time. Smartphones, for example, have
developed incredibly quickly because hundreds of millions have been sold each
year. Naturally, the forces of market selection will affect so-called consumer
products faster and more profoundly than, for instance, medical robots. In cases like
that, it will be a team of specialists who make the selection, even though they also
represent a kind of market.

Natural selection can establish some organisms as long-term survivors, while
others rapidly change, depending on the strength of the selection pressure. A current
example is resistant bacteria. The penicillin group of antibiotics—one of the most
important medicines of all time—has saved millions of people from sickness and
death. Consequently, the use of such antibiotics has increased enormously around
the world, while resistant bacteria have simultaneously multiplied at an alarming
rate. Through the extensive use of antibiotics, the bacteria had been subject to an
increased selection pressure—their environment had literally turned into a death
trap. But even in this deadly environment there existed a few strains of bacteria with
mutated genes that made it possible for them to survive the antibiotics. After a
while, these germs multiplied and further mutated through the selection pressure to
become even more adapted to an antibiotic environment. The result today is that
some antibiotics are no longer effective.

In stable environments, on the other hand, organisms hardly change at all—a
state of equilibrium is established. Mutations will simply not create any advantages
in an environment without any changes or selection pressure. If we apply this

22 3 Darwin and the Machines



situation to techno-evolution, we can observe that products and technology develop
and modernise at a pace in keeping with an increasing market demand—i.e. when
the products are consumed at a faster rate.

The opposite is also true—development slows down if the selection process is
not working, for example when consumption decreases. Technology may even be
frozen for long periods when consumption is poor.

Gene Flow and Diversity in the World of Technology

Throughout history, we can observe that very different kinds of boats were
developed in places where there was no contact with other civilisations. For
example, the sampan was invented in ancient China—a boat that was unknown in
Europe—while the knarr of the Vikings was unheard of in Asia. These vessels were
improved and developed in separate directions over hundreds of years.

In this day and age—when such isolation has been breached—designs are
copied and spread in an almost contagious way, so that boats all over the world are
becoming increasingly similar in many respects. Still, in an apparent paradox, the
room for new variations of boat properties and looks is also increasing globally.

In other words, a certain product may be manufactured in lots of variants
co-existing all over the world, even if the traditional local types also survive locally
for a considerable period of time.

This can be compared with the biological concept of gene flow, which means
that genes are transferred between different populations of the same species. The
result is that the differences between populations decrease, while the common gene
pool becomes larger and more varied.

Technology that is developed in an isolated environment without external
influences is somewhat reminiscent of biological inbreeding.

It is easy to see how increased travel and trade during the last millennium has
affected technology. Useful technological solutions were copied and spread like
wildfire after lying dormant for hundreds or even thousands of years. Today, the
risk of technical inbreeding is negligible.

Biological diversity—or biodiversity—is a popular concept that is considered to
be important and worth preserving by virtually everyone. However, no one seems
eager to defend the phenomenon of technological diversity with similar fervour.
Still, techno-diversity may be just as important for humankind as biodiversity—one
doesn’t have to exclude the other.

For products to be improved over time, there is not only a need for market
demand but also for diversity. Diversity means that several competing variants of
the same product type are released on the market. Each one of these products may
have a certain advantage over the others, and the consumers’ selection will decide
their destinies.

Therefore, the seemingly endless supermarket shelves filled with lots of similar
items serve a purpose, so we shouldn’t frown upon such growing diversity.
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If we are enchanted by the multitude of flowers cropping up every springtime,
then in all honesty, we should also embrace the wide selection of barbecue grills in
the hardware stores with the same admiration. The diversity of spring is always a
joy to behold!

The Mammoths of Mechanics

No less than 95% of all the biological species that have ever existed on earth are
now extinct, e.g. the sabre-toothed tiger, the mammoth and the dinosaurs. In most
cases, this has been caused by natural processes.

The rise of human civilisation is another factor that is known to affect biological
diversity on the planet—organisms failing to adapt to the consequential changes of
their life environment due to human activity will disappear, exactly as evolution
theory describes.

A third reason is that invading competitive species take over.
Exactly the same phenomenon exists in techno-evolution—machines that can’t

be adapted to changes will not make it in the long run. We all know examples of
outdated equipment consigned to the technological scrapheap: typewriters,
mechanical calculating machines, tele printers, telegraphs, slide rules, mechanical
telephone switchboards, phonographs, VHS-recorders and carbide lamps.

A lot of machines become “extinct” simply because they are defeated by the
competition.

For example, typewriter manufacturers struggled for ages to save their products,
trying to improve them in various ways. But that was of course hopeless, because
the new “species” of computers, armed with word processing software, proved to be
a technology that was much better at transforming thoughts into printed words.

In the same way that organisms become extinct when they don’t fit into their
present life environment, outdated technological solutions disappear when they can
no longer cope with the competition.

A particular interesting and currently “extinct” machine caught my interest in my
neighbouring village Hankmo outside Vaasa in Finland. It was a mechanical
machine for digging ditches called an Autodigger. It was designed in 1912 by Isak
Wahlstedt and was patented in Finland, Sweden and Germany. The Autodigger was
manufactured 100 years ago in Isak’s home village, and was driven by a 16
horsepower petrol engine from the Wickström engine factory in Vaasa.

Although the Autodigger was a challenger for conventional ditch ploughs and
manual labour, it was never a successful product. The price was high, the design
was complicated, and it didn’t work in stony ground. The province of Ostrobothnia
—where Hankmo is located—is probably one of the stoniest places on earth; not
exactly the best possible environment in which to introduce the Autodigger. It is
stone dead today! Nevertheless, the Autodigger is a beautiful example of a
mechanical mammoth. Figure 3.4, a photograph of a restored Autodigger at its
birthplace in Hankmo village.
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Still another item that has been phased out is the horse-drawn plough, despite the
fact that it was an extremely environmentally-friendly product. The horse is fuelled
by renewable energy and emits no harmful substances, except for a small amount of
methane gas. The horse plough, and especially the horse itself, was driven out of
competition due to its low work capacity; albeit its DNA has survived in modern
tractor ploughs.

The thing that dinosaurs and typewriters have in common is that they are big,
slow and extinct. Naturally, “extinct” is not an enviable state to arrive at, although it
is indispensable in the context of evolution.

How Will the Techno-Evolution Proceed?

As we have seen, an important milestone in the history of evolution was when
inanimate matter spawned life that was able to reproduce. And one of the differ-
ences that are often mentioned when comparing biological and technological
evolution is, of course, that ability to reproduce.

Contrary to inanimate objects like technology, living things are able to mate or
split and reproduce themselves. Until quite recently, that is how things appeared
when seen in the rear-view mirror. However, such a perspective is no longer true,

Fig. 3.4 A photograph of a restored Autodigger at its birthplace in Hankmo village, Korsholm,
Finland
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especially when we consider that today there are examples of self-reproducing
technology, such as data viruses.

In this context, it is of interest to note that even biological evolution can trace its
origins to inanimate matter. The earth was completely lifeless for 500 million years
until dead molecules started the evolution process that created the basic components
of future living cells. In such a light, it would be misleading to limit the concept of
evolution to a process that only includes living matter.

Today, we are witnessing the beginning of a new phase of evolutionary
development that may become the epoch of a new age. This is because technology
that is able to reproduce itself is becoming increasingly intelligent and independent,
while humans, simultaneously, are in the process of mastering biological evolution
—as a developer of organisms, including the human organism itself.

The evolution process is increasingly changing from natural to artificial selec-
tion. In other words, biological processes like mutations and natural selection will
not decide the development of the human species to the same degree as before.
Nevertheless, these artificial interventions will also be subject to the basic principles
of evolution, like the techno-evolution.

A current prediction—inspiring both interest and fear—is that machines will one
day become more intelligent than their human creators. Today, we have no way of
knowing the extent to which this will be realised: what we can be reasonably certain
about, though, is that machines will become much better than humans at developing
new machines.

In an issue of the science magazine Nature, published in 2015, we could read
about yet another example of the progress of artificial intelligence (AI). A software
algorithm had taught itself how to play several video games better than any human.

According to one of the world’s leading experts in the field, the American
inventor and futurist Ray Kurtzweil, the ultimate AI explosion—when technology
will be able to improve its own intelligence more efficiently without human
interference—is predicted to occur about the year 2045.

When this explosion does take place (also known as the technological singu-
larity), the result will be a gigantic historical leap—an extremely fast
techno-evolution—of cosmic proportions.

A New Species?

It is not improbable that biological and artificial life will merge in the future. There
may be robots containing living matter, and even today, it is not uncommon to
replace some failing body parts with artificial variants.

Today’s implants, titan joints and surgically inserted electro-mechanical devices
are only the beginning. We are currently well underway with a form of develop-
ment that will make it harder than ever before to see the difference between bio-
logical and technological matter. Only a few years ago, such technology was
regarded as pure science fiction.
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Thus, a brief summary of technological evolution would be that it all started with
hand tools. Then the machines came, which were eventually followed by the
intelligent machines we have today. These intelligent machines, in turn, will one
day be superseded by the autonomous machines anticipated in the near future.

We humans are not merely descended from the human-like apes known as
hominids. We have been transformed into humans thanks to an evolutionary pro-
cess integrated with technology—and there is really no way back!

When we fully accept this insight, we have every possibility to utilise
techno-evolution as a tremendous resource to further improve our civilisation
within the planet’s boundaries.

After all, we have techno-evolution to thank for being transformed from cave-
men to space travellers, with an expected lifespan that has increased from 30 to
80 years.

Admittedly, there will always be a certain element of risk involved in new
technology. Lately, leading physicists and IT specialists the world over have
warned that artificial intelligence can be dangerous and that it may even threaten
humankind’s survival.

Some have envisioned self-guided robots and missiles beyond human control.
A doomsday scenario like that cannot be totally excluded, although I prefer to
believe it would be rather improbable.

It may seem cynical to point out, but there might actually be some advantages
with advanced technology in the arms industry, as long as it is used to reduce
civilian losses by eliminating human error and improving weapon precision.

However, in all probability, the world community will have to agree on the terms
for the control and limitations of AI (especially AI-related weaponry) in line with
current international agreements concerning nuclear weapons. After all, weapons of
all kinds—in the hands of the wrong people—are the greatest hazard of all.

In my opinion, there will be certain types of people in the foreseeable future who
are far more dangerous than robots. However, the direction of AI development
appears to point towards technology protecting people from themselves. Isaac
Asimov once said that “knowledge itself should be used as a barrier against the
dangers it brings”, which is still very much relevant today.

A knife can be used as a murder weapon, but in the hands of a surgeon, it can
also save lives. Everything depends on how the technology is used.

Personally, I believe that artificial intelligence will soon turn into the most useful
tool in the history of humankind—a super tool that will aid us on the way to a
civilisation in harmony with the planet.

If machines can become faster workers and smarter problem-solvers than men, it
is an offer that we cannot afford to refuse. It is a resource that we really need, given
that this single planet will soon be populated by eleven billion people.

We have already taken the first steps on that road through gene technology. We
may even consider the possibility of a new species, a hybrid of an artificially
designed man and advanced technology in the same body. These are speculations
that might be realised in the far future, hundreds or thousands of years from now.
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But even that would be a short span of time compared to the three million years that
have gone since our early ancestors split stones to create the first tools.

Even if humans can affect the biological development of their own and other
organisms, we are still governed by evolution in a way that cannot be fully con-
trolled. Where this process will take us is impossible to know, although it seems
improbable that modern man will be the last species in the long development chain
of the Homo genus.

In the short term—i.e. the next 20 years and the rest of this century—we will
experience an accelerated development of gene technology. This is a controversial
subject due to the inherent risks involved, albeit there are also tremendous possi-
bilities. Using gene therapy, we may be able to prevent or treat otherwise incurable
diseases. If gene therapy can help us to cure cancer and other consumptive diseases,
it is something that we can hardly deny ourselves. But if we use this technology to
manipulate our genome in the pursuit of superior talents and abilities, we are
venturing into dangerous territory with new and unknown hazards.

Most scientists find it natural to approach such challenges with humility, but
some limits will still have to be agreed upon. In a longer time perspective, such
limits will automatically expand, in pace with increased knowledge and further
technological development.

The use of genetically modified organisms (GMO’s) in agriculture can also be
perilous if transgenic organisms and genes spread to natural ecosystems.

Several scientists claim that GMO’s are basically no different from selective
plant breeding practices that have already occurred for centuries. Still, resistance
against GMO’s remains strong, especially in Europe. However, for the sake of
argument, let’s assume that we had banned all forms of plant breeding, agricultural
mechanisation, insecticides and artificial fertilisers some decades ago. Then the
“Green Revolution”, which started in the 1960s and saved more than one billion
people from starvation, would never have happened.

GMO’s are potentially able to prevent food shortages and improve the future
environment. From this point of view, it may seem wrong to categorically ban such
technology.

On the other hand, whether we really want to use all the other possibilities that
gene technology offers—for example in doubling the human lifespan—is another
matter entirely.

The heart of the matter is that we can expect new technology and knowledge in
general to develop more rapidly during the next century than it has up to now,
including all cumulative progress during the entire history of humankind.
A development of which we are a part.

H. sapiens will probably control their own development in small steps,
becoming increasingly artificial, until a possible new species, Homo futura,
appears.
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Chapter 4
The Long and Winding Road
to a Better Life

Abstract The road to inventions, innovations and progress is often winding and
full of surprises. In the case of antibiotics, the breakthrough was delayed because
the luxury consumption of certain products was too slow. This may sound strange
but there is a certain logic behind it. The list of technological innovations that have
contributed to welfare and social equality could be extended infinitely. Without the
printing press, for example, there would have been no general access to information
and hence no democracy. During the techno-evolution process, machines and new
technology have eliminated many heavy, hazardous, unhealthy, and monotonous
tasks.

And now for some good news. The World Health Organization (WHO) recently
published a report showing that the human lifespan has significantly increased in all
parts of the world in just 10 years: in Africa by 8% and in Europe by no less than
9.7%. In the year 1900, the average lifespan globally was 32 years; in 2013 it was
no less than 69 years.

The forecast for 2050 is 76 years.
Even so, there are people who believe that things were better in the past—despite

the difficulty of finding any evidence to support such a claim. In fact, if you look at
any past century or decade, you will have to admit that it was definitely worse
before. For example, during the years 1695–1697, one third of Finland’s population
died of starvation because of the climate, which at that time was still totally
unaffected by industrialism (even if inefficient administration was partly to blame).
It was one of the worst European disasters ever; it was even more devastating than
the infamous Irish famine in the 19th century in terms of the percentage of the
population affected.

In the middle of the 19th century, London—with its population of 2.5 million
citizens—was literally drowning in excrement. The entire River Thames had
become one enormous reeking sewer. Because the outlets in the city couldn’t
swallow the faeces of so many people, rainwater mixed with excrement poured into
cellars—as people vainly tried to protect themselves against the abominable stench
with handkerchiefs or perfume. Thousands died of cholera and similar diseases due
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to the polluted water—only half of all new-born children born at the time lived to
the age of five.

Dr. John Snow was the first to realise the connection between sickness and bad
drinking water. Due to his discovery, a new sewage system was constructed and put
into service in 1859.

This changed everything. The same sewage system is still working today, even
though the population has now grown three times since it was built.

During the years 1918–1920, a staggering total of 50–100 million people per-
ished in the so-called Spanish flu pandemic. On this occasion, most of the victims
were fairly young, 20–40 years old. The mortality rate from the catastrophe could
have been considerably reduced, however, if only vaccines and antibiotics had been
invented earlier.

But why hadn’t they been invented?
Well, the answer to that question is rather interesting and is as follows: It was

impossible to develop vaccines and antibiotics until the basic technology of spec-
tacles had developed to a certain level.

From Glass to Penicillin

The road to inventions, innovations and progress is often winding and full of
surprises. In the case of antibiotics, the breakthrough was delayed because the
luxury consumption of certain products was too slow. This may sound strange but
there is a certain logic behind it.

If spectacles had been transformed into a mass market product sooner—instead
of being a luxury item reserved exclusively for the rich—the microscope would
have been invented earlier. This is an example of how consumption often works as
an accelerator for medical and technological development.

Glass was discovered around 5000 B.C. in the Middle East. After a couple of
millennia, people in Mesopotamia discovered how to shape objects of glass and
make the material more transparent, which meant that it could be used for bowls
and objects of beauty. The next milestone was when the Romans (circa 200 B.C.)
developed the technique to polish glass and invent a new line of products, among
them small glass windows. We believe that the Chinese discovered the lens around
1000 A.D., thus inventing the magnifying glass. And in the year 1280, the Italians
finally had the idea of mounting two magnifying glasses into a wooden frame that
could be worn on the nose—and spectacles literally saw the light of the day.

The lens was also the origin for another important innovation, the microscope,
which first appeared in the late 17th century, thus enabling a breakthrough in
medical science. With the microscope it became possible to study bacteria, a line of
science that finally led to the British scientist Alexander Fleming’s discovery of a
germ-killing mould in 1928, and ultimately to the development of the medicine
penicillin, introduced in 1941.

The result was a medical revolution that has saved uncountable lives since.

30 4 The Long and Winding Road to a Better Life



However, no less than 250 years passed between the technological and the
medical breakthroughs. What is even more astounding, is the fact that Fleming’s
discovery was actually made by chance. He had forgotten to tidy up his bacteria
cultures before leaving for a holiday, which gave the mould time to grow. When
Fleming returned and studied his samples under the microscope, he noted that the
mould had killed all the bacteria around it. Sometimes technology isn’t enough to
achieve progress—you need some luck too.

So what can we learn from the history of glass?
First, the path that techno-evolution follows is full of surprises and is rather

unpredictable.
Second, development is accelerated by early and luxury consumption.
Third, techno-evolution tends to work in favour of material consumption being

gradually replaced by service consumption. Examples of such development include
the use of internet resources for meetings, banking and gaming, etc. This is very
important in the context of finite natural resources and effects on the environment.

Let’s now take a look at a few other concrete examples of how material products
have been replaced by service solutions.

From Stones to Apps

Stones actually have a lot in common with application software for computers (apps).
The first permanent form of information interchange appeared when early hominids
used sharpened stones to scratch and etch the first picture-like signs on cliffs and
cave-walls more than 40,000 years ago. The mobile variants, stone and clay tablets,
were invented much later. With a giant leap in time to the year 2600 B.C., we arrive
at the point where papyrus entered the stage; a light and flexible material enabling
the use of more convenient writing tools than stones and the like.

In the Middle Ages, a material made from animal hides—known as parchment—
was commonly used.

Paper, which was first manufactured in China more than 2000 years ago, slowly
spread to the Middle East and Europe. Originally it was handmade, until a paper
machine was invented in France in the early 19th century. Since then, paper-making
has been developed and refined by mechanical and chemical processes.

From paper to newspapers, magazines and books, the journey of technological
development has continued towards a digital format. Today, various e-readers,
tablets and touch screens are replacing paper media at an accelerating rate. The
transition from clay tablets to paper took about 3000 years, while the change from
paper media to digital solutions conceivably may be over in 30 years. This change
is already showing in a decreasing demand for paper.

Compared to paper, digital technology saves natural resources and reduces CO2

emissions in both production and distribution. My guess is that newspapers and
books made of paper will cease to exist as mass-market products during the coming
decades.
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To transfer information between people, we have thus gone from stone and clay
tablets via animal hides and paper to electrons. The difference in energy and
resource consumption is enormous. It is actually so staggering that it would be
meaningless to try to express in figures. You may get an idea of the magnitude of
this revolution if you imagine that all the information that is searched for, trans-
ferred and read on the internet each day was distributed around the world in paper
form. It would, of course, be impossible.

From a Stone on a String to GPS

Whenever the Airbus A 380 (the largest passenger plane in the world) lands in
Sydney—15 h after a scheduled take-off from Dallas—it will have carried almost
500 passengers to their destination.

The flight will often have been made in darkness and clouds; a feat made
possible thanks to navigation technology.

The first known navigation instrument was a stone on a string that was let down
from a boat until it reached the bottom. The stone was then pulled up at regular
intervals so that the seafarers could estimate the distance to the shore by studying the
sediments that had stuck to the stone. This method was used in Egypt in 2500 B.C.
A later invention was the wooden sundial that the Vikings, among others, used to
navigate the seas from about 800 A.D. The Vikings also used so-called sunstones—
transparent crystals that refracted the light in a certain way, making it possible to
determine the sun’s position even in cloudy weather.

The magnetic needle, the origin of the compass, was discovered by the Chinese
about 2000 years ago. At first, however, the Chinese didn’t understand why the
needle moved, and the phenomenon was only used for divination. As no one was
able to explain the needle’s behaviour, the Catholic Church was also suspicious of
the invention after it reached Europe.

During the Middle Ages, sea captains could even be persecuted for witchcraft if
they used a compass. Fear and superstition have often delayed the implementation
of new technology. We could ask ourselves which useful technologies are delayed
today because of fear.

The next big step of the intensification process was the sextant, used for mea-
suring the altitude of the sun; it revolutionised navigation in the beginning of the
18th century. The following revolution in this field was the radar in the 1930s, using
reflected radio waves to determine the proximity and position of objects.

In our time, the American Global Positioning System (GPS) has become the
most widespread technology for navigation, based on satellites which send signals
to receivers on earth. The development from a stone on a string to the GPS has
proceeded in an evolutionary way, with a few revolutionary milestones and many
minute modification steps in-between.
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The Pattern of Destiny

At the end of the 1790 s, French soldiers brought home silken handkerchiefs and
scarfs with beautiful patterns from Egypt. These exotic souvenirs were much
sought-after by the French ladies and so a fashion trend was started. As demand
rapidly grew, handkerchiefs began to be manufactured locally using manual looms.
But then—as with virtually all technology—increasing demand and consumption
created an evolutionary leap. In this case, the result was an innovation which led to
even more tremendous changes than anyone could have possibly imagined. It was a
way to automate the looms, using paper tapes with tiny holes to control the patterns.

In time, the punched paper tapes were also recognised as being useful for storing
and transferring other forms of information. The engineer Herman Hollerith was
inspired by this invention that made it possible to manage large amounts of data. He
used it to design punched cards for a mechanical calculation machine that was used
for the great American population census in 1890.

It was estimated that the census would have required a lot of staff and taken
10 years if managed manually, but thanks to the machine, it was finished in just six
weeks.

Later, the IT company IBM developed bar code technology, which was founded
on the same basic principle as the punched cards. Today, we have devices that can
read significant amounts of information from stamp-sized QR codes (Quick
Response codes), with their patterns of minute black squares.

The loom example clearly shows that there is a form of genetic code, a DNA you
might say, that unites old and new technology in the same field. The smallest
common unit of code that the loom shares with the computer is the control
instruction, which is defined by programming according to the on/off principle.
A paper tape or punched card contains no other information than units of “hole” or
“no hole”, and the interpretation of this information decides what the pattern will be.

The very first computer was also programmed according to the hole/no hole
principle, implemented by perforated paper tapes or cards.

Soon after, a principle was developed so that electrical components, like vacuum
tubes and later transistors, could be used for better performance. The “hole/no hole”
condition was replaced by “current/no current”. By assigning the value 1 to “cur-
rent” and the value 0 to “no current”, it was possible to design a mathematical
programming language based on the binary numeral system. In this system, all
values are represented by the digits 1 and 0 (current/no current) in various com-
binations, which is the basic principle for all computers.

It is fascinating to contemplate the complexity of biological designs like the eye,
the ear, the nervous system and the brain, all marvellous creations of the natural
evolution process. As mentioned earlier, the development of the eye probably
started with an organism that was created, through mutation, from a single light-
sensitive cell. After a myriad of small developmental steps, where light-sensitivity
proved to be advantageous, the eye achieved its present form. Similar intensifica-
tion steps can also be observed in technological evolution.
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The noun “computer” is of course derived from the verb “compute”, i.e. cal-
culate. In the beginning, the computer was just one alternative to the mechanical
devices that were used for calculations. But the computer as an idea can be traced
much further back in time. The art of calculation probably started with something as
simple as placing small stones in a certain pattern, or simply counting on the
fingers. In fact, the words “digit” and “digital” are derived from the Latin word
“digitus”, finger.

The first primitive calculator was invented around 5000 years ago—the abacus,
or counting frame, with movable beads made of stone or wood arranged on wooden
sticks. The abacus became a surprisingly efficient tool for increasingly advanced
calculations, as the device was further developed during several millennia.

The abacus was eventually replaced by the mechanical calculator that was
developed in the 17th century. These devices were improved with components from
other technologies, like cogs and gears from clockworks. This is an example of the
gene flow of technology, where the corresponding biological process allows for
influences between different species. Another example of gene flow between dif-
ferent technologies is when the punched cards from the looms were transferred to
mechanical calculators in the 19th century.

The electro-mechanical calculation machine that saw the light of the day in the
1940 s was an intermediate product, a hybrid device with both mechanical and
electronical elements. A few years later, the first pure electronic calculation
machines were conceived and were named “computers”.

Old technology does not immediately become “extinct” when new innovations
are introduced; there is almost always a certain period of overlap. Consequently,
mechanical calculators were still in use in the 1960 s, because the first computers
were expensive and prone to operation failure.

The first “real” computer, ENIAC, inherited the fundamental concept of using
punched cards for programming. Otherwise, it was based on vacuum tube tech-
nology; its weight was about equal to a fully loaded articulated lorry and its length
was equal to two such lorries. Still, its capacity was not greater than that of a
modern pocket calculator. The price of the machine was 500 million dollars and its
energy demand was 130 kW. That power would be enough for several thousand
computers today.

Since ENIAC was completed in 1946, the development of the computer has
proceeded according to the so-called Moore’s Law—i.e. the number of transistors
on a single chip doubling every 24 months. Calculation power and memory
capacity are roughly still increasing at that same rate today. The three generations of
the computer’s development—vacuum tubes, transistors and integrated circuits—
have been evolutional leaps, where each generation has always been a necessary
prerequisite for the generation following.

I have always been amazed by how often a seemingly insignificant technical
invention suddenly proves to be tremendously useful in a totally different context
than it was originally intended. That alone should be reason enough for having a
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positive view of technological diversity. Another thing that amazes me is the dif-
ficulty of trying to predict the winding future road of techno-evolution. A minute
innovation today can turn out to be the embryo of a revolution tomorrow.

A Digital Giant Leap

Today, computers are vital components in virtually everything that moves, from
cars to toothbrushes. They come in all shapes and sizes, manufactured by many
competing companies. The diversity is large and necessary, as the society is the
computers’ life environment and the customers’ selections decide which variants
are best adapted for survival.

The rapid turnover of electronic products is what empowers techno-evolution,
even if many people are frustrated by telephones and computers that become
obsolete in only a few years.

The social media that have appeared in the wake of the IT revolution are a good
example of how technology and culture are developed in a kind of co-evolution.
A memorable fact is that the first email message was sent in 1971¸ another that
Facebook was introduced as late as 2004.

Since then, the development of social media has proceeded at a breath-taking
speed, with thousands of applications and channels and billions of new users.

Sometimes technology makes a giant leap in less than a single human lifetime.
As another example, I am reminded of the fact that my entire collection of

recorded music can be stored digitally on a USB-stick weighing 10 g. In my
childhood in the 1950 s, the same amount of music would have weighed four tonnes,
equal to three private cars. It would have required a lorry to transport all of it!

The development of digital storage is not only appreciated by man—the planet
sings along too!

The Phone Booth in Your Breast Pocket

The world record for the fastest distribution of a new technology should probably
be awarded to the mobile phone. The mobile phone is a good example of how
technological improvements can increase a product’s performance while simulta-
neously reducing the need for natural resources.

Around 20 years ago, 5 kg of natural resources were consumed in order to
manufacture a single telephone; today 50 g are sufficient. In other words, with
up-to-date technology, the same amount of natural resources is sufficient for 50
times as many telephones. The active consumption of mobile phones in the
developed countries during the first 10–15 years when the product was available on
the market dramatically reduced the required amount of raw material. The material
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needed to provide each one of the seven billion people living on earth today with a
telephone would only have been sufficient for 2% of the population 20 years ago.

During its developmental period so far, the mobile phone has become roughly
100 times lighter, smaller and less energy demanding. Simultaneously, it has
become 1000 times faster, and has actually also become much cheaper. And finally,
the functionality of smartphones has undergone such an exceptional development
that it would be meaningless to express their usefulness in figures.

Can we conclude then that this development is unexceptionally beneficial,
despite the exploitation of rare metals and resulting waste? The short answer,
surprisingly, is no.

When seen in the current perspective, this development does not support eco-
logical sustainability. However, the mobile phones of today are just an intermediate
stage on the way to the even better variants of tomorrow. So to avoid stalling the
development, we should continue to buy new telephones to ensure total sustain-
ability in the long run.

The Machinery of Welfare

The list of technological innovations that have contributed to welfare and social
equality could be extended infinitely. Without the printing press, for example, there
would have been no general access to information and hence no democracy.

Another interesting example is the washing machine. In the past, the manual
washing of clothes generally demanded one day of work per week. After the
introduction of the washing machine, one hour per week was usually sufficient. As
household work was traditionally reserved for women, the machines were a definite
improvement—enabling women to have more time to pursue other interests.

One of the first user-friendly electrical washing machines was introduced as
early as 1910. However, washing machines were still uncommon in the Nordic
countries until the mid-1950s. The Cambridge economist Ha-Joon Chang and
others have argued that the washing machine belongs to those inventions that have
promoted the liberation of women and made it possible for them to get an education
and work away from home.

