Introduction,
Slide A:

The Less
is a Four
Letter
Word Presentation

The Less is a
Four Letter Word
presentation was developed in 2005 by the Free
Range Network. It follows on from the Energy Beyond Oil (EBO) presentation, picking up where EBO
leaves off, it starts with the simple question, “logically, if we're going to have to use less, how do we
do it?”. Problematically this collides with the primary
obstruction to planning meaningful change – economic growth.
The important detail about the way that the
Project operates is that it doesn't focus on providing
generic solutions or simple (but often, because they
must apply to the 'average' person, vague) measures. Instead what the work of the Project tries to
convey is a way of seeing. What we're trying to do is
inform the public about how the energy economy
works around them, how it ties into their everyday
lives, and, most importantly, how these patterns will
change as the world approaches Peak Energy (the
peak of global oil production initially, but followed
over the successive decades by the peak of the
other dense energy sources – natural gas, coal and
uranium).
The most important fact about the way our society

adapts to the energy and environmental challenges
we face over the coming decades is that change is
not only inevitable, it's natural. Whilst our modern
society reflects a certain model of change (technological change) it fails to encompass the ecological
changes that human ecology must undergo in order
to survive a falling energy and resource base, and
at the same time adapting to the radical changes in
the climate over the foreseeable future.
To highlight the obstacles to the process of
change over the next few decades, the Less is a
Four Letter Word presentation examines the issue
of economic growth and our use of natural resources. It looks at what growth is, and why the system cherishes the concept of growth when according to the physical laws that underpin science any
system which consistently grows, within a finite environment, must as some time face catastrophic failure – and arguably, peak oil and climate change are
manifestations of this principle.
The key conclusion of 'Less' is that food is the key
human energy resource, and so the latest presentation, Energy and Food, continues from there.

Further information
The 'Virtual' Energy Beyond Oil Presentation – The on-line version of the Energy Beyond Oil presentation,
http://www.fraw.org.uk/ebo/presentation/
The 'Virtual' Less is a Four Letter Word Presentation – The on-line version of the Less presentation,
http://www.fraw.org.uk/less/presentation/
The 'Virtual' Energy and Food Presentation – The on-line version of the Food presentation,
http://www.fraw.org.uk/food/presentation/
Energy Beyond Oil, Paul Mobbs, Matador (2005), ISBN 9781 9052 3700 5 –
http://www.fraw.org.uk/ebo/book/index.shtml
Paul Mobbs/The Free Range Network – The annotated Energy Beyond Oil Presentation (2008)
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Introduction,
Slide B:

The Free
Range
Network &
Paul Mobbs

The Free Range Network is a 'dys-organisation' –
it's a group of environmental consultants, campaigners and academics who work together without any
formal organisation to help each other's work. Set
up in 1996, it works to develop and promote information resources and ideas for action amongst
community groups and grassroots campaigners.
The various strands of the work are drawn together
through the Free Range Activism Website, which
provides access to the information and documentation produced by the Network.

Much of the work on the Energy Beyond Oil
Project has been carried out by Paul Mobbs
(above). In 2001 he shifted from being solely an environmental consultant to working most of the time
on energy and environment issues. He takes the
work of the Project around the UK, giving workshops and presentations to community groups,
schools and universities. If you would like to know
more about organising an event in your area see his
'Training and Information' page. There's also a potted biography about Paul and his work.

Further information
Paul Mobbs/Mobbs' Environmental Investigations – Paul Mobbs' web site and information archive,
http://www.fraw.org.uk/mei/
Paul Mobbs' Biographic Information (2008 edition) – background/biographic information on Paul Mobbs and
his work, http://www.fraw.org.uk/mei/training/paul_mobbs-biography-08.pdf (PDF file)
Paul Mobbs' Training and Events page – information on organising Energy Beyond Oil Project events with
Paul Mobbs, http://www.fraw.org.uk/mei/training.shtml#ebo
The Free Range Energy Beyond Oil Project – The EBO Project's web site,
http://www.fraw.org.uk/ebo/
EBO Project Publications – The EBO Project's publications/information index page,
http://www.fraw.org.uk/download/ebo/
The Free Range Activism Website (FRAW) – The Free Range Network's web site that encompasses its
many different projects, http://www.fraw.org.uk/
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Section 1:

Thanks to
Jonathon
Porritt

The 'Less' presentation has many origins, but the
catalyst that brought these together into a reasoned
argument was the publication of Jonathon Porritt's
book, Capitalism as if the World Matters, in 2005.
The basic premise of the book is that there need be
no contradiction between capitalism (i.e., the current
growth-based economic system) and sustainable
development. After reading the book, and mulling
over its content, we produced 60 pages of notes as
to why there must be a basic contradiction between
market economics and sustainable development.
This was distilled down into the Less is a Four Letter Word presentation.
The reason we chose this title for the new presentation was simple. After three years of taking the
Energy Beyond Oil presentation out on the road it
was clear that there are subjects that you don't talk
about in polite society – not even if you're an environmentalist. Top of the list was the whole concept
that we need to “have less” to solve the world's current resource and pollution crises. After many debates on this issue it was clear that in a world where
the core of public debate implicitly accepts growth,
and excludes those who do not subscribe to this
principle, “LESS is a four letter word”.
The premise of Capitalism as if the World Matters
is that, given the options that are available for working within the current system, there need be no contradiction between the modern market system and
an environmentalism. But in fact, Porritt himself lets

the cat out of the back when he states in the preface
that this view is only an assumption. The 'Less' presentation picks up at this point, providing a framework to show that, on many grounds, the current
system cannot be reconciled to a truly ecological
viewpoint because the principle of economic growth
can't work sustainably within a finite system.
Most important is the issue of time-scale. We
have only a few years to begin to address carbon
emissions, and at the same time we have to address an impending world energy and resource
shortage. 'Incremental change', in Porritt's terms,
will not solve this problem. Contrary to his position,
we're looking at a wholesale revolution in the way
society operates. Like it or not – and there are many
in the mainstream of the environment movement
who do not like this answer – 'Less' is the only solution that works within the time-scale and the limitations that face us. Critically, if we don't plan to have
less, then by a variety of mechanisms, be it energy
and resource shortages or the ravages to the human population of dangerous climate change, the
natural world will enforce those limitations upon us.
The whole purpose of the 'Less' presentation is to
outline why supporting the current economic status
quo is not consistent with an ecological or sustainability viewpoint. We'll begin by looking at five of the
critical limitations upon change our present society
for the better.

Background information
Capitalism as If the World Matters, Jonathon Porritt, Earthscan Publications (November 2005) . ISBN 9781
8440 7192 0 .
Paul Mobbs/The Free Range Network – The annotated Energy Beyond Oil Presentation (2008)
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Section 2,
Slide A:

Difficulty
1–
Peak Everything

Work by various geologists/geophysicists has
found that there is not only a peak of raw material
production, but also a peak of discovery (the blue
bars above). The discovery peak for oil leads the
production peak by 40 or so years. The discovery
peak fits a mathematical function and so its possible
to predict the likely level of discovery in the future
(the black bars). This does not mean that we won't
find a truly huge oil reserve somewhere on the
planet, but it means that discovering large resources
become statistically more unlikely as time goes by.
Production is shown as a red line. During recessions oil production falls (e.g., the early 1980s recession) and this has the effect of pushing the date
of peak production further away. A point of debate at
the moment is whether the current economic downturn will be significant enough to push the date of

the peak away for a year or two, or whether we are
already so close/at the peak in production that a
downturn in global consumption will have little effect
on the date of the peak overall.
Once global production has peaked – which might
take three to five years of production data, so it's
only something that can be confirm in retrospect –
then it will never rise again, and so a gap will open
up between production (dashed red) and the level of
oil demand that has been forecast for the global
economy (dashed green). When the peak is finally
confirmed then the global economy must enter a severely chaotic period as oil is not only a source of
energy, but also of global finance (e.g., Middle Eastern oil wealth currently props-up the US economy in
the form of loans to service US overseas debt).
Peak oil is a financial as well as energy issue!

Background information
ASPO Peak Production/Discovery Graph –
http://i129.photobucket.com/albums/p237/1ace11/ASPOIreland2007.jpg
Peak Energy, Free Range Energy Beyond Oil Project Sheet E.1, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/e01/
Peak Oil, National Assembly for Wales, July 2008 –
http://www.fraw.org.uk/library/peakoil/naw_2008.pdf
Crude Oil – Uncertainty about Future Oil Supply Makes It Important to Develop a Strategy for Addressing a
Peak and Decline in Oil Production (GAO-07-283), GAO Report to Congressional Requesters, United States
Government Accountability Office, February 2007 –
http://www.fraw.org.uk/library/peakoil/usgao_2007.pdf
Energy Beyond Oil, Paul Mobbs, Matador (2005), ISBN 9781 9052 3700 5 –
http://www.fraw.org.uk/ebo/book/ (order on-line).
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Section 2,
Slide B:

Difficulty
1–
Peak Everything

The price of any commodity is not determined by
how much we have in the ground, but by the gap
between how much is available today and how
much the world demands tomorrow. The world does
not operate on oil reserves, but upon the present
flows of oil around the planet.
Over the last few years the gap between production and demand has been narrowing, from a one to
two million barrels five years ago to just a few hundred thousand of barrels during 2007. Its for this
reason that global oil prices have risen over this period. The recent changes in the global economy, as
worlds goes into recession, have increased space
capacity towards almost a million barrels per day
and so the price has fallen – and will remain low until demand begins to put pressure on spare capacity
again. This could be on the back of an economic recover in a year to eighteen months (possibly brief,
due to the price rises it would precipitate) or if the
economic malaise continues for a year or two production capacity will steadily erode as more major
oil fields tip into decline, so exacerbating the economic problems as time passes.
The graph above shows the average weekly price
of a barrel of oil in the USA, from the data produced
by the US Energy Information Agency. A trend line
has been added to this data to show that oil price

had a steady exponential increase as the level of
spare capacity fell over this period – until 2007. It's
acknowledge that the fast rise in oil prices over
2007 and early 2008 were due to speculation, and
this can be seen in the way the price spikes well
away from the average trend.
Unless there is a significant reduction in the demand for oil then, as either demand increases or the
present plateau of production tips into decline, oil
prices will once again rise. We're unlikely to see oil
prices drop significantly below the dotted line because, as the new sources of oil are smaller and
harder to produce than much of the worlds current
production capacity, the costs of production are
higher. But as an undeniable depletion trend sets in
– likely over the next year to ten years depending on
the severity of the present recession – then both the
global energy and financial systems face severe turbulence as the worlds major energy consumers jostle to obtain what's left. There is of course one clear
solution, but one which is not considered realistic by
the mainstream because it goes against current
economic orthodoxy – we reduce global growth and
consumption, over the next fifty to sixty years, to a
level that can be supplied from renewable energy
sources.

