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CHAPTER 18

WHEN CERES MEETS GAIA

In this closing chapter I wish to review the trends that at are driving the world
economy in order to take a stance on where these trends are leading us. It is
the role of responsible analysts/commentators to identify the major trends and
forces at work, seeking to place them in the ‘big picture’ –and that is what
I propose to do.
The big picture in this case is the reconciliation between the economic and
ecological, located in the setting where the industrializing processes through
which China and India, then others like Brazil et al., are brought within
the ambit of the ‘moderately wealthy’ world –without destroying that world
through ecological murder, or ecocide. Such a big picture is not one generated
by the world of investors in London, Tokyo or New York –the readers of the
Financial Times or the Wall Street Journal. They are comfortable in their present
circumstances, and we cannot expect sacrifices from them. But in the case
of China and India the imperative of development, to be delivered through
industrialization centred on manufacturing as the only known pathway to
wealth and rising incomes, is paramount –and constitutes the cutting edge
of the reconciliation between economics and ecology that we all wish to see.
This will need to be a reconciliation for everyone, for all nine billion on the planet –
given the strong probability that there will be a ‘demographic transition’ where
countries with high birth rates today will moderate them voluntarily tomorrow
as they move up the development and wealth enhancement ladder.
The argument presented in this book is this. The biggest issue of our
time is the industrialization of China and India. This is their pathway to
modernization, to the ending of age-old prejudices and to the defeat of anti-
modernizing religions/ideologies like militant Islamic jihad against –against
what? modernity? –and to rising incomes and wealth. But can such a process
be made compatible with our new understanding of the limits to fossil fuelled
expansion of linear processes, trampling over the earth in search of fuels
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and resources and dumping wastes onto the same planet. This anti-systemic
approach is clearly incompatible with the evident finite character of our
beautiful planet.
That does not translate into a call for zero growth –as is so often heard
now in radical circles in the West. In response to concerns over the future of
the planet, many are calling for an end to economic growth –in the name of
respecting ecological limits and finite planetary resources.1 The problem is
that this concern is based on a misunderstanding of the character of economic
growth. If it is a case of extensive growth, that is, where the growth is based on
increasing resource throughput, then it is clear that it must one day come to a
halt and be succeeded by a stationary state –if humans and life in general are
to survive. But it is perfectly possible to have intensive growth, that is, growth
that is generated through improvements in productivity, where incomes can
grow without a corresponding growth in resource throughput. This is what is
meant, in fact, by increasing returns –getting more than before out of a given
set of inputs. So capturing increasing returns means, essentially, embarking
on a process of intensive growth, or growth that is decoupled from resource
throughput. When based on renewable energies (that are always available) and
resource recirculation and regeneration, this can be called accurately ‘green
growth’
The reasons for China’s success so far in the greening of its economy are
hotly debated. There are those who see it as simply a product of cheating, or
using low-cost labour as a means of undermining producers of green goods
in the West. This is the position of trade associations like the Solar Energy
Industries Association in the US or SolarWorld in the EU, which have lobbied
hard for trade sanctions to be imposed unilaterally by the US and EU against
Chinese imports of products like solar PV cells. Such sanctions have certainly
curbed Chinese production and exports of green goods –but they have not
killed off the industry, since cost reductions continue irrespective of trade
issues, and smart producers are able to find ways around such sanctions, for
example by relocating their sources of supply to the US and EU, and even by
relocating investments to produce their goods behind the tariff barriers, within
the US or EU. And of course such sanctions carry dubious political baggage,
in that they run flatly against aspirations to decarbonize the world’s energy
system, expressed in other forums such as Paris Climate Conference meeting
in December 2015. There are others who see China’s success as all being the

1. See for example Jackson 2009.
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result of unfair competition attributed to the power and omniscience of the
Chinese government, which is viewed as intervening unfairly through subsidies and tax breaks to tilt the playing field towards Chinese producers.
