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was and is a profound inspiration.
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Units of measurement
Energy. The main units of measurement of energy in this book are tonnes of oil
equivalent (toe) and kilograms of oil equivalent (koe). When discussing global
and national energy balances, millions of tonnes of oil equivalent (mtoe) are
usually used. Standard conversions between toe and other units of measurement of energy are shown in Table 1.
Table 1 Units of measurement of energy
To:
Terajoule (TJ) Gigacalorie (Gcal)
Tonnes of oil
			
equivalent (toe)
From:
TJ
Gcal
toe
GWh

Multiply by:
1
0.0041868
0.041868
3.6

238.8
1
10
860

23.88
0.1
1
86

Gigawatt hour
(GWh)
0.2778
0.001163
0.01163
1

Source: IEA website

Oil is often measured in barrels. In this book, as elsewhere, international oil
prices are referred to in $/barrel. 7.33 barrels of oil equivalent = one tonne of
oil equivalent.
When coal was the dominant fuel, i.e. at least until the Second World War,
tonnes of coal equivalent (tce) was a common unit of measurement. One tce is
usually counted as 0.7 toe. In Chapter 1, I have left measurements given in tce
in those units.
Electricity delivers energy. The rate at which energy is generated in the form
of electricity is measured in watts (W), kilowatts (kW), megawatts (MW) or
gigawatts (GW). The amount of energy generated in the form of electricity is
measured as kilowatt-hours (kWh), megawatt-hours (MWh) or gigawatt-hours
(GWh). A kilowatt-hour is the amount of energy produced by a 1-kilowatt
current in one hour.
The capacities of generating stations and networks are usually measured in
MW or GW; the amounts of energy they produce over periods of time in MWh
or GWh.
It is common to express large volumes of energy produced as electricity in
billion kWh (bn kWh), and I have followed this convention, for example, in
Chapter 7. One billion kWh = 1000 GWh = 1 terawatt-hour (TWh).
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Vehicle fuel efficiency is usually measured in litres/100 km. In discussion of the
regulation of fuel efficiency in the USA, I have used miles per gallon (mpg). 10
mpg = 23.52 litres/100 km; 20 mpg = 11.76 litres/100 km; and 30 mpg = 7.84
litres/100 km.
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Introduction
Each year, fossil fuels (coal, oil and gas) are consumed in ever-greater quantities,
despite the danger of global warming, which makes such large-scale consumption unsustainable. The facts of consumption growth are at odds with ever more
insistent claims that we are moving to a post-fossil-fuel era. Clearly, the causes
of consumption growth are very strong. The purpose of this book is to put them
into historical perspective.
The book covers the period since 1950, because it was in the second half of
the twentieth century that fossil fuel consumption expanded to levels associated
with dangerous global warming. The fossil fuel industries had taken a central
place in rich countries’ economies long before that, and taken their toll on
humans and on the natural environment they live in. Tens of thousands of coal
miners were burned, buried alive, gassed, blown up or otherwise killed in the
production process. Millions of city dwellers’ lives were painfully cut short by
coal-related air pollution. But the threats to human society implicit in global
warming – including the effects of rising sea levels, ruination of agriculture and
the destabilising effects of storms – are on a still greater scale.
The accumulation in the atmosphere of the greenhouse gases that cause
warming is foremost among the dangerous impacts of human economic activity
on the natural world that have mounted over the past two centuries or so. Other
notable impacts include the disruption of the nitrogen cycle and substantial
loss of biodiversity. There is a consensus among researchers that these impacts
signify that a new geological epoch has been reached: the Anthropocene (i.e.
the ‘new epoch of humans’, from the Greek word anthropos (human)). Earth
systems scientists, who work on integrated analyses of human-natural relationships, have concluded that since the mid-twentieth century there has been a
‘great acceleration’ of these impacts, and that fossil fuel use is the most significant cause.1 The aim of this book is to throw light on this aspect of the problem.
The character of the damage done by excessive fossil fuel use has become
clearer in the course of the time period covered by this book. It became apparent
to climate scientists in the mid-1980s, and was accepted in international
political forums in the early 1990s, that the global warming danger necessitated
sharp reductions in the level of fossil fuel consumption. But it has kept rising.
It swelled by more than half in the quarter century between 1990 – when the
Intergovernmental Panel on Climate Change (IPCC) issued its First Assessment
Report, formally urging a strategy to reduce consumption – and 2015.2 At the
Copenhagen climate summit in 2009, the world’s most powerful governments
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failed to agree on such a strategy, and by the Paris summit in 2015 admitted that
they could not. In a century’s time, when the impacts of global warming will be
much more ruinous than they are today, people may look back at this failure as
collective madness. There may be an analogy with the way that people today view
Europe’s descent in to the barbaric slaughter of the First World War, a century
ago, as collective madness. It was madness, but it had definite political, social
and economic causes that historians have sought to understand. In this book I
will try to do likewise, with the madness that is producing global warming.

Consumption through systems
Fossil fuels are consumed primarily by and through technological, social
and economic systems, and these are this book’s main focus. Relatively small
quantities of coal, oil and gas are consumed directly by individuals and
households, such as for heating or cooking, or (in the form of oil products) to
fuel their cars. But most fossil fuels are consumed indirectly. They are used in
the production of materials – from steel and cement to plastics and fertilisers –
for industry and agriculture, which in turn produce goods for consumption; as
fuel for industry and for transporting goods; for construction; or for military or
other state functions. They are used as fuel to produce electricity or heat, which
in turn have multiple uses. Where individuals consume fossil fuels directly in
the technological sense – petrol in a family car, for instance – they do so in the
context of social and economic systems over which they may have little control
– in this case, urban development that sites homes, jobs and shops far from each
other, work patterns that require them to make particular journeys, and so on.
More broadly, technological systems that consume fossil fuels (e.g. electricity
networks) are shaped by the social and economic systems in which they are
embedded (e.g., in the late twentieth century, capitalism, or state socialism).
Fuels are consumed not by undifferentiated humanity, but by people living in,
and divided by, these unequal social and economic systems.
The interpretive approach of this book, focused on these technological,
social and economic systems, is at odds with the assumption, shared by many
economists, that the function of any economy is essentially to serve consumers’
demand. In my view, production and consumption in the global economy have
a symbiotic relationship, determined ultimately by relations of wealth and
power in the economy. The driving forces for economic expansion lie ultimately
in the constant urge of capital to accumulate, that is, for the wealth and power
that dominates society to renew and reassert its dominance. (This view, formed
in the Marxist tradition, is discussed in Chapter 11.) By making technological,
social and economic systems the starting-point, my interpretation also contrasts
with some writing about consumption, that concentrates on the cultural and
social contexts in which mass consumption has expanded in rich countries
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over the last century, and on consumers’ psychological motivations. Cultural
trends, and psychologies, form part of the story, but need to be considered in the
context of the social, economic and technological systems.
These systems have since 1950 evolved, especially, through six social and
economic processes, to which I shall repeatedly refer: industrialisation, and
especially the expansion of energy-intensive industries such as steel and
cement production; technological and other changes in the labour process, both
in industry and in the domestic sphere; electrification, which was pretty well
completed in rich countries during the post-war boom, but continued in most
of the world since then; urbanisation and motorisation; and household material
consumption and the growth of consumerism.
This book addresses a significant gap in historical literature. There is a rich
historiography of the global development of fossil fuel industries, by writers
including Vaclav Smil, Janet Ramage, Bruce Podobnik, Matthew Huber,
Timothy Mitchell, Andreas Malm and many others.3 The history of energy consumption is a narrower field, in which I have learned, especially, from the work
of David Nye on the USA and Sunila Kale on India.4 The expansion of fossil fuel
consumption in recent decades has been the subject of a mountain of reports by
international agencies, economists, energy specialists and NGOs, but much less
work, so far, by historians.
Several historians have pointed out the need for a specific treatment of fossil
fuel use. We lack ‘a history sufficiently precise […] to distinguish the share of
responsibility of different technological choices for the climate crisis’, that can
identify ‘the main institutions that have set us on the road to climate cataclysm’,
and by which historical processes, Christophe Bonneuil and Jean-Baptiste
Fressoz complained. Frank Trentmann concluded his general history of consumption by calling for discussion of its environmental costs. Adam Tooze
responded in a review that Trentmann’s approach – which views consumption
as ‘individualistic, creative and cosmopolitan’, ‘essentially within our control’,
and subject to politics – did not allow examination of the way consumption
is ‘crashing against environmental limits’. The history of ‘rampant fossil-fuel
consumption’ had to be addressed; we need ‘a history that shows how consumption and production became tied together in an expanding feedback loop
of ever greater economic and material scope’.5 Hopefully this book is a step on
that path.
I hope that understanding how fossil fuel consumption has spiralled out
of control since the mid-twentieth century will help us all to shape the future
transition away from fossil fuels. I cannot say how that will happen, and I am
sceptical of those who pretend to be sure. Nor am I neutral about the future,
though, and in Chapter 12 I have presented my view of the factors that I think
will shape it. A theme running through that chapter is that the decisive actor is
society – all of it, collectively – rather than political elites. For this reason I do
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not offer what are sometimes called ‘policy recommendations’. I have tried to
balance this general outlook with comments on specific ways in which technological, social and economic systems may change.

Some terms
Fossil fuels are consumed in three main ways. 1. They are consumed directly,
e.g. by a steel plant for processing heat, or a household for cooking. 2. They are
transformed into other forms of energy (electricity or heat), or into intermediate products (e.g. petrol, kerosene or diesel fuel, all refined from crude oil) that
are then consumed by businesses, state bodies or households. Following usual
practice, I refer to this as transformation. 3. They are used as raw materials, e.g.
in the petrochemicals industry to produce plastics, other industrial materials or
chemical fertilisers for agriculture.
Since 1950, most fossil fuels were produced, transformed and supplied commercially, i.e. by corporations, state bodies and other economic actors. There
are also non-fossil-fuel energy sources – hydro power from dams, nuclear
power and modern forms of renewable energy (mainly solar and wind power)
– that are produced commercially. The commodification of energy – i.e. the
transformation of coal, oil and gas, their by-products, electricity, and heat into
commodities traded in markets – is a theme that runs through the book. I distinguish between commodified energy and energy supplied as a state benefit; both
of these are commercial energy.6
Hundreds of millions of people, mostly in rural areas outside the rich world,
use non-commercial forms of energy. The most significant of these are biofuels:
wood, other biomass and animal dung, collected from the natural environment
mostly by the families that consume them directly.
Energy is defined in two main ways. For physicists, energy is the ‘ability to
do work’ – a definition that includes human and animal labour power. That
definition is too broad for people, including me, writing about energy in its
social context. I describe labour as labour, and energy as work done by physical
or chemical resources, mobilised by people for that purpose. This follows the
Oxford Dictionary definition of energy as ‘the means of doing work by utilising
matter or radiation’. That ‘work’ can include anything from running a power
station to warming a room. A vital function of energy resources, including fossil
fuels, has been to substitute for human labour, whether in industry, agriculture
or in households.
A physicist would say that energy can neither be ‘produced’ or ‘consumed’,
because humans’ energy systems simply take energy in one form and change it
to another form. Nevertheless I have used these words in the usual way.
Fossil fuels, non-fossil energy sources such as nuclear fuel or solar panels,
and manufactured forms of energy such as electricity are all energy carriers, i.e.
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physical phenomena that carry within themselves the ‘ability to do work’. I have
used this term when necessary for clarity, but I have also used the term ‘energy’
to refer collectively to energy carriers.
I use renewables to refer to solar, wind and tidal power, but not hydroelectric
power, in line with common usage.
In the period after the Second World War, governments, international
agencies and research institutions began systematically to compile national and
international energy balances that counted economies’ total energy inputs and
outputs.7
A final note on terminology: I refer throughout to the rich world. It is an
unsatisfactory generalisation, covering the countries that were most completely
industrialised, and achieved the highest living standards, before the Second
World War: the USA and Canada, most of western Europe, Japan and Australia.
Often, these countries have become, and stayed, rich at others’ expense,
exploiting populations and resources through colonialism in the nineteenth
and early twentieth centuries, and through economic domination in the period
covered by this book. There are some patterns of energy use largely shared by
those countries, some of which spread to other countries during the period
covered. One way of defining the ‘rich world’ is to refer to the member countries
of the Organisation of Economic Cooperation and Development (OECD). I have
sometimes used this marker, but it is not always helpful. (For example the OECD
includes Turkey, but not Saudi Arabia, whose per capita gross domestic product
(GDP) is two-and-a-half times greater).8 As for countries outside the rich world,
I sometimes refer to them in just that way. In places I have fallen back on the
term developing countries, while being well aware that it fails to encompass the
way many countries’ development has been blocked and confounded.

How the book is organised
Part I sets out contexts: historical (Chapter 1), technological (Chapter 2), and
social and economic (Chapter 3). Chapter 4 presents a picture of fossil fuel consumption since 1950 as measured statistically. Part II is chronological. Chapter
5 covers the 1950s and 1960s, and Chapter 6, the 1970s. Chapter 7 compares the
electrification of some key countries. Chapters 8, 9 and 10 cover, respectively,
the 1980s, the 1990s and the 2000s. Part III draws together reflections and conclusions. Chapter 11 summarises the evolution of approaches in social theory to
consumption in general, and fossil fuel consumption in particular. Chapter 12
is forward looking, and considers what history might tell us about the transition
away from fossil fuels. Chapter 13 presents some conclusions.
Any author of a global history has to decide how much detail to include on any
particular country. I have put in the foreground the USA (the twentieth century’s
largest fossil fuel consumer); China (the largest consumer in the 2010s); India;
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Nigeria (Africa’s most populous country); South Africa (Africa’s most industrialised country); western Europe; and the Soviet Union and successor states.
Too little is included about some significant energy consumers (e.g. Japan), and
many important countries with huge populations (e.g. in Latin America, the
Middle East and South East Asia). I hope this is justified by the clarity added to
the overall picture by details about the countries I have focused on.
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1
Fossil fuels before 1950
The history of human consumption of fossil fuels can be divided into four time
periods:
1. Human history before the European Industrial Revolution, when, apart
from some local, temporary episodes, fossil fuels played no significant part
in economic activity.
2. From the start of the Industrial Revolution in the mid-eighteenth century up
to about 1870, when coal mining, coal-fired steam power and coke-fuelled
iron making took centre stage.
3. From 1870 to the mid-twentieth century, when the second Industrial
Revolution, fuelled by coal and to a lesser extent oil and gas, produced electricity networks, automated manufacturing, the internal combustion engine
and petrochemicals. Such fossil-fuel-dependent systems became central to
rich countries’ economies.
4. From the mid-twentieth century to the present, when fossil fuel consumption expanded to many times its previous levels, fossil-fuel-dependent
systems expanded outside the rich world, and oil surpassed coal as the most
widely used fuel.
This chapter covers time periods 1–3. The fourth period is the subject of the
book as a whole. Figure 1 shows how the use of fossil fuels has grown dramatically in periods 3 and 4.
In periods 2, 3 and 4, or since the mid-eighteenth century, a new relationship between human society and its natural surroundings has taken shape. The
impacts of human activity on the earth and its natural systems have begun to
operate on the same, or greater, scale as those systems themselves. These impacts
include: destruction by agriculture and industry of biodiversity (the extinction
of species at an unprecedented rate); disruption of the nitrogen cycle (the circulation of nitrogen through air, soil and water); and the acidification of oceans.
But the most significant impact is the change to the atmosphere’s chemical composition through the release of greenhouse gases – and the main cause of this
is the burning of fossil fuels, which emits carbon dioxide (CO2). (See pp. 56–8.)
A consensus has formed between researchers, and many other people, that
we therefore now live in a new geological epoch, the Anthropocene – as distinct
from the Holocene that began at the end of the last Ice Age.1 The exact dating

Pirani.indd 9

26/07/2018 16:06

10

burning up

100000
93,467
90000

80000
76,022
70000
65,221

1950
60000

1870
56,009

50000

40000
35,115
30000

21,298

20000

13,756
8,043

s

s

20

00

s

19

90

s

19

80

s

19

70

s

19

60

s

19

50

s

19

40

s

19

30

s

19

20

s

19

10

s

19

00

s

90

s

18

10,197

4,385

80

s

18

70

s

18

60

s

18

50

s

18

40

s

1,850

702

279

5,961

2,887

1,157

423

18

18

20

s

10

00

18

18

s

155

0

209

30

101

18

10000

9,274

Figure 1 Fossil fuel production, 1800–2009
Million tonnes of oil equivalent per decade

of the Anthropocene epoch, and other aspects of the concept, are subjects of
controversy. But the natural scientists are clear, collectively, that there was a
sharp upturn in the whole range of human impacts on natural systems from the
mid-twentieth century – period 4 referred to above.

From the beginnings to the Industrial Revolution (before 1870)
For thousands of years, until the eighteenth century, human and animal labour
power were the main sources of energy for economic activity. Water wheels
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and windmills were used as prime movers (converters of source energy into
mechanical energy), but much more energy was expended by domesticated
animals, such as horses, oxen or donkeys, and humans themselves. Fields were
ploughed, barges and carts pulled, treadmills worked and bellows operated by
horses, slaves, serfs or free people.
During those thousands of years, people burned coal to produce heat and
light, but surface outcroppings were rare, and coal churned out smoke. Plentiful
wood was the main fuel. In some places, people used oil from the ground as a
medicine or lubricant, but vegetable oils and animal fats were preferred. The
first use of coal on an industrial scale was in China: in the eleventh century,
shafts were sunk to mine it, and it was used extensively for metallurgy. The
reasons why the Industrial Revolution did not happen in China have long been
debated among historians; certainly the absence of a coal-fired prime mover
were among the constraints, and the distances between coal deposits and urban
settlements. From the eleventh century onwards, surface deposits of coal were
mined in Scotland, England, Belgium and France, and used for forging iron,
lime manufacture and evaporating seawater to prepare salt. But wood was the
dominant fuel. Historians of London, for example, have shown that, even in
the sixteenth century, when wood supplies were squeezed and prices rose, the
additional cost of transporting coal to the city made it uncompetitive. The first
European country in which a fossil fuel became dominant was the Netherlands,
where peat largely replaced wood in the seventeenth century.2
It took the Industrial Revolution – the triumph of mechanised factories
over workshops, of iron over other materials, and the rise of steam power – to
give coal a central position in the economy. Coal’s main function, in economic
terms, was to substitute for animate – human and animal – labour power, vastly
increasing industrial productivity. This transformation, which began in Britain
in 1750–1830, was not only technological, but social. Capitalist wage-labour,
which had roots going back centuries in English agriculture, took on a central
role. Money made from the transatlantic trade, and slavery in America, helped
Britain to finance the Industrial Revolution; that revolution, in turn, reinforced
British supremacy over world trade and colonialism.3
Technologically, the Industrial Revolution started not with coal and steam
but with the mechanisation of cotton manufacture. In the second half of the
eighteenth century, mechanical spinning jennies, water frames and power
looms were introduced and factory-based cotton manufacture soared, leaving
behind the workshop-centred wool industry. The two crucial techniques that
boosted coal demand – coke for iron making, and the steam engine – had
both been used since the beginning of the eighteenth century, but were widely
diffused only towards its end. Coke, made from coal – which in Britain was
abundant and cheap – was burned in blast furnaces instead of charcoal. This
cut the cost of making iron, which served as raw material for machines, farm
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tools, water and gas pipes, and weapons of war. In the 1780s Britain made less
iron than France; by the mid-nineteenth century it was making more than the
rest of the world put together. The steam engine was the first machine that
converted fossil energy resources into mechanical work, and not just heat. Concentrated volumes of mechanical power, previously available only from strong
natural water flows, could be unleashed almost anywhere. The engine invented
by Thomas Newcomen in 1705 was already used widely to pump water from
mines by the mid- eighteenth century; it was James Watt’s crucial improvement,
the addition of a separate condenser, first applied commercially in 1776, that
brought steam engines into general use. They became more fuel efficient and
more adaptable, for use in factories, trains and ships.4
Steam and iron drove coal’s dizzying expansion in Britain in the nineteenth
century – but coal had begun to compete with wood long before that. Already
in 1700, coal had overtaken wood as a source of thermal energy in Britain.
The reasons that coal won out have been the subject of controversy among
historians. The natural constraint on wood production, that Britain had only
a fixed amount of land on which to grow it, was the focus of Edward Wrigley’s
analysis. Without coal and the shift from a wood-fuelled ‘organic economy’ to
a ‘mineral-based energy economy’, he argued, economic growth would have
faltered. Other historians were unconvinced: there were shortages of wood, but
these were local (especially in densely populated areas) and transitory. Transport
also made a difference: wood had to be collected from multiple locations, and
was bulkier to move. Coal, despite being much dirtier to burn, got a foothold
in such industries as pottery, brick- and glass-making, as well as iron-making.5
But it was coal’s sheer abundance and its ability to substitute for human labour
that were decisive, argued Robert Allen. In eighteenth century Britain, the blast
furnace, steam engine, spinning jenny and water frame increased the use of coal
and capital relative to labour. These technologies were adopted and diffused in
Britain more rapidly than elsewhere, because ‘wages were remarkably high, and
energy was remarkably cheap’.6
In the nineteenth century, steam engines became the leading consumers of
coal. But they did not overtake wind and water power overnight. Early steam
engines were very expensive and inefficient by any standards. The earliest ones
had thermal conversion efficiencies of 1 per cent (the output was 1 per cent of
the energy content of the fuel input) and it took a century to boost this to around
20 per cent.7 Even with Watt’s improvements, the engines were relatively inefficient, and wind and water remained dominant in industry. Steam had obvious
advantages, though: cotton mills no longer had to be located near flowing water.
Employers used the new technologies to reshape their social relations with
workers. Factories could now be sited where employers could best force workers
into them and best control them while at work. During a series of labour revolts
culminating in the 1842 general strike, workers acted against the machines, as

Pirani.indd 12

26/07/2018 16:06

fossil fuels before 1950

13

the Luddites had a quarter of a century before, and disabled engine houses and
pitheads. ‘This was collective bargaining by rioting against the fossil economy,’
Andreas Malm argued, coining Eric Hobsbawm’s phrase.8
In 1800, Britain’s coal consumption was 11–15 million tonnes (mt)/year; by
1845, 40–45 mt; by 1870, it was crossing the 100 mt mark. The spillover of steam
engines into railways gave a further impetus to industrial development. Coal for
steam engines, and wrought iron for rails and wheels, underpinned the British
railway boom of the 1830s and 1840s. That boom in turn made coal more
easily transportable, boosting its competitiveness against wood. Steam was also
introduced into ships, but replaced sail only slowly – the US merchant fleet, for
example, was 15 per cent steam powered in 1850 and 33 per cent by 1880.9
The British Industrial Revolution also led to unprecedented urban development. There had been many cities, including some very large ones, in world
history. But industrial cities – populated by wageworkers and their families,
full of factories, with streets underfoot and air above full of smoke and soot –
had never existed on this scale. By 1860, 50 per cent of England and Wales was
urbanised, compared to 25 per cent of Italy, Belgium and the Netherlands and
18 per cent of France. In nineteenth century Britain, the lighting of streets and
factories made it possible to lengthen the working day; it went together with
clean water and sewage systems designed to minimise the effect of regular and
dreadful epidemics. In the USA, too, in the nineteenth century people began
to receive water, gas and some steam heat from sources outside the home, well
before electrification. This made it easier for male workers to be separated from
the daily routine of work at home and to go to the factories. In the eighteenth
century, municipal lighting had often used whale oil or vegetable oil; in the
nineteenth century, increasingly, coal gas (methane recovered from coal).10 Up
to the 1870s, though, consumption of fossil fuels in people’s homes was rare and
statistically insignificant.
Coal and steam ‘did not make the industrial revolution, but they permitted
its extraordinary development and diffusion’, historian David Landes pointed
out.11 From about 1830, the coal- and steam-based industrial system spread to
France, Belgium, and to the states that would be unified in Germany in 1871.
There followed a new round of colonisation led by Britain. As Bruce Podobnik
wrote:
Coal-powered ships and railroads allowed Britain and its Continental rivals
to seize control over territories in Asia, Africa and the Middle East that had
long resisted conquest. Coal-driven transport systems then allowed for a
radical increase in the volume of goods moved from the periphery into the
core of the world-economy.12
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The USA expanded too, using slave labour and expropriating native Americans.
It was unified by the Civil War of 1861–65, which new weapons technology
made the world’s most destructive conflict up to that time. Most of the energy
for industrial production in these economies was by then provided from
coal, although hydro power also made a contribution. The European empires
encouraged often one-sided industrialisation in territories they controlled.
This, and autonomous development for example in Japan, made coal a truly
worldwide industry by the end of the nineteenth century, although even then
coal consumption was concentrated overwhelmingly in the rich countries.13

The second Industrial Revolution (1870–1913)
Between 1870 and 1913, the second Industrial Revolution produced innovations that underpinned new fossil-fuel-based technological systems. Two of
these – electricity networks and the internal combustion engine (ICE) used in
cars, trucks, ships and later, planes – still today account directly for more than
half of global fossil fuel use.14 Coal consolidated its role in the main capitalist
countries. The ICE became the prime source of demand for oil, which began to
be consumed in significant quantities in the early twentieth century. Large-scale
oil production gave rise, in turn, to the petrochemical industry, which would
stimulate the use of chemical fertilisers for agriculture. Further indirect consequences of the second Industrial Revolution were manifested throughout the
twentieth century, in the types of cities in which much of the rich countries’
populations would live, in the industries in which they worked, and in the
consumer goods they would buy.
World coal output during the second Industrial Revolution dwarfed that
of the first Industrial Revolution; it rose sixfold between 1870 and 1913. (See
Figure 2.) By the turn of the century there were modern mines operating on all
continents, but the lion’s share of production and consumption was in Britain,
France, Germany and the USA. In the last quarter of the nineteenth century,
coal consumption in the USA surpassed the total for western Europe and the
USA became the largest consumer nation. Oil and gas production, which was
negligible in the nineteenth century, was estimated jointly at 37.4 million tonnes
of coal equivalent (tce) in 1900 and 96.6 million tce in 1913.15
Electricity, the first significant technology of the second Industrial Revolution,
had first been generated for industrial applications by hand-driven dynamos in
the 1830s, a few years after Michael Faraday’s 1831 discovery of the relationship
between electric current, magnetism and force. In the 1840s, larger generators
were turned by waterwheels or steam engines. The first big source of demand,
in the 1870s, was electric lighting for streets, department stores, theatres and
the homes of the rich – but it had to compete with well-established gas lighting
systems. The invention of electric light bulbs in 1879 by Thomas Edison in the
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Figure 2 Fossil fuel production in the first and second industrial revolutions
Millions of tonnes of coal equivalent

USA and Joseph Swan in Britain provided the impulse for the first networks,
which opened in London and New York in 1882. The generators for these
systems were powered by large steam engines. The much lighter and smaller
steam turbine, patented by Charles Parsons in 1884, was a crucial technological breakthrough:16 successors of Parsons’s engine have generated most of the
world’s electricity since then. Edison’s first generators produced 90 kW; within
thirty years turbine-powered generators were often 100 times more powerful.
In Britain the average size of generators installed rose from 500 kW in 1895 to 5
MW in 1913; in Chicago, a 35 MW generator was installed in 1910.17
The first electricity networks were local, each plant usually serving a factory
or urban area. Large cities had patchworks of isolated systems: by 1900, London
had ten different frequencies, 32 voltage levels and 70 different ways of charging
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for electricity. Networks were unified with the help of transformers and alternating current (AC) transmission systems that could carry electricity over
long distances. On the eve of the First World War in 1914, globally there were
55 high-voltage transmission lines, between 30 and 400 km long, mostly in
the USA. National electricity networks underpinned the development of the
telegraph and telephone, revolutionising communications.18
Fossil fuels dominated urban electricity systems from the start. In the countryside, the picture was mixed. Wind turbines began to be used in Denmark
from the 1890s and in other European countries soon afterwards. In the USA,
hundreds of thousands of farms installed wind turbines in the 1920s–1930s,
before they had access to network electricity.19 In the interwar period, and again
during the post-war boom, the growth of centralised networks would push
wind power to the margins.
As electricity networks proliferated, the question arose of who should finance,
build and, ultimately, control them. On one side were privately owned electricity corporations, who viewed electricity as a commodity to be marketed. On the
other were liberals and socialists, who saw electricity, along with gas, water and
sewage systems, as a service that should be provided to the urban population by
local government. In the middle were national governments for whom electricity provision became a strategic infrastructure problem.
In the USA, the initiative lay with the corporations and their banks. Edison,
named after its founder, installed city networks and sold electrical equipment. In
1892 Edison, financed primarily by J. P. Morgan, merged with Houston-Thomson to form General Electric (GE). A duopoly of GE and Westinghouse, first
mover in AC transmission, soon dominated the market. By 1893, 15 smaller
electrical equipment manufacturers had been swallowed by these two giants.
In the late 1890s a third business empire was taking shape, headed by Samuel
Insull. Publicly owned systems were also installed, but they had no ready source
of capital; the private companies, with access to bank and stock finance, leapt
ahead, forming regional networks that went across state and city boundaries.
Insull excelled at this type of expansion, using holding companies to hoover up
and unify smaller networks. He pioneered the concept of ‘natural monopoly’,
arguing that private corporations like his should be permitted to supply
geographical areas as a state-regulated monopoly. Feeble regulation and institutionalised corporate influence were born.20
In Europe, the idea that electricity was a public service, and that the state
should ensure its widespread provision, was stronger. During the British
Industrial Revolution, as factory workers and their families had been packed
into crowded, smoke-filled slums, public health and municipal services had
become a burning political issue. By the late nineteenth century most British
cities were providing water and sewage systems, gas lighting, refuse collection,
and public health services, paid for by rates. When electricity appeared in the
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1880s, municipalities treated it as another service for urban populations; this
converged with national governments’ anxiety to provide the necessary infrastructure for this revolutionary technology. British municipalities were required
by law to lay cables.21 In Germany, these services were at first provided by private
business, but in the wake of bankruptcies, or to meet public needs, municipalities often took over. In France, the market was dominated by privately owned
regional networks, but municipal provision was established by law in 1903, and
later a system of concessions developed.22
Industry was the prime user of electricity in the cities that had it. Electricity
became the prime source of mechanical drive in factories. Motors could be fitted
to tools, and the tools moved to the job. Larger machines that had previously
had to be stationed near water wheels could be arranged differently. Automation
followed. In US factories between 1899 and 1929, total installed mechanical
power quadrupled, and electricity’s share rose from 5 per cent to 82 per cent.
Thanks to the shift from raw energy forms such as coal and water power to
electricity, output per worker-hour and per unit of capital input rose steadily.
Industry was also the main electricity consumer in Europe: in Italy, at the turn
of the century, more than four-fifths of generators belonged to factories.23
Electricity was rare in households before the First World War. Even by 1910,
only one-tenth of US homes were wired. Insull’s aggressive profiteering played
a role in developing residential consumption. His Chicago company focused on
raising the number of households attached to the grid: it introduced electricity
meters and charged for the amount consumed rather than per light bulb, which
meant lower bills. In a famous advertising campaign it gave away 10,000 electric
irons to new customers. Irons, lights and radios were the three most widely used
electrical appliances before the First World War.24
The second Industrial Revolution stimulated fossil fuel consumption in
many other ways apart from electricity generation. Steelmaking – for railways,
ship hulls, bridges, buildings, and all types of tools and machinery – drove up
coal use. Transportation was transformed: railways proliferated, steam trains
got bigger and faster, and sailing ships were superseded by steam ships. The
ICE was, after electricity, the most significant new technology. The first light,
high-speed petrol engine was patented by Gottlieb Daimler in 1885, and in the
same year, Karl Benz built the word’s first car. Daimler’s engine, in which the
fuel was ignited by a spark, was followed by Rudolf Diesel’s engine, in which the
fuel ignited spontaneously; this was inherently more efficient and used heavier
liquid fuels. Shortly before the First World War, ICEs, half the weight or less
of the best steam engines producing the same motive force, began to be used
in road vehicles, ships and railway engines. Substituting for labour was a big
consideration: running a ship on oil meant that you could dispense with coal
stokers, who made up half the crew. Once the Borneo and Texas oil fields started
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producing, in 1898 and 1901 respectively, a steady supply of the new fuel was
available and car manufacture began.25

From the First World War to the Second World War (1914–40)
Germany, France, Belgium and the USA had used the advantage afforded by
coal-based industry and transport to build empires that could compete with
Britain’s. Together with Britain, they brought money, manufactured goods and
great human suffering to their colonies in Africa, Asia, the Middle East and
Latin America. Rivalries between the capitalist powers engulfed Europe in war
in 1914–18. The old, largely pre-industrial empires – Russian, Ottoman and
Austro-Hungarian – collapsed as a result. In the imperial centres, industry had
given rise to a working class, whose organisations were, by the First World War,
challenging for political power. The Russian revolutions of 1917, which brought
to power a party claiming to speak for working people, sent shivers down the
spines of old authorities everywhere.
After the war, a decade of economic recovery was followed by a deep recession,
from 1929. Thereafter the USA rose to become the dominant economic power
and, after the Second World War of 1939–45, the dominant political one. Global
fossil fuel consumption doubled between 1913 and 1950. It reflected the geopolitical shifts: the USA’s consumption rose far more rapidly than the European
powers’. In 1925, North America (i.e. the USA and a small amount for Canada)
accounted for just over half of global fossil fuel consumption; in 1938 it dipped
to just under two-fifths; by 1950 it was again around half. In Europe, consumption fell after the First World War, rose during the Depression and fell again
during the Second World War. Fuel consumption grew fastest in the USSR –
nearly twelve times over in the quarter century 1925–50, largely as a result of
forced industrialisation. (See Table 2.)
On the eve of the First World War, in 1913, oil and oil products accounted for
less than 6 per cent of the world’s commercial energy balance, and gas 1.5 per
cent. The war forced forward the development of oil-based transport. Generals
had planned to fight it with horses, but by 1915 cars, trucks, tanks, aeroplanes
and submarines had become decisive. Between the wars, oil consumption
continued to rise rapidly. Refining technology developed: thermal cracking was
widely diffused from the 1920s and catalytic cracking from the 1940s.26 The
most important driver of oil demand was motor cars, most of which were in the
USA. Diesel began gradually to displace coal-fired steam, both in shipping and
on railroads. But in sheer volume terms, coal remained dominant until after the
Second World War. As shares of the global commercial energy balance, in 1925
coal was 83 per cent, oil and gas 16 per cent; in 1950, coal was 61 per cent, oil
and gas 37 per cent. Coal dominated power generation, fuelled industry, and
had an almost complete grip on space heating provision in rich countries.27
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Table 2 Commercial energy consumption by major world regions and by source,
1913–68
Millions of tonnes of coal equivalent
1913 est.

1925

1938

1950

1960

1968

1334.6

1484.5

1790.1

2610.9

4196.1

6306

By region
North America
594.1
748.9
Latin America
6.7
24.7
Western Europe
590.1
517
Eastern Europe
40
55.1
USSR
42.4
25.3
Japan
20
30.5
China		23.7
Rest of Asia
22.3
29.8
Oceania
11.7
15.6
Africa
7.4
13.9

706.9
38.7
619.2
67.7
176.3
62.4
27.3
50
18.1
23.4

1276.3
66.2
583.9
160.8
303.3
45.8
43.1
60
29.3
42

1659.5
153.5
849.5
293.9
640.6
111
235.3
136.7
45.8
70.2

2359
245
1242
408
1025
280
332
242
72
102

1291.8
375.8
99.7
22.8

1593.2
722.2
252.1
43.4

1998.5
1499
612.6
86

2315
2702
1157
132

World

By source
Coal etc
Oil and products
Natural gas
Hydro electricity

1235.7
76.1
20.5
1.7

1230
196.7
47.9
9.8

Source: Darmstadter, Energy in the World Economy, p. 10 and p. 13 (for 1925-68); author’s
estimates, based on Etemad & Luciani, World Energy Production (for 1913)
Notes: The row ‘coal’ includes very small quantities of peat. For 1913, all of Europe is counted
together and all of Asia is counted together. For 1950 and 1960, the row China includes small
quantities of fuel for N Korea and Mongolia.

Between the wars, oil imports to the rich world from elsewhere began to
dominate energy trade. Net oil exports from underdeveloped countries (as
measured by the UN, including Latin America, Asia and the Middle East) to
rich countries rose from 27.1 million tce in 1929 to 158.4 million tce in 1950.
The short-haul coal trade remained significant, accounting for most of the
300 million tce of intra-regional trade in 1949, while coal exports from rich
countries – which had been significant in the imperialist expansions of the late
nineteenth century – fell, from 23 million tce in 1929 to just over half of that in
1950.28
During the interwar period, international agencies and researchers began
systematically to gather statistical records of global fuel consumption. World
consumption of commercial energy, broken down by region and fuel, is shown
in Table 2. This table, based on the findings of a US-based research project in
the 1960s, does not include non-commercial fuels – mostly fuel wood and other
biomass used in the countryside in poor countries. United Nations researchers
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estimated that in 1949, these non-commercial sources amounted to 592.3
million tce, just short of one-fifth of the total, while commercial energy supplies
totalled 2,512.3 million tce.29 Estimates of fuel consumption per person in
1925–68 are shown in Figure 10 on p. 208. The yawning gap between the USA
and other rich countries, and the gap between them and the rest of the world, is
evident. In the quarter century 1925–50, per-head consumption in China grew
by nearly half, but still remained lower than one-hundredth of the US level. (On
consumption-per-head statistics, see pp. 50–2.)
The two largest sectoral drivers of fossil fuel consumption growth between
the wars were electricity networks and road transport. In the rich countries,
electricity consumption increased four times over between 1920 and 1939;
industry remained the largest consumer. Electricity continued to replace steam
and water as the main source of power; electric lights replaced other types. It
was essential for assembly lines and other automated systems, associated with
the Taylorist and Fordist systems of work discipline. Line assembly, first used in
Ford’s Detroit factory, where it was installed in 1910–14, and then to make small
arms during the First World War, spread rapidly thereafter to the manufacture
of e.g. sewing machines, bicycles and typewriters.
In people’s homes, new appliances – most significantly the radio, and devices
that eased the burden of domestic labour such as refrigerators and washing
machines – drove demand growth. The USA was far ahead of other rich
countries: by 1929, more than 1 million homes had electric refrigerators, and
by 1941, 16 million. US manufacturers also led the way in aggressive marketing
techniques. Before and after the First World War, air conditioning manufacturers battled furiously with engineers, and New York state regulators, who argued
that schools would serve their pupils’ health better with fresh air from open
windows than conditioned air. Elsewhere, big leaps in residential electricity use
did not come until after the Second World War. In Europe in the 1940s, most
homes’ entry circuits carried, at most, 10 amps (the amount of current used by
one twenty-first century dishwasher or toaster); the most electricity-intensive
appliance was usually the electric iron.30
The opposing views of electricity’s social function, as a commodity or as a
service, influenced the way that networks expanded. In Germany, the Netherlands and Scandinavian countries, where the public service ethos was strong,
electrification of every home was seen as a political goal, and would be 90 per
cent achieved by 1930. Even in the countryside – which is inherently more
expensive to electrify – roughly two-thirds of homes in these countries were
wired by 1920. In the USA, where the pace of electrification depended on private
companies’ willingness to invest, the rural electrification rate stayed under 10
per cent in the 1920s.31
The economic depression, and state-led investment policies adopted to
address it, brought challenges to the commodity approach. The 1929 financial
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crash had left Samuel Insull, the electricity distribution pioneer, unable to roll
over the huge debt portfolio on which his empire depended. In 1932 it collapsed.
Insull was charged with fraud and fled the USA in disgrace.32 The network of
holding companies he had used to expand his business would be effectively
destroyed by the 1935 Public Utility Holding Act. Electricity strategy became
a big issue in the 1932 election, held soon after Insull’s bankruptcy; Franklin
Roosevelt, who advocated expanding publicly owned power systems as part of
his New Deal to revive the economy, won the presidency. Rural electrification
was undertaken through the Rural Electrification Agency, a government agency
that financed rural cooperative electricity projects and state infrastructure
companies including the Tennessee Valley Authority. The cooperatives played
a significant part in rural electricity supply, and by 1948 managed electricity
supply to 1.9 million farms.33
In the Soviet Union, industry was transformed by an ambitious statefinanced electrification project, the largest yet outside the rich world. While for
the western European municipal socialists, electrification was a means for local
government and/or cooperatives to constrain the power of private enterprise,
for the Soviet leadership, it was the key to modernisation by the socialist state on
a national level. The Bolsheviks, having consolidated their power with victory
in the civil war, prioritised electrification during both the New Economic
Policy period (1921–28) and the forced industrialisation drive that followed.
By 1940, electricity output was more than 20 times the 1913 level. Such statefinanced expansion would come to be seen as a model by developing-country
governments. (See pp. 107–21.)
The motor car – an economic, social and cultural phenomenon no less significant than electricity – first rose to prominence in the USA in the interwar
period. The shift to large-scale road transport, widespread car ownership and
car-based urban development profoundly changed US society. The car-centred
transport system became a template for the rest of the world and shaped fossil
fuel consumption patterns internationally. Before the First World War, the USA
manufactured tens of thousands of cars per year; in the 1920s, millions. By 1929
there were an estimated 32 million cars in the world, about three quarters of
them in the USA. For several years thereafter, car sales plummeted, due to the
Great Depression, but car ownership levels did not. The industry concentrated
as it expanded: there were 88 carmakers in 1921, 43 in 1926 and ten in 1935. By
then, the big three manufacturers – Ford, General Motors (GM) and Chrysler –
accounted for more than 90 per cent of sales and comprised one of the world’s
most powerful corporate political lobbies.34
Historians trace the motor industry’s lobbying power back at least as far as
the 1916 and 1921 federal road acts, which assigned government funds for
road construction over the vigorous protests of railway companies that had
dominated long-distance transport until then. After a wave of closures in the
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early 1920s, the railway owners fought a rearguard action, absorbing independent bus companies and growing their freight capacity eightfold. General
Motors responded, going into the intercity bus business in 1928 and supporting
the formation of the Greyhound Corporation. Inter-urban trolley lines, which
in 1917 had more than 70,000 km of track, were bought up by a GM affiliate
and substituted by GM-built diesel buses, sold with contractual prohibitions on
investment in electric trolleys. The 1930s recession, and renewed investment in
rural road building under a further act of 1928, sealed the railways’ fate: between
1939 and 1972 they lost half of their passenger traffic and nearly three-quarters
of their freight revenue, as the road system expanded remorselessly.35
The battle over transport within cities was fought still more desperately. Until
the 1920s, intra-city transport had been dominated by public transit systems,
usually electric. The motor industry sought to replace these with a system based
on motor buses and private cars. A holding company, set up by GM together with
Firestone Tire, Standard Oil and Mack Truck, between 1936 and 1945 bought
up and shut down 100 streetcar systems in 45 US cities. GM signed contracts
with local transit companies preventing the purchase of equipment using any
fuel except petrol. By the 1950s public transit was in terminal decline, and by
1960 had almost disappeared. Historians have argued about cause and effect in
its demise. For some, the investment strategies of oil companies and car manufacturers simply eroded the public transit system to the point where it became
economically unviable. Others emphasise that the final blow was delivered by a
conspiracy. This latter view gained credence from the 1949 decision of a federal
jury to convict GM and its allies of conspiring to dismantle trolley lines. (They
were fined a risible $5,000.)36
The evolution of car-based cities in the USA depended on road construction. The carmakers collectively became aware in the late 1930s that the level
of car ownership in cities was substantially lower than in the countryside,
and that 90 per cent of trips were on 11 per cent of out-of-town roadway.
They set out to change this. An industry lobbyist wrote in 1939 that drivers
did not want to bypass cities, and that for cars to be used fully, ‘cities must be
remade’; city dwellers who ‘refuse to own cars’, or use them very little, were
‘the greatest untapped field of potential customers’; and road builders should
‘dream of gashing our way ruthlessly through built-up sections of overcrowded
cities’.37 This is a fair description of the direction then taken: a campaign to
build urban freeways ensued. Up to half of cities’ land area became dedicated
to roads, driveways, parking lots and service stations. The car became ‘the
central American consumer good and the engine of the American economy’,
the historian David Nye pointed out.38
Car-centred transport put into millions of people’s hands a machine that
increased their sense of personal freedom, and simultaneously hiked their level
of direct consumption of fossil fuels. In the early 1920s Ford, followed by the
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other manufacturers, aimed cars at the mass market: the price of a new one fell
from $800 in 1909 to $300 in 1924. In that year Alfred Sloan, then chief executive
of GM, originated the annual style change, which tweaked cars’ cosmetic
features without substantial alterations. It was perhaps the largest-scale effort
to that date to sell a product on appearance and feel-good factors. Historians
of marketing attribute the concept of ‘planned obsolescence’ to Sloan: it spread
from motoring to other industries, playing a key part in corporate strategies to
stimulate consumer demand during the depression.39

The Second World War and afterwards (1941–1950)
Trends that underpinned fossil fuel consumption growth in the post-war boom,
including the rapid rise of oil, were given a powerful boost by the war itself.
From late 1941, all the major combatants poured all the fuel they could into
production of armaments, war supplies and other goods needed for the home
fronts. Germany was constrained by shortages of both coal and oil; so was the
Soviet Union, where the industries moved to the Urals in 1941 relied heavily on
wood and peat to make up for it. The Allies thought they could out-produce the
Axis, and they were right, the historian Alan Milward concluded; their output
of weapons and equipment in 1944 was three times greater. The crucial contribution was made by the USA, where war production rose from 2 per cent of the
gross national product in 1939 to 40 per cent in 1944. A laudatory volume about
GE’s contribution to the war effort said that US industry had ‘smash[ed] bottlenecks’ with the help of GE motors and transformers; electricity supply capacity
in industry, per worker, more than trebled during the war. One researcher
estimated that the war’s overall share of US energy consumption was 40 per cent
at its height; another, that the US defence department’s share rose from 1 per
cent in 1940 to 29 per cent in 1945.40
The war not only burned an ocean of fuel, but also set the scene for the US and
other governments to boost the development of fossil-fuel-based technologies
and infrastructure, in particular aviation and shipping. Technologies including
the jet engine and the radar, first diffused during the war, enhanced aviation’s
post-war development. In 1944 the Chicago Convention, an international
treaty, ruled that aviation fuel would not be taxed – a principle then written
into 4,000 other bilateral agreements. This huge subsidy to aviation persists to
this day. In the immediate post-war years, the US government invested heavily
in military aviation; oil-based infrastructure including roads and pipelines to
support a network of domestic military bases; an archipelago of overseas bases
that by 1990 had a population of half a million; and in shipping and transport.
The US merchant fleet had more than tripled in size in the decade to 1947,
while those of European nations shrank.41 There was US state support, too,
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for fossil-fuel-based fertiliser production: in 1947, the US government turned
over to it one of its largest munitions plants, and leftover stocks of ammonium
nitrate, a key ingredient for both explosives and fertilisers.42
By 1950, social, economic and technological systems to which fossil fuel consumption was central were dominant in the USA and widespread in other rich
countries. From 1950 they would expand to dominate on a world scale.
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Energy technologies
Large-scale fossil fuel use began in order to supply the technologies of the
first and second Industrial Revolutions. Since 1950, most consumption was
accounted for by the technologies of the second Industrial Revolution, and their
spin-offs and successors. To these were added some twentieth century technologies associated with the oil and gas industry, e.g. petrochemicals and plastics
manufacture, and the gas turbine. The third Industrial Revolution of the late
twentieth century (computerisation and information technology), which had
been expected to help decrease consumption, produced in the 2000s big new
sources of electricity demand. In the last 30 years, a new question has arisen:
how can technologies be deployed to speed the transition away from fossil fuels
necessitated by global warming? In this chapter I first introduce concepts used
to show how energy flows through technological systems; second, describe the
most important such systems that have since 1950 produced, transformed and
consumed fossil fuels; third, look at the use of technology for reducing fuel consumption; and, fourth, comment on non-fossil-fuel energy technologies and the
third Industrial Revolution.