Background information
World Crude Oil Prices, US Department of Energy/Energy Information Agency, July 2008 – http://tonto.eia.doe.gov/dnav/pet/pet_pri_wco_k_w.htm
BP Statistical Review of World Energy 2008 –
http://www.bp.com/productlanding.do?categoryId=6929&contentId=7044622
Paul Mobbs/The Free Range Network – The annotated Energy Beyond Oil Presentation (2008)
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Section 3,
Slide A:

Difficulty
2–
The Scale
of Imports
This slide shows
energy consumption
as a series of
energy/fuel flows
through the UK economy. Fuels enter on
the left, and after deducting exports the
first dashed line
shows the primary
energy supply.
Energy then flows
through transformation processes
(where we see the
yellow of electricity emerge) where the losses due to
transformation leave at the bottom, energy used by
the 'energy industries' is taken out, and we reach
the second dashed line that represents secondary
or final energy consumption in the UK. Energy consumption leaves on the right and carbon emissions
(the grey line) from each sector leave from the top.
In the media, and from government statements,
we might believe that our homes are environmental
enemy no.1, but in reality they are a small (but still
significant) part of consumption overall. If we are to
meet the problems of energy depletion and climate
change we require a plan that addresses all sectors
of energy consumption. Any policy that just concentrates on our homes, to the exclusions of business
or transport, will fail.
Another problem is that the media nearly always
concentrates on electricity use when in fact electricity form just less than a fifth of all the energy we

use. Whilst electricity is important, we have to concentrate on all forms of energy, but often media reports confabulate electricity, with total energy, as do
some politicians, to the detriment of the substance
of the public debate on energy.
Peak oil, although problematic, is in the UK a
transport issue. Most petroleum is used in the transport sector and so other areas of consumption are
technically substitutable. In the transport sector, because of the issue of efficiency and the Second Law
of Thermodynamics, substitution of energy sources
is extremely difficult, and in reality on a significant
cut in transport usage is realistic.
The real problem for the UK is peak gas, likely to
arrive between 2015 and 2025 (depending upon the
level of the current economic downturn). That would
precipitate an insoluble crisis unless the UK undergoes a complete process of social and economic
transition in order to allow people to live at far lower
levels of overall energy consumption.

Background information
Digest of UK Energy Statistics 2008 (DUKES 2008), Dept. of Business, Enterprise and Regulatory Reform
(BERR), 2008 – http://www.berr.gov.uk/whatwedo/energy/statistics/publications/
dukes/page45537.html
DUKES 2008, Table 1.1-1.3 , Aggregate energy balances –
http://stats.berr.gov.uk/energystats/dukes1_1-1_3.xls
BERR, 'UK Energy Flowchart' , 2008 – http://www.berr.gov.uk/whatwedo/energy/
statistics/publications/flowchart/page37716.html
Energy and Transport, Free Range Energy Beyond Oil Project Sheet E.10, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/e10/
Homes and Efficiency, Free Range Energy Beyond Oil Project Sheet E.6, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/e06/
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Section 3,
Slide B:

Difficulty
2–
The Scale
of Imports

The Joint Energy Security of Supply (JESS) Committee were formed by the government to forecast
future energy supplies and identify any problems –
in short, “to keep the lights on”. They produced various reports but none provides a comprehensive visual representation of how our sources of energy will
change in the future. The graph above takes JESS'
data and 'stacks it up' to provide an interpretation of
how our fuel sources will change to 2020.
On the graph above any fuel source above the
central '0' line represents indigenous UK production.
Any fuel source below the line represent imported
fuels. What the JESS' data shows is that, on current
forecasts (which some consider over-optimistic)
Britain will move from producing 80% of its energy
in 2005 (the last year of real data on the above
graph) to importing 80% of its energy by 2020.
Quite apart from the energy implication of importing that energy in a world where oil production

would have peak and natural gas might be about to
peak, some economists question whether this scenario is financially viable. The only other major world
economy to import this much energy today is Japan.
But Japan has manufacturing industries that produce goods for export and the income from these
foreign markets pays for the importation of energy.
In the UK. we no longer have a strong export economy, so we'll have to pay the full cost of importing
this energy. Some doubt whether this is possible
(even before the recent economic downturn) and so
instead all that greater levels of energy importation
will achieve will be a high trade imbalance and consequentially a higher level foreign debt.
Quite apart from the issue of global peak energy,
the above scenarios represents a shift back to the
bankruptcy economics of the 1970s as we will be
unable to provide the energy and resources our domestic economy needs to function.

Background information
JESS Committee, reports – http://www.berr.gov.uk/whatwedo/energy/reliability/security-supply/jess/reports/index.html
7th and Final JESS Report, 2006 – http://www.berr.gov.uk/files/file35989.pdf
7th and Final JESS Report, Statistical Annex, 2006 –
http://www.berr.gov.uk/files/file36028.xls
Energy in the UK, Free Range Energy Beyond Oil Project Sheet E.3, Free Range Network 2008 –
http://www.fraw.org.uk/download/ebo/e03/
Peak Energy, Free Range Energy Beyond Oil Project Sheet E.1, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/e01/
Transformation, Free Range Energy Beyond Oil Project Sheet S.2, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/s02/
Paul Mobbs/The Free Range Network – The annotated Energy Beyond Oil Presentation (2008)
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Section 4,
Slide A:

Difficulty
3–
Climate
Change

Within the media and politics climate change is
often presented as a problematic and unwanted
consequence of modern society. However, what if
the link were more implicit? What if the emissions of
greenhouse gases were an integral part of how the
modern economy operates?
If we look objectively there is no “problem” called
climate change. It's a natural phenomena, and was
operating long before humans evolved. The difficulty
is that our use of carbon-based energy sources is
changing the balance of the climate. In this sense it
is our use of energy that is the “problem” – the effect
on climate is merely symptomatic of the energy
problem that we have today. In medicine when we
treat the symptoms, not the causes, it's called 'palliative care'. It makes the patient feel better, but it
doesn't actually cure the root cause. This is how
politicians and the media treat the issue of climate
change. We're trying to treat the symptom – the climate – without dealing with the root cause of the
problem – the scale of our use of energy today.
There are various estimates as to how much car-

bon has been released. The dataset above comes
from the US Oak Ridge National Laboratory. It details the carbon emissions due to fossil fuel use
back to the 1950s, beyond which a mixture of real
data and projections (extrapolating the level of energy use and carbon emissions from the level of
global raw materials production, trade and development) are used to produce annual figures for carbon
emissions going back to 1751 (but the graph shows
1900 onwards because otherwise it's difficult to see
the trends).
The purpose of this sequence of slides is to
demonstrate that no only are carbon emissions and
economic growth implicitly connected, but that for
there to be a significant reduction in carbon emissions there must also be a significant reduction in
the use of fossil fuels. As there are no other dense
energy sources with the capability to provide the energy that the global economy requires without emitting large quantities of carbon, this means that to
solve the problem of carbon emissions we must accept a reduction in economic growth.

Background information
Carbon Dioxide Information Analysis Centre (CDIAC), Oak Ridge National Laboratory –
http://cdiac.ornl.gov/trends/emis/meth_reg.html
Global Fossil Fuel Emissions 1751-2005 , Carbon Dioxide Information Analysis Centre (CDIAC) –
http://cdiac.ornl.gov/trends/emis/tre_glob.html
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Section 4,
Slide B:

Difficulty
3–
Climate
Change

Between 1751 and 2006 the emissions from fossil
fuels are estimated to be about 321 billion tonnes. It
takes 30 to 50 years for the carbon we release to
have an effect because we release it at ground
level, but it must travel 2 to 6 miles up in the atmosphere and then around the planet to have an effect.
Going back 30 years – to 1976 – the emissions before this date total 138 billion tonnes; including and
after this date they total 183 billion tonnes.
We're going to get climate change! That's not
the issue. We can't avoid this outcome because the
majority of the carbon emissions from the beginning
of the Industrial Revolution until the present day are
“in the post”. What we're working for now is to pre-

vent dangerous climate change – a scale of unpredictable change that could destroy a large proportion of life on the planet (as has already happened a
few times in the planet's history).
There are various proposals for how we will reduce global carbon emissions. Whilst politicians
consider this a 'serious' issue, the options that are
under consideration are in fact skewed towards
dealing with the 'problem' of climate change in a
way that does not affect, or in some cases reinforces (through mechanisms such as carbon offsetting or carbon trading) the current global economic
system.