The washing machine and the dishwasher are both examples of technical
innovations that have changed society by furthering equality between the sexes. At
the same time, hygiene has been improved and water has been saved.

However, although the machines have liberated us from many heavy tasks—
both in industry and the home—the birth of the machine age was by no means
painless.

Electricity was one of the greatest scientific discoveries of all time. However, it
was seen as something to be feared when it first made an appearance in upper-class
homes. Indoor warning signs, like the one below, were common:
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This room is furnished with Electrical light. Please do not attempt to light it with a match.
Just press the button next to the door.

Benjamin Harrison, the 23rd US president (1889–93), always relied on servants
to turn the light on and off because of his fear of getting hurt. For the same reason, a
lot of people in general avoided electric door bells for a long time.

New technology has often been associated with superstition and fear, and it is not
uncommon that it meets hard resistance. Many people—especially those fearing they
would lose their jobs to machines—have regarded technology as a serious threat.
Ever since the first appearance of the printing press, craftsmen and workers—such as
the Luddites—have sabotaged printing presses, mechanical looms and industrial
sewing machines, in an attempt to stop development.

But old methods, workplaces and professions will always disappear and be
replaced by the new. This is inevitable when modern and more efficient technology
is created.

However, the general public is not the only sector that has shown a suspicious
attitude towards technological advances. Even educated people and experts—who
should have been able to see opportunities rather than problems—have occasionally
uttered comments that now seem comical in retrospect. There are countless
examples of inventions that are considered indispensable today—ranging from
computers to planes—that were originally rejected by headstrong sceptics who
should have known better. They were simply stuck in the view of the existing
technology of their time. Below are a few examples:

Thomas Treshold, train engineer, 1835:

It is highly improbable that any vehicle transporting passengers would be able to move at a
higher speed than 15 km/h.

Rutherford B. Hayes, American president, 1875:

The telephone is a great invention, but who would ever want to use one?

Rex Lambert, journalist on The Listener, 1936:

Television will not matter in your lifetime or mine.

Naturally, all attempts to discredit or banish a useful innovation are doomed to
failure in the long run. But the benefits that new technology can add to man’s
possibilities may temporarily work against the interests of some.

During the techno-evolution process, machines and new technology have
eliminated many heavy, hazardous, unhealthy, and monotonous tasks. Our typical
work today, sedentary and stressful, is not without its problems, but few would be
willing to return to the heavy and strenuous physical labour of the past.

Technological development is simply a necessary prerequisite for the welfare
society as we know it today.
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Chapter 5
The Mechanisms of Progress

Abstract Techno-evolution will inevitably lead to higher functionality and a
reduced consumption of energy and materials per item produced. In general, it is
rather difficult to find much evidence to support the notion that a higher techno-
logical level causes significant local environmental problems. Without intending to
trivialise incidents, I nevertheless remain convinced that technology solves more
problems than it causes. A nation’s transition from a primitive agricultural society
based on self-sufficiency into the first stage of industrialism can lead to environ-
mental disturbances in the country. However, such problems can be eliminated in
pace with the progressing development and modernisation of the nation.

It is easy to forget that until fairly recently, humanity was constantly repressed by
predators and disease carriers. Viruses, bacteria, poisonous fungi and vermin—
combined with the fury of the elements—were all decisive factors when it came to
whether or not the harvest would succeed and there would be food on the table.

Diseases like malaria have claimed many millions of lives throughout history,
and in some cases still do. Even today, malaria alone kills approximately one
million people each year. It is spread by a mosquito that thrives in swamps, which
explains why the sickness in older times was known as “swamp fever”. Far into the
20th century, malaria was a common cause of death in European marshlands, for
instance in Holland and Spain. Since then, the ditching of lowland forests and
marshlands has been an important weapon in the struggle against malaria.

We are transforming our planet for a reason! And the reason is to assume control
over our lives, and to avoid being exposed to the whims of nature.

The most important reason for our longevity today is reduced infant mortality. It
is difficult to imagine the despair that parents in the 19th century must have
experienced when almost half their children died before the age of 15. Losing a
child has always been every parent’s worst nightmare.

Since then, infant mortality has been reduced, not only in the rich countries but
all over the world. But there are of course still poor countries where infant mortality
is unacceptably high, despite the very positive global trend.
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In countries with a low and medium income, infant mortality was reduced by no
less than 52% between the years 1970 and 2000. According to the research team
behind the book, How much have Global Problems Cost the World, there are four
main reasons for this:

– Higher income 3%
– Better education for women 17%
– More doctors 12%
– Technological progress 68%

Many people may find it surprising to learn that technological progress is
responsible for the main part of this positive development. Until recently,
techno-evolution has been serving humankind in a way that hasn’t been fully
recognised. Despite some limited cases of over-consumption and waste of resour-
ces, the general development continues in the direction of higher product perfor-
mance and less energy consumption.

To counteract the dystopias often mentioned in the media, let’s now take a brief
look at a few of the many positive technological improvements that have taken place
throughout history. We have already noted that the computer is one such example.

Modern lighting devices only require a small percentage of the energy that old
wire filament lightbulbs needed to produce the same amount of light, Fig. 5.1. The
American economist William Nordhaus has calculated that the price we consumers
have to pay for interior lighting today is one thousand times lower than the price we
paid to use whale-oil lamps and candles.

Refrigerators and freezers have also been dramatically improved during the last
10–15 years. As a result, energy consumption has been reduced by more than half
during this short time period.
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Fig. 5.1 The whale oil lamp wasted 99.5 percent of its energy in comparison with the LED-light.
The technological development saved the sperm whales from extinction
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Over the years, engines have been made ever lighter in terms of their weight to
power ratio. And in terms of fuel efficiency, the diesel engines of today require only
1 kg of fuel to do the same amount of work that a traditional steam engine would
have required 67 kg of comparable fuel to do.

This rapid technological development includes all modes of transport. The fuel
consumption of planes has been reduced by 70% in the last 40 years, in terms of
litres per passenger and flight distance. Train performance has also been tremen-
dously improved since the first steam locomotives in the early 1800s. The electrical
trains of today are based on magnet technology, so-called Maglev-trains. This
method allows for speeds of 500 km/h or more, while simultaneously saving
maintenance costs, reducing noise and offering great benefits from an environ-
mental point of view.

The ships of today are also much more fuel efficient than those of yesteryear,
thanks to a series of new technological innovations—for example the bulbous bow,
a protruding formation on a ship’s bow which allows the vessel to cut through the
water more smoothly, thus reducing fuel consumption.

Exhaust gas emissions from cars were a big and controversial issue in the 1970s,
but then the discussion was not so much focused on CO2 emissions as on nitrogen
oxides, hydrocarbons, carbon monoxide, lead and particles. At first, many argued
for a general limitation of car driving, but eventually the legal regulation of exhaust
emissions together with new technology came out as the solution. Catalytic con-
verters for cars—developed in Sweden incidentally—were the most important
component in this technological shift.

Right now we are experiencing another technological leap, where fossil-fuelled
cars are gradually being replaced by electric vehicles. In fact, we are witnessing a
new era in the evolution of the car. I believe that the days of cars running on petrol
and diesel are numbered, while cars using bio fuel with an efficient power-to-fuel
ratio will probably linger for some time into the future. Eventually, electric cars
driven by solar-produced electricity or fuel cells will take over.

This is by no means a wild guess, as we know that most cars in the future will be
bought in high-populated countries with lots of sunshine. Additionally, an electric
motor has a much higher efficiency than a combustion engine, i.e. it salvages more
of the input energy. The information company Bloomberg’s prediction from 2016 is
that in 2040, a total of 35% of all cars sold will be electric.

Of course, such a transition will take several decades. Qualified observers predict
that the hybrid car—which is equipped with a traditional combustion engine as well
as an electric motor—will be the harbinger of the electric car and that it will
temporarily dominate the market in large parts of the world.

On a global perspective, the fuel demand of private cars and other lighter
vehicles is assumed to considerably decrease during the next 25 years, given that
the number of cars will continue to grow at the current rate. According to Exxon
Mobile, the average consumption of all cars in operation by the year 2040 will be
44% lower per kilometre than in 2014. This means that despite the expected
increase (80%) in the number of cars in the world, the total amount of fuel required
will start to decrease from the year 2020. Even if the transition to electric cars takes
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some time, improved conventional and biogas car technology will also contribute to
reduced emissions.

This is a tremendously positive development, because the actions required to
make car energy consumption more effective and limit—or even eliminate—the
exhaust problem in the long run are among the most important steps we can take to
counter the climate threat.

It is undeniable that many technological innovations made during the industrial
era have transgressed some of the planet’s ecological boundaries. But in order to
obtain a balanced view of the possibilities for development, we must also remember
that the technological society has solved more problems than it has created.

Let Obsolete Technology Die

During my early career I used to work with diesel engines. I learned then that a big
diesel engine is a product that can continue to work for many decades if the
worn-out parts are replaced.

Many people engaged in the environmental debate argue that we should stop
scrapping old equipment and build things to last much longer instead; the logic
being that by refraining from manufacturing new things, we would be saving the
earth’s resources and energy.

Is this really true?
Considering the amount that diesel emissions have actually decreased because

most of the world’s ship-builders have renewed their fleets with modern engines,
then the answer must be a resounding no.

Reconditioning old engines instead of installing new ones would not have been
to the planet’s benefit.

Admittedly, it is true that building new engines has meant that some metals have
had to be mined from the earth; however, there is no lack of such metals and the
amount mined is relatively small, especially when considering that the recycling
rate of iron and steel is very high.

However, the fuel oil saved thanks to newer, energy-efficient engines being used
has compensated for the energy and metals spent on the production of new
equipment many times over.

A ship engine of 15 MW, constructed according to the latest technology, saves
roughly 180,000 tonnes of oil during 30 years of operation compared to a recon-
ditioned engine from the early 1980s. At the same time, the CO2 emissions are
reduced by half a million tonnes.

The natural resources (metal and energy) used to manufacture a new engine is
negligible in comparison with the environmental gain. This principle is the same for
virtually all energy-consuming technology.
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Maturing Technology

Techno-evolution will inevitably lead to higher functionality and a reduced con-
sumption of energy and materials per item produced. I have analysed a wide range
of technology concepts from ancient times to the modern era, everything from
infrastructure elements to simple consumer products, and found no evidence to the
contrary. In fact, it is difficult to find any exceptions to this rule—this includes both
the production process and the actual use of products and service. Furthermore, this
increase in functionality and saved resources occurs without any regulations or
political means of control for this purpose.

In Fig. 5.2 we can observe how evolution affects material consumption. The
examples show the weight of some products today, as a percentage of their original
weight. The dashed lines show a plausible future weight reduction, based on new
materials, optimised structures and new production methods being developed today.

(The car example shows the weight relative to the power.)
Economists are used to expressing the same principle from their perspective, for

instance that a profit-optimising behaviour by a company results in minimising the
initial resources. The manufacturers who can produce a fridge with the least amount
of raw material will simultaneously increase their competitive power.

All the material that isn’t required for the fridge is added to the manufacturer’s
profit. Less raw material per produced unit also means less waste.

Additionally, development today is moving towards an increased recycling of
material and energy. This was not evident during the first half of the 20th century
for several reasons; raw materials were cheap, global competition was weak,
knowledge was less developed and the technology level was lower.
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Fig. 5.2 This figure shows how the techno-evolution reduces the required amount of raw material
for various products. The reduction of weight and the examples are no exceptions but are valid for
most material products
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As with many other changes, the beginning is slow, but the speed will accelerate
with time. We will see faster changes and increased sustainability in the near future.

The Sharing Economy

The phenomenon that people exchange or sell their services and lend or borrow
things via various platforms on the internet is rapidly growing thanks to modern
technology. Carpooling, ride-sharing, flat-sharing, and various lending services are
all examples of this growing business.

Another term for this concept is common consumption.
Sharing your expenses with others is economically advantageous for the indi-

vidual consumer and also a way to use resources more efficiently. Public transport,
centralised power production, the internet etc. can also be called sharing economies,
albeit the actual term is specifically associated with new ways to share resources
and expenses.

In this context, we may ask ourselves whether we work against development by
re-using old things. As stated earlier, this is usually the case. However, the most
important point here is that the individuals are allowed to rule over their own
consumption as explained below.

The sharing economy, where people or organisations share and lease things, has
always existed. The difficulty arises when political means of control is used to
support a specific development. We may, for example, contemplate what might
have happened if the political authorities in the 1980s had decided upon a massive
extension of the telephone booth system, arguing that the sharing economy would
be better for the planet’s ecology than to allow all individuals to have a private
phone in their pockets.

The point I wish to make is that sharing products and services is a good thing
when the market is in control, preferably with as little political interference as
possible.

When Products Become Services

The shift in the direction of less resources per functional unit is obvious. In some
cases—as a result of this universal principle—some technology that was originally
created as material products has been transformed into services—so-called
dematerialisation.

Newspapers, books and virtually all kinds of information found online are good
examples of this kind of development. Let’s try to imagine an alternate reality
scenario where billions of people today consume all their information printed on
paper. We would be forced to witness a totally devastating deforestation for the next
20 years, despite increasingly successful paper recycling processes.
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Another example deals with travelling. As we all know, travelling requires both
physical vehicles and energy. Nevertheless, an increasing number of journeys are
now being replaced by virtual meetings online. This is a fast growing business
trend, where time, expense, and environmental considerations are the main driving
forces.

During my own career, I have experienced several new technical milestones that
have reduced travelling. For example, around the year 2000 it became possible for
technical design teams from around the world to create constructions and drawings
together, even if the engineers themselves were physically located in different
countries. A team in Finland can work in real time with their colleagues in Sweden
or India. The CAD system makes it possible for everyone to observe what the
others are doing on screen, because they all work in the same computerised model.

Other examples of dematerialisation include the fact that toys, games, and
money are increasingly being transformed into services.

If I may allow myself a speculative look into the future of dematerialisation, it is
not implausible to suggest that an increasing number of musical instruments will
one day be manufactured without, or nearly without, any raw materials at all.
A drum kit may be replaced by several small motion detectors that are able to
register hand movements in the air and transform them into sound electronically.
The air guitar may soon be here for real.

The Swedish national economist Marian Radetzki has discussed dematerialisa-
tion in his books Råvarumarknaden (“The Market of Raw Materials”) and
Människorna, naturresurserna och biosfären (“Man, Natural Resources, and the
Biosphere”). He has estimated the value of a number of typical products and
services in dollars per kg. These figures are a simplified way to measure these
products’ contribution to the BNP. Below are some examples of price in dollars per
kg (based on the values in the year of 2000):

– Petroleum 0.15
– Raw steel 0.2
– Paper for newspapers 0.4
– Private car 15
– TV set 60
– Submarine 100
– Large passenger plane 600
– Mobile computer 1000
– Mobile phone 2000
– Jet fighter 6000
– Telecommunications satellite 40,000
– Bank services virtually limitless.

It is well known that raw materials and simple products have a lower value per
weight ratio than processed products. Radetzki notes that countries that are growing
richer become less dependent on products with a low price per kg, while com-
modities based on human knowledge, which don’t weigh as much, take over an
increasing share of their economy.
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Environmental Effects Due to the Growth
of the Technosphere

In general, it is rather difficult to find much evidence to support the notion that a
higher technological level causes significant local environmental problems—even
when acknowledging accidents like the Fukushima Daiichi nuclear disaster or the
Deepwater Horizon oil spill. Without intending to trivialise such incidents, I nev-
ertheless remain convinced that technology solves more problems than it causes.
Nevertheless, a nation’s transition from a primitive agricultural society based on
self-sufficiency into the first stage of industrialism can lead to environmental dis-
turbances in the country. However, such problems can be eliminated in pace with
the progressing development and modernisation of the nation.

From the earliest of times, humans have always struggled to achieve the best
possible life for themselves. Problems are solved and things are constantly
improved. This is a built-in human trait, one of our basic needs, and a strong
instinct.

As such, we are not helpless when hit by tsunamis, pandemics and agricultural
disasters—instead, we are able to face such challenges head-on and solve them
using our technology and expertise. In the midst of all the climate and environ-
mental alarm bells ringing today, we need to remind ourselves more than ever
before about the tremendous progress we have accomplished in the past.

But the fact is that the effects of our civilisation’s interference are now becoming
so profound that the concept of a new geological epoch has been introduced—
Anthropocene, the epoch when man himself appears like a giant force of nature,
reshaping and transforming the planet, including the functions of the ecosystems.

Transforming the planet is good for many reasons, motivated mostly by a strong
desire to assume control over our lives and to avoid overexposure to the whims of
nature. And in this endeavour for change, the leading director is—quite naturally—
techno-evolution.

But what actually are the driving forces behind all this development? The answer
to that question will be discussed in the following chapter.
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Chapter 6
Consumption—A Primordial Force

Abstract Today, it is a more or less commonly accepted truth that we who live in
the developed countries consume too much and that this destroys the environment.
The critics suggests that the only solution is a changed lifestyle—and, above all,
reduced consumption. In my opinion, however, a forced reduction of consumption
would be a worthless and even counter-productive solution, both for the people of
the world and for the environment. Consumption is a necessary primordial force
because it is a main force behind techno-evolution.

I am firmly convinced that we are approaching an increasingly sustainable society
with rising living standards globally.

I claim that this is the natural unavoidable course of evolution. A movement that
in itself should be regarded as a resource.

Arguably, there are also other opinions to explain how the world is developing.
One such opinion is that the environmental problems of today are the result of an
unsustainable orgy of consumption; the depletion of the earth’s resources is so
devastating that we would actually need several planets to maintain our continued
existence.

Consumption is indeed a powerful phenomenon, a necessary element in both
techno-evolution and the growth of civilisation. Figure 6.1 is a graphic represen-
tation of the way that consumption drives and expands the technosphere, creating
rising living standards along the way—which, in turn, further stimulates higher
consumption, technological progress and even better living standards.

It is by no means an exaggeration to claim that civilisation would never have
existed without consumption. Nevertheless, many people have developed an
instinctive aversion to the concept as such.

Today, it is a more or less commonly accepted truth that we who live in the
developed countries consume too much and that this destroys the environment. The
critics suggests that the only solution is a changed lifestyle—and, above all, reduced
consumption.
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In my opinion, however, reduced consumption would be a worthless and even
counter-productive solution, both for the people of the world and for the
environment.

Consumption is a necessary primordial force, which we will now observe in
more detail.

Creative Consumption

What is the actual meaning of the word “consumption”? A common definition is:
“when you buy something”. Another is: “buying, consuming and disposing”, or
“wearing out and throwing away”. “Finishing off” is yet another suggestion.

Surprisingly, most definitions found include an element of ruin; they express the
destructive use and disposal of something. It is rather strange that we use such
negative words for an activity that mainly involves something entirely different. All
consumption has a reason, and that reason is nearly always creative rather than
destructive. “Use” or “exchange” would be far better synonyms to use instead.
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Fig. 6.1 A graphic illustration of how the consumption drives and expands the technosphere,
which makes the welfare grow. This will, in turn, stimulate the consumption and lead to even more
advanced technology and higher welfare
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Consumption, in the context discussed in this book, isn’t just a question of
consuming resources. It is viewed as the flip side of the coin—the most important
one—in the sense that we receive something in exchange. Nevertheless, despite the
widely accepted negative connotations, the term “consumption” is used in this book
since I believe that it is far better and more important to publicise the complete
meaning of the concept rather than to try and introduce a new word.

It is important to keep in mind that today only a fraction of all manufactured
goods are disposed of for good; around 10% in the developed countries. This means
that most of the consumed products do not end up on the scrapheap; they are
re-used, recycled or re-processed to produce energy. We are clearly approaching a
recycling society, or a “circular economy”, as it is called today. Many European
countries have already gone far in this area, and old landfills are being excavated in
the search for valuable materials, so-called “urban mining”.

Even the words “waste” and “disposal” may one day become archaic terms, at
least in the developed countries.

All life—everything from bacteria to people—needs to consume something in
order to survive. To fill the stomach, keep the cold out, cure illness and ensure
protection, various kinds of consumption are necessary. All activities, from the
most basic to various kinds of entertainment, include the consumption of matter and
energy. Consumption is about satisfying the need for heat, nourishment, comfort,
defence, entertainment, knowledge, security—you name it!

Humans exist thanks to an evolutionary process where consumption has played a
decisive part. Archaeological findings have proven that ever since the oldest of
times, there were other reasons for consumption than mere survival. Objects like
pearl necklaces and various adornments show that humans have always wished to
achieve something more than merely satisfy their most basic needs.

Already in ancient times, there was a need to develop alternative solutions for
different tasks, like extracting medicine from herbs, finding and processing food,
building huts, killing animals and creating fire. People that were good at making
tools and other things were asked to make several copies. You could trade a stone
axe for something else, maybe some edible roots, a handful of herb medicine or a
beautiful, glittering piece of stone.

This early barter and specialisation were important prerequisites for the devel-
opment of production and consumption. The hominids had the same urge that man
still has today—to improve living standards for themselves and their kin.

Consumption Research with a Twist

Psychologists and other behavioural scientists have presented many explanations on
why we consume the way we do. A common view—shared by virtually everyone
taking part in the environmental and climate debate—is that the consumption of
today is unsustainable. This view also has a great influence on the explanations
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describing consumption behaviour. It is not uncommon that the view of humankind
is tainted by negative undertones.

Some of the most frequent explanations for consumption behaviour include the
fact that we want to augment our status, express our personality, or demonstrate our
personal success. Or that we simply want to stand out from the crowd and receive
dopamine kicks. Others suggest that we consume to avoid boredom or existential
emptiness, that we struggle for social dominance or that we are driven by envy.
These explanations are common both in the critique against an ecologically
unsustainable lifestyle and against the present economic system as such.

We have no reason to show disrespect for the behavioural scientists or to doubt
the results of their research. All the reasons mentioned above are probably true for
some people. My point is not that the behavioural research results are wrong, but
that they are incomplete, and that the interpretation of them is misleading when
applied to consumption critique.

I suggest that the most common reason for consuming products is that we want
to improve our living standards and satisfy our needs, whichever they may be. If a
person buys a self-propelled lawn mower, the reason may simply be that he or she
doesn’t feel strong enough to push a manual mower by hand. So why do we have to
invent the reason that the guy next door is already showing off with such a flashy
machine?

Recently, I bought an electric toothbrush to get cleaner teeth, but I have never
checked what my friends use. I did not receive a dopamine kick or an increased
feeling of personal accomplishment.

Now, after having used it for some time, I notice the difference and realise that I
should have bought that toothbrush a long time ago. My dentist was right!

It is very unfortunate that such simple basic reasons for consumption are seldom
expressed by the behavioural scientists active in the environmental debate.

Another reason for human consumption (that should be obvious) is the need to
create. This is an explanation I have never found in any of the books I have read on
the subject. Consumption is often about finding ways to create a better life, or the
result of a creative impulse born out of plain curiosity, or simply something that
provides an inner satisfaction. For many people, shopping for clothes, objects of
beauty, furniture etc. is also a kind of creation. We decorate, enhance, refine, and
find new shapes and solutions. The playground for the creative mind doesn’t have
to be a piece of canvas—it can be your own body, home or garden.

The Right Diagnosis for the Right Cure

Viewed in a longer time perspective, and from a functionally deeper point of view,
the concept of consumption deserves a much more valued position than it occupies
today. While it is true that consumption creates negative effects for the environ-
ment, we must differentiate between symptoms, diagnoses and remedies in order to
avoid misleading generalisations.
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Sometimes we hear things like “the car is the worst threat to the climate”. But
exactly what does that statement mean? It includes a diagnosis that the car is one of
the basic reasons for climate change. Subsequently, “reduced car driving” or “fewer
cars” would seem to be the obvious remedy. But the statement that the car is a threat
to the climate is the wrong diagnosis for climate symptoms, and therefore the
remedy of reducing car driving or the number of cars is also wrong.

A more correct diagnosis for the reason behind climate change would be “the
CO2 emissions from cars”. That is, the problem is not the car as such, but its
emissions. That is a very important distinction.

As the diagnosis now pinpoints the CO2 emissions rather than the car itself, the
remedy could be something other than reduced car driving. The prescription, based
on the correct diagnosis, would then be to reduce the CO2 emissions of cars. That
could be accomplished by a medication that furthers, for example, electric cars
powered by solar energy, or hydrogen cars, with no CO2 at all.

On the other hand, if we settled for the prescription “reduced car driving”, fewer
cars would be manufactured and bought in the future. But then the development of
car technology would lose momentum, and we would have to wait much longer for
more environmentally-friendly cars to appear. Some people may believe that that
doesn’t matter, just as long as car consumption is reduced here and now. But if the
development is stalled now, the car technology of today is the one that will be
distributed all over the world in the foreseeable future.

In the year 2000, there were 38 million private cars in China; in 2014 there were
already 160 million. Still, the part of the Chinese population owning a car is around
11%, to be compared with South Korea (28%) and Sweden and Finland (46%). The
future increase in the number of private cars in countries currently approaching
developed status is expected to be enormous. With 800 million new car owners
arriving until the year 2040, it would be beneficial if electric cars, hybrids,
hydrogen cars, and more efficient combustion-powered cars were developed as far
as possible. This is something that we in the developed countries of today can
support through continued car consumption.

Why is the car so often described as the prime environmental culprit?
This is probably because the car still suffers from being regarded as a symbol of

extravagance. And the critics who demand reduced consumption as a solution for
climate and environmental problems regard both excessive and luxury consumption
as the basic problem.

Many critics associate climate and environmental problems with so-called
overconsumption. Among the more well-known, we find the British economist Tim
Jackson, the Canadian writer Naomi Klein, the WWF, Global Footprint Network,
the organisation Buy Nothing Day, and various societies for nature conservation,
together with a large number of scientists and debaters.

One thing that all these critics have in common is that they spend a lot of their
time and energy describing the symptoms in great detail. However, when it comes
to diagnostics, they all too often go astray.

A frequent suggestion to put the world right is to stop using fossil fuels. This
idea is of course basically sound, but once again it has its origin in a misleading
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diagnosis, namely that energy production using fossil fuels is increasing the
greenhouse effect. In my opinion, the correct diagnosis is that energy production
with CO2 emissions is increasing the greenhouse effect. The first diagnosis is
focused on fossil fuels, with the conclusion that such fuels should not be used at all.
In the second diagnosis, the focus is on the CO2. The difference between the two is
critical. Actually, since fossil fuels have the potential to be used without any
greenhouse gas emissions, why eliminate that possibility entirely? It is already
technically possible to separate the CO2 and store it underground. This technology,
so-called CCS (Carbon Capture and Storage), has been used on the Sleipner gas
field in Norway since 1996.

The situation becomes even more complex when you realise that the reasons for
environmental problems vary from country to country. In addition, the solutions for
one country cannot always be directly transferred to another. A fundamental step in
all problem-solving is to divide a complex problem into several parts. Overfishing
in one part of the world has to be managed in another way than as a global problem.
A limitation of car traffic in Scandinavia won’t help combat car exhaust fumes and
bad air in Chinese cities. Therefore, campaigns to reduce the number of cars in the
world in order to get better air quality won’t solve the actual problem.

The critique of the consumption society is almost always generalised, and it is
often coloured by opinions regarding the redistribution of wealth. There is a strong
desire to emphasise how some people living in abundance are responsible for global
overconsumption, while others can’t even afford the most basic necessities.

An entirely different point of view is that consumption actually empowers
growth and the distribution of welfare, even in the world’s poor countries. This is,
as we know, an old and ongoing controversy. Unfortunately, the climate and
environmental questions cannot wait for a consensus to be established concerning
the world’s economical redistribution politics.

The Luxuries of Yesterday Become the Commodities
of Today

Today, very few people would regard a bicycle as a luxury item. On the contrary,
the bicycle has become a kind of symbol for an environmentally-sound lifestyle. As
has been the case for many other products, the bicycle has been transformed from a
ridiculed luxury contraption to an indispensable everyday aid.

The first bicycles consisted of a frame with two wheels and a pair of handlebars
for steering, but they lacked pedals and any kind of driving mechanism. The cyclist
straddled the frame and simply kicked the vehicle forwards with the feet. The early
users were young men and boys from well-to-do families, who became archetypical
representatives for their class when they kicked themselves away along the streets
of Paris in the 1820s.
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Today we should thank these “spoiled brats” for the popularity of the bicycle, as
no manufacturer would have continued the production without customers.

For the same reason, the people buying expensive or extravagant electric cars
today are a very important consumer group. They started the natural consumption
selection that will provide us with cheaper and better electric cars in the future.
Because of them, the electric car will probably replace the diesel- and petrol-fuelled
cars of today; and the sooner, the better.

The management group of Tesla, the electric car company, realised that in order
to attract early consumers with the necessary purchasing power, the electric car had
to offer performance and comfort on at least the same level as the most fashionable
fossil-fuelled cars. It is still “spoiled brats”—mostly wealthy Americans and
Norwegians—who buy the cars and thus drive the technology development
forwards.

Rich men of the Western world are commonly regarded as the least climate-wise
people of all. Strangely enough, however, these men have probably, through their
behaviour, contributed more to a decrease of CO2 emissions than all the people
using bicycles for climate reasons. That is not to say that bicycling isn’t good for
the climate. It is the critique against consumption which is the paradox in this
context.

The Tesla company has been an important pioneer who cleared the way for
simpler electric cars, which are more attractive to the majority of customers. The
vice president of GM, Bob Lutz, has confessed that he was inspired by Tesla to
make GM continue the development of electric cars.

Today, the majority of established car manufacturers have included electric cars
in their product ranges.