I wish to offer another perspective on these matters. China’s success in
expanding the green sectors in its economy surely has to do with its ability
to implement industrial policy with determination, and to focus its strategies
at the point of investment, where there is already change under way. It is at
the point of investment –before things become fixed on the ground –that
change can best be effected, in whatever field of inquiry. It works in related
fields like protection of occupational health and safety, where (say) some new
finding that a chemical has serious health effects can best be accommodated
not by requiring existing firms to make changes to their existing operations
to curb the chemical’s use (expensive and disruptive) but by requiring firms to
adjust their investment strategies to delete the offending chemical from their
operations. It is far easier for a company to change an investment schedule than
it is to change plant design and operations in facilities that are already built
and operating. We have seen a prominent case of this principle in operation in
the new eco-cities being proposed (and built) in China.

MANAGING CHANGE: THE DIFFERENTIAL
PRINCIPLE
One could give a name to this approach, calling it the Differential Principle,
after the mathematical insight that a system’s rate of change is captured most
effectively by its differential, and most comprehensively by a set of differential
equations. Mathematically the differential may be viewed as the slope of the
tangent drawn to a curve at any point, and so intuitively as expressing the degree of change at that point. So a public policy targeted at the differential of a
system –at the point where change is being driven by new investments –is the
one most likely to be effective.
It seems that China has discovered that the most effective way to green its
economy –driven (as I have argued) by considerations of energy and resource
efficiency –is to drive investment towards specified green targets. This is the
purpose of the successive Five Year Plans, with their targets for increasing
investment in renewable power systems (led by power generation from water,
wind and sun) and in circular economy initiatives (led by closing loops in
existing manufacturing agglomerations). Such plans provide clear incentives
(in the form of low-interest loans from state development banks) as well as
assistance from local and provincial governments in the form of housing, land
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grants and local tax breaks to entrepreneurs who are prepared to run the
risks of investing in the targeted sectors. Banks that raise green bonds on the
capital markets are able to disburse the funds raised towards firms that have
investment goals consistent with the overall greening targets.
The Chinese approach to steering its economy towards green goals is thus
to set clear targets as part of the rolling five-year planning process and then to
utilize all available means to drive investment towards fulfilment of the targets
adopted. This is arguably a more sensible and effective approach than the
practice discussed in the West of imposing carbon taxes, which raise costs for
carbon polluters and thereby give a nominal advantage to firms operating with
low carbon emissions (such as generators of renewable energy). Environmental
taxes more generally raise costs for polluters as compared with firms that have
low impact on the resource environment through closing industrial loops to
create a circular economy. These carbon and environmental taxes are resisted
so strongly for the reason that they alter the cost environment for firms once
they have already committed to projects at a certain cost level and face potential
disadvantages if they are required to change their cost structures as a result of
the imposition of the carbon tax. Of course carbon taxes (and environmental
taxes more generally) can help to shape the investment environment and
frame investment decisions by firms, once the economy is on a new, greening
trajectory. But can they do the ‘heavy lifting’ in shifting an economy from a
fossil-fuelled ‘business as usual’ trajectory to a new, greening trajectory? The
evidence is now in –they cannot. There is no alternative to state intervention
and industrial policy, captured through the setting of investment targets and
then utilizing the financial system to drive investment towards the specified
targets.
Such an approach does not have to be heavy-handed, with the state issuing
commands that have to be followed by the private sector subject to sanctions
being imposed if the targets are not met. The system works best through
incentives being offered, usually in the form of lower interest rates on loans
utilized to invest in greening projects, or various forms of state aid such as tax
breaks and subsidies offered to firms that make the desired investments. In
this sense what China is building is a performance-driven system, where firms
that meet the targets are rewarded and firms that don’t are not so rewarded.
This was the system ‘discovered’ by East Asian industrializing countries such
as Korea and Taiwan in the post-war period, particularly the 1970s and 1980s
when what the World Bank called the ‘East Asian Miracle’ was in full swing.
