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CHAPTER 2

EVOLUTIONARY DYNAMICS OF
OUR INDUSTRIAL CIVILIZATION

The story of our species, Homo sapiens, is one of extraordinary conquest –with
our rising, as Yuval N. Harari has put it so eloquently, from an insignificant
primate just like any other animal 70,000 years ago to become the masters of
the planet today.1 As a species we have passed through three major revolutions
on our way to mastery –the cognitive revolution, that enabled us to cooperate in large numbers in hunting and foraging (and causing our first ecological catastrophes in doing so); followed by the agricultural revolution, where
we learned to tame a selection of plants and animals for our own ends (or as
Harari puts it mischievously, the plants like wheat tamed us) and thereby released dramatic new growth in population, cities, techniques and culture; and
a scientific revolution, occurring around 500 years ago, where the key was our
discovery of the power of systematic investigation from an explicit position of
accepted ignorance (as opposed to assumed dogmatic knowledge, not tested by
empirical observation). Harari has a chapter on the industrial revolution that
he traces directly to the effects of the scientific revolution and its bias towards
systematic observation. Western capitalism was able to spawn the industrial
revolution, he argues, because of its propensity to view the future as potentially better than the past, and its preparedness to invest profits in production
in order to bring about this imagined future. The growth that resulted, which
is unprecedented in our species’ long history, called for massive new inputs of
energy and materials.2 It is at this point, where Harari breaks off his narrative
(more or less), that I start mine.
1. See Harari, Sapiens: A Brief History of Humankind, Vintage Books, 2014.
2. The Stanford historian and archaeologist Ian Morris (2015) has advanced an
alternative evolutionary account, moving through the phases of foraging, followed by
farming and then moving to the industrial revolution and the use of fossil fuels. Both
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INDUSTRIAL TRANSFORMATIONS
We can trace this industrial revolution and the new world it created through
three main transformations of the global technoeconomic system. There was
first the introduction of fossil fuels themselves, initially coal, which in one
country after another (starting with Britain) ousted previous organic and natural energy sources based on wood (from forests) and water. The impact that
these new sources had on raising productivity levels and through this to rising
incomes through trade leading to rising wealth, has been dramatic.3 This
was followed by utilization of materials at a new ‘industrial scale’ –starting
with cotton, grown in vast quantities in the American South and feeding the
new textile mills in Yorkshire, and then moving on to other materials such as
iron, steel and a multitude of synthetic materials resulting from the application of science to production. Geopolitically these upheavals created the Great
Divergence, as the west started to pull away from the traditional leaders of the
global economy, China and India. This is seen graphically when data on per
capita incomes for the Western industrializing countries are plotted over a
time interval spanning hundreds of years (Figure 2.1).
The ‘Great Divergence’ created a new divide between West and East, and
laid the foundations for Western supremacy, based as it was on superior access
to fossil energy sources and raw materials.4 A flourishing line of scholarship
has arisen which examines the ‘coal question’ linking the rise of incomes and
wealth in the UK to its rapid diffusion of coal power, through the invention
of the steam engine and its application to the first railroads. This was one of
the first examples of how humans collectively were able to lift constraints on
activity by introducing new sources of energy and materials. Railroads, for example, made transport of both people and goods vastly more reliable than on
canals, on the open sea (sailing vessels) and of course on terrible roads.
There followed in the period in the twentieth century and particularly after
World War II a new flowering of industry and transport, this time based on

accounts emphasize the fundamental character of these shifts and their wider economic
and cultural impact.
3. See Wrigley (2013) for a recent discussion of the role of coal in the English Industrial
Revolution –thereby countering the long-practised ignoring of the role of energy in
previous accounts of this fundamental transformation.
4. See Pomeranz (2000) for the original exposition of the case for a ‘Great Divergence’
and Goldstone (2002) for an informed discussion. The themes of different kinds of growth
being developed by China are canvassed in Goldstone (2002).
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FIGURE 2.1. Diverging national incomes per capita, 1500–1950.
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SOURCE: Data excerpted from Contours of the World Economy, 1–
2030 AD: Essays in
Macro-Economic History by Angus Maddison, Oxford University Press, 2007, ISBN 978-
0-19-922721-1, p. 382, Table A.7; available at Wikipedia: https://upload.wikimedia.org/
wikipedia/commons/4/4 4/Maddison_GDP_ per_ capita_1500-1950.svg