The mobile telephone has a similar history.
Those who remember the 1980s will also recall the first mobile phones, who

were then regarded as symbols of the “yuppie” generation—the newly rich young
urban professionals. It was mainly this category of people who could afford—and
found it worthwhile—to buy these prohibitively expensive gadgets. (In Sweden, the
mobile phone soon become known as the “yuppie-nalle”—a yuppie’s teddy bear.)
However, these early buyers, who were then widely regarded as bragging luxury
consumers, played a decisive part in the future development of the mobile phone.

Today, the results are there for all to see: the production volume skyrocketed and
prices went down.

Nowadays, even people in very poor countries have mobile phones. There is
probably no other single innovation that has improved the standard of living in poor
countries as profoundly as the mobile phone. It may be difficult to realise that this
tremendously successful device started out as a luxury item, a toy for the rich, when
we now observe the enormous benefits that it has created in the poorest regions of
the world.

SMS messaging, for example, can be used for all kinds of communication, from
farmers’ business calls to healthcare information for pregnant women and first-time
mothers. It is also a convenient way to manage your bank affairs, which is a major
improvement for people who earlier had to walk or travel by bus for hours to visit a
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bank office far away. Mobile phones save a lot of time and also further democracy
where voting via SMS is now possible.

In some countries, Afghanistan among others, police officers now receive their
salaries via the mobile phone. This practice has reduced corruption, because no cash
is distributed via corrupt intermediaries. Surveys have shown that among female
mobile phone users in the developing countries, over 90% feel safer when carrying
a mobile phone, and 85% report that their freedom has increased. More than 40% of
women are already using this technology to increase their income and employment
opportunities.

History has shown that what is regarded as idle technological snobbery today,
can be turned into everyone’s benefit tomorrow. Buying a new tablet computer just
because you want a slightly updated model isn’t as unnecessary as it may seem,
because it drives the technological development forwards. The opposite standpoint
—no one cares about the updates and no one will buy them—means that the
consumption, and thus development, will grind to a halt.

The Involuntary Luxury Consumer

Ecological food is almost always presented as environmentally beneficial, and the
advantages of such produce are not questioned by consumption critics.
Nevertheless, ecological food is mostly consumed in the rich countries. Poor people
all over the world have to struggle to get any food on the table at all.

In the rich countries, it is mainly the wealthier part of the population who buy
ecological products, as these are often at least 30% more expensive than conven-
tional foodstuff.

Eco food, earlier known as biodynamic food, has a long history, but it is in the
21st century that the demand for such produce has significantly increased. In 2005
only a few percent of all the foodstuff sold in the Nordic countries was eco food,
and in 2015, it was still under 10%. Price is an important factor in purchasing
decisions, but the consumers’ awareness and confidence in eco food products are
also strong incentives.

There are three main arguments for eco food: the food is healthier because less
insecticides and artificial chemicals are used, the animals involved lead a better life,
and the local ecosystem is less affected. However, the definition of “ecological” is
somewhat fuzzy.

For my part, I buy ecological food mainly because I believe that it is healthier for
me. I emphasise the word “believe”, because the scientific evidence isn’t
unequivocal. On the other hand, this consumption choice of mine has nothing to do
with the climate question.

When regarded as a product, ecological food behaves exactly the same way as
all other products. The consumption has been limited at the start because of the high
price, but as the demand increases, the price relative to traditional products will
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decrease in a downward spiral. Greater volumes and turnaround allow for
rationalisation in the various stages of the production and distribution processes.

At the same time, the competition grows stronger as more producers want a
share of the profits, which accelerates the development further. This is product
development in small evolutionary steps, which drives prices down while main-
taining or even improving quality.

At the moment, however, ecological farming produces less yield per hectare than
traditional agriculture, which is a drawback with regard to the increasing require-
ments of the world’s growing population. The yield per hectare ratio will, however,
be improved in pace with the development of ecological cultivation methods.

I have based this assumption on the experiences gained from all other production
and product development arenas in society. Where freedom rules, techno-evolution
will unavoidably occur. If the consumers show that they prefer eco food, traditional
agriculture will gradually also be developed in this direction, in order to better fulfil
the consumers’ choice. Traditional methods will be redirected towards the eco-
logical alternatives.

It is possible that future agricultural life-cycle analyses (LCA) will show that
synthetic fertilisers are actually better for the environment than natural ones and
will consequently be accepted into the context of ecological agriculture. If so, it
wouldn’t be surprising. Synthetic fertilisers are easier to customise for specific
crops and soils than natural fertilisers.

Increased precision makes agriculture more sustainable, which several scientists
have stated. This is accomplished by introducing new technology, for example
nitrogen sensors and control systems to calculate the right dose of fertiliser at the
right time and place. These methods are already being introduced at many larger
farms. In this way, the yield is increased while less surplus fertiliser escapes into the
environment. Thus, the production of ecological foodstuff doesn’t constitute a
return to a simpler, more traditional kind of agriculture. Simplicity and small-scale
production do not necessarily mean that the farming is ecologically sustainable.

The example of ecological foodstuff shows once again how important the early
(and usually affluent) consumers are for certain products to be established and
developed. It is the early adopters that start this important sub-process within
techno-evolution—the natural consumption selection.

Active Consumption Supports Sustainable Development

When you stand in a shop, with a package of locally produced meat in one hand and
a package of imported meat in the other, you have the possibility to make an active
choice. This “active choice” is actually nothing new, it is simply consumption with
consideration. An active choice is what you do, more or less, every time you buy a
product or service, based on a lot of different selection criteria.
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The concept of “active choice” is often associated with ecological or ethical
aspects. But criteria that aren’t directly based on such considerations can still result
in fairly good decisions. Therefore, I prefer to use the term active consumption.

From my point of view, active consumption on the personal level doesn’t
necessarily mean minimising your consumption, rather it means to consume
according to your own requirements, and with consideration. And then I mean a
consideration that is not limited to ecological selection criteria.

An active consumer drives development in various ways. On one hand, the
active consumer, consciously or not, becomes an early adopter or pioneer; on the
other hand, the consumption choices send important signals back to the producer.
As I see it, the solution for most challenges associated with the climate and the
environment is not to reduce consumption by limiting comfort, experiences, edu-
cation, work efficiency, security, quality of life, and so on. Notwithstanding, con-
sumption will always be limited by your personal economic means in the end.

In other words: Don’t stop driving—instead, change to a car that is better for the
environment. Travel as much as you want and can afford. Don’t shiver with cold in
your home but raise the temperature to a level that is comfortable for you—but use
efficient heating technology with low emissions if that is within your control.

The statement that active consumption supports sustainable development always
raises questions, and I realise that many people may find such a concept horrendous
to consider. Shouldn’t active consumption by necessity lead to a depletion of
natural resources, mountains of waste and increased emissions?

No, the fact is that we can reduce future emissions by consuming today. There
are lots of products where each new generation has a lower total energy con-
sumption than the previous, relative to the work accomplished.

The examples are countless: refrigerators, cars, lawn mowers, indoor lighting,
washing machines, etc. What these products have in common is that they require
more than manual energy to work. Another category includes non-consumer
products, like ships, planes, trains, power plants, etc. In other words, all machines,
equipment and plants that demand energy for their function or support. Consuming
products from these two categories is more sustainable than not doing so.

Interior lighting can serve as a good example in this respect.
Suppose that you replaced all the old light bulbs in your flat with new

low-energy bulbs a couple of years ago. That was good for the climate, because the
low-energy bulbs demand less electricity. The next year, you discover that there is
yet another generation of lighting devices, called LEDs (light emitting diodes), that
are even more efficient; they require 20% less energy than the low-energy bulbs you
purchased a year ago. The question is: should you replace the bulbs again or just let
them be?

Let’s imagine that the lighting in your household consumes 1000 kWh of
electrical energy each year. With the LEDs, it will be only 800 kWh per year. Even
if we consider the energy required for the manufacture and distribution of the LEDs,
say a total of 80 kWh, a simple calculation shows that they will still begin to reduce
the energy consumption of the household after just 4.8 months.
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Therefore, the answer is that it is more sustainable from a climatic point of view
to throw away the almost new low-energy bulbs and buy LEDs instead. (Of course,
it is an even better solution to give the old bulbs to someone who still needs them).

At this stage, you may also ask yourself if it would be even better to keep the
low-energy bulbs and spend the money on something else that will reduce the
emissions of greenhouse gases even more. It may be so in reality, but it will still
lead to the same conclusions regarding positive climate effects, which is really the
point here.

Another kind of consumption that reduces CO2 emissions is to replace an
electrical heating system with one that uses geothermal heating. However, while
this reduces the emissions during operation, it also increases the consumption of
natural resources for the installation of the system. A geothermal heating system is
constructed of mechanical and electronical components, plastic tubes etc. which
require use of the earth’s non-renewable resources. One issue is improved (the
greenhouse gases) but at the cost of another (the use of finite resources).

If we also consider the indirect CO2-effects created by an increased resource
consumption, the choice becomes even more complicated. However, I still believe
that most environmental scientists would agree that a change from a greenhouse gas
generating system to renewable geothermal heating is preferable, as long as we
cannot produce enough electricity entirely without greenhouse gas emissions.

To sum it all up, active consumption is especially beneficial if it ensures that
CO2 emissions are reduced in the long term. Therefore, it is sustainable to introduce
new product generations and models that result in less greenhouse gas emissions
than to use older products and solutions.

Accommodation, Beef & Car—The ABC of Personal
Climate Consideration

Is it climate smart to reduce meat consumption? This question is related to the role
an individual can play in lessening the burden on the planet’s resources.

It is estimated that 5% of global greenhouse gases are emitted from ruminating
livestock, where the contribution of Sweden and Finland together is barely mea-
surable in the global perspective. These countries’ CO2 emissions from ruminators
corresponds to approximately 0.02%.

Even if these countries could reduce their part by half, the improvement would
hardly make any difference on a global scale. The question is rather if the Nordic
countries, small as they are, could serve as good examples for other nations and
show the way to a sustainable meat production.

Here there are two possible courses of action. One is to reduce overall meat
consumption and hope that this lifestyle will win increasing acceptance in other
countries. The other is to develop a more environmentally-friendly meat production
and to make the associated knowledge and technology known in other parts of the
world.
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Sweden and Finland are among the world leaders in this technological field. In
Finland, silage serves as an example of how crop rotation and ground structure can
be affected so that the cultivated ground emits lesser amounts of greenhouse gases.
In addition, most cattle are bred for both meat and dairy production, so we also
receive dairy-based foodstuff without any significant additional greenhouse emis-
sions. Another way to compensate for emissions is to use the manure for the
production of electricity and bio fuel.

According to the industry organisation Svenskt Kött (Swedish Meat), meat
produced in Sweden generally has a 30–40% lower emission level than meat
imported from South America. The Swedish Environmental Protection Agency
states that the emissions of greenhouse gases from Swedish agriculture have been
reduced by approximately 14% since the years 1990 and will be reduced by an
additional 20% by various targeted actions during the next 10–15 years.

Countries like Finland and Sweden import several times more meat and meat
products than they export. It should be the other way around. We should increase
our meat production and export to contribute to a global emission reduction.

However, this would of course increase the local emissions in Finland and
Sweden, which illustrates how national environmental ambitions can conflict with
global objectives. This paradox is by no means limited to the meat industry.

There is a lot to be said for a continued development of meat production in the
Nordic countries. Additionally, these countries have a lot of consumers with both
the will and the economy to choose slightly more expensive ecological foodstuff.

Consumption-based evolution is usually better than a boycott. It is better to
develop than to discontinue. In my opinion, this is also true for meat production. In
other words, a boycott against meat products would be worse than to choose the
most climate-smart of two variants on the market.

Boycotting meat will ultimately result in discontinued production. This may of
course reduce the related problems, but only if the boycott is effective all over the
world. However, if it only affects the countries which have the best ability to guide
product development in the right direction, the rest of the world will continue to
produce meat in a way that harms the climate.

Therefore, I believe that a changed behaviour that is focused on a climate-smart
choice of products will send stronger signals to the market than an outright boycott.
It would probably improve the global situation better than to stop eating beef
altogether in the Nordic countries.

If I dare to make a prediction concerning the future for meat, I believe that the
greatest reduction of emissions will be realised through the development of the
products and the production processes, all the way from animal husbandry to the
frying pan. But that implies continued meat consumption and an active choice of
the most climate-smart products.

An increased number of livestock may actually present itself as one of the most
important solutions for climate and food shortage issues, as the expansion of the
desert areas may simultaneously be halted.
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Too good to be true? Not according to the internationally acclaimed ecologist
Allan Savory from Zimbabwe, who has shown that an increased number of live-
stock and planned grazing can transform deserts into green areas. Even if just a part
of these plans will be realised, we might have to think along new lines regarding the
issue of meat contra climate.

Buy a New Fridge and Save the Planet

Contrary to popular opinion, it is not necessarily beneficial that products have a
long lifetime. If a fridge consumes a lot of electricity, for example, it is a good idea
to replace it with a new and more energy-efficient one. In this light, consumption
has never been more important than now, since what we consume today will result
in more climate-friendly products in the future. And this is even more important as
the number of people buying fridges and freezers will skyrocket in the coming
decades.

It is estimated that the global number of households buying a fridge/freezer in
the next 10–15 years will reach a mind-boggling 500 million, the majority being
located in Asia. If all these households bought appliances based on older tech-
nology instead of modern, energy-efficient devices, at least 50 more nuclear or
carbon-based power plants would be needed to operate them. The development
towards more energy-saving cooling technology is still ongoing.

This comparison shows the importance of having energy-efficient products
available when the real spending rush hits the market. The more developed the
fridges are, the better the chances of tackling global climate change and managing
the earths’ resources. Everyone can contribute to product development through
active consumption. Scrapping old equipment and buying new not only reduces our
personal energy expenses and CO2 emissions, it also reduces greenhouse gas
emissions on a global perspective.

Of course, this isn’t only about fridges—virtually all products will become more
environmentally-friendly in pace with the demand for them. The washing machines
of the past consumed more energy than the ones manufactured today, and the
machines of tomorrow will be even more energy-efficient.

If we want to see more of this issue expressed in figures, the car may once again
serve as an example. Consider the difference in CO2 emissions if 100 million cars in
the year 2030 emit 120 g or more of CO2 per kilometre driven, as most cars do
today, or only 60 g, as the future cars will. A reduction by half is quite plausible,
considering the development rate during the last years. That would be a difference
of 54 million tonnes of CO2 per year—approximately the same as the yearly
emissions from a country like Sweden or Finland.

Naturally, with electric cars powered by renewable electricity, the difference will
be even greater.
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Change Your Car—Change Technology

There are two basic opinions regarding the electric car. The critics state that these
cars are no better than petrol and diesel cars, because the production and disposal of
an electric car consumes no less than 50% of all the energy the car uses during its
lifetime. From this point of view, the electric car isn’t an environmentally beneficial
alternative.

But the supporters of electric cars are not discouraged. Instead, they point out the
advantages of electric cars on the roads, where the CO2 emissions are zero.

In my opinion, both opinions are right.
It depends on two things. On one hand, the type of energy used when charging

the car’s batteries; on the other, the energy consumed in the factory where the car is
manufactured. If the electricity is generated by fossil-fuel power plants, the critics
are right—the electric car isn’t any better from a CO2 perspective. But if the
electricity exclusively originates from renewable energy sources, then the electric
car is a clear winner.

In reality, no country in the world uses 100% energy of either type. In some
countries, the energy mix is such that the electric car appears to be no better in an
analysis of the emissions of greenhouse gases during the car’s entire life cycle.

However, with the mix currently in effect in the EU, the electric car wins. The
advantages of electric cars are even greater in countries like Sweden, France, and
Finland, because the fossil-fuel power consumption in these countries is relatively
low, which can be seen in Fig. 6.2.

Translated into numbers, slightly less than 50% of the EU countries’ total
electric power is produced by fossil fuel. Poland has a high value, with no less than
90%, and also the Netherlands with slightly over 80%. Finland gets 20% of its
electric power from fossil fuels, France less than 10% and Sweden even less,
counting the power produced in the country.

The target agreed upon in the EU is that the CO2-free share of power production
should be considerably increased during the coming decades.

Unfortunately, both the time factor and the techno-evolution tend get lost on the
way in discussions about eco-friendly cars. The transition to electric cars is a
technology shift that cannot be fully assessed here and now.

However, as we have a global agreement on the goal to reduce emissions, we
cannot wait to introduce electric cars until all the electricity in the world is CO2-
free. If we start buying electric cars at that point, it is far too late.

Technological development takes time.
To accelerate the production of good and affordable electric cars, the sales

volumes have to grow, which will take considerable time. Therefore, it is quite
acceptable to choose an electric car already today, regardless of the present energy
mix in the power network.

The technical development and growth of electric cars will hopefully proceed
hand-in-hand with improved power production.
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The Consumption of Today Creates the Improvements
of Tomorrow

What about products whose energy consumption and greenhouse gas emissions are
so small that they could be regarded as insignificant? Is it still sustainable to
consume new mobile phones, tablets and computers?

My answer is yes. Even though these products require substantial amounts of
rare metals and other finite resources, and even though they produce waste and
cause CO2 emissions when manufactured, they are extremely useful. Consuming
and replacing such electronic devices, although they may be only a couple of years
old, is essential for human development. Despite the ecological drawbacks, mobile
phones bring far more benefits in the form of communication and knowledge
expansion.

But surely not all gadgets can be justified as meaningful consumption objects?
Well, that depends on how you define “gadgets”. What some may regard as useless,
others consider useful. As time goes by, gadgets tend to evolve into useful or even
indispensable commodities.

Coal based In the EU
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Fig. 6.2 The two bars to the left show that cars running on electricity and fossil fuels,
respectively, will be responsible for roughly similar emissions of CO2 if the society’s supply of
electrical energy is entirely based on coal. The bars to the right show the situation if the production
of electrical power is CO2-free. Today, most countries use combinations of different energy
sources
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Some people may regard a GPS as a meaningless electronic gizmo, since you
could just as easily roll down the side window and ask someone for directions (as
was recently suggested in an environmentalist anthology). But for most people
today, the GPS is a very helpful device that minimises the risk of driving the wrong
way and helps you to avoid traffic jams, thus saving time, fuel and emissions.

Still, this is only the beginning of all the useful applications to come. For
example, GPS-technology, in combination with sensors and smart computer soft-
ware, can be used for precision agriculture. With data from soil samples, ditch
water, humidity and so on, soil classification maps and other basic information can
be registered. This knowledge, together with better weather forecasts and contin-
uous inspection of the fields by drones, means that fertilisation can be controlled
with exact precision, which will reduce the risk for eutrophication and leaching. At
the same time, the use of insecticides can be controlled with higher precision. All
this will contribute to making ecological agriculture highly productive in the future.

Buying a GPS supports the development of such technology.
Unlike the products discussed so far, it is also worth focusing attention on a

category of products that is seemingly without any vital importance for welfare and
progress. We can call them “non-basic products”, including various adornments’
and jewellery, games, “unnecessary” clothes, and other products and services
related to amusement and entertainment. Although these items may represent a
lesser value from a techno-evolutionary perspective, their value is still far from
negligible.

Clothes are also undergoing development, and are being developed in the
direction of higher functionality, new and better materials, environmentally-sounder
production methods, less use of chemicals, increased material recycling, and inte-
grated sensors. Most encouragingly, the fashion world has started to act in this
direction, not least the Swedish companies. The objectives include the sustainable
management of water and chemicals, choice of materials and worker protection in
the textile-producing countries. A change similar to the one that was realised in the
developed countries some decades ago.

Politicians, the authorities and the fashion industry itself are also introducing
quality assurance systems, various kinds of marking and customer information. We
consumers will gradually be more able to make wiser selections and further a
sustainable development in the textile and clothing business.

Other similar industries are films and video games. The game industry has
produced some positive side effects in terms of spreading its technologies into other
areas. One such connection is between computer games and body scanning with 3D
visualisation in the healthcare industry. This kind of spin-off between different
industries is by no means uncommon. It is also another reason why we should be
careful before we discard something as unnecessary—we can never know in
advance how a new technology may prove to be useful in other areas than it was
originally intended for.

Active consumption supports the development of new technology, that in turn
may affect everything; and the big advantage is that it furthers the growth of
welfare. On one hand, this is because product evolution accelerates and creates
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better products and services, while on the other hand, consumption creates work
opportunities.

Those wielding political power often emphasise the importance of consumption
and growth. Hopefully, politicians will keep this point of view and won’t let
themselves be persuaded to think that consumption itself is harmful for the planet.

It is important to point out that in parallel with active consumption, there is a
need for political means of control to ensure a healthy environment. Such means are
already emerging in the form of various political initiatives and regulations—
emission regulations, demands for energy efficiency, limitations of the use of
chemicals, requirements regarding recycling and waste disposal, and so on.

As for the CO2 emissions, there are already various kinds of consumption that
have a direct positive effect. Other good buys—with an indirect effect on CO2

emissions—include e-readers in place of newspapers, e-books in place of paper
books, video games in place of plastic toys, weather safe and stain resistant
clothing, etc.

Is Downshifting Possible?

Downshifting is a popular term for the lifestyle change that has often been sug-
gested as a solution for climate and environmental problems. Although there are
many suggestions regarding how the changes should be realised, they all include a
reduced consumption, preferably in combination with a shortened work week and a
simpler way of living.

One of the suggested methods to limit consumption involves economic zero
growth or no BNP-related objectives whatsoever. The purpose would be to measure
the progress of society in other terms.

Although it is a good idea to use several different parameters to measure society,
not only the BNP, disregarding economic growth as an objective is to jeopardise the
world’s financial and economic systems, with unexpected and potentially unhappy
consequences.

There are two basic opinions behind the anti-growth ideology. On one hand, there
is the belief that growth (i.e. increased consumption) is the reason for environmental
problems; on the other hand, there is a general discontent with the established
economic systems, where a redistribution of wealth would be preferable.

However, if we stop the consumption, we will simultaneously stop
techno-evolution, and thus man’s creative ability to produce useful innovations.
With zero growth, the increase and distribution of welfare in the world would grind
to a halt, and the result would, in other words, be the opposite of what was intended.

Additionally, we may ask ourselves if we, as a species, haven’t already adapted
so well to our present lifestyle that we have passed the point of no return. Our
requirements have long since been far removed from the basic needs. We are all
children of our time.
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The Norwegian marine biologist and explorer Tor Heyerdahl (1914–2002)
believed that he could live together with the people of a primitive culture under
their conditions. He even stamped his watch to pieces to be better suited for living
in harmony with the natives in the wonderful South Pacific climate, content with
what nature provided. However, in the long run, he couldn’t get used to a life
without the intellectual challenges, adventures and facilities of modern life. He was
“programmed” for a different lifestyle.

In the end, Heyerdahl returned to the developed world and bought a new watch.
Today, there is much talk about downshifting and “getting off the treadmill”. But

when an opportunity like that presents itself, few people are really willing to take it.
The overwhelming majority choses instead to get an education and employment.
Most of us want to have a nice place to live, see the world, discover ourselves and
achieve a good standard of living. People who have been unemployed can testify
how important work is, not only from an economical perspective, but as one of the
things that give meaning to our lives. There are also people who work hard, even
though their personal finances don’t demand it. Maybe we like the treadmill after
all?

It seems probable that the best-before date of a simpler lifestyle expired long
ago. At least for most of us.

Service Consumption

One variant of the efforts to reduce consumption is to actively consume services
instead of products, thereby reducing material consumption. From a climate point
of view, the effects of this idea are limited, because most of the CO2 emissions
originate from housing, electricity, heating, traffic, and foodstuff, i.e. from the kind
of material consumption that cannot be replaced by services. You simply cannot
replace potatoes or shower water with services.

Of course, there are many contradicting examples, where services actually can
replace physical products. But in my opinion, an all-out effort to encourage the use
of services at the cost of material consumption may actually be counterproductive.

The category of material products affects emissions and the consumption of
natural resources the most, and because of that, continued trade and product
development in this category is of vital importance. We have to keep in mind that a
couple of billion people today are living without TV sets, refrigerators, cars, shower
cubicles and computers, and they will be more willing to spend whatever money
they may get on products like that than on services. We, the people in the developed
countries, are driving the development of these products in the right direction.

Therefore, an increased use of services at the cost of material products will not
necessarily support a sustainable development. However, it is quite another thing if
a certain function or need can be fulfilled just as well with a service as with a
physical product.
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Another political idea to reduce general consumption is to shorten the working
week.

Some political parties have suggested that people should work 25% less than
today. Then we should take into account that the people in the OECD countries
normally work only five days a week, and have five weeks’ vacation and a few
holidays on top of that. We have paid parental leave and sick days; we spend the
first part of our lives receiving an education and can retire before getting really old.
This is one of the ways in which we harvest the fruits of the technology-based
society we have created.

The idea is that less work and a lower income would permit less consumption,
which in turn would reduce emissions and other harmful effects on the environ-
ment. It is simple to prove this equation. Unfortunately, it only makes sense in a
narrow and momentary perspective.

The people who advocate shortened working hours nevertheless agree that we
should install heat pumps, change to electric cars, and shut down nuclear and
fossil-fuelled power plants to replace them with renewable energy sources.

We should also build more railroads and develop train technology, help the poor
countries to get electrical power, water purification, and more. All these suggestions
are good, they represent traditional growth and modernisation. But to realise them,
we will need money, lots of money. And that doesn’t rhyme with a shortened
working week.

Another argument for less work is that people would then have the time to ride a
bicycle instead of drive a car, for instance. Some debaters still only buy half of the
suggestion though; they would gladly accept shorter working hours but not a lower
salary. Such logic, in my opinion, only serves to melt away their climate arguments
like the snows of last winter.

As I see it, we should do exactly the opposite—increase the effective working
time, if the purpose really is to improve the climate. With increased productivity
and income, we can afford to invest in geothermal heating, solar cells and electric
cars. Conversely, less money would only reduce the scope for investments in more
climate-friendly technology.

Working harder and spending the money on new and more climate-smart
products should be a more sensible political strategy for the planet.

I will not delve further into other problems associated with a shortened working
work, such as the limited means of financing welfare services, infrastructure, and
pensions. Neither will I discuss the question of what people would do with their
increased leisure time. However, on a positive note, I could speculate that such a
policy is 100 years before its time, since it cannot support a sustainable develop-
ment at present.
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Growth—A Part of the Natural Order

Growth and consumption are two closely intertwined concepts. Moreover, as to
whether or not growth should be measured in economic terms is irrelevant; it’s all
about heated homes, clean water, healthcare, pensions, television and the internet.
We owe our welfare to growth.

Because of growth, the majority of the world’s present population of 7.3 billion
people doesn’t have to endure smoke and grime indoors, malaria, lice, and dirty
drinking water. In this light, it becomes plain to see that the remaining environ-
mental problems cannot be solved without growth and economic resources.
However, the kind of growth needed in the future is one that won’t create new and
even worse ecological problems.

Many people may find it surprising that peace and freedom are very positively
affected by economic growth, which has been asserted by many scientists, among
them the Swedish sociologist Bi Puranen, General Secretary of the World Values
Survey. This organisation has analysed the development of violence in the world
and found that war and violence have been decreasing over a long period of time.
Although media reports may seem to indicate the contrary, the number of people
killed by war and other acts of violence has actually been decreasing with each
passing decade. The scientists associate this positive development with economic
growth and increasing democracy.

Perhaps this fact in itself is a reason not to generally condemn consumption and
growth, together with its associated trade and globalisation.

Halting the pursuit of economic growth won’t solve anything. As growth
basically means having a profession and an income, it is therefore an important part
of every human’s existence. In short, everything that has a part to play in human
development is dependent on economic growth.

The suggestions for political regulations to reduce emissions often focus on
consumption limitations; air travel being one such example. A lot of people suc-
cumb to a bad conscience after spending a holiday in Thailand. They may even-
tually decide to limit any future travelling in the belief that by doing so, they will be
making a meaningful sacrifice for the good of the climate.

Reduced travel will have many consequences, although not all of them are
positive. Thailand, together with many other countries, owe a lot of their own
growth and welfare to tourism and travel.

The developed countries’ consumption of computers, mobiles, and clothing has
increased growth and helped hundreds of million people in India to rise from
poverty. Without our enthusiasm for consumption, China would be a country
without growth, and its population would probably be starving.

The developing countries have every right to modernise and to distribute welfare
among an increasing part of their population. But they wouldn’t gain anything from
reduced global trade and travel.
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Even though a limitation of a certain kind of consumption, for example air
travel, seems to be climate-smart from an individual perspective, it may not nec-
essarily be smart in a global perspective. Moreover, reduced air travel would slow
down the development of environmentally-friendly planes.

Similar repercussions could also occur when focusing political means of control
on reduced car driving rather than on the emission problems.

To return to the opening message of this chapter; consumption is a primordial
force. It is powerful in several ways, not least for growth. However, consumption
will also have some side effects and—exactly as with medicines—we must find
ways to minimise those effects by improving the medicines.

Exactly What Is Wasteful Consumption?

Decisions on the types of consumption regarded as extravagant—and the con-
sumers to blame—are often made according to strange criteria. In the desert climate
of Dubai, there is a giant indoor ski slope, and it is easy to condemn it as a case of
despicable luxury consumption and a gigantic waste of resources. But the same
people who criticise the ski slope have no objections to visiting heated public
swimming pools in the Nordic countries.

When the outdoor temperature in Dubai is +33 °C and the indoor temperature of
the ski slope is −2 °C, the difference in temperature will be 35 °C. In our public
pools, the indoor temperature is normally +24 °C, so when the outdoor winter
temperature is −11 °C the difference between the indoor and outdoor temperature
would be exactly the same, i.e. 35 °C.