Most commentators see the ‘developmental state’ era as being defined by the
rise of these East Asian countries and closing with the Asian financial crisis of
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1997. But this is to miss two important features: 1) the extent to which China
has been following the East Asian model very closely (but with the important qualification that it is doing so with a ‘two-level’ state system, involving
both the central (national) state coordinating the actions of provincial-level
governments; and 2) the extent to which China is applying the developmental
state machinery to the greening of its economy.2
In fact the successful cases of greening so far all involve strong state intervention, in the name of industrial policy, through the setting of targets and the
mobilizing of finance to drive investment towards these targets. This is what
may be observed in the case of China, at multiple levels, and in cases such as
Korea and now in the case of India as well. India is utilizing all these tools,
with strong national government leadership in setting grand targets (such as
the National Solar Mission to build 100 GW of solar power by 2022 and the
National Wind Mission to build 60 GW of wind power by the same date) and
then utilizing developmental banks to direct loans at preferential rates towards
firms that are explicitly seeking to invest in activities that would meet the specified targets. The advantage of industrial policy utilizing greening targets
is that the targets can guide the investment behaviour of players at multiple
levels –from provincial and local governments, to eco-park administrations,
to corporate headquarters and to local firms and subsidiaries that are actually
making the changes required.
Targets, as well as other state-mediated incentives like public procurement,
have the positive effect of coordinating the actions of the various players at
different levels.3 Taxes by contrast have no such impact, and merely shift the
cost environment for everyone. Again I hasten to add that such a shift (e.g.,
raising the cost of polluting with carbon emissions) can help in driving an
economy along a new, greening trajectory –but cannot be expected to do
the ‘heavy lifting’ involved in shifting from one (brown) trajectory to another
(green) pathway. The only reason that mainstream neoclassical economists
oppose targets and support taxes is ideological; support for targets would carry
with it the implication that the economy is evolving and developing along paths
2. My colleagues Dr Elizabeth Thurbon and Dr Sung-Young Kim call this ‘developmental
environmentalism’ (Kim and Thurbon 2015) or a ‘developmental mindset’ with a focus
on green growth (Thurbon 2016) and an emphasis on cases of successful application such
as Korea.
3. It is not just the East Asian countries that have mastered these state-
mediated
interventions. See Weiss (2014) for a scholarly account of the role of the US state in driving
innovation.
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that can be shaped by government intervention. This is not how neoclassical
economists wish to view the economy! But reality consistently proves their
models (with all their equilibrium-b ased assumptions) wrong. Now the
greening of the economy, with success associated with industrial targets
rather than carbon taxes, is providing yet another example of the failure
of the neoclassical economic vision. One has to ask: how many failures
does a certain approach have to incur before it is judged invalid and
abandoned?
There are further points to be made before we leave this discussion. First,
the issue is one of ‘greening’ rather than defining some ‘green’ end point. In
fact there will never be a defined ‘green economy’ (or at least not before mid-
century or so) partly because the criteria will be shifting as the economy itself
evolves and grows closer to ecological balance, and partly because the focus
of policy will need to be on the greening process rather than on any putative
end point. The end point may be a ‘steady state’ where inputs are balanced
by outputs –but in order to arrive at such a state what is needed is a greening
of the present processes of growth. Economic growth has to be a feature of
the industrialization of the new giants like China and India –but it needs to
be green growth, that is growth that tempers its use of fossil fuels with the
problems of energy insecurity they generate, and tempers its use of virgin
resources and waste dumping (at either end of the linear economy) through
recirculating resources via the circular economy.
So green growth –under whatever convenient name a government calls
it, like the ‘creative economy’ terminology used by the Korean administration –is the watchword, guiding state intervention in the economy to drive
investment towards green targets. The major carriers of this shift are renewable energy systems on the one hand (needed to enhance energy security), and
circular economy initiatives on the other (to enhance resource security), both
facilitated and shaped by the greening of finance. With green targets that drive
investments towards renewables and circular economy initiatives, set by a state
that is prepared to engage in the industrial policy needed to shift an economy’s
direction, a process that we can describe as ‘greening’ will inevitably be getting
under way. This is a process with such profound repercussions for the economy
that it is best characterized as a technoeconomic transition –indeed the sixth
such transition since the advent of the industrial era –and now the one that
promises to enrich China and India before diffusing to the rest of the industrializing world.