oil rather than coal and further cementing the new Western power, the United
States, as world leader. This has been called the Great Acceleration (by Steffen
et al.), and is captured by a series of charts documenting the rapid spread
of modern technologies like refrigeration, telecommunications, antibiotics,
and other conveniences of modern life. Will Steffen and his colleagues have
documented the changes in the years post-1950.5 In fact they propose the date
16 July 1945 as the start of the Anthropocene –when the first atomic bomb
was tested at Alamogordo in New Mexico, signalling that humankind would
now shape its planetary environment, and not be shaped by it as in all previous
epochs (Figure 2.2).
5. Steffen et al. provide a planetary ‘dashboard’ of charts to demonstrate how everything
has accelerated since the advent of the industrial era –with a marked upturn around
1950: http://w ww.igbp.net/news/pressreleases/pressreleases/planetarydashboardshows
greataccelerationinhumanactivitysince1950.5.950c2fa1495db7081eb42.html.
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FIGURE 2.2. The Great Acceleration –socio-economic trends, 1750–2010.
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These trends are underpinned by ease of access to a convenient fossil fuel,
namely oil. But so far the transition had been confined to the one billion (or
so) people living in the West –in North America, Western Europe and Japan.
Increasingly the countries of the East have been clamouring for their turn as
well. They have been able to tap into the store of technology and scientific
knowledge that has been accumulated by the West, in a time-honoured process
of Convergence, or catch-up, utilizing fast follower strategies. This process has
led to a third industrial transformation, which may be called the Great Convergence,
as the Eastern countries, now led by China, are pursuing catch-up strategies and
are converging on the prior Western leaders. This process where influence is
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FIGURE 2.3. Share of manufacturing value-added, OECD vs. non-OECD
countries, 1995–2013.
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shifting back to China and the East (where it always was for most of the past
2000 years) is best captured by the chart that the OECD calls ‘Shifting wealth’
(see Figure 2.3), which shows how manufacturing value-added (manufacturing
revenues net of costs) is shifting East, to non-OECD countries such as China and
India. These countries are accounting for a rising proportion, and will almost
certainly reach a point exceeding 50 per cent of manufacturing value added
before the year 2020. This is a tipping point of immense significance. 6

SHIFTING WEALTH
The OECD Development Centre has been tracking the shift, under the term
‘Shifting Wealth’. Their statistical team has now extended their analysis (at
my request) up to the year 2013 –with the clearest possible results: the ‘non-
OECD’ countries are rapidly catching up with the OECD countries, and look
set to overtake them well before the year 2020 (and have probably already
done so).
Indeed, China’s significance has been increasing rapidly over the past
three decades. China was fourth in the world table in 1993, rising to third
6. The Financial Times journalist Gideon Rachman captures the significance of this shift
in another phrase: Easternization (Rachman 2016).
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in 2003 and first by 2010, consolidating this position in 2013. China is now
recognized as the world’s premier manufacturing nation. According to UN
data analysed by the US-based Manufacturers’ Alliance for Productivity and
Innovation (MAPI), China accounted for no less than 23 per cent of world
manufacturing value-added in 2013, as compared with just 17 per cent for the
US and 8 per cent for Japan. India accounts for 2 per cent of the world total,
and is also rapidly catching up, replicating China’s rise of two decades earlier.7
Note that the BRICS countries were responsible for just under 30 per cent of
the world total in 2013, revealing again the significance of this non-OECD
grouping of countries.
These three transformations –the Great Divergence, the Great Acceleration
and the Great Convergence –have all been driven successively by the remarkable growth in the world’s access to and utilization of fossil fuelled energy and
material resources.8 Now, at the beginning of the twenty-fi rst century, we find
new constraints on this process of endless growth in the scale of industrial activity, leading to rising productivity and through this, to rising incomes and
wealth. These constraints are being felt initially and most severely by the rising
‘catch-up’ countries, led by China and India, as they harness fossil fuels and
deploy resources in vast amounts –and run into constraints in the form of extreme pollution and geopolitical tensions. It is the latter constraints that are
felt acutely in the convergent countries but are not so much appreciated in the
West. The geopolitical constraints are felt through exposure, for example, to a
global price of oil manipulated by the OPEC cartel; or by efforts to find new
sources of oil such as South Sudan that become embroiled in civil war; or by
attempts to utilize sources of oil and gas like the Gulf states where war and revolution are never far off the agenda.
Out of these tensions and constraints has emerged a new agenda for
dealing with energy and materials –where the energy is tapped from renewable sources like the sun and the wind, and the materials are tapped from
circular flows within the industrial system itself. These paradigm-breaking
initiatives started as efforts undertaken at the margins in the West, but as they
proved themselves to be economically and technologically sound they have
been adopted and scaled up by the convergent powers, led by China and India.
7. See the MAPI website, at: https://w ww.mapi.net/.
8. Andrey Korotayev, Jack Goldstone and Julia Zinkina (2015) have published an account
of the Great Divergence and Great Convergence that sees the demographic and economic
shifts as being tightly correlated; indeed they view the Divergence and Convergence as
two sides of the same ‘Global Modernization’ process.
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This new set of transformations –the fourth of the industrial era –is what I am
calling the Green Shift; it is a global, fundamental and world-historic transition
that we are currently immersed in, and which can be expected to continue
until there has been a complete transition to a world of renewables and the
circular economy. This is what I called the next ‘Great Transformation’ in my
2015 Stanford book on Greening of Capitalism –a name which continues to have
great resonance in its building on Polanyi’s term the Great Transformation
for the rise of industrial capitalism itself. The focus of this next, fourth transformation is likewise fourfold: there is a focus on energy (renewables in place
of fossil fuels), materials (circular flow in place of linear throughput), and food
production (enclosed activities in place of open, irrigated agriculture), and the
finance that drives investment in these new directions. We shall deal with each
of these aspects of the transformation in coming chapters.
In terms of the story of humankind as told by Harari, there is no more
significant transformation than this, which promises to end the war between
ecology and economics. Harari is certainly correct in pointing to the ecological serial murders that we as a species are responsible for, and now with our
mastery of the earth, our casual destruction of wildlife, natural habitat and
the living hell we create for our tamed livestock. But he is less willing to acknowledge that there is underway a transformation that is actually the only
feasible path forward to ‘healing’ these gross blunders and crimes that we have
committed and which is potentially setting us on a path to a genuinely sustainable future. It may of course be too late, and we may be doomed already. This
is something that we cannot know. But it seems clear that if China, India and
the other ‘converging’ countries are looking to bridge the gap between themselves and the West, then it will have to be through an alternative process of
‘green growth’ or what is more generally described as ecological modernization (or ecomodernism), or what the Chinese call ‘ecological civilization’. No
other pathway can possibly succeed.