Energy flows through systems
Human societies’ energy systems take energy in one form and transform it into
other forms. These systems evolved from burning wood for heat, to turning the
motive power in wind and water into rotary power, to transforming the more
concentrated stores of energy in coal into rotary power with steam engines.
By the twentieth century, the systems had become highly complex: coal or oil
would be mined in one place, refined in another, and bought and sold several
times before being burned in a third; much of these fuels was used to produce
electricity or heat; either raw fuels, or electricity or heat, might go into industry,
or urban heating and lighting systems, or people’s homes. The energy might
then undergo further transformation by manufacturing systems, domestic
appliances or road vehicles.
Energy systems are technologies – groups of tools and machines used in the
labour process by which humans take from nature the means of subsistence
and the basis for their society and culture. In this way, these technologies are
embedded in social and economic systems. The interaction with the natural
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world is two-way: fossil fuels are taken from it, while greenhouse gases and
other forms of pollution are put back into it.
Methods of energy accounting to track energy flows through technological
systems have been around since the nineteenth century. They received a boost
in the 1970s, when rising oil prices pushed rich-country elites to find ways of
reducing fuel costs and dependence on imports, and funds poured in to the
study of energy systems. Researchers adopted conventions set out in Figure 3.
These defined four distinct types of energy:
• Primary energy. Raw material in the first form in which people obtain it:
oil from a well, coal at the pithead, and so on. These fuels may be used
immediately, or after some limited processing (as coal and natural gas
often are), or may be converted (transformed) into other energy carriers
(coal or gas into electricity and/or heat, or oil in a refinery to oil products).
• Final energy. Energy in the forms in which it is usually sold to users (electricity, petrol or district heating) for further conversion into useful energy.
• Useful energy. Energy in the form that a user wants it: heat for heating
or cooking, light for lighting, the motive power of a car, or mechanical
energy for manufacturing.
• Energy services. The purposes for which people consume energy: keeping
warm, being able to see after dark, communication, getting from place to
place, or manufacturing things.
These definitions reflect the economic mechanisms of the commodified energy
system, and its technological structure.1 The distinctions between primary, final
and useful energy would be meaningless to hundreds of millions of users of
biofuels that are mostly not commodified. (See pp. 40–1.)
Energy conversions inevitably involve losses. For example, the laws of physics
dictate that the boilers and steam turbines used to produce most electricity lose
more than half the energy content as they do so. (See p. 28, Production and
transformation technologies.) More energy is lost in transport from place to
place. In 2000, more than 9,500 million toe (tonnes of oil equivalent) of primary
energy went into energy systems globally; after conversion to final energy and
then useful energy, around 3,500 million toe of useful energy remained, giving a
global conversion efficiency of 37 per cent, according to research by the United
Nations Development Programme (UNDP).2 There are further losses in the
conversion of useful energy to energy services.
The term energy conservation refers to (a) reducing conversion losses at any
point in the flow, such as in electricity transport or industrial processes, (b)
cutting final energy requirements by insulating buildings, reducing waste or
recycling products, or (c) managing with fewer energy services. The term energy
efficiency is often used synonymously; in this book it is used to mean increasing
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These are examples of forms of energy and their conversion. See chapter 2, ‘Energy flows through
systems’. Adapted from UNDP, World Energy Assessment 2000 , p. 176

Figure 3 Energy conversion steps

the input-output ratios of conversion devices or areas of the economy. Raising
energy efficiency implies reducing the energy intensity of a process.
The definitions above owe much to environmentalists, who from the 1970s
argued that reducing conversion losses was more rational than increasing fossil
fuel and nuclear energy supply. They challenged old analytical methods that
focused on supply, and that treated consumption as a given, determined by
population and economic growth rates. The concept of ‘energy services’ was
coined in 1972 by the researcher Warren Devine, as an alternative to accounting
methods that treated renewable energy sources only as substitutes for fossil
fuels. He focused on what energy was actually used for, as part of an argument
in favour of solar technology.3
The environmentalists targeted conversion losses as a key defect of energy
systems. ‘A rational energy system can virtually eliminate conversion and distribution losses that rob us of delivered end-use energy,’ Amory Lovins, a prominent
environmentalist critic of US energy policy, said in testimony to Congress
in 1976. He advocated ‘thermal insulation, more efficient car engines, heat
recovery in industrial processes and cogeneration of electricity as a by-product
of process heat’. The scale of electricity generation capacity should be matched
to network requirements; conservation is ‘far cheaper than increasing supply’.4
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A related issue was the potential for using energy differently – which hinged,
again, on the concept of ‘energy services’. ‘It is the tendency to confuse delivered
energy [useful energy, in Figure 3] with needed energy [energy services] that
encourages most scientists and engineers to assume that the potential for energy
conservation is smaller than it really is,’ the energy researcher Robert Ayres
argued in 1989. The USA could increase its energy efficiency ten times over
‘without exceeding efficiency levels currently claimed for internal combustion
engines’, he added.5 Lovins, in his classic proposal for a ‘soft energy path’, decried
the egregious use of types of final energy completely unsuited to the energy
service required:
Where we want to create temperature differences of tens of degrees, we should
meet the need with sources whose potential is tens or hundreds of degrees,
not with a flame temperature of thousands or a nuclear reaction temperature
equivalent to trillions – like cutting butter with a chainsaw.6
The history of fossil fuel consumption is partly the history of conversion losses
that were reduced, and others that were not. Many disputes have centred on
which losses could be reduced with current technology, and at how much cost
to whom.

Production and transformation technologies
Fossil fuel production, that is, the extraction, transportation and processing of
coal, oil and gas, has become highly mechanised since 1950. These are among the
least labour-intensive industries. Consequently, corporations that produce fuels
have been able to deliver them to markets at relatively low prices, and in turn
have encouraged energy-consuming businesses to invest in energy-intensive
technologies and make energy-intensive choices.
Coal production has been characterised by two big trends: mechanisation of
underground mining, and increased surface recovery. Productivity rose steadily
throughout the twentieth century (in the USA, from 1 tonne per work shift
in 1900 to 3.5 tonnes per labour hour in 2003).7 Oil and gas development and
production costs have remained relatively low, but have risen steadily over the
decades, as production has moved from easier-to-access resources (e.g. large,
rich deposits in the Middle East) to more difficult ones (e.g. deep sea or Arctic
oil fields).
Technological innovation can complicate the trend for costs to rise, and
even reverse it, as it did in the 2000s, when hydraulic fracturing (fracking) and
horizontal drilling were successfully combined, enabling producers to access
‘unconventional’ oil and gas resources, such as those trapped in shale rock.
(Costs are only one factor in determining prices. Since the 1970s, costs have
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often comprised less than half of oil prices.8) Fossil fuel transportation costs
– for moving oil and gas by pipelines, coal and oil by rail or sea, and, more
recently, liquefied natural gas (LNG) by sea – have also been relatively low historically, encouraging international trade.
Transformation technologies, in the first place for generating and distributing
electricity, have played a crucial role in shaping global fossil fuel consumption.
The proportion of global fossil fuel consumption accounted for by electricity
plants has risen constantly, from 1 per cent in 1900 and 10 per cent in 1950, to
33 per cent in 2011.9
Electricity generation from fossil fuels is inherently inefficient. Typically, the
fuel is burned to heat water in a boiler, producing steam that drives a set of
turbines; the steam is then cooled to water in a condenser and pumped back to
the boiler. Power plants’ efficiency is limited by the physical principles governing
energy conversion,10 heat loss from the boiler, and the need for energy to run
pumps and other systems. Other problems include the way that high-temperature
steam corrodes turbine blades and other parts; longer lasting steels have helped.
In the USA, average thermal power station efficiency was 24 per cent in 1950,
twice what it had been in 1925. In rich countries generally, efficiency rose to
around 33 per cent in the early 1960s, with a few individual stations reaching
40–42 per cent. Efficiencies were lower in developing countries: the average in
India in the 1970s was 22 per cent. Average efficiencies improved slowly up to
the 2000s. In 2005, global average efficiencies were estimated at 34 per cent for
coal-fired generation, 37 per cent for oil and 40 per cent for gas; national efficiencies ranged from 28 per cent in India to 45 per cent in Italy.11
In the mid and late twentieth century, apart from incremental improvements,
two essentially new ways were found to produce electricity more efficiently:
combined-cycle gas turbines (CCGT), and cogeneration. CCGT used gas
turbines invented in the 1930s for use in aeroplanes, which burn a mixture of
fuel and air to drive the turbine blades and expel exhaust gases at very high
temperatures. In the 1980s, American and Japanese engineers found ways to use
these gases to heat steam for supplementary turbines; this raised power station
efficiency to 55–60 per cent.12 CCGT has the additional advantage of being able
to switch on and off much more rapidly than a conventional power station.
Cogeneration, or combined heat and power (CHP), takes the relatively
low-temperature (under 100ºC) ‘waste’ heat from electricity production, and
distributes it to industry and households. There are technological problems to
be overcome – in particular, transporting heat is difficult, and often impossible
over longer distances – but, nevertheless, well-planned systems can raise the
energy efficiency of fuel combustion to 60–80 per cent (e.g. 30 per cent as electricity, 50 per cent as useful heat). In the 2010s, the world average efficiency
of CHP was 58 per cent, compared with 37 per cent for conventional power
generation.13
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CHP is a good example of a technology constrained by systems of power and
wealth. Where government, industry and urban planners found ways of using
the heat, it flourished. In the Soviet Union and much of Eastern Europe, CHP
was installed as standard in the 1950s and 1960s, supplying industry and district
heating systems; by 1975 CHP provided 42 per cent of the Soviet Union’s urban
heat. In the 1970s CHP-supplied district heating systems were also widespread
in Denmark, Sweden and Finland; in the 2000s they continued to account for
29 per cent, 49 per cent and 55 per cent of total heat demand respectively in
those countries. But where electricity markets were commodified, and shares of
the generation market fought for by corporations, CHP declined: in the USA,
CHP plants linked to factories generated 30 per cent of electricity in 1930; this
proportion fell to 15 per cent in 1950 and 4 per cent in 1975.14
During the post-war boom, the US electricity companies, which generated
electricity and owned transmission and distribution networks, saw factory-linked
CHP as unwelcome competition. They blocked CHPs from feeding electricity
to the grid, by refusing to buy it, charging steep prices for the back-up power
needed for technical reasons, and so on. Engineers protested that ‘up to half ’
of the country’s demand for low-temperature heat, including space heating
for homes, could be supplied by CHP. Environmentalists raged at the use in
homes of electrical heating, instead of ‘waste’ heat from electricity production.
The 1978 US public utility regulation law removed some of the most egregious
obstructions to CHP. (See p. 103.) But the profoundly wasteful use of electricity
to produce low-temperature heat remains a central feature of many rich-country
energy systems. In the 2000s, when electricity generation firms in former Soviet
countries were privatised, governments introduced market pricing of electricity,
but not heat. There was no incentive to modernise the old and deteriorating,
district heating systems; CHP gave way to boilers on one hand and electricity plants on the other; households and factories opted for autonomous heat
sources; and the aggregate energy efficiency of district heating fell.15
Electricity systems’ efficiency depends not only on power generation, but
also on the network of wires used for transmission (high voltage over longer
distances) and local distribution (low voltage). In the rich countries, for 40 years
up to the 1980s, electricity corporations focused efforts on building larger and
larger power stations. Networks were centralised around these plants. In the
USA, before the Second World War, power stations typically served a building,
a neighbourhood or a town; by 1980 they delivered electricity over distances
averaging more than 300 km. Environmentalists argued that economies of scale
in generation were married to diseconomies of scale in networks. Transmission
and distribution costs of electricity together were more than twice generation
costs, they pointed out.16 Since rural systems were cross-subsidised by urban
ones, the point at which decentralisation would have been more economically
effective remained blurred.
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In the 1980s, the diffusion internationally of CCGT, which can be more effectively deployed in smaller-scale plants, began to reverse the bigger-the-better
trend. In public discussion, the virtues of centralisation were no longer taken
for granted. (See p. 143.) Big, centralised generation ‘has become so important,
and so dominates our thinking, that we have long tended to discount the many
alternative forms of electricity generation that are smaller in scale and less centralised’, Walt Patterson, an electricity researcher who participated in those
discussions, argued.17
The technologies to which electricity is distributed – lamps, motors, heaters,
electronics, and so on – are mostly thousands or millions of times smaller than
central-station generators. There are a few larger exceptions, such as aluminium
smelting equipment. This mismatch in scale between generation and loads
requires the network to divide up generators’ output into flows appropriate to
the loads – that is, to distribute the electricity. Alternatively, generation itself
could be distributed, closer to loads in both location and scale. Technologies
for this purpose – distributed (i.e. decentralised) generation – have only in the
2000s begun to be deployed on a noticeable scale.

Energy-consuming technologies
Energy consumption since 1950 has been dominated by the technologies of
the second Industrial Revolution. In transport, most consumption has been
by privately owned cars with ICEs. Electric cars, which are quieter and less
polluting, were marketed in the early twentieth century, especially to women,
and in 1900 were more widespread in Paris and New York than cars with ICEs.
Up to 1930, citizens of many densely populated American and European cities
were more likely to travel by electrically powered mass transit than by car.
The petrol car’s triumph over these competitors was due not only to social
and economic factors but also to technological ones. Electric cars waited in
vain for more effective battery storage to be invented, and they could not match
the petrol car for speed, range or easy refuelling. Some of these problems have
been resolved, and electric cars have reappeared in the twenty-first century, but
meanwhile cars with ICEs achieved complete dominance. Advances in engine
technology improved cars’ average fuel efficiency by a factor of three between
the 1970s and the 2010s – but manufacturers lobbied successfully to constrain
legal fuel efficiency minima, and used the improved technology not to reduce
fuel consumption but to build larger, heavier and faster vehicles.18
The gas turbine – a mid-twentieth century invention – transformed air
transport, as well as electricity generation (see above) and some industrial
processes.19 Jet engines for aeroplanes were first used during the Second World
War, improved upon in the 1950s, and became widespread in passenger planes
in the 1960s.
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In industry and construction, energy-intensive methods of producing
materials have been the largest consumers of fossil fuels since the second
Industrial Revolution. First among these is iron and steel making. The efficiency
of iron smelting (the first stage of steel production) has gradually risen, In 1900
it took 1.3 tonnes of coke (distilled from coal) to produce a tonne of hot metal;
by 2000 it took only half a tonne. Nevertheless, ever-greater quantities of coal
have gone into steel making. Most steel is produced today in updated versions
of nineteenth century plants – open-hearth furnaces, Bessemer converters or
more modern basic oxygen furnaces. There has been one truly breakthrough
technology: the electric-arc furnace (EAF), which heats raw material with an
electric arc rather than directly. EAFs were used to produce alloys during the
Second World War, but only widely adopted in the 1980s. They gave steel firms
two new flexibilities: EAFs suited mini-mills, that required much smaller capital
sums to build; and they could use steel scrap as raw material, thereby bypassing
the most energy-intensive stages of steel making, coke making and smelting.20
The second most significant metal product, aluminium, is also usually
produced with energy-intensive technology developed in the second Industrial
Revolution (the Hall-Heroult process). Cement making is another big fossil fuel
guzzler, but its efficiency has improved in recent decades, mainly by substituting
the old wet process by the newer dry process. In Europe in the 1980s, energy
consumption per tonne of cement was 119–160 kilograms of oil equivalent
(koe)/tonne using the wet process, and 72–95 koe/tonne with the dry process.
By the 2000s, most countries were achieving average energy consumption of
76–81 koe/tonne of cement, with the USA, Canada and China lagging behind at
100–110 koe/tonne.21 The big early twentieth-century innovation in materials
production was petrochemicals (chemicals derived from hydrocarbons).
Among its products are explosives; synthetic fibres; and cheap plastics, used
in packaging, construction and electronics, consumption of which has doubled
once every 15 years since 1950.22
A key turning point for agriculture was the discovery in 1913 of the HaberBosch process that synthesised ammonia, out of nitrogen (from the air) and
hydrogen (from fossil fuels, mainly natural gas but also oil and coal). The process
was first used to make explosives during the First World War and then to make
fertilisers. In the second half of the twentieth century, ammonia production
became more efficient: the energy used per tonne of ammonia approximately
halved.23 Industrial agriculture emerged as a system, using chemical fertilisers,
mechanical (usually fossil-fuel-powered) farm equipment and high-yield grains
and genetic engineering. No wonder it was defined as ‘the use of land to convert
petroleum into food’.24 These methods, developed in the USA in the post-war
years, were exported to developing countries during the so-called ‘green
revolution’ of the 1970s, and continue today to play a central role in shaping the
way that food is produced and consumed.
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The spread of electricity networks, from the second Industrial Revolution
onwards, paved the way for new electrical technologies. In the first half of the
twentieth century, electric motors came into widespread use in manufacturing.
Electrical and electronic household appliances, already common in some rich
countries in the first half of the twentieth century, proliferated everywhere in
the second half. Rich-country households first acquired radios, cookers, fridges
and washing machines, and then moved on to TVs and electric fans, all of which
transformed how people lived and, in particular, the way that housework was
done. From the 1980s, the third technological revolution brought personal
computers, mobile phones and an array of other gadgets into households.

Technological means of reducing fuel consumption
The industrial boom of the 1950s–1960s in the rich countries was characterised
by the availability of cheap fossil fuels and the proliferation of energy-intensive,
and even wasteful, types of consumption. In the 1970s, the sharp rise in fuel
prices spurred research into changing technological processes, particularly
in industry, to reduce fuel consumption. The engineers knew what they were
looking for. In 1973, research commissioned by the US state of Illinois showed
huge potential energy savings from all stages of car manufacture (particularly
steel and aluminium making), from recycling, and by making cars to last 30
years instead of 10. (See p. 84.) In 1974 the US government commissioned a
project that quantified the potential for using solar, instead of fossil energy, to
provide process heat in industry where only lower temperatures were needed.
Hardly any such potential was realised, though. Companies had other priorities,
especially once energy prices stabilised, and then fell, in the 1980s. Daniel
Spreng, a researcher of energy flows, in 1988 blamed ‘the overzealous belief in
growth [that] leads directly to a large waste of resources’, and specifically to the
construction of unneeded production capacity, and wasteful uses of machinery,
in industry.25
Modern buildings, often built energy-intensively, which then use energy
wastefully for space heating and air conditioning, have long been a target for
energy conservation advocates. The technological potentials for energy conservation have hardly ever been realised. Amory Lovins argued in 1992 that
‘the institutional framework within which buildings are financed, designed,
constructed and operated’ – including developers’ focus on minimising capital
costs, and owners’ indifference to reducing heating costs – was to blame.26 Since
then regulation has improved only in a handful of countries.
Research into technological means of reducing fuel consumption received
renewed impetus from the discovery of global warming and resulting political
processes. A good example is research of the production of steel, aluminium and
other materials, conducted in the 2010s at Cambridge University. In the case of
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steel, the researchers found that, of the scrap fed back into steel mills, less than
half was end-of-life scrap (objects made from steel but no longer used); most
was material left behind by steel making and processing. A ‘never-ending [and
extremely wasteful] internal melting loop of 360 mt of steel’ was maintained
(meaning that amount of steel never exited the production process). Losses
during fabrication (when steel is turned into shapes needed by manufacturers
and construction companies) could be slashed; more goods could be made with
less energy-intensive long products (e.g. bars, beams or wire), instead of sheet
steel; and construction, in particular, could use designs that require less steel.
The reasons companies made materials-wasteful decisions included the priority
given to reducing labour time, and ‘habit’. The losses in aluminium production
are even more eye watering: ‘around half of all liquid aluminium produced each
year never reaches a final product’, and recycling would slash energy use.27
The relative costs of materials and labour discouraged producers from
reducing materials output. ‘Using less materials incurs other costs, such as
higher labour costs, higher tooling costs or higher costs for higher performance
materials’; if companies were to be motivated by government to take material
efficiency options, they would want to save more than 75 kilograms of steel or
20 kilograms of aluminium for an hour’s labour.28 The researchers concluded
that total potential energy savings from ‘practically achievable design changes’
to the most energy-hungry technological systems – building design, vehicles
and industrial systems – amounted to 73 per cent of global primary energy
use. The barriers to energy demand reduction were primarily ‘economic and
socio-cultural’.29

Non-fossil energy producing technologies
Higher fossil fuel prices in the 1970s focused governments’ attention on other
ways of producing energy, as well as on conservation. Nuclear power, which fits
both with military strategies and with centralised electricity generation, always
had the lion’s share of political support, and was widely expected to become the
main alternative to fossil fuels. Hydro power expanded, particularly outside the
rich world. Research funds went into solar and wind power technologies, and
heat pumps, but – as with energy conservation – much of the progress made was
reversed in the 1980s. By the 2000s, global warming put on the agenda the issue
of a transition to a non-fossil-fuel energy system.
State funding for research and development is a good measure of the relative
importance given to nuclear and renewable technologies. Between 1950 and
1973, OECD countries spent more than $150 billion on nuclear and practically
nothing on renewable energy sources. Between 1974 and 1992, these countries
spent $168 billion on nuclear research and $22 billion on renewables.30 In
addition to research funds, nuclear power received economic subsidies (e.g.
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tax breaks and favourable electricity purchase rates). Nevertheless, it was constrained by social factors – mainly, opposition on the grounds of its relationship
to nuclear weapons, and safety issues.
The most important solar technology, photovoltaic (PV) cells made of semiconductor materials that convert sunlight into electricity, was devised in 1952
by scientists seeking new sources of electricity for telecommunications. Their
first cell was 6 per cent efficient (converted 6 per cent of the light it received into
electricity); twenty-first-century cells are 10–25 per cent efficient. Concentrator
photovoltaic cells, which achieve efficiencies of more than 40 per cent, are still
in development.31 For PV systems to work at scale, though, other problems had
to be solved – and by the 2000s had begun to be solved – including developing
good batteries, physical support structures for panels and inverters to feed electricity grids, and sourcing raw materials. All these factors influence up-front
capital costs, that were historically high, and – since solar largely lacked
nuclear-type state support – frustrated efforts to compete with incumbent fossil
fuel systems. Nevertheless, capital costs for solar PV fell from more than $76/
watt of capacity in 1977 to less than $1 in 2010, and are still falling.32
In the USA, state aid to solar rose from a 1960s average of $500,000/year to
$500 million in 1979, resulting in a mini boom. A large chunk of subsidies was
directed at domestic solar water heaters (a mistake, according to energy specialists); by 1980, this business achieved $1 billion annual turnover. A change
of government – the replacement as president of Jimmy Carter, who demonstratively installed solar panels on the White House, which were removed by
Ronald Reagan – resulted in subsidies being withdrawn. Nearly all the progress
made was reversed. It took another 20 years, until the turn of the century, before
substantial state support was given to solar PV – by Germany and Japan this
time, followed by Spain and then China – paving the way for rapid expansion
of solar electricity generation, and a further corresponding fall in costs, in the
2010s.33 The future development of solar and other renewables will not only
have to overcome social and economic problems, but also resolve technological
issues mainly related to intermittency – that the sun shines and the wind blows
intermittently. (See pp. 185–6.)
Wind turbines, which had been used to generate electricity, particularly
in Denmark, since the early twentieth century, benefited from the 1970s oil
price shocks more slowly than solar. In the USA, they were diffused only after
1978 legislation that opened the electricity grid to small generators. (See p.
103.) US wind power was concentrated almost entirely in California, which
in 1985 produced more than 95 per cent of it. Thereafter, the withdrawal of
state support resulted in the collapse of US wind turbine manufacturers, while
Danish producers – who, with strong government support had perfected the
more efficient three-blade upwind turbine – took a growing share of the world
market.34
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Heat pumps, like solar, boomed in the 1970s but in some countries were
pushed back to the margins in the 1980s. There was a different experience,
though, in Sweden and Switzerland, where government support (research funds,
and favourable tax regimes for commercial providers) enabled the technology
to develop, for engineers to learn from each other and make improvements, for
costs to fall and for heat pumps to increase their share of energy provision.35

Technologies of the third Industrial Revolution
The innovation from the 1980s, and diffusion from the 1990s, of a cluster of
information and computing technologies is justly described as a third Industrial
Revolution. Starting with the transformative development of the microprocessor, this revolution has generalised digital computers; transmission
technologies such as computer networking, the Internet, digital broadcasting and (later) third- and fourth-generation mobile phones; and has ushered
in digitally driven manufacturing and new types of robots. Claims that this
process would reduce the economy’s impact on the environment have not been
realised; in some respects, including fossil fuel consumption, it has produced
new burdens. All these technologies have spurred large-scale manufacture of
ultra-energy-intensive materials, such as silicon wafers, which embody 800
times as much energy per unit of weight as steel (although they are of course
used in much smaller quantities).36 Moreover, the data centres and telecoms
infrastructure on which the systems rely wolf down electricity. (See p. 162.)
Even more striking than these burdens, though, is the timidity of efforts
to apply information technologies to the problem of reducing fossil fuel consumption. Although the global warming danger was well known when these
technologies were being diffused, their potential to remake electricity networks
and industrial processes – which have been clear to engineers for many years –
have not been realised.
The data gathering and communication functions used every minute by the
Internet could manage electricity flows. ‘Smart grid’ technology, currently used to
offer household consumers commercial deals, could do much more; for instance,
by coordinating multiple small sources of supply in distributed (i.e. decentralised)
generation systems. This would also improve the conditions for technologies such
as solar PV to operate at smaller scales (for example, in households as opposed
to large solar farms). Yet, as researchers at the Electric Power Research Institute
noted, electricity is ‘the last industry in the western world to modernise itself ’
using this technology. The Global Energy Assessment’s authors wrote:37
It is indeed a supreme irony that computers, sensors and computational
ability have transformed every major industry except power-generation,
whose product is the lifeblood of the modern global economy.
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Why is there a disconnect between the available technology and its deployment?
One thing to consider is:
Today’s bulk-electricity supply and delivery systems were typically designed
and built with the primary objective of keeping pace with the rapid growth
in demand associated with initial electrification. Those days are long over
throughout the developed world, yet little has been done in most countries
to update either the infrastructure or the business incentives to focus on
efficiency and quality. The electricity meter, for example, still holds retail
consumers hostage to an electricity supplier monopoly over which they have
essentially no market leverage. Technology is available to break down this
iron curtain meter, just as the internet transformed communications. […]
The incentives should be to add maximum value to each electron, not to
maximise the quantity of bulk electricity sold to captive consumers.
The technology has leaped forward, but faced social, economic and political
barriers. Bulk supply systems and meters that hold customers hostage have
obstructed change. Behind them have stood energy corporations’ vested
interests. The prospect of large numbers of small solar PV electricity suppliers,
brought together by smart grids, posed a threat to incumbent firms, two writers
on electricity history pointed out. Distributed generation ‘brings new stakeholders – millions in the case of PV – into the supply side of the industry, with
potentially revolutionary intent’. But as things stand, these small suppliers ‘still
need the grid more than the grid needs them’. By 2012, both Google (through
its PowerMeter subsidiary) and Microsoft (with Microsoft Hohm) sensed an
Internet-like business opportunity, entered the market, and exited again.38 Electricity grids require much more coordination than the Internet does. So far,
movement towards decentralisation has been in the teeth of resistance from the
incumbent electricity firms.
The theme that emerges, both in terms of the adaptation of existing technologies and the diffusion of new ones, is that economic and political factors have
been decisive in determining the pace of change.
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Energy in society
Changes in the economic framework in which fossil fuels have been supplied are
outlined in this chapter; then, economic and social trends that drove increases
in consumption; the relationship of population growth and fossil fuel consumption; and the reflection of widening social and economic inequalities in the way
fossil fuels were distributed and consumed.

Energy supply in economic history
In the last two centuries, energy has mostly been brought to its consumers in
three overlapping but distinct ways: as a commodity (e.g. traded oil, gas or coal);
as a state benefit (e.g. as cheap electricity for industry or urban residents); or as
non-commercial energy gathered from nature by families or communities (e.g.
fuel wood in the countryside of developing countries).1
Commodified energy became dominant in the late nineteenth and early
twentieth century. Until the eighteenth century, only a small proportion of the
energy consumed anywhere was traded. People mostly burned biomass or coal
they had gathered themselves or bought locally; the main energy source for
agriculture was human and animal muscle power. Townspeople and industrial
enterprises were more likely to buy wood and coal from others, but they were
a small minority. Coal trading expanded significantly in eighteenth-century
Britain; it helped to pave the way for the Industrial Revolution and for urban
development; these changes, in turn, drove up demand for coal, primarily in
industry. (See pp. 11–13.) Widespread use of electricity, oil and gas began in
the late nineteenth century, by which time the capitalist economy was mature
and its imperialist expansion was underway. Oil and gas were produced and
marketed by corporations from the start. In the case of electricity, both corporations and governments invested in networks, and economically, two types of
provision – as a commodity and as a state benefit – clashed and/or combined.
Technologically, systems of energy provision became more complex; economically, the provision of energy as a commodity became dominant. David Nye
summarised the social consequences of these changes:
The ability to consume energy without having to produce it is partial and
recent. It also has its problematic side. As farms, cities, businesses and
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households gave up energy self-sufficiency, they become dependent on
distant and often anonymous sources of power, whether coal mines, dams, oil
wells or gas fields. Such superior methods of consuming power were essential
to getting more work out of labourers, to producing goods more cheaply and
to freeing more labour for other tasks. European expansionism and imperialism would have been difficult to sustain without improved power systems.2
This rift between energy consumers and producers was further deepened as
electricity networks spread. Extended grids, centralised generation, and the
aggregation of diverse sources of supply has in recent times ‘allow[ed] end-users
to disengage from the electricity industry other than through paying their bills’,
the energy researchers Stephen Healy and Iain MacGill have written. In rich
countries, the grid ‘appears effortlessly to supply just about any amount of electricity’. This disengagement will be reversed in a future decentralised system,
they argue.3
By 1950, of the fossil fuels, only a small proportion of coal continued to be
produced and consumed outside markets. Even today, more than 400 million
people use coal for cooking, mostly in the Chinese countryside; many of
these gather it themselves. Not so with oil, the quintessential commodity. The
proportion traded across borders has risen even faster than the total produced:
in 1950 less than one third of crude oil crossed a border on its way to the
consumer; by 2015, more than two thirds.4
Ideas about energy as a state benefit first emerged as nineteenth century urban
populations lost their energy self-sufficiency in the way described by Nye. As
electricity became widely available in cities in the late nineteenth century, in the
USA it was sold by private business, while in European countries, the state at
national or municipal level provided it. (See pp. 20–1.)
Electricity fired the imaginations of socialist opponents of capitalism, who
saw its potential as a high-tech platform for an equitable, post-capitalist society.
In 1879, August Bebel, a leading figure in the German Social Democrats,
the world’s largest political party, foresaw electrical networks and appliances
sweeping away the burden of housework on women. Charles Steinmetz, the
German-born socialist who migrated to the USA and as head of research at GE
helped to invent alternating current, believed that a national electric grid would
engender technological interdependence that would pave the way for a new
social system. The Russian anarchist Petr Kropotkin saw electricity as a means
of strengthening worker cooperatives against big corporations.5 This radical
optimism was summed up, at the dawn of the twentieth century, by the French
novelist Emile Zola. In his novel Work, he had his character Luc Froment, an
electrical engineer who endeavoured to create a collectivist community based
on Charles Fourier’s cooperativist socialism, say:
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The day must come when electricity will belong to everybody, like the water
of the rivers and the breezes of the heavens. It will be necessary to give it
abundantly to one and all, and to allow men to dispose of it as they choose. It
must circulate in our towns like the very blood of social life.6

In the twentieth century, when socialist governments began to be formed, they
prioritised electricity. Social democrats saw it as an infrastructure service for both
capital and labour; the state socialists who ruled the USSR saw it as an essential
basis for industrialisation and modernisation. After the Second World War, the
success of relatively rapid Soviet electrification influenced developing country
governments seeking models to emulate – while western capital’s institutions,
such as the World Bank, advocated commodified electricity, and electrification
financed by capital markets. Electricity’s potential as both a commodity and a
state benefit made it a battleground between contending social forces.
Energy that changes hands in the economy – both commodified energy and
energy provided as a state benefit – are identified in this book as commercial
energy.
Non-commercial energy remains dominant for most people in the countryside, and a smaller proportion of city dwellers, outside the rich world. These
communities rely mainly on biomass – mostly fuel wood, but also charcoal and
animal dung – for cooking and heating, and often on human and animal muscle
power for subsistence farming. The absence of electricity and modern fuels
cruelly shapes the use of labour. The task of collecting biomass – often involving
journeys on foot of many kilometres each day – falls largely on women and
children. I call such energy sources non-commercial, rather than ‘traditional’,
which might imply that they have no costs: actually, the cost in terms of labour
is high.7
There are about 1.2 billion people who have no access to electricity, and 2.7
billion who use biomass to cook: the number living outside the commodified
energy system is between these two. (See Table 3, p. 42.) The dividing line
between the non-commercial and commercial energy systems is fuzzy. It is close
to the dividing line of electrification: in rural areas outside the rich world, electrification requires the monetisation of economic relations, since households need
cash income to pay for electricity and electric appliances. But this is not an exact
correlation. Some rural families living mainly outside the commercial system
sometimes access kerosene or diesel in markets. Some urban families living on
the edges of the commercial system fall back on non-commercial biofuels for
some important uses. Research in the late 1970s found that poor urban families
bought, bartered or collected charcoal and biofuels, as well as buying bottled
gas or electricity. The grey area has persisted over time: 30 years later, research
of urban households in China and India found that barter exchange was often
still the norm. Much also depended on ease of access: the larger the Indian city,
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the harder it was for poor households to gather their own firewood, and they
would then have to buy it.8 The authors of the Global Energy Assessment (2012)
estimated that 230 million urban dwellers have neither electricity nor modern
fuels; another 470 million or so have some electricity but no modern fuels for
cooking.9
The history of fossil fuel consumption since 1950 is primarily the history of
commodified energy. The provision of energy as a state benefit, which expanded
during the post-war boom, was eroded by the neoliberal offensive of the 1980s–
1990s but has by no means disappeared. Non-commodified, and non-fossil-fuel,
energy remains vital for a large minority of the world’s population, including its
poorest sections. But in terms of sheer volume, commodified energy supply was
dominant in 1950 and has become overwhelmingly dominant since.

Social and economic causes of rising consumption
The six social and economic trends that jointly account for most fossil fuel
consumption growth since 1950 – and have been manifested through the
technologies described in Chapter 2 – are: electrification, industrialisation,
the transformation of the labour process, urbanisation, motorisation and the
growth of material consumption and consumerism.
Electrification began before the Second World War in rich countries, when
networks were installed. Consumption expanded sharply in the post-war boom.
In the rest of the world, electricity was available only in a few urban islands in
1950; today, networks reach most urban areas and large parts of the countryside.
Industrialisation was also concentrated in the rich countries in the first
decades after the Second World War. Energy consumption by industry
expanded steadily until the 1970s. The recessions of the 1970s pushed energy
use by rich-world industry down, and in 1983 it was one-fifth lower than it
had been a decade earlier.10 Then it rose again, notwithstanding efficiency
improvements. Even in the 1980s, roughly 90 per cent of the world’s industry
was sited in rich countries. But as production processes – and in particular the
energy-intensive manufacture of raw materials (metals, cement and fertilisers)
– were relocated to developing nations, the total use of energy by industry kept
rising. Between 1970 and 2005, annual global output of cement rose by 271 per
cent; of aluminium by 223 per cent; of steel by 84 per cent; and of ammonia (the
fossil-fuel-based ingredient for fertilisers) by 200 per cent.11 Between 1971 and
2011 total energy consumption by industry rose by four-fifths; other sectors
such as transport increased their energy consumption more rapidly, though, so
industry use fell as a proportion of the total, from 33 per cent to 28 per cent.12
The technological changes in industry, and industrialised agriculture, made
possible by fossil fuels were associated with changes in the labour process: the
continuation of substitution for hard physical labour previously done by people
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and animals, and the substitution of, and changes in, other types of labour by
electrical appliances. The fossil-fuel-dominated economy also redefined the
division between industrial, agricultural and domestic labour – for example,
giving rise to the manufacture of food, where previously that food would have
been made at home. Moreover, it transformed the sphere of domestic labour,
relieving some burdens but creating others. (See pp. 90–2.)
Changes in the labour process began, during the post-war boom, to produce
an unprecedented flood of affordable commodities in rich countries. Cars and
household items previously supplied to a wealthy minority became accessible by
most people. Automated assembly lines drove down costs; manufacturers then
focused on design variation, marketing and new products to encourage replacement purchasing. From the 1980s, especially with the advance of computer
and other technologies, the throwaway culture, in which it was cheaper to
replace a product than fix it, expanded.13 The other side of this coin was the
trend towards rich-country workers working longer hours, for higher pay, and
spending it on time-saving items, such as travel by private car, pre-prepared
food or household appliances. (See pp. 126–7.) In the twenty-first century, new
technologies made possible just-in-time manufacture and globalised delivery
systems. All this made manufacturing, commerce and personal consumption
more fossil fuel intensive.
Urbanisation tends to increase fossil fuel consumption per head, but not
straightforwardly. Industry, transport, buildings and other infrastructures
weigh the scales; so do amenities such as electricity, heat, hot water and gas,
whatever gaps there are in provision. A pioneering study of energy consumption published in 1981 found that the geographical intensity of consumption
in rich-world cities was generally around 5 Watts/square metre (3.8 million
toe/year/square km). The authors advanced the hypothesis that, given the role
of technological systems in determining consumption levels, and the greater
population densities in poorer cities, urban areas outside the rich world might
have similar levels of energy consumption per square kilometre. Subsequent
research showed that they do not. Inequalities between cities, and the proliferation of private car transport and suburban dwellings in the Global North, made
cities there substantially more fuel-intensive, a UN report stated in 2008. Energy
flows in the richest megacities (those with more than 10 million population)
were found to be 28 times greater per head than in the poorest.14 The authors
of the Global Energy Assessment (2012) estimated energy consumption by the
urban population (then a little more than half the world total) at 60–80 per cent,
with a central estimate of 75 per cent, using production accounting, and nearer
to 80 per cent, using consumption-based accounting. (On accounting methods,
see Appendix 1.) The urban share of high-quality energy carriers such as electricity, diesel oil and petrol, is higher still.15
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Urbanisation is a jagged and uneven process, very different in the Global
South in the late twentieth and early twenty-first centuries from in Europe and
North America a century earlier. Sheer scale is one factor. About 14 per cent of
the world population was urban in 1900, 30 per cent in 1950, and 54 per cent
by 2015. Between 1950 and 2005, while the world population grew from about
2.5 billion to about 6.5 billion, and the rich-world urban population went up
from 340 million to 730 million, the urban population of Asia rose from 175
million to 1.3 billion, of the Middle East and Africa more than tenfold from 44
million to 478 million, and of Latin America from 68 million to 429 million.
In 2010–15, 77 million people were added to the urban population each year,
compared to 57 million in the 1990s. The number of megacities rose from 14 in
1995 to 29 in 2015.16
Whereas urbanisation in the rich world was almost always associated with
industrialisation, pulling labour into factories, the developing-country urbanisation of the last half-century has brought hundreds of millions of people into
cities to eke out a precarious existence with no work or irregular work. The
population of slums has expanded much faster than urban population in general.
In 2001 the UN counted 924 million slum-dwellers, comprising 32 per cent
of the world’s urban population (59 per cent in south-central Asia and 72 per
cent in sub-Saharan Africa).17 Urban fossil fuel consumption is deeply unequal.
‘Urban sprawl and motorisation come hand in hand with the expansion of slums
and gated communities, and the associated social divide’, UN researchers found,
with ‘the better-off classes producing the bulk of the emissions’.18
Motorisation is the fourth big social and economic trend that has driven fossil
fuel consumption growth. Consumption of energy for road transport, all but a
minute proportion in oil-based fuels, tripled in the 40 years between 1971 and
2011. Most of this fuel was consumed by cars, predominantly privately owned
cars in rich countries. Rich-country car ownership rates soared in the last third
of the twentieth century: in 1973 there was one car between nine people in
Japan and one between two people in the US; by 1998 all OECD countries had
more than one car for every three people; the USA had more than two.19
Peter Newman and Jeffrey Kenworthy, summarising decades of research,
argued that ‘automobile dependence’, particularly in cities, is a prime cause of
high fossil fuel consumption. In the (mostly rich-world) cities they surveyed,
the number of vehicle kilometres travelled per head of population rose by 42
per cent in the decade to 1970, 26 per cent in the decade to 1980 and 23 per
cent in the decade to 1990. After that, growth slowed to about one third of those
rates, suggesting it had reached saturation level. Low urban densities (i.e. urban
sprawl, with people living in larger houses, further from their workplaces) and
the retreat of public transit services were correlated with growing dependence
on cars.20 The supply of urban highways, which ‘directly facilitate greater car
use and energy use in cities’, is crucial. Road construction and parking provision
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have historically provided a gigantic subsidy to car drivers at others’ expense.
Decades after urban cars’ contribution to global warming was well understood,
city authorities continued to require construction firms to build parking
spaces in city centres – ‘a subsidy for the wealthy paid by the poor’ that further
undermines public transport and cycling, as the Economist noted.21
Atlanta in the USA has become the symbol of car-dependent living: its
transport-related carbon emissions are eleven times higher per head than those
of Barcelona, Spain, which has similar population and GDP per capita (and 100
times higher than those of Ho Chi Minh City, Vietnam). The greatest distance
between two points in Atlanta’s city area is 137 km, compared to 37 km in
Barcelona; the proportion of trips made on foot is 20 per cent in Barcelona; in
Atlanta it is too small to be recorded.22 ‘In sprawled metropolitan areas, people
use their cars to do everything,’ an economists’ study of US transport found; in
the most spread out cities, even 78 per cent of trips of 1.6 km or less are made
by car. The current model of urbanisation, a UN report concluded in 2016,
‘engenders low-density suburbanisation – largely steered by private, rather than
public interest, and partly facilitated by dependence on car ownership. It is
energy intensive and contributes dangerously to climate change.’23
The final trend to be considered is the growth of household material consumption (of goods and services generally, not only the direct consumption
of energy), and the consumerism that goes with it. In the twentieth century,
material consumption, above – and sometimes far above – the subsistence level
has spread, from social elites numbering a few thousands, to tens and hundreds
of millions of people in rich countries. From the 1980s it spread to smaller proportions of middle-class people outside the rich world too.
Such material consumption affects fossil fuel consumption levels in two ways.
First, indirect consumption, when consumers purchase cars, houses, and other
goods, the production of which involves fossil fuel use. Second, direct household
consumption of energy, as electricity; heat; coal and gas for heating and cooking;
and so on. This direct consumption doubled between 1971 and 2011, staying
consistently at 23–4 per cent of global final energy consumption. (See Table
5-b, p. 60.) Even today, it is predominantly a rich-world phenomenon; biofuels
remain the largest household energy source outside the rich world.
A part of this direct household energy consumption substitutes for and
reduces the burden of domestic labour, mainly through the use of electrical
appliances such as refrigerators, cookers, washing machines and vacuum
cleaners. There is a distinction between this energy consumption associated
with domestic labour and consumption for communication or leisure, such as
for TVs and radios.24 There is no neat divide. Personal computers might be
used for paid-for labour, domestic labour, or for fun; and the same refrigerator
might contain bottles of wine for leisure and labour saving food supplies.

Pirani.indd 45

26/07/2018 16:06

46

burning up

Nevertheless, there is a difference. A washing machine is as central to the labour
process for a rich-world urban parent as an electric drill is for a joiner, but in
both their households, Game Boys or snowmobiles are leisure equipment. In
rich countries, communication and leisure technologies have over the last 40
years become significant consumers of electricity.
There is a further distinction between discretionary consumption (of energy
used as a direct result of households’ own decisions), and non-discretionary consumption (largely determined outside the household, by economic, social and
technological systems and the people that control them). All too often, researchers assume, or imply, that the level of consumption is chiefly determined by
households’ decisions. And certainly, many rich-world households could
tomorrow slash their energy consumption without any significant suffering
or inconvenience. But focusing on that hypothetical, while ignoring the ways
that households’ consumption has increased due to the actions and decisions of
others, produces a distorted picture.
This is not a new insight. More than 40 years ago, researchers commissioned by the US government’s National Research Council dismissed the idea
that ‘consumers are basically free to choose among actions that imply different
amounts of energy use’. Consumers’ choices, they argued, were limited (i) by
intermediaries, such as purchasers of buildings and energy-using equipment;
organisations such as utility companies who are incentivised to distribute
energy less efficiently; and engineers, designers, architects, financial institutions
and standard setting organisations who shape a building’s energy consumption
before its occupants move in (e.g. by assuming that all rooms had to be heated);
(ii) by makers of consumer products who determine levels of indirect consumption; (iii) by long-lived capital stock (e.g. housing) that locks in patterns
of consumption; and (iv) by limited access to capital for energy conservation
equipment.25
To this list could be added the effects of government policy, which, in rich
countries during the post-war boom, kept taxes on fuels low, and used cheap
energy as a subsidy both to households and industry. This political approach,
which prioritised social control over energy efficiency, persisted after the
dangers of global warming became known in the 1980s. Moreover, energy is
used by corporate and public infrastructure, from supermarket supply chains to
night-time urban lighting, over which individual consumers have no control. In
the 1990s, environmental sociologists researched these issues. David Goldblatt
argued against the ‘conventional individualistic, behavioural focus’ of energy
consumption research, and advocated a ‘social-revealing approach’ that understands that energy consumption is embedded in products, services and systems
and distinguishes its discretionary and non-discretionary forms.26 In this book
I endeavour to do that.

Pirani.indd 46

26/07/2018 16:06

energy in society

47

Fossil fuel consumption and population
The view that fossil fuels are consumed by and through technological, social
and economic systems, and that consumption growth is driven mainly by social
and economic changes, is presented in this book as a counter-weight to the
oft-repeated and misleading generality, that population growth is one of the
main drivers. In fact the relationship between population growth and fossil fuel
consumption growth is complex and heavily mediated through systems.
Rich, heavily industrialised and urbanised countries with small populations
consume more fossil fuels than large countries in the Global South with big,
mainly rural, populations: Belgium has one citizen for every 14 in Bangladesh,
but consumes two-thirds more fossil fuels.27 As for population growth, in
the Global South, the correlation with fuel consumption is very weak; in the
north, since the 1970s, it has been associated with less rapid fossil fuel consumption growth than previously, due mainly to changing economic structure.
Sub-Saharan Africa accounted for 18.5 per cent of global population growth in
1950–1980, and 10.7 per cent in 1980–2005, but only 2.2 per cent and 2.4 per
cent respectively of global CO2 emissions growth (which is mainly caused by
fossil fuel consumption) during those periods. North America accounted for
4 per cent of population growth in both periods, but for 20 per cent of CO2
emissions growth in 1950–1980, and 14 per cent of it in 1980–2005. There are
of course many indirect relationships between population growth in the Global
South (where it is concentrated) and fuel consumption growth: for example, the
expansion in the 1970s of fossil-fuel-intensive agriculture supported more rapid
population growth. But statistically these are masked by the very low levels of
direct and indirect personal fuel consumption in the Global South. Researchers have found equally weak correlation between population growth and other
types of consumption.28
Figure 4 shows the relationship between population and fuel consumption
trends for several large countries. In India, fossil fuel use rose at a slower rate
than population for much of the period since 1980. Moreover, most incremental
fuel use was by industry and relatively small urban populations. Between 1981
and 2011, improvements in electricity access that pushed up household access
levels from around 20 per cent to around 70 per cent, and provided electricity
to 650 million mainly rural people for the first time, accounted for just 3–4 per
cent of the growth in the country’s greenhouse gas emissions. The total direct
and indirect use of electricity by those 650 million people accounted for 11–25
per cent of emissions growth; most of the rest was due to urban populations and
industry.29 In China, the acceleration in fossil fuel consumption growth from
2001 was clearly caused by rapid changes in the economy. If a demographic
trend is relevant, it is the large-scale movement into towns in the 1990s and
2000s, not the actual level of population. This urbanisation accounted for an
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increase in household consumption, but was dwarfed by coal consumption in
industry, and coal consumption for electricity used mainly by industry.
The complex relationship between population growth and fuel consumption
growth is further illustrated by the graphs for the USA and Russia in Figure
4. The USA’s fuel consumption remained since 1980 between three and ten
times greater than India’s, despite the population remaining between two and
four times smaller. The changes in the fuel consumption level are related to
economic shifts: it fell in the early 1980s, and again in the late 2000s, due to
economic recessions. It grew at all other times, finally levelling out in the 2010s,
thanks mainly to efficiency gains. In Russia, population fell very gradually from
the late 1980s, in contrast to most countries. But the crash of fossil fuel consumption in the early 1990s was caused by an unprecedented economic slump.
From the mid-1990s as the economy slowly recovered, so did fuel consumption
– although the population continued to shrink.
The conclusion is not that there is no relationship at all between population
growth and fossil fuel consumption, but that there is no direct causal relationship. The relationship is complex and mediated. People consume fossil fuels
through technological and social systems, and the predominant factors that
determine consumption levels are the ways that those systems evolve.

