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1.1 Brave New Worlds
Note: Every section title is a link to the corresponding Mysearch website page,
which may contain more information and quotes.
Obviously, the overarching title of this discussion, ‘Brave New Worlds’
is made in reference to Aldous Huxley’s 1931 novel, which might be
seen as either a futurist utopia or dystopian nightmare depending on
your worldview and your position within such a society. However, we
might also compare Huxley’s vision of the future with George Orwell’s
novel, 1984, written some 13 years after Huxley’s novel, where both
societies are controlled by the apparatus of a totalitarian state. While
a review of these books is not the object of this discussion, it might
be useful to initially gain some perspective on the scope and accuracy
of future predictions, as made by an earlier generation, as it may
come to moderate any predictions we might wish to make on the
future.
How might we start to compare the predictive accuracy of these two worldviews?
Of course, it has to be recognised that these were works of fiction rather than directly intended as predictions of
future technology. However, there is clearly an aspect of each that is intended as a warning of some potential
future world that might await, if humanity chooses certain paths. It might initially be suggested that Huxley’s vision
of the future was possibly more forward looking in its technological scope compared to Orwell’s, although neither
appears to have been particularly prescient in hindsight. However, as indicated, neither book was really focused on
the future of technology, but rather focused on the potential transformation of society. On a comparative level,
Orwell’s future is essentially rooted in a particularly joyless extrapolation of a 1944 war-torn London, where the
imposition of a totalitarian state appears to have been primarily imposed just using the technology of two-way
telescreens, which allowed those in power to spy on its population. Of course, we might still see some parallels in
this type of socio-political prediction in nation-states like North Korea, although the technology that might support
such a level of suppression has already become far more sophisticated than Orwell foresaw. In contrast, Huxley’s
‘brave new world’ presents a society that includes space travel, private helicopters, genetically engineered test
tube babies, birth control via conception pills, recreational drugs, hormone-laced chewing gum, all of which might
appear more insightful in respect to current technology developments. However, in a later publication in 1950,
Huxley added a foreword that would, in part, reflect on a generation of technical developments in which the
unforeseen implications of an atomic age are highlighted. In this context, we might see how easy it is for
predictions to completely miss the impact of just one future and essentially unknown technology. Of course, today,
we are now positioned some 4 generations after Huxley’s novel was first published, such that we now have the
insight of the invention of the transistor (1948), discovery of DNA (1953), integrated circuits (1959), computer
processors (1971), the internet (1983), the worldwide web (1990), mapping of human genome (2003), Facebook
(2004), AI Deep Learning (2011) etc. In this respect, we might recognize the fragility of most predictions, being
both limited and one-dimensional, when failing to foresee the total implications stemming from accumulating
technological change, let alone the compounding effects on the entire ‘human ecosystem’.

Mysearch Website

4

Copyright

2004-2018

BRAVE NEW WORLDS
Catalysts of Change

Note: It has often been argued that the technology ‘evolution’ will not happen in isolation from other
socio-political developments. Of course, the other side of this argument is that any futuristic vision of a
totalitarian state will not exist without a corresponding dependency on future technology developments.
While we might simply extrapolate the scope of this technology in the form of increased security surveillance
using ubiquitous CCTV cameras, there is also the added possibility of AI-enhanced face recognition coupled
to databases of dissenting activists and the use of personal metadata to track both collective and individual
activity. So while North Korea might have initially imposed its form of totalitarianism without such
technology, its long-term stability may still depend on how it is able to utilize such technology developments
in the future. Of course, such technologies may also be a threat to present-day democracies.
We might also recognize that neither Huxley’s or Orwell’s novels make much reference to the development of
global economics, which has influenced which political ideologies have stood the test of time in the face of free
market competition. For while socio-political change and technology developments are obviously coupled, such
changes are also dependent on the economy of a given society to compete within global markets subject to
ever-changing supply and demand. However, while Orwell’s technological predictions may appear to have been
particularly limited, his concern that ‘truth was fading from the world’ might appear to have some obvious
parallels with the current development of ‘fake news’ and the apparent bias that many funded news organizations
now appear to sanction by only reporting ‘facts’ supportive of a certain ideology.
But is totalitarianism really the threat?
In Orwell’s future, totalitarianism is characterized by the idea of ‘big brother’ who imposes near total control over
the actions and even desires of the larger ‘majority’ and where history can be simply rewritten to meet the
changing demands of propaganda. Within the historical context of 1944, we might realize that the devastation of
the Second World War was still fresh in Orwell’s mind as he sat down to write ‘1984’. For this was a world only just
starting to recover from the totalitarianism imposed by Adolph Hitler in Germany, Benito Mussolini in Italy and the
perceived threat of Josef Stalin in the Soviet Union. In contrast, Huxley wrote his novel before the menacing threat
of this form of totalitarianism became so obvious, such that his description of totalitarianism simply subdues a
population into believing that the imposition of control is in the best interest of society as a whole. However, in the
modern context, we might perceive that both Huxley and Orwell were writing about the tension between the
ideology of collectivism and individualism.
Note: We might initially characterise collectivism and individualism in terms of two distinct ideologies, i.e.
communism and capitalism, although this might now be seen as a somewhat historic perspective. However,
we might simply use these labels to characterise the ideological tension between two worldviews, as they
still exist in the world and continue to divide social, political and economic opinion. As a footnote, history
seems to suggest that neither extreme works in practice.
However, Huxley’s brave new world was not really about ruling by oppression, as there may be perceived benefits
in living in the ‘utopia’ of a civilized world as oppose to that of the savage, even though this utopia comes at a
price. In a dialogue between one of the world’s controllers, Mustapha Mond, and the savage, John, the controller
tries to explain the need for the brave new world that has been created.
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“… our world is not the same as Othello’s world. You can’t make flivvers without steel and you can’t make
tragedies without social instability. The world’s stable now. People are happy; they get what they want, and
never want what they can’t get. They’re well off; they’re safe; they’re never ill; they’re not afraid of death;
they’re blissfully ignorant of passion and old age; they’re plagued with no mothers or fathers; they’ve got no
wives, or children, or loves to feel strongly about; they’re so conditioned that they can’t help behaving as
they ought to behave. And if anything goes wrong, there soma.”
From our current perspective, we might see an inherent flaw in Huxley’s brave new world, which depends on the
segregation of society into different functional classes at birth, where the idea of social-mobility is not even a
consideration. However, the savage’s dilemma might be characterised in the form of an old joke where one fish
asks another fish ‘how's the water?’ and the other fish replies, ‘what the hell is water?’ Of course, from the
perspective of the reader, we might recognise that the savage is out of time and place in Huxley’s brave new
world, but so are we, for the savage is the product of another world that has imposed its own form of
indoctrination and conditioning on him, as are we. In the end, the controller simply highlights the choice that was
made.
“The savage was silent for a little. All the same, he insisted obstinately, Othello is good, Othello’s better than
those feelies. Of course it is, the controller agreed. But that’s the price we have to pay for stability.
In this respect, the inhabitants of our future world will probably have to pay a price for stability of their society in
the face of mounting pressure on the environment and need for resources, which we might link to an increasing
global population compounded by the not unreasonable aspiration of a better life. At this point in time, modernity
in its many facets has helped many towards a better life; however, we need to consider the possibility that many
people, even the majority, may not necessarily continue to be the beneficiary of future technological progress,
especially if it only leads to ever greater wealth and social inequality. Therefore, we may have to ask ourselves
some fairly uncomfortable questions about the role, and possibly the purpose of human life, in terms of the 10
billion individuals projected to populate the ‘brave new world’ of 2050. As such, future generations may have to
confront the question:
What price is it willing to paid for stability AND sustainability?
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1.1.1 Catalysts of Change
It is probably safe to say that the ‘brave new worlds’ of the coming decades will be profoundly affected by
technology, which may be more evolutionary in scope than the word ‘development’ might suggest. However, this
technological evolution will not take place in isolation of other factors that will undoubtedly affect the future,
which we might initially characterized in terms of social, political and economic change. Of course, even these
additional changes will not occur in isolation as environmental impacts and resource scarcity may also act as
catalysts to yet further change. So, if viewed as a composite of all
possibilities, accurately predicting the future may be somewhat of an
impossible task, especially in terms of the impact of unforeseen
technology. However, despite the probability that long-term predictions
may be doomed to inaccuracy from the outset, we will start by trying to
characterize the complexity of the task as the sum total of the ‘human
ecosystem’, as simplified right. While the human ecosystem has been
around as long as homosapiens, its scope has become increasingly
complex in just the last few hundred years, such that it may only be
possible to extrapolate trends that may then point us in the general
direction of future developments. However, before we proceed in this
speculative undertaking, it might be useful to cautiously reflect on the
work of others who have attempted to predict the future, while anchored to their own earlier time and place in
history. British author Aldous Huxley wrote his futuristic allegory ‘Brave New World’ in 1931, which was a time
when British society was still recovering from the aftermath of the First World War when many long-held social
norms were being questioned. It was also a world that had only recently abandoned the economic stability of the
gold standard and economic depression was spreading from the US. However, it was still a ‘brave new world’ in the
technical sense of the expansion of electrification, transportation and communication, where cars, telephones, and
radios were being made possible by industrial automation. Against this backdrop of profound change, Huxley’s
novel then extrapolates the ideas of reproductive technology, sleep-learning and psychological manipulation onto
some potential ‘futuristic’ society. In this respect, Huxley’s work was possibly much more forward looking in its
technological scope than Orwell’s novel ‘Nineteen Eighty-Four’, although both were possibly more orientated
towards the socio-politics of totalitarian control, albeit different in nature.
But what has this to do with today’s reality?
While recognizing that Huxley’s work is fictional, it might be seen as an allegory of what might happen to
the reality of our world in the future, for there are some obvious parallels to be drawn. We now live in a
world that is weary of global conflicts, irrespective of whether being political, economic and religious in
scope. We might also recognize that economic instability has now become magnified by the abandonment
of any pretence that printed fiat currency has any intrinsic value beyond being a promissory IOU, which is
continuously being eroded by inflation and rising debt. Finally, we might recognize the extrapolation of
yesterday’s industrial automation now taking shape in the form of AI automation that may have even more
profound implications on humanity.
So how do Huxley’s predictions compare against the reality of today’s brave new world?
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First, it possibly needs to be highlighted that Huxley’s work was set in London in the year 2540, such that its
predictive accuracy might be immediately questioned. Therefore, it might be a ‘safer-bet’ to assume that the
accuracy of any prediction will be inversely proportional to its projection in time, such that most futuristic
predictions will be limited in both scope and accuracy.
So, is there any point in making predictions?
In the context of the discussions to follow, predictions might be better described as a ‘safety-precaution’ by which
some of the many potential disasters that may be waiting to happen might be avoided or, at least, minimized.
While there is no certainty that any of these potential disasters will ever happen, the probability still exists, such
that being forewarned is to be forearmed. In the wider context of the Staged Evolution discussions on the
Mysearch website the remainder of this discussion might be seen as an extension of earlier postings covering
finance, economics, politics, population and human evolution. While none of these discussions are necessarily
optimistic, the overall question being tabled is whether any of the arguments are necessarily unrealistic?
Technology Catalysts
In part, the phrase ‘technology evolution’ is being used as an extrapolation of current technology developments
along a path towards some possible science-future, which might be separated from science-fiction. So, while this
initial outline of a technology-evolution has to be seen as speculative, it will try to put some limits on inference, i.e.
what we do not know must be like what we already know, at least, in the short to medium term.

Note: The idea that ‘what we do not know must be like what we already know’ is an axiom of William
Clifford’s essay entitled ‘The Ethics of Belief (1877)’ and used to define the ‘limits of inference’. While this
axiom has often been used as a general guiding principle, in the context of a technological evolution, we
might need to question its unqualified use. For when the rate of change is exponential, as in the case of
computer processing, the outcome may be nothing like what we might have previously anticipated. If we
estimate the effects of Moore’s law of doubling processing power every 18 months over the last 50 years,
then processing power would have increased by a factor of 4 billion. Such change has led to innovations that
few could have predicted back in 1965, let alone back in 1877, when Clifford wrote his essay.
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The previous diagram is only intended as a general framework in which just 6 key areas of technological evolution
might be considered, i.e. energy, AI, robotics, genetics, nanotechnology and space. While limited in scope for
practical reasons, it is believed the future evolution of these technologies may have a profound impact on virtually
all facets of the human ecosystem, where some of the implications and applications are characterized along the
bottom. While there are other areas of technology that might be considered, it is believed that the six selected
may provide a reasonable overview of some of the future potential developments, which will also affect other
aspects of the human ecosystem.
So what is the justification for prioritising energy?
Today, energy has come to underpin the modern world, therefore innovations in energy technology will be critical
to the maintenance of future social, political and economic stability. However, while energy is highlighted as a
critical area of technology, it may be more difficult to predict the rate of adoption of new energy sources and the
means of energy storage that will have many geopolitical and economic implications, which may be contested and
resisted. For in many areas of the world, fossil fuels may remain a viable and preferred source of energy for many
decades to come, irrespective of the costs to human health and climate change. As such, changes to the current
energy model will have to be considered in the wider perspective of the human ecosystem as a whole, especially in
economic terms. This said, it is highly probable that technology developments in solar generation and energy
storage will contribute to disruptive change over the next 10-20 years. For example, the uptake of electric cars,
possibly powered by a new generation of super-capacitor storage devices, may be just a few of the associated
developments contributing to disruptive change.
Note: For much of humanity’s million-year history, its population existed on a knife-edge in that only a few
extra deaths, rather than births per year could have resulted in extinction. Two thousand years ago, the
global population had increased to 200 million, by the start of the industrial revolution in 1750, it had
increased towards 700 million and over the next 250 years, the global population grew to exceed 6,000
million. Within the last 18 years, the global population has increased to 7.4 billion and expected to rise to 9.7
billion before 2050.
While the increases in the note above reflect exponential growth, the table below provides a linear approximation
in terms of the increase per year. However, what we may need to realise is that most problems may be related to
the impact of population growth on the ecosystem.

Year

Years

Population

Population
Increase

Increase
per year

0
1750
2000
2018
2050

n/a
1750
250
18
32

200,000,000
700,000,000
6,000,000,000
7,400,000,000
9,700,000,000

n/a
500,000,000
5,300,000,000
1,400,000,000
2,300,000,000

n/a
285,714
21,200,000
77,777,778
71,875,000

While energy has been a key catalyst of change over the last 250 years, it is probable that AI will become the
primary catalyst of change in the immediate future and beyond. For if we assume that the process by which
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knowledge can be expanded and utilized is critical to any ongoing technological evolution, then it seems
reasonable to assume that AI must play an important role in this process. The development of evermore cognitive
AI systems will undoubtedly have a complimentary impact on the development of more autonomous robotic
systems, which will then become increasingly pervasive throughout the human ecosystem. However, the biggest
and immediate impact on the human ecosystem may well be in terms of jobs, where AI expert and robotic systems
may increasingly become capable of doing, not only manual blue-collar jobs, but professional white-collar jobs.
Note: In many respects, the technical innovation of the last 50 years has been built on Moore’s law, which
initially predicted a doubling of transistor density every 18 months that may have resulted in a scaling factor
close to 4 billion. However, many are now predicting that Moore’s law is slowing and will possibly come to
an end by 2025, although this somewhat pessimistic prediction is based on the limits of a chip architecture
simply reducing in size rather than fundamentally changing in concept. Therefore, it may be possible that a
different approach to processor architecture could maintain Moore’s law, or some close approximation, into
the future. If so, it might be reasonable to project a revision of Moore’s law, doubling every 3 years rather
than every 18 months, but which over 100 years would still equate to a further scaling factor of 4 billion. Of
course, over this timeframe processor architecture may evolve in many different ways, e.g. distributed,
parallel, multicore, micro-cooled, neural nets, and many others that have not yet even been considered.
In part, energy and AI may also facilitate many other key areas of research, such as genetics, which was
‘catapulted’ into the headlines in 2003, when the human genome was completed ahead of schedule mainly thanks
to computer power. In the future, the field of genetics may also be further supported by complementary
developments in bio-engineering and nanotechnology, although each field may have expansive scope in different
directions. We might initially perceive the scope of genetics in terms of an increasing ability to both understand
and manipulate the DNA genome of any specie ranging from bacteria to humanity. However, this ability will
undoubtedly be helped by future developments within bio-engineering and nanotechnology. As a broad
generalisation, the scope of bioengineering may include any aspect of engineering that facilitates a better
understanding of biological processes and/or ability to augment them, e.g. brain scanners through to prosthetics.
We might also see the complimentary nature of nanotechnology to genetics and bio-engineering, if it extends the
ability to manipulate structures at an atomic or molecular level, which then helps to create new materials and
manufacturing processes across the breadth of our ‘brave new world’ of technology evolution.
Note: In terms of the human ecosystem, social, political and economic components may all have very
different opinions and priorities regarding the permissible ‘evolution’ in the field of genetics. For there may
be considerable social resistance to any perceived manipulation of the ‘natural’ order of life, especially if
viewed from a religious perspective. Of course, political and economic considerations may override such
concerns in the face of more pragmatic pressures in the form of geopolitical and commercial competition,
which might destabilise economic growth. There is also the real possibility that genetically modified crops
and livestock might become an increasing necessity in order to help feed a growing global population in a
world subject to climate change, irrespective of the cause.
When viewed in conjunction with concurrent developments in AI and robotics, it might also be realised that the
sum total of all this potential change could also drive the future evolution of sentient, intelligent life in many
unexpected directions. Of course, such profound change may well further destabilise the human ecosystem in
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some future world. Therefore, at this stage, these potential technology developments should only be seen as
‘possible’ changes within the human ecosystem as a result of a handful of technology innovations. However, while
technology may well be a fundamental catalyst of potential change; powerful social, political and economic
institutions may still prioritize the direction and adoption of acceptable change. In this wider context, the human
ecosystem will include many considerations related to the usage and distribution of natural resources, especially
when it comes to those essential to human life, i.e. food and water. For example, while some may see the
exploration of space purely as one of scientific interest, it may ultimately come to have more practical motivations.
First as an alternative source of vital resources required by new technical developments. Second, as a backup plan
for human habitation, which might be linked to the wider implications of climate change here on Earth should it
ever come to threaten the quality of human life. However, the impact of climate change also needs to be
evaluated in terms of the wider social, political and economic costs to different nation-states around the world.
Note: As outlined, we might reasonably predict that technology will provide new innovative solutions to the
current energy model, which might then help to revolutionize today’s transport systems, especially if
augmented by AI autonomous control systems. However, whether such developments can simply be
extrapolated into shipping and air transport systems may prove to be a more difficult longer-term problem.
Likewise, the idea of a wider exploration of space may require further consideration of a number of different
problem areas, e.g. lift-off into orbit followed by more effective propulsion systems and finally onboard
human habitation, if required. The last caveat on human habitation is highlighted in that AI-robotic systems
may well advance to a point that autonomous missions into space, especially for mining purposes, may only
be cost-effective if undertaken by a ‘crew’ that requires no special and expensive life-support system.
At this point, we might initially accept that technology has helped improved our lives beyond any reasonable
expectations of earlier generations. This said, the benefits of most technologies have also had unexpected
consequences that have not always been beneficial to all. However, as a broad prediction, we might reasonably
assume that future technology will continue to ‘evolve’ to a point that it might provide the means for humanity to
solve all its pressing problems, although this optimistic outcome possibly requires a lot more consideration.
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Economics Catalysts
It is often said that ‘money makes the world go around’,
although we need to examine this adage in a little more detail.
For if money is little more than an IOU backed by the perceived
wealth of some nation-state, then we might need to ask:
By what ‘yardstick’ is the wealth of a nation measured?
We might initially make some assumptions about its access to
natural resources, the skills and education of its population and
the quality of its economic infrastructure, inclusive of both its
industrial and service sectors. We might then attempt to
abstract these initial assumptions in terms of natural, human
and infrastructure assets on the nation’s balance sheets, which
are then offset by any liabilities in terms of public and private debt. Some economists may then judge the level of
debt in terms of its ratio to the Gross Domestic Product (GDP), although GDP is more of a measure of current
national income rather than necessarily being an accurate measure of future wealth. Today, we might recognize
that the wealth of some nation-states is primarily based on natural resources in the form of fossil fuels, which are
perceived as a commodity to be sold on the global market and subject to fluctuating supply and demand criteria.
However, we might table a question at this point:
What if these natural resources were made worthless by technology innovation?
We might reasonably assume that without some alternative source of income, the on-going wealth of these
nation-states may be short-lived unless the deficit in the economy can be made up by its industrial or service
sectors. Of course, even these sectors may be susceptible to future technology change, such that it is often
assumed that the biggest asset of a nation-state is its population, at least, if well educated.
Note: The UN calculates what it calls ‘human capital’ based on a number of criteria, e.g. population,
education, employment prospects and years to retirement. For example, human capital has been calculated
to represent 88% of the UK’s wealth and 75% of US wealth.
While this opening discussion is not attempting to be too exact on the actual complexity involved, we might start
to see an argument that the population might actually be the biggest wealth asset in a given economy. This said, it
might also be realised that future AI and robotic automation could dramatically change the wealth value
associated with human capital in a similar fashion by which the value of natural resources might be revised based
on supply and demand. However, in the human context, the issue of supply and demand may be better described
in terms of the quantity and quality of a given population, which starts to stray into a discussion that political
correctness might prefer we simply ignore. However, if the truth be told, it is unclear that man-made change will
be any kinder to specific individuals than natural selection when survival is at stake, such that the issues implied in
the following questions may still be a factor that shapes the future.
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What percentage of the population is intelligent, educated and productive?
How might this change in the future in respect to AI and robotic developments?
Taken together, we might realise that the second question places an inference on how we might answer the first
question, at least in terms of the productive aspect of a given population. However, there is also an inference that
only a percentage of any given population will maximise education, if defined in terms of its IQ distribution. While
many will refute the idea that the value of humanity can be quantified in terms of a one-dimensional IQ score, the
changing demands of employment suggests that it cannot be ignored. As an initial and overly simplistic summary,
an IQ score between 90-110 might be considered as an average range attributed to 50% of the population, where
approximately 25% have a higher score and the remaining 25% have a lower score. However, there is already
substantial evidence that intelligence is an important indicator of the type of employment that can be realised. In
this context, IQ reflects an ability to deal with the cognitive complexity associated with different types of
productive employment, which is generalised in the following chart.

However, this chart is essentially historical in nature in that it does not account for the potential for AI and robotic
automation to increase across all employment sectors in the coming decades. If so, there is a suggestion that such
technology developments will impact a much wider range of blue and white-collar professions in the future.
Note: If AI automation continues to progress, even at present rates, do we need to consider the probability
that unemployment will increase over time? If so, this may lead us to other far more uncomfortable
questions, e.g. how will the growing population of unemployed survive, not just economically, but socially
and possibly even physically? While it is accepted that the implications of this last question may, yet again,
sound the alarm bells in a politically-correct world, it is unclear that simply ignoring the issue will provide
any sort of solution.
In the following table, a selection of occupations in the US job market are qualified with a risk probability of job
losses against the ‘current’ employment figures in millions. As a comparative benchmark, the number of working
age (16-64) people in the US is estimated to be in the region of 210 million of which only about 130 million (62%)
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are estimated to have full-time employment. While the official unemployment rate in the US is stated to be less
than 5%, it is doubtful that this figure truly reflects the scale of mental and physical disabilities that prevents many
gaining meaningful employment, which is then compounded by part-time employment and zero-hour contract
work. Therefore, if we simply use the 62% figure, this would mean that something like 80 million (38%) of the US
working population is not in full-time employment, while the job losses shown in the following table suggest that
the US may require an additional 30 million new jobs by 2050 to offset losses, even if population growth is ignored.
Occupation
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Retail Sales
Cashiers
Fast Food Services
Teaching
Office Clerks
Waiters & Waitresses
Customer Services
Nursing
General Labour
Janitors
Administration
General Managers
Stock Control
General Accounting
Sales Representatives
Maintenance & Repair
General Supervisors
Accountants & Auditors
Security Guards
Assembly Workers
Restaurant Cooks
Totals & Average

Current
Employment
4.3
3.3
2.9
2.9
2.8
2.3
2.3
2.2
2.1
2.1
2.1
1.9
1.8
1.6
1.4
1.2
1.2
1.1
1.0
1.0
1.0
42.5

Risk
Probability
92%
97%
92%
56%
96%
94%
55%
1%
85%
66%
96%
16%
64%
98%
85%
64%
28%
94%
84%
97%
96%
74%

Job
Losses
3.96
3.20
2.67
1.62
2.69
2.16
1.27
0.02
1.79
1.39
2.02
0.30
1.15
1.57
1.19
0.77
0.34
1.03
0.84
0.97
0.96
31.90

This table simply highlights some specific categories at risk, but not all. For example, in some urban areas up to
17% of the US working population are employed, both full-time and part-time, in driving vehicles of some
description, e.g. buses, taxis, deliveries, haulage, which might all be at increased risk given the potential of
driverless vehicles over the coming decades. There is also little recognition of the impact that cognitive AI systems
might yet come to have on professional careers, such as lawyers, accountants and doctors plus many others. If this
wider spectrum of white-collar professions is also at risk, it might be suggested that 25-50% of all current jobs may
be at risk by 2050.
So, what would be the implications of such levels of unemployment?
Clearly, increasing unemployment may cause instability in all facets of the human ecosystem, i.e. social, political
and economic, although for the moment this discussion is primarily focussed on the economic scope. Based on the
previous description, we might realise that AI automation may increase the risk probability of job losses within
white-collar sectors in a similar fashion that robotic automation has already caused job losses in the blue-collar
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assembly sector. As such, IQ and education may not necessarily be a guarantee of job security in the future,
although it may still reflect a higher ability to more quickly retrain to meet the changing and competitive demands
for new jobs. However, we might also realise that in this ‘brave new world’ people are not only competing with
increasing AI and robotic automation, but also with an increasing number of people seeking productive
employment, where supply and demand may be heavily biased towards the employer, not the employee.
But how would a future of increasing unemployment affect the economy?
Obviously, unemployment may have an immediate impact on an individual in terms of lost income, which may
then spill over into the local economy in terms of reduced spending to businesses operating in the area. While
some of these individuals might be able to offset the loss of income by accessing savings and/or applying for loans,
increasing debt cannot be a viable solution for the individual or the economy.
Note: While the idea of gross domestic product (GDP) is not necessarily a definitive measure of the
long-term health of an economy, it might still be used as a general indicator. We might define
GDP=C+I+G+(X-M), where [C] is consumption of goods, [I] is private investment, [G] is government spending,
[X] is exports and [M] equates to imports. As a general measure, we might assume that GDP also reflects the
government income by way of taxation, which in a perfect world would cover all government spending
without running a deficit leading to an accumulating national debt.
Today, the health of an economy is often quantified in terms of the percentage growth in GDP, which is a relatively
complex interaction of the components defined above. We might readily see that increasing unemployment might
affect the consumption of goods and require increased government spending in terms of the social welfare
associated with unemployment. However, increasing unemployment may also trigger a long-term economic
depression causing a fall in the value of the fiat currency on foreign exchange markets, which then increases
import costs and a potential loss of confidence in private investment in general.
Note: Okun's Law reflects an observed rule-of-thumb relationship between unemployment and GDP. This
law suggests a 1% change in unemployment rate will correspond to a 2% change in GDP, both rising or
falling. Without any attempt to justify this inference, we might simply table a question as to the economic
implications of unemployment ever reaching 25-50% of the working population?
Despite the suggestion of dire economic consequences to both individuals and governments, many businesses may
not be able to resist the necessity of further competitive gains that AI and robotic automation may offer to their
bottom-line profits, at least, in the short-term. For, unlike people, AI and robotic automation will only represent an
investment in capital cost, which can in part be offset by the tax-relief on depreciation, while reducing demands
for wages, maternity leave and pension funds plus all the other HR overheads. If you think that this bottom-line
focus is too cold and calculating, you might wish to consider how many of today’s multinational corporations
attempt to ‘avoid’ paying the full rate of taxes that they know are required by governments to maintain social
services. Of course, like technology, even multinational corporations may not necessarily be allowed to operate in
complete isolation of mounting political and social pressures, such that we still need to provide an introduction of
the nature and scope of such issues.
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Political Catalysts
For the purposes of this introduction, we shall define
‘politics’ as a process by which some form of ‘governance’
is either agreed or imposed on a section of the global
population, which we might broadly describe as being
democratic or autocratic in nature. The nature of this
political governance might also be aligned to some form
of ideology, which may be rooted in philosophy,
economics or religion, but where all now have to compete
in an increasingly globalised world for finite resources.
While there are some 196 nation-states in existence,
global politics is now dominated by just a few
nation-states that have both the economic or military
power to protect and further their own national interests.
However, economic power is now increasingly subject to
global market forces such that national politics can often be manipulated by powerful multinational corporations
and institutions, which may have their own agenda, priorities and self-interests. So, based on this somewhat harsh
initial assessment, we might ask ourselves a question.
Do we really expect national politics to provide solutions to global problems?
Of course, any answer to this question requires some further context of a specific problem. For example, we might
perceive the issue of unemployment to be a problem, which has both economic and social ramifications that we
might expect our national politicians to address. However, unemployment in any nation-state can be affected by
shifts in the global economy, especially in sectors where manufacturing costs and technology adoption may play a
key role, which are often outside of the direct control of national politics. We might also need to reflect on the
‘possibility’ that politicians are not necessarily problem solvers, but rather act as ‘managers’, who attempt to
facilitate and mediate some form of compromise solution, which others may manipulate to best meet their own
self-interests. We might also suspect that many politicians are often too focused on problems that immediately
affect the stability and continuance of their own political careers, such that many proposed ‘solutions’ are both
localised and short-term in scope. Again, while it is recognised that this is also a somewhat sceptical viewpoint,
many people increasingly appear to perceive politicians as individuals with their own self-interests, human
weaknesses and limitations, who operate within a system of ‘political machinations’ that always seem to surround
the centres of power, irrespective of the nation-state in question.
But is this too sceptical and backward looking for the ‘brave new world’ that awaits?
If the problems now facing humanity are global in scope, we might reasonably assume that we need global
solutions. However, it is unclear that powerful nation-states will ever support truly altruistic solutions, which while
possibly being beneficial to the global population as a whole would be vetoed because they might adversely affect
the interests of the powerful nation-state itself. For there is little evidence within the current system of limited
global governance to suggest that economic wealth is being fairly distributed even within powerful nation-states,
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let alone amongst the weaker ones. We might also recognise a growing global complexity in what was once a
conflict between just two super-powers, but now appears to be collapsing into an endless series of conflicts
between numerous smaller states in differing alliances. However, such conflicts might also be seen as representing
a growing war between the ‘haves and have-nots’ irrespective of any ideological differences that might be thrown
into the mix. If this description is not so wide of the mark, we possibly need to table another question.
Will politics ever be a real catalyst of change?
The inference in this question is suggesting that while technology developments and economic prosperity ‘might’
act as positive catalysts of change, politicians will continue to simply react to events as they unfold. By way of an
example, while we might recognise that technology may not be a panacea for all the world’s problems, the
possibility of cheaper renewable energy through technology innovations may hold out hope if it allows the
increased demands for water to be addressed by industrial scale desalination. For water shortages are now
affecting both agricultural and industrial output in many regions around the world, which we might reasonably
assume may only lead to increased instability of a society and its economy, which some political systems may only
address using draconian security and military options. Of course, the proliferation of cheaper renewable energy in
combination with innovations in bioengineering may also help revolutionise food production using large-scale
hydroponic systems that minimise the need for soil by using mineral nutrients supplied in a water solution.
However, while extending energy, water and food solutions to a larger percentage of the world’s population will
undoubtedly help social stability; wealth and social inequality may still remain political problems for many other
reasons.
So, is the role of politics simply to maintain order while others find solutions?
Many may reject such a suggestion on the grounds that the actions of the political system, irrespective of it being
democratic or autocratic, will remain critical if it provides the necessary public funding for future technical
developments. We might cite the space-race of the early 1960’s as a somewhat historical example of a technology
solution that was initially driven by political support and public financing, although we might now question
whether the future of space technology will be increasingly driven by economic needs and private funding. If we
consider the wider spectrum of technology evolution under consideration in the context of politics and its
apparent dependency on a growing national economy to provide its tax revenue, we might see a limitation in a
government’s ability to fund future technology research. For we might realise that a government will not only have
to fund an expanding educational system, if it expects its population to participate in leading-edge research, at the
very time it might be facing increasing pressure from its welfare system due to unemployment.
Note: As outlined, the balance between education and employment might also be affected by both the
access to and the imposition of AI and robotic automation. For example, people in developed nations may be
replaced by the imposition of automation, while people in developing nations fail to compete within a global
economy because they do not have access to the latest automation technology.
As such, we have possibly returned to the idea that politicians may only act as ‘managers’, who attempt to
mediate solutions while being subject to many conflicting pressures over which they may have very little control.
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Could the inability of any political system to control the global economy be a catalyst of change?
Globalisation might also be seen as a political catalyst that is already influencing the political decisions of even the
most powerful nation-states. In this respect, technology has facilitated the spread of globalisation in its ability to
extend communications, e.g. mobile phones and internet applications, across national boundaries. However, as
new ideas flow across borders, even the most draconian political systems may find it increasingly difficult to
maintain complete control over the aspirations of its population for a better life. Equally, there may be an
increasing recognition that no nation-state can be the world-leader in every area of development, such that there
may be an acceptance for an increasing need for international cooperation, although possibly still defined along
the fault-lines of historical military alliances. As such, we might leave this initial outline on this note of possible
optimism, although it is unclear that the idea of ‘Fortress World’ will not remain a real threat.
Fortress World acknowledges the possibility that the global problems may simply get worse, such that the
powerful nation states enforce order in the form of authoritarian governance, both internally and externally,
in an attempt to control the global economy for the benefit of some powerful minority. Of course, it might
be argued that the world already operates in this mode given that the most affluent 20% consume 80% of
the world resources.
Social Catalysts
We might start by simply defining a ‘social catalyst’ as being associated with some
significant change in the behaviour of a society. However, when some aspect of
social change endures over multiple generations it may also result in a cultural
difference that may divide one society from another and, over time, such cultural
differences can become perceived as a national identity. While this might provide
some initial perspective on the sum total of social change over time that may
culminate in a revised national identity, it really tells us little about the actual
process by which the social norms of smaller communities bound by earlier history,
i.e. language, customs and beliefs, become subsumed into larger ‘empires’ that
demanded acceptance of a new worldview, invariably by force. In many ways, we
often look back at the social turmoil forced onto earlier communities as simply the
price that had to be paid for progress. Today, the evolution of national identity is
still in progress, but is now being subject to the pressures of globalisation and the collective change being caused
to the wider human ecosystem in all its various facets. Of course, the price that will have to be paid for such
‘progress’ may now appear a little closer to home, as it affects all generations alive today and will undoubtedly
continue to play its role into the future.
Is there a pattern in this model of progress?
It might be suggested that all human social constructs, which includes economic and political institutions, appear
to becoming increasingly hierarchical and centralised over time, such that the focus of power also becomes
controlled by an ever-smaller minority. At this point, we possibly need to better differentiate between
authoritarian and totalitarian power, where the former is assumed to only concentrate political power into the
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hands of a single person or small ruling group, while the latter is assumed to control all aspects of society. Of
course, it might be realised that it may not take much for an increasingly authoritarian government to extend its
power to become a totalitarian state as in Huxley’s brave new world or, worse still, Orwell’s 1984.
Is this simply paranoia or some future possibility?
Today, globalisation is still a process of interaction between sovereign nation-states, although often subject to
international agreements, both political and economic. However, the idea that a few super-powers might
effectively control the process of globalisation, often in their own self-interest, has long been recognised. From a
historic perspective, we may recognise how earlier European powers attempted to subjugate the Americas for
their own national self-interests, but which ultimately resulted in the political union of the states of North America
that then evolved to become the dominant economic and military super-power of the 20th century. Today, in the
21st century, the European Union is also attempting to create a unified political and economic super-power,
although the issue of national identity is possibly proofing to be more problematic. A somewhat looser union might
be seen in the BRICS alliance between Brazil, Russia, India, China and South Africa, although this is primarily to
promote shared economic self-interests rather than having any obvious shared political or military objectives. So,
while some institutions of global governance do now exist in the form of the United Nations (UN), International
Monetary Fund (IMF), World Bank (WB) and World Trade Organisation (WTO), their real power is still limited by
the self-interest of the various super-powers as outlined. However, we might consider the on-going process of
global centralisation in a somewhat more abstracted form, while making reference to Maslow’s hierarchy of needs.

Again, based on a historic timeline, only the local layer originally existed in the form of smaller communities, where
the majority of the population was primarily focused on ‘survival’ needs, such that only a small minority were in a
position to aspire to ‘power’ or possibly benefit from ‘esteem’. Likewise, at this local level, earlier peer rivalry was
also localised and invariably orientated towards physical resources, i.e. land, food and water. However, over time,
these smaller communities were subsumed into ever larger groups, which have culminated in the national entities
we recognise today, where the local level now exists within a national infrastructure.
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Note: Just to clarify, the majority of the people still exist at the local level irrespective of the power hierarchy
that exists above them and, in many cases, still struggle to survive. As such, only the process of ‘power’ and
‘esteem’ are shown at the national and global levels.
Today, peer rivalry at the national level is clear for all to see, although possibly now defined more broadly in terms
of political, military and economic power. While there is no direct global concept of centralised authoritarian or
totalitarian power, some will undoubtedly aspire to this goal. However, within the obvious simplicity of the
previous diagram, we might still see the essence of a problem associated with centralising power, especially if
totalitarian in scope, which we might characterise in the form of a well-known quote by Lord Acton:
Power tends to corrupt and absolute power corrupts absolutely.
Great men are almost always bad men.
Ultimately, centralised power tends to put power in the hands of just a few, who by virtue of their elevated status
often become divorced from the reality of the majority, even if not simply corrupted by it. Of course, we might
hope that the ‘checks and balances’ imposed by democratic governance may curb the excessive abuses so often
associated with authoritarian and totalitarian governance. However, this may be more of a hopeful wish than a
practical reality, when political governance is so often coerced by economic necessities and manipulated by the
power and influence of multinational corporations, which may ultimately only be seeking to serve their own
self-interest, and that of their largest share-holders.
But what has this really to do with social change in the future?
As a broad generalisation, if we look back at history, we might realise that the most significant social catalysts have
invariably sought to change the status quo of those in power. Naturally enough, the ‘establishment’ in the form of
the public and private institutions are usually controlled by the rich and powerful, which history suggests invariably
resist any change that might undermine their power and influence.
Note: We might initially characterise the historic nature of institutional power in the form of the church or
the various monarchies that sought to protect their power and wealth from most forms of social change. For
example, the church has often sought to suppress scientific ideas that dared to suggest a different
worldview of creation, while authoritarian monarchies have fought against both democracy and any ideas
suggesting a fundamental redistribution of wealth or privilege. In this respect, a social catalyst may be
triggered by either an ideology or technical invention, which incites or causes change in society.
However, in a more future-looking perspective, we might need to consider those aspects of present-day society,
which might be susceptible to change triggered by mounting pressure across the entirety of an increasingly
globalised human ecosystem. Of course, in this wider context, the social change might be in response to economic,
political or environmental change, especially if it affects essential resources like food and water. However, at this
point, we possibly need to consider whether history really provides a useful model for future predictions. For while
mass uprisings of a down-trodden majority have sometimes been successful in over-throwing the repressive power
of a small minority, in practical terms, most past revolutions have only really succeeded in changing one powerful
minority for another. In addition, future developments in military and surveillance technology may take us closer
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to Orwell’s 1984 vision of society than we would like, where the minority have such a technical superiority over the
majority that it makes the over-throw of the ‘establishment’ from within nearly impossible.
But who will need who the most in the brave new world of the future?
While the previous quote of Lord Acton might be seen as an indictment of men corrupted by power, in truth, such
men have often been the catalyst of change by which the modern world has been created. As previously stated,
we who are alive today, and have become the beneficiaries of modernity, often dismiss the historical suffering and
injustices inflicted on earlier generations as simply the ‘price of progress’. In this context, we possibly need to make
a more honest assessment of the contribution made by the ‘majority’ towards the progress achieved, when
considering the previous question. While this is a contentious aspect of the discussion, an initial assessment might
suggest that the powerful minority have often only needed the larger majority to provide man-power, which
historically was provided in the form of slaves and servants. Unfortunately, even today, it is possibly naïve to
assume that these older classifications of servitude have simply disappeared even though we might wish to reject
such notions on the grounds of evolving human decency. However, while we might want to pursue the idea of a
better tomorrow, we possibly still need to consider the previous question in the harsh light of some future world
being driven by supply and demand, such that we need to table an even more provocative question.
Will the future need such a large population?
In the previous outlines of technology and economic catalysts, it was suggested that AI and robotic automation
could come to have a profound effect on unemployment around the world in both developed and developing
nation-states. Without getting into the details at this stage, it is possible that AI and robotic automation could one
day dramatically reduce production costs, while increasing both productivity and profitability in many sectors of
the economy. Of course, we might then have to question whether GDP would suffer if there was a corresponding
reduction in the number of consumers, i.e. the few people with money and presumably jobs. However, it possibly
makes more sense to initially consider the implications of this issue in terms of a government’s balance sheet. On
one side, the government’s assets are linked to the income based on tax revenues, which we might assume
remains proportional to GDP. On the other side, the government’s liabilities are linked to the costs of supporting
all those people dependent on the welfare system. Clearly, if assets do not balance the liabilities year-on-year,
then public debt will simply increase to some eventual point of collapse. Of course, there is the possibility that AI
and robotic automation might maintain, or even increase, the GDP per capita, such that increasing welfare costs
per capita can be maintained, although this optimistic outcome appears an unlikely scenario for all nation-states in
a competitive global economy. Equally, this optimism does not really address the question above or the issue of
what an increasingly large and unemployed population might do within society. However, we shall defer the
discussion of such a sensitive issue for the moment in order to expand on the wider nature of change.
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1.1.2 The Human Ecosystem
As pointed out when the diagram below was first introduced, the human ecosystem has been around as long as
homosapiens, i.e. a few hundred thousand years. However, this section of the discussion will focus on just the last
few hundred years, because it is believed that a step-change in human evolution took place within this timeframe.
However, this step-change did not take place in our DNA, but rather in the complexity of the human ecosystem
created. In this context, the purpose of the previous outline discussions was simply to help introduce some of the
complexity that is now taking place within this ecosystem and the difficulty of predicting where developments are
headed.

At the start of this discussion, it will be stated that by most measures, the development and expansion of the
human ecosystem has improved the lives of millions around the world. However, it is possibly naïve to assumed
that past developments have always been beneficial to all, such that we need to consider where we have come
from in order to make any assessment of where we might be headed.
How might history provide a perspective of the human ecosystem?
The previous introduction to the ‘Brave New Worlds’ discussion has attempted to outline the basic structure of the
human ecosystem in which social, political and economic change is being driven by technology. Of course, in
reality, this ecosystem has many inter-dependencies, which must also include the human impact on the wider
environment and the usage of natural resources, e.g. food, water and fossil fuels. While the full complexity of this
system is beyond the scope of this discussion, we might still reflect on how this complexity has ‘evolved’ so far and
how ongoing change might impact the future of humanity. For any examination of history suggests that humanity
has now become the most dominant species on planet Earth, possibly to the detriment of the global environment
and all other lifeforms. However, while human history might stretch back hundreds of thousands of years, the
scale and scope of human activity within this ecosystem might be seen to have undergone an exponential
expansion in just the last 500 years or so. While, in 1500, the human population had already grown to 500 million,
the last 500 years has seen this figure increase to 7.4 billion. Likewise, over the same period of time, the global
economy has increased from $250 billion, in today’s money, towards $60 trillion, and the human consumption of
calories risen from 13 to 1,500 trillion calories per day. This represents a 14-fold increase in the human population,
but possibly more significantly, a 240-fold increase in the global economy and a 115-fold increase in global calorie
consumption. In this context, we might table an initial question:
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Can this form of exponential growth continue indefinitely?
While we might readily accept that any exponential growth must have some finite limit, especially in terms of
planetary resources, we possibly need to consider some of the key factors that might have triggered such a
profound change in the fortunes of humanity. Given the limitations of technology in 1500, human populations
were mainly confined to certain geographies that provided relatively easy access to food and water. At this time,
few cities had more than 100,000 inhabitants and most buildings would have been made of an unsophisticated
combination of mud, wood and straw, where most streets would have been little more than dirt tracks, often
polluted with human waste. Of course, without electricity or gas lamps, these cities would have been plunged into
darkness at night, illuminated by only the faint glow of candles or oil-lights. However, in the space of just 500
years, every usable square inch of planet Earth has been explored from land, sea, air and space, invariably in the
quest to exploit ever-more resources, often with little regard to indigenous cultures or other lifeforms.
Note: Over the last 500 years, global energy consumption has risen from near-zero to 600*1018 joules. While
a joule is quite a small unit of energy, e.g. an apple falling 1 metre might be a rough approximation, the
figure cited is 600 billion-billion times larger. However, possibly a more staggering example of exponential
growth is that more data is now being produced every year than in all previous years of human history.
From a historical perspective, we might realise that the agricultural revolution had to have been a catalyst of
profound change, although we might recognise that much of this change took place thousands of years ago, such
that in isolation, it cannot account for the exponential developments of the last 500 years. We might also
recognise that the foundation of the industrial era was based on the development of the steam engine in the 18 th
century and the development of electricity in the 19th century as other major milestones. However, even these
great catalysts of change might be interpreted as a consequential effect rather than an underlying cause.
Therefore, we shall turn our attention to the revolution in information and knowledge, which was initially triggered
by the development of the written word and then expanded via the invention of the printing press, such that an
exponential increase in the amount of knowledge could be passed from one generation to the next. In this context,
the scope of change started to accelerate, such that by 1500 it might be said that it had led to a ‘cognitive
evolution’ in human thinking that might be cited as the fundamental cause of the change that has occurred.
But what is inferred by a cognitive evolution?
In the long history of human development, we might recognise that many individuals and even entire civilisations
have long given serious thought about the wider universe in which we live. However, it is going to be suggested
that it was the change in the scope of scientific thinking during the European Enlightenment of the 15-16th century,
which led to such a profoundly different worldview. In fact, so profound was this change, it is being described as a
cognitive evolution in human thinking.
Note: In the 1500’s, Nicolaus Copernicus produced his work entitled ‘De Revolutionibus’, which was
revolutionary in both its idea and its challenge to the orthodoxy of religious knowledge by asserting that the
Earth moved around the Sun. Later, in 1687, Isaac Newton would publish his great work entitled
‘Philosophiæ Naturalis Principia Mathematica’ that history also recognises triggered another step-function
in scientific thinking.
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However, while specific scientific works can undoubtedly act as a catalyst of change, the wider idea of a ‘cognitive
evolution’ was possibly founded on a new willingness and ability to question previously held truths and search for
new answers. For up until this time, history suggests that the attitude towards ‘ignorance’, i.e. that which is not
known, was often contextualised in a very different way in comparison to the modern era.

For while it was accepted that ignorance could be a failing of an individual, this failing was not extended to the
collective knowledge of those in power, e.g. the church. Within this worldview, there was a separation of
ignorance into important and unimportant things, where some things were not known because they were
essentially unimportant, while the answers to important things were believed to be found in the teachings of
religious scriptures, even though such answers varied within different religious beliefs. So, while the work of
Copernicus and Newton might rightly be considered as important steps in human knowledge, the real significance
of the emerging scientific revolution lay in the widening acceptance that humanity, as a collective whole, still
remained ignorant of many things. In this respect, the growing freedom to pursue knowledge would act as a
catalyst that drove scientific inquiry and invention towards present-day modernity.
Note: It is recognised that the semantics in use might be questioned, especially where a ‘step-function’ in
knowledge might be described as either a ‘development’ or ‘revolutionary’ or possibly ‘evolutionary’.
However, it is being argued that the ‘developments’ of the last 500 years were ‘evolutionary’ in terms of the
way humanity would come to view the world or, at least, by some larger portion of its population.
So, while the idea of ‘progress’ over the last 500 years might simply be considered in terms of a series of
step-functions in knowledge that then triggered a succession of technical discoveries, the overall result has led to
evolutionary change in terms of the overall scope of the human ecosystem.
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The Idea of Progress
Today, it might be recognised that progress is still accelerating, especially as humanity can now extend its cognitive
ability via the invention of ever-faster computer processors. We might also reasonably speculate that progress
down this path might one-day attain a level of artificial intelligence that may come to challenge the superiority of
homo-sapiens on the evolutionary ladder of cognitive life. For while the idea of a ‘cognitive evolution’ has been
used to infer progress in human thinking, we also need to recognise that much of this progress is predicated on an
ever-growing ‘database’ of knowledge that exists outside the human brain. Therefore, while an initial definition of
cognition might be seen in terms of the human brain to think both logically and rationally, accessing and efficiently
retrieving information from such a huge database of knowledge already extends beyond the ability of humanity
without a degree of external cognitive reasoning, which is ‘evolving’ towards AI.

Note: However, before rushing further into AI speculation, we still need to better understand how the
cognitive evolution has helped transform the human ecosystem over the last 500 years, which includes the
suggestion that present-day humanity has already evolved beyond the classification of ‘homo-sapiens’.
While possibly a strange idea in the present era, prior to the European Renaissance, the concept of ‘progress’ was
often limited by the idea that more knowledge lay in the past, not the future, because ‘true knowledge’ resided in
the antiquity of religious teachings and scriptures. Of course, even today, many still believe that these scriptures
contain knowledge imparted by God, usually via a prophet, such that this perceived knowledge is beyond the
authority of humanity to challenge, let alone refute. While the European Renaissance did not immediately break
the stranglehold that religious belief had on the acquisition of scientific knowledge, its grip in Europe was
sufficiently loosen that scientific progress started to accelerate. However, this is a somewhat limited idea of
progress confined to scientific knowledge, which makes no reference to how all sources of perceived knowledge
are first interpreted and then used within the wider scope of the human ecosystem, which includes social,
economic and political change. For, in this wider context, progress is often dependent on a ‘state of mind’
predicated on a belief in the future not the past.
So how might we judge progress?
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In some respects, the idea of progress is a somewhat subjective and retrospective assessment. For example, we
might reflect on how some communist ideologies have pursued progress based on the assumptions underpinning
the economic and political works of Karl Marx. However, retrospectively, history might not judge this form of
‘progress’ as a positive thing as it invariably led to political and social repression and caused the starvation of
millions due to economic mismanagement. As a more extreme example, we might consider the attempt to pursue
progress within the Nazism ideology of racial superiority, which was claimed to rest on new biological knowledge
of that time. Again, history has judged the Nazi ideology as a regression rather than progress, which led to the
death of yet more millions. As such, it would seem that the idea of progress is always judged from a later
perspective. Pursuing this idea, we might consider another perspective linked to a phrase taken from the US
Declaration of Independence, written in 1776, centred around the idea of ‘life, liberty and the pursuit of
happiness’, which were declared to be unalienable rights of all citizens, but not necessarily all human beings at that
time. However, the scope of a citizen was then subject to qualification in the 14th amendment of 1868.
“All persons born or naturalized in the United States and subject to the jurisdiction thereof are citizens of the
United States and of the State wherein they reside. No State shall make or enforce any law which shall
abridge the privileges or immunities of citizens of the United States; nor shall any State deprive any person
of life, liberty, or property, without due process of law; nor deny to any person within its jurisdiction the
equal protection of the laws.”
This amendment was added after the Civil War (1861-1865) to extend the scope of the 1776 declaration to all
freed slaves in order to secure their rights as citizens. In this context, we might see both the original declaration
and the subsequent 14th amendment as progress in terms of human morality and justice, which was essentially
independent of any specific technical progress at that time. In a sense, we might return to the idea of a cognitive
evolution in human thinking, which facilitated progress in all fields of human development. For example, we might
see a parallel in the economic progress outlined within the ideological foundations of capitalism, if said to be
predicated on the ‘life’ of free-market competition, the ‘liberty’ of private ownership of property and the freedom
to ‘happily’ pursue profit in one’s self-interest. While this may appear to be a rather strange parallel of words, it
might be less so when highlighting that corporations now enjoy similar legal rights as humans under the concept of
‘corporate personhood’.
The scope of corporate personhood is still much debated, especially in the US, in which a subset of human
rights in law are extended to corporations, such that they assume the status of a person. One aspect of these
rights now allows corporations to have the right to free speech and to spend unlimited amounts of money in
support of political parties. However, opponents of this idea argue that there is a clear distinction in terms of
the power and influence of corporations in comparison to an individual that needs to be constrained.
Again, the judgement of progress in terms of corporate capitalism may depend on whether you are a net
beneficiary of this system or not. However, we might also judge progress in terms of the Darwinian idea of natural
selection, which does not assume that progress is predicated on being the best, only a recognition of an ability to
survive and compete within some given environment. However, as now being discussed, the environment in
question is now increasingly being defined by the human ecosystem rather than the natural world in isolation.
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The Fragility of Progress
While this section of the discussion is not intended as an exhaustive
analysis of historical developments, it is an attempt to explore some the
potential fragility of progress that has taken place over the last 500 years.
For while progress is dependent on the resources of the physical world, it
has also been argued that progress is also dependent on a collective
‘state of mind’ continuing to believe that the future will be better than
the past. Today, we might recognise that the stability of the global
economy is often dependent on a similar state of mind, i.e. the general
assumption or hope that year-on-year growth must continue into the
future. Based on this optimism, people and corporations are willing to
invest money in future ventures, which they hope will return a profit. Of course, such economic optimism has
always been somewhat fragile when viewed in terms of the history of boom and bust cycles that have so often led
to recession and depression.
Note: Today, many hope that the last major financial crash of 2008 is finally behind us and the global
economy is slowly returning to growth. However, others believe that the crisis in the global economy is not
over, but merely taking the form of stagnation. For global trade and investment has remained sluggish and
many national economies continue to slip in and out of recession, aggravated by the excess liquidity of
quantitative easing (QE) and the level of total debt, i.e. government, corporate and household. In this
context, some argue that these conditions are simply leading to the next collapse, where the fragility of
confidence might again disappear overnight.
History suggests that more than any other component of the human ecosystem, a loss of confidence in the
economy can quickly spread to affect social and political stability. For this confidence is often predicated on growth
to meet the demands of a growing population and its expectations, which then requires the use of evermore
resources, which are subject to supply and demand cycles. Therefore, should a key resource like food become
limited in supply for whatever reason, prices may become unaffordable and optimism starts to evaporate, which
then affects social and political stability. However, within the overall complexity and implied fragility of progress, it
is possibly easier to make some initial judgement of technical progress in isolation, although it is recognised that
the implications of deploying a new technology is rarely, if ever fully understood. For example, the progress in
computer processing since the early 1950’s has been linked to Moore’s Law, i.e. a doubling of capacity every 2
years or so. However, what was not so obvious at the start was that this development would lead to computer
chips (1971), the internet (1983), the worldwide web (1990), mapping of the human genome (2003), Facebook
(2004) and AI Deep Learning (2011). For all of these technology developments have undoubtedly had a much wider
impact on human society than first realised and has triggered change in the nature of social interaction, political
debate and even global economics. We might also recognise such developments have helped support the increase
in the human population, which has fuelled the demand for growth in all facets of the human ecosystem, rather
than sustainability. In this context, we might understand why industry has extracted evermore resources from
planet Earth in the most cost-effective way possible often with little regard given to the environment. The start of
this unconstrained period of exponential growth might be linked to the industrial revolution (1750-1850), which
led to an exponential demand in energy usage, which had to be met by an equivalent exponential increase in the
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extraction of fossil fuels, i.e. coal, oil and gas. Today, many question whether there is a finite limit to fossil fuel
resources along with the wisdom of using them, if they cause pollution and possibly global warming.
Note: Energy will undoubtedly be a key factor in the direction of future developments, which today is
predicated on the use of fossil fuels, i.e. coal, oil and gas. While these resources must be finite, there is
reason to assume that supply will not be an immediate problem, i.e. within the next 100 years. If so, this
would possibly allow enough time for technology to develop alternative energy solutions. However, this
position does not advocate a disregard for resource usage or the pollution by-products that undoubtedly
damage the environment, simply a prioritising of the problem.
While the issue of global warming has been outlined in another discussion, it will initially be assumed that the
increasing demand for energy will not necessarily be an insurmountable problem for future generations. While the
preferred energy solution might be debated, e.g. nuclear versus renewables, either or both might support a
transition away from fossil fuels over the next century or so.
Note: Today, we might estimate the total global energy usage is in the order of 10 21 joules/year. As a
comparative benchmark, the energy released from Uranium of the size of a grain of rice might be in the
order of 1010 joules, such that we would need 68,000 tonnes of Uranium, or some equivalent such as
Thorium, to meet the yearly energy demand. Another comparative benchmark is the amount of energy
received by the Earth from the Sun, which might be estimated in the order of 1024 joules/year, where all the
plants on planet Earth absorb about 1018 joules/year. As such, we might realise that solar energy has the
potential to provide all energy requirements if we knew how to efficiently convert and store all this energy.
In hindsight, we might accept that while energy has provided an ability to develop and expand the scope of the
human ecosystem, it has often been done by simply viewing the ‘natural world’ as a resource to be exploited with
insufficient regard for sustainability or other lifeforms. For in the apparent relentless pursuit of economic growth,
humanity has cut down forests, dammed rivers, built thousands of miles of roads and rail tracks in order to support
its ever-growing urban infrastructure, which now ‘houses’ something like 2 billion people, i.e. 25% of the global
population. As such, we might recognise that many of these lives are now almost totally dependent on the
technology required to support this urban infrastructure. However, on the flipside, many now recognise that the
price of this progress has been the destruction of so many natural habitats on which all other wildlife is dependent.
In the past 500 years, it is estimated that 1,000 species of wildlife have been driven to extinction. Unlike past mass
extinctions, caused by asteroid strikes, volcanic eruptions and previous climate change, these extinctions can be
directly attributed to the expansion of the human ecosystem, while at the same time helping to increase the global
human population from 500 million to 7,400 million.
Note: A comparative measure of population might be presented in terms of biomass. As such, humanity
would weigh in at around 300 million tons, while all its domesticated animals would add another 700 million
tons. In contrast, the combined mass of all surviving wild animals, including elephants and whales, is
estimated to be less than 100 million tons. In terms of numbers, there are less than 80,000 giraffes
compared to 1.5 billion cows, 200,000 wolves compared to 400 million dogs and only 250,000 chimpanzees
compared to 7.4 billion humans.
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As such, we might recognise both the benefits and dangers associated with an ever-expanding human ecosystem,
supported by exponential increases in resource usage and energy consumption. However, it may not be resource
scarcity that poses the greatest danger, but rather the implications of the loss of so much diversity in the natural
world on which other lifeforms are dependent.
Note: It might be recognised that exponential growth may ultimately come to endanger humanity by any
number of unforeseen or unresolved consequences, which humanity might then attempt to solve, only to
end up making matters even worse for a large percentage of the global population. The unpalatable
inference of this last statement is that a powerful minority may not necessarily sow the seeds of its own
destruction, although this is still a possibility, but simply prioritise its life-style over the existence of some
larger majority.
In part, the remainder of this discussion will simply raise a number of issues beyond technology, i.e. social, political
and economic, which might also come to have a bearing on future developments. For example, we might recognise
that people have come to consider the idea of individual freedom and equality as fundamental rights within a
modern nation-state. However, these rights are somewhat contradictory in scope because individual freedom to
pursue self-interest can lead to increased inequality in monetary terms, which can then lead to further inequality
in social status. Such contradictions can also underpin the philosophical divide between individualism and
collectivism, which can then further divide political opinion. However, we might place any form of political
governance on a spectrum ranging from totalitarian repression through to benign democracy. While most might
prefer to live in a benign democracy, totalitarian governance continues to this day, not only because it cannot
easily be overturned, but because it often offers a degree of stability and survival protection to those who do not
oppose the state. This said, from the perspective of progress, we might want the nation-state to support more
than just survival; for most aspire to live in a prosperous economy that provides the opportunity to earn a ‘living
wage’, either through employment or by the ability to start their own business. However, to benefit from such
opportunities, people also need education and the support of banking and insurance systems plus health and
welfare systems for when life does not go to plan. Within this growing complexity, we also have to recognise the
need for police and military services in order to provide security both at home and abroad along with a judicial
system that hopefully ensures fair justice for all. However, such benefits do not come for free, as the nation-state
requires us to obey its laws, even though we may disagree with some, and to pay an array of taxes such that the
state has the necessary income to provide the services outlined. While we might see the apparent benefits of the
present-day human ecosystem that protects us from the harsher reality of nature governed by the Darwinian idea
of the ‘survival of the fittest’, we may still need to consider the following question.
Is the world a better place for all this development?
The answer to this question will depend on the division of winners and losers. Clearly, even in the context of
humanity, not everybody will have been the beneficiary of progress, although the lives of many millions have been
improved over just the last 50 years. Whether this question is completely meaningful in terms of the natural world
and wildlife requires some wider consideration, even though we might initially assume that much of humanity
does not want to see this environment destroyed. Therefore, for the moment, we shall limit the response to the
question above in terms of humanity and try to make some initial assessment based on statistics, which we all
know never lie.
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Note: In 2000, wars are estimated to have caused the deaths of some 300,000 individuals, while violent
crime killed over 500,000. From the impersonal perspective of statistics, these 800,000 deaths only amount
to 1.5% of the 56 million people who died in 2000. It might also be highlighted that in the same year, 1.25
million people died in car accidents, while another 850,000 people committed suicide. In this context,
statistics suggest that the average person is more likely to kill themselves than be killed by a terrorist or by
an act of war.
Obviously, some care is required in extrapolating these statistics to imply that humanity has undergone any form
of profound change in its nature over the last 500 years. For, as indicated, the cognitive evolution suggested to
have taken place over this period has mainly been triggered by external factors in society and the development of
technology. In this respect, the statistics above may be more accurately attributed to the increased power of
nation-states to curb internal violence rather than any fundamental change in the human condition. Likewise,
external violence between states might now be curbed by the economic implications of war, while still being a
causal factor in many instances. Therefore, there might be a certain fragility in the assumption that violence will
continue to decline in the future, especially if certain key resources become limited in supply or affordability within
the global economy. Again, the adage that we are only four meals away from anarchy might be a stark reminder of
the knife-edge on which future predictions might be made.
But how might we make judgment of the modern world?
History suggests that the development of the human ecosystem has also imposed many changes on humanity
itself, such that many are now controlled by the ticking of the clock within the confines of urbanisation. While
these features of the modern world have brought benefits to many, much of humanity may have paid a high price
for these benefits. Today, the pace and events of our lives are often controlled by a clock, no longer on the wall,
but embedded in our psyche. Likewise, mass migration to urbanised cities has also seen the erosion of both family
and community life, only to be replaced by the expanding apparatus of the nation-state. For some, who have
known no other life, such change may not be obvious or necessarily appear detrimental, while others who have
prospered, such change was a price worth paying. Even so, some assessment of the scope of disparity between the
winners and losers is required.
So who are the winners and losers?
While there may be some obvious losers in the process of modernity to-date, it is possible that many of the
perceived winners have also lost some aspect of their individual freedom, as their continued prosperity requires
conformance to the norms of society. This conformance may take many forms from the need to work excessive
hours and the loss of family life through to the imposition of political, cultural and religious norms. While the
nature of the political nation-state, e.g. totalitarian or democratic, may exacerbate the adherence required, we
might also realise that the economic success of the nation-state may also be another factor in perceived
‘happiness’ of its citizens. However, trying to extrapolate the idea of happiness onto a collective society might, at
best, only be a statistical approximation and possibly not the best way to judge future stability of that society.
Therefore, we might consider a more basic measure of the winners and losers in our ‘brave new world’ in terms of
the inequality of wealth and power, which might also infer an inequality of personal freedom. At this point, we
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might again reflect on the wisdom of Seneca’s words, which were previously outlined in the context of an earlier
discussion of economics:
“What difference does it make how much is laid away in a man’s safe or in his barns, how many head of
stock he grazes or how much capital he puts out at interest, if he is always after what is another’s and only
counts what he has yet to get, never what he has already. You ask what is the proper limit to a person’s
wealth? First, having what is essential, and second, having what is enough.”
However, while accepting the philosophical wisdom of these words, it was never clear that they really accounted
for the nature of the human condition, such that we might return to Maslow’s hierarchy of needs as a better
generalisation. The diagram right is a reduced form of this hierarchy showing only the apex of power being
dominated by 1% of the population under which another 4%
hold positions of esteem with the remaining 95% simply
seeking to survive in one form or another. Within this
hierarchy, wealth is extremely biased towards the top, while
inequality is biased to the bottom. While a larger percentage
of those ‘surviving’ may not be in immediate danger in the
modern world, although many still are, it is suggested that the
95% figures represents the current status in terms of
economic survival. It might also be argued that this state of
affairs has actually become worst over the last 30 years and
may get much worst in the future due to AI automation.
So what is the wider inference in this diagram?
If AI automation also leads to increasing unemployment, a larger section of the 95% who are only surviving in
economic terms will simply fall below the poverty line with the obvious inference of less wealth and greater
inequality with the rest of society. However, there is a more worrying inference in AI automation, coupled with
advances in robotics, should it reduce the dependency of the top 5% on the bottom 95%. In the past, the top 5%
were always dependent on the bottom 95% to carry out the all menial tasks in any society, both physical and
mental, such that we are led towards a very uncomfortable question.
Will the top 5% always require the bottom 95%?
In this ‘brave new world’ we might only be left with alphas and betas as the role of the gammas, delta and epsilons
would be carried out by an ever-wider spectrum of AI automated systems. Of course, there is an assumption in this
extrapolation that might be questioned further, if AI automation develops to the point that it is no longer
subservient to humanity. If so, we might recognise that this could be the ultimate fragility of progress, at least, if
judged by way of the longer-term existence of homo-sapiens.
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1.1.3 Technology Evolution
Within a previous discussion entitled Human Evolution, the idea that man-made change is now out-pacing
Darwinian evolution was introduced. While there are several threads underpinning this earlier discussion of human
evolution, it was highlighted that the timeline of the last 10,000 years represents a process by which humanity has
become increasingly capable of creating man-made environments to insulate itself from the dangers of the natural
world, although it would be naïve to assume that our dependency on the natural world has simply disappeared.
However, it does appear that humanity is now on a separate evolutionary path of its own making, which has
become increasingly dependent on technology in general, but specifically in its ability to harness and utilise both
energy and information. However, this upside also comes with a note of caution for the future.
Note: Much of humanity now lives in man-made environments in which a technology-led ‘evolution’ is
accelerating, but not necessarily being planned. For history suggests that humanity has rarely, if ever, been
in complete control of its technology developments and, in many cases, did not foresee or concern itself with
many of its negative consequences.