The only difference is that we have a lot of heated public pools in our countries,
while Dubai has only one ski slope; with a higher utilisation, we may add.

The consumption debate has a lot to do with opinions and values. Fashion is
another example of an area often blamed for extravagant and unnecessary con-
sumption. The writer and fashion historian Tonie Lewenhaupt shows in her book
Inte bara mode (“Not only fashion”) how deeply rooted and hereditary the concept
of fashion is in the mindset of the creative being that humans have evolved into.

She writes:

Nothing is more sensitive, more perceptive to the shifting values of society than fashion. No
other creative expression is faster to reach the consumers, no other new-born ideal is easier
to test, accept and adopt. In the same way as art, music, architecture, dancing, photography,
and film is criticised, reviewed and regarded as culture, fashion should also be an obvious
part of the same creative world. Even so, fashion has long been regarded as unnecessary,
vain, superficial and non-intellectual.

These examples show how different we value consumption. What one individual
regards as extravagant, wasteful, unjust, unethical or generally despicable, another
may see as an expression of creative and intellectual culture.
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At this point, we may ask ourselves if there really is something as totally useless
consumption. Although we could hardly answer no to that question, in my opinion,
consumption that doesn’t fulfil any need at all is quite rare.

However, the consumption of energy that doesn’t give any comfort or added
value, like “making a fire for the crows”, is not useful.

But what about the use of energy that creates emissions? Well, it isn’t good but it
can still be useful. The bad thing in this case is the emission in itself, not the
consumption as such.

Consumption involving human suffering or cruelty against animals is of course
objectionable, as is consumption beyond your means. And although these topics are
worthy of serious debate, they fall outside of the scope of this book.

However, I decided to challenge myself to think of an example of any product or
service that appears to create a lot of emissions without giving humankind much
value in return. And one area I thought of was space tourism. A lot of resources and
work are spent to allow a few people to experience a short period of time in the
so-called Karman line, the boundary between the atmosphere and deep space.

That, at least, must surely be entirely unsustainable?
The answer, however, is that we cannot know for sure. History is full of

examples of important things that man has unveiled by travelling beyond the
boundaries of the known world. It isn’t easy to predict which kinds of consumption
will prove to be most useful in the end.

Is Happiness for Sale?

When we fail to find other arguments against consumption, the one about happiness
is always at hand. According to this line of reasoning, we cannot make ourselves
happier by consuming more. The idea is to show that life satisfaction isn’t asso-
ciated with increased growth and consumption. Therefore, we can gladly reduce our
consumption, spare the environment, and improve our quality of life at the same
time.

It is certainly worth taking a closer look at this standpoint, as one of the most
central theses of this book is that continued consumption is of vital importance for
sustainable development.

People who criticise consumption in a happiness perspective usually point out
that the general level of happiness hasn’t changed in the latest 60 years, even though
the BNP and average income have increased significantly in the same period. There
are often references to the “Happy Planet Index” (HPI), an attempt to measure the
level of happiness in different countries. The calculation involves an evaluation of
people’s experienced well-being and life expectancy relative to the local ecological
footprint. According to the index, this proves that we who live in the richer countries
don’t become any happier because of increased consumption, as we have already
passed the maximum limit of increased happiness long ago. Consequently, we could
begin to generally reduce our consumption, with no ill effects.
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The absurdity of these conclusions can be demonstrated by the following
example: Suppose I bought a tablet PC that provided me with some benefits and
fun. If I then took part in a happiness survey, I would probably appear to be slightly
happier than before. The tablet PC would have increased my wellbeing, at least a
little.

Two years later, I would then take part in another happiness survey. The tablet
PC would no longer affect my happiness as much, because now I am used to it. The
later survey would therefore show that my happiness level was not affected by
material things.

In this way, the happiness researchers are able to conclude that people don’t
become any happier by material consumption, except for only a short time after the
purchase. This would be true for all equipment like colour TV’s, refrigerators,
tumble driers and everything else that has been made affordable for most people in
the Nordic countries since the 1950s.

But let’s imagine that all these devices would suddenly be forbidden. Not only
would the happiness score fall to the lowest value possible—it would most likely
cause a revolution of hitherto unknown fury. And we are not only speaking of the
feeling of being robbed and degraded by dictatorial means. No, the main reason
would be that no one would want to return to a life without colour TV, modern
homes, air travel and the internet. In reality, very few would accept going back in
time, not even to the material standards and welfare of the 1990s. This is also
evident from migration; very few people are voluntarily moving to countries with a
lower material standard of living.

According to the latest HPI index, the top positions were occupied by countries
like Costa Rica and Vietnam. Cuba and Bangladesh were awarded the compara-
tively high positions of 11 and 12, while Sweden and Finland had to be satisfied
with the positions 52 and 70, respectively.

Still, there are no waves of immigrants in pursuit of happiness moving to Cuba
or Bangladesh. This seems to indicate that the conclusions of the HPI index are
rather unrealistic arguments on how we should live our lives to achieve happiness.

This standpoint is supported by other similar calculations, which show very
different results. In the World Happiness Report of 2015, all the Nordic countries
were among the top 10 of the 151 countries accounted for. And in another survey,
made by the Office of National Statistics in Great Britain, the Nordic countries
topped the list in Europe in terms of general life satisfaction (Bulgaria achieved the
bottom position). These surveys confirm that there is a strong positive correlation
between a good economy and satisfaction with life.

Happiness estimates and theories about life quality are nonstarters if the purpose
is to persuade people to consume less and choose a simpler lifestyle.

Still, consumption critics can claim that the products we either know nothing
about or are still to be invented have no value for our present state of happiness. So
it is, of course. However, the conclusion with such reasoning is that we would have
all been just as happy as Homo erectus with stone axes as the only tools. This, in
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turn, raises a question as to whether there has possibly ever been a time in history
where a sustainable level of consumption and welfare was achieved, and when the
development should have been halted.

To sum up, it is important to think twice before condemning consumption. In my
opinion, we will never be able to solve a debate where different human activities
and consumption preferences are pitted against each other. In a larger perspective, it
is actually the wrong issue to focus on.

Instead, we should concentrate our efforts elsewhere, on active consumption and
technological change forced by well-considered political means of control.

We cannot save the planet by consuming less and going back to a simpler
lifestyle. Instead, we have to revaluate consumption and accept it as a positive
force.
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Chapter 7
Real and Imagined Threats

Abstract Since the focus of attention is so profoundly fixated on the problems in
the climate and environmental debate, the progress already made—and the
opportunities at hand—are often overshadowed. There is a lot of progress going on
in the world today, but not without negative side effects. When improving the world
and dealing with the side effects, an optimistic attitude provides us with a much
better chance of success than a pessimistic view. There are clear reasons why
pessimism does not support a sustainable development.

Threatening reports about our ability to create disasters and even exterminate
ourselves are not a new idea. A standard example is the British national economist
Thomas Malthus in the early 19th century, who predicted that population growth
would come to a halt because of starvation.

Malthus calculated that the available food in the world couldn’t feed more than
one billion people. He extrapolated the development from a still picture of his own
time and couldn’t fathom that food production would increase tremendously thanks
to new knowledge and technology.

Our present food production is sufficient for seven times as many. Malthus didn’t
pay attention to the fact that we live in a continuously changing civilisation, and the
same kind of miscalculations are still made today.

There are people who have even achieved the status of media superstars by
presenting various dystopias and catastrophe scenarios. As early as 1968, Professor
Paul Erlichs at Stanford University published the bestseller The Population Bomb,
where he predicted that an imminent population explosion would result in hundreds
of millions of deaths by starvation in the 1970s and 80s. Basically, he made the
same mistake as Malthus, i.e. he treated knowledge and technology as if they were
static phenomena.

The most widely read environment report in the world, State of the World, was a
loud whistle-blower when it was first published in the early 1980s. The Swedish
version, Tillståndet i världen, was published yearly from 1984 and some years into
the 2000s by the Worldwatch Institute Norden; I still have some of the early issues
left. This report contains many valuable observations and suggestions, but also
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several basic analytical mistakes. In other words, it acts as an eye-opener, but it
suffers from being tainted by political ideology.

Its main weakness is that it doesn’t take the intrinsic driving forces of progress
into account.

State of the World was translated into most major languages and is, as already
mentioned, the world’s most widely read environmental report. It has affected us
all, directly or indirectly, through school and media. Even if the Swedish version I
refer to was written some years ago, it is still worthy of discussion, firstly because it
maintains an appearance of scientific validity, and secondly because it has served as
a trendsetter for the general ideology which has been adopted by many later books
and reports on the subject at hand. It still lives on as an engraved pattern in our
conception of the world.

In the report we can, for instance, read the following:

A world where human desires and needs are fulfilled without the destruction of natural
systems demands an entirely new economic order, founded on the insight that a high
consumption level, population growth, and poverty are the powers behind the devastation
of the environment.

The rich have to reduce their consumption of resources so that the poor can increase their
standard of living.

The global economy simply works against the attempts to reduce poverty and protect the
environment.

We stubbornly insist to regard economic growth as synonymous with development, even
though it makes the poor even poorer.

Even if we up to this point have mainly described the environment revolution in economic
terms, it is, in its most fundamental meaning, a social revolution: to change our values.

Massive threat scenarios are still presented, for instance in the British scientist
Tim Jackson’s book Prosperity Without Growth from 2009, which is one of the
most widely read and frequently quoted works in this area. Tim Jackson, who is an
economist and professor in sustainable development, explains how we humans are
indulging in a ruthless pursuit of new-fangled gadgets in a consumption society
running at full speed towards its doom.

He also claims that material things in themselves cannot help us to flourish; on
the contrary, they may even restrain our welfare. In other words, we cannot build
our hopes that the economy, technology or science can help us to escape from the
trap of Anthropocene, which has brought us to the brink of an ecological disaster.

There are hundreds on books on this theme, and they all agree that the general
state of the world is pure misery; everything is getting worse, the resources are
being depleted, and that man will soon have destroyed the entire planet. The
apparent reason for this, of course, is due to the consumption culture and the present
financial system—which exposes man as a greedy, ruthless and ultimately weak
creature.

This attitude may serve a purpose as an eye-opener. But it is not very credible,
and it may even be counterproductive. Of course, we can see a lot of problems
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ahead of us; but to solve them, we need the correct diagnostics instead of dubious
doomsday prophesies.

Focus: The Problem

Since the focus of attention is so profoundly fixated on the problems in the climate
and environmental debate, the progress already made—and the opportunities at
hand—are often overshadowed. The example below will help to illustrate this
point:

In the year 2014, the Nobel Prize in physics was awarded to three scientists who
had invented blue light emitting diodes—a technology that has made high-bright
and energy-efficient LED lighting possible. As lighting accounts for 20% of the
world’s total electrical consumption, this invention has the potential to radically
reduce energy consumption and greenhouse gas emissions.

In an interview made by the major Swedish daily newspaper Dagens Nyheter,
one of the prize winners, Hiroshi Amano, says the following about energy-efficient,
inexpensive and high-bright LED lights: “They are now being used all over the
world. Even children in the developing countries can use this lighting to read books
and study in the evenings. This makes me very very happy”.

Shortly after this announcement, the news headlines declared that LED lighting
was a threat to the environment. This statement was based on a report showing that
LED lighting could be hazardous to flies and moths, which in turn might disturb the
eco system.

This is a typical example of how progress pessimists and, not least the media,
think and act. In this case, they focused on a potential problem associated with LED
lighting, and ignored the tremendous possibilities that the new technology offered
to dramatically reduce greenhouse gases and thus spare the eco system (not to
mention all the other advantages).

Books and reports of the kind mentioned above tell us repeatedly about disasters,
threats, problems, collapses and famines. On the other hand, they are notoriously
silent about the great improvements actually made—the reduction of extreme
poverty (not only as a percentage but also in absolute numbers), longer lifespans,
dramatic global progress in education and healthcare, etc.

The lack of positive media coverage on the environment means that many people
believe that too little is being done, which is quite understandable considering the
one-sided nature of the information they are presented with. Alarmist reporting
almost always reminds me of pirates: they are unreliable and half their vision is
blocked by their eye patches.

It is vital that the media not only one-sidedly focus on the misery without
presenting the progress made and suggesting constructive courses of action. The
quality of our decisions in all respects depends on our knowledge, insight and
attitude.
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Real and Imagined Threats

Many people are convinced that the climate and environmental problems are
growing. It is certainly true that our planet has its limitations, but many of the
predictions from alarmist literature have been proven false.

In the 1980s, the forest dieback was a frequently discussed subject. To quote the
well-known German news magazine Der Spiegel, an “ecological Hiroshima” was
imminent. Most experts at the time claimed that a wide-spread forest death seemed
unavoidable. Additionally, the general mood of impending doom was augmented
by the threat of a nuclear disaster during the cold war. I remember the pessimistic
discussions among friends and how frequently the gloomy reports appeared in
Swedish and Finnish television. The future of humankind appeared to be
depressingly bleak.

But the forest dieback never happened.
On the contrary, the forest area has been constantly expanding in Europe, even

during the entire period when the forest was believed to be dying. Today, only two
thirds of the yearly accretion in Europe are cut down, according to the Natural
Resource Institute in Finland.

There are different opinions as to why the large-scale forest dieback didn’t occur.
One theory is that the researchers’ evidence and conclusions had been incomplete
and too hasty; the forest was actually never in danger. Others suggest that the
emission limitations implemented prevented the disaster.

My point is that the environmental catastrophe did not happen.
Some other environmental problems, exaggerated or not, that have concerned us

during the last decades have also disappeared from the immediate agenda: over-
population, DDT, the ozone hole, heavy metals, lead poisoning, soot particles, the
waste mountain, and the acidification of our lakes. Unfortunately, some environ-
mental problems, like soot particles and waste, still remain in some areas, especially
in poorer countries, where there are other, even worse problems that have yet to be
resolved.

The conclusion is, however, that we and our society in most cases have handled
threatening situations quite well. When alarming symptoms are noted, scientists and
other experts are summoned, and we act according to their diagnoses. It is no big
deal that the diagnoses are sometimes wrong, as long as the side effects are not too
severe. The main thing is that we do our best to avoid disasters, and on the whole,
humankind has succeeded rather well this far.

As individuals, we react very differently to various kinds of threats. The closer
and more tangible the threat is, the more violent are the reactions—while distant
and invisible symptoms, like the depletion of the ozone layer, concern us less. In the
latter cases, we have to trust the scientists’ and later the politicians’ reactions.

Does this mean that disasters are avoided thanks to war headlines, threats, and
anxiety? I don’t think that this is the most important explanation; rather, it is factual
and science-based information that produces effective results. But if exaggerated
threat scenarios and reports of misery are needed to inspire the necessary political
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opinion, acquire research funding and create behavioural changes, we will have to
live with that.

The most important thing to remember in this context is that the actions
shouldn’t cause more harm than the original problem itself. The risk with exag-
gerated threat and misery reporting is that it may inspire an over-reaction based on
misleading diagnoses, or the opposite—a paralysing feeling of helplessness. It is
necessary to take threats against the climate and the environment seriously, but not
to a degree where our ability to reason and act is blocked by fear or anxiety.

Many environmental debaters claim that the fall of the Inca and Roman empires
were caused by the same causes that are now threatening our present civilisation—a
short-sighted over-exploitation and rape of nature. Easter Island is another popular
example. However, in my opinion it is both worthless and irresponsible to judge the
world situation of today by copying the outcome of earlier cultural endeavours in
history. The inhabitants of the Inca empire and Easter Island didn’t have anything
even remotely comparable with the organisations, technology, medicine or general
knowledge of today.

It would be like comparing a case of appendicitis in the past to a case today. In
pre-modern times, it was a fatal condition. In this day and age, it is cured by a
simple routine operation.

Today, humankind is conscious of the climate changes and other ecological
challenges. And we also have the knowledge and resources needed to act.

Facts, Propaganda and Hidden Messages

During all the years I have followed the development of technology and society, I
have repeatedly observed how a mishmash of serious research, political propa-
ganda, and the hidden agendas of individuals have been distributed more or less
randomly by the media. There are of course many different kinds of alarmism—
everything from well-founded research reports to exaggerated prophesies of doom.
It is far from simple to separate the wheat from the chaff.

The actions taken against ozone depletion, lead emissions and the toxic chem-
ical, dioxin, are all examples of how research has shown the way to successful
results. Today, greenhouse gas emissions top the list of issues deserving our gravest
attention, as it is a global phenomenon—just as the depletion of the ozone layer
once was.

There are also a considerable number of local environmental problems, such as
drought, air pollution, forest depletion and overfishing. All of these are real threats
that have to be acted upon, even though they are not global.

However, I am always disturbed when a single global environmental issue is
bundled with an assortment of several local issues, rather like a simplified trade-
mark advertisement for the negative consequences of civilisation. This makes the
information abstract and inaccurate, ignoring the fact that different locales require
different solutions.
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Fear and alarmism are natural reactions that once protected us when we were
living at the mercy of nature—they are evolutionary relics from our life in the
savanna. Today, the same properties can be significant drawbacks.

The transition from a primitive, animal-like state to the society we have today
must, on the whole, be counted as a great success. But many people regard the same
world as over-exploited, depleted, unjust, war-ridden and balancing on the brink of
destruction. How can people living in the same epoch have so entirely different
views of the world?

In the sustainability debate, there is one faction dealing with the natural
resources and ecosystems, and another focusing on the redistribution of wealth.
There is even a third faction discussing a minimalistic lifestyle; for example,
downshifting, with less work and less material welfare.

When all these ingredients are mixed without discretion, the result is an anxiety
soup that many have choked on. In a situation like that, we cannot expect any
constructive initiatives to materialise. Instead, it would be far better to explore,
research and discuss each dimension separately.

What Is the Real State of the Planet?

It is easy to generalise and say that we over-exploit the planet’s resources and
pollute the world with our waste. But how many care to examine these statements in
detail and ask exactly which resources are over-exploited?

• Are fish becoming extinct? It is true that overfishing occurs in many places,
which is, of course, unsustainable. However, this is not an unavoidable threat to
the world’s total food resources. Fortunately, there are several examples of fish
stocks that have either recovered or started to replenish once the fishing effort
has been eased.

• Is the air being poisoned? Many are convinced that the air we breathe is
becoming dirtier all the time. But that isn’t true, at least not in the Western
world. From the year 1990, emissions of sulphur dioxide have been reduced by
80%, nitrogen oxides by 44%, volatile organic substances by 55%, and carbon
monoxide by 62%. Despite these dramatic improvements, 64% of Europeans
believe that pollution is increasing.

• Are the forests dying? It is a general belief that the forests in the developed
countries are dwindling. But that isn’t true; on the contrary, the wooded areas
are expanding. However, the forests are decreasing in the poor countries, where
forestry and farming are still major sources of income, as they once were in the
industrialised countries.

• Are we drowning in waste? There are many who believe that we are surrounded
by constantly growing mountains of waste. In the developed countries, the truth
is that increasing amounts of waste are being recycled and the landfills are
decreasing.
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• Will there be enough phosphorus? Phosphorus is an important nutrient in
farming, extracted from phosphate ore. Many scientists fear that the finite nat-
ural resource of phosphate ore will become depleted in the future, which may
jeopardise the world’s food supply. But there are already working solutions for
this problem, such as by reclaiming phosphorus through digestion residues and
sewage sludge. There are also technological solutions for the chemical extrac-
tion of phosphorus from polluted water—the remediation of lakes and rainwater
by removing phosphorus is already a common procedure. Here we achieve a
win-win situation—phosphorus is collected while preventing the eutrophication
of lakes.

• Will there be enough energy to go around? A common statement is that the
earth’s population is too large, and that we consume too much energy with
respect to the climate. This is one of those issues where we have to think in
terms of symptoms, diagnoses, and medication. The symptoms are there for all
to see: climate change.

On the other hand, the diagnosis that we consume too much energy is wrong.
The correct diagnosis is that we are not using the right technology; i.e. energy
efficient power production without harmful emissions. Consequently, the correct
statement would be that we consume energy that is produced by technologies that
are harmful to the climate. The difference in wording is important. As the first
diagnosis is “too high energy consumption”, the remedy will be to use a different
medication than a diagnosis based on “the wrong technology”.

Alarmist reporting can inspire bad decisions if the statements aren’t systemati-
cally reviewed and evaluated. It can also be misguiding to express environmental
threats in general terms. Actions must be based on precise specific symptoms with
corresponding diagnoses. If the doctor discovers that the patient is lame and suffers
from a high fever, it doesn’t help to predict imminent death. Maybe the lameness
and the fever have different causes altogether! A successful cure would probably
include two different diagnoses with separate medications.

Several recent surveys of the general conception of the world have been made—
one is Project Ignorance by Gapminder and Novus in Sweden. One of the questions
asked was whether CO2 emissions per capita and year had increased or decreased in
the world during the last 40 years. The surveyed group was large and representative
in order to give a fairly accurate picture of the common opinion.

No less than 90% believed that CO2 emissions had increased. The truth is that
they haven’t increased at all.

It is important that decision makers on all levels learn how to see the wood from
the trees. Decisions based on false preconditions can halt technological develop-
ment, and thus also the development of the economy, welfare, and a healthier
environment.

The flow of innovations in the climate and environmental areas is accelerating
rapidly. This can be seen in the number of improvements that have occurred in
recent years, which can be counted in the thousands. Such improvements have to be
weighted on the same scale as the problems in this area. That is not to say the
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problems should be ignored—they need to be acted upon. But they should not be
allowed to occupy our brains to the extent that our power to act is paralysed.

Is the Notion of Sustainable Technology-Driven Growth
Over-Optimistic?

The development of a technological society has always been questioned. In the 19th
century, critics claimed that the technological revolution would create poverty. In
the 1970s, it was generally believed that the forest dieback would cause a disaster.
In the 1980s, the acidification of lakes and throwaway mentality of society were
regarded as manifestations of the devastating properties of growth and industrial-
isation. Today, many fear the environmental effects of air travel and the production
of electronic devices.

There are people who seriously wish to halt economic growth and wind back the
clock to the society of the 1960s. They recall this time period as small-scaled and
down-to-earth, stress-free and idyllic. But they tend to forget that the refrigerators
of that time required 90% more electricity than today, and that our teeth were
repaired with mercury fillings instead of plastic. There were no X-ray CT scanners
and no medicines against ulcers.

In addition, there were many more people living without electricity. There was
also more widespread malnutrition, a higher infant mortality, and, in fact, more
wars. Cars were fuelled by leaded petrol, and sulphur emissions were 90% higher
than today. The acidification of lakes, as well as polluted streams and fields, were
serious concerns.

Since then, technological innovations have reduced sulphur emissions and
removed the lead from car fuel.

At any given point in history, there have been critics claiming that this was the
time when we had reached the optimal point in the development of the modern
society. But we hadn’t, not then and not now. And the more our countries are
modernised, the greater our possibilities to care for animals and nature become.

In the mid-1800s, the killing of large animals like sperm whales didn’t concern
people to any significant degree, despite the cruel hunting methods using harpoons.
The benefits of the whale fat, mainly used for lamp oil to facilitate reading in the
evenings, overshadowed any empathic impulses.

In the 1850s more than 70,000 people were employed by the American whaling
industry. There were 900 ships in the world hunting whales, and during one of the
most active years, 8000 whales were butchered, which provided more than 300,000
barrels of oil.

The oil extracted from the head of the sperm whale, the so-called spermaceti oil,
was especially sought-after. It was of very high quality and sold for 1.50 US dollars
per litre in today’s monetary value. As a consequence, the number of sperm whales
in the world rapidly dwindled.
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However, when oil drilling started in Pennsylvania in the year 1859, the price of
whale oil began to fall. The fast transition to petroleum products for lighting and
other applications is considered to have saved the last of the sperm whales.

Thus, new technology can both contribute to the protection of threatened animal
species and provide the wealth to make it affordable for us to even save predators.
Imagine what would happen if we were able to bring back someone from the 19th
century and tell them that today we move wolves though the air by helicopter in
order to save the species and expand its habitat; our ancestor would probably rather
go back to sleep than listen to such apparent stupidity.

Pessimism Does not Support a Sustainable Development

There is a lot of progress going on in the world today, but not without negative side
effects. When improving the world and dealing with the side effects, an optimistic
attitude provides us with a much better chance of success than a pessimistic view.

The optimist carries a positive inner beacon to follow, while the pessimist is
always looking for potential traps and drawbacks. As visions and conceptions of
ideas often become self-fulfilling, it isn’t difficult to realise what’s most
constructive.

All decisions—big or small, conscious or not—are affected and guided by our
inner beacon. When solving a problem, such as developing a new product for
example, it is necessary to have a conception of a working solution in mind.

As a product developer, it is of course necessary to review every minute step in
the process and question the choices made. You have to ask yourself if there may be
a better material or a smarter design. Strange as it seems, this continuous struggle in
the mind of the developer may appear to be a kind of pessimism, as it is all about
looking for weaknesses in the imagined solution. It is not dissimilar from the
process a doctor follows when selecting a diagnosis and a remedy. You start with
certain hypotheses, examine, exclude, test, question and verify until you are sat-
isfied that you have made the correct diagnosis.

Then the choice of medication becomes much simpler.
It would be fatal if the doctor was pessimistic from the start and worked in the

belief that it would be impossible to find a reason for the illness, or a working
remedy. This could then be the conclusion that such a doctor would unconsciously
try to verify.

Would you like to have a doctor like that? The same is true for climate and
environmental problems—we need optimists armed with critical thinking to solve
them.

There are also so-called climate change deniers, who believe that man hasn’t
really affected the planet and its ecosystems to any significant degree. Some of them
claim that the influence of the sun and other natural phenomena are so enormous
that human activities have no bearing on global warming. Perhaps these deniers are
so deeply pessimistic that they cannot imagine any possible solutions.
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For ages, man has harboured a certain distrust of his own species. Throughout
history, various religions have emphasised human shortcomings and presented
assorted consequential threats. During the last 30 years, such prophesies have
increasingly often been introduced by environmental activists and some political
groups, whose messages have been significantly supported by the media. The
underlying conception of humanity isn’t flattering. The human race is considered to
be fundamentally ruthless, greedy, short-sighted and evil. Threats against the cli-
mate and much other misery on earth are caused by human failure.

However, if we take the time to study the progress that has been made by the
human race throughout the ages, we actually get the opposite picture. Can it really
be evil, greedy, and short-sighted beings who put their own lives at stake to treat
people infected by Ebola or HIV in poor countries? Who are the ones that are
continuously reducing the number of starving people on earth? Who are the ones
that invent vaccines for the children of the world? Who are the ones that have
developed a civilisation where an increasing number of people get educated, and
who struggle to reduce the casualties of war?

Why blame an entire species for atrocities that are actually committed by a mere
fraction? Establishing a firm belief in humankind should be the first step on the road
to sustainable development.
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Chapter 8
The Welfare Debt and the Rebound Effect

Abstract Can we conclude that the industrial countries really owe the poor
countries an environmental debt? The answer is not self-evident, because the
developing countries’ ability to increase their living standards depends on the
knowledge and innovations that have been created in the industrial countries. Our
ancestors bathed two times a year, suffered from lice and coughed perpetually in
their huts due to the smoke from the wooden fires which was harmful for their
lungs. Our generation fares incredibly much better, despite some environmental
issues. The debt to future generations will be worth far less than the heritage they
will receive, i.e. all the accumulated knowledge, medical solutions and useful things
that have been created up to this point in history. In this context it would be
meaningless to speak of a rebound effect, because it is actually nothing other than
an improved standard of living over time.

In the mid-1990s, my work brought me to Kathmandu in Nepal. There I had the
honour to give a speech regarding modern biological waste treatment to the
Minister of Health and the professionals responsible for sanitation. The audience
was enthusiastic about our biogas technology and wanted to have it installed in
Kathmandu.

Regrettably, despite all the enthusiasm and attempts to engage various aid
programmes, we were unable to raise the funds needed to start the project. The
waste strategy in the country, one of the poorest in the world, is still based on
landfills. Fortunately, the waste is no longer dumped in the river that also provides
the drinking water.

From experiences like this I have learnt that poor countries will not prioritise
environmental problems as long as they have even more pressing matters to attend
to. When there isn’t any money for things like basic healthcare, environmental
projects will appear far down on the priority list. Therefore, I am convinced that
growth and technological development is the only way forward.

On the other hand, we should keep in mind that the situation isn’t hopeless.
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In the 1960s, no one would have dared to predict that the world population
would have doubled in 2010, while at the same time less people would be starving
than ever before.

Another example: when the Millennium Development Goals for the year 2015
were defined in 1990, many people regarded them as a utopian dream. For example,
how would it be possible to cut the number of starving people in half in just
25 years? But the follow-up documentation The Millennium Development Goals
Report from FN/UNDP clearly shows that the development has succeeded beyond
expectations.

For example, the number of people living in extreme poverty has been reduced
by 700 million—at an even faster rate than what was originally planned. Between
the years 1990 and 2012, no less than 2.3 billion people were provided with clean
drinking water, thanks to purification plants. Also in this case, the original objective
was surpassed.

However, much remains to be done, and the differences between regions and
nations are vast. Therefore, 17 new global development goals were decided upon in
2015, to be fulfilled in 2030. The challenges against a sustainable development are
many, and the outcome will be strongly affected by economies, political situations
and conflicts.

As for education, the development looks promising, and there are strong indi-
cations of a leap in general knowledge outside of the traditional school systems. In
this field, computers and smartphones will once again play an important role.

According to UNESCO, a literacy revolution has started in the developing
countries. The price for information and learning aids has fallen, while educational
material is being developed and made more accessible by technological means.

