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Ten percent of energy is not enough
(Part 2): Weak versus strong degrowth

Carlos de Castro

M y previous article (“10 per cent of energy is
not enough”) had just two objectives:

1. I wanted to show that a reduction in energy
consumption that is sustainable for the second half of
the 21st century leads to average per capita and global
levels that are even lower than those [indicated] by
studies published under so-called ‘post-growth’ or

‘degrowth’ scenarios. | based my argument on another

article of mine, a synthesis of research and Maia Koening

publications spanning more than a decade and a half, focusing — though not exclusively — on energy, and carried out
in collaboration with my research group, GEEDS, at the University of Valladolid. In it, | state that the scenario | propose
is not realistic but optimistic; yet, even so, it yields a techno-sustainable potential of around 25 per cent of the final

energy we currently use.

2. 1 wanted to show why even that 25 per cent is unrealistic and, therefore, why all scenarios that propose higher figures
are unrealistic, given the difficulties, barriers and lack of feedback at various levels that have not been taken into account
in the analyses, scenarios or models. Ultimately, the collapse of this civilisation is obvious — or at least it should be to
anyone who dynamically, with feedback, takes sufficient real-world variables and trends into account. A collapse that
would begin before 2040 (in my view, it has already begun) and which was inevitable (see my other articles in this
magazine, which date back several years). In my view, if scenarios are not devised with this in mind, one is off to a bad
start and, at best — and this should always be the case — they are only useful for ruling out, and never for affirming,
possibilities on plane X; that is to say, they lack any scientific basis or realism whatsoever if used to assert anything. The

scientific method sets limits; it never asserts truths and, if it sees possibilities, it must acknowledge them and qualify them
with a ‘perhaps’: | cannot travel faster than the speed of light, which does not mean that I might be able to travel at
299,000 km/s in the year Z.
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In this new text, as well as addressing some of the
issues raised in the extensive comments made by
readers on the first one, | have a third objective: to
add a ‘note added in proof’ to highlight the idea of a
problem — now a historical one — namely the
tendency of capitalism to co-opt critical thinking
about the system. This is done in such a way that it
makes it its own without having to budge from its
position. That is to say, a sort of Red Queen (a
character from Through the Looking-Class and What
Alice Found Ther*) who runs only to stay in the same
place.” And this is a problem because, in this way,

one never reaches (or rather: has ever managed to

reach) the radicalism necessary to prevent collapse. In  Alice and the Red Queen, in one of John Tenniel's illustrations for Lewis Carroll’s book
. . . (1871 edition). Source: Wikimedia Commons.

other words, this co-optation is one of the forces that
have been driving us towards collapse for some time. Furthermore, it causes us to waste time and drain our resources
when responding to that collapse (rather than preventing it). In my view, some of the comments in the first article—
particularly the open and extensive discussion of how to respond to the crisis of civilisation by pitting bottom-up

strategies against top-down ones—relate to the difficulty of updating our mental models (I will try to explain this later).

The note added to the evidence | am referring to is the recent article — published in none other than *Nature Climate
Change* — entitled: “Principles for a post-growth scenario of ambitious mitigation and high human well-being”,

authored by, amongst others, Julia Steinberg and Jason Hickel,
leading figures in the degrowth movement in terms of
international media influence (which is set to increase
significantly as a result of this article). | am convinced that, to get
published in *Nature*, they have had to tone down their radical
stance (mostly through self-censorship), whether by directly
writing ‘post-growth’ instead of ‘degrowth’ or by introducing the
idea of ‘don’t panic’: we can mitigate ambitiously and still
achieve a high level of human well-being. Their quest to remain
in the same position, therefore, requires far greater optimism than
that of the advocates of growth for its own sake or the Creen
[New] Deal. However, their success is bringing them closer to

those camps and will eventually lead to their absorption. If they
were to become more radical, they would not be published nor
would they enjoy such academic — and subsequently media —

Jason Hickel: Estoy a favor de un ‘Green New Deal’, sus
principios son decrecentistas
success, and they would be overtaken on the right by their own

disciples. Yet their non-radical stance is co-opted by the system,

. . . . Jason Hickel, interviewed by EFEverde in 2023, said he was in favour of
Ultlmately becommg part of it, perhaps helplng deepen the very the ‘Green New Deal’. Screenshot from the EFEverde.com website.

T As Lewis Carroll himself explained (“Alice on the Stage”): “I imagined the Queen of Hearts as a sort of embodiment of an uncontrollable passion: a blind, aimless
Fury. I also imagined the Red Queen as a Fury, but of a different sort; her passion must be cold and calm, she must be formal and strict, yet not discourteous; pedantic
to the nth degree, the concentrated essence of all governesses.” To continue the analogy, replace “governesses” with the scientific academy or any other institution.
Perhaps the Trumps of our time now resemble the Queen of Hearts more closely, seemingly fighting against her own ‘governesses’?
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collapse they seek to avoid. A collapse which they must deny is inevitable, and perhaps then launch a dialectical attack

against those of us who accept it and wish to imagine and rehearse how to move from the Titanic to the lifeboats in the
least dramatic way possible—even whilst knowing that there are nowhere near enough lifeboats for everyone. In fact, we
have a long history of such processes, as | shall explain below.