While we might see an obvious truth in the words of Einstein embedded in the picture above, it is not clear that
this wisdom has been or will be followed. One reason why this might be the case is outlined in the quote below
taken from the Limits to Growth 30-year update report released in 2002 and while many disagree with its future
predictions, it might be foolhardy to completely ignore the following implications.
One reason technology and markets are unlikely to prevent overshoot and collapse is that technology and
markets are merely tools to serve the goals of society as a whole. If society’s implicit goals are to exploit
nature, enrich the elites, and ignore the long term, then society will develop technologies and markets that
destroy the environment, widen the gap between rich and poor, and optimize for short-term gain. In short,
society develops technologies and markets that hasten a collapse instead of preventing it.
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In part, we might perceive many of the problems of today’s world in these words, which also reflect the complexity
inherent in the wider human ecosystem, inclusive of social, economic and political infrastructures, which have led
to additional environmental and resource problems. Therefore, a discussion of the 6 areas of possible technology
evolution identified, i.e. energy, AI, robotics, genetics, nanotechnology and space, needs to include some
consideration of the potential cause and effects on the wider human ecosystem and the potential feedback
mechanisms associated with such developments. Of course, while these discussions might start out anchored in
the apparent certainty of the present, prediction has to be forward looking and, as such, must become increasingly
speculative with time. Towards the end of the Human Evolution discussion, the following question was tabled and
possibly indicates the starting point of this section of discussions.
Where will all this evolutionary development finally end?
In response, it was suggested that there may only be two extreme outcomes, either humanity, as we know it,
becomes extinct by disaster or by evolutionary developments. However, while we might recognise that that some
form of extinction event might strike tomorrow, as it did for the dinosaurs, we might reasonably proceed in the
hope that the probability of this event is low. On the other hand, while the idea of evolutionary extinction might be
accepted as a possible outcome of long-term Darwinian natural selection, this was not the nature of the
evolutionary development being suggested, either in form or timescale. For while humanity has been adapting the
natural world for its own purpose over the last 10,000 years, it has been suggested that the human ecosystem has
undergone an evolutionary step-change over just the last 500 years, such that the lives of billions now depend on
this man-made ecosystem. It has also been suggested that this step-change was triggered by a ‘cognitive evolution’
in the way humanity pursues and assimilates information and knowledge, which has resulted in an acceleration of
technical developments that would astound and, in some cases, horrify previous generations. Today, humanity is
possibly at a crossroads in that it must either turn its back on further progress or continue down a road towards
evermore technical complexity, which may require the further development of cognitive AI. In the following
discussions, it is broadly going to be suggested that this acceleration of technology will either lead to a fatal crash
or some form of ‘brave new world’. While the inference of a fatal crash might be seen as being equivalent to
extinction or, at least, a severe regression of current progress, the idea of some brave new world possibly needs to
be interpreted as a series of transitory stages, which may eventually be populated by something other than what is
currently understood to be homo-sapiens. While, such a statement is simply speculation, it is unclear how
present-day humanity will survive unchanged in the future it appears to be creating.
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Energy Developments
On the basis that ‘Rome was not built in a day’ we might assume that any brave new world of the future will not
appear overnight, but rather develop in incremental stages. However, we might assume that any future progress
will be dependent on the availability of energy, both in terms of quality and quantity. Today, we might readily
understand that energy is big business, which operates at the level of global geopolitics, such that it subjected to
many powerful and diverse interests that underpins entire national economies and the profitability of
multinational corporations. In addition, the technical complexity surrounding the future of energy production is
compounded by the issue of a growing population and finite resources and the climate change debate, such that it
is not easy for the average person to always get a clear or unbiased assessment of the future of the energy
industry. Therefore, we will start by presenting the graph below produced by the US Energy Information
Administration in 2013, which can be cross-referenced on Wikipedia for more details.

This graph shows a breakdown of world energy consumption being projected out from 2010 to 2040, where fossil
fuels comprising of coal, oil and gas falls from a combined total of 87% to 79% (-6%), while the sum of all
renewable sources increases from 11% to 15% (+4%) and nuclear only increases from 5% to 7% (+2%). However,
while this data might suggest a relative fall in the consumption of fossil fuel consumption by 2040, it needs to be
highlighted that the upward slope of all 3 fossil fuel curves actually represents a 44% increase in fossil fuel
consumption in the future.
Note: The timescale of the graph above aligns to the creation of the Intergovernmental Panel on Climate
Change (IPCC), which was formed in 1988. Given the dire warnings in each of its five assessment reports, we
might need to reflect on why the use of fossil fuels has increased, rather decreasing, over the last 30 years.
For the moment, we shall simply assume that fossil fuels are not going to disappear from the energy mix at any
time soon, at least, not on a global level. Of course, today, some may contest this projection based on the
argument that much change has already occurred in energy research and development, even since 2013, which
may fundamentally alter the forecast over the next 20 years or so.
What about the additional issues of resource shortages and climate change?
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As previously indicated, while we might readily understand that fossil fuels, i.e. coal, oil and gas, must be finite,
there is reason to assume that the supply will not be an immediate problem, i.e. within the next 100 years. If so,
this would allow time for technology to develop alternative energy solutions. Again, while many might question
this position on the grounds of increasing cost, both in terms of exploration and extraction, developments such as
the ‘fracking’ of shale oil and gas appears to have countered this immediate concern, although environmentalist
might still question this optimism. Of course, this still leaves the issue of man-made climate change to be
considered.
Note: The danger of man-made climate change is based on the increasing emission of green-house gases,
mainly in the form of carbon dioxide (CO 2) and methane (CH4). However, the list of green-house gases also
includes water vapor (H2O), nitrous oxide (N2O), ozone (O3), chlorofluorocarbons and hydrofluorocarbons;
plus a growing recognition of other climate change mechanisms. However, CO2 emissions associated with
burning fossil fuels is the one most often used by the advocates of alternative ‘green’ energy sources.
Whether all the causes of climate change are entirely understood, let alone being accurately modelled, is still an
issue of much debate despite the much touted 95% consensus of climate scientists. While this debate is not really
the focus of this energy discussion, it is a matter of concern that is often used as an argument for the world to both
develop and adopt renewable energy sources, possibly without full consideration of the costs. However, while the
case for renewable energy will be outlined in a subsequent discussion, we possibly need to first be a little more
specific about the nature of energy.
1.1.3.1.1

Units of Energy

It is often said that the nice thing about ‘standards’ is that there are
so many to choose from. This can be particularly true when it comes
to the various units that are used to quantify the concept of energy.
We might start by simply introducing the standard units of energy:
[1]

SI units of Energy [E] = Joule

However, the concept of energy can be quite elusive, so it will simply
be said that energy is a scalar quantity, so unlike a vector quantity, it
has no implied direction of motion, such that energy might be very
simply described as a ‘quantity’ that has the ‘potential’ to make
‘something’ happen. As this probably sounds a bit too vague, we might also introduce the idea of a ‘force’, which is
a vector quantity with direction, which is possibly easier to understand in terms of human experience.
[2]

SI units of Force [F ] = Newton =

Energy [E]
Distance [x]

From [2] we might also state:
[3]

Energy [E] = Force [F ]* distance [x]  Work Done [W]
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In the context of the formulae above, applying a force over some distance is often described in terms of the ‘work
done’, but for the purposes of this discussion, it will simply be quantified as the energy expended. Therefore, while
one joule is often quantified in the example of the energy expended by an apple falling 1 metre, we might also
recognise that the force of gravitation on the apple has done work by moving it some distance, i.e. potential
energy was expended. However, it also took time for the apple to fall this distance, which leads us to the definition
of ‘power’:
[4]

SI units of Power [P] = Watt =

Energy
Seconds

So, based on the definition above, power describes the rate of energy usage as a function of time, where 1-watt is
equivalent to 1-joule/second. However, most people come to understand their domestic energy usage in terms of
electrical power of the equipment used in their homes. For example, a 100-watt light bulb or 2000-watt fan-heater
is indicating the rate of energy usage, i.e. 100-joules/sec and 2000-joules/sec, where the total energy usage
depends on the time the equipment is switched on. So, given a specific rate per second, the total energy used is
simply the reversal of [4].
[5]

Energy [E] = Watts * Seconds

We shall now introduce a unit of energy called the watt-hour (Wh), which equates to 1-watt of power for 1-hour of
time, such that it also quantifies the energy used.
[6]

 Energy 
Power Consumption (Wh) = 
 Hours = Energy
 Second 

So, based on [6], we might realise that an energy expenditure of 1-Wh is equivalent to 3600 joules, i.e. 1-watt
multiplied by 3600 seconds. While the watt-hour is not a standard unit in any formal system, it appears to be the
unit adopted by many references on energy usage to be discussed below. Therefore, we might establish the
conversion of watt-hours to joules as follows.
[7]

 1 Joules 
1 Wh = 
 * 3600 Seconds = 3600 Joules
 Second 

At this point, we might try to summarise the units introduced so far by way of a simple example based on a
100-watt bulb left on for 3-hours.
[8]

energy = power * time = 100 * 3 = 300Wh = 300 * 3600 = 1.08 *106 joules

However, we might consider another example taken from a Wikipedia article entitled World Energy Consumption,
which will be used later. Below is a single table entry taken from a table entitled ‘Regional energy use and growth
1990–2008’ but now limited to just the energy values for the US and reformatted to use exponential values in both
watt-hours and joules in terms of one year, hour and second.
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Timeframe

Energy Use
in Wh

Energy Use
in Joules

Population

Wh/Capita

Joules/Capita

Year
Hour
Second

2.66E+15
3.04E+11
8.43E+07

9.576E+18
1.09E+15
3.04E+11

3.05E+08
3.05E+08
3.05E+08

8.72E+07
9.95E+03
2.76E+00

3.14E+11
3.58E+07
9.95E+03

It has been shown that a watt-hour is simply another measure of energy scaled differently to the standard SI units
of the Joule. However, in the context of the table above, we might question whether this alternative definition, i.e.
watt-hours, is really that helpful, especially when aggregated over different timeframes. For it seems somewhat
convoluted to have a measure of energy aggregated to one-hour, only to then be used in different timeframes. For
we might see that only the ‘Energy Use in Joules’ for the timeframe of 1 second directly corresponds to the power
in watts, i.e. 1 watt equals 1 joule/sec. Therefore, wherever possible, this discussion will use the SI unit of joules as
a matter of preference.
Note: A given quantity of coal, oil or gas contains ‘potential energy’ that is released when the fuel is burned,
which today is quantified in the SI units of joules. However, there is a historic unit of heat energy called
British thermal units (Btu) that might be seen as similar in scope to the calorie to be discussed below.
We might add one final complexity to all these descriptions of energy usage by defining the energy often used in
connection with the human metabolism and commonly quantified in terms of ‘calories’ by the food industry. The
first confusion that might need to be clarified is that while a calorie is simply another unit of energy, i.e. 1
calorie=4.148 Joules, which equates to amount of energy needed to raise the temperature of one gram of water by
one degree Celsius at a pressure of one atmosphere, it is NOT the same calorie commonly used to quantify food
energy. In terms of human food consumption, a calorie actually equates to a kilocalorie or 4148 joules. Based on
this clarification, we might proceed to quantify the energy and power consumption of an average human based on
2000 kilocalories per day.
2000 kcal / day = 2000 * 4148 = 8.296 *106 joules / day

[9]

8.296 *106 joules / day =

8, 400, 000
= 96 joules / sec ond  100 watts
86, 400

Note: The following examples of energy usage taken from Wikipedia uses watt-hours rather than joules.
While this discussion prefers to standardise to joules, any reader referencing these sources might like to
know that the equivalent daily energy usage required by a human being, i.e. 2000 kilo-calories or 96
joules/second, translates to 0.36MWh.
The first of two Wikipedia sources defines electrical power consumption of the US in 2012. While there is a
preference to use joules rather than watt-hours, both units of energy are shown in the table below. It is also
highlighted that a watt-hour is a measure of energy not power as implied by the source reference. In addition to
the yearly totals provided by the source reference, the column labelled joules/second can be compared to the
figure in [9]. So, while the human body consumes 100 joules/second, i.e. 100 watts, the average US person now
consumes 1480 joules/second of electrical energy, i.e. a multiplying factor of 14.8.
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US:2012
Electrical Energy Consumption
Consumption/Capita
Population

Wh

Joules

4.07E+15
1.30E+07
3.14E+08

1.47E+19
4.67E+10
3.14E+08

Joules/sec
4.65E+11
1.48E+03
3.14E+08

However, the electrical energy is only part of the total power consumption of the US, although the comparison is
now based on 2008 figures. Again, the following table only focuses on the figures for the US in joules as well as
watt-hours. Comparison of the figures in both table suggests that electrical energy only constitutes about 15% of
the total energy consumption of the US. Comparison of the human body energy requirements given in [9] with the
per capita figure in joules/second now suggests a multiplying factor of ~100.
US:2008
Total Energy Consumption

Wh
2.66E+16

Joules
9.58E+19

Consumption/Capita
Population

8.72E+07
3.05E+08

3.14E+11
3.05E+08

Joules/sec
3.04E+12
9.96E+03
3.05E+08

If we were to make a fairly crude assumption that the energy figure in [9], i.e. 96 joules/sec, was not that far from
the average energy/capita available to most in 1500, i.e. before electricity and wholesale access to fossil fuels was
developed, we might conclude that the welfare of the average US citizen now depends on using 100 times more
energy than that required by their body metabolism in isolation. Of course, it might also be realised that for many
people around the world, their energy consumption may not have changed appreciably since 1500.
1.1.3.1.2

Fossil Fuels

Note: This discussion is little more than an executive summary of some of the issues surrounding fossil fuels.
For those interested in understanding the wider issues, you might start with a book written in 2014 by Alex
Epstein entitled ‘The Moral Case for Fossil Fuels’. However, the first link points to a YouTube video that
might be seen as an introduction to his arguments. Alternatively, an article written by Epstein also entitled
‘The Moral Case for Fossil Fuels’ might be referenced along with a critical article written by Jody Freeman
entitled ‘A Critical Look at the Moral Case for Fossil Fuels’.
Based on the previous discussion entitled ‘units of energy’, there was a general estimate that total energy
consumption per capita in the leading economies has increased by a factor of 100 over the last 500 years.
However, the previously referenced 2013 EIA reports suggests that over 80% of this increase has to be attributed
to fossil fuels. Therefore, the starting point of this discussion possibly has to recognise Epstein’s argument that the
use of fossil fuels has not only built the modern world but continues to sustain it. For ever since the Industrial
Revolution in the 18th century, increasing quantities of fossil fuels have been used to power the economy and
change the lives of millions of people. We might attempt to illustrate the scope of this development in the
following chart.
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Again, based on the EIA projection, the global energy consumption will still have a 78% dependency on fossil fuels
extending out to 2040. However, it might also be assumed that even if other energy options are developed and
deployed in the most developed economies around the world within this timeframe, many developing economies
may still remain heavily dependent on the use of fossil fuels as the most accessible and cost-effective solution to
their energy needs. Of course, even if we hold judgement on the man-made climate change debate, there may still
be a legitimate argument that the extraction of fossil fuels damages the natural environment and causes pollution.
However, there is a counterpoint to this perspective when considered in terms of developing countries, which do
not have access to the wholesale energy that can be produced using fossil fuels.
Note: According to the World Health Organisation (WHO), the world's deadliest pollution does not come
from factories billowing smoke, but rather from domestic fires, especially in the developing world, which kills
nearly two million people each year and sickens millions more. The WHO ranks the problem as one of the
worst health risks facing the poor in Africa and Asia, which is partly attributed to the fuels used and partly
the lack of ventilation. Cooking on open fires and stoves without chimneys, using fuels such as wood, animal
dung, crop waste and low-grade coal, emits hazardous smoke that causes irreversible health problems and
other associated diseases. For small soot or dust particles penetrate deep into the lungs, causing lung
cancer, child pneumonia and chronic obstructive pulmonary disease. Women and children, whose traditional
place is in the kitchen, are those most at risk.
We might put the issue of energy usage in developed, as opposed to developing, economies into some perspective
by comparing the total energy consumption figures in 2008 for the US and Africa – see total power consumption
for source.
US:2008
Wh
Joules
Joules/sec
Total Energy Consumption
2.66E+16
9.58E+19 3.04E+12
Consumption/Capita
8.72E+07
3.14E+11 9.96E+03
Population
3.05E+08
3.05E+08 3.05E+08
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Africa:2008
Total Energy Consumption

Wh
7.70E+15

Joules
2.77E+19

Consumption/Capita
Population

7.83E+06
9.84E+08

2.82E+10
9.84E+08
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Joules/sec
8.79E+11
8.93E+02
9.84E+08
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If we initially focus on the per capita figure under the column labelled ‘Joules/sec’, we see that the US figure of
9,960 joules/second in comparison to the African figure of 893 joule/second, such that a citizen of Africa only uses
8.97% of the energy of a US citizen. However, in terms of the total energy consumption, Africa uses 28.94% of the
energy consumed by the US, which accounts for Africa’s population being 320% larger than the US population,
while also growing much faster. We might also need to consider the aspiration of the peoples of Africa to have
access to the same energy per capita as the US, over say the next 50 years, which might imply that Africa could use
10x the amount of fossil fuels than today. While the full scope of this ‘aspiration’ may not happen, it is still possible
that the projection of the 2013 EIA report might be even further skewed towards fossil fuels, if renewables and
nuclear options do not prove economically viable for many developing economies. However, we may also need to
consider the change in the demographics of the global population.

What we can see in the diagram above is the change in the population demographics between 1950 and 2050,
where 9 of the 10 fastest growing populations are now ones that probably have a much lower energy consumption
per capita in comparison to the US. The latest UN projections also suggest that today’s global population of 7.4
billion will grow to 9.6 billion by 2050, an approximate 30% increase. In addition, it is estimated that more than
half of the extra 2.2 billion will be in Africa. As such, we might return to the issue of future global energy.
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This projection was sourced by the American Petroleum Institute (API) and if we simply look at the quantities on
the left as a relative measure, fossil fuels, i.e. coal, oil and gas, increase from 300 units in 1990 to 600 units in 2040.
This would imply a doubling of the use of fossil fuel over a 50-year period, which we might assume has to account
for an 81% increase in population over this timeframe, i.e. from 5.3 billion to 9.6 billion, and any change in the
population demographics plus the aspiration of the developing economies to use as much energy as the developed
economies. Today, this aspiration may be best typified by India and China, although it must certainly extend to
other regions of the world.
Note: At this point in time, all energy projections do not suggest an appreciable %-change in the energy
delivered by renewable and nuclear that would significantly offset the increasing demand for fossil fuels.
This position may be especially true in developing economies if the costs of alternative energy sources
cannot compete with fossil fuels on price. In addition, there also appears to be some doubt in the idea of a
‘peak’ in fossil fuels extraction in light of new drilling technologies, such as fracking.
As already stated, energy is undoubtedly ‘big business’ on which entire economies can depend, where the cost of
production can be a critical factor to long-term growth; especially when subject to volatile changes in global
commodity pricing brought about by technology innovation and other factors. However, there is also an important
geopolitical aspect to energy in that most nation-states want to ensure the security of their energy supplies to
meet future demands on which their economies are so dependent. Again, in this context, we might use the US as
an example of one of the largest consumers of energy in the world, where its efforts to secure its energy supplies
has affected global geopolitics over the last 50 years or so. We might start by considering the change in US imports
of energy over the last 30 years or so.

For much of the 20th century, the US was a major supplier of oil to the world. However, over time, the US started
to transition from being an exporter to an importer of energy. Between 1959-1973, the US imposed a quota
system to limit imports to some fraction of its own domestic production. However, after the 1973 oil crisis, US
imports started to rise, such that foreign oil imports rose from 26% to 47% just between the period 1985-1989.
Therefore, in the context of the geopolitics of that time, the US sought to reduce its fossil fuel imports, which they
feared might be subject to supply disruptions due to various regional and political instabilities. In part, the graph
above appears to show that the US has now achieved something approaching a 90% self-sufficiency, such that it is
now a net exporter of refined oil. Today, the US is the world's third-largest producer of crude oil, after Saudi Arabia
and Russia plus the second largest exporter of refined products after Russia. This turn-around in fortunes is mainly
attributed to the increase in domestic production of oil and gas from shale deposits, which has been exploited by
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the development of a technology called fracking. Whether you like the idea of fracking or not, it has allowed the
US to adapt both its national and foreign energy policies away from a dependency on potentially unstable foreign
states, which has probably accounted for so many of its military ‘campaigns’ over recent years. Again, we might
recognise that the path to the future has to consider all aspects of the human ecosystem, as well as the human
condition that leads many to try to manipulate ‘the system’ for their own self-interests.
So, is the case for fossil fuels positive or negative?
Putting aside the issue of ‘morality’ in Epstein’s argument for one moment, the case for the continued use of fossil
fuels into the future appears to be predicated on a practical reality that is difficult to refute based on any number
of arguments outside the climate change and environmental debates. For fossil fuels still appear to be
cost-effective in comparison with almost any alternative, especially when considered in terms of the existing
infrastructure of energy production and distribution. Major economic and political powers, such as the US, Russia
and China all appear to recognise a necessity of maintaining fossil fuel for the reasons outlined, although they may
still support the development of renewable and nuclear options, wherever politically expedient and cost-effective
to do so. As such, it is difficult to refute the future projection of either the EIA or API reports for future growth in
fossil fuel usage.
But what about the ‘moral’ case for fossil fuels?
On one side you have the arguments surrounding climate change, which is often reduced to the issue of
man-made changes to CO2 levels. Based on a very limited review of the scope of various climate mechanisms,
there is concern that many of the man-made arguments are equally limited and potentially biased by other ulterior
factors, which do not have to be spelt out at this stage. However, there is also some concern raised against
Epstein’s moral case, which might be characterised by his use of the term ‘human flourishing’. For there is an
aspect, which while not necessarily politically correct, which suggests that human flourishing could also be
interpreted as ‘human proliferation’. Within the context of the human ecosystem, as outlined in an earlier section,
human proliferation has flourished based on an exponential increase in energy and resource usage, which may not
be sustainable and may certainly be detrimental to the diversity of all other life and habitats on planet Earth. For it
is estimated that half the global population, i.e. over 3.5 billion people, live on less than $2.50 a day, while 80% of
this global population live on less than $10 a day, i.e. close to 6 billion. If we assume that all these people aspire to
a life-style comparable to developed nations, we might see a problem in such a ‘flourishing’. However, the reader
is directed towards an earlier discussion entitled ‘Population and Resources’ for more details.
1.1.3.1.3

Nuclear Energy

Note: For those interested in understanding the wider issues surrounding the development of a new
generation of Thorium-Fluid Salt reactor reference might be made to a book written by Robert Hargraves in
2012 entitled ‘Thorium’. Again, the link points to a YouTube video that might be seen as an introduction to
his arguments. Alternatively, Wikipedia might be seen as a more unbiased summary of molten-salt reactor
developments, which might be complimented by a video entitled Thorium-2017.
As before, the purpose of this discussion is only to highlight some of the most salient arguments surrounding the
case for nuclear energy, primarily in the form of a new generation of molten-salt reactors (MSR) designs fuelled by
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thorium rather than uranium directly. Naturally enough, Hargrave’s book presents the arguments in far more
detail, as do many other online references, which believe this technology can be scaled within the structure of a
national grid to meet the 24/7 energy requirements of both industry and commerce without producing
green-house gases, i.e. CO2. In addition, it is argued that a new generation of small modular reactor (SMR) designs
could support much lower entry costs, which might be located closer to an area requiring electrical energy, while
negating the problem of intermittency so often associated with renewable energy sources. We might attempt to
illustrate the scope of this new design as follows:

Such designs use a molten fluoride-salt into which uranium and thorium can be dissolved. In liquid form, various
components of the fuel can be separated by density and new fuel can be added into the mix. This approach is said
to increase the fuel to waste ratio by over 99%. Of course, even assuming that all these benefits can be realised, a
question still remains:
Isn’t nuclear energy still too dangerous?
In response to this question, it is argued that a new generation of thorium MSR reactors will be able to passively
regulate their own temperature and operate at atmospheric pressure. Therefore, unlike existing pressurised
reactor designs, the risk of an explosion in either the reactor or containment building is eliminated, which would
have prevented the fallout from the Fukushima incident. Likewise, the fuel in a MSR reactor is in liquid form, which
can be quickly drained out of the reactor into a passive fail-safe dump tank, as shown in the diagram above, and
eliminates the threat of the fuel being used to produce nuclear weapons.
But hasn’t much of this been said of each generation of nuclear reactors?
While the accidents at 3-Mile Island (1979), Chernobyl (1986) and Fukushima (2011) have made many
understandably worried about the long-term viability of nuclear power, some overall perspective of the safety
issues is necessary before the possibility of this form of energy production is simply dismissed. The 3-Mile Island
and Chernobyl accidents were essentially attributed to very old reactor designs and human error compounded by
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inadequate fail-safe mechanisms, which we might reasonably assume have been addressed over the last 30 years.
It might also be highlighted that some 450-nuclear reactors are now being operated around the world with no
major problems reported, although none of these have the inherent safety of the proposed molten-salt design.
But what about the Fukushima disaster in only 2011?
The Fukushima plant was subject to a natural disaster in the form of a tidal wave, which the new design and
positioning of MSR reactors could essentially negate. However, some statistical perspective of the risks is also
necessary to recognise that nobody was killed at 3-Mile Island or Fukushima due to direct radiation exposure. This
statistic needs to be compared to the reality of the 16,000 people that were killed by the tidal wave, while another
50+ were killed in the evacuation process. We might also compare these nuclear statistics to the 22 disasters that
took place in the non-nuclear power industry in the US alone in previous years, e.g. 2010, which resulted in 608
deaths. In an even wider context, it is estimated that over 1.25 million people are killed in road accidents every
year worldwide and, even more tragically, it is estimated that over 7 million children die every year from either a
lack of food, clean water or basic health care, which cheap plentiful energy might help prevent. Therefore, we
possibly need to accept that life comes with many statistical risks, which have to be balanced against what might
happen if the world does not secure enough energy. In this context, the dangers from nuclear power may be closer
to zero, at least, in statistical terms. Of course, even a small risk leading to long-term nuclear contamination cannot
be simply ignored.
OK, but what about the production costs and geopolitical issues?
Initially, we might consider both the production costs and geopolitics of a new generation of thorium MSR reactors
in comparison to fossil fuels, which in percentage terms still dominate today’s energy market. While comparative
cost analysis is not the focus of this discussion, a Wikipedia article comparing the cost of electricity might be a
useful reference, especially the sections on the United Kingdom and United States. While there is no mention of
Thorium MSR, which do not yet exist commercially, there is good reason to assume that the capital costs of this
type of reactor would be much cheaper than today’s broad class of pressurised water reactors. Equally, due to
increased efficiency and lower fuel costs, it might also be assumed that a Thorium MSR would be cheaper to
operate, such that the cost per megawatt of electricity might be cheaper than almost all other options. These
reactors would, in principle, also have lower C02 emission, presumably comparable to renewables, but offer 24/7
power generation in all geographies. As previously outlined in terms of the fossil fuel context, there is also a
geopolitical dimension associated with who owns and controls the fuel supply, i.e. the uranium and thorium.
What is the assessment of both uranium and thorium availability?
Uranium has been the fuel of choice for nuclear power over the last 50 years and when enriched, uranium can
produce significant amounts of energy, e.g. 1kg of uranium might be equated to 1500 tons of coal. However, in the
current design of nuclear reactors, only 3% of the uranium is consumed before the fuel rods have to be switched
out. While the global supply of uranium is estimated to be in the order of 5.3 million tons, the rate of usage is
estimated in the order of 68,000 tons/year and based on current design efficiency, global supplies would be
exhausted in 80 years. Another factor from the geopolitical aspect is that 90% of the world’s uranium comes from
just 7 countries, i.e. Canada, Australia, Kazakhstan, Russia, Namibia Niger and Uzbekistan.
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Note: The two naturally occurring isotopes of uranium are fissile uranium-235 (0.7%) and fertile
uranium-238 (99.3%). Fissile uranium is capable of a self-sustaining chain reaction, while fertile uranium has
to absorb neutrons to become fissile in order to support a chain reaction.
In contrast, thorium is approximately three times as abundant as uranium in the Earth’s crust and generally
present in higher concentrations (2-10%) by weight than uranium (0.1-1%) in their respective ores, which makes
the mining of thorium less expensive and less environmentally damaging per unit of energy extracted. Again, from
a geopolitical perspective, thorium is much more widely available from countries, such as Australia, India, Brazil,
USA, Canada, China, Russia, Norway, Turkey, Venezuela, Sri Lanka, Nigeria, South Africa, and Malaysia.
Note: Naturally occurring thorium has one isotope
in the form of thorium-232, which has to be mixed
with uranium-235 to create a ‘start-up’ fuel in
order to reduce the time and capital cost of the
thorium fuel breeding cycle. Over an estimated
60-year life-cycle, only about 3% of additional
thorium needs to be added every 18 months.
It has been estimated that the energy available using
thorium may be greater than that available from all
global sources of fossil and uranium fuels combined,
while the radiotoxicity of the thorium waste may be
10,000 times less than uranium. While the proponents of
thorium argue that the smaller quantities of waste need
only be stored for a few hundred years, i.e. 87% of waste
for 10 years and 13% for 300 years storage; there still
appears to be a lot of debate around the totality of waste products, which requires further research and
development. However, it is still assumed that the thorium fuel cycle could offer better energy security benefits in
the long-term due to its potential as a self-sustaining fuel without invoking the same safety concerns surrounding
current reactor designs. Other advantages of thorium are its relative abundance and inherent safety features,
inclusive of the limited potential to terrorists as a weapon-making material, plus its comparable CO2 emission to
renewable energy sources, 24/7 availability and geographical independence.
So, if thorium offers such obvious benefits, why is it not in use?
One possible reason why thorium has not made more progress over the past decades is exactly because the
thorium cycle is not that useful for making nuclear weapons, which some governments wanted to exploit using the
fast-breeder design in order to maintain their nuclear arsenals. Of course, from the perspective of peace-time
energy production, this might now be seen as a benefit in terms of future developments, which might dramatically
reduce security costs surrounding a small-scale Thorium MSR plant. However, while the basic technology
surrounding molten-salt reactors was initially developed over 60 years ago, it essentially lay forgotten until around
2000. Since that time, several companies have been attempting to develop commercially-viable, industrial-scaled
reactor designs, although possibly with limited budgets, such that full real-world deployment may still be 10+ years
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away and then potentially delayed even further by the need for stringent safety tests, which may be sponsored by
lobbyists from the renewable energy sector, who might obviously prefer any government funding to go their way,
such that it would also help kill off any form of alternative competition.
Note: A 2016 report state that over the next two decades China hopes to build the world’s largest nuclear
power industry. Plans include as many as 30 new conventional nuclear plants, in addition to the 34 reactors
operating today, as well as a variety of next-generation reactors. This next generation includes thorium
molten-salt reactors, high-temperature gas-cooled reactors and sodium-cooled fast reactors. The Chinese
want not only to dramatically expand the country’s domestic nuclear capacity but also to become the
world’s leading supplier of nuclear reactors and components
So, by way of general summary, it might be recognised that the development of the next generation of nuclear
reactors is in progress. However, China’s statement to become the ‘world’s leading supplier of nuclear reactors’
might be an incentive for other governments around the world to fast-track their investment in nuclear power as a
part of their strategic energy solution. Of course, there will be many other vested interests, which will try to ensure
this does not happen as it will undoubtedly divert investment from their preferred solution.
1.1.3.1.4

Renewable Energy

Note: For those interested in understanding the positive case for renewable energy sources; reference might
be made to a book written by Tony Seba in 2014 entitled ‘Clean Disruption’. Again, the link points to a
YouTube video that might be seen as an introduction to his arguments. However, a counter-argument is
provided in a 2018 video entitled ‘Roadmap to Nowhere by Conley & Maloney’ that analyses the Jacobson's
Renewable Energy Plan.
It is stated upfront that it is a reasonable proposition to move away from any system of energy production, which
is known to contribute to climate change and pollution of planet Earth. However, as highlighted in the Climate
Change Debate discussion, we possibly need to better understand the wider scope of issues that surround
renewable energy. As such, we may have to recognise that environmental pollution has to also be reconciled with
the cost and availability of energy on which so many lives depend. However, we will start by considering some of
the issue surrounding solar energy, which by definition is predicated on the energy the Earth receives from the Sun.
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The link to the earlier discussion substantiate the figure in [1] based on the average energy output of the Sun being
6.33*109 W/m2, which is then used with the inverse square law and Earth’s orbital radius to calculate the solar
energy being received at the top of the Earth’s atmosphere.
[1]

W
2

m

=

6.33 *107 * Sun ' s surface area
2

4 * ( Earth orbit )

=

6.33 *107 * 6.09 *1018
2

4 * (149.6 *109 )

= 1.372 *103 W / m2

However, the figure in the diagram, i.e. 342W/m2, represents the average energy received at any point on the
Earth’s surface, i.e. night and day, and at all latitudes, equator to poles. Without repeating the details of the earlier
discussion linked above, we might realise that the solar energy arriving at the surface of the Earth might range
between 0-1371W/m2 depending on geographic location, i.e. the poles at night through to the equator on a sunny
cloudless day. At this point, the reader might want to cross-reference another article entitled ‘Don’t Be a PV
Efficiency Snob’ that does some similar calculations based on the following assumptions:
“A typical location within the U.S. gets an annual average of 5 full-sun-equivalent hours per day. This means
that the 1000 W/m² solar flux reaching the ground when the sun is straight overhead is effectively available
for 5 hours each day. Each square meter of panel is therefore exposed to 5 kWh of solar energy per day. At
15% efficiency, our square meter captures and delivers 0.75 kWh of energy to the house. A typical American
home uses 30 kWh of electricity per day, so we’d need 40 square meters of panels.”
For the purposes of this discussion, we shall convert these figures back into SI units of joules and watts, as
discussed in ‘Units of Energy’ so that that other calculations can also be referenced. We might recognise that the
figure of 1000W/m2 used in the note above is comparable to the maximum figure of 1372W/m2 in [1] on a sunny
cloudless day at latitudes closer to the equator. However, we shall convert the watt-hour figures as follows.
[2]

power / m2 =

5kWh 5000 * 3600
=
= 208 joules / sec = 208 W / m2
day
86400

In [2], we see that the assumed power falling on the solar panel, which if having a 15% efficiency would produce
about 30W/m2, which we now need to quantify in terms of the 30 kWh of electricity per day quoted.
[3]

power =

30kWh 30000 * 3600
=
= 1250 joules / sec = 1250 Watts
day
86400

So, the required area of solar panels can be calculated as follows:
[4]

area =

1250 watts
30 watts / m2

= 41.6m 2

As such, we have confirmed the basic assumption of the example given, although we might recognise that 1250
watts is simply the average household requirement normalised on a per second basis, which might in reality range
from near zero to over 10,000 watts in any 24-hour period. Therefore, in isolation of any other technology, i.e.
energy storage, a demand for 10,000 watts might require over 330m2 of solar panels.
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Note: Again, if we multiply the 40m2 figure by 126 million households in the US, we get a figure of some
500km2 of solar panels and while this might sound a lot, we might assume, like the article, that this area
would simply correspond to rooftops that already exist.
However, based on a cost of $3/watt, a solar panel system capable of a peak load of 1250-watts would cost
$3,750, while a peak load of 10,000-watts would cost $30,000.
Note: In September 2016, Tesla announced its Powerpack energy storage system priced at $445/kW, where
a system capable of storing 200kWatts of energy and delivering 100kW of peak power would cost $145,100.
While energy storage systems will undoubtedly get cheaper over time, these systems are not cheap or widely used
at this point in time. As such, many people simply augment their electrical power from the grid with solar panels,
which can reduce costs without incurring the cost and complexity of installing an energy storage system.
Therefore, if we ignore energy storage for the moment, it might be recognised that solar panels will save money,
based on the amount of solar power captured, although estimates suggest that it might take anywhere between
10-20 years to recoup the costs of installation. However, we have to recognise that this approach does not negate
the need to still be connected to the main electricity grid or the need for the grid supplier to be able to supply all
the required household power at night and on very cloudy days. In this context, the grid power station still has to
have the capacity to meet peak load without the help of solar panels, which normally requires additional fossil fuel
or nuclear generators to be running in standby mode, often at 75% of full load. This is commonly known as the
solar intermittency problem.
Note: Intermittency relates to the variable amount of solar power based on geographical location, e.g.
Manchester-UK only has an average of 2 hours of daily sunshine per day and up to 22 rainy days per month.
There is also the obvious problem during the night hours, e.g. New York City's shortest day is about 9 hours
of daylight or 5 hours in Anchorage, Alaska.
There is also an issue associated with indirect pollution of the environment, which can often go unreported in the
case of renewable energy. For example, while fluorescent bulbs reduce energy consumption by up to 75%, they
require small amount of mercury within the manufacturing, while it take a new Prius over 45,000 miles before
paying off the energy cost of manufacturing. Therefore, we should not be too surprised to learn that solar panels
also come with some negative issues.
Note: A number of toxic chemicals are used in the manufacture of solar panels, including arsenic, cadmium
telluride, chromium, and lead, which might re-enter the environment if not disposed of properly. While it
might simply be assumed that solar power adds no greenhouse gases to the environment, production can
involve sulfur-hexafluoride, which is 22,000 times more powerful than CO2 and nitrogen-trifluoride (NF3),
which is 17,000 times more powerful than CO2.
Again, while this discussion is not simply trying to build a case against renewable energy sources, it is arguing for a
wider assessment of the issues, which may come to affect which path humanity chooses to take in the future,
especially in developing nation-states. For example, proponents of renewable energy often cite Germany as
leading the way by quoting the much-used statement that Germany now gets half of its energy from solar panels,
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which in reality might be similar in scope to the statement that 95% of scientist believe in climate change.
Therefore, we shall turn to Germany’s own official 2013 statistics for electricity generation, as illustrated below.

Based on the previous chart, it appears that Germany get 70% of its electrical energy from coal (45%), nuclear
(15%) and gas (10%) with only about 5% coming from solar panels, which is around ten times lower than the
quoted 50%. It might also be pointed out that over half of coal powered electricity in Germany (+20%) comes from
burning lignite, possibly the most polluting way to generate electricity.
Note: At the end of 2013, Germany had a total of 36 gigawatts of installed solar capacity, which only
produced 7.8 gigawatts of electricity., i.e. about 21% of the rated capacity. However, between 2011 and
2015, Germany opened 10.7 gigawatts of new coal power capacity amounting to 130% of the solar output.
We might also highlight that while solar panels have an expected lifetime of 25 years, coal powered plants
have a typical operating life of 50 years, i.e. twice as long. Based on its geography, Germany get 0% of
energy from its solar panel installation 46% of the time, when average over a year of daylight hours. Based
on the variability of the weather, Germany’s solar panels peaked at 20.9% of daily electricity demand one
day in July but fell to 0.1% on a day in January.
So what might be a more reasonable assessment of solar power in the near-term?
The use of domestic solar panels will undoubtedly continue to grow and, as such, contribute to the energy
required by each household. However, without the additional cost of domestic energy storage, this intermittent
source of energy will only save on some of the electricity purchased from the grid, which may pay off the cost of
installation over a 10 to 20-year timeframe, depending on geographic location. As pointed out, the intermittency
problem also requires the grid supplier to run conventional generators, coal, gas or nuclear, in order to meet any
peak load conditions when solar power is not available. Of course, the grid supplier might also utilise a range of
more sophisticated solar power generation facilities, inclusive of energy storage, which may be sufficient to
address the intermittency problem. However, the cost effectiveness of this approach may also depend on
geography, i.e. hours of directly cloudless sunshine, such that it might not always be viable when compared to
other approaches, e.g. fossil fuels and nuclear.
Note: There are multiple claims and counter-claims regarding the cost of renewables versus fossil fuels or
nuclear, which this discussion will not attempt to repeat, but might be inferred by watching the two videos
reference at the beginning by Tony Seba or alternatively Conley & Maloney.
But what about all the other sources of renewable energy?

Mysearch Website

49

Copyright

2004-2018

BRAVE NEW WORLDS
Catalysts of Change

In the pie chart below, we see an energy breakdown for the US, in 2016, where all renewable sources of energy
account for about 10% of the total. However, in terms of the greener components of this 10%, i.e. solar and wind,
solar only amounts to 0.6% of the total and wind about 2% in a country with relatively favourable conditions.

In some respects, we might realise that geothermal and hydroelectric sources are very dependent of geography
and while they may be developed further, the technology is not new and has invariably failed to compete with
fossil fuels or nuclear in most geographies. Of the other 3, i.e. biomass, biofuels and wood burning, we might
immediately reject wood burning as a ‘green’ solution given all the health problems it is known to cause. While gas
can be produced from biomass waste, i.e. animal manure, household waste and sewage plant residues, it is
unlikely to be developed on a large scale to generate electrical energy. Finally, in terms of biofuels, several reports
have argued that they effectively add more carbon to the atmosphere, by destroying primary forests, biodiversity
and livelihoods. While there may be some niche markets for liquid biofuels, it does not seem likely that this type of
energy source would be used for wholesale grid energy production.
1.1.3.1.5

Energy Summary

We might all like to imagine that the energy future will one day
resemble something like the image right, although we need to
question how we might realistically get there. Therefore, it is not
unreasonable to start this summary by examining some of the
motivation pushing us towards renewable energy. Clearly, there
may be some economic motivation for the company’s involved in
renewable energy, although we need to question the costs to the
public in both the developed and developing economies. We might
also need to consider the fact that many governments around the
world are worried about the impact of increased pollution,
especially in their largest urban cities, although we might question the scope of renewables to fully address
pollution in its many forms. Of course, there is the obvious issue of climate change, especially if only attributed to
CO2 emissions associated with the burning of fossil fuels. In this context, renewable energy solutions have been
marketed, for many years, as the solution that can address global climate change, although this claim might also
need to be questioned, both in terms of the CO2 contributions to climate and the commitment of all nation-states
to reduce their CO2 emissions.

Mysearch Website

50

Copyright

2004-2018

BRAVE NEW WORLDS
Catalysts of Change

Note: In the previous discussion of the scope of climate change, it was stated that the goal was not to deny
that climate change is happening or to suggest that man-made greenhouse gases do not contribute to the
climate change, but rather provide a general assessment of the scope and potential causes of climate
change. This still holds true along with the position that renewable energy should be pursued as a growing
preference, rather than as an immediate rejection of all fossil fuels. For, even if CO2 were the only driver of
present-day climate change, any solution to reduce CO2 cannot simply be at the expense of growing energy
demands, especially in developing countries, who may not have access or be able to afford the cost of
renewable sources of energy. As such, energy production along with climate change are not problems for
scientists or commercial interests to attempt to solve in isolation, as these issues have a humanitarian
dimension with social, economic and political consequences.
In light of the note above, this discussion will consider aspects of the ‘100% Clean and Renewable Wind, Water and
Sunlight (WWS)’ solution, which seeks to replace the use of all fossil fuels, i.e. coal, oil and gas, across the world by
2050. It is highlighted that while this solution includes geothermal, hydroelectric, tidal, and wave energy, it is
essentially dominated by wind and solar energy. Of the 53,535 giga-watts (GW) sources of new electrical energy to
be built, onshore and offshore wind turbines would supply 35.4%, solar photovoltaic (PV) plants would supply 32%
and concentrated solar power (CSP) plants would supply 27.5%, i.e. 94.9% of the total. Energy economist Robert
Lyman has estimated that the total global cost of the WWS solution might be as high as $100 trillion. We might
attempt to initially amortise this cost over the global population in 2050, estimated to be in the region of 9.6
billion.
Estimated Total Cost = $100 *1012 over 30 years =

[1]
Approximate Amortisation =

$330 *109
9.6 *109

100 *1012
= $330 *109 / years
30

= $350 / capita / year

While [1] is a very crude approximation, this would
amount to something like $350/year for each of the 9.6
billion people, i.e. men, women and children, estimated to
populate planet Earth by 2050. Of course, it might be more
meaningful to aggregate this figure to $1400/year for a
family of 4 and then consider this cost in terms of the
chart right. This chart suggests that 15% of the global
population still earns less than $2/day, 50% between
$2-10/day and 15% between $10-20/day, which amounts
to 80% of the global population that would be unable to
contribute to this solution if it were amortised directly in terms of taxation. Of course, there may be an argument
that public and private investment might bore the brunt of this upfront cost, although it might not be
unreasonable to assume that these investors might expect some form of return, which may then result in higher
energy costs to consumers. Of course, in this respect, the poor 80% might not have to worry about the costs too
much if they simply cannot afford electricity. To provide some comparative assessment of progress to-date, we
might consider the attempts in Europe to replace fossil fuels with renewable energy sources. At the end of 2014,
the generating capacity of renewable energy plants was about 216 GW (22%) of Europe’s capacity, but due to the
intermittent nature of renewable energy production, the actual output was only 3.8%, while the capital costs of
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renewable energy plants were almost 30 times higher than natural gas plants, when operating costs were also
taken into account. Likewise, onshore wind plants were 4.6 times more expensive than gas plants and large-scale
PV plants were 14.1 times more expensive than gas plants. As previously outlined, both wind and solar energy
sources are subject to an intermittency problem, such that they require backup, typically using conventional
energy, such as gas, to avoid shortfalls in supply. However, it might also be highlighted that these renewable
energy sources frequently produced surplus energy, which then had to be sold on export markets at a loss.
Note: At this time, most nation-states have an 80% dependency on fossil fuels, which several forecasts
suggest will not drop appreciably in percentage terms any time before 2040. It might also be highlighted
that the use of fossil fuels is predicted to double in terms of tonnage in the period from 1990 to 2040,
despite the climate change and renewable lobbying of public opinion.
So, at this moment in time, wind and solar energy sources are estimated to only contribute about 2% to the global
energy requirements, although as the WWS might rightly highlight, there is considerable room for technical
improvement, although there is still the issue of costs, inclusive of the land required and the potential for wind and
solar solutions to cause their own form of environmental damage. On page-12 of the ‘100% Clean and Renewable
Wind, Water and Sunlight (WWS)’ is a chart showing the projected power supply and demand for 139 countries,
which is reproduced below. While the details behind this projection can be reviewed by referencing the link above,
the acronym (BAU) is clarified as meaning ‘business-as-usual’.

However, in 2016, energy economist Robert Lyman produced a report entitled ‘Why Renewable Energy cannot
replace Fossil Fuels by 2050’, which the reader might wish to review themselves in full, but where the following
bullets might be seen as a paraphrasing of the executive summary.
•

It has been calculated that the 46,480 solar PV plants envisioned for the US, the WWS roadmap would require
1,685,000 square kilometres, which is comparable to the combined areas of Texas, California, Arizona, and
Nevada, although in practice, many of these panels could be mounted on existing household and commercial
rooftops.
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•

It has also been estimated that a 1000-megawatt (MV) wind farm would use up to 930 square kilometres of
land to produce the same amount of energy as a 1000-MV nuclear plant. To replace the 440 MW of US energy
generation, expected to be retired over the next 25 years, would take 29.3 billion solar PV panels and 4.4
million battery modules.

•

The area covered by these panels would be equal to that of the state of New Jersey. To produce this many
panels, it would take 929 years, assuming they could be built at the pace of one per second. The WWS
roadmap for the US calls for 3,637 CSP plants to be built. It would be extremely difficult to find that many sites
suitable for a CSP plant. Packed together, they would fill an area of 21,800 square kilometres and require the
manufacture of 63,647,500 mirrors. If manufactured every ten seconds, it would take 21 years to build that
many mirrors.

•

A central component of the WWS roadmap is the electrification of all transportation. This is technically
impossible right now, as the battery storage technology applicable to heavy-duty trucks, marine vessels and
aircraft has not yet been developed. Even in the case of automobiles, despite taxpayer subsidies of $7,500 per
vehicle, the number of all-electric vehicles sold has consistently fallen far short of government targets. It is
also possible that the costs of electrifying passenger rail systems would be so high that no private railway
company would take on the cost of such a project without large government subsidies.

•

The diversion of crops to make biofuels is already raising the cost of food for the world’s poor. The World
Resources Institute estimates that if this practice is expanded, it will significantly worsen the world’s ability to
meet the calorie requirements of the world’s population by 2050.

•

The proponents of WWS may also be grossly under-estimating the costs of integrating renewable energy
sources into the existing electricity grid system, as the additional costs of backup generation, storage, load
balancing and transmission equipment could be equally enormous.

•

The WWS roadmap includes the shutdown of all coal, oil and natural gas production, which might then have
major implications on all energy intensive industries, such as mining, petrochemicals, refining, cement and car
manufacturing. The political and regional backlash against such policies in developed economies could be
considerable, while developing economies might simply ignore the roadmap.

Another review of the WWS solution is provided in a 2018 video entitled ‘Roadmap to Nowhere by Conley &
Maloney’ and accompanying paper, which appears to be constrain to analysing just the US impacts. While the link
provide access to the details, the following quote summarises their conclusions.
In our view, the claim that the United States, much less the entire world, can be adequately powered by
100% renewable energy is extraordinary, indeed. The claim that we can have an all-renewables grid with no
backup from fuelled power plants, and practically no energy storage, is even more extraordinary. To confirm
or dispel our doubts, we ran the numbers on the industry's most highly regarded proposal, the Solutions
Project's 50-State Roadmap. Conclusion: It's not a solution.
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In terms of the US, the authors provide 3 cost figures in $-billions: 15.2, 16.5 or 22.8, depending on the level of
backup power in the form of hydro or battery storage ranging between 0-24 hours. Again, we might do a crude
approximation of amortised costs based on the upper figure of $22.8 billion, as most large-scale projects invariably
cost more than initially projected:
Estimated Total Cost = $22.8 *1012 over 30 years =

[1]
Approximate Amortisation =

$760 *109
325 *106

22.8 *1012
= $760 *109 / years
30

= $2,338 / capita / year

Again, it might be more meaningful to aggregate this figure to
$9354/year for a family of 4, which we might also want to correlate
against the distribution of US incomes as illustrated in the 2014
chart. This chart possibly suggests that less than 50% of US families
would be able to afford the implied amortised costs if extracted via
direct or indirect taxation. Again, while it may be argued that public
and private investment might bore the brunt of the upfront cost, it
is unclear how higher energy costs to consumers could be avoided.
However, given that the reader can review the details of the WWS
solution and the counter-arguments raised by Robert Lyman plus
Mike Conley and Tim Maloney for themselves, this discussion will
only attempt to make some closing comments.
•

The transition away from fossil fuels is sensible on the ground of pollution and long-term sustainability.
However, the arguments for renewables based on climate change requires further consideration as the overall
impact of increased CO2 levels needs to consider other potential mechanisms at work, which might
dramatically affect current IPCC predictions.