Background information
Energy and Climate, Free Range Energy Beyond Oil Project Sheet E.2, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/e02/
Wikipedia,
Climate change – http://en.wikipedia.org/wiki/Climate_change
Avoiding Dangerous Climate Change –
http://en.wikipedia.org/wiki/Avoiding_Dangerous_Climate_Change
An Overview of 'Dangerous' Climate Change, Met Office, 2005 –
http://www.metoffice.gov.uk/corporate/pressoffice/adcc/BookCh2Jan2006.pdf
Top scientist's fears for climate, BBC News Online, 31st August 2006 –
http://news.bbc.co.uk/1/hi/sci/tech/5303574.stm
Exeter Conference on Avoiding Dangerous climate Change, 2005 –
http://www.stabilisation2005.com/
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Section 4,
Slide C:

Difficulty
3–
Climate
Change

The problem with any agreement on reducing
emissions is the speed at which we can cut production. The longer we delay, the higher the future level
of emissions that will add to the quantities already
produced. Unfortunately the scale of future emissions under different scenarios is often ignored. This
is because the only logical context for such as debate is the extent to which sufficient changes to the
global economy can be produced within the current
system, or whether to reach such significant levels
of cuts we'll have to find a new economic paradigm.
Most world leaders do not want such as debate,
even though this is the form of the debate currently
taking place within the fields of climate science and
ecological economics (see the New Scientist reference below for an example of the debate).
The principle global agreement to reduce carbon
emissions is the Kyoto Protocol. If we look at how it
is proposed to change the world's carbon emissions
by an amount significant enough (on our current understanding, that's a cut of at least 80% of 1990
emissions) then this process will involved the emis-

sion of another 293 billion tonnes of carbon – that's
just over nine-tenths of what's already been emitted
over the industrial revolution.
The radical alternative to Kyoto is Contraction
and Convergence. This assumes that we contract
the emission of greenhouse gases and converge
the level of emission between the world rich and
poor states at a level where our future is sustainable. Even this path represents three-quarters of the
carbon already emitted in the Industrial Revolution.
Finally there's the 'deep green' approach. This assumes that we move beyond the current economic
paradigm and radically change the world economy
as quickly as possible, but even this is only a little
less than three-fifths of the past emissions from fossil fuels.
Whatever path we take we must reduce emissions by the greatest level possible as quickly as
possible – so in terms of Jonathon Porritt's thesis,
'incremental change.. within the embrace of capitalism' just isn't going to make the required level difference to global emissions.

Background information
Kyoto Protocol, UK Framework Convention on Climate Change (UNFCCC) – http://unfccc.int/kyoto_protocol/items/2830.php
Contraction and Convergence , GCI - http://www.gci.org.uk/contconv/cc.html
Energy and Climate, Free Range Energy Beyond Oil Project Sheet E.2, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/e02/
Special report: How our economy is killing the Earth, New Scientist, 16th October 2008 – http://www.newscientist.com/channel/opinion/mg20026786.000-special-report-how-the-economy-iskilling-the-earth.html?DCMP=ILC-hmts&nsref=specrt12_head_Beyond%20growth
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Paul Mobbs/The Free Range Network – The annotated Energy Beyond Oil Presentation (2008)

Section 4,
Slide D:

Difficulty
3–
Climate
Change

Politicians talk about “solving” the problem of climate change, but there is only one solution – but
they will not consider it. If you look at the graph
above it's not a straight line – the level of emissions
dips on a number of occasions. For example, between 1929 and 1933 the world cut carbon emissions from fossil fuel use by a quarter – far more
than has been achieved through the various measures adopted to date which haven't even managed
to slow the global rise in emissions over recent
years. The problem with this approach is that all
these reductions in emissions were due to global
economic recessions.
There is one fact that the evidence demonstrates
– contracting the economy cuts emissions. The only
problem we have to solve is how to contract the
economy without the hardship usually caused by recessions. That's where planning to deal with energy
depletion comes in, since the solution to energy depletion and climate change are the same.
On the one hand we are face, potentially, with the

extinction of the modern human species. On the
other we have the opportunity for a minority of the
worlds population to experience greater material
wealth whilst the majority bump along only just
about able to meet the minimum requirement for
their physical needs. The debate over what is an
'acceptable' rate of change to address the problem
of climate change has little to do with the problem of
climate change, or of the worlds economy in general. It is entirely about preserving the material
wealth and influence of a minority of rich people on
the planet over the much larger majority of people
who, in relative or absolute terms (as this issues
plays out within rich states as well as between the
poorest and richest states in the world), are poorer.
In summary, solving climate change is an issue of
justice, not economics, since it has been the historic
level of inequality that has brought us to this point,
and it is this inequality that those trying to “solve”
the problem politically are trying to preserve.

Background information
Energy and Climate, Free Range Energy Beyond Oil Project Sheet E.2, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/e02/
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Section 5:

Difficulty
4 – Words

The issues of inequality and justice bring us to
our fourth difficulty – words. There are over 2,800
four letter words in common use in the English language. Why then does the word “less” hold such an
offensive value when applied to solving the world's
environmental and political issues? Words offer a
means to meaning, and though this meaning the annunciation of a truth – and the truth is that in the developed states the political mainstream, whether
overtly or unconsciously, strive to maintain the material wealth of a narrow section of its population.
“Less” is just a word. That’s it, nothing more. In
practice the problems that people perceive with the
word “less” are nothing to do with the word but
rather the ideas that we describe when we use the
word. Words are symbols; they contain within them
relative links to ideas, concepts, values and experiences, but their symbolic significance is given
meaning by the individual, not the word. A person’s

own knowledge and experience plays a large part in
the symbolic comprehension of a word, especially
one so value-laden as “less”. The value that one
person might attach to a word is not always the
same as another.
In terms of the general response, the way we interpret words and other symbols has much to do
with the way society attaches meaning to them
through our culture; so our reaction to the word
“less” is framed not so much by a known or measured baseline for our present needs, but rather by
the political and economic dogma of the last two or
three centuries that promotes the message that
“more is better”. Any competing or contradictory
message – most starkly, “less is better” – is bound
to generate an adverse response from people who
are raised from their earliest years to positively associate their personal well-being with the word
“more”.

Background information
Limits to Growth, Free Range Energy Beyond Oil Project Sheet S.1, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/s01/
Resources and Waste, Free Range Energy Beyond Oil Project Sheet S.1, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/e07/
The Limits to Growth: The 30-year Update, D.H. Meadows, Jorgen Randers, Dennis L. Meadows, Earthscan
Publications (November 2004). ISBN 9781 8440 7144 9.
Transformation, Free Range Energy Beyond Oil Project Sheet S.2, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/s02/
Simplicity Solutions, Free Range Energy Beyond Project Sheet S.3, Free Range Network 2008 –
http://www.fraw.org.uk/download/ebo/s03/
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Section 6:

Difficulty
5–
Issues
versus
Principles

Finally, we move to perhaps the greatest problem
that distracts and divides the environment movement today – the concentration on issues versus
the consideration of principles. Large parts of the
environment movement work on single or restricted
issues, often to the exclusion of a more holistic or
integrated view of how the issue at hand fits into the
wider operation of society. The problem is that such
a comprehensive vision of how we live within society requires that we evaluate processes against a
set of principles, and in today's political and media
spectacle the concept of overriding principles that
guide decision-making has been abandoned.
The debate over the way society operates, such
as the principles that underlie the operation of the
economy, has been subverted into an unquestioning
consensus. If you do not fit into this unquestioning
consensus, accepting the requirements of the global
market system as part of any solution, then you are
excluded from the mainstream of the debate. As
characterised by the New Economics foundation in
their 2006 report, Growth Isn't Working, the acceptance of growth is a 'shibboleth' – a token of identity,
and thus the basis of excluding people who do not
belong from participation in the debate.
For this reason many people trying to create
change compartmentalise their work, working on
single issues to the exclusion of a wider debate on
the principles that underlie the root cause of the

problem. For example, in isolation the debate over
renewable energy is valid, and those who support
the expansion of renewable energy in the UK are
working to improve our energy supply. However,
when we pull back we see that not only are the
achievements of those promoting renewable energy
a mirage, but by their complicity working 'within the
system' they are in fact helping to perpetuate a
structure that has increased its use of fossil fuels far
faster than the increase in renewable energy
sources. In fact, few of these people seem to understand that government policy isn't about renewable
energy, it's about getting more of every type of energy in order to extend economic growth.
We have to stop focusing on small issues and instead look at the operation of systems. The most direct effect of this is that it is difficult to compromise
because in order to evaluate the operation of the
system as a whole we have to take a position on
what the operational purposes of the system are,
and it requires that we leaving no part of the system
outside of our evaluation. If we apply sustainability
principles then the current system, no matter how
many positive things we take from it in isolation
(e.g., the content of Jonathon Porritt's book), is
doomed to failure, and that process of failure will
cause immense harm and suffering to people if we
do not seek to avoid this inevitable outcome.

Background information
Growth Isn’t Working: The Uneven Distribution Of Benefits And Costs From Economic Growth, David Woodward and Andrew Simms, New Economics Foundation, January 2006 –
http://www.neweconomics.org/gen/z_sys_PublicationDetail.aspx?pid=219
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Section 7:

The Earth
is a Finite
System

The First Law of Thermodynamics states that in
any isolated system (e.g., the Earth) the level of activity within the system is proportional to the amount
of energy slowing through it. On the Earth we have
a roughly stable level of renewable energy originating from the Sun, and we have 'dense' mineral energy deposits. Once those 'dense' mineral deposits
have peaked the amount of energy available to humanity will begin to inexorably fall until we reach a
level that is sustainable from the environmental flux
of renewable energy. In short this tells us one simple turth: “More” is not possible forever within a finite system – at some point there must be an end or
limit point that dictates a different course of action.

The problem with the modern market economy is
that it will not accept that there are limits to growth.
The assumption is that growth will always continue,
and that provided we throw enough money, resources and human ingenuity at any problem nothing is impossible. The problem is that this view
doesn't accord with the fundamental principles of
nature, such as the First Law of Thermodynamics.
In this section of the presentation we explore
more about precise what growth is, and what it is
for, in order to understand more about the conflict
between growth and the limits the natural world puts
upon the human species.

Background information
For more information on the physics behind this slide see Wikipedia:
'Laws of Thermodynamics' – http://en.wikipedia.org/wiki/Laws_of_thermodynamics
'Conservation of energy' – http://en.wikipedia.org/wiki/Conservation_of_energy
'Thermodynamics' – http://en.wikipedia.org/wiki/Thermodynamics
'Fundamental forces' – http://en.wikipedia.org/wiki/Fundamental_forces
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Section 8:

The
Purpose of
Growth

What is growth for?
This is a very difficult question to answer since
whilst we could narrow it down to issues (more stuff,
better stuff, more money) to identify it as a principle
is rather difficult, and depends upon your relationship to the wider economy and your place within it.
In general we can characterise the process of
economic growth as a means to improve the wellbeing of humanity. Growth allows us to have more
material comforts, and to live richer lives, and therefore to improve our human well-being. The problem
is the objective evidence on the relationship between growth and well-being concludes that growth
has not made us significantly happier in the last half
century or so.
The graph above comes from a paper produced
by the Sustainable Development Commission, and
reproduces extracts from a Cabinet Office paper.
The paper discusses at length the problem that this
evidence creates for governments, since if the current policy isn't delivering the required outcome it
begs the question as to why we continue to pursue
it when other options are available. To quote from
the paper, authored by Jonathon Porritt, “Part of the
debate about sustainable development lies in confronting those difficult issues that most people

would rather leave undisturbed. The compatibility
between economic growth (as we know it today)
and sustainable development is perhaps the most
difficult of all those difficult issues. ”
The evidence is that all 50 years of putting growth
at the heart of our economic policy has achieve is
making people swap one set of concerns about their
life (in effect, about their relative level of poverty) for
another set of concerns (about their relative status).
Thus we have become no happier, despite our increasing level of material wealth. At the same time
we are bearing the costs of increased prosperity,
such as a perceived failure of society to meet our
needs, greater levels of illness related to higher affluence, and the psychological stresses created by
consumer culture.
Why then, if we look at the principles that underlie
the present policy of economic growth, do we continue to believe that it improves our lives? Also, the
measure above is just a snapshot of UK and to
some extent European states – if we take a global
perspective then a large part of humanity is not
sharing the proceeds to growth to the same extent
whilst at the same time they are bearing (in terms of
pollution, land degradation or climate change) a
larger burden of the costs.