It rejected the Meadows and their 1972 report to the Club of Rome, The Limits to Growth,? only to attempt later to co-
opt their method and analysis, first through sustainable development and then with the bestseller *Factor 4: Doubling
Well-being with Half the Natural Resources*. A 1997 report to the Club of Rome (bear in mind for later the idea of
‘Factor 4’ and well-being with fewer resources). The co-optation was completed with the concept of ‘Natural

Capitalism’, followed by ‘Factor 10’ — that is, the technical possibility of reducing resource and energy requirements, and
their impacts on both humanity and Gaia, to 10 per cent. For our greatest myth is none other than the belief that
technology can do anything, if only we were more efficient. More recently, we have the Green [New] Deal, the Circular
Economy (factor infinite!) and also post-growth and degrowth, which are heading straight towards becoming ‘light’ or
‘soft’, just as ‘sustainable development’ did. And there has been co-optation and absorption not only in technological
and organisational matters, but also in proposals concerning economic systems and ideological-political frameworks. An
example | have experienced first-hand: ecological economists (the only ones a physicist can respect intellectually)
remain a very small minority, and even their flagship journal, *Ecological Economics*, has regressed due to co-optation
by the system; for instance, stating (and building scenarios and models around this) that exceeding a temperature rise of
+2 °C would entail global economic decline is not publishable there, even though natural scientists say it would be
“very dangerous for humanity”. We do not learn from history, not even from that of recent decades, and it is difficult to
do so when the myth of unlimited progress lies in wait for us at every turn.

In the aforementioned article in *Nature*, the authors offer a commendable critique of conventional scenarios that do
not genuinely take the Global South into account, let alone the idea of
halting growth in energy and material consumption in the North. In fact,
they cite one of our recent articles here, one of several written by Arthur
Lauer for his doctoral thesis supervised by Oscar Carpintero and me. Yet
they completely ignore something that we also criticise and which they fail
to mention: everything to do with the non-human part of the web of life

(Gaia). Thus, their vision is markedly anthropocentric, as well as
perpetuating those other myths of our civilisation: the separation from Gaia,

Julia Steinberger & Jason Hickel

driven by a desire to dominate, and the myth of technological progress;

something from which almost all the scenarios and models devised worldwide in response to the problem of planetary
boundaries suffer (incidentally, another concept that is by no means new either, and one that tends to be co-opted).
Scenarios and models that, moreover, almost always end up focusing on just one of these issues: climate change.

2This is not an isolated report by a handful of researchers. In May 1971, the then Secretary-General of the United Nations, U Thant, received a letter signed by 2,200
scientists from 23 different countries, addressed to all of humanity (UNESCO 1971: “S.0O.S. Pollution: a message to the 3,500 million inhabitants of the Earth”, *The
UNESCO Courier*, vol. XXIV, July 1971, pp. 4-5). The letter stated that humanity is “united by a collective danger unprecedented in history”. It warned that each of
these factors poses a problem of “an enormous increase in human suffering in the near future” and that, taken together, they point to “the possibility that life on the
planet may be totally or almost totally wiped out”. They focus on four factors: global pollution (that is, the outflows from the biosphere into our metabolism), the loss of
natural resources (that is, the inflows from the biosphere into our metabolism), population growth, and hunger and wars (on a global scale). They warn that only a
concerted global effort will be able to find solutions, which must be based on four points: a moratorium on the use of new technologies with unforeseeable effects (the
precautionary principle), technological control of pollution and widespread recycling, a planned halt to population growth, and the abolition of war and the reduction
of armaments (nuclear, chemical and biological). Climate change and other issues that were not yet sufficiently understood or agreed upon by the scientific community
were not mentioned at the time. Although scattered efforts have been made in the areas of pollution, recycling, population control, and the reduction of certain
weapons, the trends highlighted in that letter have not been reversed; on the contrary, they have accelerated.
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It is also commendable that they cite Valeros’s work on the problem of resource limits, which they acknowledge they do
not account for in their models or in their proposed post-growth scenario. This is not quite so commendable, however, as
it directly implies that they cannot make positive claims about the actual feasibility of their scenario, nor about whether
it is preferable or superior to other scenarios. How would these material limits feed back into different scenarios? When
they feed back dynamically, unexpected phenomena often arise because they are non-linear. From this point onwards,
the scientific approach would, at best, be to look for difficulties and limitations, despite having overlooked something
potentially so significant. It is as if, in my article published in Arbor — the one that served as the basis for the first part of
this article — | had claimed that we can indeed consume sustainably between 2060 and 2100 by using 100 per cent
renewable energy — mostly industrial — to meet 25-50 per cent of the energy we currently consume. There are variables
known to operate (degrowth and collapse themselves) with an extremely high probability. If integrated into the system
and the model, they would act to reduce that figure. This is what the Meadows never tired of repeating, to no avail — do
not forget the co-optation of the system by the vast number of existing Integrated Assessment Models, over 99 per cent of
which do not outperform World3. They themselves warned that they had not modelled corruption, wars, or other
parameters that clearly do not improve—by promoting justice and equality—the sustainability of the world-model
system they were studying.