Does an Accelerating Development Increase Inequality?

Many people are convinced that they enjoy their welfare at the expense of others.
After all, why aren’t the benefits of our technology and welfare made available in
the poor countries? These are unspecified, generalising and common questions.

A more relevant question would be to ask why the improvements aren’t dis-
tributed at a faster rate. One answer is simply that it takes time to eliminate the
problems, in some cases decades or even up to a century. Industrialisation and
modernisation were started at different times in different parts of the world. Some
countries went through this revolution as early as 200 years ago, while others are
still primitive agrarian societies.

Other reasons include a lack of reform—both political and religious—as well as
a lack of democracy. Of course, military conflicts are also difficult obstacles on the
road to a modern society.

Unfortunately, inequality will probably continue to increase for a while, as the
modernisation process accelerates. This may seem strange, but I will try to explain
why.
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Whoever watched Usain Bolt win the 100 m sprint in the 2012 Summer
Olympics must have noted his exceptionally powerful acceleration. He kept on
accelerating for approximately 65 m from the start, at which point he had achieved
his maximum speed. If an identical copy of Bolt had started two seconds after the
starting pistol had fired, there would have been a clearly visible expanding gap
between Bolt and his clone. This gap would have widened until the moment Bolt
finished accelerating and ran the rest of the distance at an even speed. Thus, the
distance between them would have increased even though both were running, were
equally talented, and executed the same performance. It all depended on when they
started. Once again, a snapshot wouldn’t reveal the whole truth.

Industrialisation and welfare accelerate in a similar way. The participants who
start later will have to see the gap between them and the forerunners increase in the
beginning. A sprint can never be fair if the runners don’t start at the same time. The
difference in industrialisation and the associated prosperity between rich and poor
countries can partly be explained by the fact that the richer countries started their
industrialisation process earlier.

Despite the inequality that is created by this accelerating phenomenon, the state
of the poor countries would have been even worse than today if there hadn’t been
any developed countries. The question of how to mitigate and level out the
inequality is another, politically-oriented challenge.

Suspension of Imports or Growth?

Some growth critics and environmental debaters claim that there is no such thing as
decoupling. The meaning of this is that we are unable to increase global con-
sumption without increasing emissions. According to such critics, this is true even
for countries like Sweden and Finland, where the local emissions from traffic,
energy production, and industry have been successfully reduced during the course
of many years. This is because these countries have simultaneously imported lots of
products from Asia and other parts of the world, where most of the electricity is
produced from coal. The products we consume in the Nordic countries are burdened
with greenhouse gas emissions made in other parts of the world.

From that perspective, it would not be sufficient to reduce the emissions from the
activities in our own countries. We would have to reduce our total imports and
fundamentally change our lifestyle to achieve an effective decoupling. The con-
clusion would have to be that not even green technology would be enough to allow
for economic growth combined with reduced emissions per capita.

This standpoint is highly questionable.
In the first place, to suspend the import of goods from the rest of the world is

completely unthinkable. However, let’s make this thought experiment anyway:
Finland and Sweden abort the import of consumer electronics and industrial
components from Asia and household appliances from Eastern Europe. There is no
doubt that the CO2 emissions per capita would be reduced slightly. However, the
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effect of this action is negligible on a global level. On the other hand, we would risk
being technically surpassed by other countries and eventually being transformed to
developing countries when our growth had stalled.

After spending a few years in such a downward spiral, our productivity would
have decreased to a much lower level than in the countries which had continued
their consumption, economic growth and international trading. As a consequence,
our industry and society would no longer have any money to spend on environ-
mental actions. The products that we had earlier manufactured with low CO2

emissions would no longer be fit for export, because of our reduced competitive-
ness. This production would also be moved to Asia instead.

The sum of all this is obvious—the total benefit for the climate is reduced.
If instead we continued to modernise our society, business, and industry, we

would then produce increasingly better products that support a sustainable devel-
opment both in our own countries and globally.

The last argument, and the most important one in my opinion, is that by keeping
our economy running, we would be supporting techno-evolution. If we developed
and exported competitive and efficient products, people in other countries would
also be able to use these for the benefit of the environment. Successful products
bring benefits in several steps. For example, an electronic device manufactured in
Finland could be used to better control electrical motors in cement factories all over
the world, thus contributing to the reduction of greenhouse gas emissions in the
entire cement industry.

Fortunately, it is becoming increasingly accepted in the political and scientific
communities that the climate problem has to be solved through economic growth
and technology shifts. There is hope for the planet when decision makers believe in
decoupling.

Do the Rich Countries Have an Environmental Debt?

It is a fact that 20% of humanity consumes 80% of the earth’s resources. It is also a
fact that the industrial nations have dumped increasing volumes of greenhouse
gases into the atmosphere for a long time. Many people claim that the rich countries
have already exhausted their emission quota and that they are now responsible for
the environmental problems. Therefore, it is deemed unfair that the poor countries
have to suffer the most.

In the international climate negotiations, the question of a possible environ-
mental debt is a key issue. How should the cost of the climate burden be distributed
between the countries? The developing countries rightly claim that up to now, it is
mainly the industrial countries that have filled the atmosphere with greenhouse
gases; and presently, when the poor countries try to develop their living standards,
they must pay for their emissions because of the old sins of the richer countries. The
same view is applied to natural resources: the industrial countries have raised their
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living standards with inexpensive natural resources that have often been acquired
from poor countries as a result of colonialism and slavery.

Can we conclude from this that the industrial countries really owe the poor
countries an environmental debt?

The answer is not self-evident, because the developing countries’ ability to
increase their living standards depends on the knowledge and innovations that have
been created in the industrial countries. It is, after all, the rich countries that have
paved the way for a sustainable development.

The development towards industrialisation started in a very limited part of the
world and has proceeded during the course of about 250 years. During that period,
the industrialised countries have developed the resources that constitute the foun-
dation for human welfare all over the world, including vaccine depots for almost
100% of the world’s population, basic education for more than 90% of the world’s
children, and electricity for 80% of all people. Additionally, there has been a
plethora of useful inventions, like medicines, water purification, hygiene items, and
communications equipment. Science, medicine and modern technology appear only
in places where knowledge capital and economic resources are available.

Thus, the poor countries win a lot more than they lose thanks to the benefits of the
industrial nations’ knowledge and technology, despite the long historical period of
emissions. They will achieve higher living standards much faster than the developed
countries have done, because they won’t have to repeat all the mistakes that have
been made in the industrialised countries on the long way from poverty to prosperity.
One of the most important welfare indicators—decreasing child mortality—shows
how rapid the development is in the countries where the modernisation process
started later than in industrial countries like Sweden and Finland, Fig. 8.1.

A prerequisite for the development of new technology (medical innovations,
solar energy, you name it) is that there are available resources in the form of
science, research, stabile communities, entrepreneurship, and financial risk capital.
Virtually all the medical and technological utilities that serve us today have been
developed in countries where these resources have been available, i.e. the rich
countries.

If we take both the plusses and minuses into account, the net result must be that
the industrialised countries do not owe the poor countries a debt in this respect. That
does not mean that we who live in the developed countries can forget about our
responsibilities—on the contrary. We should do our part, not because of a presumed
debt, but simply because that we, contrary to the poor countries, have the necessary
resources to do it.

The same applies to the statement on an environmental debt for future genera-
tions. If all technological development stopped right now, then we would certainly
create a debt for future generations.

Our ancestors bathed two times a year, suffered from lice and coughed perpet-
ually in their huts due to the smoke from the wooden fires which was harmful for
their lungs. Our generation fares incredibly much better, despite some environ-
mental issues. The next generation will live longer and more healthy lives than we,
and their knowledge will be much greater. The debt to future generations will be

Do the Rich Countries Have an Environmental Debt? 85



worth far less than the heritage they will receive, i.e. all the accumulated knowl-
edge, medical solutions and useful things that have been created up to this point in
history.

The Rebound Effect—A Push to the Next Level

However, if the goods and the products are becoming ever cheaper and more energy
efficient—wouldn’t this simply encourage us, the people in the rich world, to
consume even more? If we get less fuel-demanding cars, wouldn’t we just drive
more often, faster, and longer distances? And if the cost for heating is reduced,
wouldn’t we just build bigger houses?

Wouldn’t the bottom line show increased emissions and resource consumption?
This phenomenon, which is frequently mentioned in the context of a sustainable

development, is called the “rebound effect”. It illustrates the fact that the more we
increase the productivity in our society, the stronger our purchasing power becomes.
The effect is that our consumption grows—firstly, each individual can afford to
consume more; secondly, more people in the world can afford to consume products
and services as prices fall. The consequence is an increased global consumption of
natural resources and emissions, even though each single product or service can be
produced with less energy and raw materials. That’s the rebound effect.
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Fig. 8.1 Child mortality is an important welfare indicator. The figure shows that the industrial
countries Sweden and Finland needed over two hundred years to reduce their child mortality to its
present level. Developing countries like South Korea and Brazil have managed to achieve the same
development in just a few decades
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The rebound effect is a frequent issue in the environmental debate and is often
used as an argument against increased growth and consumption, occasionally even
as a reason to discontinue the development of cheaper and more efficient products.

The rebound effect exists, and it actually reclaims some of the benefits of
increasing efficiency—usually estimated at 5–40%, depending on the consumption
pattern. It is also evident that the rebound effect can be even stronger in certain
households, even close to 200%. This is a calculation of the consumption increase
that will take place when incomes grow. If a family that has lived in very humble
circumstances suddenly gets a higher income, the result might be seen in terms of
more frequent showering, a house extension, and a new car.

Therefore, some people have suggested that technological development will
come to an end unless we start to make it better balanced. There are even political
suggestions to the effect that efficiency gains in production shouldn’t be used to
raise salaries, but to shorten working hours.

Flat screen TVs are frequently used as an example of a technology failing to solve
environmental problems. New flat screens are ten times lighter than the old CRT
models, which means that they can be produced using just 10% of the natural
resources that were once needed for an old TV set. But, as the critics point out, the
new TV sets have also become cheaper by the same degree, meaning that many more
TVs are bought today than before. This is quite true—thanks to techno-evolution,
prices have reduced to the point whereby 80% of world’s population now have
access to television. Figure 8.2 illustrates the development of TV prices over time.

The weak point in this argument is that once again, the outside world and the
technology are treated as if they were static conditions. It is true that the TV sets

DEVELOPMENT OF THE PRICE FOR TV SETS
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Fig. 8.2 The chart shows the development of the price for TV sets over time. Today, over 80
percent of the world’s population have access to television, thanks to technology development and
falling prices
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have been made increasingly lighter year by year, and that is an ongoing process.
Therefore, we should rather see the TV sets of today as intermediate steps on the
road to the super thin devices of the future. It is quite plausible that soon we can
produce 100 TV sets with the same amount of material that is needed for a single
flat screen TV today, and at an even lower price.

However, there is nothing to say that the screens will be much larger. There is a
natural limit for the human eye’s ability to scan an area. If you have ever tried
sitting just two metres in front of a cinema screen, you will understand what I mean.
In fact, it is quite possible that the TV sets in the future will be a thousand times
smaller and a million times lighter—when direct projection onto eye glasses
becomes implemented—a technology that is already under development.

Another concrete example is the rebound effect on cars. The discussion goes that
if cars demand less fuel, we will increase our driving and buy bigger cars. Then the
gain in fuel consumption and reduced CO2 emissions would be more or less
devoured by the rebound effect.

But is it not more likely that most of us will drive as much as we need, regardless
of the fuel consumption? There is evidence in support of this. The Swedish
magazine På väg (“On the road”) recently compared the fuel costs of two car
models, the Volvo 240 from 1980 and the Volvo S60 from 2012. It was concluded
that it had become 23% less expensive to drive a Volvo over the last 30 years,
mostly due to higher engine efficiency. Nevertheless, the trend in the current cen-
tury is actually towards less car driving, according to statistics from Svensk bil-
provning (the official Swedish vehicle inspection agency).

The decrease is an average of 1000 km per car between the years 1999 and
2014. The same trend can be observed in Europe as a whole, Australia, Japan, and
even the USA. Thus, it seems that no correlation exists between lower fuel costs
and more frequent driving. The explanations are many: urbanisation all over the
world, car driving just for the experience has lost some of its former attractiveness,
and time—more than ever before—is becoming a scarce resource.

Additionally, alternative modes of transport have become more popular than
before, and the car has lost some of its value as a status symbol.

In this context, it is worth contemplating the fact that in the 1800s, potential
welfare development was considered to be limited by the land area that could be
assigned to oat cultivation. Because oats were essential for feeding the horses in a
society that still mainly relied on horse power, the oat fields would ultimately reach
a limit where further welfare development would be impossible.

The impact of the rebound effect varies a lot between different products and
services. But even if a considerable rebound effect exists in some cases, it cannot
serve as a general argument against making products more energy efficient. Here
are a few examples of how different rebound effects may behave:

• A factory that makes an investment in energy-saving manufacturing technology
will eventually make a greater profit. If the energy consumption doesn’t increase
in other parts of the factory because of the profit, the rebound effect is zero. This
means that the benefits will be both economic and ecological.
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• A household changes its old light bulbs indoors to energy efficient lighting but
simultaneously expands the lighting outdoors, so that the total electricity con-
sumption remains the same. The rebound effect is 100%, so there is no envi-
ronmental gain.

• Car owner A changes his car, which consumes ten litres of gasoline per 100 km,
to one that just requires six litres per 100 km. At the same time, he begins to
drive more, so the total annual consumption is reduced by only 20%. The
rebound effect is then 50%.

• Car owner B changes her gasoline car to an electric car and loads it exclusively
with electricity from solar or wind power. The rebound effect is zero—in other
words, a good choice from an environmental perspective.

Sustainability Gains Despite the Rebound Effect

During the 21st century, many people have bought new household appliances,
either because the old ones have worn out or because they consumed too much
electricity. Whatever the reason, we have got new equipment that saves operating
costs. A reasonable assumption would be that the saved money has been spent on
other consumption, possibly smart phones and e-readers. The debaters who use the
rebound effect as an argument for reduced consumption may refer to this fact as an
evidence for their thesis: the households consume the entire gain from the more
efficient household appliances.

In my opinion, this perspective is far too narrow. The rebound effect is calculated
with incorrect boundary conditions. The concept of a rebound effect is not sup-
ported by a holistic approach, because the indirect effects are almost totally ignored.

If the money saved by new household appliances was spent on electronic devices,
we should of course also take into account all the positive effects created by these
devices. When such indirect effects are excluded from the calculation, the estimate of
the rebound effect becomes totally wrong. These electronic devices may, for
example, contribute to reduced travel, which reduces CO2 emissions. The e-readers
replace physical newspapers and books made of paper, which in turn reduces CO2

emissions from both the manufacture and distribution of paper products.
In these examples it would be meaningless to speak of a rebound effect. There

are indirect positive effects with respect to the environment and the use of
resources. These effects are valid locally and—more importantly—globally. If we
take the important indirect parameters into account, the rebound effect loses all
relevance. Three of these parameters are knowledge transfer, technological evolu-
tion, and global distribution of technology.

The rebound effect, when viewed in a longer time perspective (from the
mid-1700s to today), is actually nothing other than an improved standard of living
over time. In fact, the rebound effect is actually pushing us up to a higher level of
living standard.
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Chapter 9
Technology Requires Freedom
and Responsibility

Abstract Although technology in itself is neutral, the ways in which it is used
must sometimes be kept in check. Means of control, whether informative, com-
pulsive, or incentive, are powerful instruments for directing the consumption and
technological development in the desired direction. But such means of control
should be used with discretion. Since consumption is as important to
techno-evolution, it is risky to meddle too much with consumption in general.
A forced reduction of certain forms of consumption can, for instance, “preserve”
obsolete technology, and result in the prolonged use of resource-squandering
products and harmful substances.

Will everything be plain sailing if we simply leave the world’s progress to the
techno-evolution? No, being a technology optimist doesn’t mean that you let
technological development manage itself without any human monitoring and
intervention. It is not uncommon that the technology used to solve a problem
creates a new one instead. Although technology in itself is neutral, the ways in
which it is used must sometimes be kept in check.

The list of technological mishaps in the past can be made as long as you like:
Beautiful paints and decorative wallpapers once contained dangerous levels of

arsenic that could kill both decorators and residents alike. The luminous digits on
clock faces once gave radiation poisoning to the workers painting them. Lead
additives in petrol reduced knocking in vehicle engines but harmed children playing
on roadsides.

In the early electro-mechanical refrigerators, sulphur dioxide and ammonia were
used as coolants—poisonous substances that could be lethal to any users exposed to
them. Therefore, the discovery of Freon was regarded as a great step forward—until
it was known that Freon was harmful to the ozone layer.

In the building industry there have been many flawed technological solutions
and bad choices of material that have created problems both inside and out. And
who could know from the start that the amalgam used in fillings—that revolu-
tionised dentistry—would leach mercury into the human body and nature? It took
several decades until the results of this “experiment” became revealed. This list can

© Springer International Publishing AG 2018
R. Westergård, One Planet Is Enough, DOI 10.1007/978-3-319-60913-3_9

91



be made much longer, and may easily give the impression that technological
innovations invariably create more harm than benefits.

However, all experiments, in nature as well as in technology, are bound to
contain a number of mistakes. In a longer perspective, these flaws are unavoidable
in the natural trial-and-error process of evolution, where the mutations that aren’t fit
for life will perish and be replaced by others.

The time this replacement process takes varies from case to case, and ranges
from weeks to decades, depending on how fast the problems are discovered and
understood. The important thing is that sooner or later, the techno-evolution dis-
cards solutions that do not work to our benefit. However, in some cases it may be
necessary to hasten the evolutionary process with regulations that protect us and our
environment.

The Carrot and the Stick

Means of control, whether informative, compulsive, or incentive, are powerful
instruments for directing the consumption and technological development in the
desired direction.

As means of control are important weapons in the struggle to protect the envi-
ronment, it is of interest to take a closer look at them. Prohibitions, taxes, sub-
sidiaries, and carbon credits are examples of efficient ways to affect the evolution of
technology.

Prohibitions are the most powerful means of control, as they entirely change the
preconditions for a certain technology and even can make it disappear. In some of
the examples mentioned above, the use of poisonous substances in paint and
gasoline was brought to an end by governmental interference.

A successful international ban against the refrigerant gases used in fridges
accelerated a technological change that in turn saved the ozone layer in the earth’s
atmosphere. According to the latest reports from the UN bureau UNEP and the
WMO organisation, the ozone layer is recovering, and scientists seem to agree that
the problem will be solved.

But such means of control should be used with discretion. Since consumption is
as important to techno-evolution as natural selection is to biological evolution, it is
risky to meddle too much with consumption in general. A forced reduction of
certain forms of consumption can, for instance, “preserve” obsolete technology, and
result in the prolonged use of resource-squandering products and harmful
substances.

A thought experiment may serve to show how difficult it can be to find the right
means of control to solve an environmental problem. Air travel has been severely
questioned by those who regard changing consumption behaviour as a solution for
the climate crisis. What would happen in an opposite scenario, with a lot more
travelling?
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An increased consumption of air travel would of course create an increased
demand and production of new planes. Larger production volumes would create
more development resources at the plane factories, which would direct the tech-
nology changes towards higher fuel efficiency.

The development of aerospace technology is accelerating thanks to increased
variation and stronger selection pressure. Thus, in the long run, increasing travel
furthers more environmentally-friendly planes.

This is happening right now. At the time of writing, the first planes of the new
Airbus A320 Neo model are ready for delivery. This model is a staggering 20%
more energy efficient than its predecessor. Airbus expects demand for this product
to grow—despite the present low oil prices— because fuel prices are expected to
rise again.

Is there a catch here? Wouldn’t more planes in the air create an increase of the
total amount of CO2 in the atmosphere, even if the individual planes emit less?
Doubtlessly, yes. But can the forces of evolution solve this too?

Yes, they can. If we assume that the conditions of this particular life environ-
ment, i.e. the aviation market, are changed so that it will be forbidden, or at least
very expensive, to emit CO2, then techno-evolution will support an elimination of
CO2 emissions. Both planes and their fuels will be adapted to their new life
environment.

But if the CO2 emissions from planes are a problem provoking concern, why not
then use more powerful means of control and simply forbid air traffic totally? The
answer should be obvious. A sudden prohibition would create a too rapid change
that would be fatal for development, like a sudden, overwhelming, and permanent
flood. If a permanent flood ever suddenly occurred on our planet, land-living
organisms wouldn’t manage to adapt fast enough and would simply drown and
become extinct. Therefore, moderate means of control that allows enough time for
evolutionary intensification would be a better solution.

Too dramatic changes can obliterate an existing technology, which would bring
more harm than allowing the technology to change in small steps over a longer time
period. This is where reasonable and well-balanced means of control enter the
picture.

Many people are suspicious of any means of control supporting renewable
energy. This is partly because it is the tax payers who will eventually have to foot
the bill, and partly because many mistakes are made in the choice of the means of
control. We will probably have to face many blunders, both economic and tech-
nological, on the way to a new and sustainable energy system. Tax payers will
become frustrated when their tax money is squandered on nothing, and investors
will tear their hair out as they watch their capital vanish into thin air.

There is nothing pessimistic about this description. This is simply how things
work in an evolutionary perspective: it is through trial-and-error that we reach the
next step on the ladder of development. We should remember that our objective is a
long-term adjustment to new technological solutions. By introducing economic
means of control we change the life environment of the technology, with the result
that new solutions are developed at a faster rate. In this context, the means of
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control should be aimed directly at what is considered to be the fundamental
problem, i.e. a redundancy of greenhouse gases in the atmosphere. In that way, the
technological diversity may increase and more beneficial innovations will be
developed.

At his point, it is too early to tell which investments will bring the most feasible
solutions. That is why technological diversity is so important for the transition into
a greenhouse-gas neutral energy technology. Note that I avoid the expression
transition to a “renewable” energy technology, because that would exclude fossil
fuels with CO2 extraction and nuclear power.

Much has been said about using means of control to limit air travel. In my
opinion it would be better to look for means of control that would limit the
greenhouse gas emissions of flight technology.

The CO2 tax in Norway is a good example. Air travel companies avoid this tax
on domestic flights in Norway by using bio fuel. Such incentives support devel-
opment instead of creating stagnation.

Means of Control and Creative Destruction

Early in the 20th century, the economist Joseph Schumpeter introduced the concept
of creative destruction. This means that radically new innovations can destroy and
break down entities that are dependent on the old order. Organisations, knowledge
and a lot of other things will be defeated and annihilated when new innovations
invade their living space.

Technological innovations cause a creative destruction similar to an earthquake.
A new innovation corresponds to an epicentre, and the organisations and structures
that are wiped out in the creative destruction are similar to the buildings, bridges,
and roads ruptured by shifts in the earth’s crust. Changes caused by new technology
may often seem as painful as childbirth—a new generation is born.

Schumpeter emphasises the entrepreneur as a driving force in this process, but
there are also other important elements at work in creative destruction. As men-
tioned earlier, the inventor’s main role is to create ideas (mutations). The innovator
plays a similar part, but more in the line of the further development and refinement
of ideas (selection and adaptation); i.e. introducing a product onto the market and
transforming it into a business. These roles often overlap, and in some cases, the
same individual plays both roles.

Here the planned economy of the Soviet Union may serve as an example. There
the regime decided which technologies should be developed and which products
were to be produced. In other words, the means of control were extremely rigid and
powerful. The highest priority was given to the arms technology, space technology
and nuclear power. Scientists, inventors and innovators in these fields could get an
outlet for their creative energy, occasionally with quite impressive results. But
innovations in other industries hardly existed. Neither the computer nor the electric
car could ever had been conceived in the Soviet Union.
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The main reason for this was that techno-evolution had been suspended because
its important driving forces, such as entrepreneurship, were banned. Neither was
there any mass consumption of novelties. Without consumption-driven growth,
competition and the pursuit of profit, no new products were developed in an effi-
cient way.

The intensity of the techno-evolution is dependent on its environment, and the
process will stagnate when its vital elements are amputated.

In my opinion, a political system that empowers techno-evolution is no less
important than the regulations and other means of control that tend to flourish on
the political agendas of today.

Paralysing Analyses

Presently there are a number of calculation models to compare the effects on the
environment with the consumption of resources. The MIPS method, which I have
discussed earlier, is one such model. But neither MIPS nor any other similar method
take the prolonged time dimension of techno-evolution into account. That is their
fatal flaw.

Imagine a scenario where a new invention, a so-called mobile phone, appears as
an alternative to the traditional landline telephone. Political decision makers and
environmental authorities want to know the facts of ecological sustainability to
decide about the relevant means of control and manufacturing authorisation. They
decide to make comparative lifecycle analyses of both these telephone alternatives.

The design of the landline telephone isn’t very complex; it contains rather few
materials. The mobile phone is much more complicated and contains complex
materials and unusual metals. Additionally, its production consumes 20 times more
natural resources than the landline alternative. (Please remember that the first
mobile phones weighed 4–5 kg and were the size of a coffee maker.) The calcu-
lation presuppose that the services performed by the products are the same. All you
can do with them is make telephone calls, right?

How would a decision maker of today deem this situation?
Governmental decisions based on MIPS or any other similar sustainability

analytics model would of course have been in favour of the landline phone. The
analysts couldn’t have foreseen that the active consumption of mobiles in just a few
decades would make them 100 times lighter, 1000 times cheaper and 10,000 times
more useful—hard evidence based on actual development. There is no way they
could have foreseen how many incredibly useful operations a mobile can manage as
soon as it is taken out from your pocket.

The development of the mobile telephone could have been aborted with the help
of various means of control, with the justification that it would transgress the limits
of the planet because of the consumption of rare metals.
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Another hypothetical example would be if our assumed decision makers met to
decide about investments in mechanical, handheld calculators or in the first 30
tonne computer ENIAC.

What would the result have been of this comparison, based on a sustainability
analysis made in the year 1946?

Today we need only half the land area to produce the same amount of food as
50 years ago. In another 50 years, we will have even better developed crops and
cultivation methods plus cultivation in dedicated factories. Sustainability analyses
have their uses, but we have to keep in mind that they are lopsided because they do
not pay attention to the fact that we live in a dynamic world.

Care and Testing

A common suggestion in the environmental debate is that technological products
should be tested and developed more thoroughly in manufacturers’ laboratories
before being launched on the market. The intension is that we would get better,
safer and longer-lasting products.

However, testing products before their market introduction with the intension to
avoid all possible negative consequences would be next to impossible. Such a
procedure would only hamper development and might even delay much-needed,
useful products by hundreds of years.

All these phenomena—stability, balance and eased selection pressure—have
certain drawbacks in the biological world, and even more so in the world of
technology. A too strong focus on the potential risks involved is often a doubtful
strategy.

There is no present simulation technology that can predict, for instance, which
electronic products we will use in the year 2030.

Proving with absolute certainty that radiation from wireless data communication
is not harmful would have required long-term studies over a period of at least
30 years. The benefits of improved healthcare, saved lives, increased knowledge
and a healthier environment would have had to wait. Omnipotent authorities are
frightening in many ways.

On the other hand, there are many examples of technologies from the past with
initially undetected side-effect that should have been tested much more thoroughly
before the products were allowed to hit the market. In the future, however, a
growing arsenal of test and simulation algorithms will hopefully precede direct
market selection. In addition, the consumers’ selection will partly be transferred to
the web, whereby the first selections will be made in the virtual world.

Perhaps computer-based impact assessment systems will eventually be so
sophisticated that they can predict almost all possible consequences before a pro-
duct is introduced on the market. However, until then we must rely on selection
pressure and natural consumption selection.
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Chapter 10
Resources Are Dwindling—Yet Growing

Abstract If you believe that our civilisation stands and falls with natural resources
like petroleum and coal, you consider fossil fuel, and especially cheap petroleum, to
be the most essential element in the ascendance of industrialism and modern
society. In my opinion, however, fossil fuels are not the main explanation for high
living standards in the industrialised countries—rather, the reason lies in brain-
power and techno-evolution. One thing that is seldom or never mentioned in the
environmental debate is that there are also resources that are constantly growing.
These resources are foremost of a kind created by humans themselves, like human
health, knowledge, and all products and services that we have created.

With a population of nine billion by the year 2050 and an additional two billion by
2100—all desiring a decent standard of living—it doesn’t take much to realise that
the planet will have be managed in a smarter way than it is today. And it is not just a
question of dealing with climate changes! We also have to deal with the acidifi-
cation of the oceans as a result of CO2 emissions, as well as pollution, eutrophi-
cation, and other issues.

More worryingly still, it would appear that the raw material resources of the
world are becoming depleted in pace with increasing demand. Some leading sci-
entists even claim that soon we will be suffering from a severe shortage of metals
and minerals. This concern is understandable if we are to assume that consumption
will continue while development stands still.

The concept of natural resources is very wide; after all, we are dealing with
about 80 pure elements and more than 5000 different minerals, many of which will
fortunately suffice for millions of years to come.

The quantity, recyclability, and resilience of natural resources varies greatly and
can be divided into renewable and non-renewable types. The latter are also known
as finite resources. The term renewable, as per definition, deals with everything that
can be regenerated, for example biomass. However, there are also many exceptions
to the definition. Solar energy, for example, is also considered to be a renewable
resource. Non-renewable resources are, among others, fossil fuels and minerals.
Peat is essentially a biomass, although it is still not regarded as a renewable, like
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wood is, since its regeneration process is extremely slow. And although metals are
not renewable resources, they can be recycled—unlike fossil fuels. There are also
other ways to classify and define natural resources.