Background information
Redefining Prosperity, Jonathon Porritt, The Sustainable Development Commission, 2003 –
http://www.sd-commission.org.uk/publications.php?id=41
(see also http://www.sd-commission.org.uk/pages/redefining_prosperity.html )
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Section 9:

Exponential
Growth

The earliest concept of growth was biological, organic, and essentially related to human experience.
In the Renaissance, as mathematicians modelled
the natural world, growth took on various numeric
forms, but they still had a reliance upon nature as
the figures were based upon observation. In the
modern world, whilst retaining its earlier meanings,
growth has taken-on a new conceptual meaning,
wholly separate from the natural world; today it represents abstract financial values attached to the
modern, globalised economic system. It is arguable
that this separation of growth from a concept based
in the natural world to a concept based in an abstract human system is at the root of many of the
ecological problems we are faced with today.
Mathematically growth has a very specific meanings, and by a variety of methods is generally summarised as exponential growth – a rate of change
proportional to the present value of a variable. For
example, the graph above shows how compound interest makes the value of the invested money
change over time. The higher the rate of growth, the
faster the value increases in a fixed period of time.
Understanding the scale of change for an exponen-

tially growing value can be difficult, but it does obey
a regular pattern called the doubling time. Given the
average rate of growth the value will double in a
fixed period of time. For example at 1% it will double
in 70 years, at 2% in 35 years and at 4% in 17.5
years. For this reason it's also called the 'rule of 70'.
Growth is not a solely human characteristic. We
see the exponential growth (or exponential decay,
such as the decay of radioactive substances) everywhere in nature. The difference is that in nature exponential growth has a natural limiting boundary, imposed from without or from outside the organism.
For example, in the body the cells can grow exponentially, but programmed into the DNA is an instruction that growth ceases at a certain point –
when this doesn't happen we get cancer and other
illnesses.
The basic problem with our pursuit of growth is
that as humans we live linear lives; like a ticking
clock our hearts beat at regular intervals and the
days pass in equal measure. But around us our impact is growing exponentially, eating up more of the
world's resources, and consciously matching or linear life to its exponential impact is very difficult.

Background information
Limits to Growth, Free Range Energy Beyond Oil Project Sheet S.1, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/s01/
Wikipedia,
Exponential growth – http://en.wikipedia.org/wiki/Exponential_growth
Economic growth – http://en.wikipedia.org/wiki/Economic_growth
Doubling time – http://en.wikipedia.org/wiki/Doubling_time
Limits to Growth – http://en.wikipedia.org/wiki/Limits_to_Growth
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Section 10:

Where
Does
Growth
Come
From?

Where does growth come from? We cannot create something from nothing, and so we must be using something physical to create economic growth.
Classically it was assumed that for every 1 unit of
growth in the economy it required 0.3 units of capital
(money) and 0.7 units of labour (people working).
This was refined in the 20th Century in the form of
the 'Cobb-Douglas Production Model', but essentially it was still the same idea.
By the 1960s further studies, using new tools
such as computers, found that this model couldn't
explain the total value of growth. The economist
Robert Solow identified that other values must be
making a contribution because the observed growth
didn't tally with the value of capital or labour put in –
a value later called the 'Solow Residual'. Recently
the inputs to growth have been resolved by the
economist Robert Ayres. He found that capital and
labour account for about 30% of growth. A further
50% is provided by additional energy added to the
economy, and 20% by the value created by improvements to energy efficiency (which allow more
work to be done with the same amount of energy).
This seemingly magical role of energy in the
economy makes sense because, in terms of ther-

modynamics, burning more energy allows you to
do/make more “stuff”. For example the energy contained in one barrel of oil, or 1,551 kilo-Watt-hours
of electricity, or 14 cubic metres of natural gas, or
215 kilos of coal, represents the equivalent of
25,000 hours of human labour – that's 12 people
working 40 hours a week for an entire year. Increasing the level energy in the economy represents the
equivalent of adding more labour to the economy,
but at a vastly cheaper rate than real human labour.
The energy value of one barrel of oil (at the time of
writing) costs the monetary value of $70 or £43 –
even assuming a very low rate of pay, such as
£6.50/hour, in human labour the equivalent monetary value of that energy would be £162,500! (or
$263,250/barrel).
Of course the corollary of this point is that if we
reduce the level of energy in the economy, beyond
the level where energy efficiency improvements can
off-set the loss, then the economy must contract.
This would naturally be the case since, in accordance with the First Law of Thermodynamics, a
lower rate of energy flow would result in a proportionately lower level of activity in the system.

Background information
Cobb-Douglas production function – http://en.wikipedia.org/wiki/Cobb_douglas
Solow residual – http://en.wikipedia.org/wiki/Solow_residual
Energy Economics, EROEI.com –
http://www.eroei.com/articles/the-chain/energy-economics/
The Last Oil Shock – A Survival Guide to the Imminent Extinction of Petroleum Man, David Strahan, John
Murray Publishers (2007). ISBN 9780 7195 6423 9 – http://www.lastoilshock.com/
Paul Mobbs/The Free Range Network – The annotated Energy Beyond Oil Presentation (2008)
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Section 11,
Slide A:

Growth
and
Climate
Change

Let's apply the idea of exponential growth to the
increase in the carbon emissions from fossil fuels.
Over the last 250 years we've used fuel more efficiently, and in greater quantities, and so we should
see an exponential correlation much like the exponential increase in the system of economic growth
that created the demand for fossil fuels.

The graph above shows the Oak Ridge data used
in the slides earlier, but added to this is an exponential regression line to show the trend in the data.
We'll use this graph to demonstrate some of the
principles of exponential growth, but also the relationship between economic growth and the cost and
availability of energy.

Background information
Carbon Dioxide Information Analysis Centre (CDIAC), Oak Ridge National Laboratory –
http://cdiac.ornl.gov/trends/emis/meth_reg.html
Global Fossil Fuel Emissions 1751-2005 , Carbon Dioxide Information Analysis Centre (CDIAC) –
http://cdiac.ornl.gov/trends/emis/tre_glob.html
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Section 11,
Slide B:

Growth
and
Climate
Change

Onto the graph we can draw boxes that demonstrate the doubling time. The exponential trend indicates a doubling every 23 years, and so we start at
the left side axis, drawing boxes 23-years wide.
Each box is then twice the height of the previous
box, confirming that the trend is indeed an exponen-

tial one.
The problem is that this break down when we get
to the 1960s – or rather the box spanning 1965 to
1988. It doesn't fit any more. We need to plot a new
trend based upon the visibly different run of data.

Paul Mobbs/The Free Range Network – The annotated Energy Beyond Oil Presentation (2008)
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Section 11,
Slide C:

Growth
and
Climate
Change

We can draw a new trend line that just passes
through the data points that visibly show a change
in growth rate – the blue line and dotted trend line
above. What we find is that the doubling time has
halved from 23 years to 46 years.
Something changed during the period of 1965 to
1988 that forced the growth trend to change its rate,
and this must have been a global phenomenon be-
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cause we're looking at the world-wide consumption
of fossil fuels. Since carbon emissions are related to
the consumption of energy, and energy is directly
related to the rate of growth, either:
a. Growth was lower; or
b. Energy efficiency dramatically increased.
Any guesses as to the root cause?
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Section 11,
Slide D:

Growth
and
Climate
Change

The only significant global event in the period was
the 1973 Oil Crisis. This depressed demand for oil
as the prices rose, and in turn this lowered economic growth. At the same time higher prices encouraged industry and other to invest in new more
efficient systems and this increased the level of energy efficiency. However, the level of increase in energy efficiency wasn't high enough to significantly
affect the rate of growth.
If we look at the average oil price we can see a
change of a scale that is great enough – in terms of
the explanations as to 'where growth comes from' –
to explain the change in carbon emissions. To do
this we use inflation adjusted prices to express the
'real' value of oil and allow a direct comparison.
From 1924 until 1973 (the period of the 'Technological Revolution') the average oil price was just short
of $14. From 1949 until 1973 (the post-war 'consumer boom') the prices was even lower, at just
short of $13. Between 1973 and 1998 (before the
current upswing in oil prices) the price averaged
$42½/barrel – almost three-and-a-third times more.
If such a change of scale in prices can impact the
economy, and the use of energy, so greatly, what

will the effect of peak oil be? In reality the price of all
energy sources will rise as higher prices leads to
fuel switching and rising demand for other fuels (arguably this has happened in the last few years as
higher gas prices caused a resurgence in coal consumption). In the longer term, if higher prices reduce
growth, then it follows, in accordance with the First
Law of Thermodynamics, that a reduction in the
availability of oil must contract the economy because less energy is available. Energy efficiency
could solve the problem, but as we'll see in the next
section it cannot do enough to make a significant
difference. Using renewable energy is also an option, but because of the difference in energy quality
it wouldn't be able to significantly displace the value
of oil directly – it would take a greater value of renewable energy to displace a lesser value of oil because of the quality difference.
Ultimately then we can say that, in terms of economics, the end of an increase global energy supply
following the peak of oil, and an inevitable decline
following the peak of natural gas production, must
lead to a global economic contraction.