Nor is it commendable that they quote MEDEAS —they cite a publication focused on economics, not the project’s
general publication nor others relevant to the specific

\Futule demand

case— to criticise it, more or less demonstrating, as |

interpret it, a lack of understanding or a Economy (10T) [
misrepresentation, claiming something along the lines Population e

of it being prone to or biased towards collapse,> when
in MEDEAS’s post-growth models policies are put in
place that seek to reduce emissions, etc. Is their Land use
criticism due to our taking biophysical reality into

Energy
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CC damage function
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account and to our starting point? It is curious,
moreover, because in that case they should have .
referred to the first model of this kind: the Meadows’ Envl:::::;ntal
*Limits to Growth*, which was, incidentally, accused indicators

of the very same thing in its day. Although | fear that if

Climate
model

Land-use change
CO2 emissions

CCimpacts

they were to look to hiStOFy, they would have to Figura del modelo MEDEAS. Fuente: GEEDS.

acknowledge how closely their post-growth scenario

resembles the 1997 ‘Factor 4’ report, to which they merely add more figures and data and take inequality slightly more
into account.

But let us turn to the scenario proposed by these degrowth advocates: they call it DLE (decent living energy) for a DLS
(decent living standard) in which energy inequality is greatly reduced. No one would have less than 800 watts per capita
(800 W) and no one more than 4,450 watts per capita (which is a huge step towards equality and equity compared to
the present), with a global average of around 1,600 watts, that is to say, far more than in my optimistic renewable energy
scenarios of 300 to 600 watts per capita — and | myself noted that 300 would be more biophysically sustainable.

3 The specific sentence is as follows: “The MEDEAS model has been used in initial efforts to produce post-growth scenarios that endogenise the relationship between
economic factors of production and GDP. However, the MEDEAS post-growth scenarios are structured around a narrative of involuntary contraction, brought about by
tightening biophysical limits and climate-related damage”. Apart from having failed to understand the model (or models based on system dynamics), referring to the
MEDEAS models as “initial efforts” to produce post-growth scenarios overlooks or ignores the fact that the 1972 World3 model had already constructed post-growth
scenarios. But scientific journals demand novelty, or at least something resembling it.
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Furthermore, it is assumed that this 1,600-watt figure is achieved by using renewable energy to prevent or mitigate the

worst effects of climate chaos.

Let me put CO, emissions into their historical context and highlight what we should recognise: that only a rapid collapse
of civilisation would truly mitigate climate chaos,* reducing it to merely dangerous or very dangerous climate change.

CO, Global emissions
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Over the last century and a half, emissions have only slowed or fallen during periods of global economic crisis. We have
never done so intentionally; rather, we have reacted involuntarily. If we look at the trend over the last century and a half,
to claim that now we can (we have been deluding ourselves with this lie for more than three decades) follow the
downward trajectories | have set out in Fig. 1 so as not to exceed 1.5 °C (which is dangerous for humanity, and we are
already at >1.5 °C) or 2 °C (which is very dangerous for humanity) by the end of the century is simply wishful thinking or
an implicit assumption that this can only be achieved in scenarios involving the rapid collapse of civilisation itself. And
not only that, but according to some, this is to be achieved using industrial-scale renewable energy. For the first time in

4 And with the collapse in emissions, perhaps also the collapse in the rates of mass biodiversity extinction, the Ecological Footprint and, indeed, the vast array of
environmental indicators of Gaia’s deterioration that we have been tracking for several decades. But only perhaps: it will also depend on the nature of this civilisation’s
collapse. It is paradoxical, but we need the collapse (see the 1.5 °C graph again) to avoid the worst-case collapse scenarios to which our attempts to prevent the
collapse — or our reactions to it, which we have seen accelerating for decades — might lead us. The lack of control inherent in the collapse itself may lead not only to
the collapse of our current civilisation, but also to the collapse of the human population to levels of near-extinction or extinction. It may even open up a non-zero

probability of the extinction of Gaia and all life on Earth (see ‘Gaia Theory and Systems Thinking in the Face of Civilisational Collapse. Chronicle of a presentation by
Carlos de Castro”), which, whilst far more relevant to what is truly at stake for us, always goes more unnoticed than the more anthropocentric, provocative articles,

such as this very article or its first part.
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human history, the aim is to transition the ¢ energy system (and the food and industrial systems) towards less energy-
intensive sources, even though this has only ever been achieved in any civilisation during its collapse. For the first time
in history, the transition is also envisaged with a controlled, simultaneous reduction in the main current energy vectors,
that is, by phasing out fossil fuels rather than adding to them, as has always been the case, even during these decades of
exponential growth in new renewables.

Furthermore, whilst the First Industrial Revolution (led by England and based on coal) generated the exponential growth
we saw between 1850 and 1910, following the disruptions caused by the two world wars, the Second Industrial
Revolution (led by the United States and the USSR and based on oil and natural gas, albeit with a steady increase in coal
use) resumed exponential growth that only the oil crises of the 1970s and the collapse of the Soviet bloc in the late
1980s and early 1990s managed to slow down. China’s accession to the World Trade Organisation at the start of this
century and its role as a global industrial power put it back on the path to exponential growth at a time when the danger
of climate change was already evident. All this whilst the wealthy, wherever they may be, are indulging in an emissions
spree, adding unconventional oil and natural gas, biofuels and anything else that can be burnt to conventional fossil
fuels. Once again, the 2008 economic crisis and the 2020 pandemic flattened the upward curve for a year or two, only
for it to rise again (up to the blue point on the graph), whilst Trump in the United States, together with the growth
observed in the world’s most populous country, India, could attempt to accelerate that curve once more. They will
undoubtedly fail, given that conventional oil has been in decline for over a decade. Natural gas will soon follow, for
geophysical reasons (they are finite resources) and not due to voluntary withdrawal, as we are told time and again
(unless the current wars, particularly in Iran/Lebanon and Ukraine, or the genocide in Palestine, are to be seen as
another form of voluntary reduction). Thus, it will be the tensions arising from the failure to secure energy and material
resources at the desired rates of growth, and the consequences of the disruption to the biosphere (Gaia), such as climate
chaos and the sixth mass extinction currently underway and accelerating, that will interrupt the growth trajectory,
leading to a collapse lasting decades, and which will reach the peak of energy and material consumption in less than a
decade - or, at most, two, provided it does not begin this very year, 2026 — before then declining at more or less rapid
rates depending on the damage we have inflicted on Gaia and, above all, depending on how the system itself (states,
capital, oligarchies, the people, etc.) behaves in the face of its own collapse, against the pressure we have been
observing everywhere for some time now (wars, poorly controlled epidemics, famines, etc.).>