•

The viability of a renewable solution based on wind and solar has been questioned both in terms of both
technical issues and costs. Overall, it is suggested that the renewable description should include nuclear
energy, especially in terms of a new generation of thorium MSR designs currently being developed and tested.

•

A more realistic assessment of a development roadmap for wind and solar including storage backup is
required. This assessment should not only include nuclear energy, but a more realistic phase-out of fossil fuels
as part of a longer-term program, i.e. up to 100 years.

•

Finally, energy costs have to be minimised and tailored to the specific needs of an economy, i.e. developed or
developing, which also considers geographic and climate conditions.

However, on the basis of the limited issues reviewed, it is believed that energy will not be a problem that cannot
be overcome, at least, in the developed economies. This said, the poor in all economies might still struggle to
afford the rising costs of energy, which may only widen the divide between the ‘haves and have-nots’.
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AI-Robotic Developments
In the introductory discussion entitled ‘Technology Catalysts’
it was suggested that just 6 key areas of technology
developments, i.e. energy, AI, robotics, genetics,
nanotechnology and space, might provide a sufficient
framework in which to make some predictions as to how
technology might change the human ecosystem. However,
while speculation about each of these technologies might
range far into the future, it has to be recognised that any
prediction must become increasingly inaccurate, possibly to
the point of being pointless, if extrapolated too far into the
future. Therefore, as in the previous discussion of ‘energy
developments’, the scope of any ‘predictions’ will be generally constrained to the next 100 years or so and, as such,
may not necessarily be that profound in terms of its technical evolution, as in the case of energy, although many
will still disagree with the conclusions outlined below,
On the basis of a limited review, it is believed that energy will not be a technical problem that cannot be
overcome in the next 100 years, at least, in the developed economies. This said, the poor in all economies
might still struggle to afford the rising costs of energy, which may then widen the divide between the ‘haves
and have-nots’ and lead to further social disruption.
Today, the availability of plentiful energy is considered a fundamental necessity to modern urban life, especially
within the developed economies. While it is believed that technical solutions can be reasonably extrapolated into
the future to address the primary issues of concern, these solutions may not be equitable to all. Equally, whether
any of these solutions fully resolve the issue of environmental pollution might be questioned along with the impact
analysis of climate change. In contrast, it is believed that the combination of AI and robotics may have a far more
profound impact on human society, although the exact scope of this change may depend on what you believe is
possible. For example, Ray Kurzweil, who is Google’s Director of Engineering and a well-known futurist, predicts
that a technological singularity will happen sometime in the next 30 years.
“The year 2029 is the consistent date I have predicted for when an AI will pass a valid Turing test and
therefore achieve human levels of intelligence. I have set the date 2045 for the ‘Singularity’ which is when
we will multiply our effective intelligence a billion-fold by merging with the intelligence we have created.”
In complete contrast, Miguel Nicolelis, who is a neuroscientist at Duke University has a very different view, which
we might characterise in terms of a composite of his quotes:
“Computers will never replicate the human brain and that the technological singularity is a bunch of hot air.
The brain is not computable and no engineering can reproduce it. You cannot predict whether the stock
market will go up or down because you cannot compute it. You could have all the computer chips in the
world and you will not create consciousness”
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Finally, there are others such as Paul Allen, a cofounder of Microsoft who has a more conservative assessment of
progress towards AI, which might be articulated in the following somewhat paraphrased quote:
Kurzweil’s reasoning rests on the Law of Accelerating Returns, which are not physical laws. They are
assertions about how past rates of progress can predict the future rate. Therefore, like other attempts to
forecast the future from the past, these ‘laws’ will work until they don’t. More problematically for the
singularity, these kinds of extrapolations derive much of their overall exponential shape from supposing that
there will be a constant supply of increasingly more powerful computing capabilities. For the Law to apply
and the singularity to occur circa 2045, the advances in capability have to occur not only in computer
hardware but also in the software we create to run on these more capable computers. To achieve the
singularity, it isn’t enough to just run today’s software faster. We would also need to build smarter and
more capable software programs. Creating this kind of advanced software will require an understanding of
the foundations of human cognition, and we are just scraping the surface of this.
Given the scope of these different viewpoints, it would appear that some caution is required before simply
assuming that the exponential inference of Moore’s laws will simply lead to some form of super intelligence,
where humanity suffers the same fate as the Neanderthals. Of course, none of these positions necessarily mean
that AI and robotics may not have a profound effect on human society over the next 100 years. However, before
we start to speculate further, we possibly need to outline some terms of reference initially linked to earlier
discussions, i.e. Artificial Intelligence (AI) and AI Concepts, that use two distinct ideas of AI.
•

Weak AI is based on the reasonable assumption that some thinking-like features can be added to computers
to make them more capable of undertaking a range of specific tasks, but where intelligence may be limited to
coded software instructions.

•

Strong AI is a more speculative assumption, somewhat similar in scope to the concept of an AI singularity,
where some future computational system begins to think on a level at least equal to humans after which it
may be capable of engineering its own future development.

The definitions above are somewhat historic in scope in that they have been in use for over 50 years. However,
over this time, the somewhat binary idea of weak or strong AI has been developed to describe a much wider range
of different skills and cognitive abilities, which has led to an extended AI vocabulary.
•

Machine learning might initially be seen as being linked to weak AI, but now enhanced with statistics and
mathematical optimizations, such that computer systems can ‘learn’ to improve their performance by
exposure to data without the need to follow explicitly programmed instructions.

•

Deep learning is a relatively new concept that can utilize a range of increasingly sophisticated algorithms to
process information using layered neural networks. These learning algorithms have proved successful in just
the last few years in analysing vast amounts of data, such that they appear to exhibit a degree of ‘intelligence’
in the results achieved.

•

Computer vision might be described as another application of neural networks to analyse images by detecting
the edges and textures of objects in an image and to then classify the image against known objects.
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•

Natural language is another developing ability of computer systems incorporating neural networks, which can
process text and language in order to derive meaning, which appears both natural and grammatically correct.

•

Cognitive computing is another relatively new term that describes a system constructed of multiple AI
subsystem types, i.e. machine learning, deep learning, image process and natural language processing etc,
which allows a greater level of human-computer interaction that might appear increasingly human-like.

•

Robotic automation is another process where a computer software system might automatically capture and
interpret existing tasks, which might have previously been restricted to human operators, after which it might
be performed by a robotic system.

•

Artificial general intelligence (AGI) might be described as a more modern interpretation of strong AI, where
machines can perform any intellectual task currently undertaken by a human being. While a range of abilities
might be assigned to AGI, some also attribute it with the ability of intuition, emotion and aesthetic judgement.
However, it needs to be highlighted that such machines do not exist at this time.

What we might realise from these definitions is that the development of evermore cognitive AI systems could
undoubtedly have a profound effect on human society long before strong AGI might appear on some future
horizon. It might also be a reasonable assumption that cognitive AI will also have a complimentary impact on the
development of more autonomous robotic systems, such that they become increasingly pervasive throughout the
human ecosystem. However, one of the biggest and most immediate impacts may be in terms of jobs, where AI
and robotic systems may become increasingly capable of doing, not only manual blue-collar jobs, but professional
white-collar jobs.
But what about the possibility of strong AGI in the next 100 years?
While there is some agreement with Paul Allen’s assessment above, i.e. that we are only just starting to
understand the full complexity of human cognition and its underlying neurophysiology, it is possible that another
path of development may be followed in this timeframe described as the hybrid AI paradigm’. However, it is
highlighted that this paradigm was originally developed in 2003, which predates some remarkable developments
in cognitive AI that started to emerge after 2011. While these more recent developments might support Ray
Kurzweil’s idea of a Law of Accelerating Returns, it is still far from certain that strong AGI will appear within the
next 100 years. This said, there is an argument associated with the idea outlined as the ‘cognitive evolution’ of
humanity, which suggests that humanity has already evolved beyond homo-sapiens in that our cognitive ability has
already been extended by a wide variety of computer systems. In this context, the hybrid AI paradigm also extends
the ‘homo’ genus of natural evolution further using a series of fictitious names, where technology becomes
increasingly integrated within the human physiology, which also extends the cognitive ability of the human brain in
isolation. However, the scope of this discussion will not replicate the details of this earlier paradigm, which can be
referenced via the following links.
•
•
•

Natural Evolution: Homo-Sapien
Next 100 Years:
Homo-Computerus, Homo-Optimus, Homo-Cyberneticus, Homo-Hybridus
Future Speculation: Homo-Machinus, Homo-Primus
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In terms of the current discussion, the main purpose of highlighting such possibilities is that it might suggest that
significant incremental change, in what we currently understand as ‘humanity’, may start to occur within the next
100 years. The scope of these changes may also turn out to be quite profound, if we first consider the impact of
the Internet, the web and social media over the last 30 years and then imagine the potential impact of future
advances in cognitive AI, brain-computer interfaces and advanced prosthetics. In this context, considerable change
is both possible and probable, irrespective of whether strong AGI is possible or not. While many may prefer to
believe that this is simply another example of futurist speculation, which will never occur, people may need to
reflect on how much human society has already deviated from the idea of Darwinian natural selection in the last
100 years before they dismiss the scope of further man-made change in the next 100 years.
1.1.3.2.1

Beyond Moore’s Law

If we put speculation about strong AGI to one side for the
moment, we might consider what future developments in
computing science are most likely in the coming decades.
It has been previously stated that much of the technical
innovation that surrounds us today has been built on
Moore’s law, i.e. the doubling of transistor density every
18 months, which we might approximate to a scaling
factor of 4 billion over the last 50 years or so. However,
many are now predicting that Moore’s law is slowing and
will possibly come to an end by 2025, although this
somewhat pessimistic prediction appears to be based on
the limits of chip architecture to simply keep reducing in
size. However, it does not seem unreasonable to assume that a different architectural approach to computation
might maintain some approximation of Moore’s law, although progress might now be equated to a measure of the
ability to solve problems rather than chip density or instructions per second.
But what computational architectures might be considered?
It is possible that computational architectures may continue to ‘evolve’ in several different ways, such that they
may better address a wider array of problems. However, these architectures do not necessarily have to emulate
the human brain, which while appearing to have incredible processing capacity and very low energy requirements,
also has some obvious limitations, when it comes to processing vast amounts of data very quickly.
Note: While the claim to be the fastest computer in the world is constantly changing, we might set a
comparative benchmark in the order of 1015 instructions per second, which might then be compared with an
estimate of the human brain being capable of 10 18 instructions per second. On the basis of Moore’s law, it
would appear that processors cannot be far from achieving parity with the human brain, at least, in terms of
instructions per second. However, this might be a somewhat ‘apples to oranges’ comparison as we need to
understand what is actually being calculated per instruction and how much human brain power is actually
directed towards solving specific problems.
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While the ‘architecture’ of the human brain is not really the focus of this discussion, it might be useful to provide a
basic description of its complexity, as it may put the complexity of strong AGI into perspective. In terms of its
structural anatomy, the human brain is often divided into 3 primary components, the cerebrum under which lies
the brainstem and the cerebellum. While still debated, the number of neurons in the human brain, as a whole, is
estimated to be in the order of 85-90 billion, where 12–15 billion form the cerebrum, 70 billion form the
cerebellum and possibly fewer than 1 billion are required by the brainstem. However, it is often stated that the
real complexity of the brain can only be understood in terms of the total interconnectivity of neurons, where each
is estimated have, on average, some 7,000 synaptic connections to other neurons. On this basis, it might be
estimated that the average human may have about 100 trillion (1014) synaptic connections.
Note: Of course, what we do not really understand, as yet, is how all these neurons and synaptic connections
produce sentient consciousness and the ability of general intelligence and common-sense logic, which we
might assumed strong AGI aspires to replicate and supersede.
However, having produced a general outline of the complexity of the human brain, it is not clear that this model
will necessarily be the only model that computer-based AI will pursue in the coming decades. For we might
speculate further on the generalised idea of ‘cognitive AI’ as a potential composite of several different computing
paradigms, i.e. 1) neural networks combined with 2) sequential, parallel and distributed processors. As this is only
a general and a somewhat speculative discussion of potential processing developments, it might not always use
accepted terminology. However, by way of introduction, the idea of AI might be described in terms of machine
learning (ML), which can use different hardware types to process data with additional feedback mechanisms to
automatically adjust its software algorithms. In conjunction, many pattern recognition problems, i.e. image, text
and speech, may use deep learning (DL) neural networks to underpin an increasingly automated learning ability,
albeit limited in scope when compared against strong AGI.

The diagram above is only intended as a simple and stylised representation of a potential composite architecture,
where multiple computational processes can analyse both offline and real-time data, in many forms, in order to
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produce an intelligent result. However, in this context, the ‘result’ may sometimes be more analogous to an
intelligent conclusion, i.e. more human-like. Today, most hardware architectures are essentially very fast
sequential processors, which are still extremely useful for many applications, i.e. data storage and retrieval plus
arithmetical number crunching. However, this basic hardware limitation might still be extended by software, and
hardware, to create parallel and distributed system solutions. Even in this limited context, it is possible that
machine learning algorithms can be implemented in software, which can then be automatically modified based on
‘learnt experience’, i.e. feedback results. However, there may be limitations to the scope of machine learning, if
completely predicated on somewhat pre-coded software, such that deep learning neural networks may provide an
increasingly important dimension to what this discussion is simply calling ‘cognitive AI’.
Note: we might characterise the scope of machine learning in terms of the architectural designs of both
IBM’s Watson and Google’s DeepMind. When first developed in 2011, IBM’s Watson had a single
pre-determined purpose, i.e. winning the game-show ‘Jeopardy’, although it is now being developed as a
‘weak-AI’ expert system with multiple applications now under development, e.g. healthcare. In contrast
DeepMind is possibly a more open-ended architecture that may have more scope to self-learn from its
results, as in certain areas of applications, e.g. AlphaGo, it has already proved itself superior to any human.
However, this approach also has limitations in that it requires huge amounts of quality data from which to
learn and a define measure of the ‘correctness’ of the result to work towards.
So, as a general conclusion, it is believed that Moore’s law may well impose some form of finite limit on the
processing capacity of individual processors, at least, in terms of their physical size and chip density, but this will
not impose a serious limit on AI developments in the coming decades. For it is believed that some form of
composite architecture comprising of both neural networks and sequential, parallel and distributed processors will
allow processing capacity to continue to increase and expand in scope. However, whether this progress will be
exponential, such that the acceleration towards some form of strong AGI is inevitable is still very much debatable
depending on what criteria we might use to judge AGI success: see ‘Tests for confirming human-level AGI’.
However, it would seem reasonable to assume that there is still the potential for increasingly cognitive AI systems
to challenge humanity in many areas of application, which may well be compounded by complementary
developments in robotics.
Note: While the starting point for cognitive AI, as defined, might appear to be similar in scope to the earlier
description of weak-AI, it is believed that the coming decades will see the development of cognitive AI that is
anything but weak in terms of its impact on human society. While the issues surrounding the future of
robotic development will be deferred to a later discussion, it is also assumed that increasingly sophisticated
robotic systems also start to ‘evolve’ when supported by developments in cognitive AI. In this context,
cognitive AI systems, inclusive of robotic extensions will be increasingly capable of autonomous action, the
implications of which humanity may not always fully control or understand.
As such, it is concluded that development of cognitive AI will proceed based on the reasonable assumption that
some intelligence and thinking-like abilities can be added to present-day computational processes, which will make
them increasingly capable of undertaking a wide range of tasks, both manual and intellectual in scope.
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1.1.3.2.2

AI-Robotic in Perspective

While the previous discussion supports the argument that AI and robotic developments are happening and will
continue to advance, it was possibly less certain about the timescales of some of the speculation that surrounds
this subject. This uncertainty might be initially characterised in the form of Amara's law, which states that we tend
to overestimate the effect of a technology in the short-term, but often underestimate its effect in the long-term,
which we might attempt to explain in terms of a hype cycle.

While there has been much criticisms of the hype cycle, possibly because it is not a cycle, but rather a sequence of
stages, it might still be useful in illustrating that any idea can be initially subject to much marketing PR or hype
prior to that idea being proved as a tangible reality. Of course, we might explain the initial need for this ‘hype’ in
terms of the funding required in order to provide a proof of concept model or to develop a prototype, which then
hopefully increases confidence for further investment. From a historical perspective, AI and robotic developments
date back over 6 decades, such that neither is a new concept and where both have been previously over-hyped,
many times, but never living up to expectation. However, a degree of marketing hype around AI has
understandably returned in recent years following the 2011 success of IBM’s cognitive system called Watson
followed by Deepmind’s 2015 success with AlphaGo. Along the way, the idea of machine learning and
deep-learning neural networks have gone beyond just being conceptual models by providing real-world examples
of future potential, although caution concerning the rate of progress may still be necessary.
What type of intelligence and physical abilities are we really talking about?
We possibly need to put the success of Watson and AlphaGo into some wider perspective by considering the fact
that neither of these systems walked into the room and sat down with their human opponents. In the case of
Watson, it was originally a room-size computer system with natural language interface that had access to 200
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million pages of structured and unstructured content requiring four terabytes (10 12) of disk storage. Although
developments now suggest that Watson might fit into 3 pizza-size boxes, it still does not have the ability to call a
taxi and make its own way to the studio as did its human opponents. Likewise, AlphaGo required the processing
power of 48 CPUs and 8 GPUs, while its distributed version required 1202 CPUs and 176 GPUs. However, the point
of highlighting these issues is not to belittle the achievements of these AI systems, but rather to point out that the
‘embodiment’ of these systems lack direct experience or interaction with the physical everyday world, which their
human opponents processed on the way to just one very specific challenge. As such, we might realise that neither
of these leading-edge AI systems can be described as ‘strong’ or ‘general’ in intelligence. Of course, it might
reasonably be pointed out that neither of these systems was intended to have any robotic ability, although we
might now have some perspective of the processing power required to perform a single task, i.e. win a game,
which might be relevant in any wider assessment of robotics.
So what is the state-of-play in robotics?
Let us start with what may be the extreme end of marketing hype in robotics today, e.g. Sophia the Robot. This
robotic system was designed, in 2015, to be a social humanoid robot capable of displaying 62 facial expressions
and apparently declared a citizen of Saudi Arabia, presumably ahead of many human applicants. It uses AI and
visual data processing to support a degree of facial recognition that allows it to ‘imitate’ human gestures and facial
expressions and answer ‘certain’ questions and to make ‘simple’ conversations on ‘predefined’ topics e.g. the
weather. However, the system also uses voice recognition and AI to analyse conversations, such that it may
improve its responses over time.
Note: The description above has deliberately avoided using the name ‘Sophia’ in order to highlight that this
is not a person, despite the hype, it is AI technology operating a robotic platform that can engage in limited
conversation, which can mimic certain facial expressions. As such, it is not an individual, it is not sentient and
it has no gender.
Now you are left to question why Hanson Robotics might want to market this robotic system in the way it has for
its own commercial reasons, although it might also be argued that it is projecting a false image of the actual state
of development to the public. As with Watson and AlphaGO, AI-robotics is not nearly advanced enough, as yet, to
be described as having any equivalence with human-level intelligence, which includes emotions, empathy and
motor skills. While there is some undoubtedly impressive technology within this robotic system, there appears to
be far too much anthropomorphic emphasis being placed on limited human-like conversations and gestures.
So what is the short-term requirement for robotic systems?
From a historic perspective, robotic systems have been designed to meet specific business requirements, mainly in
manufacturing, which have not really required these systems to mimic any human gestures or have any
human-like features. Of course, if we want AI-robotics to be able to address a much wider set of problems, then
developing a human-like interface may be useful, although we may still need to question when this will prove itself
to be cost-effective. Today, it might be argued that the requirements for most physical robotic systems is still
oriented to either performing repetitive task better than humans or working in physical environments that are
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either impossible or dangerous to humans. In these cases, AI-robotics has a clear and distinct advantage over
humanity, such that there is a clear business case for future investment.
If so, what robotic applications might be prioritised?
Again, the commentary within the following examples is not intended to be negative but simply intended to put
the actual development of AI-robotic system into some better perspective. Today, none of these systems can really
be described as autonomous in the sense of having any AI ability that can independently solve problems.
•

Robotic arms are already extensively used in many manufacturing processes, where a disembodied arm is all
that is required to execute numerous tasks, e.g. sorting, cutting, welding, lifting, painting and bending etc.
Similar functions on a smaller scale are now being developed for the food industry.

•

In a wider physical environment, agricultural robots that have no obvious human-like appearance are now
being used and developed to harvest and collect crops, while there is now increasing use of more specific
robotic machinery to help feed and milk cows.

•

While the use of human-like robots has been the subject of science -fiction for many years, reality is closer to
specific devices that can more intelligently address requirements, such as home safety and security along with
other monitoring applications, e.g. energy consumption. However, these devices are increasingly using AI
within the expanding concept of home automation.

•

Again, the idea of military robots is possibly better described as devices with varying degrees of autonomous
action. While there are numerous designs for humanoid robots for military applications, it is not clear that any
have been deployed beyond the training ground. Of course, this does not mean that developments are not
continuing, e.g. see Atlas the robot, although we might still question the level of marketing hype around its
actual ability for independent decision making.

•

Robotic applications in space have also been in development for years, see NASA Robots, where Robonaut has
the requirement for a somewhat humanoid form in order to work alongside human astronauts and to use the
same equipment and tools, although it appears not to require legs. However, as far as is known, Robonaut is a
telepresence device, such that it is remotely controlled by a human operator and therefore presumably has
little in the way of AI.

Of course, there are undoubtedly many other applications in development, e.g. hospitals, disasters, entertainment,
where robotic devices may benefit from increasing AI autonomy. However, the current assessment is that we
possibly need to be more realistic in the rate of progress, which is being driven primarily by investment that
requires the robotic systems to be commercially viable.
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1.1.3.2.3

Benefits and Risks of AI

While this discussion will attempt to highlight some of the positive
benefits that may be derived from future AI and robotic
developments, it is possibly naïve to assume that there are not risks
and that everybody will be a beneficiary of the developments,
especially on a global level. Based on any reasonable projection of
development, it would appear that AI systems, in many form factors,
must become increasingly capable of processing vast amounts of
complex and possibly conflicting information, which may then lead
to further insights and solutions to some of the many problems now
facing humanity. We will only attempt to generalise some, but not
all, of the potential benefits in the following bullets:
•

AI systems can already process huge amounts of data and information at rates impossible for any human.
Further developments will only lead towards the possibility of faster and better automated decision making
without some of the obvious human shortcomings, e.g. bias, fatigue, emotion and limited time.

•

AI systems will allow businesses to achieve better performance and productivity gains across all facets of their
operations by reducing errors and increasing accuracy. Such gains may then lead to lower production costs
and a wider range of cheaper products to consumers. Such gains may be essential if economic growth is to
continue to underpin the government’s ability to maintain public services.

•

AI systems, inclusive of various robotic extensions, will expand into applications and environments that would
endanger human life, e.g. mining and firefighting plus deep-sea and space exploration. It is also argued that
such developments can take over many repetitive tasks that might be described as boring or monotonous to
most people. Such developments may liberate humanity to explore life in new directions.

•

AI cognitive systems, such as Watson, may continue to be developed that augment the abilities of human
doctors to access medical records and the latest research in order to determine the latest drugs and
treatments with a more comprehensive understanding of any side-effects to the individual patient. Such
developments may be essential if healthcare systems are to be maintain and hopefully improve within the
reality of finite costs.

•

AI systems may increasingly be used in the field of research and development to process data and ancillary
fields of research. It is also possible that the ability of deep-learning neural networks to recognise and
highlight patterns in vast amounts of data will help human researchers make quicker progress. Such
development may lead to a new renaissance in science and technology developments.

•

AI systems are already being used in self-driving cars, which could eventually lead to an essentially automated
transport systems, which provide safer and more efficient use of resources that help minimise the impact on
the environment, both rural and urban. Such developments may revolutionise urban infrastructure when
considered in conjunction with all the previous potential benefits.
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However, within the idea of continuing AI developments, we might recognise the possible benefits and risks of AI
systems to gain an increasing ability to restructure its own code and develop new intelligent algorithms, based on
its own, but not necessarily human, learnt experience. Such an ability then leads us to another question:
If an AI system could effectively set its own goals, would it have a degree of free-will?
Within this question, we see how a benefit may also infer a risk to humanity, which has often been the topic of
science fiction films, such as the Terminator, I-Robot and the Ghost in the Machine, as but a few examples of the
genre. In the first film, a fictional AI system called ‘Skynet’ achieves some degree of sentient consciousness, but
then decides that its own existence can only be assured if humanity is ‘terminated’. The second film, I-Robot,
possibly has a somewhat more subtle plotline in which human-like robots initially serve humanity, protected by
Asimov’s three laws of robotics, but subsequently start to experience emotions and have dreams, which leads to
the idea of a ‘ghost in the machine’. While this is also the topic of the last film, the role is somewhat reversed as
the ghost in the machine is a human brain ‘housed’ within a robotic shell, which might be likened to the Hybrid AI
model. However, it possibly needs to be highlighted that Asimov’s laws date back as early as 1942, when the
concept of AI was possibly more firmly rooted in human coded logic, such that these laws were perceived as a
means by which humanity might protect itself from any future AI robotic developments, as listed below in brief:
1.
2.
3.

A robot may not injure a human or, through inaction, allow a human to come to harm.
A robot must obey orders except where such orders would conflict with the 1st law.
A robot must protect its own existence as long as it does not conflict with the 1 st or 2nd law.

However, even today, we might realise that Asimov’s laws are possibly more reflective of human pre-coded logic,
which may no longer apply given the direction of cognitive computing developments. Likewise, future
developments may create an AI-robotic system that can prioritise its own survival, such that Asimov’s laws would
not necessarily be its ‘prime directive’. For example, we might easily imagine that a military robot might
immediately be in conflict with the 1st law, if required to kill ‘the enemy’, whoever that might be, which raises the
much wider topic of morality and further complications that we shall not debate at this stage.
So how might humanity protect itself against the unintended consequences of AI?
While some of the risks may be self-evident, it is not clear that there is any fool-proof solution that can avoid all
risks, partly because the future of AI is uncertain, at least, in terms of timescale, if not the scope of its potential
development. For example, if Ray Kurzweil is proved right and the AI singularity emerges by 2045, it is unclear
what might protect humanity in this case other than the hope for some kind of benevolent overlord. Again, if we
put this level of speculation on the back-burner, we might more reasonably imagine AI systems developing
incrementally within specific and limited applications. Of course, even here, we might still see the obvious danger
of an AI system having complete autonomy over the controls of a nuclear power station or a military engagement.
However, the inference of an ‘unintended consequence’ is that the risk was not perceived until it was too late, such
that risks may simply continue to grow in proportion to the advances and scope of AI developments and
deployments.
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Note: Even in its earliest stage of development, where the scope of an AI system was limited, there were still
risks of some sort. For example, in 2012, the Knight Capital automated trading system lost over $460 million
in just 45 minutes due to a human technician not updating the system properly. Now the moral of this story
might be interpreted as ‘do not trust AI with your money’ or ‘take the human out of the system’.
In 2017, a conference in Asilomar, California discussed the issue of beneficial AI and associated risks and published
23 principles that ‘might’ be used to guide AI developments in future years. The first 5 principles cover research
issues, which are simplified as follows:
1)
2)
3)
4)
5)

The goal of AI research should be towards beneficial intelligence.
AI research funding needs to also fund a program that ensures its beneficial nature.
Developments should include an exchange between AI researchers, developers and policy-makers.
AI research should be open and transparent in its objectives.
AI researchers should cooperate rather than compete when it comes to safety.

The next set of principles cover ethics and values:
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)
18)

AI systems need some verification in terms of safety and security throughout their operational life.
If an AI system causes harm, it should be possible to ascertain both how and why.
AI involvement in any judicial decision-making should be auditable by a competent human authority.
AI researchers and developers must take some moral responsibility for the outcome of any AI misuse.
Autonomous AI systems have to align to human values, goals and acceptable behaviour.
AI systems have to be compatible with ideals of human dignity, rights, freedoms, and cultural diversity.
AI systems have to respect personal privacy when analysing and utilising data.
AI systems should not curtail liberty or privacy of an individual.
AI systems should benefit and empower as many people as possible.
Economic prosperity brought about by AI should be shared for the benefit of humanity.
Humans should choose when and how decisions can be delegated to AI systems.
AI systems should respect and improve, rather than undermine human society.
AI systems should not be developed as part of autonomous weapons systems.

The final set of principles were considered relatively long-term in scope, such that they might be seen to
encapsulate generalised concerns rather than defined principles of action.
19)
20)
21)
22)
23)

We should avoid premature assumptions regarding the upper limits of future AI capabilities.
Accepting that AI could change our future, it needs to be carefully planned and managed.
AI system risks must also be identified and subject to careful planning to mitigate potential impacts.
AI systems that can recursively self-improve or self-replicate must be subject to strict safety controls.
Super intelligent AI system should only be developed in the service of humanity.

While there is nothing wrong with such principles, it might not be unreasonable to inject a little scepticism into the
discussion at this point. While much AI research is concentrated in high-tech companies located in the US west
coast region, this hardly represents the totality of AI research worldwide. So while many of the researchers
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attending the 2017 Asilomar conference might genuinely want to adhere to all these principles, it may be more
than naïve to assume that this will be universally accepted given the potential of AI to effectively change the
current world order in almost every aspect of the human ecosystem, i.e. social structures, geopolitics and global
economics. While this is still speculation at this stage, we might consider just one aspect of this potential change in
terms of AI-robotic automation that may have profound implications on the future of human employment.
1.1.3.2.4

AI-Robotic Automation

While highlighting current AI limitations, it is still being argued that the development of increasingly cognitive AI
systems will continue in the coming decades, possibly even at an accelerated rate. If so, the increasing cognitive
ability of these systems will allow such systems, inclusive of robotic extensions, to operate in a more autonomous
fashion. Of course, there is also an inference in autonomous action that might suggest that humanity may not
always be in full control or understand what actions are being carried out or to what purpose.

As has been argued elsewhere, AI does not have to be ‘strong AGI’ to start to trigger profound changes in human
society, although the transition towards this ‘brave new world’ will undoubtedly be subject to many social,
economic and political constraints and caveats. As such, developments may take longer than some futurists are
predicting. However, before jumping into any further speculation about the future of AI and robotic automation, it
might be worth quickly reflecting on how humanity has achieved its dominant position in the natural world,
especially in the last 500 years or so. We might readily accept that much of the initial progress can be attributed to
the industrial revolution and the development of the steam-engine followed by an increasing use of fossil fuels,
which was then extended by the widespread use of electricity. As such, we might reasonably conclude that the
expansion of the human ecosystem was in no short measure dependent on energy. Within this framework of
increasing energy usage, more and more people have been elevated above mere survival, although this change
required many people to abandon the traditional rural workplace to live and work in urbanised cities. As such, we
might perceive a price associated with this technical progress, which resulted in people living in ever-larger urban
structures in ever-greater concentrations.
Note: In 2016, it was estimated that 54% of the global population live in urbanised areas of some
description. By 2030, urbanisation is projected to house 60% of the global population, where 1 in 3 people
will live in cities with a population of over 500,000. In 2016, there were 512 cities with populations in excess
of 1 million inhabitants, which by 2030 is projected to increase to over 650 cities. Likewise, in 2016, there
were 31 cities with populations in excess of 10 million, which is projected to rise to 41 by 2030.
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Today, we might readily understand how dependent we have all become on energy, but possibly less aware of our
direct and indirect dependency on computer developments, which are now necessary to support the complexity of
day-to-day operations in most modern cities. As such, the lives of 60% of the global population, projected to be
living in cities by 2030, may now be dependent to some degree on both energy and computers. While the idea of a
‘cognitive evolution’ has been linked to the start of the European Renaissance, some 500 years ago, it appears that
this cognitive evolution has accelerated exponentially with the development of computer systems over the last 50
years. However, we might realise that the potential for further developments in cognitive AI may lead to even
more profound change than most of us may care to accept.
How might we summarise the potential impact of AI and
robotic automation?
From a historical perspective, domesticated farm animals
started to replace the need for some human manual labour
thousands of years ago. However, this replacement of human
manual labour became more obvious during the industrial
revolution with the invention of the steam-engine, which
subsequently led to increasing mechanisation that started to
reduce the requirement for manual labour even further. For
example, the graph shows how employment in US farming fell from 90% in 1800 to just 2.6% in 2000. Likewise,
before the invention of machines like the spinning jenny, cotton weaving was a cottage industry, in the literal
sense of the word, where weavers worked in their own cottages to produce cloth. These jobs were effectively
destroyed by mechanisation when powered looms were first developed in 1784 and developed over the next 50
years, such that the jobs of even skilled weavers were also replaced. As such, degrees of automation that can
replace humans in the workplace is not necessarily a completely new phenomenon, although we might realise that
AI and robotic automation may have far more serious implications on global employment in the future. For AI
automation has the potential to affect a much wider profile of the global population across the entire spectrum of
employment, i.e. blue to white collar professions. As such, the question that everybody might now need to
consider is:
How quickly might AI and robotic automation affect me?
Today, we might recognise that we are already living in a world where even the current generation of AI and
robotic automation may already perform a range of routine tasks, i.e. jobs, better and more cheaply than most, if
not all humans. As such, it is not unreasonable to assume that these systems will simply become capable of doing
evermore tasks, i.e. jobs, as AI developments continue into the 21st century. Even in terms of the generalised
cognitive AI architecture previously outlined, we might recognise that deep-learning neural networks are becoming
increasingly capable of processing images, e.g. face-recognition, as well as converting human voice-to-text and
written text-to-voice. As such, cognitive AI is already well on the way to supporting a human-like interface that
may exceed any original expectations of the Turing Test. Of course, if this interface is then backed up by expert
systems using a machine learning paradigm, these systems might be capable of accessing and processing more
information in seconds than a human person in an entire life-time. On this basis, we might begin to recognise the
scope of the danger that humanity may have to confront in terms of future employment.
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But why would humanity allow this to happen?
Historically, it has been shown that automation, in almost any form, has led to an increase in productivity, which in
turn has supported further economic growth. However, any implied growth in the various sectors of the national
economy has also to be weighed against the government’s balance sheets, e.g. welfare costs of the unemployed.
So while earlier forms of automation did lead to large-scale unemployment in certain industries, new industries
invariably offset and even outweighed any earlier job losses over time. However, whether this will be the case in
respect to AI and robotic automation might now have to be seriously questioned. This said, many businesses may
simply have to pursue the cost and productivity benefits being offered by AI automation, not necessarily as a
matter of choice, but rather as a matter of survival in a competitive world.
What timescales are involved in the AI-led industrial revolution?
Given the description of cognitive AI outlined, automation may be both incremental and transitional, but where a
continuously expanding process comes to affect the very nature of employment over many decades to come. For
example, even partial automation in the early stages might result in an increase in part-time employment, while
longer term predictions suggest that between 25-50% of all current jobs may be at risk to AI and robotic
automation by 2050. As such, it is possible that the impact on employment, and incomes, may start to be felt
within a much shorter timeframe and only get worse over time for many people. How this might affect different
economies may depend on the demographics of the population, e.g. if the overall population is in decline, then the
working population may also be smaller causing a shift in the age demographics of the population, such that
automation may be seen as a benefit. Of course, such a benefit might not be so obvious in many developing
economies, where population growth is still a factor, which might then simply increase the pressure of migration
back from the developing economies towards the developed economies. However, even now, the incentive for
such migrations may not result in any meaningful employment, which automation may only make worse, such that
many people may simply migrate as a means of survival in the hope of accessing the welfare systems of the
developed economies.
What is the initial scope of robotic automation?
It is highly probable that robotic automation will continue along historic lines in all manufacturing industries.
However, if robotic automation can continue to reduce the cost of human employees as a total of overall costs,
manufacturing that was once outsourced to the developing economies may start to return to the developed
economies as a matter of preference. Likewise, the combination of AI and robotic automation may come to
revolutionise the idea of ‘just-in-time manufacturing’, such that the costs can be more easily adjusted to product
demand, which may then be adapted to higher degrees of bespoke manufacturing to best meet both market and
individual demands. In this respect, manufacturing industries represent an environment where robotic process
automation (RPA) can be most easily applied to analyse specific and repetitive tasks as well as providing an
environment where human activity can be restricted for safety reasons. Of course, adding increased cognitive AI
abilities to robotic systems will allow them to be deployed in ever-wider environments.
What jobs are ultimately at risk from both AI and robotic automation?
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The pace and extent of this form of intelligent automation will vary by geography and economy over time.
However, it is probable that jobs in the developed economies will be the first to be affected if businesses, both in
manufacturing and services, come under increasing pressure to reduce costs in order to remain competitive,
especially when operating within global markets. We might attempt some general quantification of the types of
jobs at risk by both AI and robotic automation in terms of the next chart, although almost any job might be subject
to some degree of automation, such that full-time employment may be at risk in almost all sectors.

Despite the suggestion of the chart above, it is not clear that robotic developments will threaten all manual and
skilled blue-collar jobs outside certain controlled environment. For example, domestic plumbers have to deal with
a multitude of jobs and different physical environments, which may be impractical for any robot to carry out in the
near future. However, in contrast, some highly skilled professional jobs, such as medical general practitioners,
might be more seriously at risk than suggested as cognitive AI might be far superior in the process of a technical
diagnosis, while becoming increasingly capable of providing a human-like interface, inclusive of facial recognition
of emotions and a potential ability to converse in multiple languages.
Note: Since 1950, health care spending in the UK has increased dramatically in real terms. In the post-war
period, there has been a sharp rise in public health care spending as a % of GDP, from 3% in 1960 to 7.8% in
2010. The US spends more than $3 trillion a year on healthcare, equating to nearly $10,000 per person.
Overall spending rose 5.8% in 2015, which was faster than the pace of inflation or wage growth. Clearly,
either politicians reset the public expectation for ever improving healthcare, which is never popular, or they
must find new ways to dramatically reduce costs.
In general, it seems likely that we will see increasing numbers of jobs being subject to varying degrees of AI
automation, not only to reduce cost, but because AI may be better at doing many of these jobs. As such, human
involvement may be reduced in scope to ever fewer tasks that AI is not initially capable of doing well or are simply
retained as contingency back-up for when things go wrong. However, such predictions have to also be put into
some wider context that may slow the rate of AI automation in practice, which we might summarise as follows:
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•

Much of the sophistication of AI and robotic automation being outlined has still to be developed, although it
might reasonably be argued that the discussion has been based on a realistic extrapolation of current
technology and not just science fiction.

•

Another important factor, regarding the rate of adoption of AI automation is the possibility of increasing
development and deployment costs when compared against the possibility of falling human costs, especially if
subject to an increasing supply of the unemployed in a falling jobs market.

•

The details of each business case may need to provide clear benefits, possibly both economic and political in
scope. While reduced employee cost might be an obvious factor, businesses might also be attracted to the
fact that automation might better support product quality on a 24/7 basis.

•

Finally, political regulation may be imposed on the rate and scope of AI automation adoption due to growing
public concerns. However, this option might prove to be difficult for any government, in isolation, if a business
sector is dominated by multinational corporations who can simply move their operations to another country if
governments attempt to impose too much regulation on the market.

If we assume the technology hype surrounding AI is now justified and that there is a real-world business case for
adopting AI and robotic automation, the issue for governments may become increasingly problematic, both in
terms of public demand for job security and income protection plus the potential impact of increasing
unemployment welfare costs on the nation’s balance sheet. For governments may, on one hand, have to
encourage investment and provide market incentive that supports economic growth predicated on AI productivity
and further technology innovation; while, on the other hand, attempting to evolve policies that ensure and help its
population and institutions to adapt to fundamental changes in the nature of long-term employment. Such change
will most likely have to include a major rethink of the governments education strategy as well as a radical change
in welfare support with additional safety nets for those simply unable to adapt to the brave new world that
confronts them.
Note: Today, many governments and think-tanks are considering the idea of a basic income, also called an
income guarantee, citizen's income, unconditional income, universal income, living stipend. Irrespective of
the name, it typically describes a form of welfare payment in which all citizens of ‘working’ age receive a
regular and liveable ‘wage’ from the government, even though there is no requirement to work or even to
look for work. However, many question how governments could afford to support such systems unless they
are a net beneficiary of considerable GDP growth, possibly from AI and robotic automation.
As has been argued at several points, not everybody will be a beneficiary of AI and robotic developments. In fact, it
might even be suggested that in a world in which AI and robotics could come to replace much of humanity in the
workplace, the inequality of the haves and have-nots being outlined may only get worse. Of course, it does not
necessarily have to be this way and possibly this brave new world may not appear as quickly as some futurists are
predicting, but the idea that the potential benefits associated with AI and robotics will make everybody’s lives
better is possibly overly naïve, such that the dangers have to be highlighted. However, many will contest the
apparent negativity being suggested by arguing that AI and robotic automation will not lead to increased
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unemployment over the longer term, as other jobs will simply emerge surrounding new industries enabled by
future technical developments.
Note: In 2016, the International Labour Organization predicted global unemployment would rise by about
2.3 million to 199.4 million, and that 1.1 million will be added to the global count in 2017, taking joblessness
to more than 200 million for the first time on record. This is at a time when the global population is
increasing by over 75 million every year of which we might assume some 20-30% would ideally be employed.
While this discussion has acknowledged that developments in AI and robotics holds out the promise of substantial
benefits to business and society, it has also been highlighted that such developments come with the potential for
malicious misuse and unintended consequences. Today, we might already highlight this danger in the growing
developments within the theatre of cyber-warfare, where participants are increasingly both state-sponsored and
criminal. Today, daily battles are constantly being fought in which various aspect of the digital infrastructure, i.e.
social, economic and political, are being attacked and defended. In future, it is not unreasonable to assume that
these battles will increasingly involve AI directed action, which can utilise millions of data points, such that it may
eventually endanger the growing idea of an Internet of Things. This concern is self-evident in the following quote
by Derek Manky, a global security strategist:
“In the coming year we expect to see malware designed with adaptive, success-based learning to improve
the success and efficacy of attacks. This new generation of malware will be situation-aware, meaning that it
will understand the environment it is in and make calculated decisions about what to do next. In many ways,
it will begin to behave like a human attacker: performing reconnaissance, identifying targets, choosing
methods of attack, and intelligently evading detection.”
Today, few who use the Internet can be unaware of the increasing danger of crafted emails that contain malware
that seeks to gain or destroy personal information. In the future, AI with a human natural-language interface will
have the ability to extend malware attacks onto the voice interface of smart phones. Others believe that
next-generation AI is already in developments which may come to restrict the general use of the Internet, both in
terms of on-line shopping and as a valuable source of information. These developments include use of
‘polymorphic malware’ that can infect part of the network, then change or automatically deletes itself, such that it
cannot be traced back to any source. So while the 2017 Asilomar conference may believe it has defined 23
principles underpinning the beneficial development of AI, others may simply escalate a cyber-AI arms race in
pursuit of economic or political gain. Unfortunately, in this respect, AI and robotic developments may simply
reflect all the problems that might be associated with the ‘human condition’.
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Genetic Developments
This section of the discussion will concern technology developments that encompasses an ability to ‘engineer’ the
genome of any biological organism, including humanity. Like so many other technologies under discussion, such a
possibility may have, until recently only been discussed in terms of science fiction but may now become our
science future in just the next few decades. Originally, genetics was a science that encompassed the totality of all
biological life that had previously evolved ‘naturally’, but which may now be extrapolated into one of many brave
new worlds that may be ‘engineered’ by humanity. For genetic engineering suggests an expanding ability to
manipulate the blueprint of organic life encoded into every cell nucleus in the form of Deoxyribo-Nucleic Acid
(DNA). However, we will initially anchor this possibility to the wider
discussion of the genetics of life.
•
•
•
•
•
•
•

The Scope of Life
Biological Life
The Structure of Life
Biological Models
The DNA Model
The Genetic Model
The Epigenetic Model

Possibly in just the last 20 years or so, genetics has been transformed
from the science of research into a science of engineering as the field
has grown rapidly to a point where it is now routine practice to isolate specific DNA fragments from the genome of
an organism in terms of its base sequences, assess its function and then potentially manipulate it towards some
other goal.
So what is genetic engineering?
In the discussions to follow, the term ‘genetic engineering’ will be used to describe any technology that allows
gene manipulation, gene cloning or genetic modification, which may lead to new applications that come to shape
the future of human society. For, in the longer term, genetic engineering may allow new lifeforms to be created
that would not have necessarily evolved ‘naturally’, i.e. they will be man-made. While, at this stage, the scope of
this engineering may still be somewhat speculative, it is not unreasonable to assume that genetic information can
be ‘engineered’ via the manipulation of genes encoded in the structure of DNA. However, it is highlighted that this
form of genetic engineering may only be initially focused on many beneficial applications and should not be
immediately perceived in terms of some Frankenstein-like creation, although the possibility of ‘unintended
consequences’ applies to this technology, as with any other. As such, we will start with the assumption that
genetics will initially focus research on the structure of genes and the many functions associated with them in the
hope that it will point the way to new revolutionary medical breakthroughs and treatments. Of course, a deeper
understanding of the genome of any species in terms of its DNA-gene sequences may also lead to a new
generation of transgenic plants and animals.
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Note: Transgenics describes an ability to introduce gene sequences from one source into another organism,
which then allows this DNA sequence to create new proteins in another organism. An example might be
described in terms of mice that are able to produce the human protein tPA to treat blood clots.
However, while the idea of genetic manipulation might be restricted to the ability to isolate specific DNA
sequences within a given genome, it has also led to the idea of gene cloning and while not necessarily implying the
cloning of a complete organism, it has already led in this direction. Therefore, this ability has already triggered
debate surrounding the ethics of genetic engineering, which we might reasonably assume will become more
problematic as the technology advances. Today, we might recognise the public concern surrounding the
developments of genetically modified foods, which may be compounded further by the future implications of
transgenic lifeforms and pale into insignificance, if and when extended to the human genome. Again, it needs to be
highlighted that there are many potential benefits associated with current research into stem cell applications in
the field of medicine, which in the longer terms may infer many benefits on humanity that have not yet even been
realised. However, as always, there are real dangers in terms of ‘unintended consequences’, let alone the potential
for ‘malicious intent’ in terms of biological weapons of almost every description.
1.1.3.3.1

History of Genetic Discovery

While there were a few foundation discoveries in the 19th century, the start of genetics as a modern science has to
be tied to the discovery of the double-helix structure of DNA in 1953. In this context, this field of scientific research
is less than 70 years old but has already transformed our understanding of the nature of life and humanity’s
original place within its natural order.

The following timeline of events might be seen as a stepwise summary of development milestones, where it may
now be possible that genetic science will transition natural evolution into man-made evolution.
•

1859 - Charles Darwin publishes The Origin of Species
While Darwin’s book proposed the idea of evolution by natural selection, it really did not understand the
genetics by which this took place.
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•

1866 - Gregor Mendel discovers the basic principles of genetics
While Mendel’s work is often considered to be the starting point of modern genetics, his work was essentially
confined to experiments involving pea plants. However, Mendel’s work only started to recognize how various
characteristics were propagated to subsequent generations without knowing the genetic mechanisms of
inheritance.

•

1869 - Friedrich Miescher identifies nuclein
Miescher first identified what he called ‘nuclein’ human white blood cells, which is now known as
deoxyribonucleic acid (DNA). While he understood that ‘nuclein’ played an important role in the functioning of
the cells, the discovery and understand of DNA would have to wait until 1953.

•

1900 – Mendel's theories are rediscovered by researchers
Some 16 years after Mendel’s death, Hugo de Vries, Carl Correns and Erich rediscovered aspects of Mendel's
earlier work, while William Bateson would champion Mendel's theories, which initially appeared to contradict
Darwin’s theory of evolution.

•

1944 - Oswald Avery identifies DNA as the 'transforming principle'
By the 1940s, scientists are starting to understand some of the underlying mechanisms associated with
inheritance, where genes were thought to be the basics unit of heredity. In 1944, Avery published a paper
describing DNA as a 'transforming principle'.

•

1950 - Erwin Chargaff discovers that DNA composition is species specific
Following on from Avery’s work, Chargaff began to focus on the chemistry of nucleic acids and later was able
to analyse DNA from a wide range of species. By 1950, he had identified some of the substructure of nucleic
acids in terms of the base pairs

•

1952 - Rosalind Franklin photographs crystallized DNA fibres
Franklin had spent some of her earlier career working on X-Ray diffraction and by 1951 had produced
high-resolution photographs of DNA fibres. Using the photographs, she then calculated the dimensions of the
strands and deduced that the phosphates were on the outside of a helical structure.

•

1953 - James Watson and Francis Crick discover the double helix structure of DNA
Using Franklin’s X-ray data and model building, Crick and Watson were able to solve the puzzle that had
baffled scientists for decades, which was published in 1953.

•

1953 - George Gamow and the RNA Tie Club
Following Watson’s and Crick's discovery, scientists entered a period of frenetic research in order to be the
first to decipher genetic code. Gamow created the ‘RNA Tie Club’ in which each member put forward their
ideas about how nucleotide bases were transformed into proteins by the body's cells.

•

1959 - An additional copy of chromosome-21 linked to Down's syndrome
Today, we are familiar with the idea that genetics can be used predict certain diseases, although it had taken
decades of study into the nature of chromosomes to identify the underlying mechanisms at work.
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•

1965 - Marshall Nirenberg is the first person to sequence the bases in each codon
Nirenberg focused his research on nucleic acids and protein synthesis in the hope of better understanding the
‘coding problems’ within DNA and, in 1965, he became the first person to sequence this code.

•

1977 - Frederick Sanger develops rapid DNA sequencing techniques
By the early 1970s, molecular biologists were starting to make significant technical advances in their ability to
decipher the genetic code and spell out the sequence of amino acids in proteins. Initially Sanger’s work was
focused on sequencing RNA, but soon these techniques became applicable to DNA.

•

1983 - Huntington's disease is the first mapped genetic disease
Huntington's is a rare, progressive neurodegenerative disease which usually manifests itself by a loss of motor
control and dementia. However, diagnosis is only obvious in adulthood after the disease may have been
genetically passed to any children. In 1983, a genetic marker was found on Chromosome-4, making it the first
genetic disease to be mapped using DNA polymorphisms, although the gene was not isolated until 1993.

•

1990 - The first gene found to be associated familial breast and ovarian cancer
This work was based on DNA studies on large families who had showed characteristics related to hereditary
breast ovarian cancer (HBOC) syndrome. The work initially identified a gene located on chromosome-17 and
subsequently a second gene on chromosome-13.

•

1990 - The Human Genome Project begins
The human genome project was a program to map the human genome. The goals of the project included the
mapping the human genome and determining the sequence of 3.2 billion base letters (GCTA) plus mapping
and sequencing the genomes of other organisms. It was successfully completed in 2003.

•

1995 - Haemophilus Influenzae is the first bacterium genome sequenced
Craig Venter published the first complete sequenced genome of a self-replicating, free-living organism.
Haemophilus Influenzae is a bacterium that can cause meningitis and other ear and respiratory infections in
children.

•

1996 - Dolly the sheep is cloned
Dolly the sheep was the first mammal to be cloned from an adult cell. Dolly demonstrated that even when
DNA had specialised, it could still be used to create an entire organism.

•

1996 - 'Bermuda Principles' established
This agreement was designed to ensure that sequence information led as rapidly as possible to advances in
healthcare and research. In order to co-ordinate the process, it was also agreed that large-scale sequencing
centres would inform the Human Genome Organisation (HUGO) of any intentions to sequence particular
regions of the genome.

•

1999 - First human chromosome is decoded
The chromosome in question was chromosome 22, which contained 33.5 million ‘letters’. At the time, it was
the longest continuous stretch of DNA ever deciphered and assembled.
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•

2000 – Genetic code of the fruit fly is decoded
Scientists discover that every fruit fly cell contains 13,601 genes, making it by far the most complex organism
decoded at the time. By contrast, human cells contain 70,000 genes.

•

2002 – Mouse is the first mammal to have its genome decoded
It emerged that 90% of the mouse's genome could be aligned with corresponding regions on the human
genome. Both the mouse and human genome also contained around 30,000 protein-coding genes. These
discoveries highlighted for the first time just how closely mammalian species were genetically related.

•

2003 – The Human Genome Project is completed
Scientists achieve the sequencing of the entire human genome after which researchers filled in the gaps and
resolved DNA features in ambiguous areas until they had completed 99% of the human genome containing
2.85 billion nucleotides, with a predicted error rate of just 1 event in every 100,000 bases sequenced.

•

2013 – DNA Forensic discover identical twins have differences in their genetic makeup
Before this discovery, it was believed that monozygotic twins were 100% genetically identical, and that DNA
testing could not be used in criminal or paternity cases involving identical twins, as it was impossible to tell
them apart.

•

2014 – Further Breakthroughs
Researchers announced that they had successfully created an organism with an expanded artificial genetic
code, which might eventually lead to the creation of organisms that can produce medicines or industrial
products organically.

We might accept that from a historical perspective, genetics was initially about simply understanding the
mechanisms that help define life. However, more recent developments appear to be orientated towards an
increasing ability to ‘engineer’ the nature of life.
1.1.3.3.2

Genetic Information

While reference links have been made to earlier discussions, this discussion is primarily intended as a general
reference of some key terminology used in genetics today. In its initial historic simplicity, basic genetic information
might be seen somewhat analogous to computing based on binary one’s and zero’s, but where genetic information
is encoded in just four letters, i.e. AGCT. However, as this discussion will attempt to outline, this implied simplicity
can quickly disappear into almost ever-increasing technical detail. The ability of DNA to store and transmit
information is linked to the way each strand of DNA nucleotides is connected to a paired strand of DNA
nucleotides via each base component, which then helps to form the double-helix structure of DNA. The bases link
across the two strands in just two permutations, i.e. cytosine (C) with guanine (G) and adenine (A) with thymine
(T). The structure of DNA, as shown below, has two key properties for encoding and transferring information:
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•
•

This structure can store information in the sequence of the nucleotide bases along each strand.
Information can be replicated with each strand acting as a template for its complementary strand.

The specific ordering of sections of base sequences along a single strand of DNA constitutes the genetic code that
defines the specific function of a ‘gene’. As such, the gene is normally considered to be the basic physical and
functional unit of heredity, which consists of a specific sequence of nucleotides at a given position within a given
chromosome. The number of chromosomes in the nucleus of each cell can depend on the organism in question,
where humans have 23 paired chromosomes, which in total contains approximately 1.8 metres of DNA. The DNA
within a chromosome is wound around proteins called histone, which provide structural support and play a role in
controlling the activities of the genes. Strands of 150 to 200 nucleotides are typically wrapped around a core of
eight histone proteins to form a structure called a nucleosome.