A mirror of inequality
The widening gap between rich and poor, a central feature of recent economic
history, is reflected in the level of fossil fuel consumption, and how the fuels
are consumed. At one extreme is the high level of consumption by industries,
infrastructure and consumers in the rich world; at the other, the absence of
commercial energy systems from swathes of the countryside in poor countries.
The differences in the way energy is used are essential. Rich countries support
high living standards by providing food, water and energy through systems that
depend on high inputs of energy, capital and materials. In developing countries,
many people lack the materials and energy needed to take them beyond the
most basic levels of subsistence.
One measure of inequalities, albeit imperfect, is per capita energy consumption. In the 1960s, it was estimated to be 40–50 times higher in North America
than in Africa and developing Asia. In the 1980s, it was estimated to be 60–70
times higher in the USA than in Bangladesh. In 2007, Vaclav Smil estimated that
in Canada it was 450 times higher than in the poorest African countries – but
that, since the poorest people in the poorest countries do not directly consume
any fossil energies or electricity at all, the gap between them and the average
Canadian ‘may easily be larger than 1000 fold’.30
National per-head consumption statistics are shown in Figure 5. Crucially,
they do not reflect inequalities within nations. In India, the energy researcher
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Shonali Pachauri found that between 1983 and 2000, while the number of
people counted as suffering energy poverty fell and tens of millions gained
electricity access, the proportions of energy consumed by the richest and the
poorest scarcely changed. (See p. 130.) The economists Lucien Chancel and
Thomas Piketty attempted to compare trends in global inequality, in terms of
CO2 emissions, between countries and within countries, in the 15 years prior
to the Paris climate conference in 2015. They concluded that, overall, global
inequalities between individuals had abated, due to the rise of wealthy upper
and middle classes in some developing countries and the stagnation of incomes
in rich countries – but that inequality within countries had widened.31
Differences in economic structure and infrastructure are also invisible in
consumption-per-head statistics. For example, Figure 5 shows that Germany’s
and Russia’s consumption per head is in the same range – despite Russians’ living
standards being lower, and their personal consumption more modest, than
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Germans’. Russia’s numbers reflect the energy-intensive nature of its industry,
the relative inefficiency of its infrastructure, and the fact that it is big and cold.
Another example is Bahrain, where energy consumption per head is 46 per cent
higher than in the USA. But that is mainly because it refines (and therefore,
according to the statistics, consumes) crude oil that it produces or imports, and
has a very small population, not because its citizens consume more energy than
the USA’s do.
Electricity access is an important measure of inequality. Between 1970 and
2013 the number of people without electricity fell from 1.87 billion to 1.2 billion,
while the global population rose from about 3.7 billion to about 6.8 billion. (See
Table 3, p. 42.) Thus electricity was supplied to 2 billion extra people, in large
part thanks to government-supported campaigns in China, India, Thailand,
Brazil, Mexico and other countries. The level of electrification in the countryside outside the rich world – where it has historically been lowest – rose from 12
per cent in 1970 to 63 per cent in 2010. Still, in 2013, 17 per cent of the world
population, including 68 per cent of sub-Saharan Africans and 19 per cent of
Indians, had no electricity.32 Those rural households outside the rich world that
have electricity use very little compared to urban households, and many connections are precarious, either because households cannot pay for the supply
and/or because the quality of networks is poor. (See pp. 109–10.) A different
type of inequality is suffered by millions of people living in fuel poverty in rich
countries. Many such people live in an environment where basic amenities,
including heat, cooking fuel and electricity, are supplied on a commercial basis,
but they are short of money to pay for it.33
In their overview of electricity supply outside the rich world, the Global
Energy Assessment authors, taking into consideration erratic and poor-quality
supply, concluded that there is an ‘empirical dividing line between advanced
and developing economies’ at around 2000 kWh/year of electricity per person.
‘The resulting “electrification gap” effectively excludes nearly half the world’s
population [their emphasis] from the potential benefits of a global economy.’34
The history of fossil fuel consumption is in part the history of these inequalities, and the reasons why they have persisted and in some respects increased.
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Fossil fuel consumption in numbers
The growth of fossil fuel use since 1950 is set out in numbers in this chapter.
First an overview of global consumption is provided, broken down by fuel and
by parts of the world, and with respect to greenhouse gas emissions. Then consumption is outlined sector by sector. (Readers may treat the sector-by-sector
descriptions as reference, looking at them briefly now and returning to them
when reading Part Two.)
Most of the statistics used here are collected by the IEA, which has since the
1970s monitored the paths taken by energy supplies to final consumers. They
provide a breakdown of consumption between different sectors (industry, agriculture, residential, and so on). Other international statistics say much less, if
anything, about the sectoral breakdown. The World Bank’s historical statistics1
include those measuring energy consumption per capita and per unit of GDP.
These allow comparisons between countries with respect to their energy use and
level of economic activity, and potentially highlight energy efficiency issues, but
provide little insight into the technological and economic systems that consume
the energy.
Neither energy-use-per-capita, nor energy-use-per-unit-of-GDP statistics
distinguish between direct and indirect consumption. Consequently, they do
not reflect the effect of the export of energy-intensive industrial processes from
the Global North to the South. Increasingly, products manufactured in the South
are consumed in the North; the energy used in their production is consumed
directly in the South, and included in the statistics there; its indirect consumption
in the North is masked. To address this problem, researchers into the greenhouse
gas effect of fossil fuel consumption devised methods of consumption-based
accounting that attribute indirect consumption to the country where goods are
consumed, rather than where they are made. So the energy used to produce a
steel bar made in China but used in the USA is attributed to the USA, not to
China.2 This method has been useful to developing country governments in the
negotiation of international agreements on greenhouse gas emissions. But again
it provides only limited insight into systems that consume energy.
The consumption statistics cited here provide half the pieces of a jigsaw.
Production statistics are the other half. In addition to such standard sources as
the IEA and the BP Statistical Review, the Carbon Majors Database measures
fuel production historically by companies, rather than countries. This shows
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the highly concentrated nature of fossil fuel production, attributing 71 per cent
of fossil-fuel-generated carbon emissions since 1988 to just 100 companies.3
(Methods of energy accounting are further discussed in Appendix 1.)

Global consumption: fuels and regions
An overview of global fossil fuel consumption since 1950 is provided in Table
4. Between 1950 and 1965, total consumption more than doubled, from around
1.6 billion toe/year to more than 3.5 billion toe/year. Between 1965 and 1970
total consumption grew by more than 30 per cent. Thereafter, consumption
growth slowed: during the 1970s and 1980s it grew on average by 11.3 per cent
in each five-year period. In the quarter century after 1990, it grew on average
by 9.3 per cent in each five-year period, but the absolute volumes of extra
consumption were larger than ever. The main interruptions in consumption
growth were due to economic crises, such as the recessions of 1979–81 and the
recession of 2008–09. In the early 1990s, the first international agreements on
climate change were signed, but these made no impact on consumption growth.
By 2000 total fossil fuel consumption was more than five times the 1950 level;
by 2015, more than seven times.
The OECD countries, with less than one quarter of the world’s population,
consumed about three quarters of fossil fuels in 1950, and just under 70 per
cent in 1965. (See Table 2, p. 19.) Thereafter, OECD countries’ consumption
grew less rapidly than others’. In 1990, the OECD, with little more than one fifth
of the population, accounted for 55 per cent of fossil fuel consumption. Only
in the late 2000s did the non-OECD share surpass 50 per cent. This did not,
though, indicate a reduction in inequalities: it was mainly due to the relocation
to developing countries of industries producing goods for rich countries.
The late twentieth century is often thought of as an age of oil that superseded
an age of coal. Actually, coal use declined relatively while rising in absolute terms.
Oil consumption overtook coal consumption in the 1960s, thanks largely to the
expansion of rich countries’ road transport. Oil was used in power stations, too,
but not if coal could be mined nearby. To this day, coal is mainly used in the
country where it is mined: in 2010, 14 per cent of it was traded across national
borders, compared to about 60 per cent per cent of oil.4 After 1970, oil consumption rose steadily in rich and poor countries alike, and the proportion of it
used for road transport kept growing. But total coal use did not fall far behind.
In 1970, the total oil consumed (counted by energy content) was about half as
much again as coal; in 1990, about three-eighths greater; by 2015, only about
one-eighth greater. In 2015, oil use was more than eight times its 1950 level; coal
use was in second place, having grown four times over.
Gas was used in the post-war period mainly for household heating and
cooking, and for industrial processes. It became a major electricity sector fuel
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OECD
non-OECD
OECD
non-OECD
OECD
non-OECD
OECD
non-OECD

433

899

368

1199

956

151

n/a
n/a

2518
n/a

n/a
n/a

1567
n/a

1960

880
549
449
145
1128
389

2457
1082

3539
40.5%

1965

882
620
673
225
1697
565

3252
1410

4663
31.7%

1970

841
749
739
332
1905
796

3484
1878

5362
15.0%

1975

974
830
821
475
1966
1016

3760
2321

6081
13.4%

1980

1081
989
803
686
1745
1071

3629
2747

6376
4.8%

1985

Note: figures have been rounded to nearest mtoe.

Source: Darmstadter, Energy in the World Economy (1950 and 1960), BP Statistical Review (from 1965)
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1950

Fossil fuel consumption, 1950–2015: overview

Millions of tonnes of oil equivalent

Table 4

1101
1110
905
863
1941
1218

3947
3191

7139
12.0%

1990

1059
1176
1073
853
2082
1206

4214
3234

7448
4.3%

1995

1133
1210
1226
952
2224
1358

4582
3519

8101
8.1%

2000

1178
1745
1296
1203
2305
1606

4780
4555

9334
15.2%

2005

1117
2347
1406
1458
2113
1926

4636
5731

10366
10.0%

2010

979
2861
1459
1676
2056
2275

4494
6812

11306
9.1%

2015
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Figure 6 Consumption of commercially traded energy, 1965–2014
Millions of tonnes of oil equivalent per year

in the 1970s in the Soviet Union, and in the 1980s more widely. In the 1990s it
often replaced coal in the electricity sector where there was direct competition.
In the OECD countries, gas overtook coal as the second fossil fuel after oil in
the early 1990s; in the non-OECD countries, by contrast, coal pushed oil into
second place during the 2000s.
The shares of OECD and non-OECD countries in the consumption of all
commercially-traded energy products – that is, including nuclear, hydro and
other renewable energy used to produce electricity, as well as fossil fuels – are
shown in Figure 6. Note the bulge in non-OECD coal consumption, mainly concentrated in China, in the 2000s, and the very temporary effect of the 2008–9
economic crisis, which dampened energy consumption for a year but then gave
way to a new upward surge. Figure 6 is based on the BP Statistical Review and
therefore does not include non-commercial biofuels. Figure 6 also shows the
very modest role of renewable energy: in 2015, hydro (6.8 per cent) and all other
renewables (2.8 per cent) together accounted for 9.6 per cent of primary energy
consumption.5

Global warming and physical constraints
There are three causal links between fossil fuel consumption and the impacts
of global warming. First, burning specific quantities of fossil fuels produces
specific quantities of greenhouse gases; this relationship can be measured
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accurately with basic chemistry. Second, greenhouse gas emissions over time
cause global warming. (Greenhouse gases in the atmosphere, including water
vapour, carbon dioxide, methane and nitrous oxide absorb heat, prevent it
from escaping into space, and emit it, including downwards, keeping the earth’s
surface warm and making it habitable. Adding to the volume of these gases
makes this effect stronger, and makes the earth’s surface warmer.6) Measuring
the rate at which this happens is more complex, but several decades of paleoclimatology, computer modelling and other research have produced estimates
that are not subject to controversy among climate researchers. Third is the
causal relationship between warming, measured by, for example, the rise in
global average temperature and a range of effects such as sea level rise, ice melt,
weather volatility and changes in climate. This relationship is not in doubt, but
the details are subject to greater uncertainties.
The figures used by the UN and other organisations – most obviously,
the target of keeping global average temperature ‘well below 2ºC above
pre-industrial levels’ – reflect a political consensus about the required response
to the global warming danger. The consensus is far from total. The Paris
climate conference (2015), faced with scientific assessments that 2ºC was more
dangerous than previously thought, declared a lower temperature – 1.5ºC
higher than pre-industrial levels – to be a preferable target. But many governments regard 1.5ºC as an absolute necessity, and many climate scientists urge
aiming for a 1ºC average temperature rise.7 And of course these discussions do
not reflect the attitudes of millions of people who are already directly affected
by climate change. What is acceptable to politicians may not be acceptable to
Bangladeshi fishing communities or tropical zone farmers, or millions of others
whose opinions are not registered at international diplomatic gatherings. So
these numbers are not presented here as inviolable norms.
In considering reducing fossil fuel consumption, a relevant analytical tool
is the global carbon budget, an estimate of the amount of carbon that can be
pumped into the atmosphere while keeping to certain temperature levels. The
carbon budgets for the period since 1870, included in the most recent report
of the IPCC, were: 2,900 billion tonnes of CO2, to have a 66 per cent chance
of limiting warming to 2ºC; and 2,250 billion tonnes, to have a 66 per cent
chance of limiting warming to 1.5ºC. Most of these amounts have been used up
between 1870 and the present. The remaining budget was estimated in 2011 at
1,000 billion tonnes, to limit warming to 2ºC; or 400 billion tonnes, for 1.5ºC.8
The amount of carbon dioxide (CO2) emissions produced by burning fossil
fuels depends on their quality. The dirtiest types of coal produce almost twice as
much CO2 per unit of energy as gas does: burning 1 toe of coal produces 4.1–4.2
tonnes of CO2; 1 toe of oil products, 2.5–4.2 tonnes of CO2; 1 toe of natural gas,
2.3 tonnes of CO2, as measured by IPCC guidelines. The numbers vary with
derivative products, non-fuel uses, and so on. Moreover, significant volumes of
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methane – the global warming effect of which is dozens of times greater than
that of CO2 over shorter time scales – are emitted during production and supply
of natural gas (due to leakage, venting and flaring).9
In the mid-2010s, climate researchers found that fossil fuel use was producing
about 36.3 billion tonnes of CO2 per year, up from an average of 29.3 billion
tonnes/year in 2000–2009. (A smaller amount, about one tenth of this volume,
is produced by land use change; and these numbers do not include the effect
of methane and other greenhouse gases.) In other words, the world economy
is now producing, every three years, more than 100 billion tonnes of CO2 – an
amount that it took 15–20 years to produce during the post-war boom, and that
is probably greater than the entire CO2 emissions of the nineteenth century.
Obviously, at the current rate, the economy would entirely use up the carbon
budget considered safe by the IPCC, some time between the mid-2020s (for the
estimate for 1.5ºC) and the late 2030s (for 2ºC).10
There is a consensus among climate researchers, international agencies and,
increasingly, energy companies, that the carbon budget that can safely be used
is substantially smaller not only than the amount of carbon contained in fossil
fuel resources, but even than the amount contained in reserves deemed to be
economically recoverable.11 One climate research group found that the carbon
budget (with a view to limiting global warming to 2ºC) is equal to half of proven
economically recoverable oil, coal and gas reserves; another put it at about 20
per cent of coal reserves, 50 per cent of gas and 70 per cent of oil; the Carbon
Tracker Initiative put it at 20–30 per cent of indicated fossil fuel reserves.12
In other words, society will run out of atmosphere into which it can pump
greenhouse gases without potentially catastrophic climatic changes long before
it runs out of fossil fuels; it will confront ‘peak greenhouse gas emissions’ long
before reaching ‘peak oil’ (or gas or coal).
That does not mean resource availability is irrelevant. In recent decades,
especially in the case of oil, costs have risen, as production has moved on from
the ‘low hanging fruit’ (big fields with easy-to-produce oil) to so-called lower
quality resources that require, for instance, deeper wells or additional processing.
Technological change, such as the use of fracking, has counteracted and interrupted this trend, but not reversed it. Generally, each barrel of oil produced is
more costly to access than the previous one. It also takes more energy to produce
– and this tendency for the energy returned on energy invested (EROEI, usually
shortened to EROI) to fall is a long-term constraint on fossil fuel use, albeit
secondary to the urgency of avoiding dangerous climate change.13

Fuel consumption by sector
Oil, gas and coal are primary energy products. Some of them – coal, or gas for
manufacturing fertiliser, or for cooking and heating – are used by companies or
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households without much processing as final energy. Others are transformed
into secondary products that are forms of final energy: oil is refined into diesel,
petrol, and so on; coal, gas and some oil products are burned to produce electricity and heat. (See Figure 3, p. 27.)
Tables 5-a and 5-b are adapted from IEA energy balances,14 and provide
snapshots of the world’s energy consumption at 20-year intervals: in 1971, 1991
and 2011. Explanatory notes for the tables are marked ►.
Table 5-a

Global primary energy supply, and transformation of energy

World totals, millions of tonnes of oil equivalent

1971

1991

2011

Total primary energy supply (= sum of supply for
transformation and supply for final consumption)
Coal & peat
Oil & oil products
Gas
Nuclear
Hydro & other renewables
Other/statistical adjustment

5527.8

8841.3 13128.9

1442.0
2437.4
894.9
29.0
724.5
0.1

2167.3
3252.2
1724.8
549.8
1147.0
0.1

3785.3
4136.2
2790.1
673.7
1742.2
1.5

Energy supply to final consumption (see Table 5-b)
Energy supply for transformation
Coal & peat
Oil & oil products
Gas
Nuclear
Hydro & other renewables

3807.7
1720.1
799.1
444.1
313.0
29.0
134.9

5160.3
3681.0
1423.4
610.8
762.2
549.8
334.8

7019.9
6109.0
2894.6
501.7
1421.7
673.7
617.3

Energy sources for transformation (= sum of energy used and
outputs)
Transformation: energy used
Energy used in producing electricity
Energy used in combined heat and power plants
Energy used in producing heat
Gas works, artificial fuel plants & liquefaction plants
Energy used in petrochemical plants
Energy used in oil refineries
Other energy industry own use and losses
Blast furnaces
Coke ovens
Other transformation
Transfers and statistical differences
Transformation: outputs
Electricity
Heat

1720.1

3681.0 6109.0

613.8
58.8
2.7
6.4
0.2
18.0
370.2
73.8
95.2
22.9
12.4

1353.9 2462.2
253.9 238.8
39.4
36.5
21.5
28.0
0.6
0.5
38.4
30.1
624.5 999.7
104.5 191.3
39.7
58.7
42.5
74.0
-33.4 123.4

377.5
68.3

860.3 1587.3
335.6 280.0

Source: IEA Energy Balances
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Global final consumption of energy

Millions of tonnes of oil equivalent

1971

Final consumption: energy sources
Coal & peat

4253.5
642.8

6356.1 8885.7
744.0 890.7

Oil & oil products

1993.3

2641.3 3634.5

Gas

581.9

962.6 1368.4

Hydro & other renewables

589.6

812.3 1124.9

Electricity

377.5

860.3 1587.3

Heat

68.3

Final consumption: uses of energy
Industry

Iron & steel
Chemical & petrochemical
Non-ferrous metals
Cement & other non-metallic minerals

Transport

4253.5

1991

335.6

2011

280.0

6356.1 8885.7

202.7
147.1

231.9
255.0

452.4
352.9

47.2

69.3

112.2

108.2

165.1

332.4

Machinery & transport equipment

86.4

104.6

167.8

Mining and quarrying

14.9

36.0

74.3

Food & tobacco

63.7

94.5

152.1

Other industry

711.0

807.3

818.3

Construction

22.9

32.1

46.3

Domestic aviation

56.2

91.5

97.8

World aviation bunkers

56.5

84.2

159.8

Road

602.6

Rail

80.9

49.0

53.1

Pipelines

17.5

59.5

64.1

Domestic navigation & other transport

48.3

56.4

65.9

108.4

119.2

207.1

World marine bunkers
Residential

1038.6

1140.9 1844.8

1559.5 2062.7

Commercial & public services

333.1

475.8

713.7

Agriculture, forestry and fishing

116.5

172.9

190.7

Other

163.0

267.2

129.2

117.2
110.4

325.5
158.8

588.0
200.0

Non-energy use

Chemical feedstocks
Other non-energy use

Source: IEA Energy Balances

► The primary energy sources in the first section of Table 5-a, Total primary
energy supply, are either used for transformation (to produce final energy,
mainly electricity and heat), or go directly to final consumption, displayed in
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Table 5-b. Nearly half of the primary energy supply goes for transformation, as
you can see in Table 5-a, by comparing the rows Primary energy supply to final
consumption and Primary energy supply for transformation.
► Primary energy supply for transformation is divided into two: (1) Transformation: energy used, which exits the energy balance during the transformation
process (e.g. energy used when coal is burned to produce electricity); and (2)
Transformation: outputs, as in electricity and heat that go directly to consumers.
The sum of Energy supply to final consumption, and the Transformation outputs,
is the Final consumption: energy sources in Table 5-b.
The largest item listed as Transformation: energy used is Energy used in producing
electricity, which exits the energy system from power stations, mostly as waste
heat into the atmosphere. The steam that rises from power stations’ cooling
towers is produced by this heat. (See p. 29.) The limits to power station and
heat plant efficiencies are reflected in Table 5-a: the sum of the energy used in
producing electricity, energy used in combined heat and power plants and energy
used in producing heat has always been more than the electricity and heat
produced. In other words, the aggregate efficiency of the world’s electricity and
heat production is less than half (40.55 per cent in 2011).
Electricity lost from transmission and distribution networks is the bulk of
the row Other energy industry own use and losses in Table 5-a. The IEA has
estimated that these losses account for between 7 per cent and 15 per cent of
electricity supply, depending on local conditions; ABB, the engineering firm,
has estimated them at 9 per cent. These losses are much greater outside the
rich world, for example, 15 per cent in Latin America and 20 per cent in India.
Between 1990 and 2011, the level of losses in rich countries fell thanks to
technical improvements, while it rose elsewhere.15 That row also includes some
other energy used in transformation processes.
► For simplicity, Tables 5-a and 5-b include oil, and oil products, in single
rows. Strictly speaking, oil products are secondary energy, produced by transformation. The row Energy used in oil refineries reflects the energy cost of that
processing.
► Transformation: energy used also includes Energy used in petrochemical
plants, and Blast furnaces and Coke ovens that produce heat (and some electricity) to make steel and other metals products. (Energy used further downstream
in metallurgical processes is counted as final consumption.)
Energy use by final consumers is represented, albeit imperfectly, in Table 5-b.
Among the energy sources are directly consumed fossil fuels; hydro and other
renewables (most of which are the non-commercial biofuels consumed by
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people outside the commodified energy system); and electricity and heat. Electricity grew as a proportion of the total energy sources for final consumption
from 8.9 per cent in 1971 to 17.9 per cent in 2011.
► In Table 5-b, Final consumption: uses of energy, includes industry (with the
other industry row testifying to the poor quality of information); transport; and
residential use. Most non-energy use: chemical feedstocks is gas, and some coal,
used as raw material (rather than fuel) in chemical and petrochemical industries.
The energy balances of the USA, long the largest energy consuming country
and now the second, are shown in Tables 6-a and 6-b; China’s in Tables 7-a and
Table 6-a

USA: total primary energy supply, and transformation of energy

Millions of tonnes of oil equivalent

1960

1971

1991

2011

Total primary energy supply (= sum of supply for
transformation and supply for final consumption)
Coal & peat
Oil & oil products
Gas
Nuclear
Hydro & other renewables
Other/statistical adjustment

1019.3 1587.5 1930.6 2191.1

Energy supply to final consumption (see Table 6-b)
Energy supply for transformation
Coal & peat
Oil & oil products
Gas
Nuclear
Hydro & other renewables
Other/statistical adjustment

748.1 1105.1 1052.4 1157.5
271.6 482.7 880.1 1035.2
130.4 200.9 400.1 454.5
35.7
88.7
71.9
40.4
92.2 159.0 158.1 257.0
0.1
10.6 169.2 214.1
12.7
23.2
78.9
67.7
0.4
0.3
1.9
1.6

Energy sources for transformation (= sum of energy
used and outputs)
Transformation: energy used
Energy used in producing electricity
Energy used in combined heat and power plants
Gas works, artificial fuel plants & liquefaction plants
Energy used in oil refineries
Other energy industry own use and losses
Blast furnaces
Coke ovens
Transformation: outputs
Electricity
Heat

271.6

482.7

880.1 1035.2

109.9
0.0
0.4
–4.5
100.3
14.2
5.5

219.0
0
0
–13.8
138.7
14.6
3.6

418.9
49.1
1.1
–2.9
140.4
7.0
3.4

506.7
23.3
0.8
–21.3
168.8
4.9
2.3

59.2
0

123.8
0

238.5
6.1

324.8
6.6

222.9
467.1
283.7
0.1
45.1
0.4

279.4
722.0
516.9
10.6
58.3
0.3

455.0
741.0
458.5
169.2
105.0
1.9

479.1
786.0
568.6
214.1
140.2
3.2

Source: IEA Energy Balances
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7-b. There are interesting contrasts. The USA’s high level of car use is reflected
in the row transport: road (which includes freight, but is mostly fuel for private
cars), which rose from 22.5 per cent of final energy use in 1960 to 34 per cent
of a much larger total in 2011. China’s road transport rose from 1.5 per cent of
final energy use in 1971 to 11.4 per cent in 2011. The last column of Table 7-b
(2011) provides insights into China’s export-focused industrial boom. Industry:
iron and steel, a mere 5.4 per cent of final energy consumption in 1991, leapt up
Table 6-b USA: final consumption of energy
Millions of tonnes of oil equivalent

1960

Final consumption: energy sources
Coal & peat
Oil & oil products
Gas
Hydro & other renewables
Electricity
Heat
Statistical adjustment

806.9 1228.6 1295.1 1487.4
92.5
78.5
54.9
24.6
431.4 633.3 669.1
745.7
191.5 357.9 300.4
311.6
32.3
35.1
26.2
72.5
59.2 123.8 238.5
324.8
0.0
0.0
6.1
6.6
0.0
0.0
0.0
1.6

Final consumption: uses of energy

806.9 1228.6 1295.1 1487.4

Industry

45.3
7.4
0.0
0.0
0.0
0.0
0.0
226.2
0.0
23.0
181.8
13.4
0.0
11.7

40.5
18.9
8.3
6.3
9.2
1.8
7.3
276.3
0.0
45.7
293.4
12.5
17.3
8.2

17.8
67.6
11.2
10.1
14.7
2.8
9.9
148.9
0.8
61.1
386.5
10.2
14.1
10.9

17.7
55.4
10.0
19.6
29.8
4.7
29.6
91.3
6.4
49.3
507.1
12.2
15.9
5.1

147.7
76.5
10.8
25.5

233.0
145.0
16.5
17.6

217.0
160.4
14.4
22.1

263.6
205.3
19.0
11.5

9.9

37.1

74.9

96.3

27.7

33.6

39.6

37.9

Transport

Iron & steel
Chemical & petrochemical
Non-ferrous metals
Cement & other non-metallic minerals
Machinery & transport equipment
Mining & quarrying
Food & tobacco
Other industry
Construction
Domestic aviation
Road
Rail
Pipelines
Domestic navigation & other transport

Residential
Commercial & public services
Agriculture, forestry and fishing
Other
Non-energy Chemical feedstocks
use
Other non-energy use

1971

1991

2011

Source: IEA Energy Balances
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to 13.5 per cent of it in 2011. The rows Blast furnaces and coke ovens in Table 7-a
must also be attributed to iron and steel production. The total 357 million toe
was 12.9 per cent of total primary energy supply, not much less than the total
commercial energy consumed by Chinese households.
Inequality in the world energy system is vividly reflected in Figure 7 (p. 66),
derived from the IEA’s energy balances for Nigeria. The columns show the
sources of final energy used domestically on the left, compared (by energy
content) to the crude oil used domestically and exported. In 1971, almost all the
Table 7-a

China: total primary energy supply, and transformation of energy

Millions of tonnes of oil equivalent

1971

1991

Total primary energy supply (= sum of supply for
transformation and supply for final consumption)
Coal & peat
Oil & oil products
Gas
Nuclear
Hydro & other renewables
Other/statistical adjustment

394.6

856.8 2762.1

192.0
42.6
3.1
0
156.9
0

506.7
123.5
13.4
0
213.2
0

Energy supply to final consumption (see Table 7-b)
Energy supply for transformation
Coal & peat
Oil & oil products
Gas
Nuclear
Hydro & other renewables

333.2
61.3
51.6
5.4
1.7
0
2.6

630.5 1242.8
226.3 1519.3
183.6 1334.3
27.9
42.9
4.1
38.2
0
22.5
10.8
81.4

61.3

226.3 1518.9

24.9
0
0
0.7
4.5
6.9
4.5
9.5

116.0
3.8
1.1
1.2
47.2
16.1
7.0
-28.0

622.1
20.6
3.5
10.9
187.4
100.2
35.2
138.0

10.3
0

47.3
14.6

335.8
65.1

Energy sources for transformation (= sum of energy used
and outputs)
Transformation: energy used
Energy used in producing electricity
Energy used in producing heat
Gas works, artificial fuel plants & liquefaction plants
Energy used in oil refineries
Other energy industry own use and losses
Blast furnaces
Coke ovens
Transfers and statistical differences
Transformation: outputs
Electricity
Heat

2011

1886.5
446.4
110.2
22.5
296.8
-0.4

Source: IEA Energy Balances
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energy used by Nigeria domestically was hydro and other renewables – which in
Nigeria’s case was more than 99 per cent biomass – while more than twice that
total went abroad as crude oil exports. By 2011, little had changed. The oil used
domestically, together with coal and peat, at least forms a visible item on the
Figure; so (just) does the minute amount of electricity. The quantity of biomass
used had meanwhile quadrupled. And the total of energy consumed in Nigeria
is still exceeded by the amount shipped abroad in oil tankers. (The same information is presented in table form in Table 11, p. 209.)
Table 7-b

China: final consumption of energy

Millions of tonnes of oil equivalent

1971

1991

2011

Final consumption: energy sources

343.5

692.4

1644.1

Coal & peat
Oil & oil products
Gas
Hydro & other renewables
Electricity
Heat

140.4
37.1
1.4
154.3
10.3
0

323.1
95.6
9.4
202.5
47.3
14.6

552.2
403.4
72.1
215.4
335.8
65.1

Final consumption: uses of energy

343.5

692.4

1644.1

Industry

Iron & steel
Chemical & petrochemical
Non-ferrous metals
Cement & other non-metallic minerals
Machinery & transport equipment
Mining & quarrying
Food & tobacco
Other industry
Construction

4.7
2.1
0
0.4
0.9
0.7
0.3
103.6
0.2

37.2
42.3
8.3
58.8
26.6
6.0
18.2
54.2
5.7

221.6
112.6
46.7
165.2
66.3
17.1
28.2
112.7
15.0

Transport

Domestic aviation
Road
Rail
Pipelines
Domestic navigation & other transport

0
5.1
6.5
0
3.2

1.0
25.1
10.1
0
3.5

11.1
186.9
12.2
0.1
25.6

194.3
4.3
11.5
4.6

295.8
14.1
30.2
14.6

364.3
56.1
33.5
57.5

0
1.1

19.7
20.8

58.2
53.0

Residential
Commercial and public services
Agriculture, forestry & fishing
Other
Non-energy use

Chemical feedstocks
Other non-energy use

Source: IEA Energy Balances
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40
20
0

1971
1971
final use crude oil

1991
1991
final use crude oil

Coal, peat, oil and oil products
Hydro & other rnwbls
Crude oil (exported)

2011
2011
final use crude oil

Gas
Electricity
Crude oil (domestic use)

Figure 7 Nigeria: domestic final use of energy, and crude oil supply
Millions of tonnes of oil equivalent
Note: Domestic use of coal, peat, oil and oil products have been included as one item so that it
is large enough to be visible on the chart. More than 99% of the ‘hydro and other renewables’
comprises biofuels and waste, i.e. fuel wood and other non-commercial fuels.
Source: IEA energy balances

Electricity and heat
The large, and growing proportion of fossil fuels used to produce electricity
and heat is shown in Table 5-a. The amount of electricity produced globally
more than quadrupled between 1971 and 2011, thanks to the advance of electrification on one hand, and more intensive use of electricity in rich countries
on the other. (See the row, Electricity, in Table 5-a.) The OECD’s share of global
electricity consumption fell, from 65 per cent in 1985 to 45 per cent in 2015, but
the rich countries remained far more electricity-intensive than the rest. In 2005
the OECD used 8,053 kwh per person per year, almost ten times the 83 kwh per
person per year used in the least developed countries.16
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► The energy consumed by the world’s power stations and combined heat and
power plants is in the rows Energy used in producing electricity and Energy used
in combined heat and power plants. They produce Electricity and Heat.
By far the largest user of electricity globally is industry, whose consumption rose from 204.3 billion toe in 1971 to 673.4 billion toe in 2011. The
largest industrial electricity users were and are also among the largest direct
consumers of fossil fuels: iron and steel making (28.6 billion toe in 1971, rising
to 91.4 billion toe in 2011) and the chemical and petrochemical industries.
Aluminium production also uses large quantities of electricity. Industry’s share
of electricity consumption fell between 1971 and 2011, from 54.1 per cent
to 42.4 per cent, mainly because other sectors’ consumption rose even faster
than industry’s. The most significant were residential use, which rose from
85.7 billion toe (22.7 per cent) in 1971 to 428.6 billion toe (27 per cent) in
2011, and commercial and public services, an IEA category that embraces both
the world’s small businesses, and public organisations and buildings (schools,
hospitals, and so on), which rose from 55.1 billion toe (14.6 per cent) to 363.3
billion toe (22.9 per cent) in the same 40-year period. In the 2000s, technologies of the third Industrial Revolution produced a giant new source of
electricity demand. (See p. 162.) World electricity consumption by sector is
summarised in Table 12. (See p. 210.)
The second intermediate form of energy produced by the transformation
sector is heat, usually supplied to industry or to homes via hot-water-based
urban heating systems. Its share of final energy consumption doubled from 1.6
per cent in 1971 to 3.1 per cent in 2011.
► These amounts are in the row heat in Final consumption: energy sources, in
Table 5-b.

Industry
The expansion of fossil fuel use by industry since 1950 falls into two periods:
up to the mid-1970s, and afterwards. During the post-war boom, it leapt up in
the rich countries. (See p. 82.) From the 1970s onwards, much energy-intensive
industry moved outside the rich world. Energy demand for manufacturing, in
OECD countries, fell by 15 per cent between 1973 and 2000; it continued to
grow elsewhere. As a proportion of national fossil fuel use, consumption by
industry fell in many rich countries, and grew elsewhere: in the USA, the share
fell from 30 per cent in 1971 to 18 per cent in 2011, while in China it rose from
33 per cent to 48 per cent.17 Five energy-intensive materials – steel, cement,
plastics, paper and aluminium – dominate fossil fuel use by industry, and by the
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2000s accounted for about half of it. By the 2000s, more than one third of the
world’s steel, and most of the cement and aluminium were being made outside
the OECD.18 (See p. 158.)
Among industrial sectors, iron and steelmaking is the largest fossil fuel user.
Global crude steel output, which had been 28 million tonnes in 1900, rose to
192 mt in 1950, 770 mt in 1990 and 1,670 mt in 2014.19 Including the coal (or,
sometimes, gas) consumed by blast furnaces and coke ovens, steel production
swallowed 302 million toe in 1971, rising to 702 million toe in 2011. After
steel, the aluminium industry is one of the largest fossil fuel users, even though
aluminium smelters often rely on hydro or nuclear power. Globally, production
rose 30 times over between 1950 and 2007.
Since 1950, the biggest use of steel by far, worldwide, has been for construction. Construction, vehicles and industrial equipment were the dominant
sources of steel demand in rich countries during the post-war boom. The trend
persisted in 2012, when 42 per cent of steel went into buildings, and another 14
per cent into other infrastructure (e.g. roads and bridges). Other big uses were
manufacture of vehicles (12 per cent) and electrical and mechanical equipment
(16 per cent).20
Since 1950, overall, steel demand has fallen, relatively, in rich countries, as the
role of heavy industry and construction in their economies shrank; outside the
rich world, it has risen. Steelmaking has become more energy efficient: the world
average amount of energy needed to produce a tonne of steel fell from around
1.2 toe/tonne in 1975 to around half that in the 1990s. In the mid-twentieth
century, engineers’ efforts were focused on reducing the amount of coking coal
needed by blast furnaces. But energy is needed later in the process, too, e.g. to
reheat steel to be rolled into semi-fabricated products.21 The adoption from the
1980s of electric-arc furnaces, and technologies such as continuous casting, has
reduced losses at these later stages.
Cement making, like steel making, was concentrated in the rich countries up
to the 1970s. From the 1980s, rapidly expanding consumption in developing
countries overtook the rich countries, with China leading the way. World
cement consumption rose from about 10 million tonnes/year in 1910 to 600
million tonnes (mt)/year in 1970 and 2,800 mt/year in 2010.22
► Cement manufacture accounts for most of the row Cement and other
non-metallic minerals, in Table 5-b, which rose from 2.2 per cent of total energy
use in 1971 to 3.1 per cent in 2011.
Chemicals and petrochemicals production is the second-largest industrial
consumer of fossil fuels after metallurgy. From the 1980s, cross-border trade
swelled, but – in contrast to much materials production, which moved out of
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the rich world – this capital-intensive and increasingly high-tech sector largely
stayed put and exported finished products. Even in 2005, the EU, the USA, Japan
and China accounted for three-quarters of chemical production, and the EU,
the USA and Japan hosted 28 of the headquarters of the 30 largest producers.
Then a shift to the Gulf states and east Asia gathered pace, and Saudi, Qatari
and Taiwanese companies joined the top rank. Most of the energy in chemicals
production is used to make intermediate materials, such as ammonia (mostly
to produce fertiliser, see below), chlorine and alkalines (used in industrial
processes), and ethylene (for plastics). Other final products include pharmaceuticals, refrigerants, paints, solvents, soaps and synthetic fibres.23
► The chemical and petrochemical industries use fossil fuels as raw material,
as well as to produce process heat and drive machinery. In Table 5-b, the fuel
is in the row Industry – chemical and petrochemical, and the raw material in
Non-energy use – chemical feedstocks.
Plastics are chemically fabricated, almost entirely from gas, oil products or coal.
The big three plastics, polyethylene, polypropylene and polyvinyl chloride,
together comprise 60 per cent of world output. The availability of cheap fossil
fuels drove the industry’s expansion: global production was just 50,000 tonnes/
year in the 1920s; it reached 1 million tonnes (mt) in 1949 and 6 mt in 1960,
and then leapt up to 100 mt in 1989 and 311 mt in 2014.24 The biggest uses of
plastics are for packaging and construction: in Europe, an industry association
found that these accounted for 40 per cent and 20 per cent of output respectively. A global survey showed that packaging was the largest use, accounting for
26 per cent, but that little accurate information was available. Plastics consumption in the 2000s reached about 120 kg/person per year in rich countries; much
of this is for packaging in the supply chain before goods reach the consumer.
Of the 50 kg/person of plastic packaging produced each year in the UK, 30 kg
is used moving goods from factories to shops. Among personal uses, plastic
bottles accounted for 7 kg/person, and supermarket plastic bags for 1 kg/
person.25 Plastics, very few of which are recycled, contribute to the global waste
crisis. (See pp. 75–6.)
In addition to energy-intensive materials production, fossil fuel consumption
is also used in manufacturing industry for process heat, to drive machinery, and
to produce electricity for lighting, machinery, and electronics and computers.
► In Table 5-b, Other industry reflects the poor state of statistics collection. Some
national statistical agencies do not work out sufficiently detailed breakdowns
by industrial sub-sector; where the sub-sector is unknown, the fuels may be
included in this row.
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The military
Fossil fuel consumption by the military grew substantially in the second half
of the twentieth century, as warfare became more energy intensive. New generations of military aircraft and vehicles gulped down jet fuel and petrol at
unprecedented rates; bigger-than-ever logistics infrastructures supported
modern armies and air forces; and weapons manufacture used significant
amounts of fuel.
It is almost impossible to estimate the level of military fossil fuel use. The
USA, the world’s largest military power, publishes limited information on its
forces fuel procurement; many other countries publish no information at all.
Researchers have estimated that, during the cold war (1950s–1980s), military
purposes (including weapons manufacture and nuclear bases) accounted for at
least 5 per cent of primary energy consumption in the USA and Soviet Union;
that in the USA that level rose to 15–20 per cent during wars; that in the 1980s,
military fuel use (excluding weapons manufacture) accounted for 2–5 per cent
of primary energy consumption in the USA and the Netherlands, and 1.44 per
cent in West Germany; and that, worldwide, nearly one quarter of jet fuel is used
for military purposes.26
Armed forces have completely changed the way they use fuel. The energy
specialist Sohbet Karbuz has estimated that the US military consumed, per
serviceman or woman per day, 3.8 litres of petrol in the Second World War; 34
litres in the Vietnam war; 38 litres in the 1991 Gulf War; and 57 litres in 2007. In
2006, the US Air Force (then active in Iraq and Afghanistan) burned 9.85 billion
litres of jet fuel – the same amount as all US aeroplanes consumed during the
whole of the Second World War. The ability to pour ever-greater quantities of
fuel into vehicles has been a factor in US military dominance. A US armoured
division of 348 tanks uses 2.3 million litres of fuel per day, and a carrier battle
group 1.6 million litres; a F-16 fighter jet burns as much fuel in an hour as a
motorist might use in two years.27
The US Department of Defense was in the 2000s the world’s biggest single
consumer of commercial energy, and a larger consumer than Nigeria. Most of
this is oil products: in the 20 years up to 2006, its reported annual consumption of those fell from 21.5 million toe/year to 13.4 million toe/year – but these
figures only show part of the picture. They do not include weapons manufacture, military activities by the Department of Energy, NASA space agency or
military contractors, or fuel used by US forces overseas.28
► Table 5-b does not accurately reflect military consumption. Some is included
in the row other; some may be in other transport and other industry. (The IEA
asks national statistical agencies to report energy consumption by the military
under ‘non-specific’, which is included here in other, but many do not do so.)29
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Transport
Energy use by road transport (overwhelmingly oil products, mostly in private
cars) more than tripled between 1971 and 2011, and rose as a proportion of
total final energy consumption from 14.2 per cent to 20.8 per cent. Aviation’s
share also rose, from 2.6 per cent to 2.9 per cent, while the share for rail, largely
pushed out of the freight sector by trucks, fell from 1.9 per cent to 0.6 per cent.
The main driver of this fuel consumption growth was the rising car population.
The world had about 50 million motor vehicles in 1950, 400 million in 1980 and
780 million in 2000. The rich countries were dominant, and even in the 2000s
the developing countries were of secondary importance: non-OECD countries’
share of the world’s car fleet grew from a negligible level in 1960 to about 30
per cent in 2000. The gulf in car ownership per person remained: in 2000, there
were 621.9 cars per 1000 people in North America, 140.6 in the former Soviet
Union (after 10 years of especially rapid motorisation), 27.7 in Africa and 15.4 in
South Asia.30 Automobile dependence and the construction of car-based cities
have assured the continued growth of fuel use for transport. The resistance by
rich-country political elites to reducing subsidies to car drivers or to regulating
fuel efficiency and vehicle sizes and weights, has played its part. (See pp. 83–4,
102, 127–8 and p. 165.)
After passenger cars, freight trucks are the second largest user of fossil fuels
for transport: they consumed just under a quarter of the transport sector’s total
in the 2000s. Railroads have always been much more fuel-efficient than trucks,
and have become more so over time. In the 1970s in the USA, trains on average
used 1.4 toe to move one tonne of freight one kilometre, while boats used 1 toe
and trucks used 4.8–15.3 toe; 40 years later in the 2000s, in Japan, railroads used
just 0.5 toe/tonne/km, while trucks averaged 8.8 toe/tonne/km. Nevertheless, as
cross-border trade ballooned from the 1980s, it was road freight that expanded
at railroads’ expense.31
Fossil fuel consumption by aeroplanes has risen steadily since the midtwentieth century, boosted by the international agreement not to tax aviation
fuel. (See p. 23.) Between 1960 and the mid-2000s, passenger air traffic grew at
about 9 per cent per year, about 2.4 times faster than the world economy. The
annual distance flown by passengers on scheduled flights rose from 40 billion
km in the early 1950s to nearly 3 trillion km in 2000 and more than 6 trillion km
in 2014. Since global warming was discovered, aviation has expanded even more
rapidly than before. Between 1985 and 2005, the number of international flights
quadrupled. Between 1990 and 2010, CO2 emissions from aviation and shipping
grew by around 80 per cent, around double the rate for the economy as a whole.32
► In Table 5-b, the rows world aviation bunkers and world marine bunkers are
fuels supplied to aeroplanes and ships that make international journeys.
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Agriculture
There are four significant areas of fossil fuel consumption in agriculture: (i)
fertiliser manufacture; (ii) transportation of food; (iii) processing and packaging;
and (iv) supply of electricity, heat and mechanical energy to industrial agriculture.
► In Table 5-b, (i) comprises part of industry: chemical & petrochemical and
non-energy use: chemical feedstocks. Agriculture, forestry and fishing in Table 5-b
probably comprises part, but not all of (iv). There is no way of disaggregating
(ii) and (iii) from other uses.
Fertiliser manufacture. The expansion of industrial agriculture, most significantly in the USA during the post-war boom, drove up world production of
ammonia, the key intermediate product for making synthetic nitrogen-based
fertilisers, mostly from natural gas. World ammonia production grew from
under 5 mt/year in 1950, to 31 mt/year in 1961 and 178 mt/year in 2010. In
the 1970s, the Soviet Union developed its own chemical fertiliser production
complex; fertiliser consumption soared in Asia and Latin America, to supply
large-scale farms producing high-yielding types of rice, wheat and corn.
Techniques developed in the USA in the 1950s went global, such as siting plants
near gas wells and pipelines and integrating ammonia synthesis with other types
of fertiliser production.33
Food transportation has been estimated to account for up to one quarter
of all transportation, with the proportion even higher outside the rich world.
With the widespread commodification of food, and the growth of food trade,
processing and packaging also make a big contribution.34
Fossil fuel use is integral to industrial agriculture, and in particular livestock
farming, and the energy-intensive production of high-protein feed for livestock.
A researcher for the UN Food and Agriculture Organisation explained:
Fossil energy is used for the production of feeds (land preparation, fertilisers, pesticides, harvesting, drying etc), their bulk transport (rail and/or
sea freight), storage (ventilation) and processing (milling, mixing, extrusion,
pelleting, etc) and their distribution to individual farms. Once on the farm,
and depending on location (climate) season of the year and building facilities,
more fossil energy is needed for the movement of feeds from the storage to
the animal pens; for control of the thermal environment (cooling, heating or
ventilation); and for animal waste collection and treatment (solid separation,
aerobic fermentation; drying; land applications etc). Transport of products
(meat animals to abattoirs; milk to processing plants; eggs to storage),
processing (slaughtering, pasteurisation, manufacture of dairy products),
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storage and refrigerated transport also require fossil fuels. Finally the distribution to the consumer and the final cooking process may also require
expenditures of fossil fuels.35
These complexities have challenged researchers who have tried to work out
how much fossil fuel energy is embedded in industrial agriculture outputs. On
average, 25 units of fossil energy inputs go into animal protein production for
one unit of energy output – eleven times more than for grain protein production,
two specialists concluded in 2003. They found 4 kilocalories of fossil energy was
embedded in each kilocalorie of broiler protein in a broiler chicken; for turkey it
is also 4:1; milk and pork 14:1; eggs 39:1; beef 40:1 and lamb 57:1. In the case of
beef and lamb, if the animals were fed only on good quality forage (and not on
grain), the energy inputs could be reduced by half.36
Food consumption is unequal, and uses fossil fuel inputs unequally. Consumption of industrially produced meat in rich countries is especially
fossil-fuel-intensive – and, where excessive, contributes to an obesity epidemic
affecting 600 million people, while more than 2 billion others are undernourished. In recent decades, meat fed to rich-world domestic pets has become
statistically significant too. Moreover, between a quarter and a third of all food
produced is wasted, primarily in households, shops and restaurants in rich
countries, and in poor-quality warehouses and transportation in poor countries.37 There is scope for reducing fossil fuel use not only in food consumption
and distribution, but also production, according to agronomists – by changing
agricultural practices, reducing the level of fertiliser inputs, and so on.38
Fossil fuel consumption for agriculture may be between 5 per cent and 10
per cent of global final consumption of energy, but the IEA statistics do not
allow a more accurate estimate.39 (In addition, there are substantial greenhouse
gas emissions from agriculture not related to fossil fuel use.40) Moreover,
non-fossil energy sources (biofuels) for agriculture are probably hidden in the
row Residential.