THE FEASIBLE ECOMODERNIZATION
STRATEGIES OF CHINA AND INDIA
What I outline in this book is the ecomodernization strategy that China and
India are pursuing, plus reasons for viewing this strategy as being feasible
–indeed, this is the only feasible strategy available to these industrializing
giants. It is a strategic choice that underpins the new direction being taken
by China, India et al. in their pursuit of green growth. This strategy works
–it sets a feasible direction for the evolutionary processes that drive our
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industrial civilization –for a number of reasons. First, it works because it is
based on manufacturing, and on its capacity to overcome constraints that
are imposed by the natural world rather than on resource extraction and its
vulnerability to such constraints. The prime example is energy, where the
original breakthroughs associated with use of fossil fuels have now turned to
constraints which can be overcome only by delinking power production from
extraction of raw materials, that is, through a turn to renewables. The task is
to demonstrate that renewables can indeed power the planet.
Resources in vast quantities have been the fuel of industrialization, and now
the traditional approach to their extraction, via a linear throughput economy,
is running into limits of resource availability and pollution. The resolution can
be found in urban mining, whereby ‘waste’ outputs of one industrial process
are taken up by another process, in a process known as closing the loop (circular economy). The task here is to demonstrate that the world can work on
a circular flow basis. Likewise food production constraints as experienced by
open field agriculture with all its chemical inputs and its huge consumption of
water can be overcome by manufacturing principles of contained production
in a closed environment. The task in this case is to demonstrate that such strategies can feed nine billion people comfortably.
Second, the strategy works because the underlying population that
drives the whole process is capped; it will peak at around nine billion
and will thenceforth stabilize or decline. We can make this prediction
with a degree of assuredness because of the theory of the demographic
transition. If population were to keep expanding indefinitely there would
be no assurance that a closed system of resource flows could ever work. The
alternative to our capping our own population through a civilized process
of social reduction via a demographic transition is a nasty process of culling
population through war, famine or disease. This is the real alternative to
green growth.
Third, the strategy works because it is framed by an overarching process of
urbanization. It is in cities that these contained processes as well as processes
of resource extraction make sense; it is a further chapter in the story of
cooperation at large scale as told by Harari. In this case the cooperation is
between firms in an urban environment, as recognized in the long history of
clusters, industrial districts and industrial parks. In China, for example, over
50 per cent of manufacturing value-added is conducted in industrial parks,
which provide an optimal base for current greening initiatives in the creation
of a circular economy.
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Finally, the strategy works because ecomodernization can be framed
as a series of technoeconomic choices that are ours to make rather than
being imposed by some external force. Cities, firms, countries that make
the choices best aligned with an ecomodernizing dynamic are the ones that
can be expected to flourish; the ones that fail to do so can be expected to
fall by the wayside. They will make no contribution to our further evolution
as an urbanized, industrialized species that is greening its nest. This is an
essentially Schumpeterian view of our evolving industrial system, driven
not by simple product substitutions but by one technoeconomic formation
succeeding another. Framing choices in these terms as investment choices (as
done by China through its successive five year plans) is superior to imposing
choices retroactively via taxes. The strategy works because it brings finance
in as crucial player in the transition.