Apart from the lack of biophysical realism in the post-growth scenario | am referring to, and the absence of dynamic
feedback loops — such as those found in MEDEAS — regarding climate change, for example, | find its sociological
optimism mind-boggling. As some readers have already pointed out in comments on my first piece: under this post-
growth scenario, the global North would have to reduce its energy consumption to 24 per cent of current levels (the
energy-hungry elites would have to cut back much more), but according to these authors’ DLS, we could in fact live very
well with that factor-of-4 reduction if we did not squander so much energy and instead channelled it towards human
wellbeing: no SUVs — an example they use in the article — in favour of a mobility service that technology can provide
using far less energy. The Global South would also need to reduce its energy consumption to 74 per cent of current
levels, but for dignified development, technology and good organisation would require only 32 per cent of its current
consumption (a factor of 3 for them), which would leave them room for growth on average if they did not squander

5 And this graph and the historical perspective I'm setting out here — let’s not kid ourselves — cannot be published in *Nature Climate Change*, however strong a
historical, logical and scientific basis it may have, because what the system cannot bring itself to do is publicly admit to collapse (although there is an implicit
admission when [ refer to the ultra-rich, for example).

6 But the fact is that, in the real world, SUVs do not just provide an essential transport service: they fulfil other essential functions, such as showing others your power
(we know that in many cases this has a strongly sexist element) or your aesthetic tastes, or serving as psychological justification (“I just need it to carry the weekly shop
from Carrefour or the things | need to take on my beach holiday, which | also need and am entitled to”).
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energy. Even so, approximately half the population of the Global South in this
post-growth scenario would have to reduce their energy consumption, whilst
the rest would indeed see their energy consumption rise to at least 800W.
How can such a revolution—not only technological, but also economic and
sociological/political—be achieved? What they do contribute, it must be
acknowledged, is the need not only for a green technological revolution (here
they do indeed go further than the ‘greendealers’ or all those who defend
capitalism with its dogma of growth), but also for an economic and political
one (they do not say so, but the system they describe is not capitalist —
something we can also deduce from the authors of the article). And that is a
major problem: we need to explain how this revolution is to be carried out
within the system, rather than merely setting out where we want to go,
assuming it is technically feasible, and leaving it at that.

| often give the ironic example of the following scenario: faced with the
proliferation of atomic bombs and the existential threat of nuclear war, we
call on Superman (there is an old, dreadful film on this subject: Superman IV:
In Search of Peace, 1987) and see how the system would work: the struggle
between the Lex Luthors of the world and the typical pragmaticpoliticians,
with Superman’s help. The scenario would not be entirely pointless if it
concluded as follows: not even by invoking the Superman hypothesis can we

‘One of the 1990s" most important books, Factor Four
opens up a new way of thinking about efficiency that will
be crucial to our long-term survival®
GEOFF MULGAN
Head of Social Policy, Prime Minister's Office

‘Choc-a-bloc with practical examples of technologies that
can use the world's resources more efficiently’
FRANCES CAIRNCROSS
THE ECONOMIST

‘A umely manifesto... focusing on solutions rather than
problems [it] makes a p case for accelerating the
pace of change'

THE FINANCIAL TIMES

‘A new industrial revolution is beginning to emerge...
Factor Four will not only provide a focus for broader
public but also i duce to a wider readership
in Britain one of this revolution’s leading evangelists'
THE DAILY TELEGRAPH

‘Ground breaking’
ANDREW MARR, THE INDEPENDENT

‘Should be on the reading list of every minister’
LARRY ELLIOTT, THE GUARDIAN

*A resounding case for politicians to reform economic
thinking and take a radically different approach to wealth
generation and the market’

JOHN VIDAL

Laudatory texts on the back cover of the Earthscan
edition of the book “Factor Four”.

prevent the proliferation of weapons. But it should not be accepted in any journal that calls itself scientific if, when the

scenario proposed to solve the problem fails to work, we complain to politicians and policy-makers because they did

not call on Superman. Or what happens to some of us: we are called oo

doomsayers because we say Superman does not exist, whilst they argue that
there are politicians who resemble Lex Luthor. According to these critics, by
saying that Superman does not exist, we are helping them to destroy the
world because our doomsaying undermines policies against Lex Luthor (the
analogy is realistic; it is not merely metaphorical licence laden with irony).

The other major problem with these articles and their aftermath is that an
economic and political revolution, which we should be carrying out over
decades, requires a simultaneous revolution in our worldview and myths.
Without scenarios for a revolution in worldview and myths, the proponents
of post-growth are, in fact, calling on Superman. Furthermore, all the
processes involved in these three revolutions would need to be considered
dynamically and in a feedback-driven manner (which implies that effects §
also become causes).