The utility of the approach outlined here is that it delivers the reduced
carbon emissions and reduced resource impact (global footprint) that are widely
viewed as desirable or necessary –without imposing draconian measures
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to achieve such reductions. The reduced carbon emissions flow from the
emphasis on installing renewable energy systems –not putative systems created
by ‘innovation’ (as per Bill Gates) but the solar and wind power systems that
are currently being installed and whose growing scale of usage has led to such
dramatic cost reductions.4 When we maintain clear focus on these core ideas,
the ‘chatter’ that accompanies debates over the future of the green economy
fades away.

A ‘MODERATE’ ECOMODERNISM: IN DEFENCE
OF CONVENTIONAL RENEWABLES
I find it distressing that otherwise superb scientists like James Lovelock (to
whom we are forever indebted for his creation and championing of Gaia theory)
go out of their way to diminish the contribution that conventional renewable
sources might make to resolving the world’s energy problems. Renewables are
given zero credit by Lovelock for solving the world’s greenhouse gas (global
warming) problem and for solving the energy security problems of emerging
industrial giants like China and India. Indeed Lovelock never mentions the
complementary changes occurring in terms of resource flows, as China moves
from a linear to a circular economy. In fact Lovelock never mentions China
and India as serious industrializers at all, other than as sources of carbon-
based pollution. They are mentioned only indirectly when he asserts that the
world will have to live with 1 billion or fewer inhabitants, leaving unanswered
the question as to where the culling is expected to start.
I will come to the potential culling of billions of people in a moment. But
just think what it would mean if China were indeed able to meet the terawatt
challenge within less than a decade, say by 2025. First, it would mean for China
that a 1 TW renewable energy capacity system would provide the much sought
after energy security that fossil fuels could never and would never provide.
The savings in terms of oil and gas imports provided by the generation of a
trillion watts of power from domestic, manufactured sources would amount
to trillions of dollars each year. Second, the land areas required would easily
be accommodated in the country’s western arid and semi-arid regions –
without visual impairment of the western seaboard and cities like Shanghai
4. The reference here is to Bill Gates’s promotion of renewable energies’ R & D but
his refusal to countenance support for diffusion of existing solar PV and wind power
technologies in industrializing countries. See for example see his blog posting ‘We need
energy miracles’, 25 June 2014, at: https://www.gatesnotes.com/Energy/Energy-Miracles,
as discussed above in Chapter 11.
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or Tianjin. Third, China would be driving not just the industries that produce
wind turbines and solar PV cells, becoming world leaders in these sectors, but
also in the technologies of smart grid development, high-voltage power cables
and the internet of energy, as well as energy storage (solid state and liquid
batteries). Fourth, China would be driving down the costs of all these energy-
related technologies to the point where they would be producing power at costs
well below those of fossil fuelled electricity generation –with a corresponding
huge shift in the competitiveness of fossil fuel industries, starting with coal
and then moving through the phases of oil and gas. So China’s adoption of
conventional renewables would have the impact of basically finishing off the
fossil fuel industries globally –something that the West has been unable to do
on its own through all the debates over global warming and the operation of
the Kyoto process lasting for decades.
And the shift to conventional renewables need not interfere with the natural
landscape in a country like Britain –the apparent primary concern of critics
such as Lovelock. A relatively small producer of electric power like Britain would
be able to ride on the coat-tails of China’s adoption of renewables, benefiting
from the cost reductions that would enable countries in North Africa to become
mainstream generators of renewable power that could then be exported to Britain
and Europe generally. This would solve the problem completely satisfactorily,
giving the European countries a stable and reliable source of renewable power
while contributing materially to the industrialization of the North African
countries. It would not result in over-dependence on a single country (and perhaps
one dominated by Muslim extremists) because there would be competition
between various countries for the export market of Europe. No doubt there
would be further developments in costs of nuclear power, which again because
of China’s involvement in Gen III reactors might become available for countries
like Britain at less outrageous costs than those experienced in recent years.