Background information
World Crude Oil Prices, US Department of Energy/Energy Information Agency, July 2008 – http://tonto.eia.doe.gov/dnav/pet/pet_pri_wco_k_w.htm
BP Statistical Review of World Energy 2008 –
http://www.bp.com/productlanding.do?categoryId=6929&contentId=7044622
Wikipedia,
1973 Oil Crisis – http://en.wikipedia.org/wiki/1973_oil_crisis
Energy quality – http://en.wikipedia.org/wiki/Energy_quality
Paul Mobbs/The Free Range Network – The annotated Energy Beyond Oil Presentation (2008)
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Section 12,
Slide A:

The
Delusion
of Growth

In terms of a literal definition, a 'delusion' is a
point of view held in contravention of the obvious
evidence. There are many ways in which we can
describe the incompatibility of economic growth and
sustainable development, but energy consumption
is probably the simplest way to demonstrate that in
a finite environment the concept of continual economic growth is delusional.
If we follow the logic that growth is influenced by
energy efficiency as well as the supply of energy,
then increasing energy efficiency could solve the
problem. However this isn't possible either – as will
be explained in the next section. Therefore the issue
before us is how long can we continue to expand
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energy consumption?
If we tried to plot energy consumption we immediately hit the problem of the exponential function.
The graph above shows world energy consumption
from 2003 to 3003, but as the trend is exponential
it's a rather difficult thing to demonstrate! To solve
the problem what we have to do is plot the logarithmic value of the result. This means that as the value
increases exponentially, but the logarithmic scale
also increases exponentially, the steep curve become a straight line. You'll also notice that rather
than stepping up in values of 10,000 billion as in the
graph above, each step if ten times greater than the
one before.
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Section 12,
Slide B:

The
Delusion
of Growth

The graph above plots the logarithmic value of
the increasing energy consumption of the UK, the
USA and the world. This is based on the average increase in energy consumption over the last decade
or so.
Britain's energy supply is increasing very slowly –
at 0.3% it doubles every 270 years! This is because
Britain's growth over the last few decades has been
fuelled by imported commodities. Ever since we
closed large sections of our manufacturing industries in the 1980s and 1990s a larger proportion of
our needs are met from outside the UK, and the increasing level of this consumption doesn't show up
on 'our bills'.
The USA hasn't off-shored its production to any-

where near the same extent of the UK, and unlike
the UK it still has a large mining industry producing
coal and other minerals to meet its demand. US energy consumption has therefore grown at an average 1.5% per year, and so it is doubling every 47
years.
Globally the world is using about 2.6% more energy every year, doubling every 27 years – and as
88% of that energy supply is carbon based, that's
why carbon emissions are rising so fast.
This graph is very abstract, just showing what
would happen if we carried on growing at the average rate of the last decade or so for the next 1,000
years. To put some meaning to these lines we have
to add other information.

Background information
BP Statistical Review of World Energy 2008 –
http://www.bp.com/productlanding.do?categoryId=6929&contentId=7044622
IEA World Energy Outlook – http://www.worldenergyoutlook.org/
Survey of World Energy Resources 2007 , World Energy Council – http://www.worldenergy.org/
publications/survey_of_energy_resources_2007/default.asp
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Section 12,
Slide C:

The
Delusion
of Growth

If we're not at the peak of oil production, we're
damn near within the next five to ten years at most.
Projections of the gas peak put it somewhere between 2020 and 2030. The coal peak is harder to
predict because of the paucity of information about
coal resources, but the Energy Watch Group put the
date somewhere around the middle of this century.
Likewise for the peak in uranium production, although nuclear technology has a large bearing on
the use of uranium at current rates we'll reach a
peak before the middle of the century.
Oil is really the key mineral (because of the quality of oil as an energy source), and logically if it took
160 years to reach the peak of production then oil

will be finished as a viable bulk resource within 160
to 200 years (there'll always be oil available in very
small quantities, but we'll treat it as a valuable commodity for it's chemical properties, like rare earth
metals or industrial diamond – not an energy
source). If we are generous, the end of hydrocarbons will be sometime between 2200 and 2300.
If we have passed the peak of production of most
energy minerals by the end of this century then by
around 2100 most of the energy we use must come
from another source, and the only significant source
is renewable energy – so let's add some context in
relation to renewable energy.

Background information
Peak Energy, Free Range Energy Beyond Oil Project Sheet E.1, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/e01/
POST Note 230, The Future of UK Gas Supplies, UK Parliamentary Office of Science and Technology, October 2004 – http://www.parliament.uk/documents/upload/POSTpn230.pdf
Coal: Resources and Future Production, The Energy Watch Group, EWG-Paper No. 1/07, July 2007 –
http://www.fraw.org.uk/library/peakoil/ewg_2007.pdf
Uranium Resources And Nuclear Energy, EWG-Series No 1/2006, Energy Watch Group, December 2006 –
http://www.fraw.org.uk/library/peakoil/ewg_2006.pdf
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Section 12,
Slide D:

The
Delusion
of Growth

There are various estimate for how much energy
we can get from renewable energy (see the academic text books listed below for a comprehensive
analysis). The problem is, in terms of the growing
consumption of energy is we continue to develop at
the current rate, it doesn't last very long. As is
shown above, the world will need the entire supply

of renewable energy to keep itself operating by
about 2200.
If we can't get the energy on the Earth then we
have to start thinking about engineering 'megastructures' in space – we'll look at this in the next
slide.

Background information
Limits to Growth, Free Range Energy Beyond Oil Project Sheet S.1, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/s01/
Books:
Energy Systems and Sustainability , Boyle, Everett & Ramage , OUP (2003), ISBN 978-0199261796 .
Renewable Energy , Godfrey Boyle, OUP (2nd ed., 2004), 9780 1992 6178 9 .
Renewable Energy , Bent Sørensen, Academic Press (3rd ed., 2004), ISBN 9780 1265 6153 1 .
Renewable Energy Resources, John Twidell and Tony Weir, Taylor and Francis (2nd ed. 2005),
ISBN 9780 4192 5330 3 .
Renewable Energy, Free Range Energy Beyond Oil Project Sheet E.4, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/e04/
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Section 12,
Slide E:

The
Delusion
of Growth

Believe it or not the idea that man will out-grow
the Earth is not new – the analysis shown above
was carried out some years ago and astrophysicists
and engineers have been thinking up solutions to
the problem ever since.
The Earth receives energy from the sun. If we
could intercept all the energy that the Earth receives
and pipe it back down to the planet then that would
keep us going until about 2700. After than we have
to think much, much bigger. There's a concept
called the 'Dyson sphere' (it's been in Star Trek, so
it must work!). This involves building a structure, or
even more than one, around the entire Sun, captur-

ing its energy output and sending it back to Earth –
even so that can only satisfy our needs until around
3150!
Clearly, the growth in energy consumption outlined above just isn't going to happen – it's an energy delusion, along with many other delusions that
people have talked about over recent years (see the
handout referenced below for other energy delusions). So driven are people by the need to conform
to the idea that “more is better”, or that “capitalism is
the only game in town”, that they cannot conceive of
the obvious and simple solution to the issue of the
limits to human growth – make do with less!

Background information
Limits to Growth, Free Range Energy Beyond Oil Project Sheet S.1, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/s01/
Energy Delusions, Free Range Energy Beyond Oil Project Sheet E.9, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/e09/
Books:
Energy Systems and Sustainability , Boyle, Everett & Ramage , OUP (2003), ISBN 978-0199261796 .
Renewable Energy , Godfrey Boyle, OUP (2nd ed., 2004), 9780 1992 6178 9 .
Renewable Energy , Bent Sørensen, Academic Press (3rd ed., 2004), ISBN 9780 1265 6153 1 .
Renewable Energy Resources, John Twidell and Tony Weir, Taylor and Francis (2nd ed. 2005),
ISBN 9780 4192 5330 3 .
Wikipedia,
Dyson Sphere – http://en.wikipedia.org/wiki/Dyson_Sphere
Mega-structure – http://en.wikipedia.org/wiki/Megastructure
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Section 13,
Slide A:

How Long
Will It All
Last?

So how long will our dense energy reserves last?
This depends how you look upon the availability of
the reserves we have today.
Energy economists (that includes out own government) use a measure called the reserves to production ratio, or R/P ratio. Take the value of the reserves, divide by the annual value of production,
and you have a measure of how long everything
lasts. The problem with this measure is that it assumes, like the petrol in a car, that you can keep
consumption running at the same rate until the last
drop is used. In reality production peaks long before
the date envisaged by the R/P ratio, and then continued at a much lower level for a period longer than
that predicted by the R/P ratio.
If we take the World Energy Council's data, each
energy resource is quoted as a different value
based upon it's tradition production measure (barrels or tonnes of oil equivalent for oil, billion cubic
metres or bcm for gas, etc.). In the slide above we

take the value of each years production (the yellow
column) and the reserves (the green column) and
convert them to a common measure of energy –
exa-joules (EJ). Then we add up the value of energy
given in each column, divide reserves by production, and we find that we have just 106 years of
dense energy resources if we include the non-conventional oil reserves which produce an exceeding
large amount of carbon emissions for each unit of
fuel produced. If we exclude the non-conventional
reserves (for a variety of reasons, apart from their
carbon impact) we have just 74 years.
Of course we know immediately that this figure is
unrealistic, peaking or not. This is because it represents a snapshot at today's values and doesn't include the impacts of growth upon the level of reserves. If we want to look at the effect of growth
upon the R/P ratio then we can use the traditional
tabular approach used above, we have to use a
more unconventional graph.

Background information
Survey of World Energy Resources 2007 , World Energy Council – http://www.worldenergy.org/
publications/survey_of_energy_resources_2007/default.asp
BP Statistical Review of World Energy 2008 –
http://www.bp.com/productlanding.do?categoryId=6929&contentId=7044622
IEA World Energy Outlook – http://www.worldenergyoutlook.org/
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Section 13,
Slide B:

How Long
Will It All
Last?