Strategic Choices –and Objections
The ecomodernizing choices described in this book are the fruits of what
Harari has called the scientific revolution; they are the culmination of this half-
millennium of experimental validation of ways of overcoming our admitted
ignorance. Through our newfound techniques of reliable knowledge generation we created new fuels that overcame original natural constraints; we overcame constraints imposed by local materials production and use; we overcame
constraints of traditional food production by chemical inputs and mechanization. But we are running into the limits of all these powerful innovations. It is
taking a new twist in this evolutionary story, one that is operating at a scientific,
technical and cultural level rather than a biological level –a twist that favours a
green shift in all four spheres of energy, resources, water and food production, to
resolve our current dilemmas. These dilemmas are not irresolvable.
The technoeconomic choices that we face are indeed epochal –these
choices will determine whether or not we enjoy a ‘good Anthropocene’ (to
use the clever, pithy phrase of the Breakthrough Institute and its Ecomodernist
Manifesto). To the evident dislike of many, it turns out to be China that is
leading the world into this next transition, this next phase of our industrialized
species. No one would have predicted that the most astute practitioner of the
strategies of Greenpeace and Friends of the Earth would turn out to be the
Chinese Communist Party in its management of the vast country/civilization
that is China. No one would have predicted that China would turn out to be
the strategist par excellence of green growth.
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The advantages of green choices turn out to be overwhelming for emerging
industrial giants like China and India. Their dependence on imported fossil fuels
and resources diminish as they ramp up renewable power sources and regenerated
resources via the Circular Economy. These shifts in turn reduce pollution and
traditional extraction disasters while building manufacturing capabilities and
export platforms for the future. The fluctuating costs of utilizing fossil fuels
are displaced by the one-way diminishing costs of resorting increasingly to
manufactured devices like solar PV cells and wind turbines. The costs of ‘fuels’
decline as the marginal costs of generation from solar and wind continue to
approach zero.
Yet the objections raised to the green growth strategy, clear and simple as it is,
are legion. There is of course the anti-Chinese factor, where objections are raised
on the basis that green products are emanating from China, with its alleged lax
labour laws and environmental shortcuts that make for unfair competition (something I will deal with below). There is of course the suite of objections coming
from vested interests and in particular the fossil fuel lobby –objections that take
on criminal dimensions, if we can judge by the cases likely to be brought by
the District Attorney of the state of New York against companies like Exxon-
Mobil.9 There are objections raised against the clean, cheap, abundant, and safe
renewables on various economic grounds, mostly using out-of-date arguments
concerning their alleged high costs and the issues created by their fluctuating
character.
There are objections based on ‘technical’ grounds, such as the alleged
limits to their contributions to the grid of the future. One of the most
common of these technoeconomic objections is the claimed lack of power
density of solar and wind power; this is seen by many scholars as their
failure to continue the hypothesized process of decarbonization and increasing power density that is found in the sequence from wood, to coal,
to oil, and then to nuclear. Dispersed solar and wind power upsets this neat
sequence, and raises the ire of scholars such as Ausubel as well as the authors
of the Ecomodernist Manifesto –as evidenced in their call for energy sources
that are not just clean, cheap, abundant and safe but also ‘dense’ (an emotive

9. In March 2016 the Attorneys-
General of six US states, including the states of
New York, California and Massachusetts, met to discuss ways in which they could bring
charges against fossil fuel firms like Exxon-Mobil on grounds of fraud in their dealing
with issues of climate change http://w ww.insidesources.com/gore-schneiderman-defend-
exxon-i nvestigation-t his-is-certainly-not-a-publicity-stunt/.
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word, as I shall argue below).10 Then there are objections based on environmental grounds, such as their alleged over-use of resources (particularly
land resources); their alleged blotting out of vast swathes of virgin bush or
desert, or their dependence on materials like rare earths.
Any visitor from Mars would be excused for thinking, after reading this
long list of objections, that the sources of energy from water, wind and sun
that China and India are utilizing in their Green Shift (their pursuit of a
green growth strategy) are the source of more problems than the fossil fuels
and nuclear power that they are successfully displacing. A good part of the
text to come will be devoted to demonstrating that this is far from the case;
the arguments for renewables are as clear and strong as the sun and wind
themselves.
As a civilization whose evolution is now conducted in technoeconomic
terms, and where choices and turning points are framed primarily as
technoeconomic strategic choices, these issues as to which is the optimal way
forward in terms of food production, energy production, resources production
and water production are the critical choices of our time. There is an overarching ecomodernist narrative that helps us make the right choices –and
of course the very spirit of the ecomodernist turn is itself the subject of widespread debate. What I offer here is a contribution to that debate, shorn of any
sense that there is a technically determined path forward. The future is, as
ever, open to strategic choice. This is the genius of our industrial civilization.

10. See for example Ausubel (2007) and similar writings. I deal with these in my Futures
paper (2016).
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