Buildings
The construction of buildings is a big energy consumer – although, even today, in
developing countries many buildings use negligible amounts of energy-intensive
materials. Industrialised construction methods in rich-country cities are the
most energy intensive. Reinforcing bar (rebar) for concrete and masonry has
accounted for a growing share of steel demand. Over-specification and use of
generic designs, reflecting relative costs of material and labour, has pushed up
demand for energy-intensive steel products.41
Once buildings are up, space heating has historically been the largest user of
energy. During the post-war boom, it accounted for most (60–80 per cent) of
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energy use in buildings in rich, colder countries. Air conditioning, long insignificant outside the USA, has grown in the last three decades. But the share of
both heating and cooling has fallen, as that of other electrical appliances has
grown. In the USA, heating, air conditioning and ventilation accounted for a
little under 70 per cent of energy use in homes in 1950–78, but only 36 per cent
of energy use in buildings in 2006. The rich-world energy price shocks of the
1970s stimulated marked improvements in insulation standards in the 1980s –
but even after these, architects and designers remained vocal about enormous
additional potential efficiencies in heating buildings, and by the 2000s were
pointing to potential energy savings of 90 per cent with existing technologies.42

Households
Energy consumption by households reflects the gulf between rich and poor.
Even today, biofuels are the leading household energy carrier worldwide. Outside
the rich world they account for seven-tenths of household energy consumption.
These non-fossil fuels (wood, animal dung and other biomass) are consumed
largely outside the commodified energy system, mostly for cooking. In second
place is electricity, which has comprised a steadily growing share of rich-world
household energy consumption. The next largest household energy carriers are
gas and petroleum products.43
The rich-poor divide is also reflected in the size of households, which in turn
conditions the ways that energy is consumed. In 1975, in OECD countries there
were on average three people per household, and elsewhere, 5.6 people. Since
then, the number of people per rich-world household has fallen further, due to
changes in family structures, while the amount of space to be heated in each
household has grown. In the Netherlands the average number of people per
household fell from just under four in 1950 to a little over two in 1997; in the
UK, the average size of homes rose from 140 square metres in the 1970s to 215
square metres in 2003.44
There are four broad categories of energy services used in households: 1. Heat
for cooking. 2. Lighting, space heating and hot water. 3. Energy for electrical
and other appliances that substitute for, or change the character of, domestic
labour, such as refrigerators, washing machines and dishwashers. 4. Energy for
appliances for communication or leisure (e.g. TVs, phones and computers). The
third and fourth categories overlap. Heat for cooking is the most basic use of
energy, even in the poorest rural households outside the rich world. Poor urban
households often move from biofuels to such fossil fuels as liquefied petroleum
gas (LPG), coal and kerosene. Industrial construction of homes brings natural
gas and electricity. Lighting was the first energy service provided when homes
were electrified, from the late nineteenth century. Space heating and hot water
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became common in the rich world only in the 1960s and 1970s, and outside the
rich world remain today the comforts of small urban minorities.
The energy used for electrical and other appliances has since 1950 transformed
the labour process in the home no less than in the workplace. In rich and poor
countries alike, once households gained access to electricity and gas, they first
bought appliances that eased the most physically demanding tasks: cookers,
refrigerators and washing machines. (See pp. 90–2.) In rich countries, the main
driver of higher household energy consumption since 1950 has been the proliferation of appliances. In Switzerland, for example, per capita electricity use
tripled between 1960 and 1997, because the diffusion of appliances and the
smaller number of people per household cancelled out efficiency improvement
savings many times over.45
►In Table 5-b, household use is in the row Residential (23–5 per cent of total
final energy consumption in 1971–2011). Workplaces, offices, and so on are in
Commercial and public services (7.5–8 per cent).

Waste
Mass manufacturing techniques, urbanisation, and consumerism have
stimulated the expansion of waste disposal into a major industry; significant
quantities of fossil fuels are embedded in this waste. Most waste is produced in
the rich world, mostly by industry; post-consumer waste (that is thrown away
by individual consumers) has been estimated at one-fifth of the total. From
the 1980s, the export of waste, including toxic waste from the rich world to
developing nations for processing, or dumping, grew rapidly, and triggered
attempts at regulation in the 1990s. In the 2000s, about 1.3 billion tonnes/year
of municipal waste was being produced, with the amount per head from OECD
countries running at twice the level of most developing countries and nearly
four times Africa’s.46
Wasteful packaging is a relatively recent rich-country phenomenon. In the
UK, refillable (mostly glass) milk bottles reigned supreme (with 94 per cent
of the market) in 1974, but had slumped to less than 10 per cent in 2006,
being replaced by throwaway containers. In 1961, one third of the UK’s beer
was delivered in refillable containers; in 2006, less than 1 per cent. Refillables
crashed out of the soft drinks market in the 1980s, falling from 45 per cent
in 1980 to 10 per cent in 1989.47 From the 1980s, plastics packaging became
standard. Hardly any of it was recycled – a trend that could have been reversed
by regulation. In 2013, 40 years after the launch of the repackaging symbol, only
14 per cent of plastic packaging was recycled; 40 per cent was going to landfill;
and 32 per cent was ‘leaking’ from the collection system into the ground or the
sea. The damage to oceans is palpable: plastics comprise nearly two-thirds of
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all the waste collected in coastal clean-up operations, one report showed; 5.25
trillion pieces of plastic, weighing more than 260,000 tonnes, accounts for 70
per cent of all garbage floating in the oceans, said another; and this floating
rubbish is dwarfed 10–30 times over by the mountains of plastic refuse on the
ocean floor, a third pointed out.48
In Part Two, the history of fossil fuel consumption since 1950 is surveyed
chronologically.
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5
The 1950s and 1960s:
Post-war boom
Between 1945, when the Second World War ended, and 1973, the large capitalist
economies expanded in a way not seen before or since. The world economy
more than tripled in size. The engine room of this boom was the USA, which
in 1950 accounted alone for between a quarter and a third of the gross world
product.1 The dollar became the reserve currency in the financial system
established at Bretton Woods in 1944; and the international financial institutions, based in Washington, were strongly influenced by US policy. The USA
also dominated the geopolitical order and maintained the ‘balance of power’
with the Soviet Union. In terms of industrial development, European, Japanese
and Soviet industry raced ahead to compete with the USA; in terms of living
standards, the gulf between rich and poor persisted.
Cheap fossil fuels were key building blocks of the boom. They supported the
mushrooming mass production of energy-intensive raw materials; they poured
into industrial agriculture; they underpinned new trade networks and fuelled
fleets of private motor cars. The types of consumption established in the rich
countries during the boom were reproduced across the world subsequently. In
the 1950s, political and corporate elites assumed that fossil-fuel-based energy
systems, supplemented by nuclear power, would and should expand at an accelerated rate for the foreseeable future. The ‘dramatic advance of the human race
over the past two hundred years’ could be reversed if fossil and nuclear fuel
supplies were not made ready, a key report to a UN gathering in 1955 declared.
Oil would have to fill the gap while nuclear was developed, a senior Shell
manager told the Fifth World Power conference the following year.2
The increases in fossil fuel consumption levels during the boom were manifestations of the ‘great acceleration’ of human impacts on nature. Oil led the
way. World output of oil and oil products grew nearly fourfold between 1950
and 1968; natural gas output grew more than fourfold. By 1968, oil and gas
accounted for more than 60 per cent of commercial energy consumption. Coal
production had also grown by 45 per cent, but oil overtook coal as the most
widely used fuel. (See Table 4, p. 55.) Oil and US power were closely bound
together. Of the seven international oil companies that dominated production
and distribution, the ‘seven sisters’, five were based in the USA.3
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In this chapter, the supply of fuels in the boom is surveyed, and then consumption in world regions and sectors. There are comments, in a concluding
section, on household fuel consumption and its effect on domestic labour.

Fuel supply: the rise of oil
During the boom, cheap oil became central to new ways of living and working
in the rich countries. The spread of cars meant workers could live further from
their workplaces and enjoy new types of weekend leisure. Long-distance freight
became so cheap that rich-country populations could eat out-of-season fruit
from other climatic zones. Oil was more capital-intensive than coal but less
labour-intensive. Oil prices were low – and fell, overall, during the post-war
boom. Oil products often replaced coal in power stations and domestic heating
devices.4 The rise of oil was also driven by suppliers. The large corporations
had a near-monopoly on production, processing and distribution, and could
manage pricing to their advantage. Economies of scale helped them; the USA
and other states protected and supported them.
This relationship between the state and big oil was a central feature of the
period.5 Before and during the Second World War, the USA had been the world’s
largest oil producer. Its oil companies were supported by a wealth of tax breaks
and subsidies. (Tax benefits to US oil and gas producers amounted to 13 per
cent of their sales prices, compared to 1 per cent for hydro and solar energy.6)
During the post-war boom, the geography of oil production shifted. Output
grew rapidly in the Middle East (especially in Iran and Saudi Arabia) and North
Africa (especially Libya). The Middle East produced less than one-fifth of the
world’s oil in 1950, and more than one-third by the early 1970s. (See Table 13,
p. 210.) The USA and European powers sought political and economic control
of the region, to secure oil supplies and to pursue Cold War aims against the
Soviet Union, which was also becoming a major oil producer.
In 1951 the Iranian government, headed by Mohammed Mossadegh, nationalised the oil industry; the USA and Britain responded by supporting a coup that
removed him in 1953. Production and export were put in western companies’
hands. In Saudi Arabia, economic ‘soft power’ was used. In response to Saudi
government demands for a greater share of oil sales revenue, the USA brokered
a deal under which its oil companies could treat royalties paid to foreign governments as a tax-deductible expense. This foreign tax credit was, during the
1960s, larger than the oil companies’ total tax bill.7 The western powers were
always ready to resort to military means to protect oil supplies. This fuelled their
conflict with nationalism in the Middle East in general and the 1956 Suez crisis
in particular.
In the USA, oil consumption had already overtaken coal by 1950; natural
gas, for which the USA and the Soviet Union developed distribution systems
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in the post-war period, was also significant. In western Europe and Japan, oil
overtook coal between 1960 and the mid-1970s. As a proportion of fossil fuels
consumed, in 1950 hydrocarbons (oil and gas) already comprised 57 per cent
in the USA but only 11 per cent in Europe; by 1968 hydrocarbons comprised
77 per cent in the USA and 61 per cent in Europe.8 Cheap oil became cheaper,
for one thing because the cost of transporting it fell as the size of tankers grew.
By 1960, newly-built tankers were on average more than three times, and in
some cases more than ten times, larger than those at sea in the mid-1950s. The
European refining industry grew, so that crude oil from the Middle East could
be processed in Europe.9
Support for electrification was another key function of the state. Since electricity was considered a strategic asset, the post-war settlement precluded
national ownership of it in Germany and Japan, the defeated nations; in the
USA, private corporations had controlled electricity generation and distribution from the start. But these were exceptions. Elsewhere, electrification was
seen as a key to economic development and the state took the initiative. In 1946
the UK nationalised electricity generation and distribution and France nationalised generation. The state took part-ownership of electricity networks in
Italy, Ireland, Greece and Portugal. Among developing countries, Mexico took
majority control of the main electricity company (1946); so did India (1947),
Egypt (1947), South Africa (1948) and Brazil (1959–63). From 1948, the World
Bank made loans for grid development, usually by state-owned firms. Nationalisation was associated with the technological centralisation of previously
disparate systems. Moreover, centralised coal-fired power stations became much
bigger, and much more efficient. The capacity of individual turbine-generator
sets leapt from 30 MW to 300 MW in less than a decade. New materials and
fabrication methods for turbine blades, bearings and other components boosted
performance and cut capital costs.10
The consumption of commercial energy during the post-war boom was
heavily concentrated in the USA, Canada, western Europe, Japan and the USSR.
In 1950, these countries, with 27 per cent of the world’s population, accounted
for 85 per cent of commercial energy consumption. By 1968 these shares
had fallen slightly to 25.7 per cent and 78 per cent.11 The USA and Canada
developed energy-intensive economies that were in a league of their own,
even in comparison to other rich countries. In 1950, North America’s level of
commercial energy consumption per capita was 3.7 times higher than Europe’s,
and 4.2 times higher than the Soviet Union’s. Even in 1968, after two decades
of European economic catching-up, the USA’s level was 2.9 times higher than
France’s and 1.8 times higher than the UK’s.12
Energy consumption relative to economic output was ‘pervasively higher’
in the USA and Canada than in other industrialised countries, a comparative
research project found. The main causes were (i) structural differences (e.g.
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the way industry, transport and buildings consumed energy); and (ii) US and
Canadian government policies that kept post-tax energy prices far below those
elsewhere. So in 1970, consumers in the UK paid 1.8 times as much, in France
and Germany 1.7 times as much, and in Japan more than twice as much as
those in the USA. Between 1960 and 1976, the energy efficiency of electricity
generation fell in North America while it improved elsewhere.13

Industry and agriculture
Industry accounted for around three-eighths of world fossil fuel consumption
during the boom years, a larger share than either transport or residential consumption.14 Among industrial sectors, steel and cement manufacture were the
most significant. Other rich countries raced to catch up with the USA. Japan,
Italy and the Netherlands registered spectacular growth in energy consumption
for industry (tenfold, sevenfold and sixfold respectively between 1950 and 1977).
In the USA and western European countries, the fastest growth was already in
the past; consumption roughly doubled in the USA, France and Belgium over
the same period, and grew still more slowly in the UK.15
Since before the Second World War, and up to the early 1970s, fossil energy
was cheap relative to labour in the rich countries. This stimulated the proliferation of energy-intensive manufacturing techniques, which in turn drove
up levels of consumption. The electrification of rich-world industry played a
part in this process. A survey of US energy prices showed that workers’ wages
became steadily costlier to businesses, by comparison with electricity, between
1935 and 1970; ‘during the gradual shift to reduce total labour costs, machines
and energy were introduced as substitutes for labour’. From 1950, electricity
– rather than labour – tended to be substituted for capital, where it could be.
One of the first detailed studies of post-war energy consumption, published in
1982, noted that ‘low oil prices probably encouraged, until 1973, the development of energy intensive techniques and of low [energy] efficiency installations’,
especially in light industry.16
Demand for steel was driven by carmakers, industrial equipment manufacturers and construction firms. Cars gulp down energy when being made, as
well as on the road, and between 1946 and 1973, car production grew almost
tenfold. In 1946, the USA produced 80 per cent of cars; by 1973, the USA and
western Europe each produced about one third of cars, with Japan in third
place and rising fast. Cement making was also a big fuel consumer during the
rich countries’ first stages of industrial growth, to build roads, bridges and
buildings.17
Industrial agriculture, which originated in the USA and spread across
temperate zones during the boom, became another significant consumer of
fossil fuels. Systems were put in place that used oil and gas as raw material for
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fertiliser, and to power farm machinery, vehicles to transport food, and refrigerators. In the 1949/50 season, world consumption of fertilisers was estimated
at 12.46 million tonnes (mt); after 17 boom years, in the 1966/67 season, it had
risen to 48.3 mt.
The concentration of industrial agriculture was reflected in the tractor fleet.
In 1950, the world’s farms had an estimated 6.16 million tractors, of which 5.21
million were in North America and Europe. In 1966 there were 13.81 million
tractors, of which 9.96 million were in North America and Europe.18 By contrast,
in 1951 India had 8,500 tractors and nearly 80 million draught animals, and
things had hardly changed by the late 1960s. In China, the capacity of motors
in agriculture (including tractors, pumps and other equipment) rose fivefold
between 1965 and 1974, but was still then estimated to be below that provided
by animal and human muscles. The export of fossil-fuel-intensive agricultural
products (wheat and other cereals in particular), from the USA and other rich
countries to developing nations, was an important characteristic of economic
domination.19
Industrial agriculture was credited with huge productivity gains, and these
helped to ensure sufficient food was available for a rapidly growing population.
The rich world began shifting to meat-based diets, and this improved nutrition
– although the extent to which it did so, and the accompanying disadvantages,
are subjects of contention. The rate at which fossil fuels went into agriculture
rose even faster than output. Between 1945 and 1970, crop yields rose by 138
per cent, while energy inputs rose by 213 per cent, due to mechanisation, the
ramp-up in fertiliser use, and the drying and transport of grain.20 In 1980, 30
times more fertiliser was being applied per hectare of US cornfield than in 1945,
while corn yields per hectare had risen only four times. Such fossil-fuel-driven
productivity improvements essentially reached their limits in the 1980s, after
which agricultural yields rose less rapidly.21

Roads and cars
A striking difference between the USA and other rich countries was the level
of car ownership, and the way that the car had become inscribed in the USA’s
economy, society and culture. In 1950, US citizens drove 40 million cars, about
75 per cent of the world total. In Europe, only the UK and France came anywhere
near US levels of car ownership, with 2.25 million and 2 million respectively, but
large swathes of both were still reliant on horses and carts. Spain had just 89,000
cars, one for every 314 people. The situation outside the rich world was exemplified by India, which in 1960 had 263,000 cars (one for every 1650 people),
compared to the USA’s 61.7 million cars (one for every 2.9 people).22
The move to mass car ownership had begun in the USA before the Second
World War, together with suburbanisation, the decline of public transport and
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government support for road building. (See pp. 21–3.) All these trends accelerated during the post-war boom. This was not spontaneous: an alliance of
government and the big three car manufacturers (General Motors, Ford and
Chrysler), just as significant as the alliance of government and multinationals in
oil production, helped to make it happen. The 1956 Federal Aid Highway Act –
adopted after vigorous campaigning by the National Highway Users Conference,
a lobbying group supported by GM – provided for the 66,000 km Interstate
Highway System, the largest single construction project in history. Huge state
investment in federal highways – $70 billion in the 15 years 1956–1970 – was
justified, in part, with reference to national security. This sum dwarfed other
infrastructure budgets: investment in rail transit in the same period was less
than 1.5 per cent of that sum, $795 million; even the entire Marshall Plan (US
aid for post-war reconstruction in Europe) cost only $17 billion. A corollary of
highways expansion was a continued onslaught on railways and public transit. In
1950, there were 17.2 billion journeys on buses and trolleys; by the early 1970s,
fewer than 7 billion per year. In the decade from 1954, 200 transit companies
went out of business. In Europe, by contrast, electric streetcars continued to be
run as a public service, often at a loss.23
The waste inherent in the manufacture and use of cars was well understood,
long before the 1973 oil shock forced it to the centre of public attention. In
1962, the cost of annual model changes was estimated at more than a quarter
of the purchase price of each new car, and about one-fifth of the petrol costs
its owner would pay. While technology allowed for greater fuel efficiency, the
actual fuel efficiency of new cars fell as they got heavier, from 16.4 miles per
gallon (mpg) in 1949 to 15.2 mpg in 1961. And the cost to motorists of model
changes was at least $5 billion/year in 1956–60. Building on this research, the
Marxist economists Paul Baran and Paul Sweezy estimated that the real cost of
production and distribution of a functional 1949 model car in the early 1960s
would have been about a third of the current sales prices, and that the extra paid
by millions of drivers was probably equal to 2.5 per cent of the Gross National
Product. As soon as the 1973 oil shock hit, the US state of Illinois commissioned
researchers to define the technical potential for reducing cars’ energy costs: the
answer was that one-third of the energy used to make cars could be saved, and
that if cars’ lifetimes were extended from 10 to 30 years, the saving would be
96 per cent.24
The highway-based transport system – in the USA, Canada and Australia,
and then elsewhere – went with the ‘automobile city’, typically spread out with a
50 km radius and low population density of 1-2000 people per square kilometre.
Urban planners set out alternatives. ‘Expressways eviscerate cities’, wrote Jane
Jacobs; ‘the more space that is provided [for] cars in cities, the greater becomes
the need for use of cars, and hence for still more space for them.’ The urban

Pirani.indd 84

26/07/2018 16:06

the 1950s and 1960s: post-war boom

85

activism she helped inspire constrained highway construction in the 1970s and
1980s.25
Suburban housing – single-family homes with their own garden spaces – was
a key feature of car-based cities. In the USA in the early 1950s, more than 1
million houses were built per year. Consumer credit was part of the deal: the
Federal Housing Administration offered mortgages with 25- or 30-year terms.
Homeowners, as a proportion of the population, rose from 44 per cent in 1940
to 62 per cent in 1960. For the first time ever, large numbers of people lived
lives that were almost impossible without a car. By 1960, nearly two-thirds of
the working population drove to work, and in 1969 their average journey was
estimated at 16 km.26
By 1970 some European countries had made the transition to mass car
ownership – the UK then had 11.5 million cars, France 12 million and Italy 10
million – but the USA had meanwhile risen to another level. It had 90 million
cars, enough to carry its entire population, sitting only in the front seats.27

Rich world household consumption
Households, which accounted for around one fifth of rich-world fossil fuel consumption during the boom, used energy for four main purposes: to heat homes;
to heat water e.g. for washing and bathing; to cook; and for electrical appliances.
Heating took the lion’s share: 80 per cent in western European countries such
as France, west Germany and Italy; less than 70 per cent in the USA and the
UK; and 40 per cent in Japan. The energy researchers Bertrand Chateau and
Bruno Lapillonne found that consumption growth accelerated in the 1960s,
but patterns were ‘highly differentiated’ between countries.28 The share used by
electrical appliances would grow over time.
In Europe, there was large-scale migration from the countryside to the cities.
Between 1951 and 1971, the population of cities such as Athens and Milan grew
by nearly half; Belgrade’s, Sofia’s and Bucharest’s doubled. By and large, the
countryside stuck with coal – even by 1975, only a quarter of French farmhouses
had central heating – but in cities, central heating became the norm. It was
retrofitted to old houses and often came as standard in new ones, whatever the
climatic conditions. Rising incomes, home ownership and low-interest home
improvement loans, hastened the changes. In France, 90 per cent of homes built
after 1962 were fitted with central heating; in the Netherlands, it went into all
homes built after 1965.29 Fuel consumption levels depended largely on how
energy-efficient buildings were, and what demands regulators placed on construction firms. There was little or no insulation. In the 1980s researchers found
that for every 1 unit of heat used, per square metre of floor area, in a new US
home, an old US home used 1.6 units, a new home in Sweden 0.65 units, and
energy-efficient demonstration homes 0.15–0.83 units.30 With central heating
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came the widespread heating of unused rooms, a persistent cause of fuel waste
to this day.
Ever-higher inside temperatures in winter became ‘considered by many as a
condition for comfort and well-being’, in Chateau and Lapillonne’s judgment.
So, too, did hot water – in the 1950s ‘a symbol of comfort and luxury which
concerned [only] the well-off ’, but by the 1960s and 1970s becoming ‘rapidly
widespread’. In the USA and the UK, most homes had hot water by the 1950s;
in continental Europe, the proportion of homes with hot water rose from 30–40
per cent in 1960 to 75–95 per cent by 1975.31
In the USA, air conditioning became widespread. The doubts of homeowners
and office managers – many of whom regarded it as a luxury – were overridden
by the construction industry, who were convinced by air conditioning manufacturers to install it as standard. Air-conditioning systems made possible
urban growth and industrial production, along typical rich-country lines, in
the tropical climate of the southern states. In the 1960s, air conditioners were
a major cause of the reversal of the traditional trend of out-migration from the
south to other parts of the USA.32
During the boom, almost every US household acquired the first generation
of electrical appliances – radios, refrigerators, washing machines and vacuum
cleaners – and Europe, Japan and Australia began to follow. In the USA in 1950,
80 per cent of households had a refrigerator and 54 per cent a vacuum cleaner;
by 1970, those levels were 99 per cent and 92 per cent. In the UK, a household
survey in the late 1950s found that the first domestic appliance acquired was
usually a cooker; the second a vacuum cleaner; the third a washing machine or
refrigerator. Continental western European households were relatively slow to
follow. In 1957, only a small minority of them had a refrigerator – 2 per cent
in Italy, 12 per cent in West Germany – mainly because incomes did not allow
people to stock up on food sufficiently to make buying a refrigerator worthwhile.
But by 1974 the transition was complete: 94 per cent of Italian homes and 93
per cent in West Germany had a refrigerator. Washing machines took longer to
catch on, partly because many European households were still without running
water in the mid-1950s.33
Sociologists’ research on the order in which households acquired appliances
showed that everywhere they started with those that eased the most physically
demanding tasks. In the Midwestern USA in the 1960s, they first purchased
an electric iron, and then a car. Refrigerators – that potentially save time
spent storing, collecting or purchasing food – were a greater priority for rural
households than for urban ones, and more important than washing machines
in town and country alike. In Israel in 1965, households were likely to purchase
a radio first, and then a cooker, refrigerator and washing machine; a survey
of surveys found that that was a rough guide to behaviour internationally.
By the time appliances became widespread in India and China in the 2000s,

Pirani.indd 86

26/07/2018 16:06

the 1950s and 1960s: post-war boom

87

the order had shifted. Households often bought sewing machines – probably
reflecting a high level of paid domestic labour – followed by watches, bicycles
and radios. Only after these did they buy TVs, refrigerators, electric fans and
washing machines.34
The refrigerator’s history provides insights into how the evolution of
appliances affects fuel consumption levels. Manufacturers persistently increased
refrigerator sizes, and convinced households of the need for larger ones. In the
USA, average sizes rose from 0.1–0.2 cubic metres in the 1930s to 0.34–0.4
cubic metres in the 1960s, and 0.5–0.74 cubic metres in the 2000s. Refrigerators
were about half that size elsewhere – in 1998, 0.23 cubic metres in Russia and
0.27 cubic metres in Europe, on average, compared to 0.5 cubic metres in the
USA. The energy efficiency of new refrigerators fell steadily until the 1970s, but
then (fortunately, and unlike cars) improved dramatically, more than tripling
between 1972 and 1996 – although energy savings from efficiency were partly
cancelled out, to the extent that refrigerator sizes increased. In the USA, freezers
– either free-standing or as part of refrigerators – took off in the 1960s; their
success required not only cultural acceptance of frozen food, but also a cold
chain including warehouses, railcars and trucks.35

Outside the rich world: the Soviet Union
The Soviet Union, which emerged from the Second World War as the second
superpower after the USA, in the 1950s and 1960s made the transition from a
mostly rural to a mostly urban society, and from an energy system based on
coal and biomass to one heavily reliant on oil and gas. Its energy system, and
especially its huge electrical network, was seen as an alternative, non-capitalist
development model by national elites across the developing world. Soviet energy
consumption rose far faster than in the rich countries – 10.5 per cent/year in
1925–50 and 7.5 per cent/year in the post-war years – to support the expansion
of heavy industry.36 In the post-war period sections of the urban population for
the first time acquired central heating and running water, but there were few
electrical appliances, and even fewer cars, before the 1970s.
Immediately after the war, the USSR relied heavily on its already-developed
coal, peat and wood industries, and planners were reluctant to risk resources on
potentially high cost oil and gas exploration. But when the decision was taken in
the mid-1960s to develop Siberia’s oil and gas reserves, things changed quickly.
In 1959, solid fuels (mostly coal, peat and firewood) accounted for 65 per cent
of primary fuel consumption; by 1975 their share was 32 per cent and oil and
gas’s share was 64 per cent. The replacement of coal by gas in the electricity and
heat sector was especially rapid.37
The electricity system was essentially two-tier. Centralised grids came
together in European Russia in the late 1950s and central Siberia in the early
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1960s, but only supplied cities and industrial centres. Other consumers, and
in particular the state-owned collective farms on which most of the rural
population lived, had to fend for themselves – mostly with small, unconnected
local stations. (See p. 112.) The primary consumer of electricity, and of all fossil
fuels, was the prodigious Soviet industrial sector, which in the mid-1970s used
more than two-thirds of all electricity, compared to 40 per cent in the USA.
Household consumers’ share was 14 per cent, compared to 58 per cent in the
USA. Metallurgy, chemicals, machine building and the fossil fuel industries
themselves were the largest users. Rural households’ meagre electricity consumption was supplemented by biomass. Even in the late 1970s, more than
a quarter of the fuel used by households was firewood and peat, much of it
gathered by consumers themselves in the countryside.38
The Soviet Union urbanised rapidly. Between 1959 and 1968 it provided
new housing to 87 million people. Space was painfully short, and remained
so until the 1990s: the average space per person was 8.1 square metres in
1958, rising to 11.2 square metres in 1971, compared to 20.8 square metres
in East Germany. The ubiquitous urban apartment blocks were supplied by
technologically cutting-edge district heating systems, which used surplus heat
from electricity generation, or from industry via boilers, or from autonomous
coal- or gas-fired boilers. (See p. 30.)39 Urban transport was public, and cars a
privilege of the elite, until the end of the Soviet period: in 1970 car densities
in the Soviet bloc ranged from one per 150 citizens in the USSR to one per 15
citizens in East Germany.40

Outside the rich world: Asia, Africa and Latin America
In the 1950s–1960s, most energy systems outside the rich world – on which
more than half of the world’s population relied – were non-commercial systems
dominated by biomass. (See pp. 40–1.) Fossil-fuel-based commercial systems
became significant in a minority of developing countries. There was a sharp
differentiation between developing countries. Research on ‘the non-communist
developing world’ (excluding China and Vietnam), showed that between 1960 and
1972, commercial energy consumption more than doubled, but three-quarters
of it was concentrated in just 16 countries: Indonesia, Iran, Mexico, Venezuela,
Colombia and Argentina (all significant oil producers); Brazil, Egypt, India,
Pakistan and Turkey (all with large populations and economies), and Chile, the
Philippines, Taiwan, Thailand and South Korea. Consumption levels in these
countries were far above those in most of Africa and much of Asia, but far below
those in the rich world. In 1970, non-commercial fuels still made up 90 per cent
of India’s energy balance and 75 per cent of Indonesia’s.41
The non-commercial energy system in rural areas outside the rich world
used few, or no, fossil fuels, and usually went with subsistence agriculture
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characterised by extremely low efficiency, reliance on ‘distressingly hard and
unproductive labour by human beings and their animals’, and a heavy burden on
wood resources, the development researcher Arjun Makhijani wrote. Wood fuel,
dung and crop residues were used for cooking, heating, lighting, water heating
and ironing clothes. During the 1960s and 1970s, biomass was supplemented
by some coal, oil and electricity – but these were used almost exclusively by the
richest one-fifth of the rural population. In 1971 the World Bank estimated that
4 per cent of the rural population in sub-Saharan Africa, 15 per cent in Asia and
23 per cent in Latin America were served by electricity. Those figures referred
to villages, though, and only a small proportion of the populations of electrified
villages actually had hook-ups. (See pp. 109–10.)42
The urban poor in developing countries had some access to commercial fossil
fuel energy but often no means of paying for it. In the countryside, wood might
be substituted by other biomass when it was not available, and cash crops could
be traded for charcoal, paraffin or LPG for cooking. But in towns, there were
few opportunities for collecting free fuel e.g. from forests, and alternatives often
cost money. Typically, charcoal was the main fuel for the urban poor, but if
wood was available in the form of sawmill waste, discarded packing cases, splits,
or offcuts, people would collect or purchase it. Only middle- and high-income
families started to use paraffin and bottled gas. In Bangalore, India, researchers
found in the 1970s that wood was the main fuel in just under half of households;
some could access coke and electricity. In Mexico City, kerosene and electricity
dominated, except for the lowest income group, which often fell back on wood
and coke.43
In the post-war period, developing country governments often prioritised
industrialisation and urban electrification. In India, after independence from
the British Empire (1947), the government invested heavily in infrastructure
and capital goods industries. It sought self-sufficiency in steel, cement, fertilisers, metals and machinery. In 1955, the lion’s share of commercial energy
(which was mostly coal, coke and oil products) went to industry (46 per cent)
and transport (31 per cent), while households relied almost entirely on biomass.
Industry also consumed most (72 per cent) of electricity.44
The provision of energy resources and fertilisers to expand agricultural
output was also seen as crucial by governments and development specialists. In India, the Philippines and Afghanistan especially, US aid programmes
encouraged fossil-fuel-intensive farming methods, which went together with
the high-yield seeds and associated technological know-how that US politicians
and academics saw as weapons of the Cold War in Asia. Between 1950 and
1970, India’s food production doubled and its population rose by 50 per cent.
In spite of terrible droughts in the mid-1960s, per capita food output grew, but
in an unequal way, Makhijani wrote. Punjab and other richer states experienced
‘spectacular’ agricultural production growth, thanks to high-yielding varieties
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of wheat and greater shares of fertilisers and pesticides, while other states were
constrained by lack of irrigation. Rural electrification was also unequal: in 1974,
in Tamil Nadu 97 per cent of villages had access, and in Punjab 55 per cent,
while only 15 per cent of villages in Bihar, and 3 per cent in Assam, did.45
In China, the Communist Party’s accession to power in 1949 was followed
by a period of post-conflict reconstruction, and then by a series of economic
plans in which rural electrification and agricultural output growth figured consistently. In the late 1950s the disastrous ‘great leap forward’ attempted to force
forward industrialisation; economic slump and famine followed. In the 1960s,
rural development policy paid more attention to agriculture. Huge numbers of
small coal mines (110,000 at one count in the 1960s), and small hydro stations,
were commissioned. Although urban areas and industry were usually first in
line for grid connections, some fossil fuels and electricity began to be used
on farms.46

Domestic labour and household consumption: interpretive issues
The post-war surge in rich-world household energy consumption transformed
domestic labour, but not straightforwardly. Homes were electrified and supplied
with gas. Appliances, in the first place gas cookers, refrigerators, washing
machines and vacuum cleaners, were acquired by hundreds of millions of
people. Historians collectively have concluded that (i) the character of domestic
labour was overturned by these appliances, (ii) they did less than might have
been expected to lift the burden of that labour from housewives, and (iii) specifically, the hours women spend doing housework have not fallen very far as a
result. Technology changed people’s lives, but only within constraints shaped by
society, economics and culture.
Ruth Schwartz Cowan, the historian of technology, coined the term ‘industrialisation of the home’, to emphasise that modern housework depends on
non-human energy sources just as industrial work does, and that it is integrated
into wider economic and social networks, as industrial work is. She showed
how, in the USA in the early twentieth century, tasks such as food preparation
moved out of the home, thanks to the food processing industry and refrigeration. But that time previously spent by housewives on food preparation
was spent, instead, on motorised shopping trips. Appliances such as washing
machines and vacuum cleaners were huge labour savers – but this labour was
more likely to be that of domestic servants (whose numbers fell steeply), men,
or children, than housewives’. By the post-war years, when such technologies
were ubiquitous, ‘there is more work for a mother to do in a modern home
because there is no-one left to help her with it’. Moreover, household technological systems ‘were built on the assumption that a full-time housewife would be
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operating them’ – and could not be changed rapidly when full-time housewives
began to disappear, usually by joining the labour force.47
The other great change that culminated in the USA during the post-war boom,
and elsewhere subsequently, was in what household work produced. Standards
of sanitation and cleanliness rose; assumptions about childcare changed; and
so did ideas about nutrition (not always for the better). Changes in housework
were analogous to changes in industry. There, too, new types of energy consumption and new technology increased the productivity of labour, but – due
to the social and economic system under which work was being done – never
realised their potential in terms of reducing working hours.
Because housework is unpaid, and often regarded (and not only by
economists) as somehow inferior, it is more difficult to measure. The historian
Joann Vanek compared housework in the USA in the 1920s and the 1970s and
found that, on average, for women who did not have paid jobs outside the home,
the hours worked were the same. But the nature of the work had changed: less
time was spent on producing food and making clothes, more on shopping and
childcare. Valerie Ramey concluded from a study of the USA between 1900 and
2005 that average hours of housework by women, including those who worked
outside the home, fell by a little more than a third over the twentieth century
(from 46.8 to 29.3), with most of the reduction coming after 1965; that this was
not matched by an increase of housework by men; and that for many women
drudgery was reduced, but not hours.48
An important example from outside the rich world is that of the USSR, where
most urban housewives had no washing machines, vacuum cleaners or even
refrigerators until the 1970s – and, unlike urban women in capitalist countries,
had to queue, sometimes for hours, to buy food. Moreover, a much greater proportion of them worked outside the home. The result, combined with the blunt
refusal by many men to share housework equally, was the notorious ‘double
burden’ of work and housework. In the 1960s, ‘anyone who discussed the
problem saw the solution in the provision of public services and labour-saving
appliances [which, however, were not yet forthcoming], rather than in the
organisation of society and the attitudes of men that it engendered’, the labour
historian Donald Filtzer lamented.49
A research project in Kerala, India, in the 1990s revealed similar social and
economic contexts, but – given easier access to appliances – different outcomes.
Increased educational opportunities had led to more women working outside
the home; this produced ‘tremendous time pressure on wives’; this in turn
stimulated purchases of washing machines and refrigerators. Families in which
women did not work were far less likely to have a washing machine than those
where they did.50
Washing machines, refrigerators and other labour-saving appliances were
not, then, the ‘engines of liberation’ some economists made them out to be.51

Pirani.indd 91

26/07/2018 16:06

92

burning up

Neither, though, were they dispensable luxuries. ‘Those social critics who
disparaged […] expenditures [on electricity, running water, bathrooms, gas
ranges, telephones and cars] were uniformly members of the more comfortable
classes’, Cowan wrote. Such moralisers were more likely to be American Studies
specialists than housewives, Stanley Lebergott, the historian of consumption,
pointed out, pouring scorn on those who wrote critically about women who
bought refrigerators and canned foods.52
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6
The 1970s:
crises and oil price shocks
In the early 1970s, the post-war boom gave way to an era of economic and
political instability. The rich countries experienced recessions in 1974–5 and
again in 1980–82. The USA, which had emerged from the Second World War
so completely dominant, went into relative decline. Its grip on world financial
architecture was loosened in 1971, when the dollar was delinked from gold,
and it lost position militarily, with its humiliating withdrawal from Vietnam in
1975. The early 1970s were also a turning point for fossil fuel markets. Rapid oil
and gas consumption growth, characteristic of the boom, accelerated towards
its end: OECD consumption of oil rose by 29 per cent in the three years to
1970, and a further 20 per cent in the three years to 1973; of gas, by 14 per cent
and 30 per cent, although their coal consumption fell slightly.1 In 1970–73, as
oil became a sellers’ market, the rich countries became vulnerable to a drastic
rebalancing of it in producing nations’ favour.
From 1970, members of the Organisation of the Petroleum Exporting
Countries (OPEC) took control of production away from the mainly US-based
international oil companies (IOCs), and raised prices. Attempts to manage
the rebalancing collapsed in October 1973. At the same time, war broke out
between Israel and a coalition of Arab states led by Egypt and Syria; in response
to western support for Israel, Middle Eastern producing nations placed an
embargo on oil sales to the USA. The first oil price shock followed: a barrel of
crude, which had cost around $1.80 throughout the 1960s, and $3.29 in 1973,
rose to $11.58 in 1974. It rose gently until 1979, when the Iranian revolution,
and the transition from contract pricing to spot market pricing, produced a
second price shock: the average price in 1980 was $36.83.
It is often said that 1973 brought an ‘energy crisis’. This mixes up at least
three distinct phenomena. First, there was a real crisis in developing countries
that were dependent on oil imports. After the price increase, Brazil, Argentina,
Chile, India, Turkey and a swathe of African countries ran up tens of billions
of dollars worth of debts, to pay for oil supplies without which they risked
economic and social collapse. Second, there was a temporary and partly illusory
‘crisis’ in rich countries, involving sharp price increases and, briefly, shortages
of petrol (such as those experienced continually outside the rich world). Third,

Pirani.indd 93

26/07/2018 16:06

94

burning up

there was a crisis of perception and policy. Among rich-world political elites
and populations alike, the boom-time abundance of fossil fuels had given rise to
a sense that cheap energy sources would always be available, and always under
those elites’ control. The OPEC price increases destroyed such assumptions.
Reactions ranged from nationalistic calls for ‘energy independence’ on one
hand, to consideration of environmentalist and energy conservation policies on
the other.
The oil price increases led in the rich countries to energy efficiency gains,
particularly in industry, and to some energy conservation. Some mostly shortlived efforts were made to develop renewable energy sources. OECD countries’
oil use fell; coal, gas and nuclear power gained ground. Only when the economy
went into recession did overall OECD commercial energy consumption fall.
Many opportunities for deep-seated change in consumption practices were
missed. The USA, in particular, sought to insulate energy-intensive systems and
practices from change, e.g. by subsidising petrol for car drivers.

The 1973 oil price shock
The causes of the 1973 oil price shock lay above all in the one-sided character of
the international oil supply and trading system. In the 1940s–1950s, the ‘seven
sisters’ dominated oil production internationally, controlled oil transport and
trading, and with US government support, set prices at a level that ensured good
margins. The USA covered almost all its oil needs from domestic output, and
had sufficient spare capacity to help out allies in the event of supply disruptions – as it did during the 1956 Suez crisis, and during the 1967 Six Day War
between Israel and Arab nations, when OPEC countries attempted an embargo.
In the 1960s, this system began to change. First, oil production shifted geographically towards the Middle East. (See p. 80.) Second, competition opened
up, as supplies not controlled by the ‘seven sisters’ became available; prices fell
in response.2 Third, by the early 1970s, the USA was becoming much more
import dependent, while its own oil output, from relatively costly fields, had
peaked. Oil imports to the USA more than doubled between 1970 and 1973,3
and while it was still less dependent on imports than western Europe and Japan,
it no longer had spare oil to export to those countries if supply was disrupted.4
As oil demand soared, OPEC countries sought to take control of the oilfields
on their territory away from the IOCs, and to increase prices in a co-ordinated
way. The rise of anti-imperialist movements in the Middle East hastened the
process. In 1970, Muammar Qaddafi took power in Libya; his government, and
Venezuela’s, initiated demands that the IOCs renegotiate prices. Then Algeria
(1971), Iraq (1972) and Libya (1973) nationalised oil assets, and Saudi Arabia
(1972), Abu Dhabi (1972), Kuwait (1973) and Qatar (1973) struck agreements
under which IOCs ceded control of assets to national oil companies. All told,
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between 1970 and 1979, the share of producing nations’ assets (excluding North
America and the Soviet bloc) owned by national oil companies rose from 10
per cent to 79 per cent, and the IOCs’ shares fell by roughly the same extent. In
1971, at meetings in Tehran and Tripoli between OPEC producers and IOCs, a
series of staged price rises were agreed – but OPEC sensed it could go further.
In 1973, talks reopened, but collapsed amid political tension generated by the
Arab-Israeli war. In protest at western support for Israel, OPEC cut oil exports
by 10 per cent, and later briefly by 25 per cent, and placed a selective embargo
on the USA and some other importers. The embargo had little effect, but by
January 1974 OPEC had been able unilaterally to raise the sales price of crude
oil nearly fourfold, to $11.65/barrel.5
The oil price increase exacerbated an economic crisis that had been mounting
since the late 1960s. In the rich countries, the long boom had produced over
accumulation of capital relative to labour, and, as demand for labour grew,
there was a wave of strikes across western Europe in 1968–9. Profit rates fell;
inflation soared; commodity prices rose particularly rapidly; in 1971 the
dollar was devalued. In 1974, economies crashed. Rich countries’ trade deficits
deteriorated, due largely to greater oil import bills. Investment collapsed. Unemployment in the OECD rose from 11 million in 1973 to more than 18 million
in 1976. Rising oil prices aggravated consumer price inflation, which reached
30–35 per cent in Japan, 24 per cent in the UK, and double figures more widely.
Money drained to the oil producing countries: OPEC’s exports, which in 1970
had been valued at $15 billion, were in 1978 valued at $136 billion. The flow
of funds out of the rich countries exacerbated both industrial stagnation and
inflation – a combination named ‘stagflation’.6
Politically, the rich countries were divided on how to respond to OPEC’s
actions. The USA had its own oil, while others did not; the western powers had
different strategic interests in the Middle East. At the USA’s urging, the IEA
was set up in 1974 to coordinate responses to OPEC, but for that purpose it
remained largely ineffective.
Between 1973 and 1975, consumption of oil, gas and coal by OECD countries
fell for the first time since the boom began. Consumption growth resumed in the
OECD in 1975, albeit at a slower rate than in the Global South and in the Soviet
bloc. Overall, oil demand rose strongly enough to lift prices, from $11.53/barrel
in 1975 to $14.02/barrel in 1978. In 1979, the revolution in Iran and a national
oil workers’ strike halted production for more than two months and signalled
a new political crisis in the Middle East. It also marked a new transition in oil
trading: greater volumes were sold on the spot market and OPEC lost much of
its price-setting power. Markets are vulnerable to panic, and that played a part
in driving oil prices to very high levels – $31.61/barrel in 1979, and a peak of
$36.83/barrel in 1980 – before they settled at $27–35, before falling to $14.43
in 1986.7
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OECD oil consumption fell after 1973, recovered to a new peak in 1979, and
then fell again until the mid-1980s. Through the two oil price shocks, OECD
coal consumption rose substantially, as the high price of oil imports encouraged
use of coal as a substitute. Outside the OECD, oil consumption rose consistently through the whole period. This was due, firstly, to growing oil use in the
Soviet bloc. Natural gas consumption also continued to rise there. The Soviet
bloc countries were making a shift away from a predominantly coal-based
economy that rich western countries had largely made during the post-war
boom. In the Global South, consumption of all fossil fuels rose through both
the oil price shocks. Many of them took drastic measures to reduce dependence
on imported oil, but the net effect of this on consumption levels was outweighed
by the impact of industrialisation, electrification and urbanisation. The Global
South’s consumption per head moved from an extremely low level to a very low
level.8 (See Table 8.)
Oil consumption patterns changed as a result of the two oil shocks. (See
Table 9, p. 98.) The comparison between the USA and Japan, two of the richest
countries, is revealing. The USA had become partly dependent on imports, but
still produced most of the oil it consumed; thanks to a two-tier pricing system
(discussed below), its industrial consumers could buy oil well below world
market prices (about 40 per cent below in early 1979, for example). Japan,
by contrast, was almost entirely dependent on oil imports and had to borrow
heavily to pay for them. It increased use of coal and nuclear energy substantially; oil, as a proportion of Japan’s commercial energy supply, fell from more
than three-quarters in 1973 to just over half in 1985. Oil’s share of the USA’s
total commercial energy supply fell much less dramatically, from 46 per cent
to 40 per cent – and the total commercial energy supply rose substantially.
Argentina and Brazil are examples of developing countries that went into the
1970s with big oil import bills: between 1973 and 1985, oil’s share of commercial
energy supply fell almost as sharply as in Japan – from 73 per cent to 56 per cent
in Argentina, and from 71 per cent to 50 per cent in Brazil.9
The next three sections cover in more detail, respectively, changes in OECD
fuel consumption patterns through the two oil shocks; the changes in perceptions and policies that the oil shocks caused; and the shocks’ effect outside the
rich world.