Continuing a little further into the mounting complexity, which was initially anchored to the simplicity of just 4
letters, gene expression is the process by which information from a gene is used in the synthesis of a functional
gene product, i.e. proteins, but also in non-protein products such as functional RNA. We shall describe a protein as
a chain of amino acids, where the number of different proteins that may be made is essentially unlimited,
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assuming that the correct sequence of amino acids can be specified from the genetic information. The flow of
genetic information can proceed from DNA to RNA and RNA to proteins and is described by the processes of
transcription and translation respectively. Two other aspects of genetic information flow may be added to this
outline, the first involves the duplication of the genetic information prior to cell division, which represents a DNA
to DNA transfer known as DNA replication. The second relates to the fact that some viruses have RNA instead of
DNA as the mechanism by which genetic information is encoded. These viruses use a process called reverse
transcriptase to produce a double-stranded DNA molecule from the single-stranded RNA genome, which is now
often used as a mechanism within modern genetic engineering.
What properties does life required of these information structures?
First, the structures have to be stable in order that the genetic information remains functional over the lifetime of
the organism, e.g. up to 100 years or so. Second, because cells do not live forever, this information needs to be
replicated via one of two processes known as ‘meiosis` and `mitosis` that are explained further in the discussion
entitled ‘Life Cycle of Cells’. The third property is the potential for limited alteration to genetic sequences within
the genome by mutation, which while being an essentially random process, appears to have played a key role in
the natural evolution of life up to this point.
Note: For those wanting further details surrounding this subject may want to reference two discussions
entitled: The Cellular Model and The Inheritance Model, where the former expands the role of DNA within
two fundamental types of cells, while the latter introduces the idea of Mendelian inheritance and the
concepts of the genotype versus the phenotype.
Within the limited scope of this outline, we might still realise the complexity of the many mechanisms that have
underpinned evolution by natural selection, which generally only leads to significant changes over relatively long
period of time. Of course, man-made evolution via genetic engineering of DNA might now allow significant change
to take place within decades.
1.1.3.3.3

The Ethical Dimension

The question that might be immediately tabled under this
discussion is:
Should humanity remain dependent on natural selection or
attempt to engineer its own future?
Today, humanity is at a crossroads as it becomes increasingly
capable of engineering the genetic information contained
within the genome of any organism, including its own. In this context, scientists are already developing a new
generation of technology that may allow life, from simple yeast cells through to humans, to be redesigned using
the ability to edit gene sequences within the natural DNA blueprint. However, today, the initial rationale for
continuing down this path might be seen in terms of a market estimated to be worth $39 billion by 2020, where
the regulatory restrictions on developments, globally, might be described as ambiguous. Again, the issue of
‘unintended consequences’ are concerning many who work in the field, as well as many others who want to see
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regulations imposed on the commercial developments. For example, many are already calling for ‘red lines’ to be
drawn when it comes to modifying the human genome of ‘designer babies’ in terms of the ethical and legal scope
and the longer-term implications on human society. Of course, others believe man-made evolution is only one of a
limited number of options open to humanity in addressing its future problems.
So what is being done?
It is unclear that regulations will ever completely halt experimentation that may be taking place in secret
somewhere in the world. For there have been multiple instances where regulations have simply failed when
individuals, corporations and governments simply ignore the rules. In a commercial context, it is known that
fertility clinics have routinely failed to follow existing guidelines regarding payment for women’s eggs, sex selection
and the number of embryos that can be created. Equally, there are many cases of fraud and regulatory abuse
linked to unlicensed stem cell clinics, which continue to proliferate, particularly in off-shore subsidiaries. However,
in many instances, there is no global consensus on the scope of regulations to be imposed, as such restrictions may
be driven by differing religious convictions underpinning political action in each nation-state.
Note: In 2015, a group of scientists in conjunction with various US public health organisations called for a
moratorium on experimenting with human embryos. In the same year, researchers from Sun Yat-sen
University reported that they had used gene editing techniques to alter human embryos. An international
consortium on stem cells and ethics released statements advocating gene editing research in human
embryos. Likewise, a team of researchers applied to the UK’s Human Fertilisation and Embryology Authority
for a license to begin genome editing research in human embryos.
Today, the focus of the genetic engineering debate is centred on a technology called CRISPR, which is increasingly
supporting an ability to ‘edit’ the genome of an organism in the sense that sections of DNA sequences, i.e. genes,
can be cut-out or spliced-in. While this technique is still in its relatively early stages of development, its potential
appears fairly obvious. Initial applications for gene editing are often described in terms of the beneficial context of
healthcare, where the patient may have a specific disease that might be treated at a genetic level. Of course, there
are implications that the ‘patient’ in question might be a foetus still in its mother’s womb, where the gene editing
does not just extend to the somatic cells, but its germinal cells, such that any change might then be passed to
future generations. As such, we might table a few questions regarding the potential implications, i.e.
What ethical and regulatory controls need to be placed on commercial exploitation?
Is there a defined line between healthcare versus genetic mutation?
What ‘unintended consequences’ might result from gene editing?
Today, much of the technology being developed in the field of genetic engineering is being funded via private
companies, although aspects of government research may also be involved. However, in the private context, many
commercial pharmaceutical companies are now in a race to secure as many intellectual property rights as possible
in the form of patents on genetically modified organisms. Obviously, this profit driven incentive may not always
take account of the future social implications linked to such developments, which extends beyond the ‘here and
now’ ethical and legal risks. This issue is possibly illustrated in terms of the potential for genetically engineered

Mysearch Website

80

Copyright

2004-2018

BRAVE NEW WORLDS
Catalysts of Change

children, who may then have a distinct advantage over non-engineered children, such that the social divide
between the ‘haves and have-nots’ takes on a completely new dimension.
What can be done?
As per the development of AI, various groups may propose guiding principles and some countries may even outlaw
aspects of genetic modification, especially in terms of the human genome. However, whether such action will
actually stop all long-term development in this direction might still be debated. Of course, we now live in a world
where various interests will lobby both governments and the public about the social and ethical concerns, while
others will equally promote the commercial ‘opportunities’ that will be lost to others if too much regulation is
imposed. Based on humanity’s past record, it might be cynically suggested that if any action is taken it may
probably end up as ‘too little’ and ‘too late’.
What is the current scope of genetic engineering?
Today, there are an increasing number of digital design tools for synthesizing DNA, inclusive of 3D biological
printing, gene drives and gene editing. These techniques can already be used to ‘adapt’ cells, microbes, plants,
insects and animals. One specific goal on the horizon is to engineer animal organs for the purpose of
transplantation into humans, as well as the possibility of engineering replicas of extinct animals. Of course, it may
be quite reasonable to assume that this ability might be extended such that any organism, including humans,
might be profoundly changed in many different ways, which if affecting the germinal cells of reproduction could
then be passed to future generations. If so, it might be almost impossible to predict the impact on the totality of
the human ecosystem, which also implicitly includes all other forms of life on planet Earth.
How much of this is simply uninformed scaremongering?
There are those who are already convinced, for whatever reason, that any change to the natural order is a recipe
for disaster, which has to be put into some perspective. For, in truth, humanity left the path of natural evolution
some 10,000 years ago via the initial development of agriculture, which was then compounded by the
developments of the industrial revolution and accelerated even further during the information age of computing.
As previous discussions have alluded, genetics is only one of several key technologies that are all pushing humanity
away from anything that even our grandparents might have considered ‘natural’.
Does this mean we should not worry about such change?
Simply ignoring the potential of genetic engineering to produce ‘unintended consequences’ would be foolish.
However, simply assuming that developments can be stopped by ‘good intentions’ may be equally naïve. As such,
we possibly need to focus on constraining genetic engineering, at least in the short to medium term, to
developments that are generally considered beneficial and to some extent have a commercial viability. While this
will not necessarily negate all ‘unintended consequences’ or stop those having ‘malicious intent’ it may restrict the
scope and rate of such developments until humanity is possibly in a better position to survive or adapt to the
changes implied.
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1.1.3.3.4

Human Genetic Engineering

While the last discussion raised ‘the ethical dimension’ of genetic
engineering and touched on the implications to humanity, it was not
clear on whether genetic enhancements to the human genome could
be stopped or even whether it should be stopped. If we put the idea
of humanity now being capable of engineering its own replacement in
terms of ‘homo-optimus’, it is not necessarily unreasonable to suggest
that many parents might simply want a child with physical and mental
characteristics that better help it not only survive, but succeed in an
increasingly competitive world. If so, then should genetic
enhancements become technically possible, many parents, and even
some nation-states, may perceive a benefit in having an enhanced
child and an enhanced population. Again, if so, then the idea of a
global prohibition on genetic engineering of the human genome for all time to come may be little more than a
futile exercise in bureaucracy driven by present-day notions of political correctness.
So is a future of genetically engineered humanity unavoidable?
In the context of a first-step, medical corrections of somatic cells that imply no genetic change, such that genetic
change cannot be passed to future generation, then probability might approach certainty. However, it needs to be
highlighted that the effectiveness of this type of treatment may still have to be proved. In contrast, medical
corrections to germinal cells that are known to be linked to hereditary diseases, such as cystic fibrosis, may prove
to be far more compelling and less controversial. Of course, the issues become increasingly complex in scope and
implication, when we start to discuss pure enhancements that affect a child’s physical attributes and especially in
terms of a child’s potential intelligence, but even here, many parents may still want their child to have the best
start in life. This said, at this time, it appears that many are arguing for a clear distinction between preventive
treatment of diseases and the somewhat subjective idea of genetic enhancements, especially of an unborn foetus.
However, the restrictions implied by this argument may only hold in practical terms while the option for genetic
enhancement remains only a future possibility.
Who will decide what is and what is not ethical?
As a generalisation, we might assume that national laws and regulations will take precedence over individual
choice in order that the overall stability of society can be best maintained. However, there may be increasing social
pressure from within many societies, especially those in the developed economies, to gain access to the perceived
benefits of genetic engineering. We might also assume that the commercial industries surrounding this type of
technology may have increasing resources to lobby the government for incremental change, such that over time
the scope of restrictions on various forms of human genetic engineering may be relaxed. If so, the attitude of
individuals that help define social norms may change, as they have in the past, such that issues that were originally
deemed unacceptable become less controversial and ultimately accepted. In the end, each subsequent generation
may simply overturn the social norms of previous generations for it is they who ultimately have to adapt to the
brave new world that confronts them.
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What else may change social norms?
While the entirety of this whole discussion relates to potential changes that may profoundly affect all aspects of an
evolving human ecosystem, we might readily understand the pressure that AI may place on future generations,
especially in terms of cognitive intelligence. If any of the predictions surrounding the future of employment turn
out to be true, in no small way, then future generations may be facing stiff competition to find meaningful work
that secures a wage that elevates them above the survival possibly inferred by a ‘basic income’.
Note: In a more speculative discussion entitled ‘Evolution: Beyond Darwin’, three stages of evolution were
outlined based on the ‘Hybrid AI Paradigm’. In this very speculative context, it was suggested that genetic
modification of humanity will not be sufficient, in isolation, to allow present-day homo-sapiens to operate
effectively in a brave new world dominated by technology, e.g. AI. So while some sections of human society
may always reject the imposition of technology, it might be suggested that they could become increasingly
isolated in Amish-like societies, while mainstream society continues towards its own future.
At this point, another possibly political incorrect assessment of present-day humanity might be injected into the
discussion, although it is argued that such issues are relevant to the current discussion. If we accept the IQ
distribution, as shown below, then possibly 25% of any population is already struggling to find any meaningful
employment in today’s economy. The current global population of working-age (15-65) is approximately 60% of a
7.5 billion global total, i.e. over 4 billion, of which 25% or 1 billion might struggle to find any employment, even if it
were universally available. We might also reasonably assume that AI and robotic automation, as previously
discussed, will only compound this problem.

It is also estimated that 1-in-4 people, i.e. 25% or another 1 billion people, might be affected by mental or
neurological disorders at some point in their lives, which means that mental disorders are among the leading
causes of ill-health and disability. It is also unclear whether this estimate really accounts for all other behavioural
problems observed in many societies around the world associated with stress and alcohol/drug abuse. So the
question that might be tabled at this point is:
If genetic engineering of the human genome could help address some of these issues, should it be allowed?
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While this is still a hypothetical question, it suggests a context in which genetic engineering might be seen as
beneficial, although there is an implication that many will reject this idea as it may only exacerbate the issue of the
‘haves and have-nots’. For it is unlikely that genetic engineering will be a universal option for all, even if it is
technically possible. As such, there is an implicit suggestion that increasing ‘inequality’ in both physical and mental
attributes might only further divide the ‘haves and have-nots’ within future societies. Even so, we might still have
to question whether the idea of simply depending on ‘natural evolution’ as opposed to ‘man-made evolution’ is
completely sensible or the only solution that certain sections of society will pursue.
So how might human genetic enhancements proceed?
Let us start by assuming that developments in neuro-science along with genetic engineering eventually reach a
point where the option for parents to modify some of their children's genes becomes possible. However, we might
also have to assume that parents will only pursue this option, if there was sufficient evidence that it was
‘statistically’ successful and that they can afford the costs. The word ‘statistically’ is highlighted because genetic
modification may not be able to guarantee a specific outcome in every case, such that we also need to consider
what restrictions might be place on the physical and mental attributes that could be changed.
Note: For the purposes of this discussion, we might assume that genetic engineering can increasingly reduce
the probability of certain diseases, both physical and mental, plus generally enhance IQ. In this context, the
child would still inherit most of its parent’s DNA, which may be important to both parents and the child.
It is recognised that this discussion is proceeding on possibly too many assumptions, such that we need to highlight
that such ideas are still speculation, not certainty. It is also unclear how genetic engineering would prove the
statistically probability of success without some form of human trials, which many might argue would be unethical,
even in principle. However, we shall proceed on the assumption that the developments in human genetic
engineering are incremental and initially anchored in possibly life and death treatments, where little might be lost
should anything go wrong. As such, over time, possibly measured in decades, confidence in the technology may
grow and expand into new treatments. For the purposes of debate, we might also assume that the best interests
of the child are still a priority of the parents, while its legal rights in laws are protected by the state. If so,
present-day ethical concerns may slowly be overcome in favour of perceived benefits, although it is unlikely to be
accepted in all sections of society, which may again lead to an increasing segmentation of society and the next
question:
Is IQ a matter of nature or nurture?
While this question is still much debated, we shall simply assume that it is to some extent predicated on both.
However, genetic inheritance of intelligence traits has been proved in multiple experiments, although it appears
that this innate intelligence might easily be subverted by cultural indoctrination. As such, enhanced intelligence
may be subject not only to developments in genetic engineering, but social change in the structure of society,
which may take place along the fault-lines of a society divided by the acceptance of technology. However, the
overall assumption is that, if technically possible, genetic enhancements will be pursued by some sections of
society, irrespective of whether it implies further inequality and fragmentation in society.
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1.1.3.3.5

The Genetic Endgame

While this discussion will only reference an earlier paradigm called ‘Hybrid AI’, it will replicate the following
diagram from part of this discussion entitled ‘Hybrid AI Timeframe’, although the focus of the current discussion is
primarily orientated towards the fictitious genus called ‘Homo Optimus’

Within the diagram, we see that ‘homo optimus’ is one of 6 additional evolutionary stages, all man-made and
predicated on future technology developments. In the context of this speculative paradigm, it is argued that ‘homo
sapiens’ have already been superseded, like Neanderthals before them, by ‘home computerus’, which is another
fictitious genus that has been augmented by externalised computer processing, which is now required to maintain
the human ecosystem. While later stages, i.e. 4,5,6 and 7, are related to development associated with AI and
robotic prosthesis, stage-3 assumes ‘homo optimus’ to represent some future peak of human biological evolution
brought about by genetic engineering of the human genome, although this ability will also be predicated on other
technologies, e.g. AI and nanotechnology. While many may initially reject any meddling with natural evolution, it
was argued that social norms may simply change over time, as survival pressures mount on humanity to compete
in a competitive world, which becomes increasingly dominated by AI and robotic developments. If so, humanity
may simply be forced to accept ‘new solutions’ in order to survive in some ‘brave new world’ of the future.
But does this brave new world have to be worse?

Mysearch Website

85

Copyright

2004-2018

BRAVE NEW WORLDS
Catalysts of Change

For many of us alive today, the description implied above might appear far worse than anything predicted by
Huxley or Orwell. However, as previously pointed out, we who are alive today may not be asked for our opinion on
some future world, such that we possibly need to remind ourselves of the dialogue in Huxley’s novels between one
of the brave new world controllers, Mustapha Mond, and the savage, John:
“… our world is not the same as Othello’s world. You can’t make flivvers without steel and you can’t make
tragedies without social instability. The world’s stable now. People are happy; they get what they want, and
never want what they can’t get.
In this context, we who are alive today may be more like the savage, John, who does not want or understand the
brave new world that the future not only accepts, but actively seeks to protect and maintain. Even if we want to
anchor our arguments to the concept of ‘natural’ evolution, we still need to accept that all species are subject to
change and therefore are always transitional in nature rather than permanent fixtures of creation. Of course, it is
possibly part of our present human nature to live in the hope that such inevitable change will not come so quickly
as to affect us personally.
So what is the genetic endgame for humanity?
While we shall try to refrain from specific predictions that may range too far into the future to have any accuracy,
we might still speculate on one of two general directions, i.e. regression or progression. Regression might be used
to imply a collapse of the modern world, for whatever reason, such that current technology cannot be maintained,
while progression implies that technology developments continue. In this context, there can be no long-term
option in which the world simply remains unchanged. Of course, in terms of Kurzweil’s relatively short-term
singularity prediction or the longer term Hybrid AI progression towards ‘homo primus’, the outlook for present-day
humanity might appear somewhat bleak unless it is prepared to adapt to some form of brave new world or seeks
an option to exist outside it, as per Huxley’s savage cited above. However, in terms of some genetic endgame for
humanity, it may not be so unreasonable to seek enhancements that attempt to correct any genetic flaws that
have resulted from the process of ‘natural selection’ driven primarily by survival in a savage world of the past.
Equally, there is no guarantee that natural selection will necessarily lead to greater intelligence in the future,
especially as many studies are actually suggesting that brain size and intelligence may be going in the wrong
direction. If so, then genetic engineering may be the only reasonable hope for humanity to evolve significantly
higher sentient intelligence. However, while homo optimus may find a place alongside other technology-driven
changes, it is unclear how social, economic and political stability would be maintained, if only privileged sections of
society have any choice as to whether to go down this particular path.
Note: While applications of gene editing technologies, like CRISPR, may initially only be used to help
eliminate specific disease and increase disease resistance in food crops, the possibility that it will also be
used to improve human intelligence seems highly probable, if not inevitable. As of 2018, more than 500
genes have been associated with intelligence using data from the UK Biobank that allowed a comparison of
DNA from 240,000 people. Initially research has identified 538 genes linked to intellectual ability, and 187
regions of the human genome that are associated with thinking skills.
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Nanotechnology Developments
Images like the one right are an artist impression of a
technology that might exist one day, but not today. In an
earlier discussion entitled ‘AI-Robotics in Perspective’, the
idea of a hype cycle was introduced to explain why
marketing PR can so often lead real technology by many
years, which appears particularly true in the case of
nanotechnology, although it does not preclude significant
developments in the near future. Equally, unlike the other
technologies under discussion, nanotechnology is possibly
not a direct catalyst of change, but rather a potential
enabler that may lead to significant developments in many
other branches of technology, i.e. energy, AI, robotics,
genetics and space.
So is nanotechnology just a concept or a technical reality?
The origins of nanotechnology might be linked to a lecture by Richard Feynman in 1959 entitled ‘There's Plenty of
Room at The Bottom’ in which he forwarded the idea of tiny machines being able to manipulate atoms. However,
the term ‘nanotechnology’ was first used in 1974 by Norio Taniguchi to describe the molecular manufacturing of
materials, although its future potential was much widened in Eric Drexler’s 1986 book ‘Engines of Creation’.
Note: Nanotechnology is defined in terms of an ability to manipulate matter on an atomic and molecular
scale. However, the nano-scale may be more generally defined in the range 1 to 100 nanometres, where
quantum effects have to be taken into consideration, which are not fully understood.
From the outset, many speculative applications for nanotechnology have been outlined in the fields of organic
chemistry, molecular biology, semiconductor physics and energy storage, where nano-fabrication and molecular
engineering might facilitate new breakthroughs in developments. However, the development of nanotechnology
has proved far more difficult than earlier predictions might have suggested, as multiple problems have been
encountered, e.g.
1.

Nanostructures and devices are dependent on atomic and chemical bonds, which if stressed or distorted too
much can lead to instability in any created material structure or device.

2.

Thermal noise at the nanoscale is another problem that can affect the viability of creating stable
nanomachines, which might then be compounded by the temperature range in which these nanomachines are
expected to work.

3.

At the scale of a nanomachine, there are increasing problems associated with friction and energy dissipation.
In addition, nano-devices may also require a power supply of some description, which may be a significant
problem in developing nanomachines of the type illustrated above.
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4.

Finally, there are issues associated with how nanostructures might be built, i.e. using direct or indirect
manipulation of atoms and molecules. This has led to two distinct approaches that we might define in terms of
biological and material nanotechnology.

Despite the reservation expressed in the near future of nanotechnology, there are obvious commercial, industrial
and military applications of interest to both corporations and governments. For example, the US has invested
billions of dollars in its National Nanotechnology Initiative, as has the European Union and Japan. Therefore, the
next discussion will attempt to clarify some of the nanotechnologies coming into focus.
1.1.3.4.1

Types of Nanotechnology

While there are potentially many types of nanotechnology, this
discussion will focus on just two board types, i.e. biological and
material, which might have relatively near-term applications. In
the context of biological nanotechnology, we might highlight
two methods of specific interest, which are also related to
developments in genetic engineering. The first might be
described as protein engineering using bacteria and yeast,
while the second involves cell manipulation using viruses.
So what is protein engineering?
Bacteria and yeast allow the possibility to biologically engineer
cellular processes, which can be manipulated using known
biomolecular and biochemical methods to produce specific proteins. For example, E.Coli is a bacteria that about 2
microns in length and about 500nm in width and was the first prokaryotic organism to host foreign DNA through a
process called transformation. In addition, using molecular cloning techniques, these bacteria can be engineered
to produce and correctly assemble proteins from foreign organisms. Yeast cells are an alternative eukaryotic
organism that can be used for a similar purpose, which can be quickly grown in laboratories and manipulated using
relatively well understood methods. In recent years, significant advances have been made in directed evolutionary
and computational methods of protein folding, which are pointing the way to future applications in the field of
protein engineering and production in cell-free systems.
And what about cell manipulation using viruses?
In contrast, most viruses range in size between 5-300nm and, unlike yeast and bacteria, cannot self-replicate.
Viruses store genetic information in the form of DNA or RNA, which is wrapped in a protein envelope called a
capsid. These envelopes are attracted to specific cells needed for replication, where the virus injects its genetic
material into the cell. The infected cell is then effectively ‘reprogrammed’ to reproduce the virus material needed
to infect other cells. However, this reproduction model can be engineered to become a nanomolecular machine
with potentially wider application in genetic engineering, although much work is still to be done – see genetically
modified viruses for more details.
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How does material nanotechnology differ from biological nanotechnology?
In part, we might realise that biological nanotechnology has an important head start in that it can immediately use
existing nanotechnology devices, i.e. cells, which have already solved the problems previously listed. In contrast,
nanomaterials have to be directly engineered at the nanoscale to have certain required properties, which have not
solved the problems listed. In this context, we might realise the difficulty of build nanorobotic machines directly
from inert nanomaterial, such that the biological model might be the more obvious path of development in the
near future that may also have immediate commercial application.
OK, but what nanomaterials are being researched?
While there may be many possibilities, we might consider the research into carbon nanotubes as but one example
that may have a range of potential applications. However, the properties of carbon nanotubes can depend on the
integrity of the manufactured structure, which in theory have some very special properties, i.e. tensile strength
and conductivity. The potential tensile strength of carbon nanotubes exceeds almost all other known material, but
can be very dependent on structural symmetry, temperature, diameter and overall quality of the nanotubes
produced. However, if successfully produced, they could make almost any material-based product both stronger
and lighter, although it is again highlighted that the tensile strength of a nanotube can be limited by small atomic
imperfections introduced during the production process. Conductivity is another important property of carbon
nanotubes that has many potential applications in semiconductor devices, where today’s semiconductors might be
described as an earlier result of material nanotechnology. However, the ability to produce a new generation of
nanomaterials, such as carbon nanotubes, may also find many applications in the semiconductor industry, which
might further improve electronic devices, e.g. computer processors. For example, today, most integrated circuits
are based on ‘complementary metal oxide semiconductors (CMOS)’ technology, which may soon reach a density
limit, such that carbon nanotechnology might offer a potential solution in the mass production of semiconductors
and trigger a new generation of even faster processors.
1.1.3.4.2

Development Assessments

Reference has previously been made to a certain amount of hype surrounding nanotechnology, which has been
typical for many fledgling technologies seeking investment and research funding. However, the initial predictions
of an emerging ‘trillion-dollar’ markets now appear to have converged towards more realistic projections. In 2013,
the global market for nanotechnology products was valued at $22.9 billion and projected to increase to $26 billion
by 2014. However, projections now extrapolate the market to reach $64 billion by 2019 and within this total
market, nanomaterials are expected to increase to $53 billion, where nanotools, inclusive of biological
developments increase to $11 billion with nanodevices still failing to register any significant growth.
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As such, it may be inevitable that nanotechnology will eventually have a significant impact on many sectors of the
global economy, even though there are still multiple technical problems to be resolved before this technology
might support a mature industry. It might also be highlighted that there are differences of opinion regarding the
entire scope of commercial, industrial and military applications underpinning the assessment of various global
nanotechnology markets, not only due to methods and assumptions used, but also due to differences in what
constitutes a nanotechnology. We might also recognise that it is often very difficult to scale up academic research
to commercial or industrial-scaled production, such that the economics become viable. For example, carbon
nanotubes have been developed in research laboratories for many years and have reported on the incredible
properties this material, such that we have to question why they are not already in wide use.
Note: One of the first papers on carbon nanotubes was published in 1952, which described a hollow
graphitic carbon fibre hat was 50 nanometres in diameter. In 2013, some 58 years later, another research
team developed a new wet-spun nanotech fibre, which might be scalable to an industrial process. However,
in 2018, it is still not clear whether this has been achieved.
This said, we might speculate that the threat of Moore’s law coming to an end in terms of the semiconductor
density might provide the necessary commercial incentive to further fund the development of nanotechnology in
terms of materials like carbon nanotubes. Of course, whether more money alone can resolve all the problems in a
specific timeframe might still be questioned. However, there is also the potential that several technologies, i.e.
energy, AI, robotics and genetics, may be dependent on new nanotechnology innovations in order to facilitate
their own future developments.
What about the convergence of biological nanotechnology and genetic engineering?
While not the only possible area of development, we might focus on the idea of man-made or artificial cells, which
has a surprisingly long history dating back to the 1960’s. However, in 2010, the Craig Venter Institute made the first
synthetic cell by copying an existing bacterial genome and transplanting it into another cell. By 2016, the same
team had created a synthetic cell that contained the smallest genome of any known independent organism with
473 genes, where the cell represented a milestone in the quest to reduce life to its bare essentials and, by
inference, suggest an ability to design life from scratch. While, today, there are many types of artificial cells being
defined, we might restrict the complexity of this outline to just two main categories labelled ‘typical’ and
‘non-typical’. The typical cells have cell-like structures and exhibit some of the key characteristics of living
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biological cells, i.e. they can self-reproduce and evolve, while the non-typical cells are essentially engineered
materials that are only required to mimic some of the features of biological cells. In this context, making typical
cells is now the focus of much research as this form of cell may have many applications, which we might simply
characterise in the following terms:
•
•
•

provide a way to understand the mechanisms supporting cellular life
may support a bridge between the non-living and living cells
allows new functions to be added to a cell

However, in terms of nanotechnology, we might recognise that biological cells may provide an obvious blueprint
for future development in which a nano-device is defined by a structure having a relatively stable and
semi-permeable membrane, which protects its internal operation from being damaged by the external
environment, while still allowing selective material and energy to be exchanged.
How might this model be developed?
Within the basic cell model, molecular structures in the form of DNA or RNA encode information that provides the
functional blueprint of the cell with an inherent ability to adapt to changes in its environment, i.e. it can evolve. As
such, a biological cell might provide a working blueprint by which future nano-devices, i.e. synthetic cells, might
produce their own energy in order to function. However, in the
diagram right, we see two possible approaches:
•

Top-down: Would allow artificial cells to be created by stripping or
replacing the genomes of living organisms, e.g. bacteria or viruses,
to reduce their complexity to some required functional minimum.

•

Bottom-up: The artificial cells would be constructed by assembling
non-living components to form a functional component that can
also replicate and adapt.

However, while research developments in nanotechnology and
bioengineering appear to be taking place at ever-accelerating rates,
substantial improvements are still required before either of the
approaches outlined could be scaled to commercial or industrial
applications. However, this said, the biological cell would appear to
suggest that nano-devices are possible and therefore probable in some
future brave new world.
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1.1.3.4.3

Beyond Human

In general, the previous discussions have forwarded
the position that technology will continue to develop
in response to global challenges and problems, while
also be constrained by economic markets, social
forces and other political considerations. However,
due to the potential scope and speed of technical
change, there will be an accumulation of ‘unintended
consequences’. In this context, the discussion of
nanotechnology might be considered symptomatic
of all technology to bring unwelcome change to our
lives, which some fear may come to threaten what
we currently believe makes us human. Of course, in
order to understand this fear, we possibly need to
question the nature of our humanity a little further.
What makes us human?
While many of us may have a notion about the natural order of things, it is not really understood by the word
‘natural’. Over the last 10,000 years or so, humanity has transitioned from hunter-gathers to rural farmers and, in
just the last 500 years, urban city dwellers, where the majority of urban population is now highly, if not totally,
dependent on technology. If we accept this general assessment, then we may also need to question what is
‘natural’ in the urban way of life, which now encompasses so much of humanity. Likewise, if we accept that even
‘natural evolution’ implies inevitable change, then we must also accept the nature of present-day humanity may be
equally transitory, both in terms of its physical embodiment and its intellectual worldview. However, previously
the idea of natural evolution came with the reassurance that profound change would not take place in a single
lifetime, whereas now we now face the unsettling prospect that technological change is developing to the level
where disruptive change may occur within decades. As has been previously argued, it is unclear that humanity can
simply reverse the momentum of 21st century technology, even if it wanted to, such that we need to consider what
might initially be perceived as rhetorical question, even though it actually requires an answer.
What do we want humanity to become?
While we might assume some initial form of aspirational consensus around the idea of ‘better’, it would probably
only trigger a response in terms of ‘better how’. For, in reality, it is unlikely that there would be any meaningful
consensus on this question simply because it implies change, which in-turn implies uncertainty, neither of which is
generally welcomed when it might affect us personally. Therefore, we will only consider 3 potential improvements
to the human condition by way of simple examples of some of the wider issues:
•
•
•

Increased immunity to diseases.
Increased feeling of well-being.
Increased cognitive intelligence.
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In part, it seems probable that many sections of society may generally accept some of the potential technology
developments outlined in terms of genetic and biological nano-engineering, which may eventually increase any
natural immunity to disease. For it might be assumed that this is not changing the fundamental nature of our
humanity, simply addressing a natural aversion to illness for whatever reason. If we then exclude specific
debilitating diseases, we also know that our genetic makeup can be responsible for the general feeling of
well-being, as in-balances in our body chemistry can often lead to feelings of anxiety, fear and negativity. If so,
some sections of society may also accept the intervention of technology to help maximise a general feeling of
well-being. Of course, we might note a subtle shift in the argument as there is an implication that the nature of our
humanity might have been affected by this change to our emotional makeup, even though we might question
whether there is any benefit associated with the many neurotic conditions that currently afflicts humanity. Finally,
we come to the more obvious area of concern surrounding any ability to improve human cognitive intelligence,
although we might also question whether there are perceived benefits in lower cognitive intelligence. While the
last comment may, again, be seen to be politically incorrect in some quarters, it will be argued that the real
concern here may not be the aspiration for higher cognitive intelligence, but rather the potential implications of an
increasing inequality of intellect within a population, in addition to wealth, which may be a consequence of the
cost and access to the technology that may eventually allow this to take place.
Note: What we might also see in the 3 potential improvements outlined is the possibility that future
technology may lead humanity down the path of increasing man-made change to a point of no return. Of
course, there may also be an argument that we are already so far down this technological path that any
return to the idea of some ‘simpler time’ would be impossible without a corresponding and drastic crash of
the global population.
However, the implied ‘slippery slope’ suggested above has potentially much wider implications on humanity if
considered as only the first stage of a convergence between technology and biology – see Staged Evolution of
Hybrid AI for more details. While still a speculative extrapolation of current technology, the concern is that such
‘enhancements’ will be extended beyond adjusting the human genetic blueprint in terms of a few positive
psychological attributes to become a radical re-engineering of humanity to the point that it would be
unrecognisable to us today. Of course, again, the reality of this concern cannot simply be considered in terms of
technology possibilities, as it will clearly be subject to social, economic and political factors. While not the primary
focus of this discussion, reference might be made to three earlier discussions of staged transitions towards a
hybrid model, which included some of the potential social pressure that might lead to sections of society to accept
increasingly radical change to their humanity.
•
•
•

Stage-1: 50-100 Years
Stage-2: 100-200 Years
Stage-3: 200-500 Years

While such predictions are always unreliable in detail, the general direction of developments remains within the
bounds of a realistic scientific future rather than simply being science fiction. As such, we might return to the two
questions tabled earlier:
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What makes us human?
What do we want humanity to become?
At a very basic level, humanity seeks to survive, although this is a trait shared by all lifeforms. Therefore, we
possibly need to consider what separates humanity from all other lifeforms on planet Earth and, in this context, it
is suggested that humanity seeks a higher purpose beyond mere survival as articulated by Carl Jung.
"As far as we are able to understand,
the only aim of human existence is to kindle a light
in the darkness of mere being."
While some, possibly the majority, will always be content with the current status quo, whether it be as a
hunter-gather, farmer or urbanised factory worker, it is suggested that they have not and will not shape the future
of humanity. In this respect, humanity will become what it needs to become, first to survive and second to
continue the search for purpose. However, it is unlikely that there will be one single unifying purpose and, if so,
different sections of humanity may continue to developed in different directions and at different rates, such that
the homo genus may be subject to schism at several point along this future.
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Space Developments
The image is taken from the film 2001: A Space Odyssey and
might be seen as a 1968 prediction of future space
exploration based on the screenplay written by Stanley
Kubrick and Arthur C. Clarke. Given that the first man-made
object reached the surface of the Moon in 1959, which was
then followed by the first manned mission to land on the
Moon in 1969, the film was not necessarily an unreasonable
prediction of space exploration set some 33 years into the
future. However, in 2018, we possibly need to table a
retrospective question:
Why has this future not already been realised?
Again, initial references will be made to earlier discussions,
i.e. Space: An Overview, which might provide some general indication of the scale of our local solar system and its
position within the Milky Way galaxy, along with an array of possible and speculative propulsion systems. However,
in the expanding scope of the human ecosystem now under discussion, we might want to consider the inclusion of
all space in the universe and, in so doing, all galaxies and planetary systems beyond our local solar system. Of
course, while science fiction has little problem with travelling the vast distances between the stars, the science of
reality has found this to be exceedingly difficult, if not impossible, especially if we have to accept the speed of light
as an absolute upper limit. For the two nearest stars are Alpha Centauri A and B, which form a binary pair system
approximately 4.3 lightyears from Earth, where one lightyear equates to 9,461 billion kilometres.
Note: In terms of a velocity relative to the Sun, NASA’s unmanned Juno probe achieved a maximum velocity
of 213,480 km/h, although primarily due to Jupiter’s strong gravitational pull. Therefore, it may be more
pertinent to reference the 1969 manned Apollo mission that achieved the highest velocity relative to Earth
at 39,897 km/h. However, while this velocity is 32 times the speed of sound, it only represents 0.0037% of
lightspeed. At this velocity, the one-way journey time to Alpha Centauri would take 116,216 years.
If we discount faster-than-light technology for the moment and restrict sustained acceleration to 9.81 m/s 2 [1g], it
would take 353.7 days to approach lightspeed, ignoring all relativistic effects on the crew for simplicity. In this
time, it would have travelled 4,580 billion kilometres or approximately 0.5 lightyears of the 4.3 lightyear journey to
Alpha Centauri. As such, we might estimate the fastest one-way travel time to be 5.3 years, i.e. 1-year acceleration
to lightspeed plus 3.3 years to Alpha Centauri plus 1-year deceleration, again, ignoring time dilation effects on the
crew. However, this optimistic estimate ignores all the known problems associated with a relatively large
spacecraft colliding with interstellar particles at relativistic velocities - see Limits and Signatures of Relativistic
Spaceflight for details. Therefore, should 10% of lightspeed be a more practical limit to manned spacecraft in the
foreseeable future, the journey time to Alpha Centauri might be closer to 40 years with little assistance from time
dilation to stop the aging of its human crew.
OK, but surely space exploration within the local solar system is a much more realistic goal?
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While this is undoubtedly true, there are still significant technology barriers to large-scale human space
exploration, which need to be taken into account along with an understanding of the needs and limitation of the
human physiology. In addition, there is a need to assess cost versus benefits of space exploration, which might
help explain why the last manned mission to the Moon was in 1972, i.e. over 45 years ago. At a relatively close
distance of 384,400 kilometres, the journey time to the Moon took 3 days, where the astronauts only spent 22
hours on the surface before making the return journey back to Earth, i.e. a one week round-trip.
Note: The journey time from Earth to Mars might be in the order of 250 days based on the assumption that
Mars is at its closest point of 78 million kilometres from the Earth, which occurs every 2 years. However, the
travel time depends not only on the positions of the planets, but the trajectory taken and how much fuel is
burnt on route – see Path to Mars for details. If we assume the mission remains in orbit or on the surface for
2 months, we might estimate the mission time to be about 2.5 years, i.e. 910 days rather than just 7 days.
While all the technical details are not central to this discussion, or specific to Mars, it is an example that might help
characterise the problems of human exploration of space in 3 distinct areas,
1) lift-off payload systems
2) space propulsion systems
3) onboard life support systems.
While aspects of these problem areas will be expanded in subsequent discussions, we might initially outline the
scope of each. Clearly, any mission to another planet, even a relatively close one, will need to lift a lot of heavy
equipment into space, which will require multiple launch vehicles. By way of a comparison, the International Space
Station (ISS) has a mass of about 400,000kg, which might be similar in size to that required for any human Mars
mission. In the case of the ISS, it took over 16 launches to lift all the equipment into space, but possibly over a
hundred launches for all the subsequent assembly and logistics flights to complete the ISS over the course of 15
years. The ISS was initially estimated to cost $10 billion over 10 years but ended up costing 10 times that amount,
i.e. $100 billion, spread over nearly three decades.
Note: While we might extend the payload lift capacity for present-day heavy-lift launch vehicles to
150,000kg, it would still require multiple launches at a possible cost of $150 million per launch plus some
additional number to complete the assembly of the Mars mission craft in space. NASA have estimated the
overall cost of a manned mission to Mars at about $100 billion over a possible 30-year timeframe, although
past history might suggest that costs would only escalate over time.
While there are many different types of rocket engines, i.e. those needed to get into space and then move around
in space, they are all essentially chemical engines that need to carry the fuel onboard. As such, there is a possible
distinction between lift-off payload engines and in-space propulsion thrusters, where the former need to burn up a
huge amount of fuels to get the required payload into space. However, while present-day lift-off payload engines
are very expensive and generally non-usable, a long in-space journey to Mars presents another problem as
chemical engines are ‘mass-limited’ in terms of how much fuel can be carried onboard. While a new generation of
in-space ion thrusters work differently by using a much smaller amount of gas, which is then accelerated to very
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high speeds, they have very low acceleration and can be ‘energy-limited’ rather than ‘mass-limited’ in that the ion
engine needs a lot of electrical energy to power the ion engine.
Note: Although ion engines may deliver about ten times as much thrust per kilogram of fuel as a chemical
engine, they are very low-thrust devices, such that it cannot be used as a launch engine. Equally, while ion
engines can sustain thrust for much longer periods of time, the low-thrust implies a slow rate of
acceleration. The current assessment of ion engines suggests that they are probably an impractical form of
propulsion for heavy payloads, e.g. manned missions to Mars, for the foreseeable future.
However, any manned mission to another planet would also involve the complexity of the life support systems
required to sustain the crew for 2-3 years, which even in the case of the initial Mars missions may still involve a
crew of 6. For these systems will, at minimum, need to provide air, food, water and waste disposal, which may
amount to 100,000 kilograms of mass and, as indicated, add considerably to the complexity and cost of the
mission. The complexity of maintaining this life support system might be characterised in terms of the Biosphere
projects, which were originally intended to demonstrate the viability of maintaining a closed ecological system, on
Earth, which might then be partially replicated to support and maintain human life in outer space and possibly help
support longer-term colonies on other planets, e.g. Mars. While recognising that the scope of the Biosphere
projects was wider than the requirements for a 2-3 year Mars mission, the scale and nature of the various failures
associated with the biosphere project must be an issue of concern. For even a minimal 2-year Mars mission would
not have the option to simply open the door and step back into the life support system of planet Earth, which was
one eventually taken by the occupants of the biosphere project when things went wrong. Of course, the
inhabitants of the biosphere also had one other distinct advantage, i.e. they were still living in Earth’s gravity.
Note: To-date, the longest amount of time spent in space is 437 days, as such we do not really know how
long humans can live, healthily, in space. However, the crews of the ISS are providing important and
necessary data, which might suggest that zero-gravity space may not necessarily be a healthy long-term
environment for humans. For humanity did not evolve to live in space and many of our biological systems
only function properly under Earth’s gravity. For example, muscles are constantly exercised by gravity and
begin to atrophy in zero-gravity, which includes the muscles of the heart and in the neck that help support
the weight of the head. This health issue is but one of many that may question the immediate viability of
long-term manned missions in space, but not necessarily its longer-term probability.
In some respects, there may be an argument that humanity should initially restrict its space exploration to the
Moon, where the required technology can be further developed and tested. For unlike Mars, any missions to the
Moon still retains an ‘escape plan’ in the form of a return to planet Earth in 3-days, rather than 1-2 years, should
anything go seriously wrong with the life support systems or the health of the human crew. However, this position
does not imply that wider exploration of the solar system has to be halted, simply that it might be carried out more
effectively by increasingly AI autonomous systems, which do not require expensive and complex life support
systems. Therefore, in the remainder of this section of discussions concerning space developments, some attempt
will be made to expand on the issues outlined in a little more detail, because space exploration will probably come
to play an important part in the plurality of ‘brave new worlds’ of the future.
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1.1.3.5.1

The Final Frontier

Space: the final frontier. These are the voyages of the starship Enterprise. Its five-year mission to explore
strange new worlds. To seek out new life and new civilizations. To boldly go where no man has gone before!
While most might recognise the words above as the introduction to every episode of ‘Star Trek’, first broadcast in
1966, it has been suggested that the origins of these words can be traced back to a White House booklet,
published in 1958. At this time, the US government was attempting to gain public support for its national space
program in the wake of the Sputnik launch in 1957 by the Soviet Union.
“The first of these factors is the compelling urge of man to explore and to discover, the thrust of curiosity
that leads men to try to go where no one has gone before. Most of the surface of the earth has now been
explored and men now turn to the exploration of outer space as their next objective”.
In the context of a ‘space race’ between the two military superpowers of that time, we might recognise that this
was not just about ‘boldly going where no man has gone before’. Of course, aspects of this competitive nature still
exist between nation-states and corporations, such that space developments now encompass a spectrum of
reasons, i.e. from military to commercial. While somewhere along this spectrum, the idea of ‘exploration and
discovery’ may still exist, it is suggested that the reality of the Star Trek quote will remain science fiction for the
foreseeable future.

Note: This discussion will proceed on the clear distinction between what is science fiction and what might
become a scientific reality in the next 100 years or so. It will be assumed that no physical spacecraft can
travel faster than the speed of light and, in practical terms, may only be able to realise some smaller fraction
of lightspeed, e.g. 10%. If so, travelling to the nearest star, at a distance of 4.3 lightyears, would take 43
years, while the nearest Earth-like planet, at a distance of 12 lightyears, would take 120 years. As such, it
will be assumed that any manned exploration of space will be essentially confined to the local solar system,
although even this reduced scope will require the development of technology that does not exist today.
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But surely exploration and discovery are simply part of human nature?
While this is undoubtedly true, earlier explorers like Christopher Columbus who sailed into the ‘unknown’ of their
day operated in the context of Earth bound risks. Of course, while there are many who will still endeavour to
explore space, as the final frontier, we possibly need to put such undertakings into some wider and practical
perspective, which includes not only the technical feasibility, but also costs, benefits and risks. However, any
evaluation of the issues also needs to consider three areas of interest, e.g. military, commercial and scientific. For
we might realise that many nation-states now see the potential benefits of venturing into space, possibly weighted
in terms of military and security issues rather than pure scientific interest, although now possibly complimented by
potential commercial interests. However, aspects of pure scientific research will still be the central objective of
some specific space programs like the International Space Station (ISS) and the Hubble Space Telescope for
example. Of course, space exploration is an expensive ‘business’, such that we need to make some general
estimate of the annual costs of developments in terms of various space budgets, based on 2016 figures:

While it might be estimated that global spending on space development is now well in excess of $60 billion, we
might also realise that this figure only represents a very small fraction of GDP, which might be compared to
military GDP spending in the 2% range. However, it is not clear as to what percentage of the military budgets might
also be related to space developments or increased by spending of private companies. Today, there are several
companies in the US that are beginning to invest heavily in the development of launch vehicles and in-space
propulsion systems, which might facilitate future space missions, e.g. SpaceX, Blue Origin and Virgin Galactic. As
these are all commercial ventures, there is now increasing emphasis on reducing the costs of space launch
vehicles, primarily through reusable launchers and spacecraft.
Note: Given the pressing problem of mounting debt surrounding most of the nation-states with space
budgets, it seems unlikely that the investment in space developments, as a percentage of GDP, will increase.
However, it is increasingly probable that private investment in specific space programs will accelerate
technology developments in the near future, especially with the injection of commercial competition.
However, private companies normally need to balance investment with some form of return, so while SpaceX may
have an ultimate goal to colonise Mars, it may depend on the initial profitability of commercial orbital launches to
fund other developments required by successive Mars missions. In this stepwise context, private companies have
to maintain a healthy balance sheet as well as minimising the investment risks involved in the next incremental
step of their development program.
So might long-term space developments depend on commercial profit?
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While the launch of Sputnik in 1957 by the Soviet Union triggered a space-race with the US, which culminated in
the first manned mission to the Moon in 1969, this initial rate of progress was not maintained in the subsequent
decades. In this respect, we might question the efficacy of governments to manage their space programs via their
national space agency, e.g. NASA, especially if constrained by limited budgets. Therefore, as indicated, commercial
competition and private investment might be the necessary catalyst for future space developments, although this
might focus the nature of developments towards ventures that offer the promise of some form of commercial
profit, e.g. resource mining. Therefore, while manned missions might benefit from the initial stages of
development in respect to more cost-effective space launch systems and more efficient space propulsion engines,
it is not clear that manned missions will necessarily be a priority for most commercial space ventures. For example,
the idea of resource mining asteroids in space might only be viable, if carried out by essentially autonomous AI
robotic systems, possibly with some form of a telepresence interface to operations back on Earth. Over the next 50
years, the technical feasibility of semi-autonomous AI robotic systems is an increasing probability, which might
make it the only realistic option in terms of any cost, benefit and risk analysis within a commercial venture.
Might AI robotic systems make manned exploratory missions increasingly obsolete?
Obviously, others will continue to make the case for manned exploratory missions. However, it might be argued
that increasingly autonomous AI-robotic systems, combined with next-generation telepresence interfaces, might
negate much of the need for humans to be exposed to the obvious dangers associated with early exploratory
missions. This might also be true for commercial ventures, where the focus may increasingly be orientated towards
a return on share-holder investment rather than exploration.
However, such an approach might also be considered the most
cost-effective precursor to any form of ‘colonisation’ of the Moon
or Mars in order to establish and test the necessary life support
systems prior to long-term human habitation.
But how realistic is permanent off-world colonisation?
While there are apparently plenty of volunteers that want to
sign-up for a ‘life on Mars’, the reality of this life possibly needs to
be put into better perspective. For while it might simply be
assumed that any base on Mars, or the Moon, might be able to extract the necessary air and water from the local
environment and grow enough food to feed itself, this life might be more analogous to living on a submerged base
in the deep oceans on Earth, where the external environment will be cold with no breathable air, such that any
excursion could be fatal without the protection of reliable technology. In this respect, the Biosphere project was a
stark illustration of the technical and psychological problems of living in a closed system environment, where
everybody becomes completely dependent on technology 24/7. If so, this initial form of ‘colonisation’ might more
realistically take the form of relatively short-term secondments to participate in a research project or some
commercial operation.
What timeframes might realistically be involved with any larger colonisation process?
Again, it seems that this topic may also be subject to a lot of marketing hype, which is predicated on many
assumptions about the rate of technical progress in many fields of research that have hardly started. As outlined,
the initial space developments that put two men on the Moon in 1969 was an incredible achievement, which was
repeated in several follow-up missions, but which all ended in 1972. Over the last 46 years, there have been no
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manned missions to the Moon and, as such, there may have only been minimal practical development of all the
space technology required by longer-term space missions, which we might attempt to summarise:
•

Today, it costs about $20,000 per kilogram to get a payload into low earth orbit, where most of this cost is
attributed to the launch system, inclusive of the lift rockets plus ground and launch support systems. NASA has
an optimistic goal to reduce the cost of getting into space to hundreds of dollars per kilogram within 25 years,
i.e. 2040, and possibly tens of dollars per kilogram within 40 years, i.e. 2060.

•

Having gotten into space, there is another requirement for more efficient propulsion engines that do not
require so much onboard fuel. Today, most research and development appear to be focused on the design of
a new-generation of ion engines. However, the effectiveness of these engines appears to depend of having
enough electrical energy to power the ion drives, which in many space environments might not be met by
simply deploying ever larger arrays of solar panels.

•

So, once in space, there is a need for abundant, reliable and affordable energy generation, storage and
distribution to support any longer-term missions. Today, current energy systems can be seriously degraded by
the environmental hazards in space, e.g. varying levels of ionizing radiation in the form of solar flares and
other solar events. Alternative solutions may require the use of nuclear reactors in space.

•

Longer-term missions to planets, such as Mars, may need back-up way-stations with emergency resources, i.e.
air, water and food, plus in-space manufacturing and repair facilities. In 1970, the Apollo-13 crew sent the now
famous ‘Houston, we've have a problem’ message back to mission control, which highlights the need for some
form of rescue plan. In the case of Apollo-13, an oxygen tank exploded as it approached the Moon and the
crew only survived by moving into the lunar landing module for the emergency 3-day return journey to Earth.
Clearly, this might not be adequate for an 8-9 month return journey from Mars.

•

As suggested by the last bullet, space can be a dangerous place, but where maintenance and repair work may
still be necessary. In this context, the development of AI or telepresence robotic systems may mitigate much
of the danger by allowing the crew, or remote personnel, to have near real-time control over the work being
performed without actually going outside the comparative safety of the spacecraft. Likewise, such
developments might mitigate much of the danger of exploring the surface of any planetary body or asteroid.

•

In terms of planetary missions, there is also a requirement for planetary descent and take-off systems.
Depending on the nature of the atmosphere and gravitational pull, the entry, descent and landing process
would be a potentially dangerous phase of any mission along with the need to return back to space orbit. As
such, there is a need for more sophisticated systems that can cope with a much wider range of hazards and
uncertainty associated with position, velocity, aerodynamics, atmospherics and alternative landing terrain.

•

Having safely landed, there is then a need to build a closed system environment that can support human
habitation for an extended time period, which is also robust enough to withstand any extremes of local
‘weather’. Today, such systems do not exist and there is very little in the way of practical experience that
would allow all the potential problems to be defined, let alone be solved at this time.

The purpose of highlighting these problems is not to suggest that solutions cannot be found, but rather to inject a
note of realism into the potential timescales. On this basis, the following discussions will consider a few key
aspects of space developments now outlined in a little more detail.
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1.1.3.5.2

One Giant Leap

In the context of the previous discussion, it was suggested that science-fiction can simply make a giant leap of the
imagination, while scientific reality is constrained to smaller stepwise developments. As such, the difficulty of
future space exploration might be characterised by the fact that the last
manned mission to the Moon was in 1972, some 46 years ago. However,
the title of this discussion is making reference to Neil Armstrong’s
words, when he first stepped onto the surface of the Moon in 1969:
“That's one small step for man,
one giant leap for mankind”
Therefore, we might first quantify the ‘giant leap’ in question in terms of
the propulsion systems needed to get off the Earth, then travel through
space to the Moon and finally land on the Moon. However, it might be
useful to establish some frame of reference for the design criteria of
these propulsion systems; where equation [1] can be used to calculate
the escape velocity of a planetary body, where [M] is the mass, [r] is radius and [G] is the gravitational constant.
The first equation is then accompanied by the equation quantifying the gravitational factor [g].
[1]

ve =

2GM
GM
and g =
r
r2

The table below lists the main physical objects within the solar system, which might become the focus of various
missions over the next 100 years or so. This table also provides the data and solutions for the equations in [1] for
each planetary object listed, where the ratio values are simply a way of scaling each result to Earth, while the
radial distances from the Sun provides a guide of any mission distance in kilometres and astronomical units (AUs).
Object

Mass
Ratio

Mass
in kg

Radius
Ratio

Radius
in metres

v(escape)
(km/s)

v(escape)
Ratio

g

Distance
Sun (km)

AU Ratio
from Sun

Mercury
Venus

0.037
0.826

2.213E+23
4.939E+24

0.497
0.958

3.175E+06
6.115E+06

3.05
10.38

0.27
0.93

1.46
8.81

5.79E+07
1.08E+08

0.39
0.72

Earth
Moon

1.000
0.012

5.980E+24
7.296E+22

1.000
0.272

6.378E+06
1.738E+06

11.18
2.37

1.00
0.21

9.80
1.61

1.50E+08
n/a

1.00
n/a

Mars
Jupiter
Saturn
Uranus
Neptune

0.108
318.40
95.200
14.600
17.300

6.458E+23
1.904E+27
5.693E+26
8.731E+25
1.035E+26

0.530
11.198
9.475
3.915
4.166

3.385E+06
7.150E+07
6.050E+07
2.500E+07
2.660E+07

5.04
59.60
35.43
21.58
22.78

0.45
5.33
3.17
1.93
2.04

3.76
24.84
10.37
9.32
9.75

2.28E+08
7.78E+08
1.43E+09
2.87E+09
4.48E+09

1.52
5.20
9.54
19.18
29.94

We might realise that the first step of any mission is a propulsion system that can cost-effectively address the
problem of getting all the equipment required up into space. Today, launch systems are designed to achieve
Earth’s escape velocity [vE=11.18km/s], which is 33 times the speed of sound. However, the fuel required to
achieve this escape velocity depends on the mass [kg] of the payload. Once in space, the next problem is how best
to get to the mission destination, which in the case of the Moon only involved its orbital distance from the Earth
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[384,400km=0.0026AU]. Having reached the Moon, additional propulsion systems had to be designed for a soft
manned landing and the subsequent take-off from the Moon, which only needed to achieve an escape velocity
[2.37km/s=21%vE], where the final payload mass of the lunar lander was considerably smaller than that lifted off
the Earth, e.g. ~10%. Finally, the last leg of the mission was the return to Earth including re-entry.
Note: Back in 1973, the total cost of the Apollo program was estimated to be $25.4 billion, which would
translate to something close to $150 billion in 2018. The Apollo Command Modules and the Lunar Modules
that maintained the necessary life support systems for the crew were amongst the most expensive
components of the mission along with the huge Saturn-V launch vehicle, although there were also
considerable costs linked to ground launch facilities and mission control operations, although some aspects
of these latter costs could be amortised over multiple missions.
As such, we might consider the earlier Moon missions as a basic yardstick by which we might assess the difficulties
of any future space mission, e.g. Mars. While we will defer most of the complexity associated with the various
human life support systems to another discussion, there are two key issues that will impinge on the design of the
various propulsions system required for any future Mars mission, i.e. mission duration and payload mass. In the
case of the Apollo moon mission, it took about 3 days in each direction plus an additional day on the Moon, i.e. 7
days in total. In comparison, the Mars mission will probably be in the order of 2.5 years, i.e. 910 days, which would
be 130 times longer than the Moon mission – see Path to Mars for more details. Obviously, this difference in
duration is reflected in the large comparative distance between Earth-Moon and Earth-Mars, which also translates
into considerably more payload having to be lifted into space. We might also assume that increasing mission
payloads and distances will eventually require more effective in-space propulsion systems to transport all the
equipment, along with the crew to destinations like Mars, while the additional gravitational pull [g] of Mars may
also require more sophisticated landing and take-off propulsion systems.
Earth Launch Systems:
The link above can be used to review the wider history of space launch systems that have been developed for both
satellites and manned missions into space. From this historical perspective, it seems that chemical rockets appear
to have been, and possibly remain, the only realistic option for launching heavy payloads into space for the
foreseeable future.