Back in 2001, | published a little book, “La Revolucion Solidaria”, which
made no impact whatsoever, in which | set out these necessary feedback
loops, without yet realising how long it would take to put them into
practice. | subsequently learnt more about engineering, more about ecology
and biology — particularly about Gaia — more about psychology, more
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about sociology and anthropology, more about history and the basics of
economics, in order to refute the most influential textbooks from the first year of

Carlos de Castro

degree courses in those departments. All of this so that—not many years later—I LQ Revolucién SOHdOriCI
could reach the clear conclusion that even then the collapse of this civilisation

o ) ) ) o Mas alla del desarrollo sostenible
was inevitable, and that it would begin during my own lifetime.

To conclude on the issues raised in the comments on the first article, | would
point out that my aim was more modest than the discussions it has sparked, led
mainly by Rafael Romero and Aurora Despierta. | agree with the notion of the
overarching existential problem posed by the possibility of nuclear war, and even
more so with the excesses — which | see as both a consequence of and a driving
force behind the collapse — of certain individuals with their fingers on the
nuclear button. | believe that behind the Trumps of the moment, there are
intelligent people who are managing multiple scenarios, ranging from a brutal
collapse such as a nuclear war or some other disruptive global event (a highly
contagious and highly lethal pandemic, for example), with alternatives both to _
prevent it and to trigger it should the need arise, as well as to prepare for it. And
the proof that these scenarios are being treated as possibilities is that the world’s wealthiest individuals are in ‘prepper-

individualist’ mode, building bunkers for their own survival, which, paradoxically, increases the likelihood of such
scenarios. It also encompasses scenarios more akin to *Mad Max* or *The Book of Eli*, where the most powerful would
seek to become ‘Aunty Entity’ (played by Tina Turner in *Mad Max Beyond Thunderdome?*, representing the leader
propped up by her warrior elite): these are the warlords we have known and continue to know in states that have
collapsed or are collapsing. They will also be planning for more benign scenarios in which the economic and trade war
unleashed by the US against China to maintain its empire involves European and Japanese ‘chess pieces’ being
sacrificed by the US if necessary to gain a better position in the game; and if that fails, at least to erode the power of the
next empire, should it ever emerge. And yes, I'm sure they’re also considering the Thanos scenario,” because otherwise it
would not make sense for them to build bunkers or take such risks with wars like the ones we are seeing today. They
have plans A, B and C. How could it be otherwise, when they have millions of dollars to hire people who do more than
just suck up to them!

And those scenarios are, of course, more realistic than those set out in the articles on post-growth and mild degrowth,
which are written by people who are — one assumes — much closer to the views of this magazine and who are, no doubt,
well-meaning and have good intentions, but for whom perhaps the demands of their egos, or a lack of willingness or
ability to view history as objectively as possible, or perhaps despair in the face of collapse—mediated by a worldview
and myths they have failed to re-examine—ultimately takes its toll, leading to their co-optation by the system and its Red
Queen. A Queen who, incidentally, ultimately lost her game of chess to Alice.