However, the fact that some finite natural resources will eventually disappear is
not an unsolvable problem. One such finite natural resource is petroleum. By the
time petroleum has gone altogether, it will have been replaced by solar power and
other renewable energy sources. With respect to the environment and greenhouse
gases, it would even be beneficial if there was no petroleum left. Whatever the case,
the fact remains that petroleum simply won’t be needed in the future.

On the other hand, there are critical natural resources that are priceless, like the
air, the sea, the food supply and many other things that nature provides, so-called
ecosystem services. Forests and fresh water, which belong to the category of
renewable resources, are also critical, in that we cannot survive without them.

In this area there is a need for political means of control, in the form of pro-
hibitions or other limiting actions.

However, the concept of sustainable development—as it is commonly defined
today—has two important weaknesses. One is that it is very general, so that it
allows for widely differing interpretations. The other weakness is that today we
cannot know the net value that future generations will find in the things that our
generation creates with the natural resources. As such, the values of natural
resources and ecosystems should be expressed in concrete numbers—something
that is much easier said than done. Moreover, the future value of humankind’s
efforts is even more difficult to prove.

On the other hand, we have enough knowledge to establish certain frameworks—
regarding global warming for example—as was seen at the UN climate change
conference in Paris 2015.

The Process Box of Civilisation

To further illuminate the question of what sustainable development really is, we can
visualise our civilisation and its planet as a closed box where we enter natural
resources and work at one end. At the other end of the box, the modern society
emerges, with everything that has been created—including waste, of course. This is
the process box of civilisation, which is another way to look at sustainable
development.

Maintaining human life, with food, homes, entertainment etc., requires basic raw
materials, i.e. various kinds of natural resources. Using these natural resources, we
transform our world.

As with all progressive processes, we have to make an assessment as to whether
a particular process is value-adding or not. In other words, is the output value
higher than the input value, after taking the negative environmental effects into
account?
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In the past, the process box of civilisation was regarded as being infinite, which
was naturally wrong. Nowadays, it is often viewed as a “box of destruction”, where
the good things in the output are under-valued. On the other hand, emissions and
waste are also undervalued, as there is no specified value deduction for some kinds
of waste, like greenhouse-gas emissions. Most scientists in this field agree that the
transgression of some of the planet’s ecological boundaries, like the level of CO2 in
the atmosphere, has caused alarm bells to start ringing. Therefore, the process must
be adjusted, but not shut off.

Infinite and Finite Resources

A relevant issue worrying people today concerns what would happen if the input
materials (i.e. the natural resources) were eventually finished. Fossil fuels, for
example, are some of the most important input materials right now, and are con-
sidered to become depleted in the not too-distant future. Many
environmentally-engaged people and organisations assert that the industrial world is
built on fossil fuels, especially petroleum, and claim that the orgy of consumption
will soon be over. The impending fossil fuel shock is even being described as the
collapse of civilisation.

However, an increasing number of people—myself included—do not regard the
end of the fossil-fuel era as a problem, but rather the opposite. How can such an
issue of global proportions be regarded so differently?

It all depends on how great an importance you attach to petroleum and other
fossil-fuel sources. If you believe that our civilisation stands and falls with natural
resources like petroleum and coal, you consider fossil fuel, and especially cheap
petroleum, to be the most essential element in the ascendance of industrialism and
modern society.

In my opinion, however, fossil fuels are not the main explanation for high living
standards in the industrialised countries—rather, the reason lies in brainpower and
techno-evolution. Civilisation has been made possible through innovations—not
only in the field of technology, but also in social structure, general science, and
culture.

If there hadn’t been any petroleum, we would simply have turned to other energy
sources instead. In this light, we will have no problems managing without the need
for fossil fuels in the future.

The Copper War that Never Started

In the 1970s, it was generally feared that the world’s supply of copper would soon
be depleted. There were alarming reports in the media that a war for copper was
going to break out when China started to extend their telephone network. Today
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there are far more telephones than could be imagined in 1970; not only in China,
but in the whole world. However, no fighting over dwindling copper reserves
occurred—on the contrary, copper prices have fallen thanks to the transition to
wireless telephone technology.

Today there is concern that rare metals like cobalt, tantalum, neodymium, and
germanium will soon become depleted. There is no denying that some metals can
become extremely rare, which will make their prices skyrocket as they become
increasingly scarce. However, this will simply lead to the development of alter-
native materials and a reduced demand.

At the same time, and for the same reason, an efficient recycling of such metals
will be introduced. The recycling of worn-out products containing such precious
metals will suddenly be recognised as a profitable endeavour. This is part of a
circular economy, a process that market forces usually manage well on their own.
A third consequence is that prospecting and technology regarding the utilisation of
metal will be further developed, so that new sources can be found and raw materials
will be used in a more efficient way.

Those concerned about depleting resources in the future can rest assured that
many of the important materials used today remain virtually unlimited, i.e. silicon,
iron, calcium, aluminium, hydrogen etc.—as well as solar power.

Nevertheless, suppose we were to ask ourselves if it could ever occur that a rare
metal became totally depleted before a useful substitute was found. In theory, the
answer to such a question would have to be yes, although in practice, I do not
believe that such a situation would ever occur. It would be utterly astounding that
there would have been no innovation made to save the day—founded on principles
that would eliminate the very need for the lost resource.

Throughout history, there have been several occasions when a substitute was
found as an important resource became depleted. A classic example is the fertiliser
saltpetre (or potassium nitrate), a finite resource that was essential to agriculture all
over the world a hundred years ago. There had once been great volumes of saltpetre
in Chile, but supplies eventually dwindled.

As a resource becomes depleted, the usual turn of events—as mentioned earlier—
is that the price for the supply rises, which makes the search for alternatives
worthwhile. In the case of saltpetre, a new chemical process was developed to create
an industrial fertiliser. Two German chemists—Fritz Haber and Carl Bosch—
invented the so-called Haber-Bosch method for the generation of an artificial fer-
tiliser, for which Haber was awarded the Nobel Prize in chemistry 1918. Over time,
Chilean saltpetre became fairly unimportant thanks to the artificial fertiliser.
Consequently, a natural resource was replaced by an artificial alternative that has
since saved millions of people from starvation.

15 years ago, there was great concern that lead (Pb) would soon become a totally
depleted metal. Today, when we look at the market prices for lead, there is nothing
to support such concern. Lead has been phased out from many products, as the
developed countries have replaced it with other metals. In addition, the recycling of
lead is very efficient. The same is true for many other important raw materials—
cotton being another example.
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Presently, a large number of alternatives for cotton exist on the market, for
example viscose, lyocell, polyester, hemp, and water hyacinth. These textiles have
properties that are sometimes even superior to those of cotton. It would be quite
possible to replace cotton entirely, if needed. As a matter of fact, many of the new
materials affect the environment less than cotton, which requires a lot of water for
its cultivation.

Drinking water is a natural resource that is in short supply in many parts of the
world. There is, of course, an abundance of water in the world as a whole, but there
is a severe lack of clean drinkable water in several places, mainly because of war,
distribution problems, and primitive social systems. Thus, clean drinking water is a
critical natural resource, albeit it is not a finite resource per se. The problems are of
an entirely different kind than the risk that water as a resource would be totally
depleted on earth.

Extensive deforestation has consequences for ecosystems in some parts of the
world, especially in countries which are not yet industrialised but dependent on an
income from expanded farmland and timber. In the USA and Europe, however, the
reduction of forest areas was halted many decades ago. Thus, the problems asso-
ciated with natural resources are different depending on the kind of resources and,
even more so, which countries are in focus. Another important fact in this context is
that over-exploitation is usually reduced in pace with rising living standards and
modernisation.

The pressure on natural resources is eased as new technology is being devel-
oped. For example, land-based fish farming can save water environments and
emission-free technology can improve the air we breathe. Non-poisonous agricul-
tural chemicals can spare the insects that are needed for the ecosystem services.

The fear that vital natural resources will disappear is old, as it has its origins in
the instinct for survival. From that point of view, it is quite natural that people are
worried today. This may also be the reason why civilisation critique is frequently
rather unfocused. The debaters illustrating the impending end of our natural
resources with a number of earth planets, footprints, or “Overshoot Day”—the day
of the year when we transgress nature’s annual budget—are not always explaining
exactly which resources they are including in their calculations.

Up until now, such prophesies of disappearing resources have always been
wrong.

Often the availability of a certain resource has been underestimated and new
sources have been found. Resources like common metals, fuel, minerals, crops and
other biomass materials will probably not be depleted in the foreseeable future.

The second reason why such prophesies have been proven wrong is that ways
have been found to extract natural resources from sources that have earlier been
deemed as unattainable or unprofitable. The third, and most important, reason is
substitution—where new technology makes it possible to create a substitute for the
lacking resource, or a new technological solution is implemented that eliminates the
need for the rare resource or even its substitute.

We use our knowledge to create new substitutes even for raw materials that are
still available in abundance. A few examples are bio fuel as a substitute for
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petroleum, bioplastics instead of petroleum-based plastics, synthetic rubber, metals
replacing other metals, carbon fibres replacing metals and industrial diamonds
instead of rare natural ones.

Another current example of a threatened resource is lithium. The demand for
lithium, an important component in batteries for smartphones and electric cars, is
skyrocketing. However, researchers at Stanford University have recently reported
that aluminium—the most common metal on earth—could become a substitute for
lithium.

At the time of writing, scientists at Lund University in Sweden have found a way
to use iron as a substitute for the expensive and rare metal ruthenium in solar cells.
As we all know, iron is cheap and available in large volumes. The business
magazine Forum reports that a partnership of university scientists in Helsinki and
Barcelona has developed and patented solar cells based on black silicon. One
reason for using silicon is that it is abundantly available in nature, like copper and
aluminium.

Furthermore, black silicon technology offers a very high thermal efficiency and
facilitates the capture of solar radiation at a low angle, which is particularly
important in the Nordic countries. And there is nothing to imply that the growing
contribution of solar cells to our future energy supply will be limited by a lack of
natural resources.

From Waste to Resource

Waste management is an area deserving special attention. The waste problems
associated with urbanisation have been a source of poor hygiene and illness from as
early as the Middle Ages. In the 1970s, there was a growing concern for the
stinking mountains of detritus that threatened to overwhelm cities as consumption
increased. The waste mountains were perceived as a menace against both the planet
and humanity. The stench and filth were not the only problems—even worse, the
leaching of heavy metals and other poisonous substances threatened to pollute the
watercourses. At that time, it was difficult to find any feasible countermeasures.

Today, we have a number of workable solutions, and few regard waste as an
unsolvable environmental problem, even if there is still room for improvement.

A fundamental waste strategy in the EU is composed of the following steps:
minimising or preventing the generation of waste as far as possible, re-using and
recycling material, recovering energy from waste, and finally disposal of remaining
waste in a safe way. In countries with highly-developed systems for recycling and
energy recovery, only 5–10% of waste ends up in landfills.

The waste from farming and industry is also fairly well managed in the devel-
oped countries, and the same goes for hazardous waste. There are no longer giant
mountains of waste spreading their reek far into our cities.

But the inequality is profound—the waste management policy in poorer coun-
tries is still primitive. Nevertheless, the working waste management in the

102 10 Resources Are Dwindling—Yet Growing



developed countries of today most conspicuously shows that the solution for the
waste mountains of the 1970s was not reduced consumption, which many at that
time regarded as the only possibility.

The development was exactly the opposite.
As consumption increased the waste mountains shrank. However, the waste

management issue has also shown that market forces and technology are not always
able to solve the problems on their own. Cooperation between decision makers,
environmental authorities and industry organisations is also necessary.

In the Nordic countries of today, metal, paper, plastic, and many other things are
recycled and re-emerge as new raw materials. From the remaining waste, energy
can be recovered. Some of the organic waste is simply returned to nature, while the
rest remains as an intermediate stock resource that will most probably be recycled in
the future.

The small fraction of waste that cannot be used in any way is taken care of and
destroyed or disposed in a safe way. The part that is still buried in landfills and
remains a potential risk to the ecosystem is rapidly decreasing. The overall trend is
very promising, in that recycling regulations and the associated technology are
being developed while the value of waste material is increasing. I dare to make the
prediction that 20 years from now, waste problems will be globally under control—
if not finally solved completely.

Growing Resources

One thing that is seldom or never mentioned in the environmental debate is that
there are also resources that are constantly growing. These resources are foremost of
a kind created by humans themselves. And one of the best examples is human
capital.

The concept of human capital is generally defined as the sum of human
knowledge, ability and capacity. Human capital is continuously increasing on a
global level, partly because the population is growing, and partly because
increasing numbers of people attend school and receive the benefits of a higher
education. The increasing availability of information and learning material is also
contributing to human capital.

Human capital is useful for finding solutions to various problems, contemporary
as well as future—everything from identifying dangerous meteorites on their way to
earth, to new treatments for the sick. It is, for example, an invaluable resource to
have talented scientists available when a new virus appears somewhere in the
world, or to have experts who are able to manage and solve problems associated
with natural disasters. The available knowledge at humankind’s disposal in
chemistry, medicine, economics and other useful areas is just the tip of an iceberg
that represents the enormous potential of human capital. Additionally, there is still a
lot of brainpower out there that hasn’t had the opportunity to realise its full
potential.
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In a book I read, a metaphor is given with the intention of illuminating the
unsustainable consumption and depletion of natural resources:

A family that sells a capital asset, their house, can live well for many years on the payment
that they received when they sold the house. But when the money is gone, the family has
nowhere to live and nothing to live on. The same is true for the resources of nature—and,
up to a point, the climate balance.

The writers claim that humankind is consuming the planet’s natural resources
and that, consequently, we soon won’t have anywhere to live. In my opinion, a
more correct picture of the planet’s state would be that the family sells their house,
and uses the money to rent a flat and improve their education.

With better education, they can increase their income and buy a new house—or
use their new competence to build a better house.

The latter metaphor takes the human capital into account, which the earlier didn’t.
A remarkable observation that I have made regarding human capital is that

almost every company in the world seems to emphasise that their staff is their most
important asset. This claim is repeated time and time again in annual reports,
company presentations, staff strategies and recruitment policies.

But in the case of global population growth, I haven’t noted a single individual
in the business world, in the media, among the politicians or environmental
researchers or others, who have had anything positive to say about the fact that we
will have an additional four billion people at our disposal at the end of this century.

On the contrary, it is described as a severe problem, a menace against the
climate, the natural resources and our ability to support ourselves. Scientists have
even designed a mathematic equation that shows exactly how much each new-born
child adds to the burden of our already faltering planet:

I = P � A � T is a frequently quoted equation in discussions regarding
sustainability.

I = environmental impact
P = population
A = affluence
T = technology
This equation was created by American environmental debaters in the 1970s and

is still frequently quoted. In the equation, population is only counted as a burden to
the environment. As far as I know, environmental scientists and debaters have never
regarded population as a positive force, i.e. as an increase of the human capital that
may contribute to the reduction of pollution and other related problems.

What if we could regard four billion additional brains as a super resource!
A clear majority of these people will attend school. Most of them will have

access to mobile internet connections and digital education up to university level,
probably virtually for free. Today there are already free courses published on the
internet by American universities. There will be thousands of potential geniuses
among these billions. They will be scanned and found by organisations that are
looking for innovative and talented people.
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So many new brains—connected for problem-solving via the internet—can only
serve to increase the human capital of the world in an entirely new and decisive
way. A total of 11 billion human brains in interaction with supercomputers,
intelligent algorithms and organisational software can, already in this century,
create a new mega-resource that may surpass a science fiction writer’s wildest
dreams. That is a very different way to regard the population increase in the world.

On the other hand, we shouldn’t forget that over-population is a current problem
in some countries, for example in parts of Africa. In such countries, we cannot
simply rely on a modernisation of the society to automatically alleviate abject
poverty. It is apparent that several different kinds of aid are needed.

Structural Capital and Big Data

Structural capital is another rapidly growing resource. This concept includes things
like system descriptions, documented experience, research results, standards,
instructions, models, analyses, directives, statistics, and patents, to mention a few
examples. In other words, this is the sum of all the intellectual value that man has
created that also exists independently of us. That is how structural capital is
described in terms of business economy. Perhaps the world economy in itself, with
all its systems, could be included in the concept of structural capital.

Structural capital is different from human capital in that it is the kind of resource
that remains in companies and public organisations when the staff has left the
building. One example of this is the concept known as big data. This can briefly be
described as a way to collect and analyse the enormous volume of information
stored in digital form, available via the internet. This structural capital includes the
data sources, i.e. the information as such, the traces of data traffic and the analytic
algorithms. Through sophisticated data analysis, new statistical correlations can be
discovered rapidly. Such analyses can reveal patterns which may be very infor-
mative, even if there are no records of any cause and effect.

Using big data, researchers can analyse large volumes of internet queries and, for
instance, detect an increased frequency of search words that may indicate that a
dangerous kind of flu is breaking out in a certain region. That way, we can already
discover some impending epidemics faster by big data analysis than through the
traditional health organisations. In similar ways, big data can contribute to the
mapping of climate changes, criminality, correlations between behaviour and
specific diseases, and much more.

There are even experts who believe that big data will help us to predict and
mitigate the effects of natural and environmental catastrophes already in the next
decade. Some consider this phenomenon to be a new kind of infrastructure that may
totally change our world.

Big data is only one example of structural capital and other immaterial resources
that will be just as valuable as any natural resource.
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Social capital is another resource. This is a way to evaluate the trust and
reciprocity that exist between people in a society. There are several definitions of
social capital—one of which has been formulated by the Swedish political scientist
Bo Rothstein at Oxford University:

Social capital is the number of people connected multiplied by the level of trust in these
connections.

The most interesting thing with this resource, in the context of sustainability, is
that it is growing. In practical terms, this means that there are gradually fewer
conflicts in the world, and that people are becoming less violent. There is a slow but
continuous global peace process in progress, even if we may be inclined to believe
the opposite when following the media or when watching the world through a
narrow time slot. Although there has been some negative development during the
most recent years, the positive trend is clear in the long historical perspective.
Whoever doubts this can study the research reports published by World Values
Survey. The scientists there suggest that the positive development is supported by
industrialisation, trade, modernisation, and economic development.

Their explanation is that we are advancing increasingly further away from
societies based on hunting and agriculture, where the control of physical territories
was vital to have food on the table. People once had to fight for their hunting-
grounds, farmlands, and other natural resources in the vicinity for the sake of
survival. Modernisation is gradually eliminating the need for such behaviour.
Cultural changes and inclusive democracy are also mentioned among the reasons
for a more peaceful world.

International trade and travel are other factors to promote peace. As has been
mentioned in earlier chapters, culture, democracy, and trade have always evolved
together with technology, which shows that social capital cannot be assessed
separately from industrialism.

Artificial Resources Growing at High Speed

Artificial resources are another rapidly expanding resource type. I use this term
because conventional terms like “real assets” and “the sum of society’s resources”
do not quite cover all the kinds of resources that we are dealing with here.
Additionally, the concept of “artificial resources” suits well as a counterpart to
“natural resources”.

This concept includes resources like electricity, housing, vaccine depots,
refrigerators, indoor heating, lifesaving equipment, healthcare technology, com-
puters—you name it! In this light, everything that keeps us alive has to be regarded
as an artificial resource.

A large part of our material assets—like buildings, bridges, dams and tools—has
a very long useful lifespan and will thus be available for many generations. The
Caravan Bridge over the River Meles in Turkey is over 3000 years old and still in
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use today. Thus, we have not only consumed nature’s resources, but have created
new ones too.

In the near future, artificial intelligence will emerge as one of our most important
resources. It will have the potential to solve problems that are seemingly impossible
to manage today.

At present, it is true that the natural resources of the world are being relentlessly
exploited for every house and electric car that is built. It is also true that the material
recycling of scrapped products will solve part of the problem, but not all. Some
material is always lost, and some is temporarily tied to the products manufactured.

Nevertheless, artificial intelligence can provide a tool that may solve the entire
problem. With the expected escalation of AI, we will gain access to a technological
brain capable of managing problems of a complexity that a human brain would
stand no chance of solving.

So how will this superintelligence be able to solve the concrete challenges faced
due to the consumption of natural resources?

The answer is that it will be handled in several different ways!
In the first place, we will get the means to identify the critical resources and

calculate and map the resources available in the world.
Artificial intelligence already provides more reliable weather forecasts. The next

AI generation—artificial superintelligence (ASI)—will help us to clarify and
manage climate changes in a way that contemporary scientists can only dream of.
Thus, we will have a powerful tool that will provide us with more hard facts instead
of different levels of probability.

With the aid of artificial intelligence, we may also learn how to use materials
more effectively. Today, a common private car weighs about 1500 kg, but there is
nothing to say that it couldn’t be made to weigh just 500 kg. It’s all about opti-
mising the design, the production, and the material used.

Artificial intelligence can also make it possible to develop entirely new
materials—e.g. in a revolution of an even greater magnitude than when plastic was
invented. Changing from rare to common materials is nothing new, but it can be
made much more efficiently with the aid of an increased thinking capacity.
Additionally, the sharing economy and logistics can be developed into much higher
levels. In the future, we will also be able to develop smarter technology in the field
of power distribution. Already today, the supply and demand of electricity can be
controlled and better matched thanks to smart technology solutions.

The Essence of Technology—A Natural Resource

Techno-evolutionary capital is a context and an idea that I want to introduce as an
additional growing resource. I haven’t been able to find an existing definition of
this, so I take the liberty of creating one: Techno-evolutionary capital is the value of
techno-evolution that occurs without organised human intervention.
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Admittedly, the basic form of techno-evolution—as described in the earlier
chapters—would not be possible without human beings. However, it would be
wrong to treat human capital and techno-evolutionary capital as being exactly the
same thing. Techno-evolution doesn’t merely exist thanks to human capital—it also
transcends this relationship, through basic evolutionary processes that began long
ago and are still in force today.

These basic processes are universal and have not been created by humans—they
merely follow the same principles and patterns as all other forms of evolution. As
mentioned at the start of this book, these evolutionary processes existed on earth a
billion years before man—in fact even before any life appeared on the planet.

Big data is an example that shows how a new technological asset emerged into
existence, entirely without intent and any human control. No one in the 1990s could
have guessed that the internet would offer this opportunity, and no one planned it.

Big data was created by techno-evolution.
It was suddenly discovered by someone—ready to be harvested. In a long time

perspective, all artefacts, products, systems and services are subject to this
“driverless” development. In one way or another, all technology is affected by
techno-evolution.

This is a valuable asset that has lifted us from animals to humans, from cavemen
to space travellers; and it is growing in pace with the expansion of the technosphere.

One thing that is obvious is the fact that techno-evolution is working to the
benefit of humankind. Right now, for example, it is in the process of creating
artificial intelligence and ASI, which will probably prove to be the most important
artificial resource thus far in the history of humankind.

In light of the above, techno-evolutionary capital can actually be regarded as a
kind of natural resource.

Artificial Resources—A Summary

In conclusion, the resource increase is the sum of human capital, social capital,
structural capital, all artificial resources, and the techno-evolutionary resource.

The consultant company McKinsey—a world leader in business and organisa-
tional development—has taken a close look at all the revolutionary technologies
emerging at this time. In a report from 2013, Disruptive Technologies: Advances
that will Transform Life, Business and the Global Economy, 12 new technologies
are listed. Until the year 2025, the combined value of these economies is considered
to represent a staggering total of 33,000 billion US dollars.

Fortunately, the report shows that several of the new technologies will be mostly
beneficial to developing countries. As examples, the mobile internet, cloud tech-
nology and services, 3D printing and renewable energy can be mentioned. These
steps forward will undoubtedly leave good footprints.
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In short, the growing resources are: human health and competence, the world’s
total wealth of science and knowledge, all physical products and services that
humans have created, and techno-evolution in itself.

Considering everything that is included in this impressive list, I am convinced
that the list should be taken into account when talking about the earth’s resources
and the global balance sheet.

Thus we have every reason to expect that techno-evolution will ease the pressure
on our finite natural resources. In the next chapter, we will discuss our planet’s
enormous energy potential and how the climate issue may be solved.
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Chapter 11
The Climate Issue Can Be Solved

Abstract Among all the resources needed for human survival, energy is as
indispensable as water, food and oxygen. Unfortunately, the use of fossil fuels to
supply our energy needs has created several problems, of which climate change is
the most threatening. The starting conditions for problem solving are excellent.
Considering the enormous energy potential, in combination with an accelerating
techno-evolution, my estimate is that the energy price in the world may be reduced
to a tenth of its present value, during the coming decades. Inexpensive and plentiful
energy allows for growth within the ecological boundaries of the planet and can
solve most of the current challenges to civilisation.

The use of fossil fuels to supply our energy needs has created several problems, of
which climate change is the most threatening. Consequently, we have to find a
solution that also reduces the greenhouse-gas emissions in the atmosphere.

At first, this may seem as an impossible task. However, an encouraging fact is
that there are virtually endless volumes of clean energy within reach, and we have
already begun to harvest them. So there is hope! The only catch is how to bring the
new sources of energy into use at a faster rate.

The energy the sun delivers would be enough for 70,000 billion people, if we
could use it all. That should be compared to the mere seven billion people living on
the earth today. If we could fully salvage just 1% of the sun’s total energy input, we
would have access to all the energy we will ever need. One percent doesn’t sound
like much—the potential is enormous!

It is only a question of time before the amount of solar energy we need becomes
economically and technically possible to collect. Scientists in this field have sug-
gested that 50 years from now, as much as half of our energy demand may be filled
by solar-based solutions. Personally, I think that it can happen much faster—given
that there is no breakthrough for some other sustainable and cheap energy source
before that.
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Energy Supply and Energy System Services

Ecosystem services are something we humans cannot do without; for example, the
purification of water and air that is managed by vegetation, pollinating insects, the
fungi and bacteria cultures in the soil, and so on.

Ecosystem services are invaluable to us. Likewise, energy system services, such
as heating and air conditioning, lighting, food processing, and the power for
manufacturing and transportation, are also vital for our survival. Having a reliable
energy supply is a prerequisite for a civilisation’s existence.

Of all the energy that we use in the world today, 80% originates from fossil
fuels, i.e. coal, petroleum, and natural gas, which all produce greenhouse gases. The
rest is produced by nuclear power and renewable energy sources. According to the
International Energy Agency (IEA), approximately 75% of the energy requirements
in 2040 will be fossil-fuel based, despite the development of renewable energy. The
main reason for this is due to increased standards of living, especially in the
developing countries.

By then, the share of natural gas in the energy mix will have increased strongly
at the expense of coal, which will result in reduced CO2 emissions, since gas is
better than coal in this respect.

Nevertheless, to limit the increase of global warming to a maximum of two
degrees Celsius, the share of fossil fuels should be reduced further, or be combined
with CO2 neutralising technology.

During the years between 2014 and 2040, the primary energy demand of the
world—mainly electricity, heating and vehicle fuel—is calculated to increase by
25%, of which the share of electricity is no less than 65%. Consequently, the
production method used for electricity is of decisive importance.

Nuclear power is predicted to double during this period. Solar, wind and
hydropower will also increase and are expected to cover 34% of global electricity
production in 2040, according to a scenario estimated by the IEA.

The utilisation of wind power production is currently 30% of the installed
capacity, while the utilisation of solar power is a mere 20%. This means that the
efficiency of solar and wind power installations has to be dramatically increased in
order to achieve the stipulated 34% share of the total electricity produced.

If storage technology is developed faster than is expected today, the picture may
change. Another method would be to build electrical grids with high voltage direct
current, which would make efficient energy distribution over long distances pos-
sible. As the wind always blows and the sun always shines somewhere in a suffi-
ciently large geographical area, such a system could level out the varying
availability of renewable energy production.
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The Research Situation Concerning the Greenhouse Effect

The air layer of the atmosphere becomes thinner the higher we go; 80% of its mass
is located under an altitude of 11 km. If the entire volume would be evenly dis-
tributed with the same density, the layer would be eight kilometres high.

If we imagine that the earth is the size of a football, the volume of the entire air
layer would correspond to that of a table tennis ball. In other worlds, we are
travelling through space on a football with an air tank the size of a table tennis ball.
The chimneys and exhaust pipes of every car, plane, boat and building in the world
are connected to this same air tank. It is like driving a car with the exhaust pipe
pointed right back inside.

Common sense tells us that something is bound to happen to our air tank when
we burn 1000 barrels of petroleum per second year after year, not to mention the
even larger volumes of coal and gas. As we all know, the perceived threats
emerging due to the increasing greenhouse effect are many: rising sea levels, storms
and hurricanes, water supply problems, ocean acidification, and devastation of the
seas’ ecosystems.

On the other hand, the earth would be uninhabitable without CO2 in the
atmosphere and the greenhouse effect. The problem is that we are simply getting too
much of it. The fact that the greenhouse effect is affecting the climate has been
scientifically proven; a relationship clearly exists between increasing greenhouse
gases and the warming of the atmosphere.

Carbon dioxide is one of several greenhouse gases preventing the heat radiated
from the earth from escaping into space. Methane from ruminating animals is
another source of global warming; additionally, ground-level ozone, Freon, and
nitrous oxide are included among gases contributing to the same effect. Water
vapour also causes a considerable natural greenhouse effect. Of the earth’s
anthropogenic greenhouse gases, CO2 accounts for slightly over 80%, methane for
around 10% and the rest for less than 10%.

The level of CO2 in the atmosphere is simple to measure and it is clearly rising.
On the other hand, it is not self-evident that the major part of this increase is
anthropogenic; that is, created by human activities. However, most scientists agree
that this is by far the most likely explanation.