Impact on the rich countries
The oil shock pushed up prices of all fossil fuels in OECD countries. Between
1960 and 1973, the price of oil had fallen in real terms, and so ‘producers of other
forms of energy were forced to keep prices, and consequently production costs,
low’ – but after 1973, the prices of other fuels were ‘rapidly adjusted upwards’,
especially for industrial consumers, a survey by the IEA found. The price of
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natural gas, which often competed with oil products such as fuel oil and heating
oil, ‘increased very steeply […] though from an initially lower level’. The US and
other governments encouraged the use of coal as an alternative to oil, helping to
produce a new generation of coal-fired power stations. Coal mining companies,
whose profits had been depressed for more than a decade before 1973, were
suddenly able to make money again. Electricity prices rose less rapidly, partly
because the cost of nuclear and hydro-produced electricity did not change.10
The prices of oil products – petrol for cars, heating oil and fuel oil, and
other refinery outputs from asphalt and tar at the bottom end to kerosene
and aviation fuel at the top – were (and are) made up mainly of the crude oil
price, plus refinery and transportation margins, plus taxation. In most OECD
countries, between 1973 and 1980, ‘motorists appear to have been “insulated”
to a large extent from oil prices rises, compared to other classes of consumers’,
the IEA found. Between 1973 and 1979, posted prices of crude rose by 680 per
cent, while retail petrol prices rose by 115 per cent in the USA, 32 per cent in
West Germany, 138 per cent in France and 226 per cent in the UK. The USA,
champion of car culture, used low tax rates to keep petrol prices far lower than
in other rich countries. Between 1973 and 1980 the level of petrol taxation, as a
proportion of the ex-tax price, fell from 38 per cent to 13 per cent in the USA,
compared to a drop from 239 per cent to 111 per cent in West Germany and 160
per cent to 46 per cent in the UK. (For comparative petrol and electricity prices
in rich countries in 1980, see Table 14, p. 210.)11
OECD governments’ concessions to motorists were reflected in petrol consumption, which continued to grow after 1973, albeit at a slower rate. Energy
consumption in the transport sector (mostly petrol for cars) grew on average
by 5 per cent per year in 1960–73, and a lower but still healthy 2.1 per cent per
year in 1974–80. Average petrol consumption per car fell on average by 3 per
cent per year in 1974–80, but that was mainly thanks to drivers in, for example,
Japan and Italy, using smaller, more efficient cars; the reduction in the USA
and Canada was modest by comparison. In the USA, the distance driven by the
average car fell during the 1970s, and its fuel efficiency rose by 13 per cent – but
this was outweighed by a big increase in the number of cars. Between 1969 and
1983 the number of kilometres driven by the average household rose by 29 per
cent; there were 39 per cent more shopping trips; and the distance travelled on
these trips rose by 20 per cent on average. Over the long term, the oil shocks
hardly dented the remorseless rise of fuel consumption by cars. In the quarter
century 1973–98, growth in passenger transport (mostly private cars) was the
biggest contributor to rising OECD oil demand: its share, in the 11 largest
OECD economies, rose from 38 per cent to 53 per cent. Car ownership rates
doubled, and fuel intensity fell, but the effect was cancelled out by the trends to
longer journeys and heavier, more gas-guzzling cars.12
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In industry, the oil price shocks had two effects. First, firms made energy
efficiency improvements, in order to cut fuel costs. Second, there were structural
changes – the start of a trend that would continue into the twenty-first century
– whereby companies exported energy-intensive processes to the Global South
where labour was cheaper, and in the rich countries focused on more profitable
fabrication and finishing processes. In the seven largest OECD economies, the
energy intensity of industry fell after 1973, most sharply in the UK, USA and
Japan. Changes in the industrial structure, more than efficiency improvements
in particular factories, were probably ‘the principal reason’ for the trend, the IEA
concluded. Between 1972 and 1979, in the US chemical industry, the amount of
value added rose by 37 per cent, while the amounts of feedstock and fuel used
rose, respectively, by 26 per cent and just 4 per cent. One group of researchers
cautioned that, in US industry, most energy conservation was simply economically rational cost cutting by saving, or switching, fuels.13
Research of 32 rich countries between 1970 and 1987 showed that western
European countries such as France, West Germany and the UK expanded their
economies more rapidly than they expanded energy-intensive production of
steel and cement. But the opposite was true in southern Europe (e.g. Greece and
Portugal) and Eastern Europe (e.g. Bulgaria and the USSR). The contrast was
striking in Germany: in the west, the service sector contributed to economic
growth at ‘relatively little cost in terms of energy and materials’; in the east, the
‘materials economy’, including polluting heavy industry, was the main source of
economic growth.14
Overall, research of the oil shocks’ effect on rich countries’ fuel consumption
points to four conclusions. First, the shocks gave a new lease of life to coal,
which was substituted for oil products where that could cut costs. Second, the
shocks triggered a big shift in rich-country industry from energy-intensive basic
materials processing towards fabrication and finishing. Third, the conclusion
drawn by the IEA from its survey of the eleven largest OECD economies, which
showed an overall fall in industry’s energy intensity of 4 per cent per year in
1973–82: ‘Before 1973, energy prices were generally low, so when the price hikes
kicked in after 1973 there was ample room for improving energy efficiency as a
response. As prices fell after 1985, the incentive for maintaining energy savings
rates weakened.’ Fourth, the energy efficiency improvements in industry,
stimulated by the need to cut costs, were not replicated in the transport sector,
mainly because governments protected motorists from the impact of the oil
shock, by reducing taxes on petrol.15

Crises of perception and policy
The oil price shocks, and perceptions of an ‘energy crisis’, for the first time
prompted serious consideration of energy conservation in rich-country political
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elites. Usually, though, these discussions took second place behind those about
building stockpiles as a defence against supply interruptions and developing
alternative, particularly nuclear, sources of energy. And energy conservation policies often boiled down to using prices to depress fuel consumption,
rather than regulatory measures such as fuel economy standards or buildings
standards, or fiscal support for conservation. The rich countries remained split
over prices: high prices suited the USA, which had oil producing interests, but
not most European powers. Robert Lieber, an energy specialist who advised
the US government, decried the lack of concerted action. Each country ‘sought
to insure itself against the worst’, he complained; having been in ‘disarray’ after
the first oil shock, the western powers again adopted an every-man-for-himself
approach in 1979; West Germany and Japan stockpiled oil, further tightening
the market and causing ‘rationing by price’.16
The most significant supply-side measures focused on nuclear power stations.
In the USA, there was a spectacular surge in orders for nuclear plants in 1973–4.
But with interest rates running at record levels, the capital investment required
brought several electricity companies close to bankruptcy. The last order was
placed in 1978. The nuclear accident in 1979 at Three Mile Island, Pennsylvania, militated against the investment programme. All plants ordered after 1974
were cancelled, including some that were nearly completed. Nuclear electricity generation expanded more successfully in France and Japan, which both
used fast-breeder reactors fuelled by plutonium.17 The other supply-side policy
departure was limited state support, in the USA and some European countries,
for solar power and other renewable energy sources. But when oil prices fell
in the mid-1980s, political commitment to renewables evaporated, and they
remained marginal until the 2010s. (See pp. 34–5.)
After 1973, governments began to acknowledge that energy conservation, as
well as alternative supplies, was a valid aim. But they almost always preferred to
leave higher prices to trigger conservation than to invest in energy efficiency. In
West Germany, a conservation programme proposed by the economy ministry
in 1974 was rejected as detrimental to economic growth; proposals to reduce
speed limits and to require higher fuel efficiency standards were blocked at the
behest of car manufacturers and drivers’ organisations. In France, too, conservation proposals drafted for government in 1977–8 were rejected. In both these
countries, investments in energy conservation were small fractions of subsidies
to coal production.18
In the USA, president Richard Nixon responded to the 1973 oil price shock by
announcing a ‘Project Independence’ that comprised more nuclear power, more
fossil fuel production, and some conservation measures. The political elite was
split over the level at which to set fuel prices (i.e. to what extent the state would
shield industrial and household consumers from the oil shock), and taxes and
price controls on crude oil (i.e. to what extent the state would support domestic
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oil production). Since 1971, as part of an anti-inflation programme, controls
had been put on prices of petrol, natural gas, and some domestically produced
oil. In 1973, after the oil price shock, rapid inflation, queues at petrol stations
and strikes and blockades by truckers dissuaded Nixon from even limited petrol
price decontrol. In 1974, Nixon was succeeded by Gerald Ford; he proposed to
lift the controls, but was beaten back by Congress.19
The extent of US political will to cut fuel use was again illustrated by the
Energy Policy and Conservation Act 1975. On one hand, the Act required car
manufacturers to meet fuel efficiency standards (the Corporate Average Fuel
Economy standards) for the first time, and introduced fines for non-compliance. On the other hand, the rules were full of get-out clauses: manufacturers
had only to achieve fleet averages, and so were free to build more fuel-inefficient
cars if they were balanced by other models. And the standards were not onerous:
with a 14 miles per gallon (mpg) average in 1975, they required that by 1978
new cars do 18 mpg, and by 1985 27.5 mpg. The carmakers were split: GM and
Chrysler lobbied furiously against the new law, while Ford and other smaller
companies accepted it as a lesser evil. For all of them, the regulations were a
threat less serious than competition from Japanese carmakers that produced
cheaper, more efficient models, and than the effects of the recession.20
What of more wide-ranging energy conservation policies? Certainly, the
mood had warmed to them. Even before 1973, environmentalism had entered
the political mainstream. In the USA, 20 million people participated in the
first Earth Day in April 1970; Nixon then set up the federal Environmental Protection Agency (EPA) and signed the Clean Air Act, which regulated
air-polluting emissions. In 1972, the UN Conference on Human Environment
in Stockholm and the publication of the Club of Rome report The Limits to
Growth made sustainability – as it came to be called later – part of international
political dialogue.21 (See pp. 173–4.) After the oil price shock, and amid the talk
of an ‘energy crisis’, those who questioned society’s dependence on fossil fuels
were given a hearing.
In 1976, the energy conservation advocate Amory Lovins presented in US
Congress the argument for ‘soft energy paths’, policies to raise energy efficiency,
deploy ‘soft’ (resource-light) technologies, and to begin a transition away from
fossil fuels. He denounced the ‘bizarre notion that not to use more energy […]
means somehow a loss of prosperity’. Pointing to Denmark he argued: ‘a rational
energy system can virtually eliminate conversion and distribution losses that
rob us of delivered end-use energy’. ‘Technical fixes’ that are ‘now economic by
orthodox criteria’, e.g. thermal insulation, more efficient cars and cogeneration
of heat and electricity, could slash consumption without any significant effect
on lifestyles. Lovins, who was ridiculed by opponents for advocating ‘a new dark
age’, continued until the present to argue that energy conservation strategies are
compatible with a capitalist economy and US perceptions of prosperity.22
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Lovins’s far-sighted proposals were seriously debated by politicians, but US
energy policy remained focused mainly on supply-side issues. In 1977, when
Jimmy Carter succeeded Ford as president, he attempted a more coherent energy
strategy, and proposed to Congress more stringent fuel economy standards,
mandated efficiency standards for industry and tax credits for conservation
measures. The package became law as a set of watered-down half measures.
Perhaps the most significant change Carter made was the Public Utility
Regulatory Policies Act (PURPA) of 1978, which challenged the dominance
of the electricity market by big utility companies that owned fossil-fuel-fired
and nuclear power stations. PURPA opened some space for independent power
generators, for industrial firms that cogenerated electricity with heat to sell
spare supplies into the grid, and even for wind-powered generation. As for
petrol price deregulation, Carter pushed it through only in early 1981, after the
second oil shock.23
Internationally, some energy specialists advocated a strategy that allied energy
conservation with measures to confront the yawning inequalities in global
energy systems. Living standards outside the rich world could rise substantially with support from an energy system that provided 1kw of useful energy
per person, they argued. To conventional assumptions that energy supply had
to rise to ensure economic development, they counterposed a focus on useful
energy and on conservation through technological systems.24 Separately, the
‘appropriate technology’ movement, that advocated small-scale, decentralised
systems, particularly outside the rich world, briefly gained a hearing in the
UN and development agencies – but by the mid-1980s had been left behind by
policies focused on large-scale electrification.25
The new interest in energy conservation and its limits was reflected in
academic research. Funding became available for net energy analysis. (See
pp. 203–4.) In 1974, Energy Policy journal initiated discussion on the energy
costs (as distinct from economic costs) of production processes. In 1976,
William Nordhaus, the archetypal establishment economist and soon to become
adviser to the US president, told an international gathering that the emphasis
of energy research had shifted ‘to the demand side of the equation’, with special
reference to conservation.26 But most of the grand energy forecasting projects
commissioned in the wake of the oil price shocks told a different story. The
World Energy Conference, an international industry body – using methods
that made no special study of sectoral demand or of useful energy – forecast
in 1978–83 that energy demand would increase by 3–4 times between 1980
and 2020, and that most of the new supply would need to be met by nuclear
power.27 Studies by the US-government-linked Workshop on Alternative
Energy Strategies (1977) and the International Institute for Applied Systems
Analysis (1981) reached similar conclusions; the former warned, in particular,
that oil supplies would be unable to meet demand past the 1990s. These studies
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assumed that robust economic growth should and would continue, and that
energy demand growth rates would be driven by it. The dissenting voice was
that of the World Resources Institute (1987), which argued that governments
could intervene to delink energy demand from economic growth – a proposal
that was largely ignored.28

Impact outside the rich world
Rich countries were made vulnerable to the oil price shocks by the proliferation
of technological systems reliant on cheap fossil fuels; by contrast, developing
countries that relied heavily on imported oil and oil products were mostly just
starting to industrialise and electrify. The oil they used often went to vital infrastructure (commercial transport fleets and a few power stations) in economies
otherwise dominated by biofuels. Oil products, mainly kerosene and diesel,
fuelled lamps, water pumps and other essentials in the countryside. The heavier
the import dependence, the tougher the choice: borrow to pay for oil imports, or
abandon economic growth strategies. Hardest hit were small Central American
countries that bought in more than 90 per cent of the oil they needed, The Philippines (more than 95 per cent), Pakistan, Bangladesh, South Korea (54 per
cent) and Brazil (45 per cent).29
In some countries, development policies influenced by rich-country governments and the international financial institutions – and often reliant on
technology bought from rich countries – exacerbated the crisis. Brazil was an
example. During the post-war boom – and despite the fact that cars were for
a small minority (one for every twelve Brazilians) – funds had poured in to
build roads in the southern fifth of the country, where the urban population,
and most of Brazil’s motor vehicles, were based. Brazil became a hydrocarbons-based economy: oil and gas’s share of total primary energy rose from 9
per cent in 1940 to 41 per cent in 1979. Some oil was produced domestically,
but imports were needed. So when the oil crisis hit, Brazil spent much of the
foreign exchange it earned from its own exports on oil imports – 47 per cent of
it by 1982. The gravity of the situation made Brazil’s military rulers receptive to
unconventional energy policies, and, as well as allowing petrol and diesel prices
to rise, they subsidised production of ethanol from sugar cane to substitute for
imported oil. Ethanol output more than quadrupled, to more than 2.1 mtoe,
between 1975 and 1981. Agriculture suffered for road transport. Land was
removed from food production, and its ownership further concentrated, in a
country where 40 million peasants were landless and cars affordable only for a
small minority.30
Developing countries’ oil import dependence, and the debts they ran up to
pay for it, were measured by the economists Paul Hallwood and Stuart Sinclair.
Sixty-one countries, with aggregate population of 485 million, relied on imports
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for more than 75 per cent of their commercial energy. (Of these, 32 were very
poor countries that consumed less than 0.14 toe per head per year.) Another
ten countries, with aggregate population of 313 million, relied on imports for
25–75 per cent of their commercial energy. Six countries, including India, with
aggregate population of 709 million, relied on imports for less than 25 per cent
of their commercial energy. The total oil import bill for the 87 largest non-oilproducing developing countries ballooned to $21.5 billion in 1974. In 1972 only
Brazil had an oil import bill that comprised more than 10 per cent of its total
import bill; in 1974, 21 countries did. The aggregate debts of these 87 nations
grew from $120 billion in 1974 to $211 billion in 1977. In sub-Saharan Africa,
oil importers often not only went into debt, but started Structural Adjustment
Plans linked to loans from the International Monetary Fund (IMF), which
imposed further hardships. They devalued their currencies, which hit living
standards, and experienced food supply crises.31
Financially, the heaviest burden fell on countries that exported non-energy
commodities. As recessions bit in the west, the prices of metals, minerals and
agricultural commodities continued to rise – but much more slowly than oil
prices. Attempts to form cartels to support prices were usually unsuccessful;
and increasing export and other taxes on foreign businesses that dominated
the commodity industries met stiff resistance. Jamaica, for example, tried to
raise export taxes on US-owned bauxite producers; they responded by cutting
investment. Brazil imposed aggressive export taxes on coffee in the mid 1970s,
but these had to be withdrawn in 1978–9 as international prices tumbled.32
Governments’ hands were forced; development strategies were dropped;
electrification and industrial development plans were scrapped or postponed.
Governments that borrowed to pay for oil imports found themselves unable to
service debts to suppliers, and power station construction projects suffered. The
cost of fuel subsidies soared – whether, to take India as an example, they were for
LPG, to encourage poor households to move away from biofuels for cooking, or
for widely criticised cheap electricity provision to farmers. (See pp. 115–16.)33
The oil price shocks had a devastating impact at the edges of the developing
countries’ islands of commercial energy supply. Rising kerosene and LPG prices
often forced people who used those fuels for cooking or in cottage industries
to revert to biomass. This in turn exacerbated the pressure on supplies of these
non-commercial fuels, in the first place for traders who supplied wood to the
urban poor, rather than for rural families who relied less on felled trees than on
brushwood and twigs.34 Deforestation became widespread. Rural families living
near deforested areas then had to mount ever-longer expeditions to find wood
for their daily needs.
In India, where biomass still comprised 90 per cent of household consumption, the poorest parts of the countryside felt a perverse knock-on effect of
the oil price shock. In the mid-1970s, plans had been laid for large-scale tree
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planting, to replenish over-farmed forests. But with oil imports costing $972
million more in 1974 than in 1972, and the tripling of grain and fertiliser prices,
development funds were diverted elsewhere. In many villages, people resorted
to using cakes of dried cow dung as fuel, robbing farmland of badly needed
nutrients and damaging soil quality. The government’s agricultural commission
declared that this use of dung was ‘virtually a crime’ – but desperation, borne
of poverty, spoke louder.35 Development researchers feared that the fuel wood
crisis would spiral out of control, but fuel wood consumption growth slowed in
the 1980s, and chronic exhaustion of resources was avoided.36
China’s development story struck a contrast with India’s. In the 1960s China
had become self-sufficient in oil, and actively developed its coal and hydro
resources. By the end of the 1970s, China was already the world’s fourth
largest producer of commercial energy (after the USA, the Soviet Union and
Saudi Arabia), and the third largest consumer (after the USA and the Soviet
Union) – but remained a predominantly rural and agricultural economy. In the
1970s there were repeated, acute shortages of basic household energy supplies,
especially firewood, in the countryside. One set of policy responses used smallscale technologies – local coal mines and dams, and biodigesters – and had
mixed results, for reasons that remain contested. It was centralised electricity
networks that served rural industry and large farms before others, which finally
began to provide an alternative to the biomass on which the countryside had
relied for centuries. (See pp. 113–14.) This biomass had supplied about 90 per
cent of rural energy consumption in the early 1970s; this would fall below 50
per cent by 1988.37
Developing countries that exported oil, such as Venezuela and Nigeria, also
fared differently after the oil shocks. In 1974–8, the Nigerian government earned
a $40 billion windfall via the state-controlled oil company, and in 1975 adopted
an ambitious development plan including investment in oil and gas production,
the development of a steel industry and transport infrastructure. Not only did
many of these projects fail to materialise (the Ajakaouta steel complex never
produced any steel, for example), but the country’s own energy system remained
into the twenty-first century overwhelmingly dominated by biofuels.38
Both in the rich world, and outside it, the oil price shocks and economic
crises of the 1970s were a turning point. The boom-time combination of strong
economic growth and cheap fossil fuels was finished. In the next chapter, the
chronology is interrupted and patterns of electrification over the long term
surveyed; in Chapter 8, the story of fuel consumption trends is continued, with
an account of the 1980s.
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Patterns of electrification
Electrification is central to the story of fossil fuel consumption. In 1950, one
tenth of the world’s fossil fuels were used to produce electricity; by 2011 that
had risen to more than one third. In 1950, access to electricity was patchy in the
rich world, and available only to small, urban islands outside it. In 1970, most
(51 per cent) of the world’s 3.7 billion population, including three quarters of
people outside the rich world, had no electricity. Two decades later, in 1990,
about 3.2 billion of the world’s 5.3 billion population had electricity, including
just under half of those living outside the rich world. Another two decades later,
in 2013, 6 billion of the world’s 7.2 billion people had access, including more
than three-quarters of people outside the rich world. (See Table 3, p. 42.) ‘Access
to electricity’ does not mean secure or adequate access: in addition to the 1.2
billion people who did not have it at all in 2013, a larger number had supply that
was so limited and/or erratic that they could not depend on it. Moreover, governments who saw electrification as the key to economic development almost
always prioritised supply to industry and agriculture, not household provision.
Nevertheless, the number of people with some sort of access to electricity more
than tripled between 1970 and 2013, while the number without it fell by almost
one third.
In this chapter, some international trends in will be identified, and illustrated
by five examples: the Soviet Union, China, India, Nigeria and South Africa.

International trends
During the post-war boom, electrification became a political priority in a large
number of developing countries, and in much of the Soviet bloc. Non-OECD
electricity generation grew from 130 billion kWh in 1950 to 2900 billion kWh in
1980. Electrification was usually undertaken by state-owned utilities, as part of
government-led initiatives to develop infrastructure and industry. The electrical
equipment industry, dominated by GE, Westinghouse, Siemens-AEG and a
handful of other US, Japanese and European firms, acted as a driving-force of
expansion. So did the newly created World Bank, which supported the state-led
development model, and preferred large projects to less complex and smallerscale technologies supported by some development specialists. By the early
1980s, World Bank loans for grid development totalled $17.8 billion, the bank’s
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third largest portfolio after agriculture and transport; the largest recipients were
India, Brazil and Colombia.1
In the aftermath of the Second World War, developing countries typically had
a few small power stations, using diesel or small steam engines, to supply local
networks in rich areas. From the 1950s, Walt Patterson wrote,
[T]he drive for industrialisation prompted a parallel drive to install
central-station electricity on a large scale. In the rush to electrify, city neighbourhoods were not top priority. As had been the case in industrial countries
decades earlier, the initial focus was on providing electricity for industry.
The technology of choice wherever it was available was hydro, feeding a synchronised AC network.2
South Africa, where electricity was produced mainly from coal rather than
hydro, was an extreme example of this. Transmission lines ran right past black
residential areas to supply white-owned mines and factories. But the priorities
were similar everywhere: electrification strategies privileged industry over
population, and cities over rural areas, both in capitalist countries, and in the
Soviet Union and China.
Rural electrification is more capital intensive, and therefore more expensive,
than providing access for city dwellers. It was sometimes pushed forward to
support agricultural producers, but rural households, almost always and
everywhere, were at the end of the queue for access to centralised systems. Of
the billions of dollars invested in electrification globally between the end of the
Second World War and the mid-1980s, an estimated 10 per cent went on rural
systems.3 The World Bank did not lend to projects specifically directed at rural
electrification before the mid-1970s, although some rural areas may have been
hooked up to transmission lines carrying current elsewhere; in the late 1970s the
Bank was devoting just 8 per cent of its electricity project lending to rural areas.4
In the 1970s most of the world’s rural population had no electricity – including
96 per cent of Africa’s, 85 per cent of Asia’s and 77 per cent of Latin America’s,
according to the World Bank. Even these estimates were probably overstated,
since authorities frequently counted a village as electrified when only a small
number of homes in it actually had an electric cable. The rural consumers
that did have electricity used very little – from 200 kWh per capita per year in
Thailand to 1000 kWh per capita per year in India – and most of that went to
agricultural and commercial activities.5
Globally, rural electrification accelerated from the 1980s; since then, it has
moved forward more rapidly than population growth. In the 1980s, some electricity systems in developing countries – caught between rising demand from
expanding economies and growing populations, shortages of capital exacerbated
by the 1970s oil shock, other economic pressures, and often conflicting require-
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ments of government policies – found themselves in financial difficulties. The
answer proposed by the international financial institutions, and embraced by
some governments, was to open up the electricity sector to market reforms. (See
pp. 143–7.) With respect to electrification, three points need to be emphasised.
First, the 1990s reforms hardly ever followed the textbook model proposed,
of privatising electricity; more often, they produced hybrid (part private, part
state-owned) systems. Second, the progress of electrification in the 1990s mainly
resulted not from privatisation, but from state and state-directed investment, in
China and India for example. Private investment, if it produced any progress,
did so mainly by improving existing networks. Third, in the poorest countries
with the greatest need for electrification, market reforms in many cases slowed
it down.
This third point was illustrated by a comparative study of 15 developing
countries, published in 2004, which found that ‘market-oriented reforms have
either had a neutral or adverse impact on the poor’. (This conclusion was echoed
by a clutch of other reports.) Key negative impacts were: reduction in electrification rates; increased tariff levels; and lower electricity consumption. Countries
where reforms improved electrification – the Philippines, Thailand and Vietnam
– had in common ‘a high level of government involvement and special focus on
protecting the interests of the poor’. In most cases, though, market-led reforms
were ‘primarily designed to improve the financial health of electricity companies’. Rather than expanding electricity access for poor people with unstable
incomes, some of whom live in isolated areas, the companies unsurprisingly
tended to ‘“cherry pick” the most lucrative markets’, raise tariffs, and ignore the
need to expand networks. In Kenya and Senegal, rural electrification rates fell in
the immediate post-reform period; in Mali, they stagnated. In these countries,
and Uganda, concerted efforts to address the pitifully low level of electrification
began only after the reform had been completed, not as part of it.6
Electrification has often been constrained not only by the cost and difficulties of installing physical infrastructure, but also by the difficulties consumers
– especially households outside the rich world – have in paying for supply.
Tens of millions of poor households lacked, and lack, the funds to make the
initial investment in a connection worthwhile; tens of millions more suffer such
poor-quality service that they are unable to benefit from access, and end up off
the grid again.
In 1965, a survey of rural India showed that once a village was connected
to the grid, electricity connections spread to about 20 per cent of homes, but
then demand growth slowed ‘drastically’. A 1982 field study estimated that only
10–15 per cent of homes in electrified villages could afford a connection. In
Bangladesh in 1978, 15 years after electricity had reached the Comilla area, less
than 5 per cent of the rural population used it. The urban poor used electricity
for lamps, but kerosene for cooking; they would acquire radios, fans and irons,
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and then refrigerators – but were always constrained by their ability to pay. A
study published in 1979 showed that ‘even where subsidised, electricity has not
generally proven a suitably inexpensive energy source for household consumption by the poor’, since the cost of the initial connection was often prohibitive.
Although very poor people benefited from electricity even if they did not have it
at home – because, for example, local shops and health clinics had refrigerators,
and streets were lit at night – electricity as a consumer good, ‘unless heavily
subsidised, is likely to be limited to a small group of the relatively well off ’.7
In the twenty-first century, households’ inability to pay remained a major
constraint on electrification. In many places, poor families in towns and countryside alike were connected, failed to pay, and were disconnected again. ‘Even
in villages that have been connected for 15–20 years, it is not uncommon for
20–25 per cent of households to remain unconnected,’ a World Bank survey
concluded in 2008. ‘The absence of credit markets means households can not
borrow to pay the connection charge.’ Electricity consumption by poor families
in the countryside in many countries remained at a very low level, a report
published in 2010 showed: in Peru, 30–50 kWh per month per household, and
usually less than 20 kWh in isolated areas, compared to 50–100 kWh in cities. In
Thailand, five years after villages were connected, households had increased their
consumption only from 11–22 kWh/month to 22–50 kWh/month, presumably
because of their inability to pay for more. Cost was the main problem for the
urban poor too.8 Poor quality of supply also persisted. A 2008 survey of Indian
households recorded an average of more than five hours per day of power cuts.
Research of (supposedly) electrified households in Obantoko, Nigeria, in 2013
showed that no household had electricity access for more than six hours per
day, and more than one-third had access for less than an hour per day. Nigeria’s
estimated national average was 16 hours per day of access.9
The following sections summarise some key features of electrification in five
countries.

The Soviet Union
The government of Soviet Russia (from 1922, the Soviet Union) was the first
to undertake state-directed electrification of a predominantly rural country
outside the rich world. At the time of the 1917 revolution that brought the Soviet
government to power, Russia had about 250 electricity utilities, most run on a
concession basis and almost all reliant on small local power stations. The country
only had 12 power stations with capacity greater than 5 MW, compared to 162 in
the USA and 103 in Germany. Electricity had pride of place in the Communist
Party’s vision of modernisation, expressed in the slogan ‘communism = soviet
power + electrification’. In 1920, a powerful state agency, Goelro, was set up,
dominated by engineers, socialists among them, who had long been convinced
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of the need for a centralised grid, and saw the Communists’ accession to power
as a golden opportunity to create one.10
The motivation of successive Soviet governments, and the elites they represented, was to ensure that industry in the former Russian empire could
compete with that of the western powers. Electricity was a necessary condition
of economic expansion; that, in turn, was seen as a necessary condition of the
Soviet Union’s survival and development. Whatever the slogans said, providing
electricity for the population, particularly in rural areas, was a second- or even
third-rate consideration. The same may be said of post-revolutionary China.
The 1920 electrification plan was launched amid an important debate
around two contrasting approaches. The strategy adopted was to apply available
resources to industrially oriented power stations, linked by transmission lines
radiating through the most economically developed regions. Small-scale
generation elsewhere, including almost all rural areas, would be left to local
initiative. The second approach, supported by a substantial group of engineers
but rejected on grounds of limited resources, was more actively to support a
largely decentralised network of smaller power stations, enabling electricity to
be brought to rural areas over shorter time scales.
At a conference of engineers in 1921, a representative from Kostroma,
northeast of Moscow, said that a plan that electrified ‘narrow belts’ across the
country, and left the rest of the population seeing electrification as a ‘dream for
the future’, was insufficient. ‘Local initiative’ should be mobilised to stimulate
construction of small- and medium-sized power stations; the national plan
should integrate these. Advocates of a more centralised approach posed the
dilemma in class terms: the peasant economy had to be subordinate to industry.
Gleb Krzhizhanovskii, a leading Bolshevik, concluded that, ultimately, there
were no resources to stimulate local stations. The energy historian Jonathan
Coopersmith argued that more rapid rural electrification is one of the great
‘what ifs’ of early Soviet industrial policy. ‘What if the party had promoted a
voluntary, cooperative-oriented collectivisation, based on small power stations,
in the mid 1920s, instead of the violent collectivisation of [1928–32]?’ The centralised approach was ‘technological determinism writ large’, which cut across
alternative possibilities for modernising the countryside, he proposed.11
The 1920 electrification plan envisaged building 100 new power stations. It
was soon scaled back, as the economy was still recovering from the privations
of the First World War and civil war. Until the mid-1920s, electrification
hardly reached further than Moscow, St Petersburg and the oil city of Baku in
Azerbaijan. Thereafter, construction of regional stations – usually coal, peat or
hydro, depending on local conditions – got going, and, with forced industrialisation and collectivisation from 1928, accelerated. A target of installing 1750 MW
nationally by 1932 was surpassed, mainly by adding capacity to existing stations.
The forced march continued through the 1930s, reliant to an increasing degree
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on prison labour, which was deployed to build hydro stations on the Volga river,
at Solikamsk in the northern Urals and on the great eastern Siberian rivers.
In 1940 the security police accounted for nearly a quarter of total estimated
investment in power station construction.12 In that year, electricity output was
an estimated 48 billion kWh, more than 20 times its 1913 level. US researchers
estimated the electricity output growth rate for the USSR in 1925–50 at 10.5 per
cent per year, the world’s fastest.13
Soviet planners had a remit to bring electric lighting and appliances to farms
where possible, but in practice that meant only those near the transmission lines
supplying industry. By the eve of the Second World War, three large centralised
systems, in the Central, Southern and Urals regions, were in operation, together
with a smaller one in the Leningrad region – but only 4 per cent of state farms
had any electricity. These were the foundations of a dual electricity system
that emerged after the war. The electrical power ministry, which funded and
managed large central stations and high-voltage links, was until 1953 prohibited
by law from supplying state farms, and some other categories of consumers. The
farms relied instead on a galaxy of unconnected local stations, of which there
were 150,000 in Russia and Ukraine. The most basic suppliers were thermal
stations serving agriculture: in 1967 their average capacity was 54 kW, and they
generated electricity on average 2–3 hours per day. In 1965 there were 212,000
of these, more than 98 per cent of which had capacities below 500 kW. The
lowest of the low were villages with no electricity at all. Abel Aganbegyan, an
architect of Soviet economic reform in the 1980s, recalled that in the 1950s he
had visited his wife’s family in a village 120 km from Moscow that had no electricity, no rail access and no shops.14
The breakthrough in rural electrification came in the late 1960s, when means
became available and political priorities shifted. By 1976, 99 per cent of rural
electricity consumption was from unified networks. Milking and watering
operations on farms were overwhelmingly electrified, although cleaning
and feeding operations lagged behind. But industry still remained the prime
customer for Soviet electricity, accounting for two thirds of consumption in the
mid 1970s. Between 1928 and 1970 the growth in labour productivity was found
to be closely correlated with the level of electric power generated per worker.15

China
China’s electrification went together with successive stages of industrialisation that followed the 1949 revolution. More than 400 million Chinese people,
mostly in the countryside, lived without electricity in 1949; that number fell to
245 million in 1979, when economic reforms began, to 20 million in 2004, and
to a mere 1 million in 2015. During that time the population more than doubled
in size, from 554 million in 1950 to 1407 million in 2015. In other words, elec-
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tricity access expanded faster than the population did.16 This does not mean
that electricity became a ubiquitous energy source for most people, as it did
in the rich world. Nationally, in the early 2010s, only about one fifth of final
energy consumed was delivered as electricity, and most of that to industry. In
the countryside only one tenth of energy was delivered as electricity, compared
to four-tenths from coal and three-tenths from biomass.17
Electrification took place in three stages: (i) 1949–77 (state-directed economic development); (ii) 1978–97 (market reforms); (iii) 1997 onwards (rapid
economic growth). In all these periods, electrification was financed overwhelmingly by the state. And at every stage – notwithstanding substantial investment
in hydro power development, and, more recently, in gas-fired power – more
than four-fifths of China’s electricity was generated from coal.18
The Communist Party brought to power in 1949 inherited an economy
ruined by a quarter of a century of almost continuous military conflict, and a
total installed electricity capacity of just 1800 MW (equal to the capacity used
by twenty-first century Cyprus). By 1957, capacity had nearly tripled, thanks
largely to the supply of equipment from the Soviet Union, Czechoslovakia and
East Germany. During the ‘great leap forward’ of 1958–9 – a generally disastrous
attempt to accelerate industrial development that resulted in economic slump
and widespread famine – China nevertheless registered continued expansion of
generation capacity, although the level of electricity generated slumped in 1961,
along with the whole economy. Then began a period of state-directed recovery:
as in the Soviet Union, resources for electrification were devoted almost entirely
to large-scale electricity projects for urban areas and industry.19
In, the countryside, where the vast majority of Chinese people lived, electrification was largely a spillover of industrialisation policy. Rural areas close to
railways, roads and mining projects were the first to benefit. As local authorities endeavoured to raise agricultural production, they installed electricity for
irrigation and drainage schemes. Central government policy, in contrast to the
Soviet Union’s, encouraged local authorities to develop autonomous electricity
networks. In 1963 a government directive specified that national and provincial
networks would provide electricity for irrigation in grain production areas;
other rural consumers would be served by local systems, using small coal-fired
stations and small hydro projects. The success of these policies was striking. In
1957, the countryside consumed less than 1 per cent of all electricity generated.
By 1978, the countryside’s share of consumption had risen to 13 per cent, and
electricity networks reached 87 per cent of rural townships, 61 per cent of
villages and 53 per cent of households.20
By the end of the 1970s, China’s rapidly expanding economy showed signs
of being short of electricity. There were staggered electricity cuts for industry,
transmission load problems and a nationwide conservation campaign. In the
countryside, many households had sufficient electricity for lighting only, and
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over-reliance on firewood for cooking caused deforestation in some areas.
In the period 1978–97, the government addressed these problems in the
context of market reforms across the economy. In contrast to other developing
countries, which invited rich-country firms to establish independent power
producers (IPPs), China sourced capital overwhelmingly from central and local
government. Local authorities were given more autonomy to raise funds for
electrification, under a policy of ‘he who invests also owns and operates’. Market
pricing was used to facilitate investment planning. In the countryside, town and
village enterprises became predominant in many economic sectors including
energy. An estimated $134 billion was invested in electricity networks in the 20
years from 1981. Electrification had in the previous period almost exclusively
served industry and agriculture, but now reached tens of millions of additional
households.21
In the third period, from 1997 onwards, China’s coal-fired electricity
generation again expanded exponentially, feeding the export-led industrial
boom that made China the world’s largest fossil fuel consumer. (See pp.
159–60.) In the countryside, a significant change was the merging of national
and local electricity networks. At the turn of the century, 28 per cent of Chinese
counties were still served by autonomous grids without a connection to the
national network; 42 per cent by autonomous grids with a connection to the
national network; and 30 per cent by extensions of the national grid. The state
electricity company, one of the world’s largest, put resources into unifying the
networks.22

India
When India became independent from British imperial rule in 1947, it had just
1713 MW of generating capacity (a little less than China had). In the countryside,
less than half a per cent of its villages – and a smaller proportion of households –
had electricity. Electrification figured prominently in discussions about how to
modernise the economy. The Soviet Union’s centralised investment allocation
system and the US New Deal were both referred to in the parliamentary debate
on the Electricity (Supply) Act of 1948. Mahatma Gandhi, in keeping with his
belief in community self-sufficiency, advocated decentralised electricity supply,
but Jawaharlal Nehru’s vision of state-driven industrialisation, influenced by
the Soviet experience, prevailed. The Act provided for a publicly owned federal
system, managed by State Electricity Boards (SEBs) owned by India’s state governments.23
Electrification in India, by contrast with China, never caught up with rising
population. The 1971 census counted a population of 548 million Indians, of
which fewer than 100 million had electricity access. In 1991, the census counted
846 million Indians, of which around one third (270–80 million) had electricity
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access – compared to more than half of Chinese people at that time. At the
turn of the century, India could claim to supply electricity to more than half the
population, having increased the number of people with electricity access from
171 million in 1981 to 806 million in 2000 – and by that time more than 85 per
cent of China’s population had electricity access. In 2013, 237 million Indians,
out of a total population of around 1250 million, had no electricity, according
to IEA estimates – compared to just 1 million Chinese people. (The figures are
not that accurate, mainly because authorities do not take sufficient account of
differing access rates within villages.24)
India’s first state-directed electrification efforts were aimed at industry,
which in 1960 used 74 per cent of the meagre 16.7 billion kWh generated. In
the 1960s and 1970s, demand from agriculture – overwhelmingly, to run pumps
for irrigation – rose steeply. Electrical pump-sets, which replaced earlier diesel
pumps and could reach deeper into the water table, drove electrification across
India as a whole. During the ‘green revolution’ aimed at raising agricultural productivity, both government and international organisations encouraged their
use. Between 1970 and 1999, their numbers increased tenfold; agronomists
feared that non-renewable water sources were being mined unsustainably. There
was striking differentiation between, and even within, provinces, in the terms
on which electricity was provided: where farmers were richer and politically
well organised, as in Punjab and Maharashtra, cheap or even free electricity
for irrigation became a mainstay of agricultural policy. Researchers found that
corrupt provision of cheap electricity, and outright theft, was widespread. By
the end of the 1980s, agriculture’s share of electricity consumption had risen to
25 per cent, while industry’s had fallen to about 40 per cent (a figure that does
not include the substantial amount of autogeneration, i.e. firms producing their
own electricity, off grid).25
In 1991, the Indian government initiated electricity market reforms. Initially,
the measures brought some foreign investment into generation, but left much
else unchanged. (See pp. 144–5.) Electrification – which, by the 1990s, meant
mainly improving access for poor households in the countryside – was ‘not
recognised explicitly as an objective’ of the reform, in the energy researcher
Shonali Pachauri’s judgement. Rural access, and other issues of electricity distribution, did not begin to be addressed until the end of that decade – against
resistance from the electricity utilities, who continued to insist that rural electrification was unviable.26 The reforms deepened the fault lines that had run
through electrification policy since the 1970s, and the differences between
states, in the historian Sunila Kale’s view. Her study highlights the following
examples.
In Maharashtra, well-off farmers, doing energy-intensive sugarcane farming
and cane crushing, were strongly represented in state politics. This ensured that
they gained most from rural electrification in the 1970s. A system of flat-rate
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tariffs for electricity effectively pushed an outsized share of the state’s total
subsidies to these ‘sugar barons’. Their political weight was sufficient to ensure
that in the 1990s, when reforms supposedly aiming to reduce subsidies, theirs
remained untouched. Political leaders in the state continued even into the 2000s
to make election pledges of free electricity to farmers.27 These conditions made
Maharashtra less attractive to opportunistic international investors than other
states; its largest IPP project, the Dabhol plant operated by Enron, provoked
widespread protest at its high cost and lack of transparency, and the deal broke
down.
In Gujarat, as in Maharashtra, farmers organised into a powerful political
lobby in the 1980s to secure favourable flat-rate tariffs. By acceding to these
demands, the state government found itself unable to regulate electricity
supply effectively, in Navroz Dubash’s view. The 1990s reforms were judged
to be relatively successful in Gujarat: the State Electricity Board company was
unbundled and scheduled supplies for irrigation introduced with a view to
controlling flows. But disputes over tariff setting persisted past the turn of the
century.28
By contrast to Maharashtra and Gujarat, Odisha (former Orissa), one of
the poorest states, until the 1980s pushed the lion’s share of its electrification
resources towards industrial development and urban consumers. Where rural
areas were electrified, the social and economic benefits were soon obvious, but
most of the countryside remained without electricity access. When the reforms
began, Odisha’s urban generation assets, and its strongly pro-market state
government, seemed attractive to investors. The World Bank and its consultants arrived in force, hoping to make the state an example for others to follow.
Generation companies were allowed to increase the tariffs they charged to the
state-owned distribution network, but its tariffs to final consumers were held
down; 75 per cent of shared financial liabilities were transferred to the state. (See
p. 145.) The reforms were termed a success, but in the immediate post-reform
period, while the level of electrification of better-off rural households rose, the
level among the poorest households fell, as families found themselves unable to
pay higher charges.29
In Andhra Pradesh, there was no strong farmers’ lobby analogous to that in
Maharashtra. It took a movement of less well-off farmers in the 1980s – representing groups that, in Kale’s view, had ‘felt marginalised by successive
Congress-dominated state governments’, and agitated for inputs and price
supports, including subsidised electricity for irrigation pumps – to push rural
electrification to the fore in state politics. This movement, in turn, influenced
events in the 1990s. Its participants, and others in rural communities, were
resistant to privatisation, and it was unsuccessful.30
All these examples underline that social forces – farmers’ lobbies such as
in Maharashtra, the broader rural movement in Andhra Pradesh and local
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industrialists in Odisha, as well as government and the international financial
institutions – determined the way that these states were electrified, and who
benefited.