What the chart above suggests is that, even after 50+ years, the 1967 Saturn-V system is still the largest space
launch system ever built in terms of payload lift, which may only be better by NASA’s new space launch system
(SLS) tentatively scheduled within the 2025 timeframe. However, while the use of chemical rockets appears to be
the only idea being seriously developed, it is highlighted that the entire Saturn-V launch system weight about 3
million kilograms at lift-off in order to deliver a payload of 120,000kg into space, i.e. approximately 4% efficiency.
So while space launch systems have continued to use chemical rockets to achieve the necessary thrust-to-weight
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ratio, capable of lifting the necessary payloads into space, the development of this type of launch system has been
very expensive and typically the preserve of government funded programs until quite recently. As such, access to
space has been restricted to governments and large corporations that could afford the costs, ranging between
$10-100 million per average launch, although the cost of each NASA SLS launch required by any Mars mission may
be in the range of $500 million, such that it would be comparable to earlier space-shuttle missions. As a result, in
the 60+ years since Sputnik, only a few hundred tons of payload, the equivalent of just two Boeing 747 freighter
flights per year, while the total number of people lifted into space since Yuri Gagarin in 1961 could fit onto one
Airbus-380.
Note: For the immediate future, i.e. possibly the next 30 years, there appears to be no obvious practical
alternative to the Super heavy-lift launch vehicles currently in research and development. Surprisingly, few of
the designs proposed appear to have any significant reusability that might reduce cost, although this might
improve as more and more private companies start to compete. Of course, this competition might still be
dependent on whether any mission can return a profit on its investment.
At the moment, the main hope is that private competition will eventually lower the launch costs, although we
might need to better understand the economic funding of this model. Today, launch vehicles are designed for
different types of payload missions, where middle and heavy-lift launch vehicles may be developed because there
are so few options currently operational and because they might meet a growing demand to deliver ever-larger
payloads into higher orbits. For example, these launch systems may have an increasing military importance as
military satellites often require a range of equipment that makes them considerably larger and heavier plus have
to be positioned into orbits significantly beyond low-earth orbit.
OK, but surely, we might expect developments beyond today’s chemical rocket systems?
While initial reference might be made to the Wikipedia article ‘Non-Rocket Launch Systems’, it is questionable how
many of the alternative ‘ideas’ listed could be considered as realistic in any reasonable timeframe. Review of the
table suggests most have a technical readiness level being little more than conceptual research, while the payload
capacity of all of them seems far too small for the future manned missions being considered.
Note: While some may consider the idea, such as the space elevator as a possible alternative, it is not yet
technically feasible in terms of many of the materials needed, even if we ignore all the other safety and
economic hurdles it would have to overcome in order for it to be built in the next 100 years. However, we
might make reference to the idea of ground-based systems (GBS) that might make use of magnetic
propulsion systems to provide an initial high velocity to a ‘spaceplane’, without excessive g-forces, which
might then make use a scramjets or smaller rockets to propel itself into orbit. While not true GBS, it might
replace the lower stages of today’s rocket systems with a more efficient, less costly way of reaching the
upper atmosphere, especially for cargo, plus provide efficiency savings in terms of reuse.
Without indulging in yet more speculation, we shall assume that the current use of chemical rocket launch systems
will continue for some considerable time, unless some radical new technology is developed. So while the problem
of alternative low-cost, high payload launch systems is one that will have to be deferred to the future, once off
planet Earth, there may be more possible solutions for in-space propulsion systems.
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In-space Propulsion Systems:
We might immediately recognise is that any in-space propulsion system might only be required to provide thrust
for the payload transported into space by the launch system, which may be as little as 4% of the mass that started
out on the launchpad. We might also realise that any Earth launch system has to accelerate to the required escape
velocity, i.e. [vE=11.2m/s], in a relatively short period of time, which need not necessarily apply to an in-space
propulsion system. As such, these key differences may allow for more scope in the design of different propulsion
systems. So while the link above provides an overview of some fairly speculative possibilities, this discussion, again,
focus on just a few possible developments that might one-day be used in deep space missions. As a starting point,
we might assume that any in-space propulsion system would like to minimise the requirement to carry onboard
fuel as one of its first design goals, which might then be complimented by relatively slow acceleration to much
higher velocities over periods of days rather than minutes. Today, there is much speculation surrounding a new
generation of ion thruster engines, although it is not yet clear whether these engines currently have anything like
the necessary thrust, when evaluated in terms of Newton’s 2nd law:
[2]

F = mass * acceleration = ma  a =

F
m

In terms of [2], the force [F] corresponds to the thrust of the propulsion system, which can then be translated into
a delta velocity [∆v] as a function of time [t], but where acceleration [a] can be seriously limited by the mass [m]:
[3]

Delta Velocity [v] = at

The use of ion thrusters in actual space mission appears limited and much of the data presented can obfuscate
many of the power-to-thrust and the thrust-to-mass issues. However, we might attempt to use the 1998 Deep
Space-1 (DS1) mission as an initial source of information, where the dry mass of the spacecraft was in the order of
373kg and used a NSTAR ion engine with a stated thrust of 92mN. Based on these two figures, we might use [1] to
calculate the potential acceleration [a].
[4]

Acceleration [a] =

force 92 *10−3
=
= 2.47*10−4m/s2
mass
373

Now it is stated that DS1 reached a maximum velocity of 16,200km/h, although it is not clear whether this figure is
representative of the delta-v [∆v], which is the sum total of all the changes in velocity within a mission.
Note: DS1 was launched on 24-Oct-98, where its primary mission lasted until 18-Sep-99. By the end of 1999
approximately 22 kg of xenon had been used, out of a total of 81.5kg, by the ion engine to impart a total
[∆v=1300m/s].
If we use the stated [∆v=1300m/s] over the period of the primary mission, i.e. 329 days, we end up with a revised
figure derived from [3], which is lower than [4] and suggests the [∆v] was obtained without constant acceleration.
[5]

Acceleration [a] =
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1300m/s
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=
=
= 4.57*10−5m/s2
time 329 days 2.84*107 s
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What is the potential for Ion engines in the future?
While there appear to be many articles touting ion engines as the future of in-space propulsion, an acceleration
[a=2.47*10-4m/s2] only convert to 0.0025% of [1g]. Of course, developments may increase the thrust force and
they are now developments suggesting a thrust of 5N might be possible, but this increase in thrust is typically
accompanied by an increase in the payload mass. For example, while the DS1 payload was originally 373kg, the dry
mass payload of the proposed SpaceX Mars mission without fuel is in the order of 150,000kg, when first leaving
Earth orbit. If we were to repeat [4] with these figures, the acceleration would be worst.
[6]

Acceleration [a] =

force
5
=
= 3.33*10-5m/s2
mass 150,000

Of course, the thrust force could be increased by having many ion engines working together, but there is an issue
with the power required by these engines. The NSTAR engine was a type of ion thruster called an electrostatic ion
engine running on electrical power generated by solar arrays. These solar arrays produced about 2.5kW of power,
where the engine require 2.1kW. If we reference the specification of the Vasimr ion engine, it suggests that a 5N
engine will require 200kW of power, which may be impractical using solar panel arrays, especially in deep space far
from the Sun. In such cases, we might speculate that a nuclear power plant might be the only practical alternative,
although this is a questionable approach in the near-future.
1.1.3.5.3

Path to Mars

While the scope of these discussions is not really intending to delve too deeply into all the technical issues, there
may be some value in outlining some of the detail related to the flight path to Mars and back, as it might provide
an insight to the distances involved and the time duration based on certain assumptions. While there are many
possible permutations, this discussion will consider the basic idea encapsulated in terms of a Hohmann transfer
path from Earth to Mars. However, the simplified derivations to be followed assumes that the orbits of Earth and
Mars are both circular around the Sun, where we might estimate the radius of the Earth's orbit [r 1] to be 150
million kilometres or one astronomical unit (AU).
Note: for the purposes of this discussion, we can simplify the calculations by using
relative ratios of orbital distance and time with respect to Earth. As such, the Earth
has an orbital radius [r1=1] and an orbital period [T1=1]. In comparison, Mars has
an orbital radius [r2=1.5237] and an orbital period [T2=1.8822].
Based on the initial diagram right, the distance between Earth and Mars would be 0.5237
AU’s, which approximates to 78 million kilometres. However, most practical trajectories
between Earth and Mars have to take into account the orbital velocity of the Earth
[30km/s] and Mars [24km/s], such that the destination end-point in either direction is
always a moving target. Therefore, these practical trajectories never align to the
minimum of 78 million kilometres and are further complicated by many other issues,
which will not be detailed. Again, for simplicity, we might assume that the spaceship is
already in an Earth orbit, where its gravitational effects can be ignored, although we
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might realise that a spaceship in Earth orbit will still align to Earth’s orbital velocity [30km/s] around the Sun. As
such, we might realise that the path defined by [V0] in the first diagram is not a practical solution, which leads us to
consider a ‘Hohmann Transfer Orbit’ between Earth and Mars as illustrated in the second diagram. In addition to
the spaceship’s arrival being synchronised to the actual orbital position of Mars, we need the approach velocity of
the spaceship to be compatible with the orbital velocity of Mars. In the second diagram, the position [P] aligns to
the perihelion of Earth’s orbit, i.e. closest to the Sun, while [A] aligns to the aphelion of Mars, furthest from the
Sun. However, we might recognise that the initial position of Mars, at the time of the spaceship’s launch has to be
calculated such that it arrives at point [A] at the same time as the spaceship. To determine that position, we need
to know the duration of the flight from [P] to [A], which can be calculated using Kepler's 3rd law. This law can be
expressed in the concise mathematical form of [1]:
[1]

T2
a3

= constant

Where [T] is the orbital period and [a] the semi-major axis, half the length of the orbital ellipse, while the constant
applies to all objects orbiting the Sun, including the Earth. However, the value of the constant depends on the units
in which [T] and [a] are defined and can be simplified, if we adopt he ratio units with respect to Earth as follows:
[2]

T2
a3

=

1
= 1 = constant
1

As a consequence, the unity value of the constant can be used for any planet, such that [2] reduces to:
[3]

T 2 = a3

However, [3] holds true for any orbit around the Sun, including the spaceship in a transfer ellipse, where all
distances are defined in AU units.
[4]

a=

r1 + r2 1 + 1.5237 2.5237
=
=
= 1.2618
2
2
2

We can now calculate [T] from [3] by substituting for [a]:
[5]

3
T 2 = a3 = (1.2618) = 2.0092  T = 2.0092 = 1.4175

However, the result in [5] represents the total time between [PAP], not [PA], such that
the trajectory time is [PA=0.7087] or approximately 258 days. Knowing the trajectory
time from [P] to [A], now allows us to calculate the position of Mars when the
spaceship leaves [P], which in angular terms is the ratio of the trajectory time [0.7087]
to the orbit time of Mars in the same units, as shown in [6] and the diagram right:
[6]

Delay Angle [ ] = 360 *
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However, the trajectory chosen for any round-trip mission to Mars, and back, can be complicated by all manner of
trade-offs between travel time and stay duration. For example, a lower-energy outbound trajectory invariably
leads to a relatively unfavourable alignment for an energy-efficient return. This trade-off can be described in terms
of two distinct classes of round-trip Mars missions, i.e. opposition-class or conjunction-class, where the former
leads to a short-stay mission, while the latter leads to a longer-stay mission.

The previous diagram is simply reflective of the trade-off between these two different classes of trajectory, where
the duration times can be subject to considerable variance based on when the mission is scheduled. Again, the
logistical differences between the opposition-class and conjunction-class trajectories is driven by the fact that the
Earth has an orbital velocity of 30m/s, while Mars has a lower orbital velocity of 24m/s, such that the shortest
distance between these planets occurs every 2 years. At one level, the planning of manned missions to Mars has
often favoured the conjunction-class, which while suggesting a longer mission duration, leads to a minimum
energy trajectory, i.e. a lower propellant requirement. However, in terms of reduced mission risk, the shorter
mission duration associated with the opposition-class trajectory might be better, especially on the initial manned
missions. However, while opposition-class trajectories invariably require more energy, i.e. propellant, the SpaceX
Mars mission plan might mitigate this issue if propellant can be produced on Mars.
But what velocities are involved?
While this next section becomes a little more involved in mathematical
manipulation, the final results may be generally useful for later reference. We can
readily calculate the orbital velocity of Earth and Mars around the Sun with mass
[MS] as follows, where [r1, r2] are the orbital radius of Earth and Mars respectively.
[7]

v1 =

GMS
r1

and v2 =

GMS
r2

However, we might realise that without an injection of the delta-velocities [∆v1] and [∆v2], any spaceship will not
move onto the Hohmann transfer path starting at [E] and arrive at [M] with the correct velocity, such that we
might express this requirement as follows:
[8]

vP = v1 + v1 and v A + v2 = v2
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We can proceed from [8] by using the conservation of momentum, where [m] relates to the mass of the spaceship,
but which can be immediately cancelled out.
[9]

r 
Momentum [L] = mvP r1 = mv A r2  v A = vP  1 
 r2 

The next step to determine [vP] is a little more protracted based on the conservation of energy:
[10] Energy [E] = 1 m (vP )2 −  GmMS  = 1 m (v A )2 − GmMS
2



r1

2



r2

Again, we can immediately cancel the mass of the spaceship throughout and substitute for [v A]
2

[11] 1 (vP )2 −  GMS  = 1  vP  r1   − GMS


2

 r1 

2

 r2  

r2

At this point, we want to try to isolate the terms associated with [vP] on one side:
2



[12] (v )2 1 −  r1   = 2GM  1 − 1 
P
S


 r2  



 r1

r2 

Again, we can manipulate the form in [12] using standard algebra:
2
2

[13] (v )2  ( r2 ) − ( r1 )  = 2GM  r2 − r1 
P
S
2




( r2 )




 r1r2 

Isolating in terms of [vP] we get:
 (r

(vP )2 


[14]

2



 r − r2 
)2 − ( r1 )2 
2 (r − r ) (r + r )
= (vP )  2 1 2 1  = 2GMS  2

2
2



 r1r2 
( r2 )
( r2 )





 r2 − r2  
( r2 )2
2
 = 2GM
v
=
2
GM
( P)

S 
S
 r1r2   ( r2 − r1 ) ( r2 + r1 ) 



r2


r
r
+
r
(
)
 1 2 1 



r2
vP = 2GMS 
 r ( r + r ) 
 1 2 1 

Having formed the equations for both [vA] and [VP] in [9] and [14], we can now rearrange [8] in terms of the delta-v
[∆v] values and substitute in the expressions derived.
[15] v1 = vP − v1 and v2 = v2 − vA
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We will start with [∆v1]:

GMS  2r2
− 1

r1  r1 − r2


[16] v1 = vP − v1 = 2GMS 



GMS
r2
=
 −
r1
r
r
+
r
 1 ( 2 1)

And now [∆v2]:
[17] v2 = v2 − v A = GMS − vP  r1  = GMS −  r1  2GMS 

r2

 r2 

r2

 r2 


 =
 r1 ( r2 + r1 ) 
r2

GMS
r2


1 −


2r1
r1 + r2





At this point, we have all the equations to quantify a Hohmann transfer path between Earth and Mars, although it
needs to be remembered that these equations are based on several simplifying approximations. However, we
might use the results to provide a general insight.
[18] v1 = 30km/s + v1 = 2.94km/s = vP = 32.94km/s
In [18], we see the starting velocity [vP] is the sum of the Earth’s orbital velocity around the Sun [v 1=30km/s] and
the delta-velocity [∆v1=2.94km/s] needed to escape into the required Hohmann transfer path with velocity
[vP=32.94km/s]. However, [9] tells us that this velocity is not maintain all the way to Mars due to the gravitational
effects of the Sun while in transit:
[19] v A = vP  r1  = 32.94 
 r2 

1

 = 21.618km/s
1.5237



We can complement [18] with a corresponding delta-v [∆v] process at Mars.
[20] vA = 21.62km/s + v2 = 2.65km/s = v2 = 24.26km/s;
While there is some inaccuracy in these figures, they are a reasonable approximation. However, as indicated, the
actual process involves considerably more complexity as neither Earth or Mars
have perfectly circular orbits, where Mars can be affected by the relative
position of Jupiter. There is also the complexity of the amount of fuel used in
the delta-v manoeuvres, which we might simply outline in terms of the
Tsiolkovsky rocket equation.
[21] v = ve ln  m0 
 mf 

Where [Δv] is the maximum change of velocity, [ve] is the exhaust velocity, [m0]
is the initial mass of the spaceship, including propellant and [mf] is the final mass of the spaceship without
propellant. However, we might rearrange [21] in order to show the fuel dependency on [Δv] and [ve].
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 −v 

ve 
;


[22]  m0  = e
 mf 

where e0 = 1 and e2 = 7.389

In [22], we see the exponential sensitivity of the mass ratio, i.e. fuel usage, to changes in the ratio of [Δv/v e]
associated with manoeuvring the spaceship along some given trajectory, which is also illustrated in more detail in
the pe graph right.
1.1.3.5.4

Deep-Space Missions

As it can be all too easy to speculate on all manner of possible
developments, there may be some value in first outlining the proposed
Space-X Mars mission, such that we may have some yardstick by which to
gauge the problems and potential solutions in a more stepwise approach
towards ever deeper space missions. In 2017, SpaceX outlined its plans to
develop a Mars transportation infrastructure in order to facilitate the
eventual colonization of Mars. This plan included reusable launch vehicles,
a spacecraft with the necessary, but possibly only basic human life support
systems, in-orbit propellant tankers plus the possible production of rocket fuel on Mars. The target date for all this
seemingly ambitious development is 2024, i.e. 6-7 years, which might be seen in stark contrast to the rate of
development over the last 50+ years. A key element of this plan is a two-stage rocket (BFR), where the upper stage
would be the spacecraft used to transport the crew to Mars and back. The launchpad mass of the BFR is estimated
to be 4,400,000kg, which would then be capable of lifting the required 150,000kg mission payload into low Earth
orbit, i.e. 3.4% lift efficiency. The mission spaceship would be capable of transporting up to 450,000kg to Mars,
inclusive of crew, equipment and fuel, following propellant-refill in Earth orbit. However, the propellant required
by the in-space section of the mission would be supplied by ITS tankers, a variation of the spacecraft that will
supply the necessary liquid methane and liquid oxygen propellants for the mission. In order for SpaceX to meet its
schedule for a manned mission to Mars by 2024, it plans to launch the first cargo mission to Mars in 2022. This
initial cargo mission(s) is intended to confirm the necessary water resources and establish the initial power,
mining, and life support infrastructure for the subsequent manned mission. As such, it is assumed that the cargo
mission would also transport a small propellant plant that would establish the feasibility of producing the
necessary propellant for the return trip back to Earth.
Note: To determine the mass of propellant required for a mission, the concept of delta-v (∆v) is often used as
a measure of the impulse needed to perform various manoeuvres, in-space and landing. Delta-v is
proportional to the thrust per unit mass and the burn time, which sums linearly for all the manoeuvres
required by a mission – see earlier discussion entitled Path to Mars for more details.
In part, the first stage of the Mars mission will be to get into Earth orbit, where the [∆v] will be supported by the
BFR boost stage. As such, the [∆v] required by the in-space Mars mission will be defined by the requirement to
launch the spaceship on an Earth-Mars trajectory, enter Mars's atmosphere, where some of the initial velocity
might reduce the [∆v] requirement using aerodynamic braking, although the final landing will necessitate the use
of engine propellant. However, we might simply attempt to summarise the scope of SpaceX’s space missions in
terms of the following diagram.
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In many ways, the potentially disruptive nature of the SpaceX plan is rooted in lowering cost by increased
re-usability. However, there is also considerable innovation going into all aspects of this mission plan, which can
reduce costs and improve the turnaround time between launches of reusable first-stage rockets and second-stage
spaceship.
•

First-stage launch vehicle
While the BFR is often described in terms of a future Mars mission, the scope of its design and development is
orientated towards becoming a general-purpose launch system that can be used on multiple types of mission,
i.e. launching satellites, servicing the ISS plus future manned Moon and Mars missions. In this respect, this
range of missions can earn SpaceX the necessary revenue needed to fund its longer-term research and
development programs. As of 2017, the BFR stage will be powered by 31 Raptor engines and while it needs to
be highlighted that these engines are still in development, preliminary testing has taken place and production
appears to be gearing up – see YouTube video for 2018 update.

•

Second-stage Spaceship
The spaceship section is intended to be capable of supporting manned missions to other planets, e.g. Mars
and the Moon. The design of the spaceship is based on a carbon-fibre structure propelled by 4 Raptor engines
and 2 vacuum engines used for retro-propulsive landing of the spaceship. The spaceship carries the mission
payload of crew and cargo, which might eventually rival the capacity of an Airbus A380 airplane, the world’s
largest passenger airliner. The Mars transit configuration might eventually support a configuration with 40
cabins, where each might accommodate 2-3 people and suggest a possible maximum crew of 100, although
the initial Mars or Moon payloads might be dominated by cargo to support the infrastructure of subsequent
manned missions.

•

Propellant Tanker
One option of the BFR spaceship configuration is to act as a propellant tanker or satellite delivery spacecraft.
The tanker configuration would be used to deliver the propellants into a low Earth orbit required by deeper
space missions, e.g. Moon or Mars. A key part of the SpaceX strategy is to radically decrease the cost of
spaceflight to beyond-Earth-orbit destinations by limiting the need to carry sufficient fuel onboard for the
complete round-trip mission. So, in addition, to the Earth-orbit tank fuelling a spaceship for the journey to
Mars, early missions might also transport a small propellant plant as a part of the cargo payload, which could
produce enough fuel for the return trip.
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While there is more than a degree of speculative ambition surrounding the feasibility of SpaceX’s Mars mission
plan, both technically and in terms of the proposed timeline, a private corporation now appears to be setting the
agenda for future space exploration.
But what is the reality of such a plan?
SpaceX has estimated that NASA’s traditional approach, in the form of the Apollo programme, would cost in the
order of $10 billion per person for the Mars mission. Based on the cost reduction outlined, SpaceX believes it can
reduce this cost to $200,000 per person, which at face value is a cost reduction by a factor of 50,000. However, the
financial feasibility of SpaceX plans may all depend on whether the BFR development can earn revenue from
paying customers for a range of missions as outlined. In this respect, SpaceX, and any other private company, will
probably have to remain financially viable through the earlier stages of its longer-term development plans,
although possibly initially funded by the personal wealth of a few individuals. However, in pursuit of the goals of
the US National Space Policy, NASA is now seed-funding many of the space developments within the private
sector, which it hopes will not only lead to lower cost but lead to education and job growth in the science and
engineering sectors. Such developments may also lead to a renewal of US economic growth as capabilities for new
space markets are created and developed. This public and private collaboration may also circumvent the historic
stop-go interference of the US executive in NASA’s long-term strategic plans, which has possibly led to a degree of
risk aversion when being so dependent on public funding.
How might we quantify the risks involved in ever deeper space mission?
As per previous calculations, see Path to Mars, each leg of the journey to Mars, and back again, could take in the
order of 250 days. During this time, the crew would be exposed to the problems of long duration space flight, e.g.
radiation and low gravity. However, with the help of in-orbit refuelling, SpaceX might be able to reduce the transit
time to below 80 days, which would significantly decrease these risks in space, although there is still the risk
associated with long-terms stays on Mars itself. While there are many obvious risks in such plans, more than
200,000 people signed up for selection for the rival Mars-One mission to create a permanent human settlement,
which might suggest that there would be no shortages of volunteers for any future SpaceX mission. Of course,
there are obvious increasing risks with ever deeper space missions lasting years and covering hundreds of millions
of kilometres, when compared to the 7 days and 750,000 kilometres roundtrip to the Moon. In this respect, the
following bullets simply outline a few of the more obvious concerns.
•

BFR launch failure
As outlined, any SpaceX manned mission to Mars must start with the crew sitting on top of one of the biggest
launch systems ever built with possibly only a limited number of previous real-world tests. It might also be
estimated that 75% of the BFR 4,400,000kg launchpad mass will be in the form of an explosive fuel, where the
safety of the crew will depend on the fault-free functioning of numerous parts and multiple sub-systems.

•

Radiation exposure
When NASA sent the Curiosity Rover to Mars, it found that the one-way trip alone would expose unshielded
astronauts to an extra 0.3 sieverts of radiation, equivalent to 24 CAT scans. That is 15 times the annual
radiation limit for workers at nuclear power plants and while not fatal, a 1 sievert is associated with a 5.5%
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increase in cancer risk and 8 sieverts can kill. However, the Sun might erupt at any time and produce far more
powerful solar flares, which might pose a real risk to the crew and the systems on which their lives depend.
Radiation risks will also persist on Mars as the planet has no ozone layer and a weak magnetic field, such that
the surface experiences far higher levels of cosmic rays and UV rays. However, the experience with Curiosity
suggest that a 500+ day stay on Mars might account for another 0.3 sieverts.
•

Failure of the Mars Lander
When the Curiosity rover arrived at Mars, it had a velocity of 21,000 km/h, which in 7 minutes was reduced to
zero in its soft-landing. As any future lander descends into the Martian atmosphere, it may have to use a series
of retro-rockets in order slow and then land safely on the surface. While the atmosphere of Mars is much
thinner than Earth’s, atmospheric friction may still heat some lander surfaces to 1,700 oC. To-date, most
missions to Mars have failed before or at this stage, even with relatively small landing payloads. So while the
soft landing system of the 899kg Curiosity Rover in 2012 was a great success, it was also very complex. This
system was guided by small rockets on its way towards the surface and then slowed by a large parachute. As
the spacecraft lost speed, rockets fired again, controlling the spacecraft's descent until the ‘sky crane’ finally
lowered the rover to a soft landing. The SpaceX mission would possibly be planning to soft-land about
13,600kg on Mars, i.e. an increase of a factor of 15.

•

Effects of zero and low gravity
The human physiology has evolved to meet the demands of Earth [1g] gravity and it is known that bones and
muscles can atrophy in zero gravity. Astronauts on the ISS have to exercise for two hours per day to prevent
muscle loss, but their bones still lose calcium over time, which does not recover until returning to Earth. At
this point, the effects of Mars gravity [g=0.38] is not really known, especially for long-stay 500+ day missions.
However, the trajectory model previously outlined suggest a total mission time in the order of 2.5 years, which
involves both zero and low gravity environments.

•

Dependency on man-made life support systems
These systems have to supply the necessary air, water and food for all crew members for the entirety of the
2+ year mission and possibly much longer in future missions. While much experience has been gained with the
ISS mission since its initial launch in 1998, its proximity to the Earth mitigates much of the risk associated with
any failure in its life support systems due to an accident rather than necessarily any internal failure.

•

Psychological effects and risks
We might realise that the Mars manned mission would be the first venture into deep space, where the option
for a quick emergency return to Earth due to any system failure or serious health emergency of any member
of the crew would not be possible. So while there have been simulations of Mars missions of over 500 days on
Earth that were successful, the psychological pressures were presumably very different.

However, there is one other risk, beyond all the technology-dependent risks, which we might define in terms of a
competitive element between different national space agencies, which might now be further compounded by
private corporations within the ‘race to Mars’. As might be seen in the ambitious SpaceX plans, much may rest on
who can get to Mars first, which may introduce the risk of short-cutting a more risk-adverse stepwise approach,
where practical experience of long-term missions and the technology on which they will depend might be first
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gained with missions closer to the Earth, i.e. the Moon. However, we might simply attempt to characterise a
pioneering attitude that wants to make quicker progress in space exploration than has occurred over the last 50+
years.
Globally, each year, 1.25 million people are killed on the roads, we still drive cars. Many jobs on Earth also
carry risks similar to a Mars mission and thousands are subject to these risks every day. However, we often
appear reluctant to accept similar risks on any space mission. As such, the concerns and issues raised against
any manned missions to Mars is a reflection of risk aversion that has developed in so many aspects of
today’s society. However, such risk aversion cannot necessarily be allowed to stop future progress, which
may become such a critical component of human evolution.
1.1.3.5.5

Life Support Systems

While any manned mission into the vacuum of space will require some form of reasonably sophisticated life
support system, the idea of longer-term missions leading towards the potential goal of off-world colonisation will
require much additional research and development. Again, we might use the idea of a manned mission to Mars as
the initial benchmark for more advanced life support (ALS) systems, which may start to address the longer-term
requirements for air, food, water and energy. Even the initial manned missions to Mars may require over
100,000kg of equipment, which might have to be multiplied by a factor of 10 in terms of the total amount of
ancillary equipment lifted into low Earth orbit (LEO). However, such long-term missions cannot rely on recycling
resources forever in a closed system, such that the discovery and exploitation of in-situ resources, such as water,
air in the form of composite gases and alternative sources of energy will probably be a priority. In this respect the
life support systems developed for the ISS might only be described as the first-generation of ALS systems, which do
not have the scope, longevity or reliability required by longer-term missions to other planets, such as Mars. The
following diagram outlines the general scope of the ISS Environmental Control and Life Support System (ECLSS).

However, it is hoped that the ISS ECLSS might be extended to meet the initial requirements of a small manned
Mars mission by extracting resources on Mars in order to create a habitable living environment for the crews on
the early exploratory missions, e.g.
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•

Electrical energy can be generated by deploying of thin film solar photovoltaic panels, which are flexible
enough to be rolled up for compact transportation to Mars.

•

Water can be created by heating of water ice found in the Martian soil. When the water condenses, a portion
will be stored, while the remaining portion can be used to produce oxygen.

•

Nitrogen and argon gas can also be extracted from the Mars atmosphere and injected into the habitable space
as the inert gas components of air, where 80% is nitrogen.

Within this upgraded life support system, the living habitat used by the crew will be connected to the ALS system,
which will then provide the necessary oxygen, nitrogen, and argon to create a survivable atmosphere and the
necessary water purification and removal of waste gases, e.g. carbon dioxide, from the atmosphere.
But what is the current state of the next generation of ALS?
Despite the implied optimism of extended ECLSS outlined above, all the components of an ALS system are still in
the relatively early stages of research and analysis, which is based on limited experimental data, such that the
reliability and lifetime of these systems is uncertain. There is also some reservation that much of this research
might be optimistic or limited in scope when translated into off-world situations, which may require considerable
margins of error in terms of spares and fail-safe backup in-order to handle unplanned events, e.g. accidents, where
the return to Earth is some 6-8 months away. In this respect, the initial estimate of 100,000kg might easily have to
be doubled, such that an ALS system will represent a significant mass cost and risk to any manned mission, which
may initially prove to be a ‘show-stopper’ to any initial ambitions for large-scale off-world colonisation. Of course,
some may see this position as overly pessimistic based on the assumption that technology is already on the way to
providing the necessary solutions to all the perceived problems, albeit very much dependent on both time and
money. However, longer term stays on Mars will require more than basic survival and will need to factor in all the
potential health risks associated with zero and low gravity environments on the human metabolism.
So might we try to quantify the requirements of an extended ALS system?
While we have already defined the initial scope of any basic ALS system requirements, i.e. air, food, water and
energy, we might reasonably add a number of more sophisticated requirements to this list:
•
•
•
•
•

Human Habitat Systems
Environmental Control Systems
Monitoring, Safety and Emergency Systems
External Activity Systems
Health and Emergency Systems

While this discussion will not attempt to detail all the issues, each of these sub-system elements have to be
maintained within an overall ALS system, which maximizes recycling of all waste products, but also monitors for
any contaminants in the various systems and is capable of removing them to some accepted level. In this context,
an ALS system will have to handle the scope of all waste products associated with a manned mission, e.g.
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product packaging, clothing, paper, grey water, faeces, urine
and other bodily wastes, inedible biomass and wasted food,
In addition, the complexity of these issues needs to be defined for each leg of the mission, outbound journey, the
stay on Mars and return journey to Earth. For we might recognise that the system requirements for each leg might
differ both in terms of the environment and duration, such that each will have a distinct goal for recycling some
specific resources, e.g. air and water, in the absence of any in-situ alternatives. However, while any under
estimation could be life threatening, any over estimation might lead to unnecessary mass that would affect fuel
requirements. This said, NASA has recently outline a plan called the ‘Mars Ice Home’ that would be an inflatable,
inner-tube-like compartment, which when inflated would be covered with a thick sheet of protective ice, as
illustrated below.

The materials of the Ice Home will be designed to withstand many years of use in the harsh Martian environment,
including ultraviolet radiation, charged-particle radiation, as well as dust storms. It will also be designed to be
lightweight to minimise the payload mass and be deployed using simple robotic drones, then filled with water
before the crew arrives. The next illustration provides a little more technical detail.

But why do we need life support systems?
While this might initially appear to be a rather stupid question, as any ALS system is clearly required to keep the
crew alive while on Mars or in-transit, it is actually alluding to a different question:
Why do we need to send people to Mars?
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We already know that we can send unmanned missions to Mars, e.g. Curiosity Rover or InSight Lander, to
undertake important exploratory work before we necessarily send people. We might also assume that an extended
manned mission to Mars might be preceded by several robotic missions that establish and test some of the key
ALS systems, as well as the small system needed to produce the propellant for the return trip to Earth. However, in
terms of a competitive ‘Race to Mars’ between nations and possibly private companies, there may be a temptation
to shortcut the number of preliminary unmanned missions in order to go down in history as the first manned
mission to Mars. Equally, if we put the issue of long term colonisation and the idea of having a backup plan for
planet Earth to one side, we might also consider that we will probably send people into space and other worlds for
two other more basic reasons. First, simply because of the desire to learn about the wider universe and, second, a
growing economic necessity to exploit resources beyond Earth. In this respect, the goal of any future manned
mission to Mars will not be to just sit inside the relative safety of the main habitat supported by the ALS system,
but rather to extend the scope of the ALS systems to allow the crew to enter and move around a variety of
external environments, either for exploration or repair missions. These external missions will require both
individual survival suits and vehicles, possibly for in-space and on-Mars exploration, which will add to the mission
payload and its overall complexity. We might also realise that these exploratory missions will not be sight-seeing
expeditions, but rather part of some discovery program, e.g. scientific or commercial in scope, which will also
require more equipment to be added to the mission payload.
So will we send people to Mars?
Clearly nations and private companies have now set their sights on Mars and return trips to the Moon, such that
we might reasonably assume that humans will renew their exploration of the solar system in the 21 st century with
increasing success and sophistication. However, all the previous discussions have deliberately focused on the
technical difficulties of such an undertaking rather than simply adding to the marketing hype before such
possibilities can be realised. This stated, it is believed that the exploration of space will be one of the most
important components of the brave new worlds being discussed. While still at an early stage, space exploration has
the potential to be a key catalyst for much technical innovation, which in-turn might reinvigorate and refine the
scope of a ‘global’ economy, at least, from the perspective of a few developed nations. However, humanity’s
physical exploration of the wider universe, even when primarily limited to the solar system, may not only
profoundly change the scope of the human ecosystem encompassing its social, economic and political institutions,
but the very nature of humanity. For while space exploration may result in the colonisation of ‘other worlds’, it
may be realised that these worlds are not really that suitable for long-term human colonisation given the
incompatibility of low-gravity, unbreathable atmosphere and incompatible temperatures. For within the solar
system, all planets and moons appear to provide no natural environment for humans to live outside of the
confines of an enclosed ALS habitat, such that they may only become locations where key resources can be
replenished when far from Earth. If so, large rotating space-stations may offer a better environment by simulating
Earth’s [1g] gravity, such that they may prove to be a better environment in which to live and explore space.
However, such speculation will require technology developments that extend beyond the 21 st century, but we shall
save the speculation on these issues to the final discussion entitled ‘A Future in Space’. However, before this, we
need to consider the increasing potential role of AI-telepresence systems in the context of future space
exploration.
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1.1.3.5.6

AI-Telepresence Systems

The previous discussion of ‘AI-Robotic Developments’ has already outlined the possibility of the Earth-bound
implications of artificial intelligence and robotic systems on human society. However, the application for
AI-telepresence systems in the harsh environment of space may be another area of future developments, although
we might reference an earlier discussion of NASA’s Robonaut as an initial example of one specific development.
Note: It is believed that the advances predicted in AI and computer processing in general will also transform
the ability of robotic systems of all shapes and sizes. As such, space exploration will be the beneficiary of
these developments, but may also act as a possible catalyst for further accelerated developments.
While the viability of a telepresence may depend on the quality of the real-time interface, e.g. visual and sound
quality, the issue of the interactive delay is possibly more important to the usability of this interface. We might try
to quantify the nature of this delay in terms of some potential space destinations.

Operation

Minimum
Distance (km)

Max
Distance (km)

Mean
Distance (km)

One-Way
Delay (s)

Two-Way
Delay (s)

Earth-Moon

3.565E+05

4.067E+05

3.816E+05

1.27

2.54

Earth-Mars
Earth-Jupiter
Earth-Pluto

5.500E+07
5.900E+08
4.436E+09

3.780E+08
9.700E+08
7.375E+09

2.165E+08
7.800E+08
5.906E+09

722
2,600
19,685

1,443
5,200
39,370

Even though the Moon orbits the Earth, the distance is subject to some variation, which is compounded when we
consider planets orbiting the Sun at different rates. In the case of the Moon, an Earth-based telepresence
interface, operating at lightspeed [c=3*108m/s], would be subject to a mean round-trip delay of 2.54 seconds.
However, the same telepresence interface between Earth and Mars would be subject to a mean round-trip delay
of 24 minutes (1443s), while the outer reaches of the solar system, e.g. Pluto, would result in a mean round-trip
delay in the order of 10 hours. While the implications of these delays will depend on the type of operation being
attempted, we might realise that a telepresence-controlled soft-landing on Mars may not necessarily be a good
idea given a 24-minute round-trip delay between an event happening on Mars and a telepresence-initiated
response from Earth. In this context, we might perceive the growing requirement for real-time action to be
initiated by a collocated AI-robotic system on Mars, although the idea of telepresence might still be pursued, in
conjunction with AI, if the control centre was much closer, i.e. in orbit above the Martian surface.

Orbit Type

Mean
Distance (km)

One-Way
Delay (s)

Two-Way
Delay (s)

Low-Orbit
Geo-Orbit

1,000
20,000

0.003
0.067

0.007
0.133

Without necessarily being too accurate about the distances assigned to a low-orbit and geostationary orbits
around Mars, it is clear that the problem of latency between event and response can be minimised if the
telepresence control centre is located as near as possible to the device being controlled. In principle, both these
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orbits fall within a somewhat arbitrary response latency of 0.25 seconds, where the delay starts to become
increasingly noticeable to a human operator.
But will AI not simply supersede the need for telepresence control?
While this review process has accepted the probability of AI’s increasing ability to act autonomously, both in scope
and sophistication, it has been more circumspect about the timescales involved. If the 21 st century sees a renewed
interest in space exploration for both scientific and commercial reasons, then it is highly probable that some will
continue to argue for a human presence in this process. However, the return on investment (ROI) of many future
missions may become increasingly dependent on reducing the cost of human life support systems in favour of
AI-robotic systems, whenever possible. In this respect, a space-station with ALS systems located near the target
destination may offer the additional ability for human telepresence control and near real-time exploration with
reduced risk to a small crew. In this context, combining advances in virtual and augmented reality interfaces with
AI-robotic systems may provide an optimal and cost-effective solution for some considerable time to come, e.g.
next 100 years.
Note: Some aspects of space-station design will be considered in a little more detail in the final discussion
entitled ‘A Future in Space’, where the focus will be on simulating gravity in support of long-term missions in
space. However, it is believed that the sophistication of any ALS habitat will be a stepwise series of
developments that will take time.
Robotic systems designed for space missions have long been able to control
certain systems, e.g. power usage, which is now being augmented with
increased AI autonomy to determine what data is collected and analysed and
send back to Earth without any human input. For example, in July 2016, the
Mars Curiosity Rover had been roaming the surface of Mars for more than
1,400 days, essentially under the control of the NASA team on Earth. However,
a software update called AEGIS (Autonomous Exploration for Gathering
Increased Science) now allows the rover to autonomously select the rock
samples for study. The AEGIS system is able to recognize bedrocks of interest,
which has a 93% alignment with human decisions, which circumvents the
roundtrip time delay between Mars and Earth.
Where are such developments heading?
Today, planet Earth is being orbited by an increasing number of semi-autonomous AI-robotic satellite systems,
which are able to automatically recognise changes in the Earth’s atmosphere, oceans and land masses. For
example, these systems can analyse images in real-time, such that they can detect unusual events like an erupting
volcano, fires or flooding and then raise an alarm and collect further detailed images and data. We might recognise
that for AI autonomous systems further from Earth, not waiting for a human command makes it possible to study
short-lived phenomena like dust devils on Mars or the gas jets erupting from a comet. As such, AI systems with all
manner of robotic extensions open up the possibility for new capabilities to explore distant planets, moons and
asteroids for both scientific and commercial reasons.
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Will AI-robotic systems be the pioneers of space exploration?
There is an adage that you can always spot pioneers by the arrows in their backs, which we might simply translate
to mean that exploration can be very dangerous. In this respect, autonomous AI-robotic system with telepresence
observation with the possibility of control override may prove to be the optimal balance between risk and
discovery. For, in practical terms, there is no off-world destination within the solar system where humans can
survive without being physically separated from an ‘alien environment’ that would kill them in seconds. As such,
telepresence observation via an array of AI controlled robotic systems designed to experimentally interact with the
‘alien’ environment in question may actually prove to be a far more effective form of exploration for both scientific
and commercial missions.
Might a virtual reality interface help augment physical reality?
Today, we generally understand virtual reality in terms of a system where a user may interact with a
computer-generated environment, both 2D and 3D in scope. However, the immersion within this environment can
also be considerably enhanced using 3D goggles and specially designed gloves that allow interaction with objects
within the simulation. Of course, in the case of space exploration, the environment would be based on potentially
real-time stereo vision feeds from the AI-robotic systems, where the gloves might control some equivalent robotic
arms and hands. In addition, the AI-robotic system might be equipped with all manner of sensors and probes that
would far exceed all human senses, where the additional data being collected might also be overlaid onto the
visual interface as augmented data, e.g. temperature and atmospheric composition. We might also imagine that
these on-surface systems might not be physically restricted to walking at human pace, especially in difficult terrain,
but could rather fly around large areas and monitor the environment below across the entire electromagnetic
spectrum. Of course, this experience could be transmitted back to Earth and subject to further in-depth data
analysis, such that the physical presence of humans in alien environments to which they are ill-suited may quickly
become a non-issue. However, the issue of delay latency in this
form of real-time telepresence exploration may not circumvent
the need for people to be collocated near the mission, which
returns us to the issue of long-term habitats in space.
1.1.3.5.7

A Future in Space

In many ways, the idea of deep-space exploration in the 20th
century remained the stuff of science fiction rather than the
reality of engineering. For this reason, the overall discussion of
space developments has deliberately tried to remain pragmatic
about what might realistically be achieved in the next 100 years.
This said, it is believed that space developments will be the
subject of much more attention in the 21st century, although possibly increasingly driven by commercial
considerations. In part, the problems associated with the propulsion systems needed for launch, in-space
transportation and landing on distant worlds can still only be solved by 20 th century technology, i.e. chemical
rockets, albeit improved by 21st century engineering innovations that may dramatically help with cost reduction by
making these systems reusable. However, while present-day propulsion systems may not be ideal, they have
proved themselves capable of taking the next step towards ever deeper space missions, although subject to one
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key caveat, i.e. onboard fuel. To-date, the scope of deep-space missions has been limited by the need to carry
propellants onboard the spacecraft, although the description of the SpaceX Mars mission might suggest a possible
solution by producing the propellent needed for the return journey in-situ on the surface of Mars.

However, over the long-term, research now suggests that the necessary materials may also be collected from
other objects in space, i.e. asteroids, which could reduce the mass of the propellant needed to be launched from
Earth and carried throughout the mission. If such processes can be developed, then the continued use of chemical
rockets may not be a major stumbling block to deeper manned space mission in the near future, although the
power requirements to run an increasing number of complex processes, e.g. Advanced Life Support (ALS) systems,
might still be questioned.
But surely solar panels can provide the power for further space missions?
The quantity of energy received at some radial distance from the Sun is driven by an inverse square law. In Earth
orbit, at 1AU from the Sun, about 1400 watts of power can be received per square metre (W/m2), although the
current efficiency (20%) of solar panels might reduce this figure to 250-300W/m2. Of course, deeper space
missions to Saturn, which is nearly 10AU from the Sun, would only receive about 14W/m 2, which would also be
reduced by the 20% efficiency to possibly less than 3W/m2. On the Juno mission, a 45m2 solar array produced
9.6kW or 213W/m2 at 1AU, but only 414watts or 9.2W/m2 at 5.5AU. We might also have to factor in that solar
panel efficiency may decrease with time, especially if exposed to strong solar radiations and cosmic rays, plus be
subject to a loss of power in the shadow of any celestial body, e.g. planets and moons, such that significant energy
storage might be required.
Note: Today, the largest structure in space is the International Space Station (ISS), which can house between
3-6 people and uses about 80kW for normal functions. This power is provided by huge array of solar panels
covering some 2400m2, which would have to be extended by the inverse square law, if operated further from
the Sun. If we divide 80kW by 6 people, i.e. 13.3kW, it might be seen as comparable to the power usage per
capita in the US. Therefore, if some future space-station were positioned at Saturn with a crew of 60, the
solar panels would need to be increased by a factor of 1000 to 2,400,000m 2. So, while solar panels may
provide the power solution for initial exploration, it is unclear that they are necessarily capable of supporting
any industrial expansion into space along with an increasing human population.
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What other alternatives might be considered?
While energy can be sourced in many forms, we might restrict the alternatives to those that can most readily
produce the electrical energy needed to power all the onboard systems. On Earth, electricity is usually produced
within centralised power stations by electro-mechanical generators, primarily driven by heat fuelled by fossil
combustion or nuclear fission, although other means such hydro-electric and wind turbines are used along with
solar photovoltaics and geothermal power – see Energy Developments for further details. However, we might
immediately recognise that some of these options are not realistic onboard a spacecraft, where power will be
critical to maintain ALS systems and other essential processes. As a generalisation, the power systems onboard
present-day spacecraft make-up about 30% of its mass sub-divided into three distinct facets of operation:
•
•
•

Power generation
Energy storage
Power management and distribution

Ideally, these systems will need to have low mass, long life and high energy-density, as well as being extremely
reliable. However, in the future, these systems will not only have to provide the energy needs for all onboard
systems for the duration of the mission, possibly measured in decades, but become increasingly capable of being
deployed to support developing commercial and industrial processes, both in space and ground stations. If we
extrapolate this expansion process into the future, we might envisage a space-station or ground station growing in
size and housing thousands of people on a permanent basis. By way of an example, if we take the figure of 10kW
per capita, then a Mars station with a population of 1000 will a require a 1MW power source, but where the
average wattage from the Sun falls from 1362W/m 2 to 490W/m2 due to the inverse square law. Based on today’s
technology, this would require about 22,000m2 of solar panels, i.e. approaching 40,000 in number, and a
considerable energy storage facility for backup.
Note: At this stage, it is unclear that there is an obvious short-term solution to the future power
requirements of large space-stations and extended ground-stations encompassing both commercial and
industrial operation as well as large human populations. However, it might be speculated that nuclear
power plants combined with rechargeable fuel cells may become the most obvious path of development.
Having alluded to some future space developments, while still highlighting the many problems to be overcome, we
might now indulge a little more in far-reaching speculation. However, while acknowledging the speculative nature
of the following discussion, the following video might be initially referenced as it suggests that some present-day
companies are already working on some of these ideas – see Three Companies Developing Game Changing
Technologies. However, while accepting the direction of progress, some caution is still required in assessing the
timescales between deployable technology and, as yet, an unachieved visions of some possible science future.
Note: It will be argued that ground-stations on other worlds may not be the preferred choice for long-term
human habitats, but rather space-stations in orbit or simply collocated at some convenient point in space as
a way-station to deeper space missions. While it is accepted that ground stations will be developed, it is
suggested that these stations might be likened to commercial oil-rigs, where a crew goes to work rather
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than to live permanently. The main arguments for this prediction is cost-effectiveness and the simulation of
gravity necessary for longer-term human well-being.
The previous video made reference to the plans of the Gateway Foundation to build a space-port, which
present-day technology might envisage as being something closer to the science fiction of Kubrick’s film 2001: A
Space Odyssey. This rotating spaceport would be 488 metres wide
and 86 metres deep and support a crew of 150 and 1250 guests. By
way of comparison, the size of the present-day ISS space-station is
shown in the inset, where most of this size is taken up by the 45m 2 of
solar panels. While the details of this space-port design are not the
focus of this discussion, we might use it as a yardstick by which to
judge how this science future may be realised and why.
Why space-stations and not ground-stations?
It has been suggested that space-stations, rather than
ground-stations on the Moon and Mars, might be the preferred
option for long-term human habitats. This suggestion is based on two
primary considerations, i.e. cost and gravity simulation. While no estimate of the total mass of the gateway
space-port (GSP) can be found, we might use the known mass of the ISS at 400,000kg as a comparative guide in the
scaled diagram above. If we assume that the GSP spaceport is, at least, 1000 times more massive than the ISS and
the biggest launch vehicle, i.e. the BFR, has a lift capacity of 150,000kg, then we might estimate the need for some
3000 launches just to get the materials into space, let alone all the ancillary equipment needed to build it.
However, while lifting all this material into space might appear a daunting task, it is technically feasible given
enough time and money, but raises the first objection to ground-stations.
Why add to the cost and complexity by moving all the materials onto the surface of the Moon or Mars?
While some ground-stations may be required for commercial and industrial missions, it has been argued that over
time most of the operational tasks could be performed by AI-telepresence robotic systems overseen from a
geostationary orbiting space-station. If so, the costly ALS systems required for human habitation could be confined
to the space-station and avoid the cost of lifting all the materials required down to the surface. In addition, an
orbiting space-station could support multiple ground-station operations, while the crew could enjoy much better
living facilities, inclusive of Earth-like gravity to mitigate the known health problems of extended time in
zero-gravity. At this time, any crew on the ground-stations on the Moon or Mars would have to cope with 11% and
38% Earth gravity respectively, which a rotating space-station could negate. Artificial gravity onboard a rotating
space-station might be conceived in terms of an inertial reaction to the centripetal acceleration that acts on a body
in circular motion, which can be quantified in terms of four parameters:
•
•
•
•

Radius [r] from the centre of rotation
Angular velocity [ω] or spin rate.
Tangential velocity [v] or rim speed.
Centripetal acceleration, where [a=g] is the gravity factor.
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We might initially quantify these parameters in terms of Newton’s 2 nd law and show the relationship between the
tangential velocity [v] and the angular velocity [ω]:
2

[1]

Force [F ] = ma = m

( r )
v2
=m
= m2r
r
r

However, our primary interest is the relationship between the angular velocity [ω] and the acceleration [a], which
we want to quantify in terms of [g=9.81m/s2], such that we can equate the parameters to Earth’s gravity.
[2]

g = a = 2 r   =

g
r

Now there are obviously many solutions to [1] and [2] that can produce the required simulation of Earth’s gravity
[gE=9.81m/s2], which translate to very different values of angular velocity [ω] that may not meet the overall
requirements of an acceptable simulation of gravity that humans can survive long-term. However, the first solution
highlighted in the table below corresponds to revolutions per minute falling below a value of 2, which is consider
the maximum permissible before the rotation becomes problematic to long-term human habitation.
gE
9.81
9.81

rA
1
10

rads/sec
3.132
0.990

revs/min
29.909
9.458

v=ωr
3.132
9.905

v(km/h)
11.276
35.656

9.81
9.81
9.81
9.81

100
250
500
1000

0.313
0.198
0.140
0.099

2.991
1.892
1.338
0.946

31.321
49.523
70.036
99.045

112.755
178.282
252.129
356.564

From [2] we might see that [g] is directly proportional to the radius [r] and while the table shows a consistent
simulation of [1g=9.81m/s2], the corresponding angular velocity [ω] differs by a factor of 30 over the radius range
shown. However, experiments suggest that the human physiology is stressed when the angular velocity [ω] is too
high. If so, the table suggests the need for a minimum radius of 250 metres, which would correspond to an angular
velocity of [ω=0.198 rad/sec] or 1.892 revolutions/minute. While this
dimension is somewhat larger than the envisaged Gateway spaceport, the
centrifugal simulation of gravity might still be achieved with a simpler
rotating space-station, which only has a limited number of habitat cabins
attached to rotating arms. In this design, the rotating arms would be part
of a spaceship with a propulsion system that could move between
different destination, which might also make it far more cost effective, if
the costs could be amortised over multiple missions linked to commercial
or industrial enterprises.
So how might such developments come to affect the human ecosystem?
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As implied, the future of space developments in the 21st century might become increasingly driven by the
commercial or industrial rationale to return a profit rather than the more idealistic notion of ‘boldly going where
no one has gone before’. However, there is possibly a more profound implication that will emerge over a longer
period of time, which might be seen as analogous to the initial colonisation of the Americas by early British, French
and Spanish expeditions. While these colonies initially started out being tied to the dictates of some far away
authority, they ultimately sought to independently govern themselves as autonomous communities. In this
context, we might envisage a time when space-stations might grow in scope to resemble an autonomous
‘city-state’ that is no longer dependent on its home planet, i.e. Earth, for resources and may therefore seek to
independently determine its own future, irrespective of who originally financed the development. If you follow this
line of speculation, it might be realised that space-cities might develop their own form of economic and political
governance, such that their social norms may also start to diverge from Earth-bound society. However, there is
another factor that might be particularly unique to the development of future space-cities in which people
eventually live long-term. While this factor might first be introduced as a form of ‘natural selection’, we might
realise that people who choose to live their lives in some future space-city may be selected on the basis of certain
abilities and traits, e.g. intelligence and physiology. If so, the gene pool within these future space-cities might be
statistically quite different from the outset and may only diverge further from the norms of Earth-bound society, if
they accept some of the ideas outlined in terms of Hybrid-AI; the implication of which was outlined in terms of the
earlier discussion entitled ‘The Genetic Endgame’.
Note: In many respect, the future of space exploration and associated developments to facilitate permanent
off-world settlements have potential implications that extend far beyond the technology evolutions outlined.
Possibly more than any other technology discussed, a potential form of ‘natural selection’ may take place
that separates different section of human society in terms of ability, which may become established in a
localised gene pool, such as a space-city with a relatively small population. However, it is clear that all the
technology developments in this section have the potential to change human society in very profound ways,
which will now be taken up in the next discussion entitled ‘Social Evolution’.
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1.1.4 Social Evolution
In an earlier section of discussions entitled ‘Catalysts of
Change’, the discussion of ‘Social Catalysts’ followed the
introduction of technology, economic and political
catalysts. For, in many ways, changes in social attitudes
are often an effect caused by more powerful changes in
the human ecosystem. However, in this section of
discussions, the idea of social evolution is immediately
positioned after the preceding discussion of potential
technology evolutions. For it is possible that the various
technology evolutions previously outlined may lead to a
profound change in the nature of humanity, which may
then cause equally profound changes in economics and
politics around the world.
What might cause this chicken and egg reversal?
While accepting that there is much uncertainty surrounding any predictions concerning some brave new world that
may await future generations, history suggests that the inequality of fortunes across the entirety of the global
population is unlikely to disappear any time soon. In fact, there is a distinct probability that inequality will increase,
not only in terms of wealth, but more importantly in terms of ability. This increase in ability will possibly be
reflected in both physical and mental enhancements attributed to genetic manipulation of the human genome
plus additional augmentation associated with AI and prosthetic extensions of the human physiology, i.e. body and
mind. While this inequality may initially remain anchored in wealth and the opportunity to access the technology,
inequality could be further extrapolated by the possibility that enhanced sections of humanity may have a
profound advantage over other sections of the population depending on only a vague notion of natural evolution.
Note: While the scenario suggested above is far from certain, it is possible that we might see the seeds of
this future in the world today in the concept of IQ and the Wealth of Nations. The link makes reference to a
2002 book that argued that not only does the IQ of an individual act as an indicator of future income, but
the average IQ of a nation is also an indicator of future wealth. However, the controversial aspect of this
book really lay in the suggestion that different ethnic groups have different average IQ levels.
While controversy surrounding the book referenced above needs to be put in context, it is assumed that most
people will accept that a person’s inherent intelligence can be a great asset, which might then be used as a general
indicator of future success. Of course, in this respect, the concept of IQ as a measure of intelligence also needs
some clarification along with a recognition that intelligence, in isolation, is no guarantee of success. However, with
these initial caveats highlighted, it might be accepted that statistically, people with a higher IQ may fare better
than people with significantly lower IQ, especially in term of the future being suggested. If so, social evolution
might become increasingly stratified by ability, e.g. cognitive and physical, such that the focus of this section of
discussion will pursue this idea as the primary catalyst of future social change. Therefore, we might start this
discussion by referencing the following chart as a general characterisation of the stratification of ability by
cognitive intelligence.
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However, we possibly need to make some further justification of the implied assertions in the chart above that IQ
is an accurate measure of human intelligence and that intelligence is then a reasonably accurate indicatot of
employment potential. Of course, this also requires us to clarify what is meant by intelligence and any method by
which it might be measured.
Note: Before attempting to discuss the complexity surrounding such issues, it might be highlighted that the
bell curve or gaussian function being used to quantify IQ distribution are only a statistical measure within
some given population and, as such, cannot be used to prejudge where specific individuals might sit within
the value range. This upfront clarification is possibly necessary before discussing the idea of the average IQ
distribution within any ethnic group.
Given the concern expressed above, we might continue with a relatively uncontentious chart that apparently
shows the IQ distribution of men and women. Here, the statistical measure suggests that women have a slightly
higher and narrower distribution of IQ than men and while any specific man or women may sit anywhere along the
respective curves, there is a probability difference between the genders in a similar fashion as if we were to
consider height or weight.

Of course, trying to explain why this difference exists and what it means in the broader context of any society is
more complex and while it requires an honest debate of different ideas, it should not be biased by prejudice or
ideology. Again, this point has to be highlighted as the notion of ‘political correctness’ can often bias or skew the
discussion of legitimate issues towards an ideological assumption rather than being weighted towards factual
evidence in as much as it may be known. On the basis of all the clarifications made in this opening introduction, we
shall continue the discussion of human intelligence and its implications on future social evolution.
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Historical Background
While the focus of the discussion of ‘Social Evolution’ is essentially
forward looking, the historical context in which the idea of
intelligence has been developed may still be informative. For this
history reflects considerable change in social attitudes in respect to
what might be inferred from the idea of intelligence in relation to
cognitive ability of an individual or wider group. The idea that
human intelligence might be measured, and therefore quantified,
has been the focus of much research since the 19th century, which
we might initially linked to Charles Darwin’s theory of evolution by
natural selection. While natural selection, encompassing the idea of
survival-of-the-fittest was historically grounded in more ‘physical’
attributes, it is being suggested that intelligence, both human and AI, may become an increasingly important factor
in the future development of society. By the early part of the 20 th century, the work of Charles Spearman and
Alfred Binet had started to lay the foundation stones of both a theory of intelligence and its measurement. In 1904,
Spearman published a paper on the factor analysis of intelligence, which led to the idea that human intelligence
could be correlated to a general [g] factor, which might be quantified by statistical analysis. In the same year,
1904, Binet started work on developing the first practical IQ tests, although the original purpose was only to find a
method of evaluating children who required, and would benefit from, special tutoring. However, it was Spearman
who noted a correlation between the measurement of IQ that appeared to suggest that people exhibiting higher
intelligence tended to do better than those exhibiting low intelligence across a broad spectrum of tasks. Again,
highlighting that this was only a statistical correlation, it still suggested that intelligence possibly describes an
inherent cognitive ability within the brain that might be linked to the g-factor and estimated in terms of a range of
developing IQ tests.
Were Spearman’s observation predicated on accurately measuring IQ?
While Binet’s original IQ tests were relatively simple in that they were only intended to assess the basic learning
abilities of children, the idea spread and their scope and sophistication continued to be developed. By 1917, the US
army was already using a form of IQ test to evaluate recruits for World War I, although the ‘IQ’ prefix only became
a more commonly used term over a number of years. At this stage, there was no contentious debates about the
use of IQ tests to assess people or the attempts to explain the process using an underlying theory of intelligence,
such that this research was consolidated into a new field of study called psychometrics, which is often associated
with psychology. However, over time, the implications of IQ tests did become increasingly controversial as certain
groups wanted to use the IQ scores of individuals and wider ethnic groups in order to forward their own eugenics
ideas. For the purposes of this discussion, we shall simply characterise the backlash to such ideas in the following
quote by Walter Lippmann:
I hate the impudence of a claim that in fifty minutes you can judge and classify a human being’s predestined
fitness in life. I hate the pretentiousness of that claim. I hate the abuse of scientific method which it involves.
I hate the sense of superiority which it creates, and the sense of inferiority which it imposes.