At the same time, there are other phenomena that have a stabilising or cooling
effect on the temperature, like aerosols in the atmosphere. The majority of these
consist of particles from volcanic activity or other natural sources, but some have
been created by human technology, like soot particles, dust and sulphates. Of the
so-called anthropogenic aerosols, a considerable share comes from the combustion
of fossil fuels and biomass.

There are also natural processes to reduce the CO2 in the air, for example the
oceans’ assimilation and the photosynthesis. In the Southern Ocean, so-called
phytoplankton assimilate CO2 and store considerable volumes of carbon. The
melting of the icebergs liberates nutrients that fertilise the vegetable plankton, a
process which is estimated to store a fifth of the carbon in this part of the ocean.
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It is calculated that the planet and its ecosystem currently absorbs 40% of
civilisation’s yearly CO2 emissions.

Other systems affecting the climate include solar activity, volcanoes, ocean
currents, and the growth of biomass. The climate question is certainly a complicated
one, which leaves room for scepticism in the debate. And I, for one, certainly
believe that it is important that sceptics are also allowed to vent their opinions; it
has happened before that science has got things wrong.

When the climate changes—regardless as to whether the reason is anthropogenic
or not—it is wise to start with the climate change as such and adapt to it. Thus, an
adaptation to the consequences of the changed climate should be made in parallel
with actions to reduce the greenhouse gases. Naturally, steps should be taken to
mitigate the problems in regions where the changes are for the worse, due to storms,
rising water levels etc. However, there are places on earth that would actually
benefit from a rising temperature.

In my opinion, the debate over whether global warming is natural or induced by
man is not constructive. We know that greenhouse gases raise the earth’s average
temperature, and we know without doubt that the CO2 level has been increasing for
a long time. It is our responsibility to do whatever we can to reduce emissions,
whatever the reason.

Decoupling from Kaya

Reduced consumption is a very frequent suggestion for a solution to global
warming. The debaters supporting this solution are usually referring to a certain
mathematical formula, the so-called Kaya equation. This is used to calculate the
effects on the environment as a function of population size, welfare, and technol-
ogy. The Kaya equation is specifically intended to show how greenhouse gases are
affected by the growth of civilisation and living standards. The emitted volumes are
also affected by energy consumption and the types of energy used.

The equation, illustrated in Fig. 11.1, can be expressed like this:

KAYA EQUATION

Carbon
dioxide 

emissions

Population Emission

intensity

Energy
used

Welfare
level

Fig. 11.1 The figure shows that the civilization’s CO2 emissions, according to the Kaya equation,
depend on four parameters: the size of the population, the welfare level, the technology used and
the emission intensity
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Volume of greenhouse gases ¼ population� welfare� energy intensity
� CO2 intensity

Energy intensity is often used as a measure of energy consumption in relation to the
GDP. Carbon dioxide density in this context is the volume of greenhouse gas
emissions in relation to GDP. It is simple to show that the Kaya equation renders a
correct result; it is rather obvious, as similar technology is used all over the world
and living standards have risen. In other words, we can see that the greenhouse
gases have increased in pace with the GDP—these factors have not been decoupled
from each other.

Which of the four parameters in the equation can we affect? We know that the
first one, the population, according to the forecasts of the UN, will probably level
out at 11 billion during this century. Decimating the population is of course
impossible, except by supporting family planning.

Some claim that the second parameter, material welfare, can be reduced, at least
in the developed countries. The third factor in the equation, energy intensity, and
the last one, CO2 intensity, can be affected by technology changes.

The interesting thing about this equation is that if we set the CO2 factor to zero,
i.e. if we move over to entirely CO2 free technology, the value of the entire equation
becomes zero.

The same thing is true for energy intensity—it doesn’t matter how much energy
we consume, as long as we use the right technology.

This means that no matter how far living standards rise, the equation will still
turn out to be zero. In other words, increased material welfare and continued growth
are no problems as long as the greenhouse gases do not increase.

The people who use this equation as an argument for reduced living standards
are watching the world in a rear-view mirror. They assume that technological
development will come to a halt and that nothing else will change. As we have seen,
nothing could be more wrong; techno-evolution is clearly moving towards a point
where the last factor in the Kaya equation will be set to zero.

The latest figures from the international energy agency (IEA) for the years 2014,
2015 and 2016 are already indicating that we are approaching a turning point in
history, as the increase of the energy-related greenhouse gas concentration has
begun to level out while the global economy is growing.

Thus, there are clear signs of decoupling which indicate that global growth can
continue without further emission increases.

The idea that decoupling is possible can also be concluded from the fact that the
energy consumption per GDP-unit produced was 10% less in the year 2014 than in
2000. International energy experts assert that this beneficial development will
continue. According to them, the energy consumption per GDP-unit will be 40%
lower in 2040 than in 2014.

According to the world’s leading energy specialists, global CO2 emissions in
relation to GDP are estimated to halve during the next 25 years. Decoupling is not
only achievable by a transition to new energy sources, it is also attainable through
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the use of increasingly energy-efficient technology. Although energy consumption
will increase by 25% between 2014 and 2040, the energy demand would have been
twice as high without techno-evolution.

We are on our way to decoupling ourselves from the perceived threats of the
Kaya equation.

Facing Challenges, Seeking Opportunities

There are many challenges to face within the energy issue. First, we still have no
way of knowing with any certainty that the CO2 emissions from our energy con-
sumption really have levelled out and will remain stable in the years to come.
Second, there are also other sources for emissions that need to be recognised. Third,
even if the increase in greenhouse-gas emissions is levelling out, we still need to
reduce the current level of gases already in the atmosphere to avoid dangerous
climate changes.

In the short-term perspective, the climate issue may seem overwhelming and
frightening. Many feel helpless when facing the tasks at hand. But we should keep
in mind that we have more than 80 years to execute the entire technology shift that
is needed to fulfil the climate goals that have been defined by the PPCC, the climate
panel of the United Nations. However, the changes have to show positive results in
the year 2020, at the latest, to make it work.

One of the themes of this book is that technological development proceeds
exponentially. This means that future technology shifts may be achieved faster,
simpler and cheaper than we can imagine today.

There is much evidence for the exponential hypothesis; a recent example is the
price development of batteries for electric cars. Just a few years ago, it was com-
monly assumed that the concept of electric cars was a utopian dream, because of the
low capacity of batteries and their high price especially.

Today the picture is totally different. According to a research report from the
Stockholm Environment Institute, battery prices have fallen from USD 1000 per
kWh in the year 2007 to USD 410 in 2014, and it is expected to fall to USD 160 in
2025. Then it will be close to the limit—USD 150 per kWh—whereby the electric
car will be economically profitable in comparison with conventional petrol—and
diesel-fuelled cars.

With regard to how techno-evolution works, it is plausible that renewable energy
and new products will thoroughly change the electric power supply. One example
of such a product is Tesla’s Power Wall—an energy-storing battery adapted for
buildings.

This kind of product may very well become revolutionary, for several reasons.
Firstly, these batteries can save money by providing a small-scale, solar-based
electric power supply that saves the environment, and secondly, cheap batteries
pave the way for new business models and spinoff products. This would make a lot
of difference in the developing countries.
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The most important element is that individual consumers—not only large cor-
porations—can take initiative and contribute to the power supply, thanks to efficient
solar cells and inexpensive batteries. This will accelerate the development in the
field. But that is just one piece of the entire scenario. Let us now review some
technologies that may lessen or solve the problem of global warming.

There are already a number of promising technological solutions available, even
if we disregard the possibility of new inventions which may be made in this
century, and which may turn our contemporary technology into historical artefacts.
This has happened many times in the past, and therefore it is highly probable that it
will happen again. That is not to say that we should calmly wait for a new, hitherto
unknown, technology to save us—we have to rely on what we know today.

Energy Production and Technology that Reduce
Climate Gases

The technologies presented below are examples of things existing today that can be
further developed to make a significant difference to energy production within the
next 20 years. These technologies also include solutions that can reduce the
existing CO2 in the atmosphere. Some of the technological solutions presented here
have already begun to produce significant results.

• Renewable energy sources, that are virtually CO2 neutral, exist in a number of
different varieties. The greatest source is the sun, which can be used to produce
either heat or electricity through the use of solar cells. Solar-based power plants
will require comparatively small volumes of raw material.

Solar power is commonly regarded as best suited for regions with lots of sun-
shine and natural heat. But it can also be a good alternative for the northern
hemisphere. While the days are admittedly shorter in winter, they are longer in the
summer for half of the year. And in the far north, the snow reflects the sunlight to
augment the direct solar radiation.

Presently, solar-based energy supplies are growing faster than the alternatives.
According to the IEA’s estimate at the time of writing, solar-based energy will
account for 27% of the world’s energy production in the year 2050. Of this energy,
16% will be produced by solar cells and 11% by thermal solar power plants.

Nevertheless, significant challenges still remain which need to be solved. The
effect per area unit has to be increased, the price must be reduced further and the
energy storage capacity has to improve. But the basic conditions for solar energy,
regarded as a technical process, are very good. After all, the fuel is entirely for free
and is delivered straight to the production site, contrary to fossil fuels that have to
be refined and transported in several stages.

Wind power is already an established technology that is still being developed
and expanded. The power per wind turbine was low in the beginning (0.4 MW in
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the 1980s), and was something that was often frowned upon. At the time of writing,
the top power is 8 MW per wind turbine. Researchers at the energy department’s
laboratory SNL in the USA are developing a new type of rotor blade that is
expected to provide no less than 50 MW per wind turbine.

Sea power from waves, tides, streams and salt gradients are also significant
sources of energy, not to mention the hydropower from conventional run-of-the-
river power plants.

The group of renewable energy sources also includes biogas, which is produced
by the anaerobic digestion of biological material such as food left-overs, manure
and agricultural waste. Biomass, like wood, tree and paper waste, has a significant
and far from fully exploited potential that corresponds to approximately 20% of the
world’s current energy demand.

• Natural gas has shown its potential for reducing CO2 emissions in recent years,
especially in the USA.

Germany and the USA have completely different strategies for their energy
supplies. During the years between 2005 and 2012, the USA managed to reduce
their CO2 emissions 3.5 times more than Germany. The reason is to be found in the
energy mixes used. The USA switched to using more natural gas while installing
only a relatively small share of solar and wind power. Germany, meanwhile, began
phasing out nuclear power and expanding their share of solar and wind power,
although they have been forced to still use coal.

Thus, the USA has reduced its dependence on coal but strongly increased its
share of natural gas. In the short-term perspective, the American way seems to be
preferable from an environmental point of view. However, no one knows how the
development will turn out in the long term.

• Fossil fuels and CCS technology means that greenhouse gas emissions from
fossil fuels like coal, petroleum, natural gas, plastic waste and peat can be
considerably reduced. CCS is short for Carbon Capture and Storage.

This is a process, mainly based on cleansing with ammonium, where the CO2 is
removed from the emission gases and returned to its source, located far down in the
earth. The ammonium can be salvaged and recycled. CCS technology is by no
means new; it has been thoroughly tested on a large scale, for example with the
exploitation of natural gas in Norway. There, the CO2 is separated from the fuel gas
and pumped back down into the gas fields.

If CCS technology is used for power plants running on biomass, biogas, and
waste, the reduction of CO2 in the atmosphere will be greater than if nature was left
to process these substances. This system is called Bio Energy with Carbon Capture
and Storage, BECCS, and is regarded by the UN Panel on Climate to be an
important method for reaching the emission goal.

Some people believe that CO2 is just a harmful waste product, but that is not the
case. Plants are not the only things dependent on CO2 in the air. There are also
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several industries utilising CO2 as a raw material, a technology that is known as
CCU (Carbon Capture and Utilisation).

One of the biggest problems when extracting CO2 from emissions or the air is
that a lot of energy is required, and if that energy is produced with fossil fuel, there
is not much to gain.

But on Iceland, for example, where there is a plethora of renewable energy
sources, low efficiency is not an obstacle for this method. In Reykjavik, the
excellent fuel methanol is produced for export from CO2, thanks to a surplus of
geothermal energy from the earth crust. As methanol is useful for storing energy
produced by solar cells and wind turbines, we can probably expect further tech-
nological development of methanol production based on CO2 in the future.

In Tokyo, considerable volumes of the extremely durable plastic product known
as polycarbonate are produced from CO2. In Finland, the Aalto University and Åbo
Akademi University—in cooperation with the steel company Rautaruukki Oyj—
have developed and patented a method for transforming worthless slag from steel
manufacturing to the useful substance calcium carbonate by consuming CO2.

This method is energy efficient, and it consumes CO2 at the same time as the
finite natural resource calcium is recycled. The first pilot facility in the world is up
and running, and in a few years the first demo facility is expected to be built at the
Rautaruukki ironworks. The steel industry is currently responsible for 6–7% of the
world’s CO2 emissions, and the potential reduction is high.

Scientists at Stockholm University have developed a material with the ability to
bind CO2 from the air, which earlier has been difficult because of the water that also
resides in the atmosphere. This material, which is based on copper silicate, can after
further development be used to reduce CO2 emissions in the future. The carbon that
is separated in the process can be used in processes for producing other materials.

The technological development exemplified by these two Nordic examples is
still in its infancy, but it shows that there are opportunities, not only to remove an
undesired substance but to use it to our benefit.

Accordingly, CO2 can be reclaimed from exhaust emissions or the atmosphere
and used as a raw material in various ways. According to an article in the science
magazine Nature, it will be possible in 20 years from now to produce methanol fuel
that will reduce the world’s CO2 emissions by at least 10%, when the corresponding
volume of fossil fuels are no longer needed. Together with all other methods to use
CO2 from the air as a raw material, this can be one of the most important weapons
in the struggle against the greenhouse effect.

At the time of writing, CCS and CO2 recycling are not yet economically prof-
itable solutions, except in exceptional cases. According to Exxon Mobile, the cost
for CO2 reduction by CCS is in the same price class as wind power but a cheaper
alternative than solar power.

A challenge in this context is that while solar and wind power can be tested on a
small scale, CCS demands a much greater effort, and a full-scale facility—that has
to be constructed at a cost of millions of euros—might unfortunately still turn out to
be a dead end.
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At the time of writing, there are 15 full-scale CSS facilities in operation in the
world, and seven more are under construction.

Considering this particular technology track, it would be a doubtful policy for a
country to advocate a “fossil-free nation” as a political objective. With such a
policy, the development of CSS technology would be discontinued, which would
be unfortunate with regards to the enormous volumes of fossil fuels that are still
available. Be as it may, these fuels will be in use during the whole of this century,
and the infrastructure for their consumption is already in place. Additionally, it
would exclude the interesting option to remove CO2 from bio power plants, a
climate effort that could hardly be overrated.

In my opinion, the overall political energy objective should rather be “a carbon
dioxide free nation”. That is a goal that all the nations of the world should embrace,
as the climate in the Nordic countries is affected as much by emissions made in Asia
as by the emissions from Stockholm and Helsinki.

Reduction of existing CO2 in the atmosphere is also an interesting option that
can be accomplished in different ways. One of the most obvious ways to achieve
this is by planting forests. Trees and plants assimilate CO2 during their entire
lifespan and function as a storage place for coal. Saving the remaining rainforests of
the world is obviously a smart move. If the net volume of the world’s forests could
be sustained, it would profoundly affect the CO2 level in the atmosphere, because
forest mass and other land vegetation absorb nearly 30% of all man-generated CO2

emissions (according to a NASA study).
In addition to the examples mentioned above, there are several other technolo-

gies with a very high potential for providing energy and reducing greenhouse gases.
Two of these technologies are geothermal energy and natural photosynthesis. You
can read more about these technologies in the appendix “More Future Power” at the
back of this book.

It is not my intention to present a comprehensive account of all the solutions
presently known; rather, I want to emphasise the diversity and the great number of
options available. Some of the described technologies have such a high potential
that just one of them might be sufficient to solve the imminent problem of the
greenhouse gases our civilisation has created.

The controversial nuclear power, that provides basic energy regardless of the
weather conditions, has also a potential to lessen the CO2 problem. However, this is
subject to the conditions that the construction of the power plant doesn’t cause too
high CO2 emissions, and that it will be operative for at least 50 years. The oldest
nuclear power plant in Finland is located in Lovisa. It was built in 1977 and no
decommissioning plan is known at the time of writing. The oldest operative nuclear
plant in the world is to be found in Doettingen in Switzerland. It was started in 1969
and is still producing electricity in 2016.

The economic competitiveness of nuclear power is questionable, and for that
reason it is not considered to be feasible in all countries. Other issues under dis-
cussion focus on whether the new generation of nuclear plants is safe against major
accidents which may result in a meltdown, or if the waste can be disposed of in a
reliable way. Be as it may, nuclear power has undeniable advantages and is an
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important option for CO2 reduction in a global perspective. Let us, for example,
presume that the greenhouse gas problem will prove to be even more serious than
so far believed. Perhaps then, the new generation of nuclear power plants may be a
feasible solution.

Geothermal energy is available in volumes that are more than sufficient for
human needs. And, the wind power potential in the world is also enormous.

Various technologies to remove CO2 from processes based on fossil fuels are
being developed. Therefore, it would be unwise to exclude fossil fuels from the
energy mix. As far as fossil fuels can be used without creating greenhouse gases
they should be considered acceptable, at least until they become economically
uncompetitive. Still, it is plausible that fossil fuels like petroleum and coal will be
discredited as unprofitable in the future.

In the next 20 years, energy production and CO2 reduction will probably be
based on a combination of the technologies mentioned above, and some additional
alternatives may appear. Exactly which technology will dominate in the long run,
however, is difficult to predict. This depends on many aspects—technological,
economic, political, emotional, and security related. Moreover, as always,
techno-evolution is difficult to predict, meaning that technological diversity is good.

Increasing Savings Demands

The cleanest and most plentiful “fuel” at our disposal during the next two decades
will be found in the savings made from increased energy efficiency. In this regard, a
broad spectrum of technological solutions is available to optimise our methods of
energy use. According to the International Electrotechnical Commission (IEC),
there is a global efficiency potential of no less than 30%, and this only includes the
technologies that we know of today. This efficiency potential is found in the four
great energy consuming sectors: industry, transportation, energy production, and
construction.

Some examples of the possibilities of increased energy efficiency:

• The winds of energy efficiency are blowing—All energy consuming products
will be made more energy efficient. This is not just wishful thinking but a natural
continuation of techno-evolution, a process that has been going on since the
dawn of industrialism. This has a great impact in a global perspective. When a
billion households replace their old energy-consuming appliances with new
ones, we are speaking of energy savings corresponding to hundreds of big
power plants.

• The transport business is moving towards climate neutrality—Cars, planes, and
ships can become more fuel efficient—a development that has been in process
for a long time. Only in the last decade, the fuel consumption per kilometre has
been reduced by tens of percent. It seems probable that energy efficient cars, and
specifically hybrid cars, will take over the market in many countries.

Energy Production and Technology that Reduce Climate Gases 121



• Increased energy efficiency on a large scale can be expected when LED tech-
nology takes over the scene in earnest, when our electric power grids become
smarter, and when “the internet of things” makes its big breakthrough. Read
more about that in the appendix “More Future Power” at the end of this book.

While on the subject of energy efficiency, we must keep in mind that on a global
perspective, it isn’t enough simply to achieve sustainable CO2 emissions—we also
have to allow for a strongly increasing energy demand due to population growth
and welfare distribution.

Other system shifts, in combination with behavioural changes, will also lessen
the energy demand and reduce emissions, despite sustained or even improved
performance.

Super Technology

The technologies we have discussed so far are either already in operation or
expected to become operative in the next 20 years. However, there are also solu-
tions that are known but will require a lot of research and development until they
are ready for implementation. In the best cases, some of these new technologies
may be introduced in the technosphere within a couple of decades from now, but in
all probability it will take considerably longer, perhaps to around the year 2070.
Although that may seem far in the future, it may be the point in time where the need
for CO2 reduction reaches its real critical peak.

• Fusion power is the energy that powers all those billions of stars shining in the
universe—a kind of nuclear reactor where atomic nuclei are fused together,
instead of split as in conventional nuclear power plants.

Even if nuclear fusion has been achieved in small-scale research reactors, its
implementation in commercial reactors is still quite distant. It is a common ironic
saying that fusion power lies 30 years in the future and will always do so. Anyway,
it seems improbable that this kind of power will be commercially operative within
the next 20 years.

The objective of the ongoing fusion research is to find a way to produce a lot of
energy without any harmful greenhouse-gas emissions or radiation. In practice,
fusion power is created by fusing atomic nuclei of the hydrogen isotopes deuterium
and tritium, which can be extracted from common seawater with small volumes of
lithium.

“There is no pollution. There are no weapons applications. The fuel is available
to all nations,” says Miklos Porkolab, manager of the Plasma Science and Fusion
Centre at the Massachusetts Institute of Technology. Hopefully, the large-scale
fusion reactor ITER in France will be able to deliver power to the electric grid in
2040. But even if it will be delayed, this accomplishment will have the potential to
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be the greatest achievement in the history of civilisation. The advantages of fusion
power are many, and the fuel is just small volumes of seawater.

Additionally, the process cannot go haywire like conventional nuclear power—
the process will simply stop if a system fault occurs; the problem is rather to keep
the process going. The bi-product is helium, a common and harmless noble gas.
Here, we can glimpse the possibility of a future world with a virtually endless
energy supply, almost for free. It is not implausible that the young children of today
will live to experience it.

Some other promising future possibilities are artificial photosynthesis, super-
conductivity, and fuel cells. These are briefly described in the appendix “More
Future Power”.

The Ace up the Sleeve

In addition to the technologies accounted for, entirely new discoveries are always
possible, perhaps already in the current century. This has happened many times
before in history, and the possibility of such a “Technology X” is greater than ever.
Again, we cannot rely on such a breakthrough to save us; we have to base our
actions on what we know today.

My intention with these examples of different energy options is to make clear
that the problem with greenhouse gases and other planetary boundaries are not
caused by a lack of technological solutions. There is much to indicate that neither is
cost a problem, at least not in a longer time perspective.

In fact, the more different types of power plants and energy-saving solutions that
are developed and constructed, the better. Today, no one knows for sure what the
actual future demands will be, or which technological methods will be successful
and which will prove to be dead ends. As noted earlier, technological diversity is
just as important as biological diversity.

Energy is available in virtually endless volumes, and we have an entire arsenal of
technologies that can stop the increase of greenhouse gases and lessen the planet’s
burden.

The starting conditions for problem solving are excellent. Considering the
enormous energy potential, in combination with an accelerating techno-evolution,
my estimate is that the energy price in the world may be reduced to a tenth of its
present value before the end of this century. And the price rally will continue.

Low energy costs are beneficial also for other reasons than those which most
readily come to mind. With cheap energy, both seawater and polluted water can be
made drinkable. Today, that method isn’t economically feasible except in regions
with a surplus of energy. But the technology exists and has been used for decades
on large ships, where there is much redundant energy from the engines.
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When cheap, emission-free energy becomes generally available, clean water can
be deleted from the list of critical finite natural resources.

Inexpensive and plentiful energy allows for growth within the ecological
boundaries of the planet and can solve most of the current challenges to civilisation.

And, as has been shown above—there is no lack of options.
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Chapter 12
Scenarios for Success

Abstract Although a global greenhouse gas reduction agreement exists, living up
to it will be an even greater challenge than it was to create it. However, postponing
the actions required to reduce greenhouse gases would be perilous, since there is
always a risk that climate changes will accelerate at a higher rate than expected.
Trying to predict the future is always risky, but that’s a risk I am willing to take.
I claim that the increasing greenhouse effect is not a question of destiny, there are
already a great number of promising solutions and signs.

I once visited a trade show in the USA at the beginning of the 1990’s. The focus of
the event was waste management and my intention was to market the biogas
food-waste processing technology that our company had developed. With this
technology, methane gas is produced from household waste for use as indoor
heating or car fuel. As the waste is processed in a closed system, greenhouse gas
emissions from landfills are avoided.

At the trade show, I approached the CEO of one of the largest waste processing
companies in the country. He was a great man, also in the physical sense. I told him
briefly about our new technology and its exceptional advantages. He looked down
at me absent-mindedly and said in a deep grizzly bear-like voice: “Not interested!”

My usual tactic was to counter with: “But, you know …” and make another
attempt, but not this time. The time was clearly not ripe to speak about greenhouse
gases, and definitely not in the USA.

Since then, much has happened. The greenhouse effect and global warming have
been widely recognised in the media all over the world. The governments of many
countries have engaged themselves in this issue, and no less than 195 nations have
signed a treaty of actions to counter the greenhouse effect.

The energy supply of the world is undoubtedly the leading cause of the
greenhouse effect created by humans. As scientists assert that humankind is
responsible for over 80% of the problem, the question concerning how we produce
and save energy is one of crucial importance.
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The Politics of Climate Challenges

Global warming is by far the dominating environmental issue, and the big challenge
is of course how the nations of the world will be able to realise the necessary
reduction of greenhouse gas emissions. Although a global agreement exists, living
up to it will be an even greater challenge than it was to create it. It is quite obvious
that well-designed and well-adapted means of control would be desirable to get the
necessary technologies up and running.

The scientists of the UN’s Climate Panel (IPCC) assert that global warming
should be limited to less than 2 °C, preferably 1.5 °C, compared with the
pre-industrial level at the beginning of the eighteenth century.

To achieve that target, global emissions should begin to decrease in 2020 at the
latest, and be halved in 2050, compared to the level of 1990. Additionally, the
emissions should be reduced to almost zero at the end of this century.

The climate scientists of the world—spearheaded by the IPCC—have involved
virtually all of the world’s governments in actions against climate change. Decades
have been spent on discussions as to whether the agreements should be legally
binding or optional, whether some countries should be allowed to release larger
volumes of greenhouse gases than others, and about the funding.

The various political solutions of global warming can be grouped into a number
of different scenarios:

Scenario 1: Political global agreements that are unequivocal, legally binding, and
embraced by all the nations of the world regarding CO2 emissions. They are
unconditional by nature.

No legally binding agreement was signed in Paris 2015, but more climate
conferences are in the pipeline. Strictly binding agreements would stimulate
development of the technologies mentioned above. In this respect, it would not be
difficult to reduce the CO2 emissions from a purely technological perspective, given
the existing calculations of what is needed to reach the target of 2 °C. But
investments in new solutions naturally requires financing, which will temporarily
reduce the funding available for other social development.

In order to achieve the climate goal of a temperature increase of 2 °C maximum,
emissions have to be reduced roughly 60% in the next 40 years.

The three most critical areas to be dealt with are the production of heat and
electricity, transportation, and the general energy efficiency of all
energy-consuming products and activities.

As already noted, it is technically possible to fulfil the climate objectives.
However, from an economical perspective, the situation is far more complicated.
Although the global economy as a whole would hardly be affected by the actions
needed to achieve the targets, there are difficult political implications that will need
to be addressed as a result of big differences in wealth and democracy between the
world’s nations.

Of the other emission sources that are not included among the three mentioned
above, agriculture accounts for approximately 14%, landscape changes (like
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deforestation) 12%, industrial emissions not related to energy production 4.3%, and
waste 3%. Of these, waste management is the technically simplest problem to solve,
which means that 3% of CO2 emissions can be eliminated rather easily.

But even in this case, there are two conditions which have to be fulfilled. For a
nation to even consider prioritising climate issues, it must have a reasonably sound
economy. In addition, some means of control have to be introduced for moderni-
sation and organisation of actions.

The emission from industrial processes can be reduced by half during the next
decades, despite increased industrial volume. This estimate is based on how much
the emissions per item produced have already been reduced in a historical view,
plus the state of available technology.

The conclusion must be that what really matters is to focus on electricity and
heat production, transportation, and the general efficiency of energy-consuming
activities. As the anthropogenic greenhouse gases mainly originate from our energy
consumption, a transition to CO2-free energy would be sufficient in itself to fulfil
the stipulated climate targets.

As stated in earlier chapters, efforts to reduce general consumption are to no
avail. What is really important, however, are various incitements—directed to
consumers, institutions, and companies—which encourage investments in systems
and products dedicated to reducing the emissions.

If energy becomes more expensive, the cost will be fully transferred to the
products and services we consume. However, according to many calculations,
global GDP growth will only be marginally reduced. The Swedish scientist
Christian Azar has expressed this fact: instead of being ten times wealthier than
today in the year of 2100, the world will have to wait another two years for this to
happen.

No one can calculate future changes of this magnitude exactly, but if the eco-
nomic impact really is that marginal, perhaps people will accept the expense,
especially if it is backed by international agreements. At least, the acceptance
should be considerably higher than with moral lectures advocating a changed
lifestyle.

Scenario 2: There are political agreements on global regulations; but in reality,
they are interpreted as guidelines rather than binding commitments. Does this
mean that they are powerless?

If global climate agreements in reality are interpreted as nothing more than
guidelines, they may still be more powerful than one might expect.

Some critics are sceptical of the Paris climate agreement and suggest that the
commitments that have been legally determined are of such small importance for
global warming as to become meaningless. They may actually correspond to a
reduction of a few tenths of a degree at the end of this century.

The fact is, however, that improvements have already been going on for a while,
before any agreements were made.

There are strong indications that a change actually began many years before the
Paris conference; in a case where reality ran ahead of politics.
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2014 was a turning point in history, since it was the year when the increase of
greenhouse gas emissions due to human energy consumption levelled out, and we
still had global economic growth. This was the so-called decoupling effect that
proved that we can increase consumption in the world without increasing
emissions.

Such good news is due to the fact that energy-saving technology is gaining
ground in the world. Additionally, newly built energy production based on
renewable energy sources increased faster than fossil-based facilities.

