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The paper presents some themes from my work on the global history of fossil fuel
consumption. On a world scale, the rate at which coal, oil and gas is consumed is now more
than four times faster than it was in the 1950s. The failure of international political
negotiations aimed at reducing fossil fuel consumption is a striking fact of modern history.
The basic premise of the research is that, in order to understand this failure, an all-sided view
of the drivers of consumption – including economic, technological, social and political
factors – needs to be developed. So the project is not only about drilling down into detail, but
also about integrating and interpreting some of the mountain of detailed research already
done, not only by historians but by government and international agencies, energy specialists,
policy researchers, political scientists, NGOs and others. The presentation highlights seven
histories that need to be woven together in the global history. Please comment!

1. The history of approaches to sustainability
Since the 1970s, academic researchers have attempted to quantify the impact of human
activity on the natural world. There are strong ideological influences on this research (as
there are on all research). To my mind a key problem is how to respond to approaches that
emphasise population growth as the main driver of consumption, of fossil fuels or other
natural resources. These approaches are essentially neo-Malthusian. They treat final
consumption by individual people as primary, and downplay the ways in which people
consume resources through social, economic and technological systems.
For example, if these consumers are middle-class or working-class US citizens, they probably
consume ridiculous amounts of gasoline because they drive cars on a road system that wasn’t
their idea, to shop for products whose carbon footprint they don’t control or to work in an
economy they don’t control. If the consumers are in a developing country, their access to
modern forms of energy will probably be limited by the degree of urbanisation and
industrialisation of that country; hundreds of millions of them will consume little or no
energy delivered as a commercial good.
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The IPAT equation shown on the slide (impact = population x affluence x technology),
formulated by Paul Ehrlich and John Holdren in the early 1970s, has been, and remains, the
cornerstone of research approaches centred on individual consumption. The Kaya identity, a
development of IPAT, informs much of the work that feeds into the reports of the
Intergovernmental Panel on Climate Change (IPCC). In my view other research methods that
have been developed from the 1980s have made more progress in unpicking the way in which
fossil fuels are consumed. These include process analysis (an engineering approach that
focuses on the use, and losses, of energy at different stages of processes of transformation
(e.g. electricity production and distribution) and industrial processes) and input-output
analysis (an economics approach that traces energy flows between different economic actors,
and accounts for how energy is consumed). These methods were used for example in the
UNDP World Energy Assessment (first published in 2000), and most recently in the Global
Energy Assessment (2012).1
So methodologies for quantifying and contextualising consumption are disputed. Research
tasks include (1) developing the critique of the IPAT approach first made in 1970-72 by
Barry Commoner, who argued that Ehrlich exaggerated the role of population growth as a
cause of environmental impacts, in the light of subsequent debates;2 and (2) to take the huge
body of empirical research undertaken by international agencies and others as a starting point
from which to draw out historical interpretations.

2. The history of urbanisation and industrialisation
The slide is compiled from BP’s Statistical Review; the blues and greens are consumption by
rich countries (OECD); the reds and yellows consumption by developing countries (nonOECD). The big yellow flange near the top is non-OECD coal consumption. BP counts only
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commercially-traded energy; non-commercial energy, mainly fuel wood and biomass
collected, mostly by women walking long distances on a daily basis, in poor countries, is not
included. If it were, it would add about one-tenth to the total.
From my research so far, I would conclude provisionally that the most important drivers of
fossil fuel consumption have been urbanisation and industrialisation. These are more
significant than population growth, and more important than individual consumption habits.
The biggest users of fossil fuels include the big systems that come along with cities –
electricity and heat networks, public and private buildings, and roads and cars – and
industries that have been central to industrial and urban development such as metals and
mining, cement making and plastics. Industrial agriculture, in contrast to small farming, is a
big consumer of fossil fuels.
In very broad terms, it may be stated that the overwhelming bulk of fossil fuel consumption
prior to the mid 20th century was in rich countries, in the cities more than in the countryside.
In the 1950s and 1960s consumption remained concentrated in those countries, and expanded
as a result of the post-war economic boom. In the late 1970s there a slowdown in
consumption growth in the rich countries, and the beginning of the first big wave of
consumption growth in developing countries, again resulting in large part from urbanisation
and industrialisation. In the 1980s consumption internationally fell slightly, but then resumed
growth. Developing countries’ consumption accelerated from the mid 1990s and again in the
2000s, particularly in China; their consumption of coal grew especially rapidly, in terms of
emissions impacts wiping out any progress made e.g. by fuel conservation and fuel switching
in Europe. In 2007, non-OECD fossil fuel consumption exceeded that of the OECD countries.
This reflects the effects of the export of energy-intensive manufacturing industries to poor
countries, producing primarily manufactured goods for re-export to rich countries.
But even after 2007, the 40+% of the world’s population (about 3bn out of about 7 bn) that
lives in the countryside in the developing countries continued to account for a negligible
share of energy consumption, and much of what they consumed – most, in some countries –
was and is non-commercial biomass.