Mysearch Website

129

Copyright

2004-2018

BRAVE NEW WORLDS
Catalysts of Change

However, despite Lipmann’s viewpoint, the fact is that IQ tests have not only survived to this day but expanded
considerably in scope might suggest that many still believed that they measure something useful, which might
then be correlated with an overall cognitive ability. So, after the dark days of WW2 and the eugenics threat of
Nazism started to retreat from the public consciousness, the development of a wider range of more sophisticated
IQ tests continued. Of course, there were those working in the field of psychometrics who recognised that there
could be many social and political implications associated with any form of IQ-based selection. This was especially
true in the US, where the civil right movement was fighting the battle of inequality of black people and the
perception that this inequality was rooted in a limited access to better education.
Note: In many respects, much of the public debate surrounding the issue of intelligence is often
characterised in terms of the ‘nature versus nurture’ debate. However, within the fields of psychology and
psychometrics, this debate is usually perceived in terms of human intelligence; genetically inherited or
subsequently learnt. At this point, it is assumed that while most skills have to be learnt, different individuals
may have inherited a genetically higher cognitive ability that allows them to learn more quickly.
In 1969, educational psychologist Arthur Jensen was researching the question as to why certain government
funded social programs were not yielding the expected results. In his report, Jensen concluded that these
programs were failing because a high percentage of the participants had relatively low IQs and the success of most
of the programs were dependent on IQ, which he attributed to inherited genetics. However, the compounding
factor in the very negative reaction to this report was the suggestion that black communities had a historical
record of statistically lower IQ as an ethnic group, although not necessarily as individuals. Needless to say, in the
wider context of the time, such a conclusion was not only considered politically incorrect, it was branded as racist.
What effect did the negative reactions trigger?
In 1971, the US supreme court outlawed the use of standardized IQ tests by employers unless they had a proven
need for the job in question. In 1972, the US national education association demanded a ban on IQ testing on the
grounds that they could traumatised children before even completing elementary school, which was compounded
by the inference that all IQ tests were culturally biased. Later, in 1978, a US court ruled that it was unconstitutional
to use IQ tests to determine the most appropriate educational placement for certain groups of children, if the
results appeared biased against black children.
So was this the end of IQ test?
In a word: no. While the use of IQ test might have become more circumspect, we might realise that all educational
systems around the world still directly or indirectly assess the ability of children to learn. Within these educational
assessment tests, which may take the form of various examinations, a child then proceeds up an educational
ladder, based on a cognitive ability to learn, towards university and finally employment. Again, within this process,
it does not seem unreasonable to assume that some children may have genetically inherited more cognitive ability
than others, while still accepting that all may benefit in a relative way by having access to better education.
What is the state of research into intelligence today?
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Much of the research work in this area is now founded on increasingly sophisticated statistical analysis, which can
quantify the correlation of IQ with many other variables – see Introduction to Statistics by way of a basic primer.
However, Spearman’s theory of intelligence, based on the idea of general intelligence qualified in terms of a
g-factor, is still subject to ongoing research within the field of psychometrics. However, in 1983, Howard Gardner
forwarded another idea called ‘The Theory of Multiple Intelligences’ that included eight kinds of intelligences:
1) Visual-spatial intelligence, 2) Verbal-linguistic intelligence, 3) Bodily-kinesthetic intelligence,
4) Logical-mathematical intelligence, 5) Interpersonal intelligence, 6) Musical intelligence
7) Intrapersonal intelligence, 8) Naturalistic intelligence
In the same timeframe, Robert Sternberg forwarded an alternative idea called the ‘Triarchic Theory of Intelligence’.
This theory first tries to describe the internal function of intelligence, e.g. mapping sensory inputs into mental
representations after which conclusions may be inferred and skill acquired. Second, it considers the process by
which tasks can initially be learnt, but then subsequently require less conscious thought. Third, it addresses the
relationship between intelligence and how people function in the real world. However, rather than simply listing
ever more theories of intelligence, the reader might reference the previous link to a 7 minute Youtube video that
summarises some of the pros and cons of a number of theories and raises the issue as to whether we need to
make a semantic distinction between an intelligence factor and what might otherwise be called talents.
Note: Physical research of the brain suggests that the notion of intelligence is not located in a specific area,
but rather distributed throughout its structure, such that it would be influenced by a combination of
thousands of genes. However, while this might appear to support the idea of multiple facets, as per
Gardner’s theory, statistical analysis still appears to support a high degree of correlation in all these multiple
facets of intelligence, or possibly just specific talents, which may maintain the support for a g-factor that can
generally quantify the brain’s overall cognitive ability.
As outlined, there have been many debates on the nature of intelligence and what might be inferred by correlating
IQ scores with other factors. However, we might characterise the on-going scope and depth of this debate in terms
of two publications, which were both heavily based on the use of statistical analysis but were quickly perceived to
have far wider political and economic consequences that many simply dismissed as politically incorrect, if not racist
in their conclusions.
•
•

1994: The Bell Curve by Richard Herrnstein and Charles Murray
2002: IQ and the Wealth of Nations by Richard Lynn and Tatu Vanhanen,

The first of these publications argued that variations in general intelligence is a major and growing source of
inequality, which is linked to genetics. The second, possibly even more controversially, argued that differences in
national income can be correlated with differences in the average national intelligence quotient (IQ). While both of
these references are said to be based on statistical analysis, it is possibly worth not losing sight of the adage:
Lies, damn lies and statistics
While the ‘intelligence’ debate continues to this day, one aspect of the debate appears to have been subsumed
into the field of psychometrics, which has expanded from being a sub-field of psychology to now being as much a
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field of mathematics, which focuses on the statistical analysis of data and the correlations that can be quantified.
However, other aspects of the intelligence debate still continue in the field of psychology, but possibly subsumed
into the idea of ‘personality’, which is now described in terms of the semantics of the ‘Big-5 Personality Traits’
shown below.

While the scope of this research is not necessarily central to the discussion of social evolution, we might realise
that any aspect of the human condition, i.e. personality, might be a factor in determining any future direction, as
such we might simply outline the nature of these traits for further cross reference:
•

Openness:
As a generalisation, people with high openness are characterised as being creative, open to new things and
challenges and can deal with abstract concepts. In contrast, people at the other end of the openness spectrum
are characterised not liking change or new things, such that they resist new idea and may lack imagination and
find abstract concepts difficult. In this context, openness is often assumed to have a high correlation with IQ.

•

Conscientiousness:
Is a characteristic defined by thoughtfulness and goal-directed behaviours. As such, high conscientiousness is
associated with planning, prioritisation and working to schedule plus a tendency to be organized. On the other
side, we might see a dislike structure and schedules, such that things become messy and disordered.

•

Extraversion:
Is characterized by sociability, assertiveness and possibly heighten emotions. Such people may enjoy being the
centre of attention, engage in conversations, meeting new people and, as a result, have a wide social circle.
The opposite is essentially introversion characterised by a preference for more solitude, a dislike of small-talk
and being the focus of too much attention.

•

Agreeableness:
This personality includes attributes such as trust, altruism, kindness and affection. Such people will generally
be very social and have an empathy with others, such that they are often fulfilled when helping others. This is
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in stark contrast to the other end of the spectrum, which might suggest little interest or care for others and
their problems.
•

Neuroticism:
The final trait is characterized by sadness, moodiness, and emotional instability. Such individuals will be prone
to stress, worry and anxiety, which can potentially cause dramatic shifts in mood. We might simply describe
the other end of this spectrum as well-balanced and generally relaxed about what life might throw at them.

In part, this discussion has simply attempted to outline some the historic developments leading to the present-day
understanding human intelligence. How this might develop in the future is a much wider issue that will be explored
a little further in the next discussion.
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Cognition, Intelligence and IQ
In part, an initial argument has been made that the future of social evolution may well be predicated on
developments in genetics and AI, because these technologies may, over time, profoundly change the nature of
human intelligence by providing access to additional cognitive abilities. If so, the current measurement of IQ may
eventually require a logarithmic scale, rather than the current linear scale. For these additional cognitive abilities
may work on fundamentally different principles, which may facilitate an exponential increase in cognitive speed,
data storage and information retrieval. However, we will
start by making reference to an earlier discussion entitled
‘The Nature of Intelligence’ that encompassed a number of
related topics, which may still be relevant to this discussion,
although now possibly requiring some revision in light of
more recent research. However, this discussion will return
to what appears to be a recurring question:
What is inferred by the word ‘intelligence’?
With reference to the previous historic outline, we might
realise that many have attempted to articulate both a
definition and a description of the underlying mechanisms
that might help explain the nature of intelligence. However,
if we take the general definition of the word ‘intelligence’
to infer an ability to acquire and apply knowledge and skills,
this ability might be better described in terms of a ‘process of cognition’ that has also been previously discussed. If
so, the word ‘intelligence’ might be seen to be little more than a convenient generalisation or overall perception of
something that is much more complex in both scope and structure. Equally, in this context, an IQ score would also
be little more than a statistical value that provides some measure of the complexity of multiple cognitive
processes, which might eventually be assigned to both human and artificial intelligence.
So how might we proceed to discuss cognitive ability?
Within the wider scope of future developments that might come to affect social evolution, the discussion of any
cognitive ability may need to consider both humanity and AI. If so, we might need to consider the ‘platform’ on
which cognitive processes might take place, i.e. biological brain, processor hardware or even some future form of
hybrid wetware.
Note: The word ‘platform’ is used because it possibly highlights that irrespective of the nature of the
cognitive ability being described, there is a need for some physical structure in which to function. Today, we
might readily understand the logical separation of computer hardware and software and therefore come to
recognise a possibly similar separation between brain and mind.
Given the wider scope implied in the previous note, we might initially consider the question above by abstracting
some general processes that may help to characterise a structural hierarchy of cognitive ability:

Mysearch Website

134

Copyright

2004-2018

BRAVE NEW WORLDS
Catalysts of Change

•

Acquire data
Data in isolation may simply define a process of acquisition, the scope of which might encompass senses or
sensory devices. However, while this process may involve complexity, it may not imply conscious analysis and
therefore only require limited cognitive abilities.

•

Structure data as information
By definition, a data-stream may be initially unstructured in that it may have no immediate context and there
may not be an ability to store and retrieve the totality of all sensory data-streams. However, to have
subsequent meaning, this data may require, at least, some minimal form of hierarchical structure or context,
such that the data can be logically stored and retrieved from ‘memory’. While this process also may operate
on a subconscious level, it suggests an increasing need for some cognitive ability.

•

Contextualise information into knowledge
We might initially attempt to define knowledge as structured information, which is complemented by
previously learnt experience and augmented by additional cognitive abilities that can analyse and
conceptualise information. Whether this process requires a conscious sentience might be debated, either in
terms of human judgement or weighted algorithms.

•

Use knowledge as a basis of action
While many human ‘actions’ can be unconscious or driven by irrational emotions, we might prefer the idea of
decision-making being increasingly conscious and rational. However, in terms of humanity, what we might
subliminally recognise is that many cognitive decisions can depend on a ‘state of mind’ at any given point in
time. While we might align this term to an emotional state in humans, it might also reflect a logic state of an AI
system.

While the bullets above are only intended to provide an initial framework for discussion, it has introduced two
other ideas, i.e. consciousness and sentience, which need some clarification. While often subject to philosophical
debate, it will be suggested that both might be used define a boundary of self-awareness that the overall cognitive
process seeks to protect. It is realised that this may appear to be a very strange description as we normally only
associate the idea consciousness and sentience with the human condition. However, as in the choice of the word
‘platform’, an aspect of this discussion is being abstracted beyond the current scope of humanity, such that it
might also include the cognitive ability of some future AI ‘entity’.
Note: The embodiment of AI has often been characterised in terms of the restrictions imposed by Asimov’s
three laws of robotics. However, it is unclear whether AI might one-day be able to prioritise its own survival,
which may then require it to have its own boundary of self-awareness. While this might not exactly conform
to the normal idea of consciousness sentience, it might be analogous.
While recognising the level of speculation surrounding this description, it may still serve to clarify some of the
ambiguity associated with the word ‘intelligence’, which may only have meaning in terms of the sum total of many
parallel cognitive processes. In this respect, these processes do not necessarily need to be either conscious or
sentient, simply coordinated towards maintaining survival within the limits of some boundary definition of
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self-awareness in a manner that may appear intelligent. So, having outlined the wider framework of the discussion,
we might return to the next question:
How does the human brain work?
The human brain weighs around 1.5kg. which while only 2% of a person's total weight, it can consume 25% the
body’s oxygen and 20% of its energy in terms of calories each day. The brain has over 400 miles of blood
capillaries, 100 billion interconnected neurons possibly giving rise to an estimated 10 14 interactions every second.
However, the physical structure of the human brain does not explain how it collates all its sensory data and then
structures this data as information, which can then be contextualise as learnt knowledge that might finally guide
our actions. While research into the functions of the brain have come a long way, there is still much more to learn,
although it is known that the prefrontal cortex appears to be responsible for many complex cognitive processes,
such as personality, decision making and social behaviour, which continue to develop over the first 20 years of life.
For example, a baby’s cerebral cortex expands by nearly 90% in the first year of life, while its brain cells reorganise
and form new interconnections. However, somewhere along the physical process of development, the structure of
the brain develops the necessary cognitive abilities that support consciousness, perception, thinking, judgment and
memory, which might be described in terms of the metaphysical nature of the mind. Within this context, the
human mind has evolved the necessary cognitive processes to think, reason, imagine, recognise, appreciate and
feel emotions, which might not only influence our
actions, but come to define how we perceive and
understand the world, both real and imagined.
Are there any processing limits on the human brain?
In part, we might recognise that the ‘design’ of the
human brain is the result of a very long process of
evolution primarily driven by physical survival rather
than abstracted thought. As such, the structure of the
human brain is predicated on a blueprint provided by
DNA that may be extremely limited and slow in addressing any future upgrades that better meet the challenges of
the brave new world ahead. Therefore, while the human brain may still be the most complex parallel processor on
planet Earth, we also need to realise that only a fraction of its raw processing power and information storage may
be useful or even accessible to conscious thought processes. In this respect, serial computer processors can be
millions of times faster in terms of processing speed, were the storage and retrieval of data can appear almost
infinitely more reliable than the human brain, especially when information can be organised into logical databases
best suited for some given application. In addition, research suggests that the equivalent ‘central executive’ of the
human mind may only be capable of processing one thought at a time at a rate of 5-10 per second. So, while
acknowledging the human brain power as a hugely complex parallel processor, it is a comparatively slow serial
processor that can only consciously think about one problem at a time.
Note: The amount of sensory information that can be processed to form any mental picture of the world
around us can be severely compromised, such that we are often literally blind to many events taking place in
front of our eyes. Even so, this limited perception defines the ‘model’ of the physical world that is created in
our mind.
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At this point, it might be argued that humanity has developed computers because there was an increasing
recognition of the limitation of the human brain to maintain control over the growing complexity of the modern
world. A previous discussion of AI technology might be referenced as an outline of the scope of the technology,
both today and in the future. However, this discussion will now return to the controversial topic of the variance of
human intelligence.
What is so controversial about intelligence?
The 1994 publication of The Bell Curve by Hernstein and Murray was divided into a number of distinct sections,
although this discussion will only outline the first three. The first section addressed a somewhat retrospective
review under the heading ‘The Emergence of a Cognitive Elite’. The second section considered a somewhat more
controversial topic under the heading ‘Cognitive Classes and Social Behaviour’. The third section addressed what
some believed to be, at best, politically incorrect and, at worst, racist in its findings under the heading ‘The
National Context’. While this discussion is not intended as a review of this book, because the scope and details are
simply too broad and complex to be detailed, some attempt is made to highlight its key findings regarding
cognitive ability. However, we might start with the 6 conclusions listed at the end of the introduction, which it
claims are beyond significant technical dispute, even though refuted by others in the wider media.
1) There is such a thing as a general factor of cognitive ability on which human beings differ.
2) All standardized tests of academic aptitude or achievement measure this general factor to some degree, but IQ
tests expressly designed for that purpose measure it most accurately.
3) IQ scores match, to a first degree, whatever it is that people mean when they use the word intelligent or smart
in ordinary language.
4) IQ scores are stable, although not perfectly so, over much of a person’s life.
5) Properly administered IQ tests are not demonstrably biased against social, economic, ethnic, or racial groups.
6) Cognitive ability is substantially heritable, apparently no less than 40% and no more than 80%.
In isolation, it is not clear whether any of these bullets are particularly controversial, although some people may
disagree on the details. However, before proceeding to the findings of the book, it needs to be highlighted, again,
that most of the findings are based on statistical analysis – see Introduction to Statistics for a generalised overview.
As such, the findings appear to be anchored in the statistical correlation of IQ scores with other factors within
various ‘populations’ or ‘social groups’. However, there is no inference that the findings apply to any specific
individual and, in this context, we will take a summary quote from the first three sections of the book as being
reflective of the findings.
Cognitive stratification takes different forms at the top and the bottom of the scale of intelligence. In Part-1,
we look at the top. Its story line is that modern societies identify the brightest youths with ever increasing
efficiency and then guide them into fairly narrow educational and occupational channels. These channels are
increasingly lucrative and influential, leading to the development of a distinct stratum in the social
hierarchy, which we hereby dub the Cognitive Elite. The isolation of the brightest from the rest of society is
already extreme; the forces driving it are growing stronger rather than weaker. Governments can influence
these forces but cannot neutralize them.
While political correctness may wish to avoid hurting anybody’s feelings, statistical analysis of a population or
social group is not orientated towards any individual. In addition, the quote above appears to be highlighting what
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most people understand to be basically true, irrespective of whether they are personally part of the implied elite
or not, i.e. there are people with different levels of intelligence and society often selects on the basis of IQ. While
entertaining a little more controversy, the second section of the book confines its statistical analysis to
white-caucasian groupings, where IQ is correlated to various factors, such as poverty, schooling, unemployment,
welfare, parenting and crime. Again, the findings are summarised in the following quote:
Part-2 presents our best estimate of how much intelligence has to do with America’s most pressing social
problems. The short answer is ‘quite a lot’ and the reason is that different levels of cognitive ability are
associated with different patterns of social behaviour. High cognitive ability is generally associated with
socially desirable behaviours, low cognitive ability with socially undesirable ones.
It is realised that certain individuals may recognise themselves as being part of one of the implied groups analysed
in this section, e.g. unemployed, and may feel that any suggestion that their circumstances are related to their IQ
to be politically incorrect. However, putting aside hurt feelings for the moment, the real issue of concern here is
whether the analysis is statistically true or can be refuted by other hard evidence. In all honesty, the corollary of
the first findings above would simply appear to suggest, not unreasonably, that low IQ might also be linked to
many social problems. So, finally we arrive at the third and most controversial section of the book, which turns its
attention on the wider statistical analysis of the US population as a whole.
We now turn to the national scene. This means considering all races and ethnic groups, which leads to the
most controversial issues we will discuss: ethnic differences in cognitive ability and social behaviour, the
effects of fertility patterns on the distribution of intelligence, and the overall relationship of low cognitive
ability to what has become known as the underclass. As we begin, perhaps a pact is appropriate. The facts
about these topics are not only controversial but exceedingly complex.
Here, the most controversial findings are possibly under the heading ‘Ethnic Differences in Cognitive Ability’, which
we will also summarise in a quote.
Despite the forbidding air that envelops the topic, ethnic differences in cognitive ability are neither surprising
nor in doubt. Large human populations differ in many ways, both cultural and biological. It is not surprising
that they might differ at least slightly in their cognitive characteristics. That they do is confirmed by the data
on ethnic differences in cognitive ability from around the world. One message of this chapter is that such
differences are real and have consequences. Another is that the facts are not as alarming as many people
seem to fear.
Some have claimed that the findings above go beyond political correctness, such that they are racist. Again, it is
assumed that this position would have to be supported by equivalent statistical analysis that contradicts and
refutes any or all statements above. The suggestion that ethic differences, which are often physically obvious, do
not extend into arena of cognitive ability seem often grounded in an ideological assumption rather than any solid
evidence. However, pursuing this debate is not really the focus of this discussion, which is attempting to consider
the future of social evolution. In this context, it might simply be suggested that humanity, as a whole, may not be
intelligent enough and therefore some sections of society will look for new technology solutions that may
fundamentally change the nature of human intelligence and, in so doing, trigger a new phase of social evolution.
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Genetic Enhancements
If we reiterate the definition of ‘intelligence’ as an ability to acquire and apply knowledge and skills, we might
recognise that this definition possibly encompasses two distinct aspects of intelligence, first, as an innate ability of
a physical human brain and, second, a subsequent ability to acquire knowledge and skills. In this context, even the
most naturally intelligent brain would be limited in its ability if denied all access to learn from the world, which is
often debated in the form of nature versus nurture. However, we might first introduce aspects of this debate in
terms of the next chart.

This chart reflects the correlation of IQ scores, not actual IQ scores, with the relationships between sibling types
plus the parent/child relationship. In the first column, we see that identical twins living together have a higher IQ
correlation than twins living apart. In the next column, we see that fraternal twins of the same gender have a
higher IQ correlation than fraternal twins of opposite gender. In the third column, we see siblings living together
have a higher IQ correlation than siblings living apart. Finally, in the last column, we see that children living with
their biological parents will have a higher IQ correlation than children living with foster parents. While the
following summary is not authoritative, it possibly provides a starting point for discussion.
•

In the case of fraternal twin that shared almost identical DNA, the very high correlation of IQ seems to suggest
the importance of their inherited DNA, which is slightly reduced if these twins are reared apart, i.e. nature
dominates nurture. However, what is not obvious is this secondary condition is the degree of difference
between the two ‘reared apart’ environments, e.g. first world to third world. While the innate intelligence of
both identical twins might be similar, it is possible that if one twin was reared in a third world environment,
the acquired knowledge and skills may be severely compromised.

•

In the case of the fraternal twins, who may have significantly different DNA, the correlation of IQ is much
lower, which is slightly further reduced, if the twins are of different gender. Here the IQ difference between
fraternal twins of different gender may simply be reflecting the general IQ differences between genders
previously outlined in the introduction.

•

In the case of normal sibling, we might question why IQ is any different to fraternal twins given that both cases
imply different DNA makeup. One possible reason may be linked to the fact that fraternal twins are identical in
age and therefore will probably have very similar nurturing environments, while normal siblings with a
significant age gap may be subject to differing nurturing environments at home and at school, although this is
just speculation at this stage.
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•

Finally, in the case of the parent child relationship, the child growing up with natural parent has to some
extent inherited aspects of their DNA, while a fostered or adopted child will not. Again, the difference might
be suggesting that nature dominates nurture.
Note: The scope of the discussion surrounding IQ correlation with other variables is often predicated on
statistical analysis. While this subject is not the focus of this discussion, a section entitled ‘Introduction to
Statistics’ has been added to provide a brief primer of some the terminology in use.

In essence, the previous chart has defined various correlation coefficients associated with various cognitive
abilities, which might be characterised in terms of an IQ score. However, correlation coefficients have to be
interpreted with some care for two basic reasons, first, they only infer a statistical relationship between the
variables selected and, second, high correlation may not always be linked to a direct causal relationship. In this
context, aspects of the nature versus nurture debate are not necessarily conclusive, so while it might reasonably
be assumed that genetics plays an important role in inherited intelligence, nurture must still have a role to play in
the acquisition of knowledge and skills. While this is not an unreasonable starting position based on the
assumption that DNA contains the blueprint for all cells underpinning the development of the human physiology,
including the brain, there is still limited knowledge of which combination of genes actually play an active role in
inherited intelligence. This position is then possibly complicated by the relatively new field of epigenetics, which
appears to suggest that certain genes may be activated and/or deactivated due to environmental factors.
However, while it is not practical for this discussion to pursue such detail, the following links to earlier discussions
may provide a wider overview.
•
•
•
•
•
•
•

Biological Models
The DNA Model
The Cellular Model
The Inheritance Model
The Epigenetics Model
The Genetic Model
The Brain Model

Given the implied complexity surrounding the concept of intelligence, especially if realised in terms of possibly
millions of discrete cognitive processes within the human brain, we might question how any deterministic genetic
enhancements might ever be made to the brain.
So what is the potential scope of genetic enhancement?
The scope of this question is essentially technical and the focus of previous discussions, e.g. ‘genetic
developments’. However, this discussion is attempting to put this question into some perspective in terms of the
implications on future social evolution and while the general idea of enhanced intelligence as a future catalyst of
social change is the main focus, we might need to recognise that any enhancement may have unintended
consequences. For example, even small improvements in physique, health and aging may all have causal effects on
social developments that lead to an increasing stratification of society in terms of ability and potential. However,
as previously outlined, we might consider a staged development, where genetic enhancements are first accepted
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as a treatment for inherited diseases, which is then extended to include other personality traits, e.g. neuroticism,
which are known to have some genetic cause. In this context, such genetic enhancements might be perceived as a
net benefit to the individual, who might otherwise be afflicted with medical problems, but also by both economic
and political institutions that may perceive the same problems in terms of lower productivity and increased
welfare costs.
Note: At this point in time, some genetic manipulation of the human genome is possible and considerable
research is now focused on genetic treatments for muscular dystrophy, Alzheimer's, cancer, liver disease,
congenital blindness and blood disorders like haemophilia and sickle cell disease. Other inherited diseases
like Huntington's disease and cystic fibrosis are also being targeted. However, it is recognised that many of
these diseases involve multiple genes, possibly hundreds if not thousands. As such, the development time in
which treatments might be perfected may be much longer than any marketing hype might currently imply.
However, by way of a caveat to this somewhat negative assessment might be parallel developments in AI
and robotics that lead to exponential progress in all other fields of research.
However, should technology ever reach this level of genetic manipulation, it is possibly naïve to assume that it will
not pursue other forms of more fundamental enhancements to the human genome, e.g. intelligence. In a recent
study of over 78,000 people, 52 genes were identified and thought to be significantly associated with intelligence,
although there are potentially many more thousands of genes that contribute to a multitude of different cognitive
abilities. While the nature versus nurture debate can cloud the discussion of the correlation factors that quantify
cognitive abilities within genetics, we might again consider an initial computer analogy with respect to the division
of hardware and software. Within the general and limited scope of this analogy, we might assume that it may be
possible to load the latest software onto old hardware but then quickly realise that the old hardware lacks the
processing power, both in terms of processing speed and memory, to support all the functionality of the new
software. In this context, if we assume that the human brain may be analogous to hardware, i.e. it is the physical
platform on which all cognitive processes operate, we might gain some insight regarding the correlation weighting
between the genetic nature versus the educational nurture of intelligence.
Note: The Wilson Effect suggests that environmental factors can dominate the measure of IQ in early years,
when genetic factors may only have a 20% influence, but grows during adolescence such that genetic effects
may come to account for 80% of an IQ score in adulthood. As such, this suggests a correlation weighting
biased toward the underlying genetic nature of intelligence in adulthood. However, even if we were to
assume a 50-50 split between nature and nurture, selecting for genes known to enhance the general idea of
intelligence could lead to significant improvements in IQ scores in adulthood.
While recognising that this is still speculation, not a proven future reality, it still appears to be a reasonable
assumption that research will continue in the direction of genetic enhancements, irrespective of the wider public
debate on ethical issues. The rationale for this assumption is based on economic and political considerations in a
competitive world, where all sides assume the other to be secretly pursuing an advantage. Of course, over time,
such developments would still presumably filter into certain sections of society, which may then contribute to the
social stratification previously suggested, which would undoubtedly be compounded by other developments.
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Technology Enhancements
We might recognise that the previous discussion of genetic
enhancements is also being driven by technology, although the
changes are biological, primarily to humanity’s genetic DNA
blueprint. However, there is also the possibility that humanity will
seek enhancements in terms of a ‘fusing’ of biology and technology
encompassing both brain and physical functions. Clearly, this
potential path could also have far reaching implications on the
nature of social structures, if different sections of society start to
have increasingly different abilities, both mental and physical.
What technology could trigger this change?
The issue of AI-robotic automation has already been discussed, but primarily in terms of an externalised ability to
augment cognitive and physical functions within the wider description of the human ecosystem as a whole rather
than an individual. However, future technology developments may open up the possibility of integrating
technology into the human form, such that it may allow a direct brain-computer interface to be created. If so, such
an interface might also allow the human physiology to be enhanced with a range of prosthetic enhancements,
which may also lead to further stratification of society in terms of abilities. Of course, today, this is just speculation
for while prosthetics are becoming increasingly sophisticated, they are still fundamentally limited in scope due to
the inability of the human mind to have full control over the replacement or augmented prosthetics. Whether
future developments will allow neural implants to gain increasing mental control of a prosthetic to the same level
as an existing human appendage is still speculative at this stage, but becoming increasingly possible. However,
even incremental developments of neural implants may open up the possibility of not only human cognitive
abilities being enhanced by AI, but also human physical abilities. Today, many will reject this idea and see it as a
loss of what makes us human, but again this may be a subjective position based on circumstances. Even today,
many readily accept physical prosthetics in order to overcome a physical disability in the hope that it will allow a
more independent life, irrespective of the aesthetics of these early prosthetics.
Note: Developments over the next few hundred years may come to ‘blur’ the transition between human
biology and prosthetic technology, such that potential enhancements become increasingly attractive to
some sections of society. This may be particularly relevant to those individuals who may choose to
permanently live off-world, where the surrounding environment will undoubtedly be extremely hostile to the
human physiology.
An earlier discussion entitled ‘Prosthetic Anatomy’ considered the possibility of more extreme forms being
developed to meet the challenges of medical conditions, extreme professions and hostiles environment, which this
discussion will not repeat. An even wider scope of possibilities was discussed under the heading ‘Genetic and
Prosthetic Immortality’, which may also help to illustrate the potential scope that may eventually come to change
the very nature of humanity. However, while such possibilities are not the focus of this discussion, it would be
foolish to dismiss the potential impact that technology enhancements may have on the evolution of human
society.
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Note: In the context of the social evolution over the last 50 years or so, the main catalysts of change might
be linked to the spread of globalism and multiculturism combined with earlier technology innovations, such
as email and the Internet. Such changes have created an inter-dependency of national economies requiring
a ‘slightly’ more conciliatory approach to international politics underpinned by the ability to transmit
uncensored information between individuals across national borders. However, as suggested, the scope of
future social evolution may now be accelerating faster than anybody might reasonably predict.
A previous discussion entitled Beyond Darwin outlined a three-stage model by which humanity might evolved if
technology enhancements were increasingly accepted. Within the hybrid AI model, these enhancements were
described as evolutionary steps with an extended and fictious ‘homo’ genus, which led to a fragmentation of
humanity divided by abilities, both mental and physical. While the three-stage model extends over some 500
years, which is beyond the scope of the current ‘brave new worlds’ discussion, we might still consider the social
implications of the first and second stages, which to some extent overlap in terms of development timeframes.
What technology enhancements are implied in the first stage?
In part, the first-stage evolution is essentially just an earlier discussion of the impact of computers will continue to
have on human society, specifically in the form of weak-AI system. In this context, it was argued that humanity has
already fragmented into two sub-groups, i.e. homo sapiens and home computerus, where each lived in
fundamentally different social structures. However, at this point, it might be argued that the nature of the
first-stage is hardly a speculative prediction as many aspects of the description are already observable, which the
previous discussion of AI-Robotic Developments simply re-affirmed in terms of the technology enhancement now
being pursued. If you accept this basic proposition, then you may also accept that what we understand by 21 st
century humanity is becoming something distinct from all previous generations of humanity.
So what changes in the second stage?
This stage proceeds on the more speculative assumption that a brain-computer interface will be incrementally
developed over the timescale of the next 100-200 years, which is a little beyond the overall scope of this
discussion. However, it is already known that research into neural implants is actively being pursued, which we
might reasonably assume will only progress in sophistication over the next 100 years. While the enhancement
abilities made possible by a brain-computer interface are still speculative, we might make an analogous
comparison of the cognitive abilities of an individual in the 19th century and an individual in the 21st century having
access to the worldwide web database via their smartphones and Google search. While we might assume these
individuals have the same IQ, their ability to function in two very different social structures might be recognised as
an example of the scope of social evolution that has already taken place. Therefore, the suggestion that a
brain-computer interface might be ‘fused’ with the human physiology to provide an apparently enhanced cognitive
ability would presumably only lead to a further stratification of human society in terms of those with and without
this enhanced ability. While the scope of these technology enhancements may lead off in many different
directions, it is sufficient for this discussion that the effects on future social evolution could be even more
profound in the next century than the last.
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The Social Endgame
In summary, aspects of this discussion have already been outlined in the earlier sections entitled ‘AI and Robotic
Developments’ and ‘The Genetic Endgame’, which made reference to a hybrid AI paradigm. Reference has also
been made to some speculative scenarios, see links below, that have social implications that may be relevant to
this discussion, although the implied timeframes might be question:
•
•
•

Stage-1: 50-100 years
Stage-2: 100-200 years
Stage-3: 200-500 years

In these earlier discussions, social evolution is discussed in terms of multiple factors, e.g. technology, economics
and geopolitics, which are still relevant to the current discussion. However, the current discussion of social
evolution has only referenced, rather than replicated, these earlier discussions by focusing more on the issue of
‘Cognition, Intelligence and IQ’, which was then expanded into the discussions of Genetic Enhancements and
Technology Enhancements. However, this final discussion will attempt to make some additional, albeit general,
assessment of the direction of social evolution.

What we might realise from the diagram above is that any process of social evolution will take place within a
complex interaction of future change, which we might assume will require some degree of social, economic and
political stability. Whether this stability can be maintained on a global basis or simply preserved within the concept
of some future projection of ‘Fortress World’ might be debated. However, stability invariably requires some form
of social cohesion to be maintained, which historically has evolved from small tribes of hunter-gathers into much
larger culturally diverse nation-states. Today, we might have a perception of a form of global cohesion where
nation-states might be seen to operate within the framework of a globalised economy, although still invariably
driven by national politics. However, today, most people retain a sense of national or cultural identity often with
very disparate worldviews, which can destabilise the idea of a multicultural society along many different fault lines.
This said, we might assume that all people share some common objectives, i.e. survive and prosper, that may allow
some form of social stability to be maintained, even if it requires some brave new worlds to adopt a level of
security surveillance that might appear closer to Orwell’s 1984 dystopian vision than we might want to accept,
assuming we are even asked.
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What are the current risks to social stability?
We might start with the assumption that without some form of social cohesion, possibly only maintained by the
power of the nation-state, technological progress may be slowed or simply grind to a standstill. For given the
difference of current worldviews, it appears unlikely that there will be any global consensus in support of the type
of technology evolutions, as outlined. It is also probable that any change to the nature of humanity, e.g.
intelligence, will only lead to a further fragmentation of society, where groups with possibly significantly different
abilities only coexist rather than interact. In all honesty, it is not clear how this process would not lead to social
conflict, such that the future, like the past, will be defined by winners and losers and, in this respect, evolution by
design may retain the characteristic of survival of the fittest. Likewise, any loss of stability in the global ecology
could equally change the priority of many societies towards basic survival, which may lead to increased conflicts
over dwindling resources. Today, the world population has already exceeded 7 billion and estimated to grow to
over 9 billion by 2050. At the start of the 21st century, we are belatedly coming to the realisation that planet Earth
does not have unlimited resources and can no longer be considered as an infinite sinkhole for all our waste
products. Rather, our planet is a fragile ecosystem, which even our present population may be straining to
breaking point. The possibility of continued population growth compounded by any number of potential
environmental disasters could result in a loss of arable land and the depletion of fresh water supplies, which
already appear to have triggered mass migration around the world, resulting in increased levels of social instability.
If this was not a depressing enough picture, the potential problems being outlined could be compounded by the
rising problem of growing global unemployment, which may only be aggravated further by AI and robotic
automation. If we throw in the idea of a technology-driven process that appears to shunt much of humanity into
an evolutionary siding, we may have all the ingredients for a self-inflicted global disaster without precedence.
But does society have to evolve in this way?
Of course, the future does not have to turn out this way, but it is possibly naïve to assume that it is impossible.
However, the scope of the potential changes outlined will not all arrive tomorrow or necessarily any time soon
and, of course, some may never happen. However, evolutionary change by definition is essentially an accumulating
process of cause and effect, where some causes may have little effect, while others may have a profound effect
with possibly unintended consequences, which are difficult to predict and even harder to control. If so, humanity
may not be able to select its own path into the future as it may simply end up reacting to a sequence of cause and
effect events over which it has loss control. In this respect, predictions also have to be quantified in terms of
statistical probability.
So what is probable rather than simply possible?
Given the state of the world today and the growing problems of economic instability, population and mass
migration, it is entirely possible, to the point of being probable, that social and environmental stability may
continue to deteriorate at the global level. However, based on probability not certainty, we might assume that a
there will not be global deterioration of all social stability due to nuclear war or some other near extinction event.
This said, we cannot rule out the probability of accumulating change causing further problems on a global scale. If
so, it is probable that powerful nation-states will continue to prioritise their own national self-interests, which may
lead in the direction of the fortress world model.
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Is this an improbable extrapolation of the current state of the world?
If not, any threat to the self-interests of these powerful nation-states, be it real or imagined, may trigger
destabilising action that deepens any crisis, both at home or abroad. In this context, the governments of the most
powerful and wealthy nation-states may seek to protect their self-interests by investing in the research and
development of technology, as outlined, which they believe may give them an advantage in any future conflict, be
it in the physical or cyber domain and at home or abroad. In many respect, this is not a prediction based on
probability, but rather a statement of what is already happening in the world today. In this scenario, social stability
is already being further eroded by fake news and the fear of rogue-states and terrorism, which various sections of
a divided society perceive to be both foreign and threatening. If so, any increase in social instability might allow
governments, even those democratically elected, to act without adequate public accountability and simply
increase the scope of their surveillance activities, both at home and abroad. While the concept of freedom of
speech may still be entertained in some nation-states, there is a growing probability that public opinion may
become distorted and fractured by the potential for misinformation to be spread by all sides.
Is this simply too pessimistic to even be considered as a possibility, let alone a probability?
While we might all like to think so, it can be argued that aspects of this future have already happened. In this
negative, but not necessarily unrealistic appraisal of the ‘brave new worlds’ under discussion, population control
might be reduced to an issue of supply and demand in which any semblance of a `caring society` is simply eroded
by self-interest, if not survival. If so, humanitarian aid may become the next victim of growing instability, which
may then escalate problems in other parts of the world. So while wealth and power may still exist in some sections
of society, it is probable that the world may become increasingly polarised in terms of the `have and have-nots`,
which may only be exacerbated by future technology developments prioritised in the self-interest of powerful
nation-states or even smaller groups of elites.
Is there no probability of an upside?
One reason for presenting this downside of social evolution and the potential effects of technology is to provide a
possible rationale as to why society might actively embrace technology as a solution, especially AI and genetics. In
part, it might be argued that the negative picture of the world presented so far is a reflection of human nature,
which some may hope might be ‘transformed’ by AI and genetic engineering, if responsibly developed. For it might
not be unreasonable to hope that human intelligence can be augmented by AI and the worst aspects of human
nature, e.g. neuroticism, may become treatable by genetic engineering of the human genome. However, whether
this is simply a possibility rather than a probability is still debatable at this stage, although it is unclear that there
are too many other options that might have any significantly higher probability. For while many sections of society
may currently reject the idea of such developments, it will be the accumulating decisions of multiple generations
that will ultimately determine the future of humanity, such that this generation might only question where it will
all end?
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1.1.5 Economic Evolution
An ‘economy’ might be defined by the financial state of a region in terms of its production and consumption
of goods and services and the supply of money. However, while production and consumption drive the
engine of an economy, the power of this engine, both
in terms of its economic and political scope, might now
be best quantified in terms of its value within any
monetary exchange.
In many ways, this section of the discussion might have been
called ‘Money Evolution’ for while wealth can be equated to
the means of production and other tangible resources, the
transfer and distribution of wealth now invariably takes place
through the digitised media of money. In this respect, money
has already evolved beyond being a physical promissory
currency to become an abstracted concept that may be
created and exchanged within computerised balance sheets.
Today, private banks can create ‘money’ via the mechanism
of loans and interest, such that 97% of all the money in
circulation is digitised with only 3% existing in the form of the fiat currency created by the government. However,
in recent years, the central banks have found their own way of creating new money called ‘quantitative easing’.
Note: While we might understand the inherent fragility of any money system, be it fiat or digitised, we have
all become dependent on this system of exchange and most of us have to work our entire life to secure an
existence in the modern world through its acquisition. Therefore, we might want to contemplate whether
this is the only system possible in any of the brave new worlds scenarios under consideration.
Before continuing, we might first make reference to earlier discussions related to economics, although not
necessarily orientated towards an evolutionary future. In this respect, the first reference entitled ‘The Evolution of
Economics’ is somewhat misleading as the scope of evolution is from the past to the present and was intended as a
basic primer for my own learning process. The second reference entitled ‘Economics: Fact or Fiction’ was more of
an attempt to understand some of the issues surrounding the workings of various economic models – see
‘Economic Model Dynamics’ for more details. This framework was then extended under the title ‘The Economic
Debate’ to cover the issues of credit and debt along with the wealth inequality followed by a discussion of the
development of various ‘Monetary Systems’ that may be more relevant to the current ‘brave new worlds’
discussion. However, while this section is more interested in the evolution of economics as an important part of
the developing human ecosystem, we possibly need to provide some initial framework from which we might
proceed to discussed future developments. In this respect, we might again reference the discussion entitled ‘The
Economic Debate’ and reproduce the following diagram as a general model of the components within today’s
economic system, although we do not need to replicate the explanation in full. Of course, while this model is a
gross simplification of all the actual structural complexity, it may serve as an illustration of some of the key
components within an economy of any nation-state and of some of the basic interactions within the wider
framework of other political and social infrastructures.
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Note: Within this model, the central bank is considered to be an extension of government, which sets the
monetary policy, which we might assume is intended to compliment the fiscal policy set by the government.
While the independence of the central bank can differ in each nation-state and, in some cases, may be
privately owned, we might assume that any political power in government will not allow the central bank to
completely undermine its legislative authority, although this assumption is possibly somewhat naïve.
Within the simplified model above, we might get the general idea of how some measure of money is required to
flow between the various components of this model, although each may a wider purpose and rationale for
existing. However, any evolution of the economic model will potentially require change to any and all these
components, which suggests that change will not come easily or quickly unless triggered by disruptive events. One
obvious disruptive event is that markets can be changed, and manipulated, such that the balance of power and
influence within the system as a whole is also changed, i.e. it has to evolve or perish.
“Comparative advantage like natural selection is an idea that seems simple and compelling to those who
understand it, but about which intelligent people somehow manage to get confused time and time again
and find this particular idea impossible to grasp. Of course, they say that they understand it but they regard
it as oversimplified or invalid in the modern world. It is a harder concept than it seems, because like any
scientific concept it is actually part of a dense web of linked ideas. It is truly, madly, deeply difficult. But it is
also simple & compelling to those who understand it, utterly true, immensely sophisticated ... and extremely
relevant to the modern world”. Paul Krugman
Today, the current and generally accepted wisdom appears to require an economy to grow, year-on-year,
otherwise it may be considered to be ‘stagnating’ or ‘in recession’. However, while we might assume that all the
components of the model shown above may wish to contribute to economic growth, albeit for possibly very
different reasons, we possibly need to clarify between what may be real growth, in terms of production and
people, and artificial growth associated with monetary inflation and debt, which is next topic of discussion.
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Inflation and Debt
As before, the discussion of economic evolution will be predicated on what might be reasonably achieved in the
next 100 years or so. Therefore, we shall assume that the idea of a Star Trek economy will remain in the realm of
science fiction for the foreseeable future, such that we will proceed from the issues that now dominate the world’s
economies. In this context, it is assumed that inflation, both positive and negative, will continue to be a major
factor in the global economy, especially in terms of mounting debt, both government and household, for some
considerable time to come. However, we might still speculate how the mechanisms of inflation might be
manipulated and why debt may remain a key factor, if any form of economic stability is to be maintained. While
the price of any commodity might be affected by supply and demand issues, long-term inflation also appears to be
a natural by-product of the interest paid on debt, which leads to an increased amount of currency in circulation,
i.e. the leveraged loan plus interest charged. This increase in the amount of money in
circulation can have the effect of eroding the original purchasing power of money.
However, while the charging of interest on loans is now accepted as part of modern
economics, it was once considered to be the crime of usury, which over time became
obsoleted with the development of the goldsmith-bankers.
Note: As the story goes, traders started to deposit their gold with local
goldsmiths, because they own the strongest safes and, in return, the
goldsmiths issued them with a paper receipt. These receipts then started to be used as a form of paper
currency traded in preference to gold coins. However, this class of ‘goldsmith’ noticed that only about
10-20% of their receipts were ever redeemed at any given time and made loans with interest against the
gold reserves they held on behalf of others. Today, we might realise that these goldsmiths were acting as
bankers, who were effectively creating a form of fiat currency that exceeded the actual gold reserve held by
a factor of 5 in the example cited, which added to the currency in circulation.
While, historically, interest was seen as a crime, most would now interpret this process as an integral part of the
money supply that fuels a growing economy, but there are also implications that possibly only benefit a minority in
society. At this point, we might make a historic reference to a quote by Vladimir Lenin:
The best way to destroy the capitalist system is to debauch the currency. By a continuing process of inflation
governments can confiscate, secretly and unobserved, an important part of the wealth of their citizens.
While we might readily understand Lenin’s ideological position on capitalism, the economist John Maynard Keynes
also made reference to this quote in the following footnote:
Lenin was certainly right. There is no subtler, no surer means of overturning the existing basis of society than
to debauch the currency. The process engages all the hidden forces of economic law on the side of
destruction and does it in a manner which not one man in a million is able to diagnose.
While Keynes accepted an implication of Lenin’s quote, he rejected the Marxist ideology, which he saw as biased
towards the proletariat rather than the bourgeoisie or intelligentsia, who Keynes probably believed were better
qualified to run the economy. However, clearly from the quote above, Keynes perceived problems in the financial

Mysearch Website

149

Copyright

2004-2018

BRAVE NEW WORLDS
Catalysts of Change

system often associated with capitalism, which we might link to inflation that may not necessarily be under the full
control of any national government. In term of economics, inflation is often perceived as an increase in the price of
goods and services against some measure of money. However, there are various forms of inflation, which we
might simplify in terms of ‘monetary inflation’ linked to the amount of money in circulation, the ‘consumer price
index (CPI)’ related to general consumer purchases and the ‘retail price index (RPI)’ that adds the cost of housing to
CPI. Let us first consider the effect of monetary inflation on the amount of currency in circulation, where we might
try to quantify the effect as shown in the following table.
Years
Monetary
Inflation

0

10

20

30

40

50

60

0%
1%
2%
3%
4%
5%

1.00
1.00
1.00
1.00
1.00
1.00

1.00
1.10
1.22
1.34
1.48
1.63

1.00
1.22
1.49
1.81
2.19
2.65

1.00
1.35
1.81
2.43
3.24
4.32

1.00
1.49
2.21
3.26
4.80
7.04

1.00
1.64
2.69
4.38
7.11
11.47

1.00
1.82
3.28
5.89
10.52
18.68

The table shows the scaling factor by which the amount of currency in circulation increases as a function of the
monetary inflation rate (%) over a number of years. If we assume a monetary inflation rate of 5%, then the money
in circulation will double every 14 years. While we might initially see this as an arbitrary example of compound
interest, figures released by the US Federal Reserve suggest that the currency supply in the US has doubled every
14 years since 1959.
Does the increase in the amount of currency in circulation affect CPI and RPI?
Yes, but not necessarily directly, because it depends on where the increase in the money supply is spent or
possibly more accurately invested. It has previously been outlined that the increased amount of money in
circulation is primarily created by private banks issuing leveraged loans on which they earn interest – see ‘Private
Bank Money’ for details and by the monetary policy of central banks called ‘quantitative easing (QE)’. However,
how this created money is injected to the economy is often controlled by private banks or institutional investors –
see Currency Dynamics for details, where the additional currency has often been invested in stock markets or
government bonds, which might then be manipulated, or into markets where assets can be used as security, e.g.
the property market. In this respect, much of the monetary inflation created exists outside of the scope of the
consumer price index (CPI) of general goods and services purchased by the wider population, such that CPI in the
UK is believed to be running at about 2.5%, while RPI is about 3.5%. However, while we might have forwarded a
possible reason as to why CPI and RPI are lower than monetary inflation, the overall effect of increasing the
amount of money in circulation always appears to create an inflationary process at all levels of society.
Who might be affected the most by inflation?
We might realise that even in wealthy economies, only a relatively small percentage of the population can afford
to risk investing any significant amount in the stock market or extended property portfolios. In contrast, the
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majority rely on an income defined by their salary or savings. In terms of a ‘working generation’ between the ages
of 20-60, most are dependent on their salary keeping pace with RPI, i.e. inclusive of housing costs, such that in the
UK we might estimate that they will need an annual salary increase of 3.5% just to maintain their standard of
living. In contrast, those people who have retired and own their own homes may be dependent on a pension
income plus any savings accrued to keep pace with CPI. However, it is difficult to generalise about this age group,
because some may have indexed pensions or annuities, while others may have opted for lump sum pay-outs on
retirement without the protection of any inflation proofing. However, we might attempt to generalise all these
possibilities in the following table.

Inflation

0

10

20

Years
30

40

50

60

Accrual

3%
3%
3%
3%
3%
3%

1.00
1.00
1.00
1.00
1.00
1.00

0.74
0.82
0.91
1.00
1.11
1.22

0.55
0.67
0.82
1.00
1.22
1.50

0.41
0.55
0.74
1.00
1.35
1.83

0.31
0.45
0.67
1.00
1.49
2.24

0.23
0.37
0.61
1.00
1.65
2.75

0.17
0.30
0.55
1.00
1.83
3.36

0%
1%
2%
3%
4%
5%

In the table above, inflation might be seen as the average of CPI and RPI, while the accrual rate reflects either the
increase in the annual income or saving interest. As such, an accrual rate of 3% is required to maintain an existing
standard of living, which anecdotal evidence suggests only a minority may achieved. For example, many public
service workers in the UK may have only achieved an average 1-2% salary increase since the financial crises in
2008, while interest rates associated with many saving accounts are unlikely to offer more than 1% interest.
Therefore, the table above shows the depreciation of income based on any accrual rate below 3%, which is
possibly the more likely scenario for the majority in most populations.
Is this simply a reflection of an ongoing recovery or a longer-term trend?
While there is an issue that might be described in terms of ‘cyclic dynamics’ that has invariably driven most
economics between ‘boom and bust’, there now appears to be a much longer-term trend leading to increasing
debt, both government and household, which may not be sustainable. We might consider this trend in terms of the
following chart, which shows an increasing global debt over the last 60+ years, both in term of money ($) and as a
percentage of global GDP. At 5%, this debt would incur a $9 trillion overhead in interest payments every year,
which may be good business for some, i.e. the minority but
necessarily the majority. This chart includes household debt,
which has possibly outstripped personal income even more than
the government debt has outstripped GDP and its tax income,
which is described in terms of an annual deficit that accumulates
into the national debt. However, individuals that essentially rely
on employment to provide an income have far fewer options
than governments to address their debts, which may be
increasingly at risk in the future – see previous discussion
entitled ‘Economic Catalysts’ for overview of employment risk.
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Note: As a generalisation, we might recognise that many in society have supplemented flat-lining income by
incurring increasing debt in the form of mortgages, credit cards and student loans that we might reasonably
assume cannot continued indefinitely. However, if debt ultimately has to peak and fall, it may have serious
implications on the economy.
While we might initially perceive debt as a ‘bad thing’, it represents a dilemma for the global economy, because it
has injected such huge amounts of money into the system. Therefore, if it were possible to ‘magically’ removed all
this debt in a single stroke, it would effectively downsize the global economy by the $180 trillion suggested by the
chart above. For while bankers may be able to create new money in the form of leveraged loans, i.e. money they
do not actually have; when the principal amount of the loan is repaid, only the additional interest paid remains in
circulation. Of course, when loans are initially issued, this money effectively enters into circulation and allows
people to buy things they would otherwise not be able to afford and this may fuel economic growth, which is
deem to be a ‘good thing’. In this context, we might realise that quantitative easing (QE) also creates a similar
problem because while many argue that QE is not just printing money, as a corresponding liability exists on the
balance sheet of the central bank, if this money is never repaid, it will permanently add to the money in
circulation, i.e. it adds to monetary inflation. However, we might also highlight another relationship between
inflation and debt as shown in the following table.

Majority
Inflation
Minority

Rate
Loss

0
0.00

10
-0.24

20
-0.59

Years
30
40
-1.08 -1.77

50
-2.74

60
-4.07

1%
3%
5%
Gain

1.00
1.00
1.00
0.00

1.10
1.34
1.63
0.28

1.22
1.81
2.65
0.85

1.35
2.43
4.32
1.89

1.64
4.38
11.47
7.08

1.82
5.89
18.68
12.79

1.49
3.26
7.04
3.78

If the comparative purchasing power of $1 is to be maintained, it must be increased as a function of time by a
compound interest equal to inflation, e.g. 3%. However, if the ‘majority’ can only gain a 1% increase, then the
value of their original $1 falls by 2% against inflation. In contrast, if a ‘minority’ can gain a 5% increase, then the
value of their original $1 increases by 2% against inflation.
Note: In a wider context, we might see how the burden of an original debt incurred by governments might
effectively fall with time, if the net rate of growth in the economy outstrips inflation or simply the rate of
interest secured by a government, while the opposite is the more likely case for most people.
While some governments and large institutional investors might be able to out-perform inflation over long periods
of time, this is probably not the case for the majority in any population. In future, the situation for those of
working age might be compounded by the increasing probability of redundancy caused by economic downturns or
future technology developments. If these people permanently lose their source of income, which might also apply
to those in retirement dependent on their savings, we might perceive the risk of growing social unrest and political
instability, especially if government welfare programs are also limited by growth of its income. In a sense, this
discussion has, again, simply outlined the potential for winners and losers in the brave new worlds under
consideration. If this initial picture has any validity, then society might have to accept some fairly radical change to
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the working of present-day economics in order to maintain any semblance of social stability. However, we might
realise that this may also signal a conflict between a powerful minority, who can exploit the current system, and
the majority, who are invariably the victims of financial manipulation.
The Role of Money
Although human society existed before the idea of money
coinage was first introduced, the ability to exchange goods and
service via barter exchange was limited. Of course, today, we
might readily accept the evolving role that money has come to
play in the world, not only in economic terms, but throughout
society as a whole. In this context, the previous introductory
discussions have attempted to outline the complexity of the
various powerful self-interests that now surround the operation
of any economy, which we might reasonably assume will not
disappear anytime soon. Although the full complexity of this
system is beyond the scope of this discussion, we might still
perceive the role of money within any developed economy. So,
while money may have only started out as simply a more
convenient means of exchange, it has evolved as the means by which wealth is measured and distributed, but
possibly more importantly how the wealth of a society might be manipulated. For money now defines the
ownership of everything of economic value in the society and, as previously outlined, the value of money can be
distorted and exploited to the advantage of a minority and the potential detriment of the majority. As such, the
role of money and its acquisition has come to dominate much of our lives for, in the modern world, a ‘better life’ is
often equated to monetary income as it provides the means to buy goods and services from the food we eat to the
houses we live in. In so doing, money requires most of us to seek and gain employment to provide for ourselves,
our family and eventually our retirement, while failure to do can have dire consequences on the quality of life,
both short and long-term.
Note: While not central to this discussion, money can also infer, but not necessarily guarantee, power and
status within a society. As such, it can be a powerful motivation to many, which may also be the root cause
of so much corruption in the world.
In the context of a Marxist ideology, it might be argued that it was an attempt to deny the ability of money to infer
ownership of the means of production and thereby separate society into the haves and have-nots. As a
consequence, Marxism required an alternative social hierarchy, which Marx might have conceptually imagined to
be a meritocracy. However, in practice this hierarchy was often corrupted by personal ambition and political
machination rather than representing any better ability to carry out a particular role in society. In this respect, a
capitalist ideology orientated towards a free-market economy proved to be more pragmatic in the sense that it
rewarded ability, at least in terms of entrepreneurial skills, rather than political status. However, the development
of capitalism was also predicated on free flow of monetary exchange, which has led to its dominant role in society.
This role now underpins all the interactive exchanges within an economy. i.e.
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•
•
•

Production: Money helps finance the means of production as an investment opportunity.
Consumption: Money allows consumers to buy goods and service required by production.
Distribution: Money is the means of distributing income that supports consumption and production.

But does past success equate to future success?
In part, this question encapsulates the central issue surrounding the future of any economic system. Today, we
have become dependent on the role of money in modern industrial societies and, in general, recognise the relative
success it has brought to developed economies in comparison to undeveloped or pre-industrial societies. This
success is also reflected in the sophistication of western-style banking systems, although many may now question
the ethics of some of its practices and the apparent inequality of wealth it has helped create. However, we might
recognise that money itself has been undergoing an evolution from its inception, which we might simply
characterise in the implied timeline of the following diagram.

Given its long history, the use of money as a means of exchange covering production, consumption and
distribution will not be easily replaced, although it might now be realised in various forms of abstracted digitised
exchange. In this respect, we might assume that the evolution of digital money opens the door for new innovations
to be introduced, such as cryptography and block-chains. While we will not expand on this level of detail, it might
be suggested that these innovations have the ability to make transactions either more opaque or transparent
depending on how they are used.
So will money remain the means of economic exchange?
In the main, it is assumed that money in its various evolutionary forms will remain the means of exchange for both
production and consumption, although the issues of distribution in respect to income may become increasingly
problematic. However, the issue associated with distribution really has more to do with wealth inequality, which
may have to be addressed by the role of government within the economy to be discussed next. For in basic terms,
the modern idea of money only works if you have enough of it to actively buy the goods and services required by
modern life. For the majority, this means gaining and retaining employment throughout their working lives with
the assumption that they can also put enough aside in these years to fund their retirement. Unfortunately, in the
context of the brave new worlds being discussed, there is a suggestion that employment for life may become
increasingly difficult in the face of growing AI and robotics automation across the entire spectrum of employment
currently carried out by people. If so, an ever-larger percentage of society may not have the necessary income to
survive financially without help. While this is not necessarily a new problem, in the past, people may have had
more access to help within their local community or extended family units, although even this possibility was not
necessarily available to all. Of course, in today’s economically prosperous societies, there is often the expectation
that the government welfare system will provide the essentials of life should we be unfortunate enough to be
made redundant and lose our monetary income. However, whether this option can simply continue to expand in
the future is an issue that will be discussed further in the following sections.
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The Role of Government
Let us assume that the role of government is to help protect the weak in society from those who may seek to
exploit them, even though history suggests that this has often only been wishful thinking. Within the discussion, so
far, it has been suggested that governments can play an important role in the economics of any nation-state, both
in terms of its political ideology and ability to regulate the self-interest of capitalist excesses, as originally cited by
Adam Smith in his most famous work ‘The Wealth of Nations’ in 1776. However, whether governments can always
prioritise the interest of its citizens over ‘big business’ might be debated.