How was that possible, even before the global climate agreement was in force?
One explanation, which has nothing to do with agreements, is techno-evolution.
Industry always tries to manage with a minimum of energy consumption and raw

material resources because it saves cost, which is a strong driver of technological
development.

Private individuals are also unwilling to squander energy and are becoming
increasingly aware of the environmental problems. Accordingly, technological
development is being driven by an increase in the general interest towards
energy-saving and climate-friendly technology.

In recent years, considerable breakthroughs have been accomplished in several
technological areas. As a result, traditional fossil fuels like coal and petroleum are
becoming affected by increasing competition.

However, the climate agreement is also of great importance. I believe that it
means a lot more than the marginal improvements that the critics frown upon. In
business and industry, there is a growing awareness of stricter emission controls and
the rising demand for CO2-neutral technology. It is simply an opportunity that the
business world cannot afford to ignore.

As we know, the market—and the stock market in particular—reacts neither in
real time nor exclusively based on facts, but from what its agents believe will
happen in the future. Or rather, what they believe that others believe will happen.
No one wants to miss the boat, especially when there is an opportunity to share in a
growing new business. Investors in the entire industrial chain will look for growth
in areas where there is money to be made from environmentally-friendly
technology.

Therefore, not only is there an impact from existing emission agreements—the
anticipation of future agreements works fine too.

The Paris agreement will be followed up by a new conference in five years. The
objective then will be to define stricter demands, which is something that investors
and companies are already planning for in their strategies.

Thus, technological shifts are occurring even without agreements, albeit slower.
The climate agreement is simply speeding up a natural development.

There are many indications to support the fact that the technological transition
has already started. A change of trend was already visible in 2012—around 70% of
new power plants built in the EU were based on renewable fuels, according to the
Renewable Energy Policy Network for the 21th Century, REN 21. Additionally,
energy efficient systems and technologies were in more demand than ever before,
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despite the absence of global climate agreements. The greenhouse gas problem will
probably be solved even if Scenario 2 occurs.

Scenario 3: It may turn out that global warming is accelerating faster than the
majority of scientists believed, i.e. according to the most pessimistic assumptions.
In this case, we are facing a higher warming of the earth’s average temperature by
several degrees, even if political climate agreements are fulfilled.

Because the warming process is so slow compared to the average human
lifespan—and since it doesn’t affect all the regions on the planet at once—it may be
difficult to stop the emissions fast enough in this scenario. In the worst case, the
warming process will not be halted even if we stop all dumping of CO2 into the
atmosphere. In such a critical situation, we must resort to more dramatic and
dangerous actions.

If global warming escalates, geoengineering would be a fast remedy for the
“fever” as such. Naturally, this would mainly be a method to relieve the symptoms.
This can be accomplished using various methods to reduce the solar warming of the
earth’s surface. The real cause of the illness, CO2 emissions, is of course what
should have been acted upon in the first place; but in this situation, it will be
necessary to buy time.

This may not become apparent until a decade or so into the future, by which time
science and technology will have been further developed from today’s standards,
which will facilitate the medication. Here I have to return to the subjects of
techno-evolution and knowledge expansion.

If we assume that the problem will have to be solved 50 years from now, we will
probably have artificial resources at our disposal that we can’t even imagine today.
A lot of things are going to happen in science and technology during the next
50 years, probably more than has appeared in the last two centuries.

An entirely different scope of knowledge and technology will then be available.
Another important reason to continue the research in geoengineering is that

entirely natural phenomena, for which man is not to blame, will sooner or later
threaten our planet. Then, if not before, geoengineering may prove to be the sal-
vation of humankind. The development of geoengineering can be regarded as a life
insurance—to be used as a last resort—and not as a first-hand solution for
anthropogenic climate changes.

Technology Shift Now or Later?

An interesting question concerns whether the countries of the world should invest
in—and pay for—a technology switch-over now or later. It is a question of risk
calculation. If we were 100% certain that the polar icecaps are melting, that the
oceans will rise several metres, that the ocean currents will change direction, and
that a new ice age will come, then powerful and immediate decisions would be
simpler to make. But today no one knows with absolute certainty when it is going to
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happen and exactly how dramatic the effects would be. A rapid transition would
cost a lot, at least in the short run. Also, we know for sure that at this moment,
millions of people die for other reasons than global warming.

Each year, several million people die from smoke poisoning as a result of
burning sticks and dung on indoor fires due to an absence of electricity. Bad indoor
air—due to primitive fuels and fireplaces—kills more people than any other kind of
pollution.

Consequently, scientists at the Copenhagen Consensus Center, among others,
suggest that if more money could be directed to ensure that the 1.3 billion people
currently lacking electricity could have access to it, modernisation and economic
growth would be achieved much faster in their countries. As a result, many envi-
ronmental problems would be reduced and millions of lives could be spared.

Malnutrition, malaria and the lack of fresh water are other examples of how the
want of basic modern amenities destroys millions of lives. At the same time,
billions of dollars are spent on renewable energy. Which priorities should be
governing the distribution of available funds? The research team mentioned above
claims that right now, there are even more urgent issues to resolve than a reduction
of greenhouse gases. Even so, they agree that some investment should be made on
technological research to pave the way for climate-friendly solutions in the future.

In my opinion, we cannot ignore the IPCC and the scientists claiming that
something should be done against the climate changes right now. Postponing the
actions required to reduce greenhouse gases would be perilous, since there is
always a risk that climate changes will accelerate at a higher rate than expected. In
addition, climate changes affecting prosperity will have a double impact on the poor
countries, as the result will be reduced harvests and other problems in these regions.
If the industrial countries are also affected, their capacity and willingness to help the
developing countries may be even less than before.

It is like facing an emergency on a plane—the adults should put on their oxygen
masks first, then assist the children with theirs. If the strong ones are struck down,
the weak will become even weaker. Therefore, something has to be done now.
Postponing investments in renewable energy production while waiting for research
and laboratory work to reveal perfect solutions is simply not good enough!

I claim that competing full-scale and commercially valid projects are just as
important as scientific research, with or without subventions. In my experience,
such business ventures—in parallel with ongoing research—often have the power
to accelerate technological development more than anything else.

It is out in the field, far from the laboratories, where presently known technology
has the greatest possibilities to find new applications. For example, using building
materials as solar collectors, integrating solar cell technology into building ele-
ments, or combining different energy sources.

Other examples are the development of small-scale electricity production and the
sharing economy. Electricity producers can deliver their redundant power from their
solar cells and share it with other small-scale producers. This is a new trade system
that is developing thanks to ever more efficient broadband connections and
digitalisation.
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Intermittent electric power, —like solar, wind and hydro energy, is difficult to
predict, since it varies a lot depending on the weather conditions and is thus
unreliable from a distribution perspective. But that problem can be mitigated by
better energy storage, more efficient power distribution, and a good combination of
power plants providing basic and balancing power.

However, such complementary systems and storage technology will not be
developed if there is no intermittent electricity in the grid. Thus, it is a
chicken-and-egg situation, and another reason to start expanding solar, wind, and
hydro power instead of waiting for results from scientific institutions.

In my opinion, all existing kinds of energy and power solutions should be
allowed to develop. As techno-evolution cannot be fully predicted, all possible
solutions should be given a chance to flourish. That is not to say that all kinds of
power production would be suited to all countries, however, because the conditions
are varied.

For my own part, I hope that Scenario 2, which is presently known as the Paris
agreement, will work out.

If political objectives, market forces and techno-evolution are not sufficient, the
agreement has to be made more legally binding in the future. Then Scenario 1 must
be realised. However, I hope that the world leaders’ insights have already grown
strong enough to make the nations of the world live up to the objectives. I also hope
that they realise that the correct diagnosis for treating global warming is neither
overconsumption nor a basically incorrect economic policy.

If this doesn’t work, there are still resources for Scenario 3.
Whatever effects the political decisions regarding the climate issue will have in

the world, greenhouse gas emissions will not exterminate the innovative human
race. Our civilisation will continue its development, albeit possibly at a slower rate
and under more difficult conditions.

In the worst case we will have to take a step back before the harm can be
undone.

Trying to predict the future is always risky, but that’s a risk I am willing to take.
I claim that the increasing greenhouse effect is not a question of destiny. By a
combination of innovative research work, powerful political initiatives, and human
insight and technology, it will in time be reduced to a non-question.

There is an entire palette with solutions, waiting for us to paint a future in far
brighter colours than the one we fear.

Finally, it is important to remember the fact that much progress has already been
made in later years and that we have enormous energy resources at our disposal. My
estimate is that emissions are decreasing faster than anyone has deemed possible, at
the same time as energy can be produced cheaper than ever before.

Above all, let us not forget that man is an innovative and basically good creature,
and that it is in our nature to create smart solutions.
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Chapter 13
One Planet Is Enough

Abstract The standpoint that the human craving for consumption is despicable is
extremely widespread. And that is understandable, especially when you look at the
big container vessels traversing the seas in all directions, loaded with all kinds of
foodstuffs and fancy gadgets. However, as I have tried to point out in this book, we
cannot manage without consumption, because it is one of the main forces behind
evolution. In my opinion, there is no contradiction between a good life and con-
tinued technological growth—on the contrary. Techno-evolution, in cooperation
with human creativity and humankind’s strongest drive—the instinct for survival—
will ultimately result in a healthy planet.

An overwhelming chorus of critical voices claims that our materialistic lifestyle is
having a devastating impact on nature. The apes, after all, are able to live an
ecologically sustainable life, while we are not! As such, it is easy to believe that we
could have been living as ecologically healthy as chimps if it hadn’t been for that
prehistoric ancestor of ours with the absurd idea of knocking two pieces of stone
together instead of simply crushing bones.

Thus, the inventor of the stone axe really messed things up.
Today we are completely surrounded by a plethora of artificial gadgets—on our

bodies, in our homes, at work, at school, in hospitals, when travelling—virtually
everywhere. We are dependent on technology in all shapes and sizes. The devel-
opment that started with the stone axe gave birth to Homo sapiens, and ultimately
led to civilisation.

We may think of those early stone tools as crude artefacts rather than pieces of
technology. But that would be a grave mistake. The first simple tools represented
something much more potent than their mere practical functionality. They were an
embryo, the first step on the road to something that would transcend human
intelligence and might ultimately develop into a new independent species.

The hypotheses and messages in this book aim to answer some of the questions
that I have asked myself during many years, when I have been pondering over the
challenges of man and the possibilities of technology.
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The standpoint that the human craving for consumption is despicable is extre-
mely widespread. And that is understandable, especially when you look at the big
container vessels traversing the seas in all directions, loaded with all kinds of
foodstuffs and fancy gadgets—products that in most cases will soon be scrapped.
However, as I have tried to point out in this book, we cannot manage without
consumption, because it is one of the main forces behind evolution. Consumption
has to be re-evaluated and regarded as a positive primordial force, especially when
viewed in a longer time perspective.

Without our inherent instinct to improve, collect, create and—because of that—
consume, only a handful of people would live a comfortable life today.

The question is: will our natural resources be sufficient?
My opinion is that we don’t have to worry, because development is constantly

advancing.
According to our experience from the last century, whenever a basic resource

becomes sparse, the price goes up. That, in turn, triggers a search for alternatives or
for entirely new technological solutions. The result will inevitably be innovations
which are not dependent on expensive and rare raw materials. The recycling of used
equipment will also become profitable.

Of course, there are some critical natural resources which we cannot live without
and which are not dependent on the whims of any market—the air, the seas, the
availability of food and other necessities provided by the eco systems.

In these cases, we may have to rely on political means of control—prohibitions
or other activities to get the development back on the right track. Still, many natural
resources are available in virtually unlimited quantities for our civilisation to use—
like iron, calcium, silicon and solar radiation.

Today, we produce more food than we really need. Not even the sources of
energy set a limit for our expansion. The strain on the natural resources is reduced
as new and better technologies are developed. For example, fish farming on land
can save sea environments. Emission-free industrial technology will improve the air
we breathe. Non-toxic biocides can save the insects that are necessary for the eco
system services.

Another beneficial effect of techno-evolution is that we tend to consume smaller
amounts of material and energy for each produced item. Electronic devices are
becoming smaller and lighter, engines more energy efficient, and light sources more
energy saving. This is a rule with very few exceptions.

We are inclined to underestimate, or even forget, the value of the resources that
humans have created. Nevertheless, the value of these artificial creations can
sometimes surpass the value of some finite natural resources. When people are
buried alive under the debris of a massive earthquake, it is the excavators they are
waiting for. In situations like that, metals and petroleum are much more useful as
components within telephones and ambulances than as natural resources hidden in
the ground. In that respect, the footprint of progress is more important than the
ecological one.

However, if everyone lived the way we do, wouldn’t we need several more
planets? Yes, of course, is the simple answer. But everyone will not live the way we
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do. It is true that we who drive cars today are increasing the level of greenhouse
gases in the atmosphere. But the car drivers 30 years from now will not do that,
because their cars will not emit carbon dioxide. And at that stage, we will not keep
our houses warm at the expense of our planet’s atmosphere.

Thirty years into the future, newspapers and books made of paper from deci-
mated forests will be history. Then the forests will produce oxygen instead of paper
pulp.

Do the rich countries consume at the expense of the poor ones?
Yes. It is an undeniable fact that the rich countries, with a mere fifth of the

world’s population, currently consume 80% of the earth’s resources. It is also a fact
that the industrial countries have been responsible for the largest emissions of
greenhouse gases into the atmosphere for a long period of time.

However, the developing countries of today have one advantage: a great part of
the job is already done. Therefore, their populations will reach an acceptable
standard of living much faster than the currently developed nations did.

This doesn’t mean that the industrialised countries should feel free to ignore their
responsibility to address the global environmental problems. However, they don’t
need to act out of a sense of guilt, but rather because they have greater resources
than the poor countries to do something about it.

What has happened in later years is that we now have a much more well-founded
knowledge about climate changes, and certain political agreements in force. In
addition to that, the scientific as well as the industrial communities have accelerated
their efforts to provide emission-free technological solutions.

Actually, our starting position is excellent. Humankind possesses several sources
of energy and each one can provide an abundance of power for the inhabitants of
our planet: solar, wind and hydro power, geothermal energy as well as fusion and
fission power.

In fact, our demand for energy is dwarfed by the mass of existing and potential
energy sources that are available on the planet.

Today, there are several game changers which will soon appear on the stage. All
this means that we actually can have continued growth without causing the planet’s
ecological systems to collapse. We just have to set our possibilities free.

In the latest 50 years, techno-evolution has dramatically reduced the carbon
dioxide emissions in relation to all the work produced by the technological
equipment we use.

This has happened without any international agreements. In fact, our civilisation
owes its existence to techno-evolution, but the process can be disrupted by mis-
guided politics. On the other hand, political decisions can also accelerate the
technological changes in the right direction. Everything depends on how the means
of control are designed and how much leeway is granted to the constructive driving
forces. In my opinion, scientists and politicians have to become more aware of
important drivers like techno-evolution and take them into account. Otherwise, the
drawbacks of political control may well outweigh the benefits.

Technology is in a state of continuous development, and now the time is ripe for
new solutions that will change society fast and irreversibly. This kind of so-called
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disruptive technology is so revolutionary that it will wipe out established profes-
sions, products and entire industries. Revolutionary technologies in logistics,
energy production, energy storage, and power distribution are knocking on the
door. In my opinion, this means that the problems with greenhouse gases will be
solved even sooner than we could imagine.

I am convinced that we are now approaching a much more socially, economi-
cally and ecologically sustainable world community, as an unavoidable conse-
quence of the evolution.

Attempts to predict the future are always risky, but I believe that the progress
made during the last century will be regarded as fairly trivial in comparison to the
improvements that will take place in the next 50 years. This statement is based on
the fact that technology has been proved to be developing at a continuously faster
pace. We must assume that scientific and technological development will continue
to follow an exponential curve, as there is nothing that seems to indicate the
opposite. Thus, we can also assume that further innovations will provide the main
solutions for the climate and environmental problems, as well as for the remaining
sickness and poverty in the world.

Still, we should not regard our progress thus far as an excuse to lean back and
rest on our laurels. Rather, we should look at our achievements as a source of
inspiration, and as evidence of our ability to come up with even better solutions.

Technology has always been a supporting platform for humankind’s journey
under harsh natural conditions to the welfare society of today. Nevertheless, we are
only at the beginning of the technological era. The next phase, which we may call
the second machine age, will be an accelerating journey in harmony with Mother
Earth.

Humankind has always pursued a good life to the greatest extent possible. We
solve problems and create improvements all the time. It is a built-in human trait,
one of our basic needs, and a strong instinct. Human capital, the most important of
our natural resources, is invaluable. Because of it, we are not helpless when hit by
tsunamis, pandemics and agricultural disasters—instead, we face the problems and
solve them using our technology and knowledge.

In my opinion, there is no contradiction between a good life and continued
technological growth—on the contrary. Techno-evolution, in cooperation with
human creativity and humankind’s strongest drive—the instinct for survival—will
ultimately result in a healthy planet.

One planet is enough.
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Appendix
More Future Power to Change the Planet

There is a long list of energy sources and energy efficiency methods that have the
potential capacity to change the future. In this appendix, I have collected a few of
them which deserve to be mentioned, in addition to the ones that I have already
discussed. There is no lack of promising solutions for the energy problem that may
guide the development into the right direction:

• Geothermal energy—Geothermal energy technology can be divided into high
temperature technology for heating and high temperature technology for elec-
tricity production. Ground source heating systems, as I and many others use for
indoor heating, is a kind of geothermal energy. The energy is collected from
about 200 m under the surface, even though the temperature at that level is only
4–10 °C.

Systems for collecting heat from the ground, the lakes and the air are all
examples of using a geothermal heat pump to salvage energy even from sources of
relatively low temperatures.

High temperature technology is used to extract energy in volcanic regions, or by
drilling deep into the hot bowels of the earth. The purpose is usually to produce
electric energy. Geothermal energy is considered to be renewable almost to the same
extent as direct and indirect solar energy, as the reserves are practically limitless.

• Natural gas—Primarily methane gas, a fossil fuel with emissions of approxi-
mately 30% less CO2 equivalents than petroleum.

In comparison with coal, natural gas has about 50% less CO2 emissions when
used for energy production. Even though natural gas is a fossil fuel, we will still be
needing it and similar finite sources of energy for several decades into the future.
Natural gas is estimated to contribute with 40% of the global energy consumption
increase between the years 2014 and 2040.

• Fission power—The conventional nuclear power plant may experience a
renaissance with the aid of a new technology—the thorium reactor. Thorium is
available in much larger volumes than uranium, and the waste is not as readily
usable for nuclear weapons. Thorium—in combination with existing reactor
solutions—may turn nuclear power into an important option in some countries.
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There are also other possibilities for development. For example, the American
energy authorities provide financial support to the development of the pebble-bed
reactor, where the risk of a nuclear meltdown is considered to have been eliminated.
Both India and China, with their rapidly growing economies, will invest in new
nuclear power plants.

At the time of writing, there are 400 nuclear power reactors in operation in the
world. In addition, there are 73 new nuclear power plants under construction, 170
are being planned and another 300 or more have been presented for consideration.
This shows that nuclear power still has a part to play in a global perspective.

An advantage of nuclear power, in comparison with wind and hydro power, is
that it doesn’t requires much space. This makes it suited for supplying energy to
huge cities with tens of millions of people.

A solar cell facility requires an area of 15 � 15 km to produce the same amount
of energy as one medium-sized nuclear power plant. Electricity production in the
night-time and in cloudy weather also gives nuclear power advantages.

• Industrial waste heat—The use of redundant heat from process industries, waste
combustion, and other similar sources is nothing new. In the Nordic countries,
excess energy from, for instance, the pulp and paper industry has been used for
decades. But there are additional sources that can be utilised as new technology
is developed, and in a global perspective, there are considerable reserves of
waste heat that can potentially be salvaged. The surplus energy from large data
centres is just one example. The investment cost may be an obstacle, but sub-
ventions that make the ROI time shorter can make such investments more
attractive.

• Development of conventional power plant technology—All man-made devices,
from engines and boilers to electrical equipment, are made more efficient all the
time. Most of these minute improvements are made and accepted without much
attention. But higher efficiency and smarter technological solutions mean
reduced energy consumption and, as a result, less emissions.

The total level of efficiency has been considerably increased during a time span
of 30 years. For example, the efficiency of the bigger diesel and gas engines
manufactured by the Wärtsilä company is about 50% today, while it was a mere
42% 30 years ago. In other words, an improvement of 20%. When these engines are
used for electricity production, the efficiency may reach 55%, and if the excess heat
is salvaged, it will be no less than 90%.

• Natural photosynthesis—This technology makes it possible for various spe-
cialised organisms, like bacteria, algae, fungi and trees, to produce fuels.
Presently, there are ongoing experiments to use, for example, microorganisms
and fungi to produce hydrocarbons, so-called myco-diesel. This is yet another
contribution to energy production without adding external carbon dioxide, in
addition to the biological methods mentioned earlier, like anaerobic digestion of
biologic matter. However, it is difficult to estimate the state of this technology
20 years from now.
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Saving power

Increased efficiency and savings thanks to new technology may also dramatically
reduce our energy demand. In almost all areas of our lives, there is room for
improvements of our energy consumption with the aid of numerous technological
inventions.

• Lighting in a new light—Considering that lighting accounts for approximately
20% of the world’s electricity consumption, LED technology, in combination
with intelligent control systems, has an important part to play. The light doesn’t
have to be on when no one needs it, and it doesn’t have to shine at full strength
when it isn’t pitch black. The efficiency potential of LED technology is very
high, roughly 80% when replacing light bulbs.

• Increased industry efficiency—Of all the electricity consumption in the world,
industry is responsible for 40%, of which two thirds are used to drive electrical
motors. Here frequency converters enter the picture. A frequency converter is,
simply put, a counterpart to the gas pedal of a car. Many electrical motors
constantly run at full speed. With a frequency converter, however, they can slow
down and save energy when full power isn’t needed. In industry, an increased
use of frequency converters has already dramatically reduced electricity con-
sumption, and this development continues.

• Smart infrastructure—Smart cities, efficient public transport, and smart electric
grids can save considerable amounts of energy by optimising energy supply,
traffic and lighting with the aid of modern technology. Traffic control can be
optimised in various ways by mapping shorter driving routes and reducing
idling. With improved overall planning, the potential for heat recovery, and
district heating and cooling, is very high in cities.

• The breakthrough of The Internet of Things, IoT—The Internet of Things means
that various technological devices can communicate with each other in a net-
work. This phenomenon has already existed for some time on a smaller scale,
for example with key cards and electronic locks being able to communicate. The
new properties of IoT are that communication is possible regardless of location
and that large amounts of information can be transferred, thanks to the high
transmission rate.

One example is that a computer in a building can monitor the variations of the
electricity price and start the indoor heating system during the hours when the price
is at its lowest. Systems like that are already in operation.

Another example is intelligent speed control. It may, for example, involve
information transferred to buses from sensors along the route. Data like that can
adapt the speed automatically or via the driver. The criteria may be safety or fuel
consumption. This kind of technology may save lots of energy and maintenance
costs.
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• Smart electricity systems coordinate supply and demand—With smart electricity
systems, the electricity delivered can be controlled according to supply and
actual demand. Electricity for various purposes can be bought at the times of the
day when the price is at its lowest—or sold when there is a local surplus.

The automatic system keeps track of both the market price and the demand and
manages buying and selling transactions without human interference. Energy cloud
services are emerging in pace with the new smart technology.

• Energy storage for cloudy days—Energy storage, especially the storing of
electricity in batteries, will also contribute to energy efficiency and reduced
emissions. The demand for this technology is increasing due to the growth of
wind and solar power. It would obviously be beneficial if some of the daylight
solar energy could be stored for use during the night, or if wind power could be
saved for calm days.

Large-scale batteries for this purpose are installed in California, where the
electric energy from wind turbines are stored at a capacity of 32 MW h. Admittedly,
this capacity is rather small, and the technology is in its infancy. Another method is
to use surplus energy to pump up water and then let it stream back through a
turbine-driven generator. Small-scale battery storage for individual consumers is on
its way. This development may accelerate rapidly and become revolutionary.

• Weight-reducing material technology—Sophisticated materials like graphene,
and nano technology are currently being developed by thousands of scientists
and engineers all over the world. The results will make themselves known in
many ways in the future and will probably have important effects already in the
two next decades. New materials can optimise energy consumption in several
ways. Above all, the weight of vehicles and moving industry components will
be reduced. These materials can also reduce the friction of moving parts.
Electrical distribution and storage are other areas that may benefit from this
development.

• Hydrogen gas makes clean driving possible—Hydrogen gas produced by
renewable energy sources can make completely emission-free vehicle operation
possible in the future. Contrary to gasoline and diesel, hydrogen gas doesn’t
produce carbon dioxide or other undesired substances. If the hydrogen is pro-
duced by energy systems without greenhouse gas emissions, the hydrogen
operation is entirely CO2 neutral. The hydrogen and oxygen from the air can be
converted to electricity by fuel cells, in which case the electricity is produced
directly in the car. If the car is battery-powered, the electricity is extracted from
the public electricity grid.

This process is beneficial to the climate and the wallet alike. And finally, we will
have arrived at a point where we can drive anywhere without giving a thought to the
greenhouse effect.
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A new era

New behaviour patterns and system shifts can change the future in different ways:

• Communications technology increases efficiency—The Internet of Things, with
new sensors and sophisticated algorithms, will affect most things around us.

• A new Green Revolution is on its way—Genetically modified livestock and
crops can have a revolutionary impact, and, if wisely managed, this develop-
ment may be beneficial to both agriculture and climate. It is conceivable that
many crops that currently need high or low temperature, lots of water or special
insecticides can be modified to more robust strains. All things considered, this
means less emissions of greenhouse gases.

• The fish are moving ashore—Conventional fishing is increasingly being
replaced by energy saving fish and shellfish farming on land. We are
approaching a “blue revolution” and have oceans of possibilities at our disposal.
In Khulna in Bangladesh, for example, freshwater shrimps and fish are raised in
ponds, and the adjacent rice fields are fertilised by the waste and left-overs of the
fish. This combination and polyculture has tripled the production with minimal
environmental effects due to a simple recycling process.

This example shows that water farming doesn’t have to be a large-scale venture
—it can also be implemented in a small scale with modest investments. No less than
71% of the earth’s surface is covered by water, but as yet, only 2% of our food
comes from seas and lakes. Thus, the potential for this source of food is huge.

• Renewable “fuels” don’t need to be transported—The impending transition
from fossil fuels to alternatives will constitute a large system shift. Energy
production by solar, wind and hydro power plants will have considerable
advantages in comparison with petroleum, coal, biomass and gas. In addition to
other benefits, these renewable fuels do not need to be transported over long
distances to power plants, as the energy is produced right at the source.

In contrast, the journey oil takes from the earth’s crust to the lamp is long. First
the petroleum must be located, the prospecting planned, drilling facilities con-
structed. Then the oil must be extracted and transported, stored, refined, stored
again, and finally distributed to a power plant where it is transformed into electricity
so that the light can be turned on.

Solar energy can be accessed in a much simpler way. Simply put, the sun shines
upon a group of solar cells which produce electricity directly. There is no need for
gigantic processing facilities, long transportation and intermediate storage. In other
words, we get rid of the entire supply and waste management chain that also
produce emissions.
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Promising solutions

There is also a plethora of promising new solutions which, if realised, may totally
change the energy production in the future.

• Artificial photosynthesis can produce fuels according to the same principles as
the photosynthesis in nature; that is, it can transform solar energy into chemical
energy. The advantage of artificial photosynthesis is that the input resources—
sunlight, water and carbon dioxide—are virtually infinite.

• Geothermal deep technology is another possible source of basic energy. As we
all know, the bowels of the earth are filled with magma, a glowing, extremely
hot mass that sometimes penetrates the crust in volcanic eruptions. In some
places, very high temperatures can be found close to the surface, and in such
locations, large power plants for the production of electricity are already in
operation. With sufficiently developed drilling technology, this energy source
may become available all over the world, since deeper boreholes can reach
higher temperatures.

This geothermal deep-hole energy would by itself be sufficient for several world
populations of energy consuming people for millions of years.

• Large-scale production of bio oil and biogas may replace fossil oil and gas.
• Genetically modified organisms are turned into energy producers—These are

bacteria, fungi, plants, etc. which can be modified to produce various kinds of
fuel.

• Superconductivity is a technology that allows for electricity distribution without
energy loss. Superconductivity is already used today in applications for science
and medical technology. When further developed, superconductivity may be of
revolutionary importance, as it would also offer a solution for the energy storage
issue. With this technology, solar energy would be readily available 24 h a day.
The energy losses associated with electricity transfer and Maglev trains would
be close to zero. The greatest optimists even claim that this technology alone
would be sufficient to meet all the energy challenges of the world.

• Fuel cells are already in limited commercial use, but they will most certainly
become established as an important technology in the future. The fuel cell
technology is basically converting chemical energy into electricity (usually from
a reaction between hydrogen and oxygen), and it has a great potential for large
development leaps because the materials involved are being developed so
rapidly. It is not impossible that the fuel cells will be of revolutionary impor-
tance for cars and boats, where they may replace fossil gasoline, diesel and
natural gas.

The closest competitor to fuel cells is electric operation with rechargeable bat-
teries. This development has already exceeded the expectations regarding price and
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storage capacity during the last ten years. One of these two solutions will probably
dominate, although both have excellent opportunities to change the automotive and
transport sectors entirely. My assessment is that the entire vehicle fleet will be
replaced within 20–50 years, and then entirely based on carbon dioxide free
operation.
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