3. The history of big systems, especially electricity systems
The slide shows primary energy supply, and final energy delivered, in China, in 1971, 1991
and 2011. (It is based on International Energy Agency statistics that include non-commercial
biomass, which is a considerable part of the “hydro and renewables” category.) The
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comparison of primary energy supply and final energy delivered emphasises that, as China
(or any other country) increases the proportion of electricity in the total of final energy
delivered, very large, and growing, amounts of fuel are used for transformation, to produce
electricity. This is represented by the black bars. In China’s case this is almost all coal.
The slide highlights, I hope, the third of my seven histories: the history of big technological
systems, most importantly electricity systems. Historians of technology have used ideas of
“path dependency” or “infrastructure lock-in” to explain the way that once a particular
technology becomes predominant, it becomes extremely difficult for other technologies to
compete with it. This has certainly been the case with the model of electricity generation,
transmission and distribution that developed in the USA at the very start of the 20th century.
Note that energy delivered in the form of electricity is for physical reasons very fuelintensive. That is, if I burn coal in the fireplace to heat my front room, it will be used at one
third or one half of the rate that it would be if it were burned in a power station to produce
electricity that is transmitted through a network to my home to power an electric heater. The
electric heater is cleaner and more convenient, but uses more coal. Furthermore, at most
times and places since 1950, the electricity would have been sold to me by a big company as
a commodity, which may not have been the case with the coal. The efficiency of electricity
systems is crucial to the success of energy efficiency overall, and one question for the
historian is why progress on this has been limited; another is why decentralised technologies
that rely less heavily on networks have made almost no impact.
Generally, as urbanisation and industrialisation moves forward, the proportion of energy
delivered as electricity rises. A very big part of the story of fossil fuel consumption growth in
developing countries has been the export from rich countries of technologies, particularly
electricity systems, and corporate practices. In 1980s and 90s the World Bank, in line with
the neoliberal dogma of the times, encouraged big western corporations to invest in electricity
systems in developing countries. Disasters often followed, since the systems by their nature
required long term investment, and the companies by their nature required profits over the
short term. All this has been subject to comprehensive criticism by researchers.3 I hope to
look not only at this dynamic, but also at the fact that electricity systems spread through the
developing countries in the first instance to serve industry, and urban residents that could pay.
So in Africa’s most industrialised country, SA, when apartheid ended 1994, electricity had
long been available to industry, but was only supplied to 30% of the total population, and
only 10% of the rural population. The shanty towns next to the electrified mines had no
electricity. In India and China, which had a completely different political histories from
South Africa and from each other, rural electrification has also lagged far behind urban
electrification.
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4. The history of rich-world consumerism
I have argued for an analytical approach that sees people consuming energy through
economic, social and technological systems, rather than as individuals. Nevertheless, such
analysis has to account for the fact that, in the rich world since the 1950s, and much else, has
been consumed in quantities far greater than could possibly be explained as meeting need,
however “need” is interpreted. There is a large body of sociological literature on
consumerism,4 that you probably all know, and important controversies e.g. about the extent
to which consumers are actors, rather than passive objects, in economic transactions. I think
that an approach that focuses on systems does not negate this work, but can contextualise it.
So to return to the example of private motor car transport in the USA, we need to take into
account not only the culture of car ownership and the actions of consumers (who have
increased the number of cars per household and their size), but also infrastructure lock-in
(urban and suburban transport networks that make cars a necessity), economic factors (such
as the increasing number of women in the workforce, which increases the numbers of multicar households), and political factors (such as the immense lobbying power of the car
manufacturers, which has helped to keep fuel economy standards down).

5. The history of consumption and deprivation
The corollary of excessive energy consumption in rich countries is the low level of energy
consumption in poor countries. The usual way of measuring this is energy consumption per
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capita: the level in Canada (a rich country with energy-intensive industries that is also big and
cold) is about 450 times higher than the level in the poorest African countries;5 the level in
some of the Gulf states with big hydrocarbon processing facilities is even higher than in
Canada. The slide shows energy-per-person consumption levels, and shows the gap between
the USA at the top, Germany and Russia in the middle, and China and India at the bottom.
The extremes (i.e. Canada, the Gulf States and the poorest African countries) are off the
scale. Chinese consumption per person has risen in recent years due to the expansion of
industry. Note that these figures do not show, for example, inequalities within countries, nor
do they provide any insight into the technological or economic systems that account for most
consumption. They need to be considered together with other measures e.g. access to
electricity (which has been denied to a significant minority of the world population
throughout the late 20th century and is now denied to 1.4 billion people) and access to
modern cooking fuels, which is currently denied to 2.7 billion people, or nearly 40% of the
world population.6
My starting-point is an assumption that, in a broad sense, the same economic processes that
deliver growing quantities of energy to industry, and to some people, at the same time
deprive other people of the basic minima. This needs to be researched.