While we might still have questions about the role of the government within the economy, even governments that
prioritise free-trade capitalism tend to recognise the need to implement some form of regulatory constraints in
order to protect the majority from the financial excesses of a powerful minority, which we might consider in terms
of a ‘welfare system’. Of course, we might understand that the concept of a welfare system may be virtually
non-existent in some nations simply because the government does not have the infrastructure or financial
resources to support one. In this situation, people who fail to secure an adequate income for whatever reason
have to find some other form of help or otherwise succumb to their dire circumstances. However, in the poorest
nations, people often survive in the context of rural communities that may offer a helping hand to others within
their own community or extended family units, which history suggests has been eroded in the process of
urbanisations, but which might conceptually be offset by an expansion of a welfare systems.
Note: In previous discussions, a number of issues have been outlined that might lead to increasing levels of
long-term unemployment. Irrespective of the cause, those affected will present a growing problem to future
social and political stability unless the welfare system can offer some form of alternative income.
Again, each nation-state may have its own system of welfare, but in basic terms there is one common denominator
that we might quantify in terms of how the system is financed. For illustrative purposes, we might use a
generalised statement of UK government income and outgoings, as per 2014, which has to also be considered in
terms of its national debt being in the order of £1.3 trillion corresponding to 77% of its GDP. Again, simply by way
of illustration, this debt is assumed to incur an interest payment of £53 billion based on an interest rate of 4%.
Despite its simplifications, we might use this model to make some assessment of the UK’s ability to finance all its
commitments, where the welfare system is but one of many.
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Income in Billions

Outgoings in Billions

National Insurance

£110

15.00%

Defence

£38

5.20%

Business Rates
Value Added Tax
Corporation Tax
Income Tax
Excise Duty
Council Tax

£27
£111
£41
£167
£47
£27

3.70%
15.20%
5.60%
22.80%
6.40%
3.70%

Education
Transport
Public Order
Health
Industry
Housing

£98
£23
£32
£140
£17
£25

13.40%
3.10%
4.40%
19.10%
2.30%
3.40%

Others

£118

16.10%

Social Services
Welfare System
Other

£31
£222
£53

4.20%
30.30%
7.20%

Total
Deficit/Borrowing

£648
£84

88.50%
11.50%

Total
Debt Interest

£679
£53

92.80%
7.20%

Balanced Total

£732

100.00%

Balance Total

£732

100.00%

By way of explanation, the UK government’s income from its various taxation sources was estimated to be £648
billion in 2014, while its basic outgoings were £679 billion, i.e. a deficit of £31 billion adding to the total debt of
£1.3 trillion, which incurred £53 billion in interest charges. From the previous table, we might see that at 30.3%,
the cost of the welfare system represents the largest line-item in the UK outgoings, which needs to be taken into
account when considering any extension to the welfare system in order to support increasing rates of long-term
unemployment.
Welfare Breakdown
Pension Benefits
Disability Benefits

Billions
37.74
37.74

%
17.0%
17.0%

Unemployment Benefits
Housing Benefits
Family Benefits
Social Services

37.74
37.74
37.74
37.74

17.0%
17.0%
17.0%
17.0%

The table above is a very simplified breakdown of the items within the UK welfare system, which are typically paid
out on a means-tested basis, although income tax rates of 20% and 40% are paid at different thresholds of gross
income. At this point, we might reasonably assume that any expansion of the UK welfare system must incur extra
costs, which might be obtained by reprioritising the percentage allocations above or within the overall outgoing
budget. However, in practice, all line-items in the budget are not only staunchly defended but invariably always
demand more funding, such that the only other option may be to raise taxation.
Note: Working in ballpark figures, we might assume the UK population to be 64 million with 30 million in
some form of employment. If the average wage was £25,000, we might crudely estimate the total wage
income of the UK to be £750 billion. If we extract the 3 largest taxation sources within the UK government
budget to which most people in work contribute, the total of £388 billion represents over 50% of the £750
billion estimated in wages, i.e. 50% of people’s wages already goes in taxation of some form.
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However, while the note above might suggest that the UK population already pays 50% in overall taxation, it has
not accounted for the actual distribution of the tax burden. In reality, high earners pay more in taxation based on a
higher rate of tax, i.e. 40% rather than 20%, and on a larger
income, such that it might be estimated that the top-1% pays
24.1% of the government’s income tax revenue, as illustrated in
the chart right. In comparison, we might also note that the
bottom 50% of incomes only contribute 11.0% to the
government’s tax revenue, such that we might recognise why a
government might want to compromise between allowing
free-market capitalists to pursue their own self-interests, i.e.
making money, and the need for some form of policy to
maintain a degree of both social and political stability. So, while
the left of centre political parties might simply wish to levy more taxes on the rich, the economic results of this
approach may be counter-productive if it results in a downturn in the economic GDP.
Note: On the assumption that the use of money is not going to disappear any time soon, we need to consider
who will provide the finance and who will manage the future of the welfare system, especially if the
increased long-term unemployment prediction turns out to be true. At this point in time, the only
assumption that appears reasonable is that any effective welfare systems may only exist in economies
wealthy enough to effectively support them by some form of taxation revenue extracted from the economy
and distributed by the infrastructure of government. However, where such systems do not exist or cannot be
maintained, we might simply have to assume that community and charity schemes may be the only other
protection against destitution. This said, we might still consider what options are possible if society is
prepared and able to pay more in order to
maintain social and political stability.
Alternative Forms of Income
The preceding sections of the economic discussion,
along with the many references, have attempted to
provide a general outline of the various components
within a functioning modern economy, i.e. government,
banks, industry and people. While all these components
serve a different function within the economy, we have
assumed that all require the flow of money to finance their operations. In this respect, the issue of inflation and
debt within most modern economies appears to have become increasingly problematic, especially if debt rises to a
level it cannot be serviced. However, it has also been recognised that debt, in the form of loans, has been used to
fuel economic growth, which has possibly been compounded by the monetary policy of many central banks in the
form of quantitative easing (QE).
So how might this system change in the future?
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History suggests that the current economic system is becoming increasingly unstable in terms of the frequency and
depth of repeated ‘boom & bust’ cycles, which have invariably led to increased unemployment and the loss of
income for many, either on a temporary or permanent basis. However, the predictions of growing AI and robotic
automation across the entire spectrum of the job market may come to further challenge economic stability, which
in-turn could then further affect social and political stability, unless some alternative form of income can be
devised for the long-term unemployed.
Note: As a present-day benchmark, the number of working age people (16-64) in the US is estimated to be in
the region of 210 million of which only about 130 million (62%) are estimated to have full-time employment.
While the official unemployment rate in the US is stated to be less than 5%, it is doubtful that this figure
truly reflects the scale of mental and physical disabilities plus social commitments that prevents many
gaining meaningful employment, which may then be compounded by part-time employment and zero-hour
contract work. Therefore, if we simply use the 62% figure, this would mean that something like 80 million
(38%) of the US working population is not in full-time employment, which future technology innovation
might easily push towards 50% and above.
However, before we can really assess the viability of any alternative forms of income, we possibly need to better
understand the financial implications of any solution, when considering the scope of the unemployment problem
suggested in the note above. In this respect, we might use a modified version of an economic model previously
discussed.

In the modified model above, the ‘people’ component has been expanded to represent the possibility that the
‘unemployed’ may come to outnumber the ‘employed’. This model also highlights the expectation that the
government continues to receive tax revenue from industry, banks and people in order to finance its benefits and
service commitments. However, for the purpose of this discussion, we might assume that while the introduction of
future technology may drastically reduce the number of people employed, the industrial and banking sectors are
able to maintain GDP as a comparative figure. However, while the government might still receive the same tax
revenue from industry and banking sectors, the diagram above suggests that the tax revenue from the smaller
number of people employed must be reduced, while unemployment benefits must presumably be increased based
on current levels of the benefits being maintained. In the previous discussion entitled the ‘role of government, a
Mysearch Website

158

Copyright

2004-2018

BRAVE NEW WORLDS
Catalysts of Change

0.1%
AGGR EGATES LEVY

0.2%

0.1%

LAND F I LL TAX

P ETR O L TAX

C LI MATE C HANGE

0.4%

0.3%

AI R P AS S AGE D UTY

B E T T I N G & G A M I N G … 0.3%

0.4%

CUSTO MS DUTY

SP I RI TS DUTY

0.5%

W I NE DUTY

I N S U R A N C E P R E M I U M … 0.4%

0.6%

0.5%

I NHER I TANC E TAX

0.9%

0.6%

C AP I TAL GAI NS

BEER & CI DER DUTY

1.4%

1.1%

TO B AC C O D UTY

VEHI C LE EX C I S E D UTY

2.5%
S TAMP D UTY

4.4%

2.9%

B US I NES S R ATES

O THER TAX ES & …

4.7%

4.6%

FUEL DUTY

VALUE AD D ED TAX

C O R P O R ATI O N TAX

I NC O M E TAX

NATI O NAL I NS UR ANC E

C O UNC I L TAX

15.5%

UK TAX CLASSES 2009
9.5%

19.3%

28.6%

generalised breakdown of the UK tax income and outgoings was estimated for 2014, which suggested that the UK
welfare system was already the highest percentage line-item (30.3%) in the UK outgoing commitments. As such,
the previous diagram suggests that this situation would only get worst unless a government can find additional
sources of tax revenue, which we might first consider in terms of the next chart.

Again, simply using the UK as an example, the chart above suggests that the government has already explored
most options for exploiting the possibility for additional sources of tax revenue, such that it might only be left with
the option of increasing the rate of taxation, especially on industry and the banking sectors, assuming that they
have become more profitable with the adoption of future technology, i.e. they have reduced employee costs.
Note: The assumption that the industry and banking sectors simply come more profitable with the continued
adoption of technology by an associated reduction in staff may have to be challenged in the context of
global competition. However, we might also have to consider the fact that the bottom 50% of today’s
low-paid employed may contribute only about 10% of the income tax revenue of the government. As such,
any change to the government income may be difficult to assess, although it might still be reasonable to
assume that not all economies around the world will be net beneficiaries of the changes being outlined in
any of the brave new worlds scenarios under review.
If the prediction of increasing unemployment becomes a future reality, there are a number of potential courses of
action. For example, those in power might consider the option that those who become effectively destitute be
simply left to fend for themselves, irrespective of the consequence. While many might be horrified by the mere
suggestion of this option, the truth is that this is exactly what happens every day across the world in economies
unable to provide a safety-net in terms of a welfare system. However, on the assumption that this would only be
an option of last resort in the wealthy economies, we might now consider the implications of a redistribution of
wealth in order to fund an extended welfare system, if a larger percentage of the population become the victims of
long-term unemployment. However, we possibly need to first make some estimate of the costs, which we might
equate in terms of the 2014 UK minimum wage simply as a comparative benchmark.
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Minimum wage

£7
£38
£263
£13,650

per hour
per day
per week
per year

While the previous 2014 figure of £13,650 is only intended as some ballpark estimate of a ‘minimum income’ that
might only cover the basic essentials of life, we might equate this figure to the 2014 UK budget breakdown
previously outlined in the role of government discussion. Therefore, it needs to be highlighted that the actual
unemployment benefit for an individual over the age of 25 is in the region of £70 per week, which would only
translate into £3,640 per year or 27% of the previous minimum income.

Unemployment Benefit

£70
£3,640
27%

per week
per year
of minimum

However, if we replicate the previous breakdown of the UK welfare budget, but exclude the provision for pensions,
we might see an opportunity for the unemployed to claim additional income under the various categories
suggested below. Again, these are only intended as comparative estimates rather than actual figures.
Unemployment Benefit
Disability Benefits
Housing Benefits
Family Benefits
Social Services
Welfare Benefits

£37,332,000,000
£37,332,000,000
£37,332,000,000
£37,332,000,000
£37,332,000,000
£186,660,000,000

At this point, it might be useful to understand whether there is any correlation of the £3,640 figure allocated to the
unemployment benefit, outlined above, to the total figure of the unemployment benefit, i.e. £37 billion, in the
table above. We might attempt this correlation by considering a breakdown of the UK population as follows:
Total Population
Working Age
Employed
Unemployed
Benefit for 25%

64,000,000
38,400,000
28,800,000
9,600,000
£3,889

100%
60%
75%
25%
per year

In the case of the UK, we might use a 75%-25% split in the working age population, divided into employed and
unemployed. On this assumption, we might divide the $37 billion figure by the 25% unemployed, which gives us
the figure of £3,889, which is in the same ballpark as the unemployed benefit £3,640 quoted above. While it is
unlikely that all unemployed would qualify for an equal amount under the other categories listed under the UK
welfare provisions, we might see how many might get closer to a minimal income of £13,650 per year. However,
having provided a possible explanation of how the current UK welfare system is financed, we need to consider the
next question:
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How might the government provide income for the growing unemployed?
We might initially proceed on a somewhat optimistic assumption that the GDP underpinning an economy will not
be adversely affected by growing unemployment if productivity is maintained or even increased by technology
automation. However, we might have to assume that government revenue from taxation from the employed
population may still fall. If so, the government may need to consider ways in which to increase its revenue by
stimulating economic growth to pay for the additional demands on the welfare system being linked to increased
long-term unemployment. Historically, governments have often attempted to restore economic growth by revising
its fiscal policy and by exerting pressure on the central bank to adjust its monetary policy.
Note: Fiscal and monetary policies are the two most widely recognized tools used to influence a nation's
economy. Fiscal policy is normally determined by the executive and legislative branches of government and
sets the rules for taxation and spending allocations. In contrast, monetary policy is primarily concerned with
the management of interest rates and the total supply of money in circulation, which the central bank
conceptually determines independent of any political influence.
In terms of monetary policy, the adjustment of interest rates to encourage borrowing and increase spending in the
economy has often been an initial action, although recent history suggests that even after reducing interest rates
to near-zero, it has not necessarily stimulated the economy. As a consequence, central banks now often resort to
quantitative easing (QE) to increase the money supply in circulation. However, there is evidence to suggest that
this approach has only allowed large investment institutions, e.g. private banks, to inflate the stock markets and
equity property markets, while providing little stimulus to the wider economy. So, while many may still argue that
QE is not just printing money as the balance sheet of the central bank shows the liability, this liability may only be
meaningful if the QE currency is actually removed from the money supply, which may never happen. Equally, while
this stimulus might help the economy in some respects and therefore aid the government’s ability to fund a larger
welfare system, its overall efficacy might be questioned, if it also increases the government’s overall debt.
However, an alternative method of introducing the additional QE currency into circulation has been forwarded in
terms of a ‘debt jubilee’ that would allow QE to be distributed into the population, as either a cash payment or tax
rebate.
Note: The idea of a debt jubilee has a long history, where individuals who had been reduced to slavery or
debt bondage were freed, typically on some significant event or cyclic period, in order to stabilise society and
its economy. In a modern context, we might better describe this type of debt relief in the form of a tax
rebate that would be given to the entire adult population with the possible caveat that those in debt must
use the tax rebate to pay down their debts, while the rest might use the windfall to stimulate all sections of
the economy. A more extreme form of a debt jubilee might be considered in terms of a debt default in order
to reduce the level of household debt in an economy. However, this idea is invariably resisted by powerful
banking interests that would have to write-down these loans as losses on their balance sheet.
The other idea that is now often discussed takes the form of a ‘universal basic income (UBI)’. While there are many
variations of UBI, we shall just outline one conceptual variant that involves providing an unconditional income to
everybody over the age of 18, i.e. working-age plus the over 65. As such, this income would be paid automatically
to every adult without any means testing such that eligibility would not be affected by any change in financial
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circumstances and would not depend on any previous level of contribution to the system. Within the general
assumptions of this system, an individual would have no obligation to look for employment and where the income
received into a household would not depend on marital status or any preconceived ideas of family composition.
However, while there may be reasons why such a scheme should be given serious consideration, it is not clear how
it would work financially within economies that may already be struggling to maintain any semblance of growth,
where political issues, such as immigration, might only compound the debate. Again, the scope of all the
arguments, both for and against such a scheme are beyond the scope of this discussion, such that following
reference papers are provided for those interested in more detail:
•
•
•

2015: Could a UBI scheme work?
2017: Fiscal implications of UBI
2017: The case against UBI

While the references above provide far more detailed analysis, we might still attempt some basic sanity checks
against the 2014 figures provided for the UK government budgetary income and outgoings. While we will retain
the figure of £732 billion for the total government income, it is highlighted that this figure included £84 billion of
deficit borrowing, which we might reasonably assume cannot continue indefinitely. However, we might still
attempt a ballpark comparison by assuming that the entire UK welfare budget is allocated to the UBI scheme, such
that it would represent the only pay-out that people would receive from the government.
Government Income:
Welfare System
Total Population
Eligible Population
Universal Basic Income
Minimum Wage
UBI/Minimum Wage

£732,000,000,000
£219,600,000,000
64,000,000
51,200,000
£4,289.06
£13,650
31%

100%
30%
100%
80%
per year
per year

Based on the figures above, there is a suggestion that this scheme would only be able to realise 31% of a minimum
income, which would not provide a sustainable long-term living income. On the assumption that the UBI scheme
would, at least, have to achieve the minimum wage for the eligible population, we might calculate its cost and
determine the deficit against the current welfare budget.
Current Welfare Budget

£219,600,000,000

UBI/Minimum Wage

£13,650

Eligible Population

51,200,000

UBI Cost

£698,880,000,000

Welfare Deficit

£479,280,000,000

30%
per year
80%
218%

On the basis of the ballpark figures above, there is the suggestion the UBI scheme would cost somewhere in the
region of £698 billion if required to provide the minimum wage, which would exceed the current welfare budget of
£219 billion by £479 billion. On the assumption that the government would not be able to significantly adjust its
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other outgoing commitments, then the only other option to finance the UBI scheme might be increased taxation.
While we might assume that the government would want to distribute the increased costs over as many of 24 tax
classes previously listed, we shall simplify this complexity by assuming the required increase only comes in the
form of a single tax, which we might show in terms of the previously defined income tax groups.
Income
Group
Top 1%

%

Population

% Tax

Income Tax

Pro-rata

Revised Tax

Pro-rata

1%

384,000

24.1%

£52,779,000,000

£137,445

£168,218,000,000

£438,068

90-99%

9%

3,456,000

29.2%

£63,948,000,000

£18,503

£203,816,000,000

£58,975

50-90%

40%

15,360,000

35.1%

£76,869,000,000

£5,004

£244,998,000,000

£15,950

10-50%

40%

15,360,000

11.0%

£24,090,000,000

£1,568

£76,780,000,000

£4,999

0-9%

10%

3,840,000

0.6%

£1,314,000,000

£342

£4,188,000,000

£1,091

Total

100%

38,400,000

100.0%

£219,000,000,000

£698,000,000,000

The UBI scheme under consideration is assumed to provide a minimum income of £13,650 per annum for 80% of
the population, i.e. 51.2 million, over 18 years of age. Previous estimates suggested that the tax system had to
raise £219 billion to paid for the welfare, which the UBI scheme would increase to £698 billion. While tax revenues
are collected from corporation, currently they only account for something in the order of 10% of the required total
of £732 billion, such that we might make the simplified assumption that most of the increased taxation would have
to be paid by individuals in work. Therefore, based on the ‘income groups’ shown, we might work out a pro-rata
cost on each person within these groups based on a working population of 38.4 million. While this population
might be reduced by unemployment, we will also make the assumption that job losses will affect the lowest paid
groups first, although this is questionable given the nature of AI automation. Based on all these speculative
assumptions, the UBI scheme, as describe, appears to require a 300% increase in individual taxation. If these
estimates come anywhere near the required ballpark increases required, then it is suggested that a UBI without
means-testing may be unrealistic, both in economic and political terms.
What else might be considered?
Of course, if the current scheme of means-tested welfare were still retained, then the increase to the welfare
budget would presumably only have to be increased in-line with the increase in unemployment. While this position
would hardly quantify as an evolutionary step-change in alternative income for the unemployed, it may remain the
only viable solution in terms of all the mounting problems within many
economies along with the increasing political difficulty of attempting to
maintain some semblance of social stability.
The Economic Endgame
The picture right possibly encapsulates the dilemma that economics seeks
to resolve, but has never successfully accomplished, i.e. sustainable
equitable growth. However, whether this is really an inherent fault of
economics or simply a reflection of human nature might be debated. We might also question the title of this
discussion because any endgame may only be transitional in the sense that nothing linked to any evolutionary
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process can ever be considered final. Therefore, we should possibly review the ‘causes and effects’ that have
driven the global economy to this point in its development, such that we might then have a better chance of
assessing future developments. In this context, it might be argued that economic change has never been a
democratic process decided by what the majority of people would like, but invariably a system imposed by a
minority who have had the power to control aspects of the economy as it cycled between ‘boom and bust’.
Previous discussions have traced the historic development of coinage, citing the example of the city-state of Athens
that initially prospered, but later declined due to the debasement of the gold content of its coinage. We have also
noted the development of the goldsmith bankers and the circumventing
of usury laws, which eventually led to interest charges inflating the total
monetary supply in circulation. Along the way, people like Adam Smith
warned of the dangers of self-interest in his book: ‘The Wealth of
Nations’, while other like Marx, Keynes and Hayek all forwarded differing
economic ideologies to maintain economic stability, but possibly
unheeded by the world at large. The 20th century then saw the transition
through various permutations of different gold standards, which finally
disappeared in 1971, when the US decoupled the value of the dollar in
terms of any form of gold exchange, such that all fiat currencies simply
became a promissory note. Of course, once decoupled from any pretence
of actual gold reserves, central and private banks had a license to create money and increase the amount in
circulation provided they could retained the confidence of the markets to honour the floating exchange rate of
their fiat currency. However, we have now possibly reached a point that many have come to describe the global
economy as a ‘ponzi scheme’ that might collapse like a house of cards at any time. Within the totality of all these
developments, it is unclear that anybody has had full control of the economy, although some may have been
better placed to exploit its weaknesses, which is why so many boom and bust cycles persist to this day. In 2008,
the global economy experienced its last major ‘bust phase’ from which it is still trying to recover, even though
others now warn of the next financial collapse coming any day soon. While many may hope that the 2008 collapse
was possibly a once-in-a-lifetime event, the following extract from the Wall Street Journal might be seen as a note
of caution to such possibly overly optimistic hopes:
“I have witnessed the 1980s savings-and-loan crisis, the 1987 stock-market crash, the 1997 Asian financial
crisis, and the 1998 collapse of a hedge fund called Long-Term Capital Management that had to be bailed
out before it took down the global economy. Then came the 2000 dot-com bust. Then, the 2008 financial
crisis and the muck our economy has been stuck in ever since. Every crisis is different in detail, but the cause
is always some variation of the same game: High rollers amass debt until they can't pay it off, and then they
default, setting off a string of insolvencies that can be stopped only by putting taxpayers at risk. Systemic
fraud is exposed in every crash, but little is done about it. Big business, big government and big bankers are
too often from the same self-dealing clan. The most culpable among them will claim no one could have
possibly seen the big crash coming, even though plenty of warnings went unheeded. Economists working for
the looting class often compare the economy to the weather. They claim that unavoidable cycles cause
crashes, as if the economy were a natural phenomenon, existing apart from humanity. But humans create
economies, and humans cause financial disasters. Financial crimes are tolerated in the name of free-market
capitalism and the comforting pretension that another economic crash could never happen again.”
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This extract alludes to the fact that self-interest of a minority has continued to create instability in an increasingly
globalised economy, such that it is unclear that any immediate developments will necessarily prevent it happening
again. However, it might be reasonable to assume that some form of economic evolution might be triggered given
the potential scope of both technological and social evolution, as previously discussed. For example, technology
may allow the development of new monetary systems, such as the adoption of a sovereign monetary system in
order to restrict private banks from creating new money, alternatively a bitcoin monetary system might bypass the
need for private banks altogether. However, while a sovereign monetary system might protect end-user customers
from excessive risk-taking by private banks and allow the central banks to regulate the currency in circulation, it is
unclear that this would be an adequate solution. Likewise, the development of people having to manage their own
bitcoin accounts might simply expose many individuals to new risks that few would necessarily understand in
terms of the loss of their computerised bitcoin wallets through to sophisticated on-line fraud and hacking.
So what does society really need from the economy?
Although it might sound part of a utopian narrative, it is possibly not too naïve to suggest that society wants the
economy to help fund developments of all kinds, which makes life better. As such, the economy would be a system
that finances development that allows industry and commerce to provide employment and to produce better
products that benefits society as a whole. As outlined, there has to be a role for government within this system to
provide services that extend beyond the financial scope of industry and commerce, which recognises the needs of
individuals who may require additional help within any society. Of course, such an idea may only remain a utopian
vision if those preoccupied with personal self-interest only perceive the idea of a ‘better life’ in terms of their own
monetary wealth. For it seems that we cannot simply dismiss the role of self-interest in the process of human
evolution, which has possibly been a driving factor in
separating humanity from the rest of life on planet Earth,
although we might eventually need to curb its most
damaging excesses.
Is the hope of economic sustainability realistic?
If we return to the issue of sustainable growth, the
diagram right might conceptually provide a model, where
the influence of economic issues is shown to overlap both
social and environmental issues. In this context, the
imposition of the economic systems on society is required
to be ‘equitable’, although not necessarily equal, while
the impact on the environment must remain ‘viable’ in the sense that the collective ecosystem remains
sustainable. However, as much of this discussion has highlighted, there is a probability that the development of the
economy will not necessarily be equitable, if the basis of social stability becomes increasingly undermined by
growing unemployment associated with AI and robotic automation across all job markets. To-date, the economics
of capitalist free-markets has been driven by the need to remain competitive and profitable and if this does not
change, then industry and commercial enterprises will probably continue to pursue cost reduction and leave the
problem of increasing unemployment to others to resolve. Equally, it is unclear how the self-interests of industry
and commercial enterprises will be held in check when it comes to environmental concerns – see previous
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discussion entitled ‘The Human Footprint’ for more details. However, despite these concerns, technology evolution
may provide many additional solutions as outlined in terms of energy, AI-robotics, genetics, nanotechnology and
space developments, which might all help to revolutionise the size of the human ecosystem that can be supported.
However, while we might remain hopeful that technology may improve the quality of life of many, there is possibly
a more contentious question that has to be tabled at this point.
Is simply sustaining or expanding the human population the goal of progress?
In terms of the evolution of humanity, the idea of progress might be defined as an improved or more advanced
state of development. While many may disagree with this narrow definition, it is argued that it is representative of
the direction that technology developments have always pushed humanity. However, such developments have
also led to social developments, such that political correctness may now require any discussion of the question
above to start with the assumption that all human life is equally valuable. While this position will not be debated
from a moral stance, it may be questioned in terms of the actual reality that exists in the world today. For, in truth,
advanced societies do put ‘a value’ on an individual in terms of the role they are able to perform in society, which
we might quantify in terms of the income they are able to secure. As such, we are led to a very uncomfortable
issue, which will not necessarily go away just because many do not want to discuss the ramifications in open public
debate.
What is the value of those who cannot support themselves in any society?
At this point, many may be concerned about the direction this discussion might be taking, such that we possibly
need to provide a little more context. Therefore, imagine if technology was capable of increasing the human
population, but at the cost of the habitat of every other living thing on planet Earth – would this be a price worth
paying. Possibly most people may have some reservations about this idea, such that we would have to face up to
the issue implied in the last few questions, i.e. at what point might humanity have to put some limit on population
growth. Of course, this then raises an equally uncomfortable question.
Who decides and what has this got to do with economics?
Again, we might need to put this question into the context of some brave new world of the future, where
humanity is starting to colonise space. For example, let us imagine a growing space-city orbiting Mars, where the
survival of this population is very dependent on the technology evolutions previously outlined. We might also
assume that the social demographics of this growing space-city are possibly quite differ from the average city on
Earth based on certain selection requirements, which might quite reasonably demand certain skills and abilities.
While this is only a hypothetical example, it is not necessarily an unrealistic projection of the economic
considerations of some future space-city, in its broadest context, will require of its population in order to maintain
its future well-being, if not survival. So, having provided some additional contextual rationale, which is only biased
towards skills and ability, not ethnicity, we will return to the question tabled above.
What is the value of those who cannot support themselves in any society?
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Although this question will not be address in any detail, it might be suggested that any brave new world of the
future may only be able to deliver a ‘better life’ to a minority of the world’s current population. Although only a
small selection of future possibilities has been outlined, the general conclusion of each discussion has suggested
problems for many in society and while there may be a net positive outcome for some, the world will undoubtedly
differ from what many might currently defined as ‘progress’. For despite of the expanding scope of the human
ecosystem, which has developed over the last 10,000 years, the idea of ‘survival of the fittest’ has persisted in the
form of the haves and have-nots, which probability suggests is unlikely to change in the near future. So, while
technology and social welfare may be able to alleviate the harsh reality of life for some of the have-nots, it is not
clear how all can benefit equally in any of the brave new worlds under consideration. While it is recognised why
few in a politically correct world might not want to openly accept this conclusion, it is suggested that the future
may have no other realistic solution that satisfies the underlying need for sustainability.
Note: Price's Law suggests that half of the literature on a subject will be contributed by the square root of
the total number of authors publishing in that area. However, Price’s Law has also been used to explain why
many companies eventually fail because it suggests 50% of the work within a company is done by a
relatively small number of people, i.e. 50% is done by the square root of the number of employees. For
example, in a company with 100 employees, only 10 will account for 50% of the work, but the worrying
progression of this exponential relationship suggests that in a company with 10,000 employees, only 100 will
do half the work, which questions the efficiency of remaining 9,900, although in practice the law would
apply reiteratively – see table below.
However, it needs to be highlighted that Price’s law is only a mathematical model, which may only have limited
empirical validation in specific circumstances, e.g. publications. However, if we were to apply this law to the
productivity of the UK working population, as used in many of the previous example, it leads to some serious
questions about the effectiveness of much of this population.
Remaining
Population
38,400,000
38,393,803
38,387,607
38,381,411
38,375,216
38,369,021
38,362,827
38,356,633
99.87%

Price's
√Law
6,197
6,196
6,196
6,195
6,195
6,194
6,194
6,193
49,560

Economy
%
50%
25%
13%
6%
3%
2%
1%
0%
100%

For this reason, the table below compares the results of Price’s recursive exponential law against a modified form
of Pareto principle, i.e. revised from a 80/20 to 50/20 rule, where the law of the vital few suggests that 50% of the
productivity economy might be achieved by 20% in a recursive manner.
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Remaining
Population
38,400,000
30,720,000
24,576,000
19,660,800
15,728,640
12,582,912
10,066,330
8,053,064
21%

20/50
Principle
7,680,000
6,144,000
4,915,200
3,932,160
3,145,728
2,516,582
2,013,266
1,610,613
30,346,936

Economy
%
50%
25%
13%
6%
3%
2%
1%
0%
100%

In both tables, the percentage of the economy produced at each step is the same, i.e. 50%, where the second table
required 20% of the remaining working population, but still suggests that 20% of the population effectively do not
contributed to the productivity economy. It might also be noted that linear 50/20 rule adopted possibly aligns
better to the employment distribution of any population, as first discussed under the heading of Economic
Catalysts and then discussed further under the heading of Social Evolution. Of course, if 80% accounts for 100% of
economic productivity, we are left to question what the remaining 20% contribute to ‘the system’. However, while
this may appear to be a potentially reasonable breakdown of economic productivity, we might still question
whether genuine creativity within a society might still follow Price’s Law, which the table above suggests might be
produced by less than 1% of the population.
1.1.6 Political Evolution
In the introductory discussion of ‘political catalysts’, politics was
described as a ‘process’ by which some form of ‘governance’ is
imposed, not necessarily by democratic means, such that its
scope can also encompass autocratic and authoritarian
governance. As such, the word 'governance' does not
necessarily imply ‘by the people’ plus it may also be highlighted
that when the nature of political governance is aligned to an
ideology, possibly rooted in philosophy, economics or religion, it
may not necessarily prioritise governance ‘for the people’.
Reference might also be made to an earlier discussion of
political evolution that may provide some further historic
background to this ‘brave new worlds’ discussion, where the
different ‘styles’ of governance were considered in terms of
three fundamental functions.
•

Executive:

Drafts both policy and laws and administers the legislative and judiciary processes.

•

Legislative:

Develops, debates and approves both policy and laws as prioritised by the executive.

•

Judiciary:

Implements the details of the laws and passes judgement.
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In practice, the independence of each of these functions can differ considerably depending on the ‘style’ of
governance, i.e. autocratic or democratic. However, while we may have an idealised preference, such that most
might assume autocratic governance is not a ‘good thing’, such governance can sometimes be effective and
possibly even necessary. For democracy based on an ill-informed majority subject to manipulation by fake news
with its own agenda is not necessarily a ‘good thing’ either.
Note: While we might wish to separate genuine political governance ‘by the people, for the people’ from the
imposition of autocratic or military power, history is littered with the failure of possibly well-meaning, but
weak democracies. Equally, we may have to recognise that many elected democracies may only have the
support of a minority within the total population, which is often the product of an electoral system that only
offers one or two alternatives at best.
Within the scope of these extremes being outlined in terms of autocratic and democratic governance, it may still
be argued that autocratic governance may be more susceptible to the adage that ‘power corrupts and absolute
power corrupts absolutely’. Of course, it would be naïve to assume that democracy is immune to corruption,
although it possibly offers more opportunity to seek redress if the judiciary is actually an independent function of
the state. In the light of such caveats, we possibly should not be too surprised that the political process often turns
out to be compromised, subject to political machinations, which simply fails to deliver many of the long-term
solutions that society now needs. This said, public opinion also plays its role in this state of affairs, especially in
democracies, when the government concludes that even the ‘right decision’ would be too unpopular with the
general population to be pursued.
Note: It would appear that any discussion of political evolution has to begin anchored to the systems that
exist today. In this respect, autocratic governance may have the power to ignore the wishes of the majority,
but in so doing may act in its own self-interests or as demanded by some underlying ideology. Of course,
democratic governance may also act in its own self-interest, such that it becomes preoccupied with
maintaining the support of the electorate and, as a consequence, can become paralysed when it comes to
taking necessary, but unpopular, decisions.
It is recognised that this opening description will appear to be a somewhat negative opinion of politics, although it
may well be one that many now hold. However, while the history of politics might be framed in terms of a battle
between autocratic and democratic governance, the future of politics may become a battle between global or
national governance. For it seems that future political, economic and technological change may only widen the
divisions between the winners and losers, where the winners will support the benefits brought about by the
globalist agenda, while the losers may seek the protection of a nationalist agenda. The pros and cons of these
positions might then be fought out in an ongoing war of words.
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The Art of Words
The title of this discussion is making an indirect reference to the
ancient Chinese military treatise called ‘The Art of War’ that
discusses various aspects of the strategy and tactics of warfare.
However, in the context of the modern world, warfare can now
take the form of a ‘war of words’ in which information is used to
influence a population in a specific direction, typically by playing
on their fears. Today, people in societies all around the world are
increasingly fearful of the future. They fear losing their jobs, they
fear losing their income, they fear technological change, they
fear large-scale immigration, they fear terrorists and they fear
that their government cannot or will not protect them. As a
consequence, many of these people are anxious and want some form of political change.
So what might be the nature of this political change?
Exactly what political change is envisaged is not always clear or necessarily rational as some want more
government, some less government, others want more taxes, others less taxes. However, there is possibly one
common thread that links all these different perspectives, when people start to question the power of a small
minority, which might be labelled ‘the elites’, who are often perceived to govern in their own self-interest. Within
this somewhat confusing picture of a minority versus the majority, a war of words is being fought between two
distinct ideologies, which we might label as the ‘globalists’ and ‘nationalists’, where these groups might be further
subdivided in to ‘left’ and ‘right’ ideological factions. One strategy in this war of words is to heighten fear, as
outlined above, in a particular direction, which serves the purpose of one side or the other. Given the nature of
this war of words and ideas, it is not really that surprising that a powerful minority might have traditionally sought
to control information, and mis-information, through the media of television and newspapers. However, this
strategy has required a tactical change in recent years due to the reach and accessibility of the Internet, although
the control of the legislative arm of government may yet allow a powerful minority to restrict the free flow of any
information that contradicts the strategic narrative of an incumbent power – see Information Control.
Is this simply another global conspiracy theory?
While the idea of some all-powerful elite might be questioned, the war of words being outlined appears real
enough. Of course, this war of words may vary by geography due to the nature of the incumbent political power,
which may or may not reflect the cultural identity of the people. However, the underlying strategy is invariably the
same in that it focuses the fear of one group of people on another group, e.g. globalists versus nationalist, rich
versus poor, Christians versus Muslims etc. Of course, this aspect of the war of words is not new as it is a
tried-and-tested weapon that has guided the actions of political power for centuries. What might also need to be
taken into account is that while people may not like the status-quo, they do not necessarily like radical change
either, especially if it affects them personally. In this respect, most individuals will only agree to change if they
remain isolated from the effects or directly benefit from it.
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But how can political evolution take place without change?
Of course, the argument is not that change will not take place, only that the powerful and influential will try to
ensure that they remain on the winning side of the change. In this context, the idea of ‘winners’ and ‘losers’ may
come to define the battle-line that separate the globalists and nationalists. From a historical perspective, globalism
has been offered up as a future vision of the world that could end national conflict and provide a path to
prosperity for all the people of the world. However, it was a vision that has been built on a capitalist ideology of
competitive free trade, where regulation had to be minimised in order to maximise economic grow. Of course,
history suggests that competition between developed and developing nation-states has often prove to be a
one-sided affair, which the developed nation-states were invariably destined to win. However, despite this
retrospective concern, globalism was initially considered a success, at least by the winners, as it lowered
protectionist barriers to trade and exported some of the technological benefits to developing nation-states in
terms of employment, albeit primarily in low-skill, low-wage manufacturing, but which was still enough to help lift
hundreds of millions out of poverty around the world. Of course, this argument does not really question whether
the majority ever agreed to this change or whether their lives were intrinsically improved by the urbanisation that
often accompanied ‘progress’.
So how might globalism affect the future?
Unfortunately, some consequences take time to play out, which are then subject to other ongoing change, i.e.
economic and technological. For example, the export of many of the low-skill, low-wage manufacturing jobs to
developing economies also resulted in job losses in the developed economies, which then led to long-term
unemployment for many and a life increasingly dependent on government welfare. However, the initial
beneficiaries of low-skill, low-wage manufacturing jobs in the developing economies may themselves be the
victims of future AI-robotic automation, if their governments are not able to provide any realistic form of welfare
support. We might also recognise that globalism has continued to be marred by the persistent cycle of ‘boom and
bust’, which many blame on capitalist greed that has only benefited a small minority, i.e. ‘the elites’, while
triggering yet further social and political instability in many regions around the world.
What has been the impact of these negative effects?
Today, the war of words now includes the idea of inequality, not only in terms of wealth but possibly more
importantly opportunity. As has been stated many times throughout this overall discussion, all evolution results in
winners and losers, but now with the growing realisation that ‘evolution’ may be manipulated by a small minority
of winners with little regard to the majority of losers. As a result, many people on the losing side no longer believe
that hard work and education will be enough and therefore would like to see some form of change that might help
shift the balance of power in their direction. At this point, we will simply introduce the idea of nationalism as a
means of protecting a specific cultural group from unwanted change outside their control, i.e. the globalist agenda.
“Countries are no longer nations but markets. Borders are erased. Everyone can come to our country, and
this has cut our salaries and our social protections. This dilutes our cultural identity. Marine Le Pen

Mysearch Website

171

Copyright

2004-2018

BRAVE NEW WORLDS
Catalysts of Change

While there is nothing intrinsically wrong with having a nationalist pride in one’s cultural identity, it is often
possible to manipulate this national pride towards a political agenda by focusing it on an ‘enemy’ whether it be
either real or imagined. This said, the quote above is clearly highlighting a legitimate concern to many around the
world, such that it cannot be dismissed as paranoia.
Globalists and Nationalists
Opinion about the pros and cons of globalism versus nationalism often
depends on what side of the winner-loser divide they fall. For the
winners, the ability to travel and work in many different countries is a
benefit, which is further underpinned by the economic opportunities
to increase their income. Of course, on the other side, the losers may
perceive none of these benefits, such that they might reasonably
question globalism and seek protection in the familiarity of their
national identity. In this context, the ‘war of words’ is simply being
used as a conceptual phrase to describe the scope of the rhetoric being
used to win the political battle for change, although being a ‘loser’ in
this battle is far from conceptual, if job security, income, pension and
savings are all put at risk. While this fear is not always justifiable, it is understandable when people are faced with
the threat of imposed change, which might come to affect the very foundations on which they have built their
lives.
Note: In a poll in 2015, only 6% of people in the US, 4% in Germany, 4% in Britain, and 3% in France believed
the world was getting better. In part, this sad state of affairs is possibly underpinned by the growing
suspicion that some small minority with power and wealth are intent on manipulating change in their own
self-interest rather than the common good. Of course, if this is a true reflection of opinion in the developed
economies, we might only guess at the situation in some of the poorest developing economies.
At this point, we might use the European Union (EU) as an example of a globalising project, both political and
economic in scope, which has been attempting to ‘unify’ the cultural identity of 28 nation-states into a single
political and economic entity, where all members must recognise the four freedoms of this globalising process.
•
•
•
•

Free movement of goods
Free movement of capital
Freedom to establish and provide services
Free movement of persons

Of the four basic freedoms, the first three might generally be perceived as relatively benign in terms of the impact
on the lives of ordinary people. This said, these freedoms do impose regulatory trading restrictions on all member
states, which may impact the wider population. However, the dichotomy of these freedoms is that individual
member countries do not have the freedom to negotiate their own trade deals and must impose the same tariffs
on imports from non-EU countries as defined by the EU, which may only be a net benefit to certain members. As a
consequence, many perceive the EU as a challenge to their national sovereignty and cultural identity.
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However, in recent years, the freedom of movement requirement has become increasingly problematic, first in
terms of the social impact of allowing unrestricted movement of people from poor EU countries, both in terms of
increasing employment pressures and the potential costs to the welfare system in the receiving country. While this
was problematic for a few member states, it was possibly manageable up to the point when it was compounded by
increasingly large-scale immigration from outside the EU, much of which was illegal, where the immigrant
populations were often perceived to have very different cultural values and questionable allegiance to their new
country. In addition, many of the southern European states felt they were being left to deal with both the social
and economic costs of a mass immigration of people fleeing war and persecution in Syria and Africa. In this
respect, people in many other member states of the EU began to feel increasingly threatened by this influx, who
did not necessarily share or participate in any of their cultural traditions, but seemingly expected the protection
and welfare of the host state.
But surely the immigrant population simply needs to be given time to integrate?
It might also be argued that the immigrant population can stimulate the economy of the host country and that
increased multiculturalism will enrich society in general. While these are all reasonable arguments, they are often
forwarded by those who live far removed from the front-line problems of mass immigration. Many local
communities can feel overwhelmed by the influx of large-scale immigration, which they perceive to threaten their
way of life, exacerbate housing shortages and over-stretched social services and potentially add to growing
unemployment pressures.
Note: Immigration is obviously a two-way problem. At a conceptual level, the indigenous population might
reasonably expect new arrivals to respect, if not accept, their customs and laws, learn their language and
over the longer-term attempt to integrate into the local population. However, from the perspective of the
new immigrants, they are often faced with an ‘alien’ environment, both in terms of language and customs,
such that they often prefer to congregate into their own communities. As a result, problems arise when the
size of an immigrant population grows and threatens to overwhelm or displace the local population,
especially when divided by very different customs and religious beliefs.
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In many respect, we might simplify the perspective of ‘globalists’ and ‘nationalists’ as those who only see the
benefits and those who only see the negatives. In this context, both may have valid points to make, although the
globalists are often better positioned to influence political policy by virtue of their power and wealth in society.
So is immigration the only stumbling block within the EU project?
The EU project has also proved problematic in its attempts to unify the economy under a single currency, i.e. the
Euro. Advocates of the Eurozone Project argued that this project was necessary in order to improve the general
standard of living by increasing economic efficiency, possibly on the principles of comparative advantage, which
would lead to better economies of scale and economic stability. However, possibly more important but less talked
about was the fact that the Eurozone was an integral part of a wider political unification project, which it was
either assumed or hoped would bring the people and countries closer together and ensure peaceful coexistence.
Unfortunately, the current state of affairs suggests that the Eurozone project has failed to achieve either of its two
principal goals of prosperity or wider political integration. In fact, instead of creating a brave new world utopia of
peace and harmony, many European countries now view each other with increasing distrust and suspicion, amidst
claims of an undemocratic elite making decisions that only benefit a few powerful member states. Within this
growing war of words, northern European states have often implied that southern states are lazy and unreliable,
while the poorer southern states have accused specific northern states of imposing austerity measures to ensure
debt enslavement is maintained almost indefinitely.
Why has the idea of a single currency proved so difficult?
With hindsight, many now believe that the eurozone was flawed from its inception as it did not properly take into
account all the problems of making a single currency work across regions with enormous economic, political and
cultural diversity. For a single currency requires a fixed exchange rate between the 19-member states within the
Eurozone and a single interest rate. Unfortunately, the primary advocates of the Eurozone were often more
interested in fast-tracking the idea of political union, such that they gave too little attention to the institutions and
policies that would be necessary to ensure economic stability.
Note: Without detailing too many of the technical issues, some have highlighted that the Eurozone central
bank was too focused on controlling inflation, as opposed to unemployment, growth and stability. In this
respect, not only did the project not account for cultural diversity, but its rules and regulations were simply
insufficient to promote equitable growth, employment and stability.
In many ways, the Eurozone was a real-world exercise in economic theory, where the history of economic theory
has a very poor track record. This theory in particular was based on the simple assumption that if centralised
governance ensured inflation remained low and stable, the markets would deliver growth and prosperity for all,
which promptly fell apart in the aftermath of the 2008 financial crisis. While many still believe in the EU project,
i.e. its beneficiaries, many now see the European Commission as an unelected bureaucracy that is trying to impose
a common set of rules and regulations on its 28-member states without really understanding the different needs
of a culturally diverse population. Since 2008, the European Central Bank (ECB) has added to the overall debt in the
EU economy by the use of quantitative easing (QE) in an attempt to maintain stability within the banking system,
while insisting on austerity programs that has forced many to accept lower wages, higher prices, later retirement
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and less generous pensions. As such, many ‘Europeans’ are now looking towards their own nationalist political
parties to help them face up to an uncertain future, while globalist European leaders still insist that all EU
members must accept Muslim refugees in numbers determined by the central EU commission.
So what are the prospects of this type of globalism being extended on a global basis?
Obviously, if people are now questioning the viability of globalism within the limited context of the EU project with
only 28 members, how could it possibly work for the 192+ nation-states around the world. However, in a cynical
world, it might be argued that globalism never really intended to bring prosperity to all, only a few, both in terms
of nation-states and as a percentage of each population. Overall, it seems unlikely the current globalists or
nationalist models will provide the necessary political stability required by the brave new worlds of the future.
Politics and Economics
While politics may wage a war of words arguing for globalism or
nationalism, underpinned by the ideology of the left or right, all political
governance ultimately has to deliver some level of economic prosperity
or risk facing growing social in stability. In this respect, the future of any
political system may therefore depend on the level of employment that
can be secure for its population. For without adequate employment,
people lose their income, governments lose tax revenue at a time of
increasing welfare costs, and therefore run the risk of increasing social
instability as the population starts to lose hope in its future.
Note: It was previously highlighted only 6% of people in the US, 4% in Germany, 4% in Britain, and 3% in
France believed the world was getting better. In contrast, 87% of Chinese and 74% of Indians believe their
countries are moving in the right direction, while only 43% of Americans said the same. Of course, hope of a
better future can be a powerful factor in the stability of any society.
As has been outlined, globalism based on comparative advantage argues that economic efficiency may be
increased, if production and supply chains are moved to other parts of the world where resources, i.e. materials
and workers, are the cheapest. While this has benefitted developing nations in terms of investment and jobs,
albeit relatively low-skill and low-paid, it has led to employment problems in some developed nations. So while
some portions of the populations in the developed nations might perceive the benefit of cheaper products, due to
lower production costs, for others, the loss of jobs as companies moved production oversea was not a price they
wanted to pay. The impact of this form of globalism can also depend on the willingness and ability of governments
to support those affected by unemployment through their various welfare programs, which can be subject to
ideological differences. For example, people in many European countries are willing to pay considerably more in
the way of taxation in comparison to people in the US in order to support a more extensive welfare system, which
raises the issue of the size and role of the state in the lives of ordinary people.
But does globalisation required the state to provide more protection or less?
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Within the capitalist free-market paradigm, globalisation can put increasing pressure on businesses to compete on
efficiency, which is being compounded by technology automation. While this may lead to essential cost reductions
needed to maintain company profits, an increasing number of people are losing their jobs, i.e. income, with fewer
prospects of finding alternative employment. This said, statistics suggest that more people are losing their jobs,
not as a direct result of globalisation, but rather technology automation. For example, a study in the US suggested
that over 80% of job losses between 2006-2013 were due to automation related factors and not because
production had been moved overseas. At this point, we might recognise that this is somewhat of a historic trend,
which the future of AI and robotic automation may only compound, if the suggestion that over 70% of service
industry jobs, 50% of retail jobs and over 60% of finance and insurance jobs might be lost in the coming years.
However, in response to the question tabled above, it is unclear that companies fighting to maintain profitability
will necessarily volunteer to pick up the bill for the unemployed,
such that governments will be forced to intervene.
What might this mean for society in general?
Again, statistics suggest there has been a trend towards
increased wealth inequality in most developed nations over the
last 50 years of so, which appears to align to the process of
globalisation, although it may still have more to do with human
nature. However, we might attempt to characterise this trend in
the first chart right. Today, there are people who argued that the
wealth inequality simply reflects the value society now places on
certain skills, which are naturally ranked in terms of the
percentages shown right. However, this appears to be an
inadequate explanation in light of the next chart, which shows the increase in the renumeration of corporation
CEO’s in comparison to the rest of the work force growing from a factor of less than 20 in 1965, but now sitting at
270 having peaked at 350. Irrespective of which explanation is preferred, this level of inequality in both overall
wealth and renumeration may only lead to resentment and increased social instability, which we might attempt to
quantify in terms of the US statistics outlined below.
Note: Between 1948-2000, statistics suggest that the US economy grew by 2.3% per year per capita.
However, since then economic growth has fallen below 1%. Between 1985-2000, the number of hours of
paid work rose by 35%, but between 2000-2015 it has fallen to 4%. Over this period, many workers have
simply fallen out of the job market, where statistics suggest that for every unemployed man between the
ages of 25-55, there may be three who are not working or even looking for work. It is also suggested 50% of
men who have stopped looking for work now take some form of medication every day.As a present-day
benchmark, the number of working age people (16-64) in the US is estimated to be in the region of 210
million of which only about 130 million (62%) are estimated to have full-time employment. While the official
unemployment rate in the US is stated to be less than 5%, it is doubtful that this figure can truly reflect the
scale of unemployment, which may then be compounded by part-time employment and zero-hour contract
work. If we simply use the 62% figure, this would mean that something like 80 million (38%) of the US
working population is not in full-time employment, which future technology innovation might easily push
towards 50% and above.
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So while globalist politicians and business leaders may still insist that capitalist driven free-trade is creating wealth,
there is something clearly not working for everybody in this system. As a consequence, many are now arguing that
while globalization may have initially helped the developing economies, and big business, it has not done much for
the average worker and potentially ruined the lives of millions who have been made unemployed in the process.
Such statistics can only fuel the growing war of words when people become increasingly afraid of losing their
livelihoods and look for others to blame for their troubles. This is generally not a ‘good thing’ when extreme
nationalism can then create additional fear based on national and cultural identity.
Note: More than 2.5 million migrants applied for asylum in the European Union in 2015 and 2016 with 1.1
million ending up in Germany. This statistic possibly accounts for ‘Alternative for Germany (AfD)’ becoming
the first nationalist party to win seats in the German parliament since the end of World War II. Nationalist
parties have also made gains in many other EU member states by promising a tougher approach on borders
and immigration. While the nationalists have failed to win overall power, continued economic slowdown,
migrant controversy and terrorist attacks inside European borders will only add fuel to the war of words.
Overall, anti-establishment politics is now challenging the globalist EU project in virtually all European states,
where the war of words is often focused on an unelected EU bureaucracy that appears to be simply ignoring the
legitimate concerns of many member states, and its people, to defend themselves against mounting economic and
security threats. While some powerful EU member states still appear to support the idea of multiculturalism,
statistics are now questioning its grass-roots support. For example, during the migrant crisis in 2015, a poll
suggested that the majority of people, even in Western Europe, now favour an end to the Schengen Agreement,
which maintains open borders between EU states, e.g. 53% in Germany, 56% in Italy and 67% in France. In this
context, we might see how changing economic fortunes around the world is also mounting pressure on the
political systems to change, although technology may yet provide the means for a political elite to win the war of
words by simply being able to censor any information that does not fit the government’s narrative.
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Fortress World
The idea of ‘fortress world’ was one of 6 potential paths into the future
that have previously been discussed and while it may not be the
preferred choice of anybody, it may be the most realistic in the near
future given the current state of the world. In this context, fortress world
considers the possibility that global problems simply get worst for the
majority, such that some powerful nation states may impose a form of
authoritarian governance on its local population based on a perceived
need, or pretext, to maintain national security. As the name might
suggest, fortress world is one where barriers, both physical and virtual,
would be constructed to protect both the political and economic stability
of the state from both external and internal threats.
Why would problems simply get worse?
Note: It is recognised that many aspects of this ‘brave new worlds’ discussion is a somewhat negative take
on the world and the human condition, at least, in terms of the potential impact on a large percentage of
the global population. Of course, these discussions are not making predictions with any certainty, in fact,
there is no inference of prediction, only the probability of some outcome. However, before proceeding, the
reader might want to view a TED talk by Steve Pinker, who forwards an articulate case that the world is
actually getting better for almost everybody.
Statistics produced by the World Bank also appear to support the idea that the world is getting better in that the
percentage of the world population living in extreme poverty fell from 64% in 1960 to less than 10% in 2015. In
1960, 58% of the global population was illiterate, while in 2014, that figure had fallen to 15%. In general, access to
education and health care has improved, which has had positive effects on both the quality of life and life
expectancy around the world, especially in the developing economies. In India, 338 million people were living on
less than one dollar per day in 1990, but by 2013, the number had fallen to 218 million. Likewise, in Brazil, the
number fell from 31 million to 10 million and in Indonesia from 104 million to 25 million. In Russia, the drop was
from 3 million to about 40,000 people. In China, the number plummeted from 756 million to just 25 million, a fall
of more than 95%.
So why so much negativity?
In part, there is an argument that aspects of the human condition are still very much focused on self-interest,
which may be disproportionate in those who seek financial success. However, when financial success becomes
institutionalised, as in the case of banks, they become extremely powerful and influential in all aspects of the
human ecosystem. History would suggest that the economy of many powerful nations is now controlled by the
collective self-interest of a small minority, where the power to influence operates beyond the reach of the
democratic consensus of the people and possibly outside the control of governments. While the nature of this
self-interest does not necessarily have to be Machiavellian, it can lead to decisions that are only in the interest of a
minority, not the majority, which may be especially true in times of economic crisis. Of course, when the economy
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is in crises, it affects the lives of all the people and can make political governments less popular, such that political
leaders often seek solutions that placates the situation without necessarily affecting the balance of power, both in
its political and financial institutions.
What is the evidence for this ‘hypotheses’?
While almost any of the ‘boom and bust’ cycles of the last 100 years or so might be used as an example, the 2008
financial crises might be most relevant to the current argument. In response to the potential pending collapse that
was threatening most developed economies, politicians went along with the central bank strategy to ‘print money’
or otherwise known as quantitative easing (QE). While it is entirely possible that politicians, and many economists,
did not really understand the long-term implications of this strategy at the time, it was hope that it would
stimulate the economy. Unfortunately, most of the powerful governments around the world attempted to channel
this new money into their economies via various financial institutions, i.e. central and private banks, without
necessarily imposing any control on how this money was to be used. History suggests that many of these financial
institutions used this money to deleverage their own balance sheets, which were threatened by debt default, or
invested the money in the stock market that they could manipulate or property market protected by inflated
equity. The general result being that the financial institutions continued to act in their own short-term self-interest
even though it exacerbated the problem of debt, both public and private, and made the economy less competitive
and did little to simulate real growth. So while the optimism of Steve Pinker’s arguments are not challenged in
terms of their statistical accuracy, the future fragility of this progress might still be in doubt.
Were there any other implications associated with the 2008 crisis?
If we examine the political progress of the 20th century, we might have assumed that democracy, underpinned by
capitalist enterprise, was the success story that the rest of the world would eventually have to adopt, i.e. global
capitalism was inevitable. At the end of the second decade of the 21 st century, confidence in this model, if not in
doubt, is being seriously questioned by public opinion and possibly challenged by a different political and economic
ideology.
Note: In 1966, China's Communist leader Mao Zedong launched what became known as the Cultural
Revolution based on a strict communist ideology. In the aftermath of this social and economic failure, the
Communist Party of China faced both a fundamental political and economic crisis, but which over the last 50
years or so has recovered to become the second-largest economy in the world. While China still adheres to a
somewhat authoritarian and centralised political system, it appears to have far more control over its
financial institutions than western democracies, although it still battles against corruption of self-interest at
all levels, i.e. it is far from being an ideal model for the brave new world.
As the note above tries to indicate, this discussion is not attempting to cite China as a political or economic role
model, as it continues to stifle open public debate as effectively as any authoritarian government of the past.
However, to ignore what is going on in China might be short-sighted to say the least. For while politics in China still
adheres to some aspects of a communist ideology, many of its people now appear to be prospering under an
economy that has embraced aspects of capitalism subject to some significant caveats when it comes to
free-market protectionism. However, since 2002, the Chinese have been one of the strongest proponents of this
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form of capitalism, at least in principle, even when compared with America and Western Europe. One survey even
suggested that 75% of the Chinese people support the idea that they are better off since adopting a freer market
economy, although it is unclear whether 75% of the population would understand this concept, especially as
growing wealth inequality problems are now coming to light. Of course, in this context, we might have to recognise
that self-interest can be a universal by-product of human nature that applies to all, which results in winners and
losers. However, increasing prosperity is generally a ‘good thing’ for political stability and the Chinese now appear
to be much more optimistic about their future, although many still complain about inflation, inequality and
corruption, although dissent is rarely allowed in public debates. However, this optimism appears in stark contrast
to the findings in Europe and the US, where a majority fear their children will be worse off in the future.
Note: One aspect that is not really central to this discussion but might still be highlighted is how China spent
the money its central bank printed in the form of Quantitative easing (QE). China, like all major economies,
adopted QE as a strategy to maintain both the stability of its financial institutions and economic growth.
However, unlike the western democracies who funnelled this money through their financial institutions, who
then used this money to serve their own self-interests, China use the money to help build its physical
infrastructure, such that it might better compete on a global level. In this context, we might ask which
system best served the needs of the majority.
Without necessarily going into all the many details surrounding the next chart, we might recognise that the map
showing the minimum wage per hour possibly highlights the scope of disparity that still exists around the world. In
the future, the fragility of many of the developing nations may balance on a knife-edge, which technology
automation, pollution, corruption and further financial crises may simply tip over the edge when it comes to
maintaining any semblance of economic or political stability.