Unlike Lovelock, whose support for nuclear power leads him to oppose all forms
of wind power (and conventional renewables generally), I have no problem with
allowing the nuclear industry to flourish alongside the wind and solar industries.
I have no problem with this because I see wind and solar firmly winning the
battle for supremacy in the marketplace. I would like to see Jim Lovelock be able
to leave this earth (he is now in his late 90s) content that his beloved rural walks
in England are preserved –because the real battle for supremacy between fossil
fuels and alternatives like renewables and nuclear is going to be fought in China
and to some extent in India, not in Britain.
I am not making predictions here as to what is likely to happen or not
happen in China. No one knows what is going to happen. I am simply
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saying that it might be reasonable to assume that present trends in China
will continue for another decade, particularly the trends towards greater and
greater dependence on conventional renewables and less and less dependence
on fossil fuels. What then would be the anticipated outcome? I think this is a
question worth asking –first, because the current trends are strong, and are
very likely to continue for at least another decade (up to the mid-2020s) and
beyond. Second, because China would be the largest adopter of an increasingly
renewables-based electric power system, with global repercussions of major
import. Third, because China’s adoption of renewables at scale would have
a major impact on the fossil fuel industry, dismantling and disarming it to
remove all remaining opposition to cleaning the world’s carbon economy.
The argument advanced here does not depend on making a case for or against
climate change. Whatever my personal position regarding global warming (and I
am a Gaian supporter so view the changes unleashed by fossil fuels as planetary
in impact and not just involving climate) I am simply discussing the developments
in China in terms of their impact on the country’s energy security and resource
security. I see China’s shift towards renewables as wholly positive because it makes
the country less dependent on fossil fuels, which would increasingly be sourced
from geopolitical hotspots. China’s strategy as I see it is to build up renewables as a
way of warding off the threat of war, revolution, and terror induced by increasing
dependence on fossil fuels. This turns out to be a stronger driver for action in
building renewables than is fear of climate change. And it applies with much
greater force in China (and likewise in India) than in Europe, or in a small island
like Britain where energy security rates lower in the scale of national priorities.

A HOT PLANET
In this book I do not attempt to answer the unanswerable. Lovelock may be right
that a hot planet forced by our fossil fuel burning industrial civilization into a hot
state might not be able to support more than 1 billion people. Our agricultural
capacity would be reduced and with it our food supplies and eventually our
population would shift to accommodate these new circumstances. In his final
book Lovelock envisages a new industrial civilization emerging with cities as
the key units or modules, where humans could dwell in relative air-conditioned
comfort (rather like Singapore in the tropics) growing food industrially either
within their boundaries or tightly linked to the city and leaving the rest of the
land and the oceans to get along best as Gaia intends.5 The most savage way
5. See Lovelock (2015).
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of culling the human population would be though war, disease and famine.
A less violent way would be through women taking charge of their own fertility
(as they do in the West and increasingly in the industrializing East) and
adjusting their birth-rate to the circumstances of the time –which could see
the birth-rate decline within a generation to effect something like the required
population reduction. All it takes is for girls to be educated –not an impossible
demand –and for the urbanization revolution to continue unabated. There are
grounds for optimism here.