7 In the Marvel film *Avengers: Infinity War* (spoiler alert), Thanos acquires so much power that, to solve the problem of the limits to growth, he decides to wipe out 50
per cent of the universe’s population in one fell swoop and at random (Thanos is less immoral than our own leaders), thereby freeing up space once again for the well-
being of the rest. Although this is a stupid move, because he could have doubled resources instantly with his power, some of the reasoning behind what today’s
‘Thanos-like’ figures are doing is not quite so stupid — even if it is equally futile — because they know they do not have Infinite Gemstones that can double resources,
even though capitalism sells us the very idea that it has precisely that: Infinite Gemstones, which is what would be needed for sustained growth).
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	y previous article (“10 per cent of energy is not enough”) had just two objectives:
	1. I wanted to show that a reduction in energy consumption that is sustainable for the second half of the 21st century leads to average per capita and global levels that are even lower than those [indicated] by studies published under so-called ‘post-growth’ or ‘degrowth’ scenarios. I based my argument on another article of mine, a synthesis of research and publications spanning more than a decade and a half, focusing — though not exclusively — on energy, and carried out in collaboration with my research group, GEEDS, at the University of Valladolid. In it, I state that the scenario I propose is not realistic but optimistic; yet, even so, it yields a techno-sustainable potential of around 25 per cent of the final energy we currently use.
	2. I wanted to show why even that 25 per cent is unrealistic and, therefore, why all scenarios that propose higher figures are unrealistic, given the difficulties, barriers and lack of feedback at various levels that have not been taken into account in the analyses, scenarios or models. Ultimately, the collapse of this civilisation is obvious – or at least it should be to anyone who dynamically, with feedback, takes sufficient real-world variables and trends into account. A collapse that would begin before 2040 (in my view, it has already begun) and which was inevitable (see my other articles in this magazine, which date back several years). In my view, if scenarios are not devised with this in mind, one is off to a bad start and, at best — and this should always be the case — they are only useful for ruling out, and never for affirming, possibilities on plane X; that is to say, they lack any scientific basis or realism whatsoever if used to assert anything. The scientific method sets limits; it never asserts truths and, if it sees possibilities, it must acknowledge them and qualify them with a ‘perhaps’: I cannot travel faster than the speed of light, which does not mean that I might be able to travel at 299,000 km/s in the year Z.
	In this new text, as well as addressing some of the issues raised in the extensive comments made by readers on the first one, I have a third objective: to add a ‘note added in proof’ to highlight the idea of a problem – now a historical one – namely the tendency of capitalism to co-opt critical thinking about the system. This is done in such a way that it makes it its own without having to budge from its position. That is to say, a sort of Red Queen (a character from Through the Looking-Glass and What Alice Found Ther*) who runs only to stay in the same place. And this is a problem because, in this way, one never reaches (or rather: has ever managed to reach) the radicalism necessary to prevent collapse. In other words, this co-optation is one of the forces that have been driving us towards collapse for some time. Furthermore, it causes us to waste time and drain our resources when responding to that collapse (rather than preventing it). In my view, some of the comments in the first article—particularly the open and extensive discussion of how to respond to the crisis of civilisation by pitting bottom-up strategies against top-down ones—relate to the difficulty of updating our mental models (I will try to explain this later).
	The note added to the evidence I am referring to is the recent article – published in none other than *Nature Climate Change* – entitled: “Principles for a post-growth scenario of ambitious mitigation and high human well-being”, authored by, amongst others, Julia Steinberg and Jason Hickel, leading figures in the degrowth movement in terms of international media influence (which is set to increase significantly as a result of this article). I am convinced that, to get published in *Nature*, they have had to tone down their radical stance (mostly through self-censorship), whether by directly writing ‘post-growth’ instead of ‘degrowth’ or by introducing the idea of ‘don’t panic’: we can mitigate ambitiously and still achieve a high level of human well-being. Their quest to remain in the same position, therefore, requires far greater optimism than that of the advocates of growth for its own sake or the Green [New] Deal. However, their success is bringing them closer to those camps and will eventually lead to their absorption. If they were to become more radical, they would not be published nor would they enjoy such academic – and subsequently media – success, and they would be overtaken on the right by their own disciples. Yet their non-radical stance is co-opted by the system, ultimately becoming part of it, perhaps helping deepen the very collapse they seek to avoid. A collapse which they must deny is inevitable, and perhaps then launch a dialectical attack against those of us who accept it and wish to imagine and rehearse how to move from the Titanic to the lifeboats in the least dramatic way possible—even whilst knowing that there are nowhere near enough lifeboats for everyone. In fact, we have a long history of such processes, as I shall explain below.
	It rejected the Meadows and their 1972 report to the Club of Rome, The Limits to Growth, only to attempt later to co-opt their method and analysis, first through sustainable development and then with the bestseller *Factor 4: Doubling Well-being with Half the Natural Resources*. A 1997 report to the Club of Rome (bear in mind for later the idea of ‘Factor 4’ and well-being with fewer resources). The co-optation was completed with the concept of ‘Natural Capitalism’, followed by ‘Factor 10’ – that is, the technical possibility of reducing resource and energy requirements, and their impacts on both humanity and Gaia, to 10 per cent. For our greatest myth is none other than the belief that technology can do anything, if only we were more efficient. More recently, we have the Green [New] Deal, the Circular Economy (factor infinite!) and also post-growth and degrowth, which are heading straight towards becoming ‘light’ or ‘soft’, just as ‘sustainable development’ did. And there has been co-optation and absorption not only in technological and organisational matters, but also in proposals concerning economic systems and ideological-political frameworks. An example I have experienced first-hand: ecological economists (the only ones a physicist can respect intellectually) remain a very small minority, and even their flagship journal, *Ecological Economics*, has regressed due to co-optation by the system; for instance, stating (and building scenarios and models around this) that exceeding a temperature rise of +2 °C would entail global economic decline is not publishable there, even though natural scientists say it would be “very dangerous for humanity”. We do not learn from history, not even from that of recent decades, and it is difficult to do so when the myth of unlimited progress lies in wait for us at every turn.