6. The history of the marginalisation of conservation and of alternative technologies
The graphic on the slide is from a paper by a team at Cambridge University who used process
analysis to examine energy flows through industrial systems. The conclusion of their research
was that there are engineering options to reduce energy consumption by 73%, assuming that
the outputs in terms of energy services remain the same.7 This is of course a completely
abstract number; what they are saying is that such reductions could be achieved if the
industrial sectors they researched were closed tomorrow and rebuilt using current energyefficient technology. Nevertheless, for the historian it highlights the question: why has so
little been achieved in terms of energy conservation? Progress by non-fossil-fuel technologies
has also been limited.
Serious discussion of energy conservation and alternative technologies began in the rich
countries, and especially in the USA, after the oil price shock of 1973. In the USA’s ruling
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elite, this was a response more to concerns about dependence on imported fuels, particularly
oil, than to environmentalism. In the 1980s, as the price of oil and other fossil fuels fell, much
of the progress made in the 1970s came to a halt.
Historians are now able to look back over this and other experiences of technological change.
On alternative technologies, a team of authors brought together by Arnulf Grubler and
Charlie Wilson8 showed, for example, that technologies such as solar water heaters and solar
thermal electricity flourished in the US in the early 1980s and then collapsed, largely because
state support policies were inconsistent and because alternative technologies could not
compete when fossil fuel prices fell; a contrasting example was of policies to support
innovation and diffusion of heat pumps in Sweden and Switzerland, which continued in the
1990s despite a market collapse in the mid 1980s.9 Perhaps most significant are Grubler and
Wilson’s general conclusions, including that no individual technology can transform whole
energy systems; that new technologies are initially crude, imperfect and expensive; that end
users who consume energy are a crucial element in technological change; and that that
change is historically very slow. They make a sobering calculation that at the present rate of
technological turnover, “the post 1975 trends suggest that it might take almost 1000 years to
complete the historical energy ‘modernisation’ transition”.10
On energy conservation, there is a similar story of one step forward in the 1970s (when a
good deal of public discussion focused on the need to reduce energy losses in electricity
production and industrial processes) and two steps back in the 1980s and 1990s. In those
decades in both the USA and Europe, energy policies focused on the liberalisation of
electricity markets, which was falsely presented as a means towards greater efficiency.

7. The history of climate policy
By the end of the 1980s a much more compelling rationale for energy conservation and
alternative technologies had become evident: the scientific proof that fossil fuel consumption
and some other types of economic activity are the key causes of global warming. The
discovery of global warming itself has a history, and, when considering energy policies
before the 1980s, it is important to recall that global warming was scarcely taken into
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account, largely because the causal relationship between economic activity and climate
change, the nature of climatic changes, and the impacts, were too poorly understood by the
climate scientists for future dangers to be forecast. It was not clear that – leaving aside other
damaging impacts – continued and expanding fossil fuel consumption would cause dangerous
global warming over relatively short time scales. This changed during the 1980s.
The formation of the Intergovernmental Panel on Climate Change (IPCC) in 1988 created a
formal channel through which scientific research could be communicated to politicians. The
first IPCC assessment report, in 1990, affirmed that global warming was taking place and that
carbon dioxide emissions were part of the cause, but that the nature of the causal relationship
was not yet clearly understood. It advocated reducing carbon dioxide emissions using the
precautionary principle. The history of international governments’ collective failure to act on
these warnings, with the adoption of the Kyoto protocol (1997), and the refusal of the US and
other major CO2-emitting nations to ratify it, is well known. Analytically it needs to be
integrated into a more complete picture of energy policies, including other aspects such as:
1. Subsidies by governments to fossil fuel producers and consumers, which grew rapidly
during the 1990s and the 2000s. The estimated global level of subsidies rose to between $300
billion and $600 billion per year in the mid 2000s; a recent report by the IMF gave much
higher figures, because it included about $5 trillion per year that it considers should be paid
in tax to compensate for environmental impacts.11
2. Governments’ failure to use regulation to promote energy conservation or alternative
technologies. An example of successful regulation, such as Japan’s top runner programme
(1995-2005) that achieved energy efficiency improvements (of between 16% and 80%) in
household devices such as air conditioners, fridges and computers,12 stands out as an
exception to the rule.
The extent of fossil fuel subsidies, the failure of regulation to encourage conservation, and the
failure of international climate negotiations, need to be considered as one process. This
culminated at the Copenhagen climate talks in 2009, where efforts to coordinate regulation
collapsed, and the current acknowledgment that the Paris 2015 climate talks will not even
pretend to aim at an emissions reduction target based on what scientists and governments
have agreed is necessary. This amounts to a historical failure of states and the international
system of states.
Conclusions about research approaches
Two conclusions on research approaches are: 1. Because fossil fuel consumption is a
complex process, both statistical representations and narrative descriptions of it are
necessarily disputed and researchers are required to make value judgments about what
aspects of the process are the most important. 2. While research separately on social,
political, economic and technological processes is necessary in its own right, it is essential
that the the study of all these aspects of history is integrated, in order to reach meaningful
conclusions.
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