Nigeria
Nigeria is an example of a country that until very recently had no electrification
strategy worthy of the name. Electricity production has risen many times over,
from a meagre 0.75 billion kWh per year in the mid 1960s, to 7.7 billion kWh
in 1981, 15.4 billion kWh in 2001 and 25–8 billion kWh per year in the 2010s.
The population – Africa’s largest – grew fivefold between 1950 (when it was 37.8
million) and 2010 (159.7 million). In human development terms, electricity
provision has been running to catch up, but never did so. By the 2000s, per
capita electricity consumption was less than one-ninth of Egypt’s and less than
one-thirtieth of South Africa’s.31 Nigeria’s emergence since the 1970s as subSaharan Africa’s leading oil exporter not only failed to enhance energy provision
to its citizens, but may have worsened it.
The electricity access rate was by the 2000s estimated at 40 per cent (78 per
cent urban and 23 per cent rural), although the average connection was interrupted 60 per cent of the time. Nigeria’s urban population and industry has long
felt electricity to be in chronically short supply, making autogeneration a major
industry. In 2013 Nigeria had an estimated 60 million generating appliances; 85
per cent of businesses had their own generator; and 80 per cent of households
use non-grid sources of electricity including generators and solar inverters.32
Before Nigeria gained independence from the British Empire in 1960, electricity supply, like piped water, was ‘limited, spatially and socially, to the Island
[area of Lagos], and the elite (European and African) that lived there’, the
economic historian Ayodeji Olukoju recorded.33 Only after recovery from the
1965–6 civil war, in 1972, did government create a central institution to manage
electricity supply: the National Electric Power Authority (NEPA). It oversaw the
state-owned Electricity Corporation of Nigeria and Niger Dam Authority, and
private producers who supplied industry. Between 1964 and 1983 generation
capacity grew by 11 per cent per year, but every new power station brought
only partial, temporary relief from shortages and electricity cuts. The biggest
consumers, industry and the oil companies relied increasingly on privately
owned generating equipment. The grid hardly touched the countryside, or the
whole north of Nigeria with the exception of the industrial parts of Kaduna and
Kano states.34
In the 1990s, with urban populations swelled by migration from the
countryside, and elements of civil society developing despite military rule,
dysfunctional electricity supply took on the character of a national scandal.
Between 1970 and 1987, Lagos’s residential customer base expanded fivefold,
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and their electricity consumption elevenfold. But by the 1990s, ‘entire
neighbourhoods could be in complete darkness for months; the more fortunate
wards or streets had to put up with “load shedding”, by which power was
rationed […] at the whim of officials’, Olokuju wrote. In his view, this was
the ‘culmination of years of neglect or of wrong policies’, exacerbated by the
disrepair of the distribution network, ubiquitous illegal connections and largescale corruption at NEPA, now popularly referred to as ‘Never Expect Power
Always’. Sales of generators, candles and storm lanterns boomed.35
After military government ended in 1999, Nigeria began the electricity
market reforms that had started elsewhere throughout the decade. Nigeria
followed the common practice of inviting foreign investors to establish IPPs.
First to arrive was Enron, which agreed to supply NEPA’s Lagos grid from nine
barge-mounted gas turbines. Before going bust in 2001, Enron sold its stake
in the project to AES. NEPA tried to renegotiate a 13-year power purchase
agreement that locked in unsustainably high prices. This failed, and the deal
collapsed in a slew of legal actions. The reform ran into the sand; a new version
was rolled out in 2005. A law was passed providing for NEPA to be unbundled,
generating assets to be sold and capacity to be added by a National Integrated
Power Project. Privatisation, and Nigeria’s first serious attempt at state-directed
investment in electricity generation, thus came side by side. Existing plant was
sold off, but investors’ commitments to add new capacity produced few results.
Only one of 23 firms involved had ‘done anything tangible’ by 2008, in Akin
Iwayemi’s judgment. New plans were made to expand capacity with investment
support from China.36
In the 1990s, the contrast between Nigeria’s standing as a major oil producer,
and the poor state of its own energy system, became the subject of civil conflict.
The execution in 1995 of Ken Saro-Wiwa, an environmental activist who led
protests at oil companies’ operations, attracted international attention. After
the turn of the century, some campaigners focused on natural gas flaring at
oil fields.37 They pointed out that if most of the flared gas was put into power
stations of average efficiency, Nigeria could double (at least) its electricity output
and reduce its contribution to global warming. The absence of investment in
this obviously beneficial reduction of waste, over decades, is telling. Exxon and
Mobil Producing Nigeria both said they hoped to make such investment, when
chasing IPP contracts in 1999; neither did so. Shell, the IOC with the largest
presence in Nigeria, began to reduce flaring only in 2002, and sold a very small
amount of gas to electricity producers. The estimated volume of gas flared has
fallen, from 14.6 bcm in 2011 to 7.6 bcm in 2015, but not significantly to the
electricity system’s benefit. So Nigerian oil production continues to contribute
disproportionately to global warming, while the population of oil-producing
areas endures negative impacts, such as oil spills that poison water supply and
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funding of criminal militia from illicit oil sales … and, even now, has near-zero
electricity access.38

South Africa
In South Africa, the continent’s most industrialised and electrified country, the
electricity grid took shape in the colonial period, to serve the gold, diamond and
coal mines. In 1948 it was nationalised with a view to serving these industries,
and the white middle class, more effectively. The black majority was denied
electricity access not simply by the market’s inequalities, but also by government
policy, which discriminated against blacks. There was no systematic electrification of black households until the late 1980s, and it was not widespread until after
the racist apartheid system collapsed in 1994. The proportion of households
with electricity access rose from 40 per cent in that year to 73 per cent in 2006.39
The issue of how electricity supplies, especially to the urban poor, would be paid
for was not solved, though. Nowhere did views of electricity as a public service,
and as a marketable good, clash more sharply.
The first phase of South Africa’s electrification began in the 1880s with the
diamond mines at Kimberley. Gold mines were by far the most important
consumer, though: plentiful electricity was a prerequisite for working deep
deposits and low-grade ore. The mining companies’ privately-owned power
stations by 1920 comprised ‘one of the most sophisticated energy systems in the
British empire’, in Leonard Gentle’s account, generating as much electricity as
London, Birmingham and Sheffield combined. In the 1920s, two monopolistic
privately owned power companies emerged: Escom, which provided electricity
to the railways, on which the mines depended heavily, and the Victoria Falls and
Transvaal Power company, which oversaw the grandiose Victoria Falls hydro
project, and the generation of coal-fired steam power in Eastern Transvaal.
Under the racist ‘segregation’ system that preceded apartheid, black workers in
South Africa – on whose labour the mining complex depended – were deprived
of electricity at home. (South Africa became independent of the British Empire
from 1931; apartheid was introduced in 1948.) The Orlando power station,
commissioned in 1943, supplied the mines, but not the township around it:
pylons from it, dwarfing un-electrified shacks beneath, became symbolic.40
The generating companies failed to invest sufficiently to meet the gold mines’
needs – no less than 59 per cent of all electricity produced in the late 1940s –
and in 1948 Escom was nationalised. Large long-term loans were raised from
the World Bank, and in the 1960s three power stations built on the coalfields,
to supply the gold industry. In that decade Escom also invested in transmission, bringing a national grid into being by 1973. Household electrification now
began in earnest – for whites. In Johannesburg, white suburbs had access rates
close to 100 per cent by the mid 1970s, compared to 20 per cent in Soweto,
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the adjacent black township. In the countryside, electrification was targeted at
white farmers. Excess power station capacity was mothballed, rather than being
mobilised to electrify black households.41
The mines, and above all the gold mines, remained the prime consumer of
South African electricity. In the mid-1990s, mining and mineral processing
accounted for 40 per cent of electricity consumption, and the economy was
estimated to be three times as energy-intensive as the USA’s. As for households,
the government’s attitude to the majority, who had systematically been denied
electricity in the past, began to change in the mid-1980s as the anti-apartheid
protest movement gathered pace. An ‘Electricity for All’ programme, aimed at
selling electricity from surplus capacity to black townships, was launched in
1985. It first produced noticeable results in 1991, when 25,000 dwellings were
connected. Household electrification received political impetus as apartheid
ended in 1994. An average of 300,000 homes per year were connected, for a
decade from 1992. Government policy prescribed a system under which private
business provided electricity, but in practice electrification was supported by
the state and financed by (the slightly renamed) Eskom, largely through a crosssubsidy scheme. By 2002, 79 per cent of households in urban areas and 46 per
cent in rural areas had electricity access.42
The constraints on electrification were economic. In the 1990s, the municipal
electricity distributors that supplied households were charging them about
twice the rate that bulk industrial customers paid. There were widespread
protests and political conflicts over electricity prices. (See p. 149.) In 2001 the
government introduced free provision of water, electricity and some other
municipal services to poor households. Those not covered by the scheme often
rationed their own electricity use, in order not to be cut off: more than half of
households were estimated to consume no more than 50 kWh/month. At the
turn of the century, 78 per cent of African households had a TV, 58 per cent a
refrigerator and 9 per cent a washing machine, compared to 98 per cent, 98 per
cent and 91 per cent respectively in white households. Low-income households
which had such appliances often turned them off to keep bills low.43

Some conclusions
In all five countries discussed, the initial electrification of city centres and key
industries was undertaken by private companies, from the late nineteenth
century. But electrification above this level – its development, as reliable
infrastructure for industry and agriculture, and/or as a public service – was
undertaken by the state.
In the Soviet Union and China – and to some extent in India – governmentfinanced electrification was seen, ideologically, as the work of the modernising
socialist state. The state socialist governments, no less than those of capitalist
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countries, prioritised the electrification of industry and, to a lesser extent, largescale agriculture. In contrast to the Soviet Union, China adopted a more flexible
policy towards rural electrification by local authorities. This enabled the Chinese
countryside to race ahead of India’s, achieving electricity access rates well above
90 per cent by the turn of the century. The private sector everywhere proved
inadequate to the task of electrification – in South Africa in the 1940s, leading
to nationalisation, in Nigeria throughout its history, and in India following the
1990s reforms.
Social and class forces shaped electrification everywhere. The state socialist
elites undertook the most impressive projects, electrifying industry – and in
China’s case agriculture – decades before wider public service provision.
Nigeria, subjugated first by empire and then by neocolonial economic exploitation, proved unable to develop an electrification strategy, despite being such a
significant exporter of fossil fuels to world markets. The South African elite,
which needed the electricity primarily for mining and processing gold and
other minerals, systematically deprived its black population of electricity access
until the fall of apartheid in the 1990s. In India, the well organised lobby of
wealthier farmers in Maharashtra and Gujarat ensured earlier electrification
of agriculture; the broader rural movement in Andhra Pradesh influenced the
outcome of market reforms; and in Odisha, where such a movement was absent,
the local elite and international organisations undertook reforms in a manner
that de-prioritised rural electrification.
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The 1980s: recession and recovery
The second oil shock of 1979–80 helped to cause a deep recession in the largest
capitalist economies in 1980–82. In the rich countries, oil use fell sharply,
total commercial energy use less sharply. Then, from the mid-1980s, renewed
economic expansion, driven largely by globalisation and the export of capital
to developing countries, produced a new boom in fossil fuel use. In electricity, the expected nuclear dawn never arrived: coal and gas filled the gap. In
the 1980s, political battles over energy conservation intensified. The oil price
shocks had produced noticeable results in terms of conservation, particularly in
rich-world industries – but these were overshadowed by the waste of opportunities to develop sustainable consumption more widely. Governments rejected
the sort of investment strategies and regulation that could have changed more
profoundly the ways that energy is consumed – and supported incumbent fossil
fuels with subsidies. These two policy trends prepared the way for a much
greater disaster at the end of the 1980s: governments’ collective paralysis in the
face of global warming.

From recession to recovery
Total commercial energy consumption fell during the global recession for three
years running (1980–82), and in the rich countries, oil consumption continued
to fall for a further three years. In the OECD, oil consumption only regained its
1979 level in 1996, while gas consumption recovered more quickly (by 1990)
and coal consumption rose almost uninterruptedly. In the five years to 1990,
total OECD fossil fuel consumption rose by 8.8 per cent, and continued to grow
nearly as rapidly during the ‘roaring nineties’. Total non-OECD fossil fuel consumption rose faster in the 1980s: by 18.3 per cent in the five years to 1985, and
by 16.1 per cent in the five years to 1990. That rate slowed substantially in the
early 1990s, reflecting, in large part, the economic slump in the former Soviet
countries. (See Table 4, p. 55, and Table 8, p. 97.)
Fossil fuel consumption remained highly concentrated. In 1987, 90 per cent
of coal was consumed by 15 countries (led by China, the USA, the Soviet Union,
Poland, India and West Germany); 80 per cent of petroleum products by 28
countries (led by the USA, the Soviet Union, Japan, China and West Germany);
and 91 per cent of natural gas by 20 countries (led by the Soviet Union, the
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USA, the UK and Canada). And the rich minority consumed the most: OECD
countries, with less than 15 per cent of the world’s population, accounted for 62
per cent of commercial energy consumption in 1980, and still for 58 per cent in
2000 – figures that exclude energy used to produce goods that they imported.1
The early 1980s were a turning point for the world economy. The recession
of 1971–3 had ended the longest ever continuous period of economic growth
and rising profitability in the rich countries; the second oil shock and stagnation
of 1980–82 compounded the crisis. Economists point to a crisis of profitability that underlay the end of the boom, and see both globalisation (meaning
the restructuring of capital and work processes, and financial deregulation),
and the adoption of neoliberal economic policies, as responses to it. A ‘long
period of expansion’ was ‘initiated by tax cuts and spending increases in the
USA’ in 1983–9, one standard account underlined – although economic growth
rates, and investment and productivity growth levels, remained well below
those of the post-war boom. The international structure of industry began to
shift. Drastic cutbacks in rich countries (e.g. the UK, which lost a quarter of
its manufacturing industry in 1980–84) were followed by a massive, long-term
expansion of industrial capacity in some developing countries.2 Between 1980
and 2005, the global export-weighted labour force quadrupled, David McNally
pointed out. About half of this growth was in east Asia, where the number
of industrial workers rose from 100 million to 900 million. There were great
differences between parts of the developing world. China and other Asian
manufacture-exporters maintained high rates of investment growth, but the
rate of accumulation fell sharply elsewhere, particularly in countries that relied
on exports of oil or other raw material commodities, whose prices fell sharply
in the mid-1980s.3
The restructuring of capital and of work processes fundamentally changed
social relations. In the rich countries, frameworks for compromise between
capital and labour that had been in place during the boom broke down. Capital
sought new means of social control. Part of the strategy for restoring profitability was confrontation with labour unions; a sustained attack on wage levels and
other social benefits, underpinned by unemployment; and increases in labour
productivity, using new technology and management techniques such as ‘lean
production’. Financial globalisation was also seen as a response to the crisis of
profitability. The financial markets deregulation of the 1980s, enabled by new
computer technology, helped to redirect oil dollars that had accumulated in
the Middle East, Angus Maddison argued, and transformed the relationship
between the USA and the rest. From being a net lender up to 1988, the world’s
pre-eminent economic power moved quickly to a net foreign asset position of
minus $1.5 trillion (more than 20 per cent of its GDP); in this way, the rest of
the world helped to sustain a renewed American boom and financed the US
payments deficit.4

Pirani.indd 123

26/07/2018 16:06

124

burning up

Energy markets were remade against this background. The price of oil
plunged from $34/barrel in 1982 to $12/barrel in 1986. There was overproduction for the first time since 1928. The geography of oil supply changed. Supplies
from non-OPEC producers, including the Soviet Union and the UK, grew:
OPEC’s share of world oil sales, which had been 50 per cent in 1973, fell below
30 per cent by 1985. The big western economies’ dependence on OPEC oil
supplies, ‘absolute’ in 1973, became merely ‘acute and dangerous’ by 1988 when
the Iran-Iraq war began, Paul Stevens suggested. The way the market worked
also changed. The largest domestic market, in the USA, was deregulated, and a
world market dominated by the IOCs began to give way to a traded commodity
market. In 1986, 30 per cent of oil was sold on a ‘spot’ basis (i.e. not covered by
contracts agreed in advance), and that proportion grew steadily thereafter.5
In the early 1980s, economic slowdown and industrial restructuring had
helped to push down oil demand. So did fuel switching, mainly to gas and coal.
In the 1970s, western governments had seen natural gas as a cooking fuel and as
raw material e.g. for premium aircraft fuels. Burning it to generate electricity was
prohibited in the US (between 1978 and 1987) and constrained by regulation
in the European Union (between 1975 and 1991). Attitudes, and regulation,
changed in the 1980s. The invention of the combined-cycle gas turbine ramped
up gas-powered electricity plants’ efficiency. (See p. 29.) All this boosted gas
demand. The Soviet Union, with West Germany and other European countries,
in 1981–5 built the big pipeline corridor from the western Siberian gas fields to
western Europe, notwithstanding the US government’s opposition to expanding
east-west trade.6 The Soviet Union, and after its collapse Russia, became and
remained Europe’s largest supplier of imported gas.
Another reason for the steady growth of gas and coal supplies in the 1980s
and 1990s was that the nuclear age expected by energy specialists and politicians
alike never materialised. In the early 1980s, it was routinely forecast that nuclear
power would become a leading, or the leading, source of incremental energy
supplies by the turn of the century; fast-breeder reactors would prevail.7 But
the USA’s Three Mile Island accident in 1979, and the reactor fire at Chernobyl,
Ukraine, in 1986, stimulated opposition from social and environmentalist
movements. Massive cost overruns made matters worse. The nuclear sector
grew, especially in France and Japan, but never achieved the role imagined for it.
The next two sections cover fossil fuel consumption trends in both the 1980s
and the 1990s.

Rich-world consumption, 1980–99
Across the rich world, the energy conservation gains produced by the two oil
shocks were ‘surprising even to conservation enthusiasts’, one researcher wrote.8
Substitution of capital and labour for more-expensive energy, and technological
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change, counted. There was a ‘metamorphosis’ in car design and production, the
synthetic fuels business was ‘stillborn’, and architectural design ‘visibly altered’.
Overall, the OECD countries’ energy intensity fell by 24 per cent between 1974
and 1986. Gone was the ‘widespread assumption’ of a ‘God-given relationship’
between the pace of energy consumption growth and economic growth, the
energy economist James Jensen observed in 1985.9 But after energy prices fell in
the mid-1980s, many of the conservation gains were reversed.
In OECD countries, profligate consumption during the boom had left ‘ample
room for improving energy efficiency’ when the 1970s price shocks hit – but in
the mid-1980s, lower prices, combined with lower energy intensities, stimulated
consumption and unwound what progress had been made, the IEA concluded.
In 1982–6 energy use was constant but did not fall; in 1987–90, energy intensities declined more slowly and consumption started to rise again, at 2.2 per cent/
year. The retreat from efficiency gains continued in the 1990s, in spite of international agreements on the need to tackle global warming. The 1970s oil price
shocks, and resulting policies, ‘had a larger impact on the increase in energy
demand and reduction in CO2 emissions than the energy efficiency and climate
policies implemented in the 1990s’, the Netherlands’ environmental agency
observed. Internationally, in manufacturing, energy intensity fell by 36 per cent
in 1973–86, but only a further 4 per cent in 1986–98. The heart of the problem
was in the USA. A UNDP study showed that US consumption fell between 1973
and 1983, as its population and economy expanded – but ‘during the next 15
years, from 1983 to 1998, the USA lost all the gains in energy conservation it
achieved. Americans returned to consuming nearly as much energy as before
the oil shocks’.10
Modest reductions in the rate at which rich countries’ economies used fossil
fuels and other raw materials triggered speculation that they were ‘dematerialising’, i.e. that economic growth had decoupled from rising consumption of
materials, and/or were using less materials overall. Researchers were already
doubtful about these claims in the late 1990s. Economic growth and resource
throughput had ‘decoupled’ in rich countries between 1975 and 1996 – but
overall resource use and flows of waste materials had risen, a World Resources
Institute study showed in 2000. Production of energy-intensive steel and
aluminium had fallen in the rich countries, but the energy saving might be
cancelled out by production of smaller quantities of more energy-intensive
materials (e.g. plastics), and the effects of trade and higher consumption levels,
the UNDP concluded in the same year.11 Recent research has confirmed that
globally, overall, in the four decades since the oil price shocks, materials consumption has risen consistently and ‘decoupling’ is limited and partly illusory.
(See p. 155.)
Nevertheless, there were energy efficiency gains in response to the oil price
shocks, most significantly in industry. In Japan, industrial energy consump-
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tion per unit of economic output had by 1985 fallen by 70 per cent of its 1971
level; the falls in the USA and western Europe were almost as dramatic. Most of
the decline was ‘attributable to conservation, restructuring and fuel-switching’,
James Jensen wrote. The export of energy-intensive industries to developing
countries – in Japan’s case, the removal of chunks of the petrochemical industry
to Taiwan, South Korea and elsewhere – was another big factor.12 In Europe,
the energy intensity of industry fell between 1979 and 1986, firstly because
steel and other energy-intensive sectors were severely cut back, while less
energy-intensive sectors grew, and secondly thanks to efficiency gains.
The amount of fuel used to make steel was reduced, in rich countries, when
companies deployed EAFs in mini-mills, in the context of cutting costs and
labour forces. US Steel, the USA’s largest steelmaker, brought in $2 billion worth
of new equipment, including EAFs, and reduced the workforce from 93,000 in
1980 to 23,000 in 1991. Car factories, which accounted for about one-fifth of
European steel use in the 1980s, cut the amount of steel per car – although not
to anywhere near the technologically possible minimum – imported more of the
steel, and increasingly used aluminium.13
From the mid-1980s, low energy prices reversed many conservation gains
in industry. Casting aluminium more accurately, or recycling more efficiently,
would have cut fuel inputs sharply, the energy researcher Daniel Spreng
pointed out in 1988. ‘Letting pumps, compressors, conveyor belts and so on
run only when they are actually needed’ would be ‘potentially a big saving’, he
argued. In the 1990s, European industry raised its output by 2 per cent/year
without increasing energy consumption. But, the UNDP argued, great potential
remained for energy saving, especially in petrochemical plants, paper mills and
parts of the steel industry, and for cogeneration of electricity and heat. Europe’s
constant energy demand struck a contrast with the USA, where industrial
energy use fell by 18 per cent between 1973 and 1983, but grew by 37 per cent
from 1983 to 1997.14
In the 1980s and 1990s in rich countries, the nature of work, and of personal
consumption, was changed by three trends: the attack on wage levels and social
benefits; transfer of industries to the Global South and growth of the service
sector; and technological changes, especially those associated with computing.
As a result, consumption became more fossil-fuel-intensive. The hours people
worked tended to stabilise or rise, instead of falling as they had in the post-war
boom. Sociologists observed a tendency for people to spend more time working,
earn more, and, to make up for shortage of time, shift to more ‘goods-intensive’
lifestyles. They bought freezers, dishwashers and microwave ovens; more often
ate food prepared in restaurants or take-away outlets; and used private, rather
than public, transport. The economist John Maynard Keynes’s 1931 forecast
that his grandchildren’s generation would have more leisure time was not borne
out, researchers of consumption pointed out; instead, rich-world populations
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had been ‘induced to be competitive’, which drove them to keep ‘working hard
for more income to buy more goods’.15
The energy-intensive nature of such lifestyles was exacerbated by mass
production techniques, combined with the outsourcing of manufacturing to
developing countries. This put a vast quantity of consumer goods in reach of
rich-world working families, and made it cheaper to replace goods than to
mend them. The sociologist Juliet Schor pointed to the examples of TVs and
personal computers, the prices of which collapsed, respectively, by 58 per cent
and 86 per cent in the US between 1997 and 2005. Another bloated channel of
fossil-fuel-intensive materials was plastic toys, mostly made in China; in the
USA in 2001, $29.4 billion worth, or 69 per child, were sold, or (often) given
away with fast-food meals.16
All these factors drove up direct and indirect energy use by rich-world
households. Direct household energy use rose by 17 per cent between 1973
and 1998, an IEA survey of eleven rich countries recorded. And it accelerated towards the turn of the century: in 1994–2003 it was growing faster
than ever. Space heating remained the most significant end use of energy in
households, and while the amount of heat required per unit of floor area fell
in most countries, ‘bigger houses and fewer people per dwelling’ cancelled out
potential savings, the IEA found. Household coal consumption fell away, while
electricity consumption doubled and gas use increased by 40 per cent. In the
UK, household heating changed fundamentally for the first time in 300 years,
with the appearance of pressure boilers and central heating systems, which were
increasingly run on gas instead of coal. In 1970, 35 per cent of homes were
centrally heated; by 1990 it was 80 per cent.17
Strong growth in ownership of household appliances propelled the increase
in electricity consumption, the IEA found. Appliances became more energy
hungry. In Europe, household energy consumption reached the saturation
levels that the USA had attained during the post-war boom. In the Netherlands,
penetration rates of TVs, refrigerators and washing machines rose from nearly
zero after the Second World War to more than 100 per cent in 1990. In the UK
between 1954 and 1994, the number of household appliances doubled, and the
number of durable entertainment goods (e.g. TVs and stereos) multiplied 35
times, David Goldblatt found.18
A final significant cause of fossil fuel consumption growth across the rich
world in the 1980s and 1990s was a renewed surge in private car use. Governments actively supported this boom, by keeping petrol prices down, reducing
regulation of carmakers and prioritising road construction. The IEA reported:
Real gasoline [i.e. petrol] prices peaked in the early 1980s and have generally
fallen since then. In most European countries much of this decline was offset
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by increasing fuel taxes. Still, real prices, including taxes, were lower in the
late 1990s than in the early 1980s in almost all IEA countries.19
The US government was a significantly worse offender than others. Its own
Energy Information Administration (EIA) calculated that the real price of petrol
for end users fell by 45 per cent between 1981 and 1988, before rising gently in
the 1990s. Overall, between 1973 and 1998, it rose by only 0.25 per cent per
year. US federal taxes on petrol were raised in 1990, despite heated conservative
opposition – but in 1991 real petrol prices in other rich countries were often
50 per cent and, in Japan and Italy, up to 300 per cent higher than the USA’s.20
In 1985, the Reagan administration relaxed the already-feeble regulation of
fuel efficiency standards. The standard for new cars then remained unchanged
until 2007, at 27.5 mpg; the standard for light trucks was lowered in 1989 from
20.7 mpg to 20 mpg. These numbers were put in perspective by the physicist
Frank von Hippel, who in 1981 showed that 60 mpg was technologically
feasible.21 US cars on average improved their efficiency between 1980 (19.2
miles per gallon) and 1988 (22.1 mpg), but fell back to 20.4 mpg by 2002. Vans,
light trucks and sport utility vehicles (SUVs) improved, from 12.0 mpg in 1979
to 17.5 mpg in 2000 – but that amounted to a step backwards for each driver that
switched from a car to a SUV. And there were millions of them. The big three
carmakers broke SUV sales records year after year, culminating in the sale of
17.4 million SUVs in 2000. By then, more than half of the vehicles on US roads
were classified as trucks. In Japan, too, vehicle efficiency stagnated and then
worsened in the early 1990s, as vehicle sizes rose and petrol prices fell.22
In the USA, the total number of vehicle miles travelled rose by 82 per cent
between 1980 and 2000. Traffic jams went from occasional to ubiquitous.
Peak-hour road travellers in urban areas of Texas were delayed in traffic jams,
on average, by 8.7 hours in the year 1982, and 39.2 hours in 2000, a more than
fourfold increase. In large cities it was 76.5 hours in 2000. Part of the problem
was the trend towards people driving alone: in 2000, the Nationwide Personal
Transport survey recorded that 75 per cent of commuters travelled singly in
privately-owned cars, and less than 5 per cent on public transport.23
Cars were slightly less pervasive in other rich countries. Even in the UK, which
was more motorised than most, 30 per cent of households remained without a
car up to the late 1990s – although cars had become cheaper to run, both absolutely and relative to using public transport. Between the 1970s and the 1990s,
the proportion of women with driving licences almost doubled; new household
tasks, such as taking children to school by car, were part of the cause.24

Consumption outside the rich world, 1980–99
Industrialisation, urbanisation, electrification and motorisation all contributed
to the rapid increase of fossil fuel consumption in developing countries in the
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1980s and 1990s. In many countries (but not China), manufacturing became
more energy efficient after the oil shocks. But because fossil-fuelled systems
expanded more generally, the level of primary energy use per unit of economic
output rose (except in China). Motorisation, electrification and household consumption played their part. Prices of cars and household appliances had fallen
in real terms since the 1970s, and now they were often made locally, UNDP
researchers found. In households in higher-income developing countries,
cookers and water heaters had become more efficient, but their rapid diffusion
far outpaced the efficiency gains.25
A blizzard of motorisation hit developing-world cities, encouraged by international agencies and governments who ignored everything urban planners had
learned about the damage done by car-based cities in the rich world. In the
1980s, the Nigerian capital, Lagos, began to experience its mind-boggling traffic
jams, thanks in large part to unplanned city expansion. By 1990 Mexico City
had an estimated 4 million cars, 40 times as many as in 1950. When the Soviet
bloc collapsed in 1989–91, levels of car ownership were still low – car densities
per 1000 people ranged from 43 in the Soviet Union itself to 200 in Czechoslovakia and 233 in East Germany – and environmentalists saw the successor
states as ‘uniquely positioned, with extensive public transport systems, to avoid
the excesses of auto dependence’. But governments and the European Bank for
Reconstruction and Development invested heavily in roads, and in the 1990s
car ownership levels doubled.26
There were great differences in types of fossil fuel use between higher income
developing countries and the poorest countries, and within countries, as shown
in China, India, and parts of sub-Saharan Africa.
In China, the context for big changes in energy consumption patterns was the
economic policy shift of 1978, towards using market mechanisms more widely
and reducing central state control. The economy’s overall energy intensity fell
by half between 1980 and 1995. A group of US-based researchers identified
the main causes of improved efficiency as: state regulations that required the
shutdown of small, inefficient electricity plants; changes in ownership and
rising fuel prices, stimulating energy savings; and structural change, including a
shift to light manufacturing. Industry grew rapidly; therefore greater efficiency
did not mean lower consumption. The cement industry, for example, in the
early 2000s used only two-thirds of the energy-intensive clinker it had used
in 1980 for each tonne of output – but output was five times greater. In the
1990s, efficiency progress stagnated. Many firms, once in private hands, made
one-off efficiency gains and avoided investing in efficiency during the 1990s,
when energy prices were relatively low. Between 1983 and 2003, conservation
investments as a proportion of total energy investments fell from 13 per cent to
4 per cent.27 Indian industry made some energy efficiency gains in the 1980s,
but these were overshadowed by the sharp rise in agriculture of energy use,
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energy intensities and electricity supply; the latter leapt up by 11 per cent/year
between 1970 and 1999.28
For urban households outside the rich world, electrification was a significant trend – the most significant change in types of fuel used, a survey of 18
developing countries between 1978 and 1984 found. In Pune, in Maharashtra,
India, higher-income households invested in electricity connections and sub-let
electricity to poorer neighbours. Between 1982 and 1989, the proportion of the
city’s households with a fan rose from 39 per cent to 65 per cent; with a TV, from
25 per cent to 68 per cent; and with a refrigerator, from 13 per cent to 23 per
cent.29 Research of middle-class homes in Kerala, India, in the mid 1990s also
showed big rises in electricity and fuel use. In one district of Trivandrum, 82
per cent of households had refrigerators, 90 per cent electric irons, 56 per cent
washing machines and 39 per cent cars. The number of private cars in Kerala
rose by 50 per cent in 1990–95 and doubled again in 1995–2000.30 For most
Indian families, though, these goods remained unattainable luxuries. In 1983,
the top 10 per cent of the population accounted for 30 per cent of household
energy use, and the bottom 60 per cent of the population for 33 per cent; in 2000,
those figures had hardly changed, while other measures of inequality – such as
the gap between the rates at which different regions reduced the proportion of
people without access to LPG and kerosene, let alone electricity – had risen.
The background was an overall reduction of poverty, but widening inequalities
between India’s richest and poorest, between the cities and countryside, and
between states.31
A minority of the highest-income households – largely from the 1980s in
China, and the 1990s in India – adopted energy-intensive patterns of middle-class
consumption modelled on those of rich countries. By the early 1990s, after a
decade of market reforms, more than a million Chinese households were in
the yuan-millionaire bracket (i.e. earned more than $125,000/year); 4.3 million
earned more than 30,000 yuan ($3750); and 100 million earned more than
$1,000/year and aspired to new types of consumption. Whereas in the 1970s,
China’s three great consumer desirables had been a transistor radio, a bicycle
and a sewing machine, by the 1980s, the wish-list was similar to Japan’s: TV
sets, refrigerators and washing machines. By the 1990s, the three desirables were
a video, CD player and air conditioning. Phones, privately owned apartments
and cars were seen as ‘super-products’. These changes of culture were driven
by the Chinese government and foreign investors as much as by households
themselves. Advertising, which was essentially non-existent in the 1970s, had by
1994 become an industry with $1.2 billion annual turnover.32 In India, the ‘open
economy’ policy of 1991, designed to encourage foreign investment and market
mechanisms, resulted in an explosion of TV ownership and of advertising, for
which TV was the main vehicle.
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As city dwellers acquired appliances, rural China remained, in many ways,
another world. Between 1980 and 2004, refrigerator ownership rates rose from
7 per cent to 90 per cent in towns, and 0.1 per cent to 12 per cent in the countryside; washing machine ownership rates rose from 48 per cent to 96 per cent
towns, and 2 per cent to 37 per cent in the countryside. The most significant
shift in rural household energy use in the 1980s was a government programme
to promote improved biomass cook stoves, with the aim of cutting demand for
both biomass and coal, and helping to tackle pollution and health problems
associated with older stoves and household coal use. By 1992, 129 million new
stoves had been installed.33
Consumption patterns in sub-Saharan Africa were very different from those
in China and India. Many already-poor oil-importing countries were harder
hit by the second oil shock, and took longer to recover, than others. They fell
further into poverty. In the Sahel countries,34 commercial energy consumption,
which had in 1973–80 grown on average by 3.5 per cent/year, in 1980–86 fell by
0.5 per cent/year. Poor families turned back from LPG and kerosene to biofuels,
which had ‘serious implications for further deforestation, desertification
and environmental degradation’. By 1990, only 16 per cent of the population
of sub-Saharan Africa had electricity access (and many of those were in one
country, South Africa), compared to a rate of 46 per cent across all developing
countries. In industry, where other countries had in the early 1980s invested
in efficiency, the poorest nations struggled to find ‘the enormous investment
required to effect the replacement of older capital stock’, an OPEC researcher
found. Even relatively well off Nigeria, Ghana and Liberia experienced a fall in
aggregate energy consumption in the decade to 1988.35

Energy policies I: enter neoliberalism
In 1981 Jimmy Carter was succeeded as US president by Ronald Reagan, who
stood for tax cuts, budget cuts and dismantling state regulation. This meant
significant changes in energy policy. Reagan ended remaining price controls on
petrol (largely a piece of showmanship, since they were due to expire and prices
were falling), loosened control on leasing federal lands and offshore areas for
oil drilling, and undermined the EPA and environmental regulation. He slashed
research and subsidy support for energy conservation, and for renewable energy
sources, while backing nuclear development. In 1981 the carmakers lobbied
Reagan to protect them from Japanese competition with import quotas, and
in 1985 to undermine fuel standards rules (see p.128): he willingly acceded on
both counts. Reagan’s assault on environmental regulation, in the name of free
enterprise, was the seedbed from which first ‘environmental scepticism’, and then
climate science denial, gained momentum on the right wing of US politics.36

Pirani.indd 131

26/07/2018 16:06

132

burning up

Reagan and UK prime minister Margaret Thatcher, who had taken office in
1979, were seen as standard-bearers for neoliberalism, an ideology originating
in economic ideas, opposed to Keynesianism, developed in the 1940s and 1950s
by Friedrich von Hayek, Milton Friedman and the ‘Chicago school’. In the 1970s
it had influenced the dictatorships in Chile (from 1973) and Argentina (from
1975) that rolled back social democratic and statist policies. Under Reagan
and Thatcher, neoliberalism came to mean a range of policies that supposedly
eroded the state in favour of markets, such as privatisation, deregulation and
market liberalisation. Neoliberalism is sometimes portrayed as a dogma that
made market mechanisms almighty, but actually the withdrawal of the state
from the economy only happened in rhetoric. Rather than doing away with
state intervention, the neoliberals changed its aims. David Harvey argued that
neoliberalism could be seen as ‘a utopian project to realise a theoretical design
for the reorganisation of international capitalism’ or as ‘a political project to
re-establish the conditions for capital accumulation and to restore the power of
economic elites’; this latter function dominated. This political project was given
force by the post-boom crisis of profitability discussed above.37
Electricity sector reform provides an example of the impact, and of the limitations, of neoliberal policies. In the rich world, the economic crises of the 1970s
had left the electricity sector with surplus generating capacity. Large central
power stations, constructed on the assumption that electricity demand would
keep growing as it had during the boom, turned out not to be needed. In the USA
in 1982, the surplus was nearly 40 per cent of total capacity. Nuclear projects,
the most expensive, were especially vulnerable to collapse. The Washington
Public Power Supply System, the largest electricity supplier in the northwest
USA, cancelled four of five nuclear reactors that it had started, and, when the
two largest were trashed in 1982, carried out the world’s biggest corporate bond
default up to that time. (The company was renamed Energy Northwest in 1998.)
While nuclear technology struggled, gas-fired power – that allowed much
smaller stations and some decentralisation – flourished. US market liberalisation, initiated by PURPA in 1978, forced large generating companies to make
room for some cogeneration capacity owned by industrial firms, and stimulated
the growth of gas-fired power. (See p. 103.) The limits of neoliberal policy were
evident, though, in the billions of dollars worth of state support given to the
nuclear industry, in seeking fixes for safety problems, below-market insurance
cover, and other benefits.38
The US electricity sector had always been largely privately owned, whereas in
Chile and the UK, systems had been state-owned, and neoliberal governments
now championed privatisation. In Chile, the electricity sector was sold off in the
late 1970s, as part of a gigantic privatisation programme, aimed at weakening
organised labour and attracting capital. The UK sell-off came in 1989. The
principle used there, of ‘unbundling’ (separating) generation, transmission and
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distribution – with transmission treated as a natural monopoly and the other
spheres as markets – became the standard model used in 1990s privatisations
internationally.39

Energy policies II: subsidies
The limits to neoliberalism in energy policies were illustrated most clearly by
the level of subsidies by governments to energy producers and consumers.
Economists had begun researching these methodically in the 1970s; the issue
came closer to the centre of public debate in the 1980s. Politicians and civil
society groups began to use subsidies provided – rather than speeches made,
or claims about the state’s withdrawal from markets – as a standard by which to
judge energy policies.
Definitions of subsidy, and ways of measuring them, themselves reflect
political standpoints and have changed over time. By way of introduction, the
reader’s attention is drawn to three points. First, the most convincing definitions
of subsidies are very broad. Doug Koplow wrote:
Government interventions encompass a wide range of regulatory, fiscal, tax
indemnifications and legal actions. By modifying the rights and responsibilities of various parties involved with the energy sector, these actions decrease
(subsidise) or increase (tax) either energy prices or production costs.40
Subsidies are ‘often viewed primarily as cash payments from a government
agency to private businesses or individuals’, Koplow continued, such as heating
grants to low-income households or research grants to oil companies – but a
more accurate definition would include ‘any government-provided goods or
services, including risk bearing, that would otherwise have to be purchased on
the market’. For an oil or coal producer, such services could include anything
from favourable licencing terms or tax breaks to remediation of exhausted
fields. For an energy consumer it would include any measures that pushed the
price below that on the world market.
Second, the distinction between producer subsidies, that lower energy producers’ costs, and consumer subsidies, that lower the prices paid by consumers,
should be borne in mind.
Third, where subsidies are estimated by comparing actual prices with
reference prices, there are dilemmas about how to set the latter. It is much easier
to do this with oil and oil products, which are traded on world markets, than
with, for instance, electricity. A methodological question is whether to include
in the reference price the cost of those externalities of energy production and
consumption, such as air pollution and, on a larger scale, global warming. The
answer is political: including such externalities highlights governments’ failure
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to ensure those costs are covered. To the cost of government action (fiscal
subsidies), reference prices including externalities add the cost of government
inaction (failure to compel energy producers and consumers to pay for the consequences of their activity).
The focus of subsidies research in the 1970s and 1980s reflected energy policy
discussions at the time. An early report, published by the Ford Foundation in
response to the 1973 oil price shock, advised the US government on tax policy.
It highlighted fiscal subsidies to US oil companies, in particular the favourable
tax treatment of upstream and foreign operations; favourable tax treatment for
private electricity companies and tax exemptions for municipally-owned ones;
and direct government funding of energy research. (See pp. 80–1.) In the late
1970s, the US Department of Energy made two studies of its own. The first
covered producer subsidies: it provided an eye-watering estimate that $217
billion (1977 dollars) worth of support had been given to energy companies
between 1918 and 1976. It also showed – at a time when policy discussions were
focused on supply alternatives to imported oil – that the bulk of production
subsidies, $21.3 billion out of $32.2 billion in 1977, went to oil. A second report
on consumer subsidies also concluded that oil, rather than other fuels, was the
main beneficiary.41
In the 1980s, environmentalist NGOs commissioned research on subsidies as
part of their rearguard (and ultimately unsuccessful) action to defend limited
US state support for solar power. One report showed that, of the total $44 billion
US energy subsidies in 1984, more than $41 billion went to ‘mature energy
technologies that long ago reached commercialisation’, including $15 billion to
nuclear and $8.5 billion for oil – compared to $1.7 billion for all renewables. The
report showed that in 1979–85 renewables had supplied 100 times more incremental electricity than the nuclear industry, which had received more than $200
billion in federal subsidies. It warned, correctly, that ‘the impending collapse of
government support’ for renewables would undo almost all the progress made.42
Research on consumer subsidies focused on a different set of political issues. It
confirmed that petrol taxes in the USA and Canada were far lower than in other
rich countries, reinforcing car dependency. But it focused more attention on
developing countries, where governments had held the prices of petrol, kerosene
and other oil products way below import prices during the second oil shock.
Oil importing countries’ governments had allowed prices to rise further than
had oil exporter governments, research commissioned by the World Resources
Institute showed. It also highlighted the extent of coal subsidies in China and
India, which together accounted for 70 per cent of developing-world coal consumption. In China, coal prices were one quarter of the average world price and
less than 40 per cent of long-run marginal costs, spurring ‘excessive demand
and frequent supply shortages’, which led in turn to industrial capacity being
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stood down due to fuel shortages.43 In the context of China’s market reforms,
coal prices were increased gradually throughout the late 1980s and 1990s.
Road transport subsidies, usually in the form of government support for
building roads and parking spaces in preference to other transport infrastructure, are a gigantic stimulant of oil products consumption – but are usually
counted separately from fossil fuel subsidies. The body of research on them
is limited. Norman Myers, in a general survey of subsidies published in 1998,
argued that road transport subsidies were the world’s largest type of ‘perverse
subsidy’, and larger than subsidies to fossil fuels, agriculture, water or fisheries.44
Subsidies, like government policies in general, reflect relationships of power
and wealth. Producer subsidies, particularly in rich countries, often reflect
state support for powerful industrial sectors. Consumer subsidies, especially in
oil-importing developing countries, often reflect social compromises between
governments and both industrial capital and households. In the 1990s, the
international financial institutions – which had rarely interfered noticeably in
the relationship between rich country governments and energy producers or
consumers – often made the reduction of consumer subsidies a condition of
loans, and of other forms of support, to developing country governments. This
in turn fed into sharp conflicts between energy consumers, especially the urban
poor, and governments who they perceived to be victimising them with fuel
price increases.

The discovery of global warming
The discovery of global warming was a triumph of late twentieth-century
science, no less momentous than mapping the human genome or advances
in understanding the universe’s origins. The collective efforts of thousands of
meteorologists, paleoclimatologists, oceanographers and others produced, by
the mid-1980s, a consensus that warming was underway; that the greenhouse
effect was probably (that soon became ‘certainly’) the major cause; and that that
in turn was due to human activity, first and foremost fossil fuel combustion.
Christophe Bonneuil and Jean-Baptiste Fressoz have argued against ‘grand
narratives of awakening, revelation or arousal of consciousness’ in the 1980s
about the damage done by society-nature interactions; society’s potential to do
serious damage to the natural world, and to itself, had long been there for anyone
who wanted to see it – and it was seen, at least since the eighteenth century.45
Nevertheless, the discovery of global warming made precise the character of
a particular danger that had hitherto been unclear. By the end of the 1980s,
political leaders accepted – in some cases, as though having been dragged,
kicking and screaming – the need for a coordinated international response.
Most climatologists had by the late 1970s accepted that human activity
could change the climate, but there was no consensus on how (e.g. whether
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cooling, warming, or atmospheric pollution effects would be dominant). The
first international conference on the issue, organised in 1979 by the World
Meteorological Organisation (WMO) and the UN Environment Programme
(UNEP), proposed only more systematic exchange of information. In the
early 1980s, researchers using computer models that reproduced climate and
weather phenomena (general circulation models) made progress. The models
had from the 1960s produced educated guesswork, but by the 1980s, thanks to
advances in computing, were providing accurate short-term weather forecasts.
Two research groups that crunched data on long-term temperature trends now
concurred that the atmosphere had warmed since the mid-1960s by 0.2ºC. A
consensus formed that mid-century cooling in the northern hemisphere had
been an aberration, that the most likely cause of warming was the greenhouse
effect, and that it would be possible to ascertain this from physical observation
by the end of the century.46
A second important breakthrough came from paleoclimatologists using
deep drilling technology to recover prehistoric ice cores. They devised ways of
measuring the chemical composition of bubbles trapped in the cores to build a
long-term chemical picture of the atmosphere. Readings from the Soviet Vostok
station in Antarctica, which in the 1980s recovered samples going back over
400,000 years, ‘tipped the balance in the greenhouse-effect controversy, nailing
down an emerging scientific consensus’ on the causal role of carbon dioxide,
Geoffrey Weart, the historian of climatology, wrote. The ice cores contained
‘disturbing’ new evidence that the climate could change far more rapidly than
scientists had previously thought (i.e. over tens or hundreds, rather than
thousands, of years). By the late 1980s much research was focused on disentangling the relative importance of various greenhouse gases, including CO2,
methane, and aerosols and sulphates, and other possible causes of climatic
change. The role of oceans, and their ability to retain heat in some periods and
release it in others, became better understood. Oceanographic data was incorporated into the computer models.47
State and political bodies took notice. In the USA, the National Academy
of Sciences was asked by government to investigate. In 1983 it expressed ‘deep
concern’ about possible anthropogenic warming, and recommended further
research. In the same year a report by the US EPA was less sanguine, ‘raising the
spectre of a world on a collision course, between the need for energy derived
from coal and a global warming of potentially catastrophic proportions’, as two
EPA officials recounted.48 International dialogue between scientists, diplomats
and political leaders was formalised by the WMO and International Council of
Scientific Unions, who, in October 1985, together with the UNEP, organised
a conference at Villach, Austria. Scientists in attendance from 29 countries
supported the conclusion that a ‘significant’ global warming, caused by the
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greenhouse effect, was likely during the first half of the twenty-first century,
and scientific-political cooperation was needed.49
Such warnings entered an international political discourse that had already
accepted the impact of human economic activity on the natural environment
as its concern. The UN had in 1983 appointed a World Commission on Environment and Development (known as the Bruntland commission after its
chairman). Its report, issued in 1987, referred to the Villach meeting and asked
of global warming: ‘How much certainty should governments require before
agreeing to take action?’ If they waited until physical evidence of global warming
arrived, it might be too late for countermeasures to be effective. ‘Internationally
agreed policies’ to cut greenhouse gas emissions should be developed, along
with monitoring, research, and adaptation strategies for rising sea levels.50
In 1987, too, came the discovery of a gaping hole in the layer of ozone around
the earth, and the rapid conclusion of an international agreement to reduce the
production of chlorofluorocarbons that had caused it (the Montreal convention).
This indicated both that human economic activity could cause drastic climate
change, and that international cooperative action could potentially produce
remedies. In 1988, the Intergovernmental Panel on Climate Change (IPCC), the
scientific-political body that would play a key role in UN climate negotiations,
was formed. A World Climate Conference convened in Toronto, Canada, in the
summer of that year. The scientists and diplomats present proposed that CO2
emissions be reduced by 20 per cent of their 1988 level by 2005, by means of
strict targets aligned with energy policies – and were optimistic that political
leaders would act.51
These hopes would be dashed. At the UN Conference on Environment and
Development (the Rio summit) in June 1992, the UN Framework Convention
on Climate Change (UNFCCC) was signed, but without any of the targets or
coordinated energy policies for which the scientists had hoped. The retreat
of Keynesian state direction of the economy in the 1980s; the deep prejudice
against regulation, underpinned by neoliberal ideologies, that embraced governments and state bureaucracies; and the hostility of coal and oil producers
to regulation; all played their part. In 2005, world CO2 emissions would be not
20 per cent lower than the 1988 level, as had been proposed in Toronto, but
35.3 per cent higher.52
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global warming challenge
International political action to deal with global warming began with the
convention adopted at the Rio Earth Summit in 1992 (the UNFCCC), and
continued with the Kyoto Protocol of 1997. This process failed to reduce fossil
fuel consumption, the main source of greenhouse gas emissions. By 2000, fossil
fuel use was 16.1 per cent higher in the OECD, and 10.3 per cent higher outside
the OECD, than it had been in 1990.1 Energy policies had been shaped during
the ‘roaring nineties’ not by the Rio decisions, but by the imperatives of economic
growth. Rich-country governments not only underpinned fossil fuel consumption growth with tax and subsidies policies, but also worked with international
financial institutions to liberalise energy markets, particularly electricity, in
ways that cut across or flatly obstructed conservation. The challenge in writing
the history of these events is to understand exactly how political, social and
economic forces combined to produce a disaster of this magnitude.