	In the aforementioned article in *Nature*, the authors offer a commendable critique of conventional scenarios that do not genuinely take the Global South into account, let alone the idea of halting growth in energy and material consumption in the North. In fact, they cite one of our recent articles here, one of several written by Arthur Lauer for his doctoral thesis supervised by Óscar Carpintero and me. Yet they completely ignore something that we also criticise and which they fail to mention: everything to do with the non-human part of the web of life (Gaia). Thus, their vision is markedly anthropocentric, as well as perpetuating those other myths of our civilisation: the separation from Gaia, driven by a desire to dominate, and the myth of technological progress; something from which almost all the scenarios and models devised worldwide in response to the problem of planetary boundaries suffer (incidentally, another concept that is by no means new either, and one that tends to be co-opted). Scenarios and models that, moreover, almost always end up focusing on just one of these issues: climate change.
	It is also commendable that they cite Valeros’s work on the problem of resource limits, which they acknowledge they do not account for in their models or in their proposed post-growth scenario. This is not quite so commendable, however, as it directly implies that they cannot make positive claims about the actual feasibility of their scenario, nor about whether it is preferable or superior to other scenarios. How would these material limits feed back into different scenarios? When they feed back dynamically, unexpected phenomena often arise because they are non-linear. From this point onwards, the scientific approach would, at best, be to look for difficulties and limitations, despite having overlooked something potentially so significant. It is as if, in my article published in Arbor – the one that served as the basis for the first part of this article – I had claimed that we can indeed consume sustainably between 2060 and 2100 by using 100 per cent renewable energy – mostly industrial – to meet 25–50 per cent of the energy we currently consume. There are variables known to operate (degrowth and collapse themselves) with an extremely high probability. If integrated into the system and the model, they would act to reduce that figure. This is what the Meadows never tired of repeating, to no avail — do not forget the co-optation of the system by the vast number of existing Integrated Assessment Models, over 99 per cent of which do not outperform World3. They themselves warned that they had not modelled corruption, wars, or other parameters that clearly do not improve—by promoting justice and equality—the sustainability of the world-model system they were studying.
	Nor is it commendable that they quote MEDEAS —they cite a publication focused on economics, not the project’s general publication nor others relevant to the specific case— to criticise it, more or less demonstrating, as I interpret it, a lack of understanding or a misrepresentation, claiming something along the lines of it being prone to or biased towards collapse, when in MEDEAS’s post-growth models policies are put in place that seek to reduce emissions, etc. Is their criticism due to our taking biophysical reality into account and to our starting point? It is curious, moreover, because in that case they should have referred to the first model of this kind: the Meadows’ *Limits to Growth*, which was, incidentally, accused of the very same thing in its day. Although I fear that if they were to look to history, they would have to acknowledge how closely their post-growth scenario resembles the 1997 ‘Factor 4’ report, to which they merely add more figures and data and take inequality slightly more into account.
	But let us turn to the scenario proposed by these degrowth advocates: they call it DLE (decent living energy) for a DLS (decent living standard) in which energy inequality is greatly reduced. No one would have less than 800 watts per capita (800 W) and no one more than 4,450 watts per capita (which is a huge step towards equality and equity compared to the present), with a global average of around 1,600 watts, that is to say, far more than in my optimistic renewable energy scenarios of 300 to 600 watts per capita – and I myself noted that 300 would be more biophysically sustainable. Furthermore, it is assumed that this 1,600-watt figure is achieved by using renewable energy to prevent or mitigate the worst effects of climate chaos.
	Let me put CO₂ emissions into their historical context and highlight what we should recognise: that only a rapid collapse of civilisation would truly mitigate climate chaos,  reducing it to merely dangerous or very dangerous climate change.
	Over the last century and a half, emissions have only slowed or fallen during periods of global economic crisis. We have never done so intentionally; rather, we have reacted involuntarily. If we look at the trend over the last century and a half, to claim that now we can (we have been deluding ourselves with this lie for more than three decades) follow the downward trajectories I have set out in Fig. 1 so as not to exceed 1.5 °C (which is dangerous for humanity, and we are already at >1.5 °C) or 2 °C (which is very dangerous for humanity) by the end of the century is simply wishful thinking or an implicit assumption that this can only be achieved in scenarios involving the rapid collapse of civilisation itself. And not only that, but according to some, this is to be achieved using industrial-scale renewable energy. For the first time in human history, the aim is to transition the energy system (and the food and industrial systems) towards less energy-intensive sources, even though this has only ever been achieved in any civilisation during its collapse. For the first time in history, the transition is also envisaged with a controlled, simultaneous reduction in the main current energy vectors, that is, by phasing out fossil fuels rather than adding to them, as has always been the case, even during these decades of exponential growth in new renewables.
	Furthermore, whilst the First Industrial Revolution (led by England and based on coal) generated the exponential growth we saw between 1850 and 1910, following the disruptions caused by the two world wars, the Second Industrial Revolution (led by the United States and the USSR and based on oil and natural gas, albeit with a steady increase in coal use) resumed exponential growth that only the oil crises of the 1970s and the collapse of the Soviet bloc in the late 1980s and early 1990s managed to slow down. China’s accession to the World Trade Organisation at the start of this century and its role as a global industrial power put it back on the path to exponential growth at a time when the danger of climate change was already evident. All this whilst the wealthy, wherever they may be, are indulging in an emissions spree, adding unconventional oil and natural gas, biofuels and anything else that can be burnt to conventional fossil fuels. Once again, the 2008 economic crisis and the 2020 pandemic flattened the upward curve for a year or two, only for it to rise again (up to the blue point on the graph), whilst Trump in the United States, together with the growth observed in the world’s most populous country, India, could attempt to accelerate that curve once more. They will undoubtedly fail, given that conventional oil has been in decline for over a decade. Natural gas will soon follow, for geophysical reasons (they are finite resources) and not due to voluntary withdrawal, as we are told time and again (unless the current wars, particularly in Iran/Lebanon and Ukraine, or the genocide in Palestine, are to be seen as another form of voluntary reduction). Thus, it will be the tensions arising from the failure to secure energy and material resources at the desired rates of growth, and the consequences of the disruption to the biosphere (Gaia), such as climate chaos and the sixth mass extinction currently underway and accelerating, that will interrupt the growth trajectory, leading to a collapse lasting decades, and which will reach the peak of energy and material consumption in less than a decade – or, at most, two, provided it does not begin this very year, 2026 – before then declining at more or less rapid rates depending on the damage we have inflicted on Gaia and, above all, depending on how the system itself (states, capital, oligarchies, the people, etc.) behaves in the face of its own collapse, against the pressure we have been observing everywhere for some time now (wars, poorly controlled epidemics, famines, etc.).