Of course Jim Lovelock cannot know for sure how things will turn out,
and will not be around to see whether the anticipated global shift to a hot
planet comes to pass or not. Neither will I. So the best we can offer is to foresee
how well and how fast we as a species can liberate ourselves from the present
dependence on fossil fuels that is clearly killing us and much of the planet. Here
is where the argument comes back to China. For China seems to be doing the
job of liberating itself from fossil fuels better than any other industrial country –
albeit from a very high carbon-based starting point (i.e., a black coal–fired
economy). China’s dependence on coal in electricity production currently
stands at 73 per cent and –if present trends continue –will be expected to fall
well below 70 per cent by 2020 and rapidly thereafter to below 50 per cent, at
which point the electric power system would be described as green rather than
black. At the same time China’s reliance on renewables in the form of WWS
can be expected to be increasing, and is likely to exceed 1 trillion watts of
power from WWS sources by 2025 (again, if present trends continue) together
with perhaps 100 GW from nuclear sources –itself the largest commitment
to nuclear power of any country on the planet. So by halfway through the
twenty-fi rst century China can be expected to have shifted from coal-powered
electricity to renewably powered energy sources, at enormous scale. This will
have knock-on effects as the entire grid is modernized and energy storage
increases (via battery technology) so that electric mobility will become the
norm (EVs with charging infrastructure, high speed rail). There could also be
further changes that we cannot yet anticipate such as artificial photosynthesis,
solar fuels and possibly electric powered aircraft.
I have made the point earlier that as China drives through this energy
industrial revolution, away from fossil fuels towards a renewably powered
system, it can be anticipated that costs would continue to fall dramatically and
would encourage (in stronger terms, force) other countries to move in the same
direction, for reasons of competitive emulation and national energy security.
This is how we may envisage the global energy system being transformed in
the first half of the century from one based largely on fossil fuels to one based
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largely on renewables (with some nuclear as well). This shift would be driven
by China’s initial adoption of renewables for immediate reasons to do with
energy security and curbing of particulate pollution. But of course it would be
expected also to have profound effects on carbon emissions and hence on the
symptoms of a sick planet such as global warming.
The huge question that is quite unanswerable today is whether these
changes will occur fast enough, and be deep enough, to forestall a shift by
Gaia to the hot state foreseen by Jim Lovelock and by many other planetary
scientists such as Jim Hansen. I cannot think of a scientific question of greater
significance –nor one deserving of greater financial support from the world’s
foundations. I have depicted the changes unleashed by China’s renewables revolution as a first ‘cut’ at answering the question. Just how fast is China able
to decarbonize? From the evidence of the twenty-fi rst century it would seem
that our best estimate is that China is transitioning its energy system from
one based on fossil fuels to one based on manufactured renewables at a rate of
around 1 per cent per year –and that China is doing this as fast as is physically,
technically and economically feasible. As other countries take up the challenge
they can add to the momentum, through propagating diminishing costs and
technology enhancements. Note that change of 1 per cent a year amounts to a
10 per cent per decade change –which means that the system can shift from
being dependent on coal and thermal sources for 80 per cent of its generating
capacity in 2010 down to less than 50 per cent within just three decades –or
within the 2030s. That is an extremely rapid rate of change for such a huge and
complex system –the largest and most complex on the planet.

TWILIGHT OF THE GODS: GAIA,
VULCAN AND CERES
Richard Wagner’s last opera is the grandly named Götterdämmerung, or Twilight
of the Gods. It was the final instalment in Wagner’s cycle of musical dramas that
he called Der Ring des Niebelungen (The Ring of the Niebelungen), which enjoyed its
premier at Bayreuth in 1876 –and has become one of the most beloved of
musical compositions ever since. I wish to end this account of the global green
shift with a similar appeal to a drama at the level of the Gods. In the case
of this book we have the drama of Gaia, the queen of the gods in the Greek
pantheon, personifying the living earth, being pitted against Vulcan, the god
of fire and metal (and proxy for fossil fuels), while Ceres the goddess of fertility
guides us as a species in our choice of a sustainable technoeconomic system.
A happy ending for this drama would be our development of a capacity to
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build a technoeconomic system based on circularity and renewables that is
compatible with, and complements, Gaia’s natural cycles. A tragic outcome
would be our failure to do so, with Vulcan emerging triumphant and
destroying the balances that Gaia has fashioned. But this is not a tragedy
foretold; it is in our power to restore Ceres to her rightful place as nurturer of
humankind.
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