The graph above is a little complex. It shows the
equivalent of an R/P ratio for each year given a certain rate of energy consumption. We take the two
values quoted on the previous slide, one that includes the 'non-conventional' reserves, and the
lower value for 'conventional resources only' –
which means we get to sets of lines fanning out.
The blue '0%' line represents the traditional R/P
ratio – this is what would happen to the value of the
reserves if we carried on using the same quantity of
fuel as in 2007. But this is clearly unrealistic because on average global fuel consumption increases each year by a one to four percent.
The lines below the blue line show what happens
when we add a certain rate of growth to consumption – and so the lines curve because the rate
change is an exponential function. The green line
represents a 1% growth rate, the pink 2% and the
red 4%. With global growth averaging 2.6% over the
last decade or so, we see that the 'non-conventional' 106 years reduces to about 63 years and the
'conventional' 74 years reduces to 42.
Of course we don't have to grow – we could contract instead. Let's assume that we contract to about

10% of present use (the sort of levels required to
address dangerous climate change) and the continue at that rate afterwards. We'll just look at conventional resources as the non-conventional resource have such a large carbon footprint.
Contracting at 1% per year (yellow-green line)
down to 10%, the dense energy resources last for
120 year, at 2% (dark blue) its 370 years, and at 4%
(brown line) 540 years. So, whilst growth exacerbates resource shortages, contraction makes the
problem go away (although it can never be eliminated unless we switch entirely to renewable
sources of energy).
In practice the R/P ratio is useless because it reflects and idealised, politically neutral view of mineral resources that is not borne out in reality (see
reference to new article below for another view on
this). So why do official bodies and government use
this value? The only answer is that other methods of
assessing mineral resources, especially ones which
take the peak of production into account, would produce unwelcome results for the worlds largest consumers of mineral resources.

Background information
Survey of World Energy Resources 2007 , World Energy Council – http://www.worldenergy.org/
publications/survey_of_energy_resources_2007/default.asp
BP Statistical Review of World Energy 2008 –
http://www.bp.com/productlanding.do?categoryId=6929&contentId=7044622
R/P ratio is completely useless, The Energy Standard, Tuesday, 19th August 2008 –
http://energystandard.blogspot.com/2008/08/rp-ratio-is-completely-useless.html
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Section 14:

'Limits to
Growth'
The laws of nature, be it the Conservation Law or the
First Law of Thermodynamics and other
principles related to
them, impose limits
upon the human
species because we
live in a finite environment. In a culture
where growth, and
the acquisition of
“more”, is the cornerstone of national policy such news is unwelcome – but it's
the best approximation of reality that
science allows us to
envisage.
In 1968, Paul Ehrlich published his infamous
book, The Population Bomb, which forecast world
catastrophe as the human species grew too large
for it's environment (Ehrlich's book is discussed in
the 'Energy and Food' presentation). A group of scientists evaluated his argument using a larger set of
data, which included not only consumption but also
the ability of the environment to mop-up our pollution. Their book, The Limits to Growth, issued in
1972, outlined an equally dire situation. A 30-year
update to the original model was re-issued by the
group in 2004. Another recent re-evaluation of the

Limits to Growth model by Graham Turner of the
Australian CSIRO research organisation found that
the trends were still demonstrable, and were in fact
reinforced by more recent data.
The graph above, extracted from Limits to
Growth: The 30-Year Update, shows the ecological
footprint of the human species in terms of the 'number of planets' required to support it. We exceeded
the carrying capacity of the planet in the mid-1980s
and much of the pollution and destruction we've
seen since then is symptomatic of a exponential demand for resources being played out within a finite
environment.

Background information
The Population Bomb , Paul Ehrlich, Buccaneer Books (Reprint Aug 1997). ISBN 9781 5684 9587 3 .
The Limits to Growth: The 30-year Update, D.H. Meadows, Jorgen Randers, Dennis L. Meadows, Earthscan
Publications (November 2004). ISBN 9781 8440 7144 9.
A Comparison of The Limits to Growth with Thirty Years of Reality, Graham Turner, CSIRO Working Paper
Series 2008-9, June 2008 – http://www.fraw.org.uk/library/peakoil/csiro_2008.pdf
Limits to Growth, Free Range Energy Beyond Oil Project Sheet S.1, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/s01/
Resources and Waste, Free Range Energy Beyond Oil Project Sheet S.1, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/e07/
The 'Virtual' Energy and Food Presentation – The on-line version of the Food presentation,
http://www.fraw.org.uk/food/presentation/
Wikipedia, Conservation of energy – http://en.wikipedia.org/wiki/Conservation_of_energy
Laws of Thermodynamics – http://en.wikipedia.org/wiki/Laws_of_thermodynamics
Thermodynamics – http://en.wikipedia.org/wiki/Thermodynamics
The Population Bomb – http://en.wikipedia.org/wiki/Population_bomb
Limits to Growth – http://en.wikipedia.org/wiki/Limits_to_Growth
Paul Mobbs/The Free Range Network – The annotated Energy Beyond Oil Presentation (2008)

page 29

Section 15:

Eco/
Energy
Efficiency

The First Law of Thermodynamics governs the
amount of energy available, but the Second Law determines how it is used – and most importantly for
this discussion, the levels of energy efficiency that
are achievable. The basic principle that underlies
the Second Law is that energy always flows from an
higher level to a lower level – and never the other
way around – and the flow of energy through this
system can never be perfectly (100%) efficient.
For example, the fuel in an engine is the higher
level of potential energy, the heat and pollution produced by the engine represent the lower level of energy, and the work done by the engine represents
the useful force produced by the energy flowing
through the system.
In physical terms we don't use energy, we merely
degrade its quality – and once degraded we can
never recover it. Under this Law although the
amount of energy that goes into any system equals
that coming out, the energy that comes out is of a
lower quality and so is less useful (such as in the
example above where we put high quality fuel into
the engine and get heat and pollution out). For example, a stream always flows down hill; we could
pump the water back up the hill again but the inefficiency of the pumps and the production of energy to

run the pumps means that we'll use more energy to
send the water back up the hill than was released
when it came down.
The practical implication of this law is that efficiency savings are limited, but more significantly,
because the effect of the Second Law on the
change in efficiency is a curve not a straight line, it's
very easy to save a certain amount of energy, but
each time we try and save the same amount again it
get progressively harder. Eventually, as in the example of pumping the water back up the hill above,
you'll use more energy trying to be more efficient
that the amount that is actually saved. Or, as in the
slide above, our houses have become more refined
over the last 5,000 years, but, if we include the
whole energy life-cycle for the materials to build the
house, the most efficient house is not the eco-home
of today it's the half-timbered Tudor cottage of 500
years ago.
This section of the presentation is all about the
value and role of energy or ecological efficiency on
the growth debate. The standard response (e.g., in
Jonathon Porritt's book) is that efficiency savings
can deliver meaningful benefits for the environment
and society – in this section we test this idea, and
find that the results are not so clear cut.

Background information
See Wikipedia for the technical terms related to this section:
Thermodynamics – http://en.wikipedia.org/wiki/Thermodynamics
Second Law of Thermodynamics – http://en.wikipedia.org/wiki/Laws_of_thermodynamics
Energy conservation – http://en.wikipedia.org/wiki/Energy_conservation
Exergy efficiency – http://en.wikipedia.org/wiki/Exergy_efficiency
Maximum power principle – http://en.wikipedia.org/wiki/Maximum_power_principle
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Section 16,
Slide A:

The
Paradox of
Efficiency

Let's start with the basic fact to take from this section of the presentation: Contrary to the position of
many in the energy and environment debate, the
available evidence from the last one-hundred and
fifty years is that against the background of a growing economy energy efficiency does not work. This
may seem paradoxical, but if you think about the origins of economic growth described earlier then it
makes sense. Energy efficiency increases growth;
grow increases consumption; therefore greater energy efficiency increases consumption. The only
time that energy efficiency would work would be if
the economy was continually contracting.
This principle was first noted in the middle of the
Nineteenth Century by William Jevon, and was later
called Jevon's Paradox. He found that as steam engines became more efficient Britain burnt more coal.
This was because more efficient steam engines produced a greater financial return, so more steam engines were bought, and thus coal consumption in-

creased overall.
In the 1960s economists discovered a similar
principle in the economy in general called the rebound effect. For example, people invest in energy
efficiency measures in the home and save money.
That money is then re-spent in the economy, so creating more consumption and increasing the consumption of materials and resources overall.
The latest iteration of this concept is know as the
Khazzoom-Brookes Postulate. It uses various examples to show that whilst isolated actions might
save resources (the micro-economic level) when
translated to the economy as a whole (the macroeconomic level) they create greater demand. For
example (see Horrace Herring's paper, referenced
below) the use of larger aircraft was supposed to reduce the number of aircraft flights, but the lower operating costs increased the total number of people
travelling resulting in more, larger aircraft in use.

Background information
Wikipedia,
Jevons Paradox – http://en.wikipedia.org/wiki/Jevons_paradox
William Stanley Jevons – http://en.wikipedia.org/wiki/William_Stanley_Jevons
The Coal Question – http://en.wikipedia.org/wiki/The_Coal_Question
Khazzoom-Brookes Postulate – http://en.wikipedia.org/wiki/Khazzoom-Brookes_postulate
Rebound effect – http://en.wikipedia.org/wiki/Rebound_effect_(conservation)
The Coal Question, William Stanley Jevons, 1865 –
http://www.econlib.org/library/YPDBooks/Jevons/jvnCQ.html
Does Energy Efficiency Save Energy: The Implications of accepting the Khazzoom-Brookes Postulate (third
draft), Horace Herring, Open University, April 1998 –
http://technology.open.ac.uk/eeru/staff/horace/kbpotl.htm
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Section 16,
Slide B:

The
Paradox of
Efficiency

There are many examples of the efficiency paradox – a variety of sources are listed below giving
more detail of the debate. In the Less presentation I
cite three of the simplest:
Over the last 12 years we've increased recycling
by a factor of 5 by weight, but this has only increased the proportion of waste recycled by a factor
of 4½ (from 7% to 31% of the total), and the amount
going to final disposal (landfill or incineration) has
only fallen by 11%. This is because, against the
background of a strong growth in waste production
during the 1990s, waste recycling barely kept up
with the growth in household waste.