	Apart from the lack of biophysical realism in the post-growth scenario I am referring to, and the absence of dynamic feedback loops — such as those found in MEDEAS — regarding climate change, for example, I find its sociological optimism mind-boggling. As some readers have already pointed out in comments on my first piece: under this post-growth scenario, the global North would have to reduce its energy consumption to 24 per cent of current levels (the energy-hungry elites would have to cut back much more), but according to these authors’ DLS, we could in fact live very well with that factor-of-4 reduction if we did not squander so much energy and instead channelled it towards human wellbeing: no SUVs – an example they use in the article – in favour of a mobility service that technology can provide using far less energy.  The Global South would also need to reduce its energy consumption to 74 per cent of current levels, but for dignified development, technology and good organisation would require only 32 per cent of its current consumption (a factor of 3 for them), which would leave them room for growth on average if they did not squander energy. Even so, approximately half the population of the Global South in this post-growth scenario would have to reduce their energy consumption, whilst the rest would indeed see their energy consumption rise to at least 800W. How can such a revolution—not only technological, but also economic and sociological/political—be achieved? What they do contribute, it must be acknowledged, is the need not only for a green technological revolution (here they do indeed go further than the ‘greendealers’ or all those who defend capitalism with its dogma of growth), but also for an economic and political one (they do not say so, but the system they describe is not capitalist – something we can also deduce from the authors of the article). And that is a major problem: we need to explain how this revolution is to be carried out within the system, rather than merely setting out where we want to go, assuming it is technically feasible, and leaving it at that.
	I often give the ironic example of the following scenario: faced with the proliferation of atomic bombs and the existential threat of nuclear war, we call on Superman (there is an old, dreadful film on this subject: Superman IV: In Search of Peace, 1987) and see how the system would work: the struggle between the Lex Luthors of the world and the typical pragmaticpoliticians, with Superman’s help. The scenario would not be entirely pointless if it concluded as follows: not even by invoking the Superman hypothesis can we prevent the proliferation of weapons. But it should not be accepted in any journal that calls itself scientific if, when the scenario proposed to solve the problem fails to work, we complain to politicians and policy-makers because they did not call on Superman. Or what happens to some of us: we are called doomsayers because we say Superman does not exist, whilst they argue that there are politicians who resemble Lex Luthor. According to these critics, by saying that Superman does not exist, we are helping them to destroy the world because our doomsaying undermines policies against Lex Luthor (the analogy is realistic; it is not merely metaphorical licence laden with irony).
	The other major problem with these articles and their aftermath is that an economic and political revolution, which we should be carrying out over decades, requires a simultaneous revolution in our worldview and myths. Without scenarios for a revolution in worldview and myths, the proponents of post-growth are, in fact, calling on Superman. Furthermore, all the processes involved in these three revolutions would need to be considered dynamically and in a feedback-driven manner (which implies that effects also become causes).
	Back in 2001, I published a little book, “La Revolución Solidaria”, which made no impact whatsoever, in which I set out these necessary feedback loops, without yet realising how long it would take to put them into practice. I subsequently learnt more about engineering, more about ecology and biology — particularly about Gaia — more about psychology, more about sociology and anthropology, more about history and the basics of economics, in order to refute the most influential textbooks from the first year of degree courses in those departments. All of this so that—not many years later—I could reach the clear conclusion that even then the collapse of this civilisation was inevitable, and that it would begin during my own lifetime.
	To conclude on the issues raised in the comments on the first article, I would point out that my aim was more modest than the discussions it has sparked, led mainly by Rafael Romero and Aurora Despierta. I agree with the notion of the overarching existential problem posed by the possibility of nuclear war, and even more so with the excesses — which I see as both a consequence of and a driving force behind the collapse — of certain individuals with their fingers on the nuclear button. I believe that behind the Trumps of the moment, there are intelligent people who are managing multiple scenarios, ranging from a brutal collapse such as a nuclear war or some other disruptive global event (a highly contagious and highly lethal pandemic, for example), with alternatives both to prevent it and to trigger it should the need arise, as well as to prepare for it. And the proof that these scenarios are being treated as possibilities is that the world’s wealthiest individuals are in ‘prepper-individualist’ mode, building bunkers for their own survival, which, paradoxically, increases the likelihood of such scenarios. It also encompasses scenarios more akin to *Mad Max* or *The Book of Eli*, where the most powerful would seek to become ‘Aunty Entity’ (played by Tina Turner in *Mad Max Beyond Thunderdome*, representing the leader propped up by her warrior elite): these are the warlords we have known and continue to know in states that have collapsed or are collapsing. They will also be planning for more benign scenarios in which the economic and trade war unleashed by the US against China to maintain its empire involves European and Japanese ‘chess pieces’ being sacrificed by the US if necessary to gain a better position in the game; and if that fails, at least to erode the power of the next empire, should it ever emerge. And yes, I’m sure they’re also considering the Thanos scenario, because otherwise it would not make sense for them to build bunkers or take such risks with wars like the ones we are seeing today. They have plans A, B and C. How could it be otherwise, when they have millions of dollars to hire people who do more than just suck up to them!
	And those scenarios are, of course, more realistic than those set out in the articles on post-growth and mild degrowth, which are written by people who are – one assumes – much closer to the views of this magazine and who are, no doubt, well-meaning and have good intentions, but for whom perhaps the demands of their egos, or a lack of willingness or ability to view history as objectively as possible, or perhaps despair in the face of collapse—mediated by a worldview and myths they have failed to re-examine—ultimately takes its toll, leading to their co-optation by the system and its Red Queen. A Queen who, incidentally, ultimately lost her game of chess to Alice.
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