Global warming: the political reaction
The IPCC’s first assessment report, published in 1990, acknowledged ‘significant uncertainties’ in the research of global warming’s effects (e.g. sea-level
rise, more volatile weather, and other dangers to people and agriculture), but
underlined that enough was known ‘to begin adopting response strategies’,
including ‘efficiency improvements and conservation in energy supply’.
There was less doubt about the role of fossil fuels as the single largest cause of
human-made warming: the report attributed 70–90 per cent of CO2 emissions,
and therefore 38–54 per cent of the greenhouse effect as a whole, to energy
production and use.2
The most powerful countries agreed that a treaty was needed. The US administration, headed by president George H. W. Bush, dominated its preparation,
particularly since the second post-war superpower, the Soviet Union, was in
terminal decline. The US strategy was managed by John Sununu, White House
chief of staff, a climate science denier who believed environmentalists sought to
impose de-growth via the treaty. US priorities were to ensure that there would
be no binding targets or timetables for cutting greenhouse gas emissions, and
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that any policies agreed would support economic growth. The idea was to ‘use
market approaches in setting environmental policies’, US officials commented
in retrospect. Regulation was out. European governments, in contrast to the
USA, favoured deadlines: the European Commission advocated stabilising CO2
emissions by 2000.3
The sharpest conflict, though, was between the USA and large developing
countries, whose representatives argued that – since rich countries were ‘mainly
responsible for causing climate change’, in the words of a Chinese document
– they were also mainly responsible for dealing with its consequences. US
diplomats tried to twist developing country representatives’ arms by diverting
attention away from CO2 on to deforestation (which aggravates the greenhouse
effect). In a parallel dispute, non-governmental organisations (NGOs) based
in the Global South clashed with some rich-country environmentalists whose
research fed the US narrative. A report by the World Resources Institute exaggerated deforestation as a cause of global warming, thereby detracting from rich
countries’ responsibilities, Indian activists argued.4
The treaty, which was signed at Rio in 1992 and entered into force in 1994,
conformed to US demands. It declared the aim of stabilising greenhouse gas
concentrations in the atmosphere ‘at a level that would prevent dangerous
anthropogenic interference with the climate system’, without saying what that
level was. Rich countries made non-binding commitments to return to 1990
levels of emissions by 2000. The energy researcher Jose Goldemberg, then
Brazil’s environment secretary, said the ‘true measure’ of rich countries’ commitments were the laughably small contributions to the Global Environment
Fund set up at Rio – $50 million from the USA, for example.5
The IPCC’s second assessment report, published in 1995, outlined more
accurately the likely effects of global warming, forecasting for the twenty-first
century a 2–3.5º rise in average temperatures, sea-level rises of 50–95 cm
and other frightening ‘surprises’. This gave impetus to renewed arguments by
countries including the UK, Germany and Denmark – and by the Democratic
US administration headed by Bill Clinton, who replaced Bush as president in
1993 – for greater collective commitment to emissions reductions. There was
a blistering counterattack from the climate science denial movement, which
had since the late 1980s been growing on the right wing of US politics. The
Global Climate Coalition, a lobbying group set up in 1989 to undermine the Rio
process, with funding from Exxon, Shell, BP, Ford and Chrysler, worked with
the US National Coal Association, Auto Manufacturers Association and others,
to forestall agreement on binding targets. Exxon, despite employing climate
scientists who shared the consensus understanding of fossil fuels’ causal role in
global warming, used big-circulation publicity material to bolster the denialists’
false claims by fostering doubts about the science.6
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As international negotiations reached their climax in 1997, in the run-up to
the Kyoto conference on climate, this coalition broke down. BP’s US subsidiary
withdrew from it in 1996, to be followed in 1997–8 by Shell, Sunoco and
Texaco. But much damage had already been done. In July 1997 the US Senate
voted by 95–0 against binding commitments. The Protocol agreed at Kyoto in
December 1997 put legally binding limits on rich countries’ emissions of CO2
and five other greenhouse gases, amounting to a 5 per cent reduction on 1990
levels, to be achieved by 2008–12. But the agreement was never ratified by the
USA, the largest emitter to which it would apply; and Canada, the third largest,
ratified it in 2002 but withdrew in 2011. Market mechanisms, enabling the
trade of permits to emit greenhouse gases, were set up, to allow countries to
add supposed improvements elsewhere to their own greenhouse gas accounts.
Russia, Ukraine and other former Soviet countries were excused from taking
action by another accounting trick: since 1990, the guideline year against
which emissions were measured, they had suffered the biggest ever peace-time
economic slump, which had reduced fuel consumption by between a quarter
and a half. China, now the second largest emitter, led the efforts by developing
countries against any current or future commitments.7

Economic growth and energy policies
When looking back at the Rio treaty’s lofty declarations, it should be borne in
mind that global warming was not the first concern of the politicians and civil
servants who produced it. It was still less important to the heads of international financial institutions, energy company executives, economists and others,
who took myriad other actions that shaped fossil fuel consumption trends. To
the extent that they saw what they were doing as progress, that usually meant
economic growth. Ideas about sustainable development, to which the Rio treaty
made approving reference, were also folded into assumptions about growth.8
The treaty was adopted in the midst of the ragged, uneven boom of the
‘roaring nineties’. The former Soviet countries were mired in slump, and Japan
was jolted by a market collapse that destroyed half the Nikkei share index’s
value in 1989–99 – but the USA and Europe boomed: in that decade, their stock
exchanges rose by four times and 2.5 times respectively. Continuing globalisation was part of the story. Capital flowed to east Asia, in enormous quantities.
Private financial flows to developing countries rose from $44 billion in 1990
to $244 billion in 1996. New technology (including the establishment of the
world-wide web in 1993) made a difference: in the USA, the dot-com boom
became a market bubble.9
During this boom, neoliberalism held sway politically. The Soviet collapse
proved, in the ideologues’ minds, that their offensive against state provision was
justified. Globalisation would be enhanced by deregulation and liberalisation of

Pirani.indd 140

26/07/2018 16:06

the 1990s: shunning the global warming challenge

141

markets, and privatisation. The international drive to lower barriers to capital
and goods led to the formation of the World Trade Organisation (WTO) in
1995. In the IMF and the World Bank, which influenced developing country
governments, the ‘Washington consensus’ – a menu of free-market strategies,
from trade liberalisation to privatisation – was all-powerful. In the EU, the new
objective of monetary union, to support a unified, open market, drove deflationary policies.
Labour and social movements resisted neoliberalism in myriad ways. In rich
countries, beleaguered trade unions fought to defend the ‘social wage’ (health,
education and welfare services). Outside the rich world, newly urbanised
people battled hardships born of neoliberal dogmas. On the other side of the
coin, anger at governments’ failure to act on global warming came not only
from rich-world protesters, but also from the ‘environmentalism of the poor’,
manifested in bitter clashes with energy and mining companies who saw liberalisation as a green light to exploit mineral resources with scant regard for
those who lived in the vicinity. Resistance to oil companies’ activities in Nigeria
became a prominent example.10 But these movements were disparate: they
obstructed and confounded neoliberal governments’ actions, but were not
strong enough to reverse the tide.
Against this background, energy policies were aimed not at conserving, or
shifting away from, fossil fuels, but at liberalising and expanding markets. There
was a wave of electricity deregulation and privatisation. (See pp. 143–7.) By the
turn of the century, liberalisation was ‘by no means complete’, though, Michael
Pollitt concluded from a comparative study. Oil and gas production companies
were privatised in a range of countries, including Russia – but not in the Middle
East. Gas distribution companies that supplied end users were hard to privatise:
they were more than 50 per cent state owned in 16 of 39 leading countries Pollitt
surveyed. In coal, Pollitt wrote:11
[L]iberalisation has taken the form of the running-down of subsidised
domestic coal production in many high cost countries (e.g. Spain, UK,
Germany and Poland) with some privatisation of residual coal assets (e.g.
in 1994 in the UK). The result has been a significant increase in world trade
in coal from countries with mostly unsubsidised, privately-owned coal
assets (such as Australia and South Africa). […] Even the large Chinese coal
industry has been subjected to significant liberalisation, with many enterprises being privatised and/or decentralised down to local municipalities.
While liberalisation sought to open up international energy markets, many governments continued to provide huge subsidies to domestic fossil fuel producers.
And despite energy prices being relatively low in the 1990s, governments, both
in the rich world and outside it, also subsidised consumers, by setting prices
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of oil products or gas below world market levels and/or by taxing fossil fuels
leniently. Research on the subsidies and the way they contradicted climate
policies began to be supported by international institutions. High energy prices
had ‘the potential to reduce energy consumption and encourage more efficient
energy use, without sacrificing economic growth’, an IEA study argued in 1993
– but ‘heavy fuel users, heavy polluters and fuels with a high pollution potential
are seldomly and/or lightly taxed’. In some rich countries, the greater the damage
from a fuel’s emissions, the less tax was paid on it. Australia and Germany had
no tax on burning coal, and in the USA, ‘virtually no taxes are levied on energy
use by stationary sources [i.e. in industry and electricity generation]’.12
Economists at the World Bank estimated in 1992 that global energy subsidies were running at $230 billion/year, and argued that removing these would
reduce global carbon emissions by 9 per cent. Their research used the price gap
approach, that measures the difference between world prices and end-user fuel
prices – essentially, the gap between a nominal world price and what a Russian
householder, an Indonesian taxi-driver, or a Canadian petrochemicals plant,
would pay – and thereby excluded many significant subsidies to fossil fuel producers. (See pp. 133–5.) Using the same method, the IEA estimated fossil fuel
subsidies were in 1999 worth, on average, 11 per cent of world prices in China,
14 per cent in India, 33 per cent in Russia, 80 per cent in Iran, and so on.13
The IMF and World Bank encouraged – and in the aftermath of the Asian
financial crisis, compelled – developing-country governments to reduce or
remove these subsidies. Plenty of research showed that such subsidies (e.g.
cheap diesel for an Indonesian taxi driver or cheap heat for a Russian household)
rarely and inadequately benefited the final consumers; hardly ever benefited
the poorest people in developing countries; and that the money spent on them
might have gone far further in benefiting the poorest had it gone e.g. to health
care.14 Nevertheless, attempts to remove subsidies were often fiercely opposed
by social movements who saw them as tangible threats to benefits today, in the
name of an intangible better tomorrow. (See pp. 148–9.)
These efforts to reduce developing-country consumer subsidies fitted well
in neoliberal policy frameworks. Reforms to rich-country taxes that might
adversely affect their fossil fuel producers, or profligate consumers, did not – as
was demonstrated by the short-lived attempt to introduce a wide-ranging energy
tax in the USA in 1993. Lawrence Summers, then World Bank chief economist,
made the case for a carbon tax; president Clinton proposed a so-called ‘btu
tax’ that was a close approximation. (Btu stands for British Thermal Units of
energy.) The coal industry and climate science deniers first watered it down by
pressure on the administration, and then secured its defeat in the US Senate.15
Such proposals, hardly radical or anti-capitalist but supported by US Democrats
and European social democrats alike, could gain no traction in the heyday of
neoliberalism.
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Governments and corporations turned their backs not only on proposals to
encourage energy efficiency with tax and subsidy reform, but even on commitments made at Rio, to monitor emissions and use the best available to
technology to cut them. Sixteen years later, in 2008, the IEA complained that
‘data are [still!] particularly poor for the iron and steel, chemical and petrochemical and pulp and paper sectors’ – that is, the most fossil-fuel-intensive
industries; that data breakdowns of fuel use by different industrial processes did
not exist; and that ‘company-based data are subject to confidentiality problems
associated with anti-trust legislation’. In a report published 23 years after Rio,
tracking transport, buildings and electricity generation as well as industry, the
Agency complained that ‘limited data availability and poor data consistency’
continued to obstruct conservation strategies.16

Electricity reform
The most significant impact of energy sector liberalisation was on electricity
systems. In much of the rich world, these had been partly or wholly state- or
municipally-owned, and regarded by much of society more as essential infrastructure, or a means of social provision, than as a business. Neoliberalism
questioned these assumptions. The UK electricity reform in the 1980s was
followed in the 1990s by various combinations of privatisation, restructuring and the introduction of competition in Italy, Germany, France, Sweden,
Finland, Australia and New Zealand. The European Commission’s 1996 electricity directive aimed at creating competition across national borders. In the
USA, where electricity generation was largely privately owned but monopolised,
the federal regulator in 1996 required transmission operators to open up their
networks to electricity generated by competitors.17
There was a technological aspect to reform. The arrival of combined-cycle gas
turbines made possible the construction of small (e.g. 300 MW) gas-fired power
stations, at one third or less of the cost of a typical coal station. (See pp. 29–31.)
The idea of a competitive market for generation, based on such stations, was
seductive. Walt Patterson wrote:
Until the 1980s, the ruling assumption was always that a better power station
meant a bigger power station. The assumption was questionable even then.
At the turn of the millennium it had been comprehensively discredited. […]
The gas turbine option, with its low capital cost and rapid construction time,
has made life even more difficult for nuclear power, with its high capital cost
and protracted construction time.18
The really controversial aspect of electricity liberalisation was its application – or, more accurately, imposition – in developing countries by their
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governments, international financial institutions and rapidly growing multinational companies. The latter included AES of the USA, which by 2002 had
operations in 32 countries; more than two dozen US and Canadian utilities;
and European energy firms including National Power, PowerGen, E.ON, EdF,
RWE and Vattenfall. Firms with origins in other businesses, such as ABB of
Sweden, ExxonMobil, Bechtel and Foster Wheeler, jumped in. The largest,
Enron, invested overseas billions that it had made through trading electricity
in the USA before its scandalous collapse in 2001. European and US deregulation, purportedly aimed at encourage competition, concentrated assets in such
companies’ hands, helping to fund their international expansion.19
The companies’ most important ally was the World Bank, which, inspired
by the ‘Washington consensus’, pushed a ‘standard model’ of electricity market
reforms across the developing world. The Bank would ‘aggressively pursue’
commercialisation and corporatisation of electricity sectors, it declared in a
1993 policy paper; lender countries would be required to encourage private
investment, and establish transparent regulatory processes. Electricity generation
assets were most often, and most quickly, privatised. Typically, the multinationals entered developing countries and set up IPPs that sold electricity to (often
state-owned) utilities. The latter focused on the relatively costly and difficult
business of distributing the electricity to customers and collecting payment. In
theory, the magic of the market would address developing-country networks’
very real problems, including chronic under-investment, growing demand, and
gross inefficiencies, both technological and bureaucratic. Pricing regulation
would both tackle inequitable subsidies and, ultimately, result in lower tariffs.
In practice, the multinationals, supported by the Bank and its consultants, often
negotiated long-term contracts for their IPPs’ wholesale electricity that left the
significant risks with the state, while steering clear of the long, arduous business
of improving underfunded distribution systems.20
India is the largest developing country where the World Bank’s formulas were
applied, with enthusiastic support from the government, which in 1991 wholeheartedly adopted neoliberal economic policies. At that point, about two-thirds
of India’s electricity was generated by the SEBs, owned by state governments.
Most of the remainder came from three (federal) state-owned corporations
that owned thermal, hydro and nuclear stations. The SEBs also undertook
most transmission and distribution to final consumers. While there were
some shortages of generation capacity, the SEBs’ most chronic problems were
financial. They managed complex systems of subsidies to various categories of
consumers. They struggled with electricity losses estimated at up to 40 per cent
in some places, from aging infrastructure, unmetered consumption and theft.21
The electricity law amendments of 1991 sought to attract international
investors into generation, with generous incentives (including a guaranteed 16
per cent return on equity investments) and a fast-track project approval process.

Pirani.indd 144

26/07/2018 16:06

the 1990s: shunning the global warming challenge

145

Initial enthusiasm soon drained away: of 190 applications, only 15 projects were
approved and even fewer implemented. Public discussion centred on Enron’s
notorious Dabhol plant in Maharashtra. The firm, strongly supported by US
diplomats – and the local police, who brutalised its opponents – negotiated an
electricity sales contract at unsustainably high prices. That helped to plunge
the state’s SEB into $300 million worth of debt before it defaulted. Since Enron
folded in 2001, the plant has been idle.22
Alongside the stuttering privatisation programme for generation, the World
Bank sought a shop window for its model of unbundling, with regulated transmission and distribution. It focused its efforts on Odisha (formerly Orissa)
state. The researchers Navroz Dubash and Sudhir Rajan found that the reforms
were ‘single-mindedly focused on financial issues and privatising the sector’;
the World Bank and other international donors were ‘obsessed with removing
subsidies and increasing tariffs’; and to attract investment, they changed the
rules, by transferring most financial liabilities to the publicly owned transmission company in an attempt to privatise distribution. Privatisation revenues
were not returned to the system, and there were big tariff increases but no
improvement in service. Nevertheless, Odisha was used as a model for reform
attempts in other states. Research on the reform concluded that it largely failed,
both on its own terms (the investors did not produce substantial new generation
capacity) and more generally (it found few answers to SEBs’ financial problems,
weakened key institutions, and did not improve the quality of service or substantially contribute to electrification).23
These problems – with unsustainably favourable deals for IPPs, and with
transmission and distribution reforms running into economic and social
obstacles – were repeated in many countries. In the Philippines, 45 new power
stations were built by foreign investors, but power purchase agreements that
left all the risks with the state-owned National Power Corporation brought it
to its knees after 1997. There were allegations of corrupt patronage in contract
awards. The contracts were renegotiated; electricity shortages remained. Events
in Thailand took a similar path, with the Prachuab Kirkhan IPP, in particular,
being stalled due to public protests against anticipated environmental impacts.
In Kenya, UK-, Spanish- and Malaysian-owned IPPs concluded deals to sell
electricity at rates far higher than those charged by the parastatal generator,
Kengen; contracts were awarded in breach of tendering procedures; frictions
were compounded by misallocation of rural electrification funds; and in 2004
the government decided to phase out IPP contracts.24
In the 2000s, the markets’ own logic – most dramatically through the
California electricity crisis, and the collapse of Enron, in 2001 – would confound
the reform process. (See pp. 160–1.) But even before that, reform barely ever
attained its advocates’ stated aims. Reforms were partial, fragmented, and
moulded as much by national circumstances as by economic policy prescrip-
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tions. Developing-country governments facing shortages of generation capacity
started by encouraging IPPs, but often went no further; ‘with few exceptions,
market forces operate[d] only at the margins’ after reform attempts, David
Victor and Thomas Heller concluded from a comparative survey. These ‘hybrid
systems’ were not aberrations, but the most likely outcome. Research of reforms
in sub-Saharan Africa, commissioned by the World Bank, showed that by 2006,
of 24 countries surveyed, ‘nowhere’ resembled the Bank’s ‘standard model’. Most
countries had hybrid power markets where a state-owned utility remained
dominant. There had been $2 billion worth of investment by IPPs, who generally
contributed reliable supply to national grids. But these were exceptions, which
had added a mere 3 GW of capacity, a drop in the ocean of sub-Saharan Africa’s
needs. Where energy companies had leased systems, or been awarded contracts
to manage them, there had been ‘a high rate of disappointment’. Independent
regulation had made little progress.25
Research by economists and political scientists, including some who
embraced much of the logic that underpinned the reforms, found, broadly, that
global capitalism had been served, rather than the people who use electricity;
that corporations, rather than their employees, had benefited; and that the
reforms had cut across global warming policies. Navroz Dubash argued that
the reforms were ‘driven more by ideological considerations than by evidence of
the benefits of restructuring’. The experience had shown that ‘left to their own
devices, markets are ill-equipped to address equity considerations in access to
electricity or prices’, and ‘fail to internalise environmental impacts’. The reforms
had been bad for the societies in which they were conducted, economists who
surveyed 17 non-OECD Asian countries concluded. They found ‘a tension
between economic and welfare impacts’. Reform measures associated with
‘positive economic growth’ had ‘a negative effect on welfare indicators’ such as
the Gini coefficient that measures income inequality.26
As for the threat of global warming, Dubash and his colleagues found ‘little
political commitment to promoting sustainable development through electricity sector reforms’. In five of six countries studied (Argentina, India, Indonesia,
Bulgaria and Ghana), ‘closed political processes and politically powerful groups
constrain[ed] attention to sustainable development’. IPPs ‘locked [India and
Indonesia] into large generation plants’ and this ‘undermined efforts at energy
efficiency and committed utilities to buying electricity at uncompetitive prices’
– even when cheaper supplies were available. By attracting capital only to
generation, ‘IPPs have potentially negative environmental implications, since
they skew incentives towards new generation and against meeting electricity
needs through greater efficiency’. They had ‘forced use of high-cost power over
lower-cost power already available’. There had been ‘little effort’ to understand
the danger that standard reform procedures such as unbundling could confound
demand management (i.e. efficiency and other measures to reduce demand).
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The World Bank had treated demand management as a box to be ticked and
not as a priority.27 It was a vivid example of how aims associated with economic
expansion trumped the Rio treaty’s aims.

The Asian crisis
In 1997, Asian stock markets and currencies crashed, and billions of dollars
of capital fled. A bubble, driven by capital market liberalisation and rapid
economic growth, had burst. The underlying causes, economists reckoned,
included over-accumulation of capital in the preceding period and excess
capacity in the world economy of intermediate products ranging from steel and
chemicals to computer chips. Indonesia was worst hit: economic output per
capita fell by one seventh in 1998. Financially, turmoil raged in Thailand, the
Philippines and beyond.28 World money markets shuddered. In August 1998,
Russia defaulted on some types of state debt, and its currency collapsed to one
third of its previous value.
For energy markets, the immediate consequence was that oil, too, was in
oversupply. World oil prices, which had been falling slowly since 1990, hit
their lowest level since 1973 – around $12/barrel in 1998. Natural gas, and to
some extent coal, followed. Such prices were ‘unlikely’ to have incentivised
energy efficiency, the IEA commented. The price collapse triggered a wave of
oil company mergers, the industry’s biggest restructuring since the break-up
of Standard Oil in 1911. The ‘seven sisters’ of the 1970s, which had been
reduced to six in 1985 when Chevron swallowed Gulf, became four (Exxon and
Mobil merged; Chevron and Texaco merged; Shell survived; and BP grew by
hoovering up Amoco, Arco and Burmah-Castrol). Further mergers produced
Total-Fina-Elf and Conoco-Phillips.29
Across the developing countries, capital quit the electricity sector: foreign
direct investment in non-OECD electricity reached a peak of $40 billion in
1997, crashed to $12 billion in 1999, and, after a brief uptick, fell even lower
in 2002. But that was not the only effect. South Korea, Thailand, Indonesia and
the Philippines had taken macro-economic stabilisation loans from the World
Bank, on condition that they pushed through electricity sector reform; they
now had to try to accelerate it under conditions of economic downturn and
hardship. Moreover, where foreign companies had set up IPPs with generous
power purchase agreements denominated in dollars, state-owned utilities –
who collected revenues in local currencies that had sunk in value – suddenly
found themselves struggling to pay. Contracts were broken, or renegotiated, in
Thailand, the Philippines and Malaysia.30 Consumers at the end of this chain of
payments, whose living standards had been crunched by the global market, felt
disinclined to pay swollen bills.
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China’s expansionary budget and monetary policies had protected its
economy from the worst ravages of the 1997 crisis. But industry, and the coal
mines, suffered from the same over-capacity as the world economy in general.
Restructuring of some energy-intensive industry had already begun, under the
ninth Five Year Plan (1996–2000), and 84,000 small enterprises were closed in
an effort to reduce urban air pollution. The 1997 crisis turned coal oversupply
into something like a glut. The government ordered the closure of loss-making
state mines and 25,000 small, dangerous private ones (although local authorities
sometimes kept them open). Coal quality improved, in a buyers’ market, and
the effect of long-term policies on energy efficiency, and on corporatisation and
partial privatisation, fed through.31 The ground was being laid for the biggest
coal-fuelled economic boom in history, in the 2000s.

Social protests and refusals to pay
After the 1997 crash, Indonesia, whose finances were hit hardest, negotiated
bailout arrangements with the IMF. For the Fund’s officials, this was an opportunity to deal with what they saw as non-market fiscal policies. Top of their hit
list were energy subsidies to consumers, such as controlled prices for kerosene,
diesel and other fuels, sold mostly by state-owned firms to households and
businesses. The Fund demanded, as a condition of its support package, that
these be phased out. In May 1998, as a direct result, prices rose by more than
two-thirds. The population reacted with widespread and violent protests.
Muhammad Suharto’s authoritarian government, which had ruled Indonesia
since 1967, revoked the price increases, but then collapsed. Hard bargaining
between the IMF, successor governments and the population continued; in
2005, protests erupted again when the price of diesel doubled, and of kerosene
nearly trebled. This conflict was symptomatic of a much wider trend. In Ecuador
in 1998, increases in cooking gas, petrol and diesel prices were scrapped in
response to street protests. In Nigeria in 2000, a 50 per cent increase in petrol
prices triggered civic unrest and was revoked. The problem was a long-standing
one, IMF officials acknowledged: civic resistance to fuel price rises had brought
down the government of Jordan in 1989, and protests against the removal of
maize meal subsidies triggered an attempted coup in Zambia in 1990.32
The wider context for such protests was the unprecedented pace of
developing-world urbanisation in the last quarter of the twentieth century. A
century earlier, new urban populations in Europe had aspired to little more
than coal for heating and cooking. But those now arriving in Asian and African
cities expected that they would have access to ubiquitous electricity, kerosene
and motor vehicles, whether for home consumption or to earn a living. At the
same time, capital was embracing neoliberalism as its means of social control.
Of course the urban poor could have electricity and fuel, and the freedoms these

Pirani.indd 148

26/07/2018 16:06

the 1990s: shunning the global warming challenge

149

implied – but they had to be paid for, at prices linked to those on world markets.
Against this political economy, that was written in to international institutions’ development policies, a moral economy took shape that saw minimum
supplies of cheap fuel and electricity as urban residents’ human rights. (The
idea of moral economy was advanced by E. P. Thompson in his study of the
world-view of eighteenth and nineteenth century working people.33) International development literature pointed out that subsidised fuel and electricity do
not benefit the poorest, especially rural, people. But for hundreds of millions of
urban working-class families, this was irrelevant. Social conflicts over fuel and
electricity prices were, for them, battles against the encroachment of wealth and
power on their lives, not a competition with the rural poor.
Social protests over electricity prices in South Africa were among the most
organised. In the 1990s, millions of urban households were electrified, but
tariffs were seen by communities as unreasonably high. (See p. 120.) Payment
discipline was scorned. Eskom, the state-owned electricity utility, introduced
prepayment technology and cut-offs – of which there were an estimated 9.6
million in the eight years to 2002. As household tariffs rose – staying higher (up
to double) than those paid by the large industrial consumers who used most of
South Africa’s electricity – social conflicts multiplied. Black township residents
had under apartheid used, as a means of protest, boycotts of payment for the
minimal municipal services they received; such collective actions were revived.
In 1997 residents in the Tembisa township sabotaged electricity meters; the
council responded by deploying private security firms, and even the army, to
protect infrastructure. Split meters enabling remote cut-offs became common.
Residents found new ways to access electricity, including by engineering
additional connections. In 2001 in Alexandra, a Johannesburg township, only
16,000 of the 80,000 households using electricity were registered to do so.34
In 2000 the ANC government introduced a Free Basic Electricity programme
that supplied a limited wattage to poor households with no arrears. But in
Soweto, a large Johannesburg township that had been a centre of anti-apartheid
resistance, a combination of arrears and inability to pay resulted in cut-offs
running at about 20,000 households per month. A community Operation
Switch On campaign began reconnections as a collective action, superseding
illegal, individual connections. The government felt compelled to intervene,
and Eskom, the local authorities and campaign leaders eventually came to an
uneasy agreement to scrap arrears.35
In Russia and other former Soviet countries, relations between urban
residents, government and electricity suppliers were configured differently.
Electricity, gas and district heating had been provided since at least the 1970s,
in exchange for a negligible fraction of household earnings. After the Soviet
Union collapsed in 1991, and Russia and other successor states plunged into
recession, living standards fell steeply. In the resulting social crisis, household
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electricity, heat and gas were stabilising factors. The IMF-backed fiscal policies
of the early 1990s led to an acute shortage of roubles and partial dollarisation of
the economy. Non-payment and barter were ubiquitous. Fuel bills went unpaid.
After the 1998 financial crisis, and especially from 2000 as oil prices rose, the
economy began to recover. In Russia, prices of gas and electricity for industry
were raised, but supply to households remained heavily subsidised. The government saw low prices as a way of avoiding social discontent. A wave of protest that
greeted reforms to welfare payments in early 2004 redoubled the government’s
conviction that retail gas and electricity prices had to be controlled. They have
been tightly regulated, at a level far below industrial prices, up to the present.36
In some urban settlements in developing countries, that had neither the
history of basic amenities afforded by the Soviet Union nor South Africa’s
level of community action, residents endeavoured to access electricity without
paying. In the Brazilian favelas – urban slums that grew spontaneously without
support from municipal authorities – hundreds of thousands of households
have been supplied this way, some for years and even decades. Utilities have
used successive generations of metering technology to try to collect payment.
ANEEL, the national electricity company, estimated in 2012 that 13 per cent
of all electricity generated was stolen in informal settlements; in Amazonas
state, 30 per cent. In 2006, the Brazilian subsidiary of AES, and the US state
aid agency USAID began a programme to commodify the electricity supply,
using smart meters; ‘affordability’ turned out to be the key problem.37 In Delhi,
India, slum dwellers were in legal limbo in the 1990s and could only access electricity illegally; when distribution was privatised in 2002, one company found
that three-quarters of its customers did so; the city authorities then decided to
provide electricity to all areas regardless of their legal status.38
In Casablanca, Morocco, shantytown dwellers had traditionally sought to
steal electricity from a state-owned supplier that refused to connect them. After
privatisation in 1997, Lydec, a private company, took over electricity supply;
it insisted on installing legal connections rather than face the financial losses,
dysfunction, and dangers of electrocutions, caused by illegal ones. Whereas the
state-owned supplier had turned a blind eye to ‘electricity piracy’, Lydec energetically collected payment, and cut off those who refused it, the researcher Lamia
Zaki found. Residents responded with sabotage and violence against company
staff. Eventually, the ‘pirates’ who organised theft on behalf of residents
negotiated contracts with the company, under which electricity was sold to
blocks of between 20 and 50 dwellings, with a community representative in
charge of paying the communal bill.39 Residents interviewed by Zaki explained
their motivation:
Zahra: Are we not human? Are we not citizens too? What about human
rights? Now, we’ve at least learnt a thing or two, and if we aren’t given our

Pirani.indd 150

26/07/2018 16:06

the 1990s: shunning the global warming challenge

151

rights we’ll take them. Everyone has the right to light. They’ve even got light
bulbs in the countryside.
Hassan: I am a citizen just like the owners of villas and big cars. I’m a Moroccan
too, and I take my rights: I have a right to electricity, and I take it, because I’m
a human being, and not an animal.
After the oil price surge of the 2000s and the 2008–9 financial crisis, which
redoubled hardship for hundreds of millions of the world’s poorest slum dwellers,
the drive to commodify electricity gained support from some rich-world
academics. The International Growth Centre, founded by Jonathan Leape of
the London School of Economics and Michael Greenstone of the University
of Chicago, and supported by Oxford development specialist Paul Collier,
dedicated itself to ‘looking for ways to encourage people to pay for electricity’ in
Bihar, one of the poorest Indian states, where 64 per cent of the population had
no electricity at all. Greenstone asserted that ‘the real threat to energy access is
that energy is not treated as a private good, but as a right’.40 This is the view of
political economy, that access to energy is a private good, that has been opposed
by the moral economy of the urban poor.

The first decade of the Rio process
The Rio convention accepted the reality, that the danger of global warming
requires reduced fossil fuel consumption, and set out a strategy based on international agreements between states. It precluded binding commitments and
deadlines. When some commitments were made, at Kyoto, they were so watered
down as to be useless. The focus on achieving them via market mechanisms, and
the obsession with commodifying, and trading, the right to emit greenhouse
gases through e.g. the European Emissions Trading Scheme, firmly subordinated the wider human interest to the aim of economic growth.41
The historic failure at Rio and Kyoto to take serious action cannot be
understood solely by looking at the negotiation process. For most governments,
and the international financial organisations, these talks were of secondary or
tertiary importance, compared to supporting the liberalisation initiatives in
which they saw the way forward for economic policy. In most rich countries,
even elementary forms of regulation that would have enabled reductions of
fossil fuel consumption – e.g. monitoring emissions, phasing out fossil fuel
production subsidies, regulating industries and transport, altering tax regimes –
were either not applied at all, or applied too inconsistently to produce significant
results. This was true even of the European governments that acknowledged the
need for action to tackle global warming, and of the Democratic administration
in the USA from 1993.
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Two ideological trends took shape in the rich country elites that dominated
the Rio process. The first, widespread in the US Republican party and the elites
of Russia and other oil-producing countries, opposed regulatory action to
deal with global warming on principle and embraced climate science denial.
This denialism was abandoned by most big oil companies in the late 1990s,
but persisted in political elites, merged with religious disavowal of the theory
of evolution and assorted conspiracy theories, and became fertile ground
for ‘post-truth politics’ in the 2010s.42 This extremist ideology also exalted
rich world people’s right to excessive material consumption. As US delegates
repeatedly insisted at the Rio conference: ‘The American way of life is not up
for negotiation.’43
The second ideological trend, represented by the US Democrats and European
governments, accepted that global warming was a real threat and required
action, but sought to reconcile that action with – and, in practice, subordinate
it to – ‘economic growth’. In many cases, this aim was understood in neoliberal
terms, i.e. that unfettered free markets were the way to achieve this growth.
This approach fitted with conservative attitudes to the potential for reducing
rich-country energy demand, explanations of which, from engineers or environmentalists, were largely ignored.44
These trends clashed fiercely. Both of them influenced the policies adopted.
The result was that the imperatives of capital accumulation trumped the need
for collective state action articulated at Rio. This points to conclusions about the
mechanisms of international governance, and the leading states that dominate
them. Faced with the serious threats to future generations inherent in global
warming, they failed to act effectively, and have continued to fail. The claims
they make to represent the common interest of the whole of society cannot be
accepted; they subordinated that interest to short-term requirements of the economically dominant parts of society.
A function of the Rio process was to create a discourse, legitimising the course
of action taken. Global warming would be dealt with by market instruments,
calibrated on the basis of climate science, and supervised via the intergovernmental agreements; society would be represented at the negotiations by the
interaction of governments and NGOs. Ideas that global warming requires that
the structure of the economy, of society be shaken up, were marginalised.45 A
preliminary conclusion is that to counter global warming, the issue must be
taken out of the straitjacket to which the Rio process has confined it.
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The 2000s: acceleration renewed
Some long-term fossil fuel consumption trends, that originated in the 1980s
and 1990s and took shape fully in the 2000s, are outlined in the first section
of this chapter. Further sections cover the rapid increase of consumption in
2000–2009; changes in the electricity sector; and energy policies and their failure
to counteract consumption growth. The final section covers renewed consumption growth after the 2008–9 financial crisis, and assesses the beginnings of the
transition away from fossil fuels.

Some long-term trends
Global fossil fuel consumption growth accelerated in the 2000s in the context of
long-term trends that had taken shape from the 1980s. These included:
• Fossil fuels’ share of total commercial energy consumption fell, and then
stabilised – but remained above 85 per cent. (See Figure 8.) Between the
mid-1970s and mid-1990s fossil fuels’ share fell significantly, from 94 per
cent to 87 per cent, due to investment in hydro and nuclear resources
for electricity generation. In the mid-1990s, it stabilised at around 87 per
cent. It rose to nearly 88 per cent in 2007, and then fell to 86 per cent,
thanks to renewables, as well as hydro and nuclear. These were fossil fuels’
shares of commercial energy consumption. If non-commercial biofuels
are included, then fossil fuels’ share of total energy consumption was the
same in 2013 as a quarter of a century earlier, around 82 per cent.1
• Coal became the fastest-growing fuel. Since the 1980s, oil’s share of total
energy consumption remained, and remains, the largest, but has fallen.
Gas’s share has risen slightly. Coal’s share has grown most significantly,
and has accounted for the lion’s share of consumption growth since the
turn of the century. While coal supply to industry generally fell in rich
countries, it rose elsewhere.
• Fuel consumption grew most rapidly outside the rich world. In the OECD,
in the 1990s, consumption levelled off in some countries, although
not the USA; in the 2000s, it fell in most countries – in some, quite
substantially. Outside the rich world, consumption levels began to rise
in the 1980s–1990s, but fell in the former Soviet countries in the 1990s.
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Consumption growth accelerated in the 2000s, especially in China.
(Figure 9 shows the trends in eight countries.) By the mid-2000s, China
overtook the USA as the world’s largest consumer of commercial energy,
and consumption in non-OECD countries surpassed the level in the
OECD – although their per capita consumption was still far, far lower.
The shift was caused, most significantly, by the export of energy-intensive
industrial capacity from the rich world to developing countries;
consequently, rich-world industries’ energy intensities, which had started
falling in the 1980s as fuel prices rose, continued to fall.2 Overall, between
1980 and 2015, industry’s share of fossil fuel consumption in the OECD
fell from 40 per cent to 31 per cent, and outside it rose from 28 per cent to
52 per cent. (See Table 15, p. 211.)
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• Electricity, heat and cars, as well as industry and the military, remained
big fuel consumers. The electricity and heat sectors globally remained the
largest fossil fuel consumer. Oil for transport – in particular, private cars
– remained a major source of consumption.
• Household consumption, particularly of electricity, rose consistently. In the
rich countries, the amount of energy used per household rose consistently.
In the 1960s, space heating had accounted for more than three-quarters of
rich-world household energy use, and water heating was the second big
item. But by the 2000s, electrical and electronic appliances had overtaken
water heating.3 In addition to this household consumption, in the 2000s
the data centres that underpin the Internet became a big new source of
electricity demand.
• Increased fossil fuel consumption, particularly outside the rich world to
supply goods to the rich world, was part of the overall trend for consumption of materials globally to rise. A major study, using a newly established
database of material flows, showed that, while some material consumption growth had been mitigated in 1970–90 by efficiency measures and
innovation, there had been little improvement in efficiency since 1990,
and that it had declined in the 2000s, mainly thanks to industrialisation
and urbanisation outside the rich world. Another study challenged claims
that economic growth was ‘decoupling’ from resource use. Decoupling
was ‘smaller than reported or even non-existent’; rich countries ‘tend to
reduce their domestic portion of materials extraction through international trade, whereas the overall mass of material consumption generally
increases’.4

Global boom and bust, 2000–2009
The 1997 Asian economic crisis, and the 1998 Russian financial crisis, were
followed in 2000–2001 by the bursting of the US ‘dot com bubble’, which wiped
$8.5 trillion off firms’ value and triggered a brief recession in the world’s largest
economy. Thereafter, swollen debt burdens and an expanding current-account
deficit allowed the USA to become the engine of a new boom, in which industrial
output growth in China and eastern Asia played a central role.5 For the next
decade, global fossil fuel consumption grew at a faster rate than at any time in
history. In 2001–2010, global commercial energy consumption rose 28.2 per
cent, compared to a 14.5 per cent increase over the previous decade. Almost the
entire increase came outside the OECD.6 The fossil fuel consumption boom was
interrupted by the 2008–9 economic crisis, which caused consumption to fall
for a year before resuming its upward trajectory.
Coal consumption rose the fastest, by 50 per cent over the decade to 2010.
China, where consumption more than doubled, accounted for four-fifths of that
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increase. China’s share of world coal use rose from 30.5 per cent to 48 per cent.
(See Table 10.) Much of the rest of the increase was in India, Indonesia and other
east Asian countries. In parts of the rich world – including the USA, where gas
began to be produced from shale rocks and other unconventional sources – gas
displaced some coal from the electricity sector. But the expansion of coal-fired
power in Japan (even before the Fukushima nuclear disaster of 2011), parts of
Eastern Europe, and across the developing world, more than made up for that.
Investment in coal production leapt up internationally, from $30 billion in
2000 to around $75 billion in 2013. China’s coal production galloped upwards:
at the height of the boom, extra capacity of 3 million tonnes/year (roughly two
or three large modern mines) was coming on each week, but production still
could not keep up with demand. Mineworkers paid a high price, as they have so
often: at least 23,418 of them died in accidents in China in 2001–8. China’s coal
exports decreased, until in 2009 it became a net importer; this was one cause
of a spike in world coal prices in 2008. The boom also led to a new round of
investment in electricity generation – which would result, when the economic
crisis of 2008–9 came, in a new bout of overcapacity.7
Table 10

China’s role in the 2000s

Commercial energy consumption, mtoe

Global

2001

2416.5

Coal
All fossil fuels

2010

Coal
All fossil fuels

China China as % of world
737.5

30.5%

8261

992.2

12.0%

3634.3

1743.4

48.0%

10600.9

2291.3

21.6%

Source: BP Statistical Review
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Much of the developing countries’ coal use was for new, often energy-intensive,
industrial production. Between 1999 and 2010, the share of the world output of
steel – the number one industrial energy consumer – by the BRICS countries
(Brazil, Russia, India, China and South Africa), rose from 28 per cent to 58 per
cent. And by 2005, non-OECD countries were producing 78 per cent of the
world’s cement, 50 per cent of aluminium, 42 per cent of steel and 57 per cent
of nitrogen-based fertilisers. Although global industry’s energy intensity kept
falling – the IEA calculated in 2013 that it was 12 per cent lower than in 2000,
mainly thanks to older machinery and equipment being replaced – total fuel
consumption by industry kept growing.8
Globally, consumption of oil and oil products, mostly for transport,
continued to rise in the decade to 2010. Oil demand, like coal demand, grew
fastest in east Asia and some other developing countries. By 2012, China,
India, Japan, Singapore, South Korea and Taiwan were buying 45 per cent of
global oil exports. A corollary of rising demand was an unprecedented boom
in world crude oil prices. From their 1998 nadir of $12/barrel, they doubled
by 2000, fell back briefly, and then climbed, surpassing $50/barrel in 2005 and
$100/barrel in 2008. After peaking above $140/barrel, they crashed to around
$30 in 2009, before rising again to a range of $80–110/barrel in 2010–14. Oil
demand shocks, driven by global economic expansion, accounted for the bulk
of the price increases, economists’ studies indicated; financial speculation was
probably more effect than cause. Clearly there had been no sudden rebalancing
of power between producer and consumer countries, as in 1973, and no supply
shocks comparable to 1979.9
For final consumers, petrol prices increased – but not sufficiently to change
rich country drivers’ behaviour substantially. In 2008, when oil was more
expensive than ever, economists who compared 150 studies of price elasticities
(i.e. the response by purchasers of petrol to changes in its price) concluded that
end consumers are not very price sensitive, and even less so in the USA, Canada
and Australia than in other countries.10
Rising oil prices caused severe financial problems for some developing
countries, as they had done in the 1970s. By 2008, some international food
commodity prices had spiked upwards, along with oil prices and partly due to
their effect on agriculture, and this exacerbated the problem. Governments faced
calls to control prices of diesel, kerosene and other oil products on which poorer
households heavily relied. Very often they provided subsidies, by regulating
retail prices; sometimes, in the face of social opposition, they dropped plans to
let prices rise. Across southern Africa, there were violent protests over fuel prices
in 2007–8. In Mauritania and Cameroon, price increases planned in 2008 were
scrapped. In Namibia, the government forestalled protests by requiring energy
companies to discount prices, and compensating them from the state’s coffers.11
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China’s boom
China played a prominent part in the fossil fuel consumption boom, mainly
due to its exceptional role as a producer of energy-intensive industrial goods for
the world economy. Chinese government action was a factor: in the late 1990s,
after two decades of market reform, it adopted a development strategy based
on the rapid industrialisation of eastern coastal areas to serve export markets.
While keeping big industries in state hands, it decentralised decision-making,
giving a greater role to local authorities, and allowed private business to thrive
in service sectors. Rich-world governments and businesses seized the opportunity to outsource heavy industrial tasks to China, which had the world’s largest
supply of cheap labour.12 The result, a group of China energy specialists wrote,
was that after WTO accession in 2001,
China entered a highly energy-intensive growth phase fuelled by the interlinked processes of industrialisation and urbanisation. This recent surge of
energy consumption was driven largely by structural change in the economy,
specifically, a steady shift towards heavy industrial production of materials
such as steel, cement and chemicals. Although these energy-intensive
industrial sectors have continued to improve their overall efficiency,
production volume has grown more quickly and concentrated China’s energy
consumption and economic growth in the industrial sector.13
Between 2000 and 2007, production of steel, pig iron and aluminium more
than doubled; cement production rose sixfold; and fertiliser production
fivefold. China became by far the world’s largest producer of steel, cement and
aluminium. Here was a giant machine for turning fossil fuels into commodities: industries used three-quarters of China’s primary energy supply, compared
to about one-third in the rich countries. The machine was substantially less
efficient than those elsewhere. China used 50 per cent more energy inputs to
make steel and aluminium, and 40–46 per cent more energy inputs to make
ethylene and ammonia, than world best practice. The result was a dramatic
turnaround in the energy intensity of the economy. From 1980 to 2002, China’s
energy demand grew at half the rate of its GDP, so energy intensity fell; from
2002 onwards, its energy intensity galloped up by 5 per cent/year.14
As greenhouse gas emissions by China and other big exporters went through
the roof, the issue of where the responsibility for those emissions lay – with
exporting countries such as China, or with those mainly rich countries that
bought the exports – became a focus of the international climate negotiations. Researchers responded by measuring consumption-based emissions, a
procedure that attributed greenhouse gases emitted to those who consumed
the exported goods, rather than those who produced them. (See pp. 205–6.)
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It was estimated that, in 2002–8, almost half (48 per cent) of China’s emissions
were generated by industries producing goods for foreign consumption. The
USA (34 per cent), Europe (26 per cent) and Japan (16 per cent) were the top
consumers of emissions embodied in Chinese exports.15
China’s export-led industrial boom was underpinned by a huge surge of
urbanisation, which substantially increased fossil fuel consumption for construction of houses, roads and other infrastructure. It stimulated a sharp increase in
household consumption for heating, cooking and electrical appliances. Between
1990 and 2007, the number of urban residents rose by 290 million, bringing the
total urbanisation rate to 45 per cent. The total stock of urban housing space
rose sixfold between 1990 and 2005; and urban households were moving from
coal to electricity and natural gas. Stoves, boilers, refrigerators, TVs and clothes
washers became widespread.16 The boom wreathed China’s cities in deadly air
pollution.
The growth of a domestic car industry was integral to the Chinese government’s vision of economic expansion. Private vehicle ownership was only made
legal in 1984, and for another decade after that, manufacturers focused on truck
production. In the late 1990s, the government sought to expand auto manufacture substantially, and made car ownership by each family a policy objective.
Private vehicle ownership rose from 2 million in 1994 to 8 million in 2001 and
73 million by 2011.17

Electricity (2000–2010): liberalisation retreats, investment advances
The global electricity sector was in the early 2000s shaken by crises that discredited and pushed back liberalisation. There followed a renewed surge of demand,
and investment. By 2010, a significant chunk of this investment, especially
in Europe, was going to generation from renewables, raising hopes that the
transition away from fossil fuels had begun.
Of the crises, the most dramatic – in 2000–2001 in California, the USA’s
most populous state – epitomised the extremes of the liberalisation drive, and
the dangers to electricity infrastructure inherent in it. A surge in demand in
1997–2000, partly due to the growth of computer-related industries in California,
put an unexpected strain on the system – although claims that there was any
physical shortage of generation capacity are hotly contested. In any case, during
2000, amid fears of shortages, wholesale prices leapt up 13-fold, and some
market prices 120-fold. Distribution companies buying from the wholesale
market and selling to customers were being gouged for high prices that they
could not pass on (due to retail market regulation). One of them, Pacific Gas
& Electric, was bankrupted. Enron and other traders who profited handsomely
were accused of creating artificial shortages at peak times. In 2001 the state
authorities took a large measure of control of the sector, and ran up $8 billion
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of debt buying electricity and covering utilities’ short positions. Customers not
only paid four times more for electricity in 2000 than in 1999, but also suffered
power cuts like those that are usual in developing countries.18
In the aftermath, the claim that ‘insufficient [electricity] supply’ was a fundamental cause of the problem was challenged by energy reform advocate
Amory Lovins. He argued that California, having previously been a ‘world
leader in demand-side management’, had in the mid-1990s adopted rules that
rewarded firms that sold more electricity and penalised those that sold less.
Debates also raged about how to apportion blame to traders who gamed the
system, and regulators who patently failed in their responsibilities to keep
wholesale prices ‘just and reasonable’. Some of these arguments were settled
by the bankruptcy of Enron in December 2001. Enron, which had started as a
natural gas trading business, moved in the 1990s into electricity trading in the
USA, and into investment in IPPs internationally. It took full advantage of its
political connections (its CEO Kenneth Lay was a close friend of vice president
Dick Cheney) and the creative talents of its accountants, Arthur Andersen,
to run up extravagant bank debts and to build an elaborate pyramid scheme
out of trading instruments. The collapse was the biggest in US corporate
history. Suddenly, deregulation looked dangerous. Many US state governments
reformed regulation, by, for instance, introducing price caps. In August 2003 the
shakiness of market design was underlined by a power cut that left areas of the
eastern USA temporarily without electricity.19
The reform of the Russian electricity system in 2006 was an indication of how
liberalisation euphoria had subsided. Privatisation mania had been at its crudest
in Russia in the 1990s: most oil companies had been sold at bargain-basement
prices to the oligarchs (politically powerful businessmen) in the so-called ‘sale
of the century’. The electricity sell-off now struck a sharp contrast. Generation,
transmission and distribution were separated-out and a closely regulated
wholesale market set up. Retail tariffs remained fixed. Generating companies
were sold, but with strict investment conditions; no risk-shedding long-term
contracts were on offer as they had been to developing country IPPs. After the
2008–9 economic crisis, many generating assets were effectively renationalised
– mostly by means of sale to state-controlled holding companies – after their
private owners failed to renegotiate burdensome investment commitments that
they had made on the basis of over-optimistic assumptions about economic
growth and electricity demand.20
Globally, a new wave of electricity sector investment began, against the
background of the 2002–8 boom and the retreat from deregulation. The annual
total invested swelled from $290 billion in 2000 to almost $650 billion in 2012,
the IEA estimated. To the extent that the state had resumed a directing role,
particularly in the now-expanded European Union, a steadily growing share of
these funds went into renewable generation. Global investment in renewables
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(mostly in generation) rose from $52 billion in 2004 to $243 billion in 2010.
Germany, Spain, Denmark and other European countries provided subsidies
to renewables, in the form of guaranteed payments for electricity supplied to
the national grid. Some US states required companies to raise the proportion of
electricity produced from renewables; those that offered support to household
solar panels provoked coordinated opposition from utility companies. Such
subsidies remained far smaller than those for fossil fuels, but enabled some
countries to consolidate renewable generation on a significant scale.21
During the 2000s, electricity demand for information technologies grew at
dizzying speed. The digital revolution had been changing demand patterns since
the 1990s, with personal computers, mobile phones and CD players replacing
older gadgets, but did not produce electricity savings for which conservationists hoped. By the early 2010s, US households were using more than twice
the amount of electricity they had in the early 1980s; electrical and electronic
appliances, including air conditioners, accounted for 40 per cent of electricity
consumption in buildings; 99.6 per cent of households had a TV, and one third
had more than one. Standby mode became a burden: in the USA in the late
1990s, up to 40 per cent of the electricity used by electronic equipment was in
standby mode, and an empty US household was on average leaking 50 Watts of
electricity, 49 W of which was needless.22
After the turn of the century, the new generations of Internet and mobile
technology (the ‘cloud’) that required continuous data provision produced a
new type of demand. Estimates of electricity demand, compiled in the 2010s
in the teeth of ferocious secrecy by most big Internet companies, range from
263 bn kwh/year (including 76 bn kwh in the USA) for data centres, to 372
bn kwh/year for data centres and telecoms infrastructure. Consumption by the
whole ‘cloud’, including manufacture and use of devices, has been estimated at
623 bn kwh/year – more than total consumption for all purposes by India, the
fifth-biggest country by electricity use. Consumption by the entire information
and communication system has been estimated at 1500 bn kwh/year. Much
electricity is used egregiously for multiple levels of backup for Internet services,
a detailed investigation by McKinsey and co., the business consultants, found.
‘Most data centres, by design, consumed vast amounts of energy in an incongruously wasteful manner’, the New York Times showed in 2012; the centres were
using 6–12 per cent of the power to perform computations; the rest was essentially ‘to keep servers idling and ready in case of a surge in activity that could
slow or crash their operations’; the availability of such extra capacity encouraged
wasteful habits among computer users.23