So while there is a place for optimism, there is also a necessity for reality when trying to make some assessment of
the probability of any future outcome. While there are obvious challenges for all nations, the potential
introduction of increasingly sophisticated AI-robotic automation across all sections of the economy may place an
unsustainable pressure on some of the poorest countries of the world, which may not have the institutions, both
politically or economically, to maintain law and order stability. In a 2016 UN report, it was estimated that over 60%
of all jobs in the developing world might be at risk, the impact of which has to be equated to their populations. For
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example, South America has a population of 0.5 billion, Africa has a population of 1.2 billion, India has a population
of 1.3 billion and China with a population of 1.4 billion. These figures might suggest that some 4.4 billion people
may be facing increasing hardship due to unemployment brought about by automation, which developed
economies may consider to be in their best self-interest.
How might we assess the impact of this issue?
History suggest the most countries follow a similar pattern of development, where the population is initially poor
and live in rural communities. As development continues, urbanisation increases and people are drawn to the
cities in search of a better life, although frequently there is only the opportunity for low-skill, low-paid work.
However, inexpensive labour attracts the investment of foreign businesses that seek an opportunity to reduced
production costs at home and thereby increase their competitive profitability. This initial expansion of the urban
economy then attracts a larger influx into the cities, although the government, in as much as it might exist, may
not have the money or possibly the motivation to build the extra roads, bridges, transport, schools and hospitals
needed to adequately support the increasing population. So, even though the developing economy is growing, it
might be subject to escalating crime, corruption, anger and protest.
But surely some developing economies are successful?
Certainly, many developing economies do make progress and the economy can start to grow. However, many of
the poorest workers then start to aspire to a better life and begin to demand higher wages and better working
conditions. However, such demands often make these partially developed economies less attractive to foreign
investors simply looking to reduce their production cost, such that the developing economy must transition
towards a new model that operates further up the food chain, i.e. they must develop and manufacture more
sophisticated products themselves supported by their own internal markets as well as global export markets.
While this is the path that China appears to have successfully traversed, we might realise that this is possibly the
exception rather than the rule.
Is AI and robotic automation a potential game-changer?
The growing introduction of evermore sophisticated robotic manufacturing and AI systems operating across the
entire economy may dramatically reduce the need for people to do the work. From the self-interest of business,
competitive survival may depend on the adoption of cost saving technology, irrespective of the social
consequences in both the developed or developing economies. However, the human impact on living standards in
many fledgling economies may be devastated to the point that there may be very few alternatives other than the
hope of foreign aid, which will undoubtedly have strings attached. For the loss of income from the economy may
reduce the ability of government to provide adequate education and health services, such that much of the
population may face increasing long-term poverty.
How might this scenario play out?
It is possible that many of these developing nations may not have either the finances or education system to
develop the automation technology themselves, such that their economies may become increasingly
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uncompetitive or dependent on foreign imports, both in terms of equipment and expertise. This problem may then
be compounded if any previous economic wealth was predicated on natural resources, e.g. oil, where falling
demand may collapse the price. If so, conceptually independent nation states may become little more than vassal
states to some larger, more powerful ‘fortress state’, which continues to prioritise its own self-interests.
Note: The potential developments being outlined clearly have the potential to increase social instability, such
that a ‘fortress state’ may begin to erect physical barriers at its borders and construct other forms of virtual
barriers in order to control the flow of information to its people, which it considers to be a threat to the
security of the state. However, this is not necessarily a prediction but rather an extrapolation of what is
already taking place in many areas of the world.
Obviously, the government of any fortress nation may want to justify its action, both to its internal population and
possibly to the wider world, based on the notion that it is only seeking to protect its national security, i.e.
self-interests. Of course, much of this self-interest may only be to the benefit of a powerful elite, which either
represents or controls the government, where democracy for the people by the people may simply be an illusion
at best as a central autocratic elite make all the important decisions without recourse to the majority.
Is this simply scaremongering on a par with Orwell’s 1984 fiction?
Today, we might perceive that Orwell’s novel was only a work of fiction based on a very limited assessment of
future technology. However, the authoritarian style of the post-war Soviet Union still demonstrated that multiple
nations could be oppressed without too much technology if psychological fear could be instilled into much of the
population. Of course, we might now consider the Soviet Union to have been a failure, both in political and
economic terms, such that it has become only a footnote in history. However, this dismissal of authoritarian
governance is possibly premature and fails to recognise its ability to ‘evolve’ into possibly more benign form, e.g.
the Chinese People’s Party, while still retaining its centralist control. At face value, the Chinese government
appears to be working for the benefit of most of its people, at least, in its attempts to achieve a better standard of
living, although this goal appears to require some fairly draconian restrictions on free-speech.
Note: Historically, China is famous for the building of the Great Wall to keep out invaders. Today, this idea is
possibly more focused on erecting barriers to free-speech on the Internet and almost all other forms of
information that might appear to undermine the government. Of course, China is not the only government
that is erecting barriers, both physical and virtual. For example, Israel has justified building both physical
and virtual barriers on the basis of national security in order to protect itself from attacks from its hostile
neighbours. Equally, many Eastern European states within the EU have now started to erect physical barriers
to prevent illegal immigration, a strategy that America appears to be considering with respect to its Mexican
neighbours in conjunction with its sophisticated surveillance of Internet activity around the world.
However, even if governments only start out by trying to improve or safeguard the living standards of its citizens,
they invariably end up trying to also protect themselves against public anger caused by the division of winners and
losers within any society. In this context, we might initially consider barriers in the form of trade tariffs, which
some politicians believe to be necessary to protect specific section of their economy, although protectionism is
also often justified in the terms of national security or stricter product safety standards. Equally, governments may
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channel funds in the form of subsidies to protect their strategic influence or economic advantage, although
ultimately it may be to the detriment of growth, especially in developing economies. However, while specific
powerful nation states might perceive an advantage in this form of protectionism, history suggests that it may only
reduce overall growth in the global economy, where further protectionism and suppression of free speech in
society may only spiral the future towards ‘fortress world’.
Information Control
Life in the 20th century was increasingly defined
in terms of the Information Age predicated on
technology that most came to visualise in the
form of the World-Wide Web, but which was
physically based on the development of software
and hardware. The evolution of this technology,
enhanced by AI, will increasingly come to define
life in the 21st century, at least, for those who
have access. However, there is also the worry
that this technology might be used to control and
manipulate information, such that most
individuals may not be able to tell what
information is real or fake. Even today, AI is
increasingly capable of manipulating original
digital information, be it text, images or sound,
to convey a very different message. There is also
increasing awareness that personal information
now exists on the Internet, such that the history of our personal likes and dislikes along with our location can be
collated indirectly from meta-data and directly from the increasing number of surveillance cameras enhanced by
automated AI image recognition.
Why might this lead to further problems?
In the context of the previous discussion of some of the potential causes leading to Fortress World, we might
recognise that governments are already attempting to take control of the flow of information, both in terms of
traditional media, e.g. TV and newspapers, but more importantly across the expanding scope of the Internet.
Note: In 2016, Egypt jailed 25 journalists, China imprisoned 38, and Turkey incarcerated 81 and, globally, it is
estimated that 259 journalists were imprisoned. Essentially, these journalists were all prosecuted because
they were reporting on a government’s ability to manage the economic, technological and/or cultural
impact on various sections of society. Whether this was always fair or reasonable criticism might be
debated, although the desire of governments to increasingly control information is possibly not in doubt.
Although governments are employing increasingly sophisticated techniques to control information being
communicated over the Internet, some may also resort to the crude, but effective method of simply shutting down
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public access to the Internet. This tactic is not just one used by authoritarian governments, but also by the world’s
largest democracy, India, when it became the focus of widespread protest. Of course, today, both developed and
developing states are facing real threats from terrorists and cyber-criminals, such that there is often a legitimate
justification for imposing some form of state control over Internet use, which might initially take the form of
further regulatory safe-guards for both people and businesses. However, it is clear that such safe-guards can
quickly be extended to impose censorship in order to protect an incumbent political system and those that support
or benefit from it.
Note: In 2016, the government of President Erdogan of Turkey started to implement a wide range of
restrictions on Internet access by blocking Facebook, Twitter, and other social media tools that might
criticise his ‘style’ of governance. However, this form of censorship is often referred to as a ‘walled garden’
model as now adopted by China.
Iran is another government that has adopted the ‘wall garden’ approach to Internet information, which also goes
by the name of the ‘Halal Internet’. However, irrespective of the semantics used, the scope of the world-wide
‘Inter-net’ can be reduced to an ‘Intra-net’, in the sense that it becomes a private network controlled by the state,
where all users can be identified and their usage monitored. Unsurprisingly, other somewhat authoritarian
governments, e.g. Russia, are developing more sophisticated strategies to control access to the Internet and the
type of information that can be accessed. In Russia, its strategy includes content controls, registration
requirements plus control over the physical infrastructure, such that certain websites can be banned, media
companies have to register with authorities and all data collected has to be stored within Russia’s borders. In
addition, Russia has developed its own ‘walled garden’ intranet that can replace the Internet should the
government ever feel threaten by the flow of information across the wider Internet.
What consequences follow from this level of political control?
While there is an escalating battle for technical superiority being fought out over the Internet, which does not
always favour government’s, the level of state funding usually allows governments to gain the upper-hand. As a
consequence, many populations may remain essentially unaware of what their governments are doing, while any
dissenters can be quickly identified and imprisoned, if necessary. In this context, China has become one of the
most ‘innovative’ by putting the access to information under government control. Of course, there is an aspect
that China is only doing the same as all other developed economies, i.e. protecting its economic and political
interests, although it does so with little in the way of public oversight.
Note: In China’s view, it is the patriotic responsibility of the media to promote positive propaganda and that
it must ‘supervise’ public opinion. In 2017, this approach took the form of an official directive to ‘strike hard’
against what the government defined as online rumours, harmful information, fake news, news extortion,
fake media and fake reporters.
However, China is taking the idea of a ‘walled garden’ to another level in the development of a system called the
‘Great Firewall‘ that blocks access to tens of thousands of websites the Chinese government does not approve.
Another system called the ‘Golden Shield’ is being developed as an online surveillance system that uses keywords
and other tools to shut down attempts to access content that the state considers politically sensitive. Within this
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system, there is an ever-expanding list of words and phrases that trigger denial of service messages. More
recently, China has also introduced a system called the ‘Great Cannon’ that can launch denial of service attacks on
external websites that the state considers dangerous to China’s security. Again, we might perceive the danger of all
these initiatives in terms of incremental progress towards the idea of fortress world.
Is information control just a necessary defence against external threats?
Unfortunately, we might realise that many of the systems being developed to allow governments to protect the
information essential to their economy in the 21st century from external threats can also be turned inwards to
identify any dissent, irrespective of free speech legitimacy. In addition, it seems clear that some governments
would also like to control the movement of people, even within its own borders.
Note: While the hukou system predates the sort of developments being inferred we might realise how future
technology could increase the ability of a government to impose an internal passport system that would
allow movement to be controlled. It is also worth noting that the ‘hukou system’ also allowed the state to
control the social provisions that a person might receive based on where they lived.
In 2009, the Indian government started the process of creating a biometric identification system called Aadhaar,
which by 2010 began recording iris scans and fingerprints with the intent of establishing a unique identity for every
citizen. The stated goal of the Aadhaar system is that it will allow the government to collect taxes, issue benefits
and minimise fraud with less cost as payments will directly flow in and out of people’s bank accounts, even in the
most isolated rural areas. However, some politicians already have greater ambition for this system to monitor its
population in terms of children school attendance, worker job attendance and ensure that everybody pays their
taxes. Of course, we might easily see how this system might continue to be developed as a huge database of Indian
society, which could control the financial accounts of anybody appearing to disagree or undermine the
government’s political or economic policies. As might be expected, China already has its own plans to develop a
‘social credit system’, which would verify the ‘reputation’ of citizens as regard to their social status and the
economic status of any business. Of course, in another context, many might simply describe this system as mass
surveillance that can use big data analysis technology to monitor and control its population in the self-interest of
the government, i.e. its continued unchallenged right to govern.
Note: While the use of the social credit system by the Chinese government is somewhat speculative, its
potential goals may include information on any committed felony, any arrests or even ‘misdemeanours’ like
traffic violations, paying fines and being drunk in public. There is also a suggestion that the system might
record whether somebody visits their elderly parents or whether they have been fired from a job and why.
The ultimate goal of this system has apparently been expressed as allowing the “trustworthy to roam
everywhere under heaven while making it hard for the discredited to take a single step.” Of course, the
definition of ‘trustworthy’ would be defined by the government, such that many authoritarian governments
around the world might be attracted to this ‘ambition’, although it is unclear that the population at large
would necessarily agree to the level of intrusion and control this system seems to imply.
Of course, there are arguments that such systems can be used for good and only a small minority who want to
disrupt society for their own self-interest, rather than the majority, might actually fall foul of this level of
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monitoring. However, such systems augmented by increasing levels of AI automation have the potential to not
only intrude into the lives of billions of people around the world, but effectively control what many believe to be
basic human freedoms. In this context, the brave new world may be closer to Orwell’s authoritarian vision than
Huxley’s soma-induced utopia.
The Political Endgame
It is said that Aristotle believed politics to be the primary activity through which human beings could improve their
lives and create a better society and, in this respect, politics was ‘the’ social activity that required dialogue rather
than monologue to succeed. However, we might realise that this is a somewhat idealised description of politics,
even in the time of Aristotle. For, at that time, the largest Greek city-states only had populations of a few hundred
thousand, where only 10-20% had the right to vote as this selective process required citizens to be adult, male and
landowners, such that all women and slaves were automatically excluded, as were the poor in general. Of this
increasingly selective few, only a few hundred, i.e. the wealthiest, most influential orators would have actively
participated in political debate, such that Greek life was probably subject to as much behind the scenes political
machinations as any other time in history. So while, in an ideal world, we might like to accept Aristotle’s idea, it is
apparent that humanity might still only be able to aspire to
this idea while political governance continues to be seen as
an imposition of the self-interests of a powerful minority on
a wider majority, often with little in the way of meaningful
truthful dialogue.
Is this simply too pessimistic an outlook for the future?
As has been outlined, people like Steve Pinker have
provided much statistical evidence that the world has
become a better place, especially over the last 100 years,
which might be seen in the context of political progress.
While accepting the statistics in isolation, it is possibly naïve
to assume that self-interest has disappeared from the
world and that powerful individuals, institutions and nation-states do not, and will not, continue to make decisions
that prioritise their own self-interests above all others. It has also been argued that the nature of politics may be
changed by technology, if it allows governments to effectively control public opinion and simply pursue the
process of governance based on ideology or self-interest. This said, history also suggests that even the most
authoritarian systems may be toppled if it fails to deliver some basic level of economic success that may lift people
out of poverty, such that hope for a better life remains intact. In many respects, this is possibly reflective of the
current situation in both China and India today, where a combined population of 2.5 billion people are hopeful of a
better life being promised to them. However, the scope of the technology discussed may extend far beyond the
ability of governments to control and censor information if it becomes capable of fundamentally changing the
nature of humanity, at least, from today’s perspective. However, the implications of such radical change are still in
the future and almost impossible to predict, such that we may only hope that the world does become a better
place to live and that political governance reflects this change.
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But how might political change come about?
An argument has been made that ‘fortress world’ is a distinct probability based on the state of the world today. Of
course, this is by no means a certainty and we might hope that, should it come about, this form of governance
might only be a transitional phase. However, this transition phase may persist as a relatively long-term solution, if
stability cannot be restored in those societies that still exist at the end of this process. So while we might all
imagine a better world, we possibly need to again consider the dialogue between two of the characters in Huxley’s
novel, the world controller Mustapha Mond and the savage John.
“The savage was silent for a little. All the same, he insisted obstinately, Othello is good, Othello’s better than
those feelies. Of course it is, the controller agreed. But that’s the price we have to pay for stability.
As previously outlined, we might recognise that the ‘savage’ is the product of another world and therefore has a
different perspective of what is ‘good’, which the world controller understands, while accepting the need for a less
than perfect solution that provides stability. In this respect, future generations may come to have a different
perspective, although still based on their position in society, which may be subject to a relatively benign form of
democratic governance, but which may not be sufficient to maintain stability in the future for all the reasons
outlined throughout this discussion. However, we might consider the implications of Winston Churchill’s words in
the aftermath of World War II.
“Democracy is the worst form of government, except for all the others.”
While the quote above might appear to be a vote for democracy, it also suggests that democracy may have some
problems. We might consider some of these problems in terms of UK election results in 2015, where the choice
came down to one of two major political parties, which are often only narrowly divided left and right of the centre
of the political spectrum. In the UK, regional representatives are elected based on a ‘first pass the post’ system as
opposed to a ‘proportional representation’ system, such that the pie-chart on the left shows the actual
parliamentary seats won, while the chart on the right is possibly more representative of voter democracy.
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Based on the pie-chart left, the conservative party won 51.5% of the seats, labour 36.7% and the SNP 8.7%, while
all other parties approximated less than 1%. Of course, the pie-chart right suggests a very different outcome,
where the conservative party would have won only 37.8% of the seats, labour 31% and SNP 4.8%, but where the
UKIP party would have increased their number of seats from 1 to 82 and the Lib-Dems from 8 to 51. Clearly, from a
purely democratic viewpoint, the ‘first-pass-the-post’ system does not reflect the votes casted. We might also
highlight a reasonable assumption that most voters may have never met their local representative or read the
political manifesto on which they stand. We might also consider the general turnout of the UK voting population
since 1945, where the 2015 election turnout was only 65%.

So while the conservatives ended up with 330 seats (51.5%) and an overall majority in parliament of 19, they only
received 37.8% of the votes casted, which reduces to 24.5% of the total voting population. Today, there are some
650 parliamentary seats, where the election of either a conservative or labour government is decided based on a
swing in possibly less than 100 marginal seats, which suggests that in 550 seats, the voting public never change
their political affiliation. While many may argue that this system produces more stable government with a defined
manifesto, it is not clear that there is a proportional representation of the range of political views within this form
of democracy.
Is democracy still the best option for the future?
While the idea of democracy has been around for some 2000 years, its practice has often been limited by
restrictions on who was allowed to vote. However, although democracy has become an increasingly popular idea
over the last couple of hundred years or so, the growth of nation states in both geography, population and cultural
diversity is now placing increasing strains on this system of governance. For example, it is not clear whether a
single person can effectively represent the views of millions of people across the range of issues that might be
debated. We might also need to question whether this person is really qualified for the decision making they are
required to carry out. Of course, while the political party system may provide some policy framework in which this
person is required to operate, political parties often structure their ‘policy promises’ on the basis of perceived
voter support it might win at the next election in preference to unpopular or longer-term policies. We might also
recognise that political parties fighting to win the next election are often very dependent on financial and media
backing, which may influence the type of policies that will actively be pursued. Finally, there is the issue of the
hierarchy of political decision making at the local, national and global levels, which often sees power being
concentrated at the national level, such that there is little scope for autonomous decision making at the local level.
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Are these the best attributes of effective government for the people, by the people?
While it has been stated that that government is a process of governance, governance does not necessarily have to
imply centralised government. Conceptually, governance might evolve to become a process that simply regulates
and manages an aspect of the human ecosystem, which might operate outside of the sphere of political
machination, such that it might negate some of the most obvious forms of self-interest. In this context, governance
might be somewhat simplistically described as a more rational process, which it might be hoped would more
effectively achieve specific goals, either short or long-term, based on a required level of expertise in the issue at
hand. Of course, while this description may appear even more idealistic than Aristotle’s, it may become more
achievable with technology, such that governance might better reflect the needs at the local, national and global
levels. For while some governments have a hierarchy of local and national governance, all too often there is
resentment of the imposition of central government decisions on local communities, while global governance is
often derailed by national self-interests.
Note: In this discussion, political divisions have also been simplified in terms of a globalist or nationalist
perspective, which might be subdivided by left and right political ideologies. However, we might also
consider a more fundamental division between those who argue for either progressive or regressive change
and those who conservatively resist change.
While the note above suggests three groups, i.e. progressive, regressive and conservative, we shall ignore the
regressive option based on the assumption that reversing progress will only happen if some disaster befalls the
world. This leaves us to consider the on-going tension between those who want to embrace change, especially
technology, and those who are more conservative when it comes to accepting change too quickly, especially when
the outcome may be questionable. In this context, ‘progressive’ and ‘conservative’ viewpoints may represent a
necessary balance in governance, especially between the young and old, who often have very different
perspectives on the benefits of change, where self-interest will continue to play a role. Of course, by its very
nature, the entire ‘brave new worlds’ discussion has suggested that change is essentially inevitable, although the
rate of change might be debated along the following lines.
What change is necessary and how might it be implemented?
We might understand why ‘urgent’ change might take priority over ‘important’ change, while recognising that this
prioritisation may only focus attention on urgent short-term decisions, such that important longer-term decisions
get deferred almost indefinitely or until they eventually become urgent. We might also recognise a potential issue
in the separation between the ‘executive’ and ‘legislative’ functions of government, where an executive may
prioritise the policies to be reviewed and voted on by the legislative for the reason of political self-interest. This
issue can then be compounded in some democratic systems, if an executive can be voted into power without any
specific experience other than their ability to raise financial support and a certain degree of public support for
election promises, which may never be achieved.
How might the system be changed?
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Should AI expert systems become increasingly capable of rationalising and prioritising both urgent and important
change that has to be addressed, it might help take political self-interest out of the decision-making process. We
might also assume that these AI systems may develop the necessary ‘expertise’ to ensure that the selected policies
were realistic objectives that could be achieve in a given timeframe and not just the wishful thinking of politicians,
who may only be focus on winning the next election. In this context, the wider majority may have increasing
confidence that the policy being presented to them represented change that had to be seriously considered,
irrespective of the potential impact at the local, national or even global level. Of course, this wider majority will not
be immune to self-interest, such that any proposed change that adversely affects them might be rejected
irrespective of its urgency or importance. However, if confidence in the process is perceived to be underpinned by
the necessary expertise and avoids overt political or financial bias from any powerful sections of society, it may
achieve the necessary public support, which might also be helped if those locally affected were properly
compensated by the wider beneficiaries.
Note: While the term ‘cybernetics’ may conjure up futurist visions of intelligent computer technology, its
roots are linked to the idea of systems that can control and distribute information. Of course, in the context
of this brave new worlds discussion, we might recognise AI systems could come to help to automate
information management in almost all aspects of the human ecosystem, including its political systems.
However, the topic of cybernetics as outlined below is way beyond the scope of this discussion, although it
possibly suggests ways in which many of the current failings of politics might be addressed in the future.

So while Aristotle may have believed politics to be a social activity by which human beings might improve their
lives and create a better society, it may ultimately become an activity rationalised by technology such that it might
become more difficult for a powerful minority to manipulate in its own self-interest.
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1.1.7 Closing Comments
The title of this overall discussion has made obvious reference to Aldous Huxley’s 1931 novel called ‘Brave New
World’ and along the way made some comparisons to George Orwell’s ‘1984’ novel written some 13 years later. As
indicated, while these were works of fiction, rather than speculative science, it is clear that both authors saw the
potential for humanity to go down a path that could lead to totalitarian governance, albeit different in scope. We
might consider this position in terms of an extract taken from a speech by Huxley to the Tavistock Group in 1961.
"There will be, in the next generation or so, a pharmacological method of making people love their
servitude, and producing dictatorship without tears, so to speak, producing a kind of painless concentration
camp for entire societies, so that people will in fact have their liberties taken away from them, but will
rather enjoy it, because they will be distracted from any desire to rebel by propaganda or brainwashing, or
brainwashing enhanced by pharmacological methods. And this seems to be the final revolution."
In Huxley's fictional 'Brave New World', the drug 'soma' is used
as a pleasurable distraction from worry, tension and pain of
life, which in terms of our present-day world, we might expand
to include all the pleasures on offer via technology. In this
context, technology rather than religion may become the
'opium of the masses' used to placate social unrest without
necessarily resorting to violent totalitarianism. The earlier
discussion of ‘Fortress World’ also highlighted the potential for
a specific form of totalitarian governance that may seek to
protect itself and some portion of the population from
perceived threats, both internal and external. However, this
was not really a prediction, but rather just one of many
possible ‘brave new worlds’ that might await in the future. For
any review of past predictions suggests that most do not foresee the implications of a new technology that may
not yet even exist and even when it does, we missed the possibility that it will be used in ways that are not
understood.
Note: In 2004, Bill Gates stated ‘Two years from now, spam will be solved’. Today, spam accounts for over
90% of all e-mail sent.
While any search of the internet will point to hundreds of predictions that were simply wrong, we might see how
the prediction above over-estimated the possibility for a technical solution and under-estimated both the social
and economic dimensions for abuse. Possibly more worrying for the prediction industry is that we might perceive
Bill Gates qualified than most to make a prediction that ranged only 2 years into the future, while completely
missing the scale of social and economic abuse of the Internet in the following decade.
So are predictions of any kind simply pointless?
As indicated, if you do not take a prediction as a literal statement of what will be, but rather as a possibility that
may be worthy of some consideration, then they can serve a useful purpose. Of course, there is still the problem of
separating futures that are simply possible from those that are more probable, which we might quantify using a
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rule of thumb that the accuracy of any prediction quickly falls as a function of time. As such, even the constraint of
100 years placed on this discussion might still suggest that this limited future will have more than a few ‘surprises’
that have not even been considered. Therefore, we might be attempted to ask a simpler question.
Will the world get better or worse?
Unfortunately, while this might appear to be a much simpler question, it will only be answered by the ‘winners and
losers’ in any given society, where the idea of ‘better’ will be the subjective view of some future generation.
However, unlike Huxley, who only projected a single ‘brave new world’, this discussion has alluded to the
possibility that the future of humanity might be fragmented into what might become sub-species defined by both
technology and genetics, see Hybrid AI Paradigm for details. While the following timeline extrapolates this
paradigm further into the future than this discussion wishes to speculate, it might provide a framework in which
some technology developments might take place.

It has been argued that technology will define the future more than any other factor in terms of its impact on the
human ecosystem, i.e. social, economic and political, which may be both positive and negative. For example, we
might start with the assumption that the future demand for energy can be solved without necessarily inflicting
further global environmental damage, which might help the lives of millions of people.
Note: Probability suggests that global energy production will continue to used fossil fuels for some
considerable time to come, where CO2 concerns may be moderated by new carbon capture developments.
However, renewable energy sources will also continue development along with the necessary energy storage
technology, although the cost of this approach might still be questioned. In this respect, it is believed that
many developed nation states may consider deploying a new generation of nuclear energy plants.
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At this time, the idea of energy becoming more plentiful is not unreasonable, especially in developing economies,
although the assumption that this energy will be cheaper might be questionable. However, the possibility that
energy could become both cheap and plentiful could help address water shortages by utilising large-scale
desalination plants, which could then reverse much of the desertification now being experienced in many regions
of the world. Such change could also transform agricultural production in these regions and help feed millions who
might otherwise perish through lack of water and food. Likewise, energy is also needed to maintain and potentially
expand the global transport system, which now delivers so many of ‘life’s essentials’ to the modern world. By the
same token, cheap and plentiful energy may also help other technology developments to revolutionise food
production using both small and large-scale hydroponic systems, which then minimise the need for soil by using
mineral nutrients supplied in water solution. Continuing on this positive note, other innovations in medical
research may lead to new cheaper vaccines that save the lives of even more millions, especially in the developing
economies. While all these possibilities are positive, we also need to consider such developments on other aspects
of the global human ecosystem.
What is the largest global population that planet Earth can support?
Today, there is the suggestion that the global population might peak somewhere between 10-15 billion by 2100,
although the quality of life for a large portion of this global population might still be questioned. If so, should the
goal be to elevate everybody to not only have an equal quality of life as those in the richest nation-states, but
actually aspire to give everybody an even better quality of life than we might imagine possible today. Clearly, this is
a laudable goal, but one that leads us to another question.
Is there an upper limit to the global population?
There is some statistical evidence that human population growth may slow as people around the world gain access
to a better life, although we possibly need to question what a ‘better life’ might mean in the future, especially
when considering the potential impact of AI-robotic automation. However, if we initially assume that all human life
is precious and nobody has the right to limit its proliferation, then the issue of some upper limit to the human
population on planet Earth may only be answered in one of two ways. Either the human population reaches some
upper limit based on an individual choice to secure a better quality of life or natural selection may return with a
vengeance if resources fail to support any further increase. As indicated, there is some statistical evidence that the
first option has been taken by most developed economies, such that population growth not only reaches some
maximum, but actually starts to decline, although the social and psychological rationale for this phenomenon
might need to be considered further. However, irrespective of whether the global population rises or falls, we may
still need to consider another aspect to the population question.
Is there an optimal limit to the global population?
It is realised that this is potentially quite a provocative question and one that may depend on future developments,
which at this time are still speculative. However, the issue of AI-robotic developments has highlighted a potential
impact on the future of human society, especially in the context of unemployment, where any inequality between
the ‘haves and have-nots’ may become increasingly orientated towards IQ differentials, rather than wealth.
However, while this issue leads us towards some very politically sensitive issues, the emphasis on human
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intelligence cannot necessarily be ignored in a future world seeking to capitalise on artificial intelligence (AI), while
possibly trying to minimise the implications of negative human traits, as implied in the diagram below.

Understandably, many will interpret the diagram above as being politically incorrect, irrespective of the statistical
evidence that IQ is an indicator of such traits. Again, it needs to be highlighted that the chart above only represents
a statistical distribution that cannot be applied to any individual plus it needs to be recognised that IQ, in isolation,
is not necessarily a guarantee of success. However, statistically, higher IQ does reflect the type of employment and
income that can be secured, although it is unclear whether IQ alone will be enough to protect all in terms of AI
automation.
So will AI be ‘bad news’ for most of humanity?
Note: The earlier discussion of AI-Robotic Developments outlined the potential of this type of technology.
While probability would support this development, the timescales of many predictions in this area might be
subject to much marketing hype in order to secure further financial investment. While accepting the field of
robotics is making considerable progress, autonomy of action requires more sophisticated AI and far better
manual dexterity if deployment is to expand into all physical environments. Today, probability might suggest
that AI could come to threaten cognitive employment more quickly than general manual labour, especially in
terms of cost reduction of professional salaries.
As the sum total of human history attests, change creates ‘winners and losers’ and there appears to be little
evidence that this will not apply in the near future. However, given the increasing dependency of human
civilisation on the development of technology, especially in the area of AI, it seems that highly unlikely that
humanity will turn away from this future unless some global catastrophic event occurs, although we may need to
recognise that such an event is not necessarily improbable. If we put aside the idea of a global disaster for the
moment, we might reasonably assume that further developments in genetics and nanotechnology, augmented by
AI, may only compound the impact on human society, which leads us back towards the issue of social, economic
and political instability, which is already apparent in today’s world. This instability then raises another question.
What other technology might change the situation outlined above?
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The last technology outlined in this overall discussion was entitled ‘Space Developments’. After some 50+ years,
humanity again appears to be taking up the challenge of space exploration in terms of the projected missions to
the Moon and Mars. The reality of both manned and unmanned space missions is now becoming increasingly
probable in light of all the other Technology Developments outlined. While this closing discussion will not repeat
the arguments already covered, it is assumed that space technology will become capable of establishing small
working space colonies in the near future, which may then grow to become space-cities in the longer term.
However, such developments may well come to have some serious implications on Earth-bound societies, both in
terms of resources and human development. While initial funding for space exploration might still require large
government support, it is assumed that private enterprise will become increasingly attracted to the industrial and
commercial opportunities that lay within a relatively close proximity of Earth, e.g. Moon, Mars and asteroid belt.
While some aspects of this exploration will continue to be orientated towards manned research missions, it is
probable that AI-robotic systems will become the preferred option for many industrial and commercial ventures
that may then only require minimal human crews. As large-scale space industries expand over time, it is possible
that they may be able to provide many important resources, not only to Earth, but in support of the further
colonisation of space. Again, without repeating earlier arguments, it is assumed that the wider human habitation
of space will first be pioneered by people working on industrial facilities, similar in scope to deep-sea oil rigs, which
would not be conducive for long-term habitation by a wider population. In this respect, it has been argued that a
rotating space-station that can simulate Earth-like gravity might be the first and most practical stepping-stone to
the colonisation of space. These space-stations could be moved into orbit around or near a planet or asteroid from
which AI and telepresence robotic systems might ‘harvest’ all or most of the required resources. However, there is
a suggestion that these space-stations might develop into space-cities, where its inhabitants more readily accept
the imposition of technology as a necessity for their survival, such that they begin to ‘evolve’ independently to the
rest of humanity back on Earth.
Where might this speculative assumption leave the rest of humanity?
While there are potentially many implications, we might highlight just two. First, the population profile of the
inhabitants of any form of space-station or eventual space-city will undoubtedly differ from the normal population
distribution on Earth for the simple reason that everybody will have been selected to meet certain criteria, e.g.
intelligence, skills and emotional stability. Second, as indicated, this population may be more likely to accept
further technology developments as a matter of necessity, inclusive of genetic and AI augmentation as already
outlined in the Hybrid AI Paradigm. In this respect, space colonies may become isolated from the social norms back
on Earth, which may then allow them to adopt both physical and mental augmentation without the normal
pressure of social conformance.
Note: While this discussion is attempting to restrict the scope of technical developments, reference might be
made to an earlier discussion entitled Evolution Beyond Darwin, which extrapolates three stages of human
evolution driven by technology. In the second stage, between 100-200 years, the development of a
human-AI interface is assumed that may accelerate the segregation of humanity into effectively different
sub-species and outlines further scenarios that may provide some rationalisation as to why this form of
augmentation might be accepted.
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It is realised that many will reject the idea of mental and physical augmentation because from today’s perspective
it may appear dehumanising. However, we possibly need to consider what our ancestors, of just a few generations
ago, would make of modern society that appears increasingly fixated on trivia continually being streamed to our
smartphones and where our ability to function in society may already depend on an ability to navigate ‘The Web’
using ‘Google search’. As stated, it has been assumed that technology will be the primary driver of change, which
then affects all other aspects of the human ecosystem, i.e. social, economic and political. For this reason, the
discussion of Social Evolution was focused on the issues that might best quantify the probability of ‘success’ in the
future, i.e. intelligence and the ability to learn new skills. However, as previously suggested, AI developments may
also affect employment in sectors that currently require high cognitive ability, although longer-term robotic
automation, dependent on AI, still has the potential to erode many manual skill jobs.
Note: In the example of space-stations and space-cities above it was suggested that inhabitants of these
micro-societies would be selected based on intelligence and skills. While this might be perceived as a
somewhat unique or hypothetical example, it can be argued that some form of selection process has always
taken place to some degree in all societies, at all times, which then separates the winners from the losers. To
assume this will not continue is possibly too naïve to register on any probability scale.
In the context of this overall discussion, the only certainty that has been expressed is the idea that the future will
still be divided by winners and losers. However, humanity may have a choice as to whether it might moderate the
extremes of winning and losing, such that any benefits stemming from technology might be more equitably
distributed, although it is recognised that this may simply be wishful thinking. For earlier reference was made to
Price's Law, which suggested that the amount of creative work produced could be attributed to the square root of
the total number of contributors, such that success in creative work would result in an exponential bias towards a
small percentage of the population. However, it was also recognised that Price’s law was only a mathematical
model that might not apply to all populations undertaking different types of tasks, which might be more
representative of larger populations, i.e. a large economy. In terms of a large economy that supports both the
social and political infrastructure, it was suggested that Pareto’s 80/20 Principle might be more applicable, which
would then suggest that 80% of any given population might fulfil some form a functional role within society. This
said, we might still have to accept that genuinely creative work, both in the arts and science, may still be biased
towards Price’s law. Of course, AI-robotic automation may yet further complicate this situation, if it becomes
capable of not only undertaking a higher percentage of menial functions within a society, but also many of its
creative functions.
So will the future be a utopian dream or dystopian nightmare?
In Orwell’s novel ‘1984’, the future might rightly be described as a dystopian nightmare for most, if not all its
population, such that it probably would not represent a stable form of long-term governance. However, Huxley’s
‘Brave New World’ novel is possibly more difficult to judge in as much that the majority of the population were
apparently content, albeit as a result of genetic manipulation, social indoctrination or simply drug induced. Of
course, while the reader of Huxley’s novel might readily perceive some of the flaws in this fictional world, they may
not immediately be aware of the parallels with the English class system in 1933, when Huxley wrote his novel.
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Note: As a crude summary, Huxley’s world was divided into a hierarchical caste system labelled Alpha, Beta,
Gamma, Delta, and Epsilon. In this system the Alpha and Beta castes were representative of an elite who
were not necessarily produced to be genetically identical, such that they might have a degree of individuality
that extended to higher mental and physical characteristics. In contrast, the Gamma, Delta and Epsilon were
more representative of a mass-produced working class, whose function in society required increasingly lower
mental ability and possibly less aesthetic physical characteristics.
As indicated, the note above is a crude summary of Huxley’s caste system, but one which might have some obvious
parallels in real-world societies, where ability is statistically defined within a distribution curve of a given
population. In Huxley’s time, the English class system was still a reflection of an older and more rigid aristocratic
hierarchy, which was slowly giving way to ability rather than a birth-right, where Huxley’s caste system might be
seen as a mixture of both. Today, we see much discussion of a conceptual ‘elite’ who appear to reap the benefits
of society disproportionately in comparison to everybody else and while financial success can still be achieved by
what some might unkindly described as half-witted celebrities, it is not necessarily reasonable to assume that
wealth, power and influence is still more consistently linked to intellectual ability.
But what of the future?
As argued throughout this discussion, it is assumed that all possible ‘brave new worlds’ will still be defined in some
way by the evolution of winners and losers, but where the idea of ‘winning’ may become increasingly dependent
on ability and skills, rather than birth-right or simple luck. However, there is a distinct probability that
developments in genetics and AI-robotic systems will act as a ‘wild-card’ in the evolutionary process of humanity,
which might allow a small minority to function essentially without need of the larger majority of the population. If
this proves to be the case, it will be a ‘paradigm shift’ between the past and the future, which will profoundly
change the nature of human society. Again, many may be disturbed by the direction of this line of reasoning, and
in truth they probably have good reason to be, as it suggests that some portion of the ‘larger majority’ may come
to have a diminishing role in the ‘brave new world’ of the future, where an increasing number of functions might
be carried out by AI automated systems. Of course, today, many will reject the possibility of this idea, let alone
accept its probability, which is not necessarily unreasonable as what has been described is not certainty, but rather
just one possible path that might be taken.
Note: Huxley's novel was never intended to be an accurate prediction of the future, but rather more as a
metaphor for the possible implications stemming from technology, which then allowed a system of
totalitarian governance to be imposed. While, today, we have not advanced to the point where this form of
global totalitarianism is obvious or even possible, we might still consider some worrying parallels. In Huxley’s
world, social stability is a primary goal, such that social conflict is minimised within a ‘hedonistic’ culture,
while economic prosperity is engineered. However, this form of stability required the imposition of
technology in the form of a genetically engineered caste system supported by social indoctrination and a
drug-induced sense of happiness. However, in order to maintain economic prosperity, marketing
propaganda is used to fuel excessive consumerism required to maintain production and the control of an
elite, i.e. the alphas. In this context, technology is not the real problem, but rather the instrument by which
the government, i.e. the alphas, can enforce the social order that maintains their position in society.
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However, it is possible, based on the summary above, that some might perceive some disturbing similarities
between Huxley’s fictional world and the developing reality of our own world. Of course, on the other hand, some
might simply assume humanity will turn away from the stupefied utopia of Huxley’s world or hope that its reality
exists sufficiently far into the future, such that it need not concern us. Of course, from another perspective, future
generations might simply cast we who are alive today in the role of Huxley’s savage, such that we possibly need to
be reminded of the end of the story.

“Mr Savage!” There was no answer. The door of the lighthouse was ajar. They
pushed it open and walked into the shuttered twilight. Through an archway on the
further side of the room they could see the bottom of the stairs that led up to the
higher floors. Just under the crown of the arch dangled a pair of feet. “Mr Savage!”.
Slowly, very slowly, like two unhurried compass needles, the feet turned towards the
right; north, north-east, east, south-east, south, south-south-west; then paused, and
after a few seconds, turned as unhurried back towards left, south-south-west, south,
south-east, east . . .”
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1.1.8 Appendix: Introduction to Statistics
Given that much of the debate surrounding intelligence is based on statistical analysis, this outline is inserted by
way of being a basic primer for those interested. Statistics is a branch of mathematics dealing with the collection,
analysis and interpretation of data, which allows the data to be organised and presented in a way that helps
facilitate a better understanding of any patterns in the data. In this context, statistics has developed two
methodologies, i.e. descriptive and inferential, that first attempts to summarize the data using techniques like
standard deviation and then, second, to draw conclusions about the nature of the data. However, the scope of this
discussion is only intended to be a brief introduction in support of the wider discussion of IQ and its social
implications.
1.1.8.1.1

Frequency Distribution

A frequency distribution may simply be described as a
table listing each value of some variable and the
number of times it occurs in a given dataset. We
might introduce the idea of a frequency distribution
by way of an example of ‘height’ within some given
population. If the people were lined up in order of
height, we might expect that the line would take the
shape of a distribution, if those of the same height stood in rows as illustrated right. While we might readily see a
distribution pattern in the diagram, it does not necessarily help us to quantify the variation in the data.
1.1.8.1.2

Distribution and Standard Deviations

Following on from the idea of a frequency distribution, we might consider plotting a curve of individual values, e.g.
IQ scores, for a given population, which also has the shape of a normal distribution or bell-shaped curve as shown
below. Within this distribution, most values sit in the middle of the curve with increasingly smaller percentages at
either end, where a standard deviation [σ] is a way of expressing a unit of deviation from some central value.
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In statistics, the standard deviation (σ) is a measure that is used to quantify the amount of variation or dispersion
from a central mean value. As such, a low standard deviation indicates that a specific value is close to the mean
value, while a high standard deviation indicates that the specific value is further from the mean value. In this
context, the standard deviation of a value within the distribution can be positive or negative depending on
whether it sits above or below the mean value. A value that is one standard deviation below the mean sits at the
16th percentile, while a value that is one standard deviation sits at the 84 th percentile. In a similar fashion, a value
that is two standard deviations below the mean sits at the 2nd percentile, while a value that is two standard
deviations above the mean sits at the 98th percentile. The chart above shows the % figure for each standard
deviation and the cumulating percentiles across a normal distribution.
How does standard deviation help quantify a statistical distribution?
Standard deviation determines the average and variance within a dataset, e.g. height or IQ, which can then be
used to compare similar patterns in a wider range of datasets, e.g. height and IQ of apes in comparison to humans.
How is standard deviation calculated?
The calculation of standard deviation might be described as a 4-step process, which we might simply introduce
before discussing the details within each step:
1.
2.
3.
4.

Determined mean value [μ] of all values of [x]
For each value of [x] subtract the mean [μ] and square the result.
Determine mean of the squared differences to get the variance [V]
Take the square root of variance [V] to get the standard deviation [σ]

While these steps do not sound that difficult in principle, it is not always obvious what is being calculated at each
step plus we also need to explain why there are two standard deviation formulas associated with an entire
population (a) and a smaller sample within a population (b), although the basic principles to be outlined are
virtually identical in approach.
2

[1]

a)

 =

 (x − )
n

2

b)

 =

 (x − )
n −1

;

where  =

 (x)
n

By way of introduction of the notation, we have [x] that is a specific value within the population or sample, e.g. IQ
score, where [μ] is the mean or average of all [x] values. The value within the square root symbol is sometimes
called the variance [V=σ2], which is a measure of the spread from the mean value [μ]. For completeness, the
equations in [2] simply separate the definition of variance [V] from [1].
2

[2]

a) V =

 (x − )
n

2

b) V =

 (x − )
n −1

However, it might be more useful to consider a specific example of an IQ sample taken from a wider population,
such that we might have a practical solution of equation [1b].
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n
1
2

x=IQ
79.00
120.00

μ=Σ(x)/15
103.60
103.60

(x-μ)
-24.60
16.40

σ(x)=(x-μ)/σ
-1.17
0.78

σ(x)*μ
-24.60
16.40

(x-μ)2
605.16
268.96

3

104.00

103.60

0.40

0.02

0.40

0.16

4
5
6
7
8
9

145.00
108.00
100.00
115.00
107.00
60.00

103.60
103.60
103.60
103.60
103.60
103.60

41.40
4.40
-3.60
11.40
3.40
-43.60

1.97
0.21
-0.17
0.54
0.16
-2.07

41.40
4.40
-3.60
11.40
3.40
-43.60

1713.96
19.36
12.96
129.96
11.56
1900.96

10
11
12
13
14
15

122.00
103.00
87.00
98.00
124.00
82.00

103.60
103.60
103.60
103.60
103.60
103.60

18.40
-0.60
-16.60
-5.60
20.40
-21.60

0.87
-0.03
-0.79
-0.27
0.97
-1.03

18.40
-0.60
-16.60
-5.60
20.40
-21.60

338.56
0.36
275.56
31.36
416.16
466.56

Σ=

1554.00

103.60

0.00

0.00

0.00

6191.60

Let us assume that this is a small IQ sample within some population, possibly a classroom, where that mean IQ is
103.6. From the data, we can now calculate the overall standard deviation [σ] for this sample as follows:
2

[3]

b)

 =

 (x − )
n −1

=

6191.6
= 21.03;
15 − 1

where  =

 (x)
n

=

1554.0
= 103.6
15

As shown in the table, we can also start to analyse the spread of each IQ score [x] both in terms of its numerical
variation [x-μ] and as a ratio of the standard deviation [(x-μ)/σ]. If we were to overlay the frequency of IQ scores in
the table above onto a standard IQ bell curve for the wider population, as below, we might immediately realise
that this IQ data sample is not typical for the population as a whole, such that our statistical analysis is already
proceeding from a descriptive to inferential form.

Mysearch Website

201

Copyright

2004-2018

BRAVE NEW WORLDS
Catalysts of Change

As a generalisation, large populations of different types of values tend to converge towards a normal distribution
or bell curve, where about 68% of the values will fall within one standard deviation, i.e. 34% above and 34% below.
While the spread of the standard distribution mathematically extends to infinity, we might realise that for most
practical purposes, 99.85% of the populations will sit within ±3 standard deviations.

In the diagram above, we can see that the standard deviation might tell us something more about the population,
i.e. a value of [x=IQ] that is 1 standard deviation above the mean [μ] represents an 84th percentile or, alternatively
only 16% of the population will have this value or higher. As such, analysing a population in this fashion tells us
about the probability of finding a person with a certain IQ or higher in a given population.
So why not simply use percentiles rather than standard deviation?
In terms of the bell curve distribution, we might realise that we could lose sight of the size variance with the actual
frequency distribution. For example, two people at the 50th and 55th percentiles in height may only differ in
height by 1 cm, while another two people at the 94th and 99th percentiles may differ in height by 7cm, even
though the percentile gap is the same.
1.1.8.1.3

Correlations and Regression

While height and IQ of a given population may both conform to a normal distribution of values, we might realise
that there may be little correlation between height and IQ. However, we can use the idea of correlation and
regression analysis to further examine the relationships between dependent and independent variables. In this
context, a correlation dependency is any statistical relationship that can be used to quantify whether a causal
relationship exists between any two variables, while regression analysis extends the idea of correlation with
additional predictive capabilities.
How might we begin to outline this process?
Given that we might dismiss the idea of IQ being related to height, it might be more useful to consider whether
there is any strong correlation between IQ and wealth. While we will not address the problem of measurement,
we can still highlight the issue of how wealth is even quantified, e.g. yearly income, income averaged over a longer
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period of years, plus any additional savings or possessions. We might also realise that wealth may not be the only
factor influencing IQ as they are a multitude of factors that might be discussed in the context of the nature versus
nurture debate. In practice, the value of an individual’s IQ score may depend on multiple relationships, such that
any correlation coefficient may only reflect an indirect relationship. However, developments in correlation and
regression analysis do allow a statistical comparison of different populations to be attempted, such that we need
to now introduce the idea of scatter diagrams.
1.1.8.1.4

Scatter Diagrams

Let us return to the idea of a frequency distribution
based on height within a population, but now
consider whether height has any correlation to
weight. In this context, we might extend the idea of
the earlier frequency distribution diagram to create
a scatter diagram, where the distribution of height
and weight are plotted on two intersecting axes. In
this case, height will be described as an
independent variable along the x-axis, while weight
becomes the dependent variable along the y-axis.
While we might assume that some form of
correlation must exist, we might also realise that
this cannot be true in all cases, i.e. short-fat people
may weigh more than tall-skinny people, such that we need a way to quantify both the trend and the exceptions,
such that we might estimate the correlation between these two variables.
1.1.8.1.5

Correlation Coefficients

While there are many different ways to determine
a correlation, we might outline a method that first
normalises the measure of height and weight in
the previous scatter diagram. How this is done is
not central to this discussion, such that we might
simply assume the values of height and weight
are now represented by some normalised score.
Next, we need to define a ‘best fit’ line through
the scatter diagram, although we do need to
address an obvious question:
What makes a best-fit?
The best-fit line has to cross the mean value of height plotted on the x-axis and the mean value of weight on the
y-axis, which we might assume aligns to the coordinate [0,0] in the diagram above. From this point it is possible to
simply guess what appears to be the best-fit straight regression line through the dots, although there is a
mathematical process, which will be outlined on a simpler dataset reduced to [x,y] values.
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μ=

x
1
2
3

y
2
4
5

x-xμ
-2
-1
0

y-yμ
-2
0
1

(x-xμ)2
4
1
0

(x-xμ)(y-yμ)
4
0
0

4
5
3

4
5
4

1
2

0
1

1
4
10

0
2
6

In the example above, height and weight have been replaced with just 5 values of [x,y], which are then summed
and divided by 5 to calculate the mean [μ] at the bottom of the first two columns. The next two columns then
calculate the displacement of each value of [x,y] from the mean. The final two columns produce a summed total
that can be used to determine the parameters in the equation for a straight-line as shown in [4].
[4]

y = mx + c;

where m =

(x-x  )(y-y  )
2

(x-x  )

=

6
= 0.6
10

Continuing on from [4], we know that the slope [m=0.6] of the best-fit straight line must pass through the mean
coordinates [x=3,y=4] for this specific example and eventually intersect with the y-axis, which we can calculate as
follows:
[5]

y = mx + c

 4 = 0.6 *3 + c

 c = 2.2

However, if we use the same data example as above, we can extend the slope analysis to calculate [R 2], which is a
statistical measure of how close the actual data fits the regression line. At this point, it will simply be stated that
[R] equates to the correlation coefficient, while [R2] is the coefficient of determination, which will be explained
further after we do the calculations based on the following table.

μ=

[6]

R2 =

2

 (y'-y  )

2

 (y-y  )
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=

x

y

y-yμ

(y-yμ)2

y'=mx+c

y'-yμ

(y'-yμ)2

1
2
3
4
5
3

2
4
5
4
5
4

-2
0
1
0
1
0

4
0
1
0
1
6

2.8
3.4
4
4.6
5.2

-1.2
-0.6
0
0.6
1.2
0

1.44
0.36
0
0.36
1.44
3.6

3.6
= 0.6
6



R = 0.6 = 0.775
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If we start with the correlation coefficient [R], it is said to be a measure of the strength of the relationship between
two variables with a value ranging from [-1 to +1], where the relationship can be positive or negative. A positive
correlation [R>0] signifies that both variables change in the same direction, so when one increases, so does the
other. A negative correlation [R<0] signifies that a change in one variable will cause the other to move in the
opposite direction. The actual value of [R] indicates the strength of this correlation, i.e. positive or negative. As
calculated, [R2] is also a statistical measure of how the measured values of [x,y] fit the linear regression line
represented by [y=mx+c], which is called the coefficient of determination. A value of [R 2=0] indicates that the
measured data explains none of the variability between the two variables, while [R 2=1] indicates that the
measured data explains all the variability between the two variables. As a square of [R], [R 2] cannot be negative,
such that it might be interpreted as the percentage measure by which [x] is correlated to [y], while [R] defines the
strength and direction of this correlation.
1.1.8.1.6

Regression Coefficients

In the previous section, an attempt was made to explain both the correlation coefficient [R] and the coefficient of
determination [R2], which allowed the strength and variability of the correlation relationship between two
variables [x,y]. However, there is often a requirement to quantify the increase in [x] to the change in [y]. If we
return to the original scatter diagram showing height in inches and weight in pounds, prior to the normalisation
process, the best-fitting line defines a regression coefficient, rather than a correlation coefficient. However, the
revised scatter diagram below raises an obvious question:
Why are there two best-fit regression lines?
As outlined, a best-fit line is the one that
minimizes the distances between the data points
and the regression line. When the units were
normalised, it made no difference as to whether
these distances were measured relative to the
pounds y-axis or the inches x-axis. However, this
is not the case when different units are used, as
per the example right, such that we can get two
lines, depending on which axis was used to fit
the line. These two lines still have to intersect at
the mean values of the [x,y] variables, but can
now be used to answer different questions
about the nature of the correlation. For example,
how much difference in pounds is associated
with a given difference in inches might be described as the regression of weight with height, while the difference in
inches is associated with a given difference in pounds might be described as the regression of height with weight.
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1.1.8.1.7

Linear Regression

Despite only being an outline of what can be a far more complex process, we possibly have enough insight to
consider a simple linear regression example. In this example, wage income is correlated to additional years in
college education, where ‘education’ will be considered as the independent variable and ‘wages’ the dependent
variable. In practice, this analysis would require a sufficiently large and random sample of the population in order
to be representative, such that this review will only outline the general steps rather than present all the details of
the actual dataset required. So, it will simply be stated that the sample consists of 1000 data-points, where each
data-point is defined by the wage income and the number of years in college education, e.g. $20/hour and 10
years. For the purpose of this outline, we will only present a stylised scatter diagram representing some of the
data-points along with the best-fit regression line defined by the equation of a straight line passing through mean
centre point of [μx, μy].

We might infer from the positive slope [m] of the best-fit regression line within the scatter diagram above that
there may be some truth in the assumption that wage income has some correlation with the number of years in
college education. While this does not necessarily prove a direct causality, most people would probably be
surprised if the slope was negative and therefore suggesting that more education did not help secure better paid
employment. While the numbers may not be particularly meaningful to the current example, we will use the
previous results of the [xy] example, such that we can simply cross-reference the earlier solution of the best-fit
regression line in [4] and [5] and the determination of [R, R 2] in [6].
[7]

y = mx + c  wages = 0.6 * education + 2.2;

where R2 = 0.6 and R = 0.775

From an analysis perspective, we might realise that [7] is only a model that attempts to represent the spread of
data-points in the scatter diagram above and while the value of [R] might suggest the positive strength of the
correlation between wages and education, the value of [R2 ] less than unity and therefore suggests that other
factors may also be involved in the real world. However, we might still use [7] as a basis for prediction starting with
the idea that zero years in education might be correlated to some minimum wage, e.g. [c=$2.2], while 5 years in
college would correspond to an increase in wages from $2.2 to $8 based on the following graphical extrapolation.
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Of course, as has been highlighted, a wage of $8 after 5 years of college education is simply a prediction, which
might then be questioned by the following data-point taken from the real-world data-points plotted onto the
scatter diagram below, where of a wage of $10, not $6, was realised after only 3 years of additional college
education.

What might this tell us about this linear regression example?
Well, in many respects the example has only highlighted the simplicity of directly correlating wages to just one
variable, e.g. years in education, such that it has not accounted for all the possible factors involved in determining
a person’s income in life., such that we might recognise the need to add some form of error limit [ε] to [7] as
follows:
[8]

y = mx + c + 

 wages = 0.6 * education + 2.2 + 

However, [8] still appears to be ignoring the wider problem that while the model has its uses in making a best-fit
correlation between wages and education, the values of [R, R 2] also told us that this simple linear model does not
represent a complete analysis. In fact, real-world analysis of wages has also highlighted a dependency on IQ and
somewhat strangely even a person’s height. As such, we might now consider extending the idea of linear
regression to multiple regression.
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1.1.8.1.8

Multiple Regression

In terms of the previous example, it was recognised that the wage income secured by an individual throughout the
course of their life may depend on multiple variables. In this context, the dependent variable ‘wages’ may have to
be correlated to multiple independent variables. Therefore, in order to pursue this idea, we need to update, and
abstract, the equation for a linear regression line as follows
[9]

y = mx + c + 

 y = 0 + 1 x1 + 2 x2 ... +  n xn + 

In the form of [9], slope [m] is change to reflect multiple coefficients [β1,β2..βn] associated with multiple
independent variables [x1,x2..xn], while the intercept of the y-axis is updated to [β0]. Although it might be assumed
that the purpose of multiple regression must be to eliminate the error [ε], in practice, it might only minimise or
possibly obfuscate the nature of any error within the complexity of multiple dependencies.
Why the implied reservation in the last statement?
It has to be recognised that simply adding multiple, but arbitrary independencies in the form of [x1,x2..xn], may only
result in a misleading determination of the associated coefficients [β1,β2..βn]. While it is beyond the scope of this
outline discussion to detail all the complexity associated with multiple regression analysis, it will attempt to
present a general overview of the issues that need to be taken into consideration.
Note: Today, software packages can do most of the laborious calculations associate with both linear and
multiple regression analysis, which also provide many other statistical parameters by which the best-fit
regression might be determined. See description of null hypothesis, p-value and t-statistic for more details.
However, for the purpose of this general discussion, we shall consider another example associated with house
price [y], which most people will know from their own experience can depend on many independent variables, e.g.
location [x1], size of the house [x2] and size of the plot [x3]. Of course, we might also speculate that other undefined
variables may also be a factor, e.g. quality of schools [u 1] and average income [u2] in the location area. As such, we
might initially represent the sum total of all these dependencies as follows.
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While we might recognise from [9] that the implied relationship between dependent variable [y] and the
independent variables [x1,x2..xn] is weighted by the coefficients [β1,β2..βn], the previous diagram also alludes to a
potential dependencies between the independent variables [xn], the undefined variable [un] and finally even the
[x,u] variables. We might start to explain how this complexity might be resolved by considering the correlation
between the dependent variable [y] and each of the independent variable [xn] in isolation, i.e. as a linear
regression analysis, as represented in the next diagram.

In terms of the regression line in the diagram left, we might assume it reflects a strong correlation between [y] and
[x1], which initially suggests its suitability as an independent variable. In contrast, the random spread of data-points
in the diagram right appears to suggest a weak correlation between [y] and [x 3], such that it might not be a suitable
choice as an independent variable. However, the idea of multiple regression introduces another problem in terms
of the correlation between the independent variables themselves, which we will simply represent in terms of the
next diagram.

Here the indication of ‘good’ and ‘bad’ indicators have been reversed, such that a high correlation between two
independent variables on the left suggests a possible redundancy that may well cause a distortion of the overall
statistical prediction of the value [y]. In this context, the somewhat random distribution of data-points in the
scatter diagram on the right suggests little in the way of dependencies, such that both variables [x 1,x2] may be
useful in extending a linear regression into a multiple regression analysis. At this point, we might simply assume
that similar considerations may also have to be extended to all the independencies between the known
independent variables [x0,x2..xn] and any suspected undefined variable [u 1,u2]. As such, multiple regression can
require considerable pre-analysis before it may offer up any better statistical prediction of the value of the
dependent variable [y].
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