It's a similar situation with carbon emissions. The
government uses a measure called carbon intensity
– the amount of carbon emitted for each £1 in the
economy. In line with the encouragement of government carbon intensity has fallen by nearly a third as
more efficient processes are used by society – but
because the economy grew 39% in the interim period the overall reduction is only 4%.
Finally cars have become more efficient to run in
the UK, but, in part as a result of cheaper motoring,
we now drive more cars further the overall effect is
still and increase of half a million tonnes of road
fuel.

Background information
Sustainable Development Indicators in Your Pocket, DEFRA (annually) – http://www.defra.gov.uk/
sustainable/government/progress/data-resources/sdiyp.htm
The Environment in your Pocket, DEFRA (annually) – http://www.defra.gov.uk/environment/statistics/eiyp/index.htm
The Efficiency Paradox, Jeff Rubin, CIBC World Markets, November 27th 2007 –
http://research.cibcwm.com/economic_public/download/snov07.pdf
Energy Efficiency, House of Lords Science and Technology Committee 2nd Report 2005/6 –
http://www.publications.parliament.uk/pa/ld200506/ldselect/ldsctech/21/2102.htm
Consuming Myths, New Scientist, 5th September 1998 –
http://www.newscientist.com/article/mg15921503.200-consuming-myths.html
Will energy plan lead to less energy use?, Euractive, 18th October 2006 –
http://www.euractiv.com/en/energy/energy-plan-lead-energy-use/article-158900
The experience with energy efficiency policies and programmes in IEA countries – Learning from the critics,
International Energy Agency (August 2005) – http://www.iea.org/textbase/
papers/2005/efficiency_policies.pdf
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Section 17,
Slide A:

More
Efficient
Appliances?

You might think that for consistent help we could
turn to the information produced about the efficiency
of household appliances. This is not necessarily the
case. A case in point if the 'energy labelling' system.
This expresses the performance of a certain item,
from washing machines to (in the latest extension of
the scheme) a house that you might want to buy in
terms of a sliding scale of quality. However, this
scheme is assessed not in terms of an absolute
scale – how efficient a device is in terms of the
whole energy system – but rather according to a list
of tests related to the operation of the device itself.
This has come to the fore recently with 'wet devices' – household appliances that are plumbed into
your water supply. The washing machine above was
one of the most efficient models available in 2006,

not just because it was the latest design but also because it had a 10 year guarantee. But, like all wet
goods produced at this time it was “cold fill only”.
This has very interesting implications for the overall
efficiency of the machine when we look at the system from primary energy source to the point of energy consumption.
This type of analysis, where we look at the system holistically, goes by varies titles – such as Second Law Efficiency or Exergy Efficiency. Often these
types of analysis produce unwelcome answers because it highlights the fact that often the most efficient devices or appliances, especially those marketed as 'green', are in fact operating as an extension of an extremely wasteful system of energy production and supply.

Background information
Energy Labels – Helping You Make the Right Choice, DEFRA, 2005 – http://www.defra.gov.uk/
environment/consumerprod/energylabels/energylabel.pdf
Homes and Efficiency, Free Range Energy Beyond Oil Project Sheet E.6, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/e06/
Wikipedia,
Exergy efficiency – http://en.wikipedia.org/wiki/Exergy_efficiency
Second Law Efficiency – http://en.wikipedia.org/wiki/Second_law_efficiency
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Section 17,
Slide B:

More
Efficient
Appliances?

The graph above shows the difference in the energy used to heat the water in different types of
washing machine.
The left-side column represents heating a litre of
water using electricity, based on the primary energy
consumption (that is, the total fuel used in electricity
production for the average UK generation mix) in a
'cold fill only' machine. The red column shows the
amount of primary energy used rather than just the
electricity used by the machine, and the black column (on the right scale) shows the carbon emissions.
The next three columns show the equivalent for a
hot and cold fill machine under various options: 'gas
heating' assumes all that the water was heated in an
average household gas boiler; 'solar DHW + electric'
assumes that half the water was heated using a solar domestic hot water (DHW) system and the rest
with electricity from the grid; finally 'solar DWH +
gas' assumes that we use a solar hot water system
with a gas boiler. The outcomes of these three options are very different to the 'cold fill only' machine,
especially in terms of the level of carbon emissions

(this is due to the high efficiency of a gas boiler versus the low efficiency of a large power station).
Whilst it is arguable that more modern machines will
use less hot water per wash, the difference is not
likely to be enough to offset the shift from the 'hot fill'
to to the 'cold fill only' design.
For example, if you have a solar hot water system
and you bought a cold fill only machine the potential
savings from using the solar system are unrealisable. Whilst the new machine is likely to be slightly
more water efficient it's unlikely to use four to five
times less than the old machine (the difference between the solar assisted hot fill and cold fill options).
So, in each case, compared to a hot fill machine
you're likely to be using more energy.
There is no engineering reason why we have to
have cold fill devices, and there is certainly no efficiency savings. What the cold fill only design has
achieved is that the machines are simpler, easier to
make, easier to hold parts for and easier to service
– but these benefits create savings and more profit
for the machine manufacturer's, not for their users.

Background information
Homes and Efficiency, Free Range Energy Beyond Oil Project Sheet E.6, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/e06/
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Section 18,
Slide A:

Embodied
Energy of
Insulation

Now we move to perhaps the most problematic
area of efficiency – embodied energy. It's a problem
because whilst there are a few example, in general
we have no idea precisely how much energy it takes
to make the commodities and materials that we use
every day. In part this is because the manufacturer's
don't wish to divulge the information, but it's also
that the scale of energy embodied in manufacture of
the goods we use, if added up and accounted for,
would make the environmental performance of the
UK look far worse.
The values for embodied energy (or water or carbon) are calculated using a system called life-cycle
analysis or life-cycle assessment (or LCA). By splitting something into it's constituent parts, and then
working out the energy and resources take to produce each part, it's possible to take a holistic view of
the environmental performance of all the 'stuff'
around us. Certain states, for example Sweden,
have spent a lot of effort on LCA, but so far it's not
something that's been encouraged as part of environmental regulation in the UK. We'll come back to
LCA in detail in the next section of the presentation.
To illustrate the issue of embodied energy we're
going to use the example of loft insulation. Now you

might think that you “can't have too much of a good
thing”, but in the case of loft insulation this isn't true.
Like everything else in society it takes energy to
manufacture, but the more you use the less energy
each additional layer saves, and eventually you can
begin to waste more than you save.
In the graph above we plot the energy lost
through a square metre of roof as we add successive 1 centimetre thicknesses of mineral wool insulation. This involves calculating the lifetime uninsulated heat loss (0cm – not shown because it's so
large) through a square metre of roof, and then calculating the loss after adding each centimetre of insulation (this analysis uses values from the Green
Building Bible). The amount saved is proportional to
the temperature difference between the inside and
outside of the house, and so we show two values for
heat loss – one at the average house temperature
of 21°C and another for an 'ecologically cool' 16°C.
The graph also shows another important principle
of the Second Law of Thermodynamics – it's a
curve, not a straight line. Like other forms of energy
efficiency saving a lot is very easy, but saving more
gets harder as you move down the curve.

Background information
The Green Building Bible, Green Building Press (4th ed., 2008) –
http://www.greenbuildingbible.co.uk/
Wikipedia,
Embodied energy – http://en.wikipedia.org/wiki/Embodied_energy
Life-cycle assessment – http://en.wikipedia.org/wiki/Life_cycle_assessment
Emergy – http://en.wikipedia.org/wiki/Emergy
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Section 18,
Slide B:

Embodied
Energy of
Insulation

The value for the embodied energy of the insulation (the blue line) can be subtracted from the saving the insulation creates to produce a 'net value'.
When we do this, if you compare to the previous
slide, the lines jump up, and instead of slowly trailing away they bottom out and start to rise again.
This demonstrates that initially the insulation is saving energy, but as the thickness of insulation rises
the cost of addition the extra insulation exceeds the
savings and so the overall 'net' energy saving falls
(or rather, the lines begin to rise again).
The embodied energy of insulation is not something that's routinely covered in environmental information given to the public – although it's a burning
topic amongst ecological design professionals.
Mostly the public are told about U-values, and improving the thermal insulation of buildings, but it's
never explained that you can have too much insulation. The problem is that because the cost of the
embodied energy is hidden in the supply chain, it's
not something people are worried about – the costs
of the energy they are losing through their roof is far
more significant!

Note also that these figures are for the manufacturing of the materials only – it doesn't include transport and installation. As manufacturing becomes
more centralised and globalised, and because insulation is not a very dense material, the transport impacts will add to the overall level of embodied energy. For this reason the sourcing of materials as
part of building/refurbishment projects is becoming
an increasingly important part of the overall environmental equation.
The issue about the internal temperature is also
important. Note that at a lower temperature the
losses through each square metre of roof is lower
for the same thickness of insulation. If we want to
achieve the same loss rate at a higher internal temperature then we have to use a much greater thickness of insulation – and that of course increases the
embodied energy, perhaps past the point of 'zero return'. The fact is that the most efficient approach to
reducing heat losses from the home is not to increase the level of insulation, but to reduce the internal temperature.

Background information
Wikipedia,
U-value – http://en.wikipedia.org/wiki/U_value
Superinsulation – http://en.wikipedia.org/wiki/Superinsulation
Building insulation – http://en.wikipedia.org/wiki/Building_insulation
Thermal insulation – http://en.wikipedia.org/wiki/Thermal_insulation
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Section 18,
Slide C:

Embodied
Energy of
Insulation

As with any curve like this we can plot the maximum efficiency – the point at which the proportionate reduction in energy saving exactly balances the
proportionate increase in the embodied energy of
the insulation. This is marked on the line as the
'peak efficiency'. Where the line bottoms out it's not
providing a saving at all, and so we can call this the
point of 'zero return' – adding more insulation
doesn't save any more energy.
The peak efficiency at 21°C is about 20cm. This
was the recommended level of mineral wool insulation until recently (why 20cm? – because that's the
peak level of efficiency). If you add more than 20cm
you're not wasting energy, but it saves proportionately less. More than 60cm is clearly problematic –
even so in some 'super-insulated' homes very thick
layers of insulation have become a standard approach to energy conservation.
The government's new Code for Sustainable

Building aims to encourage the development of
'zero carbon' homes by 2016. The problem is that
some elements of the design code are very simplistic, and don't give adequate weight to the issue of
embodied energy and carbon in the building materials. Technically you could sheave a building in highenergy/high carbon insulation materials and because it reduces the thermal losses by a certain
amount it would then be classed as an 'eco-home'.
If we integrate the internal temperature into the
evaluation of the energy consumed by the 'house
system', including the means by which it is heated
(because of the efficiency of how that fuel was produced), it's possible to argue that sometimes the
best option is not to install a lot of insulation, but use
less insulation and run the house at a lower temperature – over the lifetime of the house the effect is a
lower consumption of energy overall.

Background information
Greener Homes for the Future, Department for Communities, May 2008 –
http://www.communities.gov.uk/documents/planningandbuilding/pdf/803784.pdf
Code for Sustainable Homes: Technical guide and summary, Department for Communities, October 2008 –
http://www.communities.gov.uk/publications/planningandbuilding/codeguide
Wikipedia, Code for Sustainable Homes –
http://en.wikipedia.org/wiki/Code_for_Sustainable_Homes
Planning Portal,
Code for Sustainable Homes, Guidance –
http://www.planningportal.gov.uk/england/professionals/en/1115316369681.html
Building Regulations, Part L (Conservation of fuel and power) –
http://www.planningportal.gov.uk/england/professionals/en/4000000000563.html
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Mineral wool is just one of a number of insulating
materials in common use. In the graph above we
compare a number of them to see how they perform
(the 'peak efficiency' and 'zero return' lines haven't
been added, but you should be able to see roughly
where they are).
Certain materials, such as polystyrene and
polyurethane, have very high embodied energy values. For this reason they bottom out very quickly,
and installing more then 12cm to 15cm could be
enough to produce a negative return. The problem
is these materials are in common use at thickness's
approaching this value because their high insulation
capacity makes them easier to use in confined/restricted spaces. The problem is that in some uses,
especially commercial buildings, the short design

lifetime of the building (sometimes as little as 30
years) means that the insulation materials will never
recoup the energy used in their manufacture – all
they do is reduce the heat losses from the building
in order to keep the running costs manageable.
Other insulating materials have broadly similar
properties. The odd-one-out case is sheep wool. It's
net energy performance bottoms out a one metre,
but because it has so little embodied energy the
transport costs make a large dent in its overall performance. In practice it's characteristics are likely to
be the same as the industrially produced insulating
materials – unless you make the insulation yourself
from locally sourced fleeces!

Background information
The Green Building Bible, Green Building Press (4th ed., 2008) –
http://www.greenbuildingbible.co.uk/
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.

Background information
Wikipedia,
Life cycle assessment – http://en.wikipedia.org/wiki/Life_cycle_assessment
Industrial Ecology – http://en.wikipedia.org/wiki/Industrial_Ecology
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Section 20:

Embodied
Energy –
The Big
Mac

.

Background information
Energy Use in the Food Sector, Anika Carlsson-Kanyama, 2001 –
http://www.infra.kth.se/fms/pdf/energyuse.pdf
Wikipedia, Big Mac – http://en.wikipedia.org/wiki/Big_Mac
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Background information
Share of Consumption Environmental Load from Dutch Private Consumption,
Nijdam et. al., Journal of Industrial Ecology 9(1-2), 2005 –
http://www3.interscience.wiley.com/cgi-bin/fulltext/120129086/PDFSTART
Energy, Food and Agriculture, Free Range Energy Beyond Oil Project Sheet E.8, Free Range Network 2008
– http://www.fraw.org.uk/download/ebo/e08/
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.

Background information
Share of Consumption Environmental Load from Dutch Private Consumption,
Nijdam et. al., Journal of Industrial Ecology 9(1-2), 2005 –
http://www3.interscience.wiley.com/cgi-bin/fulltext/120129086/PDFSTART
Energy, Food and Agriculture, Free Range Energy Beyond Oil Project Sheet E.8, Free Range Network 2008
– http://www.fraw.org.uk/download/ebo/e08/
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Background information
Energy Consumption in the UK , BERR, 2002 (stats. updated 2008) – http://www.berr.gov.uk/
whatwedo/energy/statistics/publications/ecuk/page17658.html
Homes and Efficiency, Free Range Energy Beyond Oil Project Sheet E.6, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/e06/
Wikipedia,
Energy audit – http://en.wikipedia.org/wiki/Energy_audit
Digest of UK Energy Statistics 2008 (DUKES 2008), Dept. of Business, Enterprise and Regulatory Reform
(BERR), 2008 – http://www.berr.gov.uk/whatwedo/energy/statistics/publications/
dukes/page45537.html
DUKES 2008, Table 1.1.1 , Inland consumption of primary fuels and equivalents for energy use, 1970 to
2007 – http://stats.berr.gov.uk/energystats/dukes1_1_1.xls
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Background information
Homes and Efficiency, Free Range Energy Beyond Oil Project Sheet E.6, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/e06/
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Background information
Suggested Reading, Free Range Energy Beyond Oil Project Sheet G.1, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/g01/
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Background information
Energy Consumption in the UK , BERR, 2002 (stats. updated 2008) – http://www.berr.gov.uk/
whatwedo/energy/statistics/publications/ecuk/page17658.html
Digest of UK Energy Statistics 2008 (DUKES 2008), Dept. of Business, Enterprise and Regulatory Reform
(BERR), 2008 – http://www.berr.gov.uk/whatwedo/energy/statistics/publications/
dukes/page45537.html
Energy – It's Impact on the Environment and Society 2005, Department of Trade and Industry – http://
www.berr.gov.uk/whatwedo/energy/environment/energy-impact/2005/page20248.html
UK Carbon Emissions Data, Department of the Environment Food and Rural Affairs (DEFRA) –
http://www.defra.gov.uk/environment/statistics/globatmos/index.htm
Energy: Its Impact on the Environment and Society , Department of Trade and Industry –
http://www.berr.gov.uk/whatwedo/energy/environment/energy-impact/page29982.html
Homes and Efficiency, Free Range Energy Beyond Oil Project Sheet E.6, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/e06/
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Background information
Limits to Growth, Free Range Energy Beyond Oil Project Sheet S.1, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/s01/
Transformation, Free Range Energy Beyond Oil Project Sheet S.2, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/s02/
Simplicity Solutions, Free Range Energy Beyond Project Sheet S.3, Free Range Network 2008 –
http://www.fraw.org.uk/download/ebo/s03/
Energy and Transport, Free Range Energy Beyond Oil Project Sheet E.10, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/e10/
Homes and Efficiency, Free Range Energy Beyond Oil Project Sheet E.6, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/e06/
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.

Background information
Powerdown: Options and Actions for a Post-Carbon World, Richard Heinberg, Clairview Books (2004) ISBN
9781 9026 3663 4.
Wikipedia, Powerdown – http://en.wikipedia.org/wiki/
Power_Down:_Options_and_Actions_for_a_Post-Carbon_World
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Background information
Do With Less So They'll Have Enough – http://www.nh.gov/nhsl/ww2/images/ww12.jpg
Find similar posters at, Military Posters of the 20th Century –
http://poster.genstab.ru/eng/ww2.htm
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Section 27:

The Most
Important
Energy
Source

.

Background information
The 'Virtual' Energy and Food Presentation – The on-line version of the Food presentation,
http://www.fraw.org.uk/food/presentation/
Dig on for Victory –
http://www.ww2poster.co.uk/posters/imagebank/images/DigonforVictory.jpg
Find similar posters at, Military Posters of the 20th Century –
http://poster.genstab.ru/eng/ww2.htm
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The Last
Slide:

Buy the
Book!

The last slide in any of our presentations intones
people to read our book (or books, once the Less is
a Four Letter Word book has finally been completed
and published – hopefully during 2009). Buying the
book is important as it provides the finance to keep
our research and publication systems operating!
The material that the Free Range Network produced are open licensed for non-commercial purposes. This means that provided you don't make a
profit, and you acknowledge the source, you're free
to republish, translate and copy the handouts, slides
and other materials for your own use.
The best place that you can go to extend you
knowledge is the 'Energy series' of handouts. These
are not meant to be comprehensive within them-

selves. They highlight the key parts of any issue,
and then it's up to you to work to understand how
these issues affect you. The Suggested Reading
(G1) and Internet Resources (G2) handouts are a
good way of finding out where you can learn more,
but ideally you need to become part of a local group
working to help its participants undergo the changes
to reduce their use of energy and resources, and to
re-skill themselves in the practices necessary to
achieve this (for example, local 'transition' or 'energy
descent' groups).
The Free Range Network also organises presentations and training workshops. See Paul Mobbs'
Training & Events page for more details of how you
can organise one of these in your area.

Further Information
Energy Beyond Oil, Paul Mobbs, Matador (2005), ISBN 9781 9052 3700 5 –
http://www.fraw.org.uk/ebo/book/ (order on-line).
Suggested Reading, Free Range Energy Beyond Oil Project Sheet G.1, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/g01/
Internet Resources, Free Range Energy Beyond Oil Project Sheet G.2, Free Range Network, 2008 –
http://www.fraw.org.uk/download/ebo/g02/
'Energy Sheets' series, Free Range Energy Beyond Oil Project, 2008 –
http://www.fraw.org.uk/download/ebo/index.shtml#energy
The 'Virtual' Energy Beyond Oil Presentation – The on-line version of the Energy Beyond Oil presentation,
http://www.fraw.org.uk/ebo/presentation/
The 'Virtual' Less is a Four Letter Word Presentation – The on-line version of the Less presentation,
http://www.fraw.org.uk/less/presentation/
The 'Virtual' Energy and Food Presentation – The on-line version of the Food presentation,
http://www.fraw.org.uk/food/presentation/
Paul Mobbs/Mobbs' Environmental Investigations Training & Events page, Paul Mobbs, 2008 –
http://www.fraw.org.uk/mei/training.shtml#ebo
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This presentation was produced by Paul Mobbs
on behalf of the Free Range Network in 2005,
updated 2006 and 2008
(next update due August/September 2010).
Released under the Creative Commons
Attribution Non-Commercial Share Alike License
(by-nc-sa) version 3. For a copy of this license see:
http://www.fraw.org.uk/fraw_admin/copyright.shtml
For an on-line 'virtual' presentation (with audio commentary) go to:
http://www.fraw.org.uk/less/presentation/
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