The failure of energy policy to deal with global warming, 2000–2017
The acceleration of global fossil fuel consumption growth in 2002–8 was, on
the face of it, proof enough that the international climate change negotiations
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had failed. The negotiators accepted that fossil fuel use is the primary cause
of greenhouse gas emissions and so needed to be curbed, and claimed to have
acted accordingly – but fossil fuel use rose still more rapidly. Despite this, the
vast bulk of commentary continues to portray the process as the only, or the
most significant, vehicle for the transition away from fossil fuels, or, at least,
accepts that such a portrayal deserves to be taken seriously. How do we square
the circle?
The 1992 Rio treaty was essentially a statement of good intentions. The 1997
Kyoto agreement was the first, and so far the only, agreement that committed
countries to reducing emissions of CO2 and other greenhouse gases by specific
amounts. It came into force in February 2005. The treaty required 36 (later 43)
developed nations and former ‘socialist’ countries to reduce greenhouse gas
emissions by an average of 5 per cent between 2008 and 2012. The target was
easily met, with emissions by those countries collectively about 16 per cent lower
in 2012 than in 1990. But emission reductions were counted so as to include (i)
the reduction caused by the 1990s slump in post-Soviet countries, and (ii) the
effect of countries buying carbon credits, or swapping them with developing
countries via a ‘clean development mechanism’, to ‘meet’ their targets. Moreover,
rich countries’ emissions reductions were mainly due not to the agreement, but
to the shifting of carbon-intensive industrial processes to developing countries,
and to the recession of 2008–10.24
The Kyoto agreement was designed to be replaced by a similar deal, covering
the period after 2012, which was due to be finalised at the UN Climate Change
conference in December 2009 in Copenhagen. A month beforehand, hopes
that the USA would participate were raised by the election of a Democratic
president, Barack Obama. In the event the conference failed to agree on any
actions or binding targets. The next major conference, held in Paris in December
2015, formally ended efforts to set international targets for reducing emissions.
Agreement was reached between 196 countries to constrain global warming
– keeping average temperatures ‘well below’ 2ºC higher than pre-industrial temperatures, and ‘endeavour[ing]’ to keep them below 1.5ºC higher – by means of
Nationally Determined Contributions (targets set voluntarily by national governments). These pledges amount to a collective abandonment of the declared
aim. Climatologists estimated that, if all the pledges were kept, global average
temperature will rise by 2.7ºC, as opposed to the 1.5–2ºC targets (and by 3.6ºC
if policies are unchanged). The economist Jamie Morgan calculated that, if all
the pledges were kept, the nations that made them would collectively miss the
IPCC’s ‘least cost’ scenario (i.e. an estimate of the level to which emissions need
to fall, if a transition away from fossil fuels is to be economically efficient) by
4.7–11 Gt CO2 in 2025 and 11.1–21.7 Gt in 2030.25
It is tempting to dismiss the entire negotiation process as window dressing,
designed to obscure governments’ collective failure to tackle global warming
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– but that is not convincing. Governments need to be seen to act on behalf of
society as a whole; the Rio process reflects, in part, the pressure they have been
subject to by broad social concern about global warming. For social movements
urging robust measures, the Paris declarations may have helped create space for
political, and even legal, action. But Paris also shone a harsh light on the failure
of the process as a whole. The principal participants largely rejected strong
regulation, and stuck stubbornly to the principle of reducing emissions by commodifying them (i.e. producing tradable rights to pollute). Most governments,
most of the time, subordinated the talks to imperatives of ‘economic growth’
and associated policy priorities, including continued support for the fossil fuel
industries and the car industry. The effect was to render the process ineffectual.
After Kyoto, the European Union emerged as the signatory that made the
most plausible attempt to minimise greenhouse gas emissions. It did not do
so quickly. Revisions to the EU’s founding treaty in 1992, 1997 and 2001, in
keeping with the neoliberal times, all focused on deepening the single European
market. Only with the Lisbon treaty of 2007 was a serious attempt made at a
unified energy policy that included emissions reduction. In the early 2000s,
the EU’s most notable contribution was to secure Russian ratification of the
Kyoto treaty. The Russian government had followed its Soviet predecessor
in vehemently opposing action to reduce emissions. But by making 1990 the
date with which future emissions would be compared, negotiators were able to
secure a free pass for Russia and other former Soviet countries, whose share of
emissions reduction had been more than met as a result of the slump of the early
1990s. This, together with EU support for Russia’s application to join the WTO,
proved persuasive.26
In 2005 the EU set up the Emissions Trading System, which became the world’s
largest carbon market. EU member governments issued permits to companies
allowing them to emit certain quantities of CO2 and other greenhouse gases,
which could be traded, with a view to forming a market price for emitting
carbon. This, it was claimed, would encourage businesses to reduce emissions.
The market has failed, by its own and any other standards. Too many permits
were issued; corruption surrounding the award of permits was widespread; and,
most importantly, the price of the permits, instead of going up – which would,
at least theoretically, have acted as a lever for energy efficiency improvements –
crashed repeatedly. In May 2006 it fell from €30/tonne of carbon to under €10/
tonne. It climbed again to €20/tonne in early 2008 and collapsed again to €3.5/
tonne in early 2013 – at a time when industry participants saw €100–200/tonne
as the levels needed to effect substantial change. The European Parliament then
rejected a proposal to withdraw some permits from the market to support the
price. The IEA estimated that 8 per cent of global carbon emissions were subject
to the (uselessly low) carbon price, while 15 per cent of emissions received an
incentive of on average $110/tonne, in the form of fossil fuel subsidies.27

Pirani.indd 164

26/07/2018 16:06

the 2000s: acceleration renewed

165

In 2007 the European Commission added to the carbon market policy a set
of targets for member states aimed at reducing emissions to 30 per cent below
the 1990 level by 2020. This has underpinned support for renewable electricity
generation – although that was not uniform, and some member states scrapped
such measures after the 2008–9 economic crisis. In addition, the Commission
has used regulatory measures to support the phasing-out of coal-fired electricity
generation (the Large Combustion Plant Directive of 2001 and the Industrial
Emissions Directive of 2011), aimed at reducing health-threatening pollutants
(sulphur dioxide and nitrogen oxides).28
The two other largest participants in the climate talks, the USA and China,
also made progress on greenhouse gas emissions reduction, especially when it
dovetailed with air pollution regulation. In the USA, federal government action
stalled entirely under president George Bush (2001–9); Obama, from 2009,
pushed through fuel efficiency standards for cars that Bush had blocked, and
overturned obstacles to state-level regulation (e.g. in California) imposed by
Bush administration officials. In China, robust energy efficiency policies were
written into the 11th Five Year Plan (2006–10) and further strengthened in the
12th (2011–15) and 13th (2016–20) Plans. Measures were adopted to reduce
coal-fired electricity generation, to move it to less populated western regions,
and substantial investment made in wind power. The main political impetus
for constraining coal in China was to reduce air pollution, rather than global
warming; this has also become pressing in India and other Asian countries.29
The collective timidity of government measures aimed directly at tackling
global warming can be better understood in the context of a wider range of
policies, including those on the regulation of fossil-fuel-consuming activities per
se; on support for energy-conserving technologies; and on fossil fuel subsidies.
A good example of weak regulation is that of fuel efficiency standards for cars.
In the USA, fuel efficiency standards, which had been frozen since the 1980s,
were tightened in 2007, but any positive effect was cancelled out by the trend
towards replacing cars with SUVs. (See p. 128.) Researchers pointed out that if
US drivers used vehicles that weighed the 1987 average, they could consume 24
per cent less fuel; if the 2008 Europe average, 30 per cent less fuel.30 Managers at
vehicle manufacturers made concerted efforts to evade regulation by falsifying
test results, both for various emissions and for fuel efficiency. This led in 2016
to a scandal at Volkswagen and other companies. Overall, cars’ fuel economy
improved by only 2 per cent in the decade 2006–15, while engineers expressed
confidence that cars could be produced that were up to ten times as fuel-efficient
as existing ones.31
In respect of state regulation of household energy use, Japan was the
exception that proved the rule. Its Top Runner programme, launched in
1998, set mandatory efficiency improvement standards for manufacturers of
household electrical goods. By 2005, new air conditioning systems used 68
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per cent less electricity than those sold ten years previously; computers, 81 per
cent; refrigerators, 55 per cent; and so on. These figures are many times greater
than those for countries with less or no regulation. US regulators, by contrast,
showed how to make matters worse over time with air conditioning, one of the
most energy-intensive household technologies. The standard indoor temperature aimed at in summer had by the twenty-first century fallen to 21–22ºC, from
25.5ºC in 1925; many US builders aimed as low as 19ºC for public spaces (e.g.
shopping malls).32
Government attitudes to new energy-conserving technologies have been
lukewarm. One example is that of zero-energy buildings. Progress has been
slow, the IEA concluded, because low energy prices act as a disincentive to
businesses scaling up the technologies that are available, and lower cost technologies are not yet developed. A second example is that of distributed generation
in electricity. (See pp. 36–7.) Many technological obstacles have long ago been
overcome, but electricity companies are unsure how to proceed without cutting
into their revenues. Governments have done little.33
The patchy support for technologies that could hasten the transition away
from fossil fuels strikes a sharp contrast with the steadfast backing for fossil fuel
production and consumption, via subsidies. Overall, global fossil fuel subsidies
swelled enormously in the 2000s: the total was by the 2010s estimated at more
than $400 billion/year. The largest slice, particularly in 2003–8, were consumer
subsidies for petroleum products, which governments paid as soaring oil prices
produced fears of economic disruption and social unrest: these rose from $57
billion in 2003 to $519 billion in 2008, and fell back to $136 billion in 2009
and $240 billion in 2010, IEA researchers calculated. There was also strong
government support for fossil fuel producers, particularly in rich countries.34
In 2010, the OECD significantly boosted subsidies research, by drawing up
an inventory of fossil fuel subsidies in its member states. OECD researchers
tracked more than 550 government measures, of which two-thirds were tax
breaks and 70 per cent supported oil and oil products. In 2005–11 these totalled
$55–90 billion/year. By 2015 the inventory had been expanded to include the
largest non-OECD economies and recorded $160–200 billion/year of measures
in 2010–14, with indications of a downward trend as oil prices fell in 2013–14.
Russia, the USA, Australia, Germany and the UK were the worst culprits.
Among the particularly egregious subsidies highlighted were the cost-depletion
tax break for US oil producers ($1.19 billion in 2011) and the accelerated capital
cost allowance for Canadian oil sands production ($300 million/year in 2007–
11).35 To these numbers may be added the effect of the non-taxation of aviation
fuel, dating back to an international agreement of 1944. (See p. 23.) Shipping
fuel has also avoided tax, due to international custom and practice developed
in recent decades. The implied tax break is at least $38 billion/year, IMF staff
researchers reckoned.36
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The OECD’s research was built on by NGOs. A project focused on state
support for oil and gas exploration found, in G20 nations, $16.3–$22.6 billion
of direct state spending e.g. on seismic surveys and tax breaks for drilling
equipment purchases; $48.7–$49.4 billion investment by state companies;
and $14.7–$15.9 billion in financing e.g. by multilateral development banks.
Another project tracked the $9 billion/year in public finance for coal producers
approved in 2007–14, particularly by rich countries’ export credit agencies.
(These sums are gross commitments; the portion defined as a subsidy would be
calculated differently.) Perhaps the best measure of political intentions, though,
was a report on the implementation of pledges made by leaders of G20 nations
in 2009, in a blaze of publicity, to phase out fossil fuel subsidies. Governments
had, over the two-year period monitored, been ‘changing their definitions, not
their subsidy policies’; they had failed to keep their own promises to track and
report on subsidies; the standard of governments’ reporting was ‘well below
any reasonable minimum needed for real reforms to take hold’; and, surprise
surprise, ‘no subsidies have actually been eliminated as a result of the G20
commitment’.37

The 2010s: a time of extremes
Global fossil fuel consumption bounced back from the 2008–9 crisis very
rapidly. The grand total fell by 1.87 per cent in 2009, but rose by 4.7 per cent in
2010 and 2.35 per cent in 2011, keeping up with world GDP growth. From 2012,
though, global fossil fuel consumption growth slowed down each year, falling
below 1 per cent per year, while world GDP growth stayed above 2 per cent.38
In 2013–14, with fossil fuel consumption growing only slightly, coal use in the
OECD countries falling, and gas outpacing the other fuels, CO2 emissions from
burning fossil fuels were constant. Advocates of the UNFCCC process declared
that GDP growth and emissions are ‘decoupling’ – although two or three years’
data hardly confirms a trend – and that the world was now on the way to ‘green
growth’.39 Actually, while a shift towards electricity generation from renewables
had started in some countries, fossil fuels remained completely dominant in
electricity and other energy-consuming systems (transport, industry and urban
infrastructure) up to the mid 2010s. Technologies on which to base a transition
away from fossil fuels became more widely available, but the transition has
hardly begun.
Coal consumption growth slowed in the mid-2010s. ‘Green growth’ enthusiasts have equated this to the final decline of coal, but the future extent of the
decline remains unclear. In the USA, the ‘shale gas’ boom meant that cheap gas
displaced coal from electricity generation; oil companies looked to gas as the
best competitor for renewables. In Europe, although coal use increased in some
countries, the growth of renewables, sluggish economic activity and regulatory
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action combined against coal. In China, coal use stopped growing – and may
even have fallen, although there are question marks over statistics – thanks to
slower economic expansion, energy efficiency improvements in industry and air
pollution policies.40 Meanwhile, coal consumption surged in other developing
countries. In southeast Asia, 25 GW of coal-fired electricity generation capacity
was added in 2010–15; there and in India, cheap coal diverted from the Chinese
market was swallowed up at low prices. Coal consumption rose in Turkey and
conflict-torn Ukraine, thanks to policies aimed at minimising dependence on
imported Russian gas.41
In terms of sheer volume, this thirst for coal did not make up for lower
demand in China in the USA. Doubts about future coal demand in China and
India cast a shadow over the fuel’s future. In 2015, there was over-capacity in
coal production and coal-fired electricity generation, making for a ‘perfect
storm’ in investment, the IEA reported. Construction of 68 GW of coal-fired
electricity generation capacity was frozen at more than 100 sites in China and
India, and in 2016, worldwide, pre-construction activity fell by half and construction starts by more than half.42
The clearest indication that a transition away from fossil fuels has begun in
some countries, and of its limits, is the surge of investment in renewable electricity generation. Over the decade 2006–15, investment in electricity generated
from fossil fuels was constant at $100–$130 billion/year, while investment in
generation from renewables (mostly wind and solar power), which had been
$60 billion in 2000, rose from $120 billion in 2006 to $250–300 billion/year in
2011–15. Renewables were by 2015 accounting for about half of new capacity
additions; its costs kept falling. Denmark, Spain and Germany were generating
a substantial proportion of their electricity from wind and solar (51 per cent,
22 per cent and 18 per cent respectively, compared to 7 per cent across the
OECD as a whole). But the battle between renewables and fossil fuels in the
electricity sector remains one of David against Goliath. Between 1990 and 2015,
renewables’ share of electricity generation worldwide rose from 1 per cent to 5
per cent, while hydro power’s fell from 18 per cent to 16 per cent and fossil fuels’
share rose from 63 per cent to 68 per cent.43 In 2014–15 investment in extraction
of oil, gas and coal ($580 billion in 2015), and their transportation to customers
($320 billion in 2015), continued to dwarf all other energy investment flows.44
And outside the electricity sector, i.e. with respect to transport, industry, urban
infrastructure and energy efficiency, the evidence, at very best, points to the first
tiptoe steps away from fossil-fuel-dominated systems.
In transport, trends have left researchers divided on interpretation. In OECD
countries, oil product consumption for transport fell slightly after the 2008–9
crisis, while car ownership rates continued to rise, to one vehicle for every two
people (OECD average) and 1.5 vehicles for every two people (US average),
by 2012. In some cities public transit, cycling and walking have been revived.
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The transport specialists Peter Newman and Jeffrey Kenworthy reported that
growth of car use ‘appears to have plateaued and is now beginning to decline’ in
the rich world, and optimistically forecast ‘the end of auto dependence’, not only
in the OECD but beyond it. Urban transport researchers at the UN have a more
cautious view. In 2013 they found that the share of travel by public transport, as
opposed to private cars, had ‘decreased or stagnated in most developing country
cities’. The parlous state of public transport pushes people back into private cars,
they pointed out – or, in the case of the wealthiest residents in Sao Paulo, Brazil,
into helicopters to avoid traffic. The sort of public transport revolution needed
to cut fuel consumption significantly is still in front.45
To sum up, it is unclear at the time of writing whether the shift away from
coal in electricity generation will consolidate as a trend; whether and how
renewables can leap from occupying a corner of a centralised, fossil-fuel-fired
electricity system to a dominant position; and how distributed generation and
smart grid technologies can overcome the obstacle of the profit motive. It is
unclear whether and how new technologies, such as electric cars, can beat the
inertia of existing social and economic systems. Deep-seated changes in the
way that industry, urban infrastructure and households use fossil fuels and
energy-intensive technologies may be even further ahead.
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11
Interpretations and ideologies
The view offered in this book – that fossil fuels are consumed by and through
technological systems, which are in turn situated in social and economic systems
– rests on a set of interpretive starting points that themselves have a history. The
ideas and assumptions most relevant to the book’s theme are discussed in this
chapter. First, about the way that technological, social and economic systems
interact with natural systems, and what it means to do so sustainably. Second,
about the role that consumption and consumerism play in the economy. Third,
about population and neo-Malthusian approaches to its role in consumption.
Fourth, about economic growth and its relationship to fossil fuel consumption.

Social systems, natural systems and sustainability
Efforts to understand and theorise society’s interactions with nature go back
thousands of years. In early nineteenth century Europe, the rapid expansion of
industry, and the coal burning that went with it, produced not only widespread
social concern about air pollution but also ‘acute awareness’ among philosophers and natural scientists of the importance of society-nature interactions,
as Christophe Bonneuil and Jean-Baptiste Fressoz have underlined. By the
mid-twentieth century, though, these interactions had largely been pushed
out of the subject matter of the social sciences. Economics, in particular, was
culpable, in excluding flows of natural resources from its analyses of production
and consumption.1 During the post-war boom, it was ecologists (including
Rachel Carson, Barry Commoner, and Murray Bookchin in English-speaking
culture) who noted the ‘great acceleration’ of human impact on the environment.2 Their work influenced the emergence of environmentalism as a modern
social movement in the 1960s, and its entry into the political mainstream in the
USA and Europe in the 1970s.
The Limits to Growth report (1972) put the physical constraints on society’s
use of natural resources on the agenda of political elites. In the 1980s came the
concept of sustainability, defined by the UN Brundtland commission report
(1987) as humanity’s ability to meet its present needs without compromising future generations’ ability to do so without putting excessive pressure on
the available natural resources. Sustainable development, the report stated,
implied the existence of natural limits on human activity, ‘not absolute limits’,
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but limits ‘imposed by the present state of technology and social organisation’.3
But much sustainability research thereafter concentrated more on measuring
the quantitative impacts of human activity on nature – for example, limits to
the availability of fossil fuels, agricultural land, minerals, fresh water and other
natural resources – than on the relative character given to those limits by social
and technological factors.
‘Sustainability’ soon took on as many contested meanings as ‘democracy’
or ‘justice’. In finance and business – and specifically in the international
financial institutions – it became a cosmetic checklist that made little difference
to economic activity. Economists found ways to reconcile sustainability with
economic growth: Jeffrey Sachs declared sustainable development a ‘normative
approach’, seeking ‘a good society’ that is ‘economically prosperous […] socially
inclusive, environmentally sustainable and well governed’. Others sought to
quantify the resources provided by nature to society in economic terms, as
‘ecosystem services’ – or, as the International Union for the Conservation of
Nature put it, ‘the biggest company on earth’. This approach was reflected in
the 2000s in the establishment of carbon markets. Mainstream economic
thought frequently linked such ideas with technocratic solutions, up to and
including geoengineering to fix climate change; these were opposed by those
urging deliberate constraints on growth, such as the authors of the Limits to
Growth report.4
The foregrounding of sustainability in the 1980s, and the clarification of fossil
fuels’ causal role in global warming by the 1990s, provided conditions for new
research of the way that energy, and materials, move through the economy.
Holistic analyses of the flow of materials and energy through both natural and
social systems were now developed by researchers in fields such as environmental sociology and environmental systems analysis. (See pp. 204–5.) I hope that
this book complements that work.

The role of consumption, and consumerism, in the economy
Consumption, along with production and exchange, was studied by the social
theorists of the late eighteenth and early nineteenth centuries, who sought
to explain the human relationships forming as a result of capitalism’s rise to
dominance. The new discipline of political economy usually assumed that all
people had a natural desire to accumulate wealth, and that everything of value
in the economy’s functioning was to be found in the final demand for goods
and services. Adam Smith, one of the founders of political economy, wrote:
‘Consumption is the sole end and purpose of all production; and the interest
of the producer ought to be attended to only so far as it may be necessary for
promoting that of the consumer.’ Smith famously argued that producers of
goods bring them to market to exchange them, not out of care for the consumer,
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but out of self-interest. From this, Smith’s twentieth and twenty-first-century
followers developed crude theories that markets, driven by self-interest, are to
be welcomed as the natural order of things.5
Karl Marx challenged the political economists’ assumption that market
relations driven by self-interest were natural. This, he believed, was exactly
what needed to be questioned. Accepting Smith’s idea that commodities
comprised both use value and exchange value, he argued that they manifested a
contradiction inherent in the labour that produced them: it was both ‘concrete
labour’ that produced the particular thing, and ‘abstract labour’ that produced
the commodity’s exchange value. This exchange value was appropriated by
its owner, the capitalist. Marx saw these exploitative relationships between
people in the context of human-nature interactions. In his eyes, labour – by
which humans take from nature their means of subsistence and the basis of
their culture – had, through history, become an unnatural activity. People who
labour were ‘alienated’, from their natural environment, from each other, and
– crucially, for understanding economic relationships – from the products of
their labour. These products are appropriated by those with wealth and power,
and become the basis for the constant expansion of that wealth and power.
Capital, Marx famously proposed, is a social relation. What drives the economy
is not primarily the satisfaction of consumer demand, and the self-interest of
those who serve it, but the constant need to renew and expand the accumulation of capital.6
Marx’s writings on consumption focused on the distinction between luxury
consumption, by those with wealth and power, and the subsistence-level consumption by working people.
Consumption above subsistence level took shape as a mass social phenomenon,
beyond society’s elites, only from the late nineteenth century in rich countries.
Early twentieth century social theorists such as Max Weber and Thorstein
Veblen critiqued both consumption and the values and ideologies that accompanied it, that later came to be called consumerism. Twentieth century socialist
analysts of consumption built on Marx’s critique of the Smithian assumption
that the economy’s purpose was to satisfy demand, and contextualised consumerism in hierarchical social relations. Lewis Mumford described ‘a sharp shift in
interest from life values to pecuniary values’. R. H. Tawney criticised the ‘acquisitive society’ that promised to the strong ‘unfettered freedom for the exercise of
their [property-based] strength’.7
The boom of the 1950s brought new forms of consumerism – and a blistering
attack on economists’ ‘conventional wisdom’ about it from within their own
ranks. The Keynesian J. K. Galbraith lambasted the theory of consumer demand
(i.e. that it caused, and justified, the focus on output growth), on the grounds,
first, that it makes no distinction between the satisfaction of physical needs
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(i.e. subsistence) and of ‘psychologically grounded desires’, and, second, that it
promotes the fiction that ‘wants originate in the personality of the consumer’.
Consumers’ wants, he argued, are ‘contrived by the process of production’; ‘the
urge to consume is fathered by the value system which emphasises the ability
of the society to produce’; advertising, which clearly cannot be reconciled with
the notion of independently determined desires, creates desires; wants are
‘dependent on production’.8
From the 1970s, sociologists and anthropologists pushed back against the
idea of the manipulated consumer (e.g. Galbraith’s assertion that wants are
‘contrived’). The theory of ‘consumer sovereignty’ proposed that rich-world
consumers, far from being helpless victims of advertising, used consumption
to shape their lives. Such research produced important insights, although these
were often devalued by leaving unclear the constraints on consumers’ agency
imposed by social realities, e.g. working people’s dependence on wage labour.
Other research illuminated the social construction of ideas about people’s ‘needs’
(e.g. the passage from ‘I need food’ to ‘I need to upgrade to the model with a
more powerful engine’), and took apart ideologies of ‘scarcity’, which sought
natural causes for scarcities bound up with social and economic systems.9 Such
approaches allow us to analyse consumerism as a social phenomenon used by,
and reinforced by, political and corporate elites, without viewing consumers as
stupid dupes of advertising.
In the 1980s, the American Marxist Allan Schnaiberg attempted to clarify
theoretically the position of consumption – and, specifically, fossil fuel consumption – in modern capitalist economies. He argued against ‘crude environmental
analyses’ that take ‘total societal production and divide by the population, in
order to achieve a “consumption per capita” figure’, on the grounds that (i) ‘a substantial share of production goes into other forms of production, never reaching
the consumer directly’ (both traditional producer goods such as machinery, but
also commodities that support production and marketing activities, of which
many are energy-intensive, such as transport); and (ii) because public service
provision meant that some goods and services are provided without consumers’
discretion. Schnaiberg argued not that consumer preference was irrelevant,
but that constraints on it should be defined. These included direct manipulation (e.g. advertising), preference constraints (effects of income, the mismatch
of available products and demand, problems of retrospective demand) and the
provision of public goods.10
In the 2000s, researchers on household energy consumption built on
Schnaiberg’s work, and Daniel Spreng’s net energy analysis, in pointing up the
distinction between discretionary and non-discretionary energy consumption.
(See p. 46 and p. 205.) I have endeavoured to bear this in mind in writing this
book.
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Population and consumption
Disputes about population growth as a cause of rising fossil fuel consumption,
like broader issues of consumption’s place in the economy, have their roots
in early nineteenth century political economy. Adam Smith, and most social
theorists, assumed that population growth would expand human productive
capacity, and therefore prosperity. Thomas Malthus, in his Essay on the Principle
of Population (1798), proposed a darker view: that an expanding population
would need to consume more than the available natural resources would be able
to provide. Population would grow geometrically, but the means of subsistence
could grow only arithmetically. Malthus’s notorious political conclusion was
that relief payments to the poor should be stopped, since they obstructed checks
on population growth such as poverty, early death and limits on family size. For
this he was denounced by Marx, who saw it as evidence of the inhumanity of a
capitalist ideologue.11
Malthus’s assumptions have repeatedly been proved wrong – since he took
insufficient account e.g. of the ability of technology to increase agricultural yield
and supply a larger population from the same area of land – but the idea that
there are absolute natural limits to population growth has remained influential,
including in some strands of environmentalism.
During the 1950s and 1960s, in international institutions, in academia,
and in some developing-country governments, the belief that population
growth was potentially negative for the economy grew stronger. In some
developing countries, it led to (usually unsuccessful) attempts at birth control.
Neo-Malthusianism arrived with The Population Bomb (1968), a restatement
of the case for compulsive population control, by the American biologist Paul
Ehrlich. Another prominent population control advocate, Garrett Hardin,
argued that humans’ inherent selfishness excluded the possibility of sharing
resources; he used an essentially racist analogy of a ‘lifeboat’ (from which ‘we’
must unfortunately exclude the poor and helpless) for society.12
The case against populationism was made by, among others, the biologist
Barry Commoner, who argued that technological change, and the new types
of production made possible by it, were the primary cause of society’s impact
on the environment, more significant than either population growth or rising
living standards. Ehrlich was also challenged, notably, by Julian Simons,
a mainstream economist who argued that he had taken no account of the
potential for technological change to alter the way that natural resources were
used. (See pp. 201–3.)
The focus by Ehrlich and others on population dovetailed with ideological
dogma that focused development policies towards managing, if not controlling,
population outside the rich world – and away from the effects of the rich
countries’ economic domination. At the Rio Earth Summit in 1992, disputes
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about the relative roles of population growth and rich-country consumption
raged, not only between the government delegations, but also among NGOs
seeking to influence the international talks. (See p. 139.) NGOs based in the
Global South insisted that excessive consumption and lifestyle in the north had
to be taken into account. Their northern counterparts argued that – even if they
themselves believed that lifestyles should change – neither governments nor
rich-world populations would countenance that. In NGO discussions parallel to
the summit, one northern representative ‘was worried […] that the question of
population growth in developing countries had not been adequately addressed’,
two participants recalled. ‘The southern NGOs retorted […] that the population
problem was essentially in the North, where each child born is likely to consume
much more, causing the emission of more greenhouse gases.’13
Research methods that give excessive weight to population, as an undifferentiated phenomenon, continued to be used in the work that fed into the IPCC’s
reports. (See pp. 202–3.) Such studies pushed into the background distinctions
between different types of direct and indirect consumption, different types
of consumers – and in particular, the distinctions between those in the rich
world and those outside it – and the role of social, economic and technological
factors.
In 2012, in an issue of Nature, the leading science journal, marking the
twentieth anniversary of the Rio summit, Ehrlich, writing jointly with colleagues, asserted: ‘each person added to the population will derive food and
other resources from poorer sources, generally involving more energy and disproportionate environmental impact’.14 The way that such arithmetic dominates
public discourse is a tribute to the endurance of neo-Malthusian ideology. In
the preceding chapters, I have offered a view of fossil fuel consumption with a
contrasting emphasis: that it is social, economic and technological systems that
consume resources, that individuals do so through those systems and that there
is no direct, arithmetic correlation between their consumption and environmental impacts.

Economic growth ideology and alternatives
In the dominant public discourse, fossil fuel consumption growth is attributed
to ‘economic growth’, alongside population growth. The IPCC’s most recent
Assessment Report, for example, states: ‘Globally, economic and population
growth continue to be the most important drivers of increases in CO2 emissions
from fossil fuel combustion.’15 The report includes a mass of detail showing that
the drivers are actually far more complex – but this is the summary, beyond
which politicians and journalists usually do not read.
In the case of population growth, neither correlation with fossil fuel consumption growth, nor causation, can be concluded from the statistics. (See
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pp. 47–50.) Things are different with the relationship between economic
growth, as measured by GDP, and fossil fuel consumption levels. Trends are
often correlated. Globally, the temporary dips in energy consumption since 1950
– in 1974, 1979–80 and 2008–9 – all resulted from economic crises that halted
growth. In the rich world until the 1980s, economic growth rates and fossil fuel
consumption rates followed each other quite closely. Then, as energy-intensive
industries were exported to the Global South and efficiency improvements
made, rich countries’ economic growth rates surpassed fuel consumption
rates. In most of the Global South the reverse applied. Still, correlation does
not indicate causation. Statistical comparisons of GDP and fuel consumption
do not usually say much, and sometimes say nothing, about, for example, the
structure of countries’ economies, or geographical factors, that may be significant determinants of fuel consumption levels. They exclude analysis of energy
flows through technological systems.
Why, then, is so much energy devoted to squashing analysis of fossil fuel consumption into such a badly suited framework? Because the ideological dogma
of economic growth, as measured by GDP, pervades so much public discussion
– about energy policy and the transition away from fossil fuels, as well as much
else. Industrialisation, urbanisation and other trends associated with economic
growth are assumed a priori to be positive. Pro-growth policies are assumed a
priori to have been the only way to achieve these positive results; clearly negative
aspects of growth – the effects of financial crashes, or the harmful results of
liberalisation, as well as impacts on nature – are ignored or downplayed. So is
the growing body of research by mainstream economists that has concluded,
incontrovertibly, that growth has reinforced and deepened inequalities.16
Moreover, the equation of economic growth with prosperity assumes a priori
that fundamental aspects of life under modern capitalism – such as systems
of wage labour and domestic labour, the dependence of urban populations on
industrial agriculture, and the forms of alienation inherent in these – are also
sources of prosperity. The ‘conventional wisdom’ of growth-ism and consumerism reinforce each other, as Galbraith argued more than half a century ago.
A significant challenge to economic growth dogma was offered by proponents
of ecological economics, notably E. F. Schumacher in the 1970s and Herman
Daly in the 1990s.17 From the starting point that economic growth is unsustainable because of its impact on natural resources, they went on to expose the
vacuity of the claim that growth can be identified with human development,
happiness or prosperity. Although the ecological economists have complained,
justifiably, that their attack on orthodoxy has met with little by way of any
theoretical defence, there has been an indirect response: efforts to reconcile sustainability principles with pro-growth economics, i.e. ‘green growth’. This was
the starting point for the Stern Review (2007), around which many mainstream
discussions of energy policy have been oriented.18
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From a socialist standpoint, the ecological economists’ readiness to open up
fundamental questions about ruptures in human society’s relationship with the
natural world, and the failure of mainstream economics to face them, seems to
strike a sharp contrast to the assumptions some of them make, that the necessary
changes can be made by existing power structures and within existing property
relations. In some respect this is the mirror image of much twentieth century
socialist ideology that believed that property relations and power structures had
to change, only to continue with economic growth in a ‘socialist’ guise. This productivism was strongly influenced by the state socialists who ruled the Soviet
Union and China, but was also widespread in labour movements. Attempts to
rework socialist ideas to correct this blind spot were made by Andre Gorz in
the 1980s. More recent eco-socialist and other radically minded writers have
continued to address relevant issues, in dialogue with ‘de-growth’ advocates
who, increasingly, see their aims in terms of profound social change.19
A vision of a future in which social change transforms not only property
relations but also the labour process through which humans relate to nature is
beginning to take shape. In my view, such a vision offers the most compelling
alternative to the dogma of economic growth and the assumed inevitability of
exploitation, inequality, and worse that it implies. Such a transformation would
offer the best conditions for a transition away from fossil fuels. How and whether
any of this might happen is considered in the next chapter.

Pirani.indd 180

26/07/2018 16:06

12
Possibilities
This book is about history, albeit history with pressing relevance to the present
and future. In this chapter I do not pretend to answer present problems, but I
suggest what history might tell us about them. The first section is about the
character and timing of the future transition away from fossil fuels; the second
focuses on the first steps of that transition. The third section envisages ways
in which longer-term and deeper-going changes to technological, social and
economic systems might happen; and the final section considers who might
begin to effect such changes. This is necessarily a concise presentation of huge,
contentious questions; the reader’s attention is drawn to the notes, which refer
to books and articles that deal with them in more detail.

The character and timing of the transition away from fossil fuels
One way or another, society will move away from fossil-fuel-dominated
systems. There are dystopian scenarios in which natural phenomena – the
climate changes arising from global warming, resource constraints and so on –
compel a collectively paralysed society to change. It is much more likely, though,
that society will react, somehow, to the crisis it faces. This discussion of how it
might do so starts from two questions. First, what is meant by ‘transition’ away
from fossil fuels: a move to new technological systems, within existing social
and economic ones – or the transformation, too, of those social and economic
systems? Second, given what we know about global warming and other changes
in natural systems, how long might, and/or should, the transition take?
Climate scientists have drawn parameters within which to discuss this second
question: there is a consensus among them that humanity collectively has, in
the period starting in 1870, a ‘carbon budget’ of about 3200 billion tonnes of
carbon dioxide emissions to work with, if the most dangerous effects of global
warming are to be avoided. At the current rate at which greenhouse gases are
being emitted, this budget would be used up entirely, well before the middle of
this century. (See pp. 57–8.) Beyond that, global warming effects (in particular,
sea level rise, higher temperatures and weather volatility) could play havoc
with humans’ living conditions on an unprecedentedly destructive scale. These
forecasts suggest the need for a transition away from fossil fuels within two
or three decades – over a much shorter period than is usually envisaged. One
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damaging aspect of the public discourse around the UNFCCC process is that
this contradiction is constantly ignored, downplayed or, worse, normalised.
What might the history of previous transitions from one energy system to
another tell us about the character, and speed, of the transition now facing us? A
recent research project1 pointed to four conclusions.
1. That such transitions are ‘predominantly characterised by changing types
and amounts of energy end-use services’ – that is, the way that energy is
supplied depends on how it is used by final consumers. For example,
industry’s thirst for motive power (steam) drove the transition to coal in the
early nineteenth century.
2. Technological innovations ‘tend initially to be crude, imperfect and
expensive’. Neither the steam engine in the nineteenth century nor the
solar panel in the twenty-first could easily become cost-competitive with
incumbent technology.
3. Technological change from innovation to widespread diffusion ‘is generally
slow, lasting as a rule many decades’, and technologies come in clusters, with
their infrastructure.
4. The ‘transformative potential of energy technologies arises through clusters
and spillovers’, not through ‘eureka’ moments, implying, again, ‘slower
potential rates of change’.
In the foregoing chapters I have sought to build on conclusion (1). During
the second Industrial Revolution, electricity for industry, and fuel for car-based
transport systems, were among the drivers of fossil fuel demand; demand for
these forms of useful energy was in turn determined by social and economic
systems. In the late twentieth century, fossil fuel demand was driven by these,
and other, technologies, underpinned by urbanisation, industrialisation, growth
of mass consumption and so on. Much public discussion about future energy
systems takes for granted that these trends will continue. It is often framed by
ideas of ‘progress’, according to which ever-expanding US-style personal consumption (car-based cities, detached homes with multiple energy-guzzling
possessions, and so on) and China-style industrial consumption (production
of energy-intensive materials, such as steel and aluminium, with export of
manufactured goods at great energy cost for energy-inefficient use), are
inevitable, if not desirable. This, after all, is ‘economic growth’. These ideologised assumptions need to be challenged. The prospect of changes not only to
technological systems, but also to social and economic ones, opens up bolder
and more attractive scenarios for the energy transition.
An energy transition could not leave untouched the inequality inherent
in present social, economic and technological systems. Arnalf Grubler and
Charlie Wilson, lead researchers on the programme referred to, argued that the
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post-second-world-war transition to an oil- and electricity-dominated system
was ‘incomplete’, in that it left behind 1 billion people with no electricity access
and a larger number with limited access.2 But this transition was not directed
at providing electricity access or improving lives; if we can speak of an aim or
direction, it was to do with capital accumulation and the concentration of wealth
and power; the inequalities were reproduced and deepened by the dominant
social relations. A future transition that leaves these social relations intact, while
switching technologies, will surely not tackle inequalities.
Conclusions (3) and (4) above continued a broad consensus among historians
of technology, inspired by the work of Thomas Hughes and others, about ‘technological lock-in’ or ‘path dependency’ – the idea that technological regimes,
once put in place and invested into, produce a ‘congealed culture’ of institutions
and patterns of social organisation, that make them hard to shift.3 Technological
change, then, must be all-sided. ‘[T]echnologies, political and legal regulations,
economies of scale and price signals, and social attitudes and values’ must be
changed together, the energy researcher Benjamin Sovacool argued recently.4
As for timescales, Sovacool challenges the consensus, and argues that technological systems can change very quickly. He gives examples of systems that
changed in one or two decades: energy-consuming technologies such as the
energy-efficient lighting installed in Sweden’s commercial buildings (1980s),
or hundreds of millions of new cook stoves installed in China (1980s–1990s)
and Indonesia (mid-2000s); and energy-producing technologies such as nuclear
power in France, and CHP using coal and wind in Denmark (both 1970s–1980s).
In wider public discussion, the rapidity of the technological transformation of
communications, with the microprocessor, the mobile phone and the Internet,
is cited.
To what extent can we generalise from Sovacool’s examples? Certainly they
show that technological systems can change quickly – if governments act
decisively, as they did in all these cases. Obviously, though, a future transition
away from fossil fuel-based technologies on a world scale will be not only geographically more widespread but qualitatively much deeper. France adopted
nuclear electricity generation without tampering with systems of consumption
(technological or social/economic) more generally; China changed its cook
stoves without even starting to shift coal from its position as the main fuel;
Denmark accomplished a more systemic change in both primary and secondary
energy, but only at relatively small scale. The microchip-based communications
revolution is a better example of a global shift, but a move away from fossil
fuels would inevitably be much deeper-going. There are far greater quantities
of physical technologies used for their production (oil fields), transformation
(power stations) and consumption (city infrastructures, industrial and agricultural processes); and fossil fuels are much more deeply embedded in the
economy than pre-microchip communications technologies.
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Conclusion (2) above, that markets by themselves have not, and may not,
rapidly take new technologies from innovation to diffusion, is significant
with regard to both the timing, and character, of a future transition. This was
emphasised at a gathering to discuss the research in 2011 in Cardiff, Wales.
In past transitions, there had been ‘clear private benefits’ for producers and
consumers in switching to new technologies, whereas such benefits are less
obvious in the case of low carbon energy sources and technologies. For this
reason, some attendees argued, a low carbon transition ‘will need to be deliberately managed or engineered’; governments would have to act; the role of
private business interests that control the fossil-fuel-based system would be
‘critical’ because ‘the losing incumbents are likely to “fight back”’.5 The obstructions to the future transition are political and social, more than technological,
in other words. Related conclusions have been reached from research of technological scenarios for the shift away from fossil fuels. The latest of several such
studies found it ‘technically and economically feasible’ for energy globally to be
supplied entirely from renewables by 2050, while ‘the main barriers are social
and political’.6
How will such barriers be tackled? How will resistance of ‘losing incumbents’
be overcome? Will governments move against them? Where governments have
sought to ‘manage or engineer’ energy transition, as in Sovacool’s examples, the
motivation has rarely been to do with global warming, and more often about,
for example, fuel supply options or air quality. Faced with global warming,
governments have failed, collectively: they assigned the main role to markets,
despite the compelling evidence that in the absence of ‘clear private benefits’
that would not work, while continuing to subsidise, and politically support,
incumbent technologies.
Those who offer strategies for the transition away from fossil fuels generally
have two types of answer to this dilemma. The first was proposed by the Stern
Review and embraced by international organisations (including the IEA,
OECD and World Bank) and much mainstream commentary: markets will do
it, provided they are regulated correctly; technological systems can be changed
by redirecting, but not altering, social and economic systems. The continuing
absence not only of regulation, but even, in most governments’ cases, of
any serious intention to regulate – and even the election of a pronouncedly
anti-regulatory president, Donald Trump, in the USA in 2016 – has done little
to dispel such credibility-straining optimism. It becomes, then, a justification
for the status quo. A second type of answer is that a forced march is needed –
‘planned economic recession’, in the view of Kevin Anderson and Alice Bows
of the Tyndall Centre, the UK’s foremost climate change research hub. Some
writers have used the analogy of the mobilisation to defeat fascism during the
Second World War; socialists and radicals have engaged with that critically,
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arguing that popular movements from below, such as those for civil rights in
the 1960s, are more compelling examples.7 These are further discussed below.

First steps of the transition away from fossil fuels
The strongest evidence that the transition away from fossil fuels is underway
is in the electricity sector, where renewable technology has in the last decade
become the largest recipient of investment. Renewables’ share of world electricity generation has risen to about 5 per cent.8 Renewables’ costs continue to fall
– to plummet, in the case of solar panels – putting them in a stronger position
to compete with fossil fuels in some contexts. In Denmark, Spain and Germany,
wind power supplies a substantial share of electricity.
Advocates of the UNFCCC process routinely claim that, as technology
continues to improve and renewable costs continue to fall, market forces –
hopefully helped by a reversal in the fortunes of failed carbon pricing – will
push out gas and coal, and pull in wind and solar. Two sets of factors raise doubts
about whether, and how quickly, this might happen. First, electricity markets
as currently designed cannot cater easily for renewables, which have a high
up-front investment cost (for building wind turbines, installing solar panels,
and so on) but a negligible operating cost (i.e. once the equipment is in place
the electricity is produced almost for free). Experience shows that once there is
a substantial proportion of renewables in a particular market, healthy gusts of
wind and sunny days can drive down wholesale electricity prices and even make
them collapse. ‘The more renewables there are in the system, the more often
such collapses occur’, The Economist observed. Specialists in the field propose
changing market rules to favour smaller and renewable generators, which fossil
fuel incumbents will not welcome.9
The second set of problems is technological. Renewables are intermittent, i.e.
not constantly available at the same level because they depend, for example, on
the sun shining or the wind blowing. One set of answers to this lies in the development of energy storage such as in batteries or hydrological systems. Batteries
are much more efficient than they used to be, but not yet capable of dramatic
transformations; and there are questions about the availability of materials
that would be needed for much more widespread manufacture. A second set
of solutions to intermittency lies in integrating renewable generation into electricity networks that are: decentralised (in industry terminology, distributed
generation); technically capable of accepting electrical power from a multitude
of smaller generators; and flexible, meaning that the grid can manage demand
to reduce peaks (when demand goes up, pushing the system’s capacity to its
limits), adapt some demand to supply (diminishing non-urgent demand when
intermittent supply is lower), and eliminate waste. Decentralised grids were
already made desirable from the engineering point of view in the 1980s, by the
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reversal of the trend to ever-bigger power stations, and made possible by the
revolution in computer technology around the same time.
These issues are at the centre of discussion among electrical engineers. Some
see great scope for ‘prosumers’, who produce electricity for their own consumption and feed any spare back into the grid. A recent controversy among
researchers, about the lessons of large-scale renewables deployment in Spain
and Germany, produced, first, warnings that, without stronger government
support, renewables’ share of electricity generation will never move from a
significant minority to a majority; and, second, doubts about overcoming technological barriers to 100 per cent renewables generation.10
With regard to transport, much public discussion about the transition away
from fossil fuels has focused on electric cars. Of a global vehicle population
that passed 1 billion in 2010 (including cars, trucks and buses), close to 1
million (around 0.1 per cent) are electric. In rich country cities in particular,
the numbers are fast increasing; electric cars may within a few years become as
cheap as ICE-powered cars.11 In the view of particularly extreme ‘techno fixers’,
electric car prices will fall so steeply during the 2020s that they will become
ubiquitous, dealing a death blow to the oil industry and forcing the motor
industry to reinvent itself. Such claims (i) ignore the fact that cars account for
a chunk of global oil demand, but still less than half; (ii) ignore the inertia of
‘infrastructure lock-in’ (that is, assume that the array of petrol stations, vehicle
repair businesses and other support for cars could be completely replaced in
a few years), and (iii) discount the opposition of car manufacturers and governments that have consistently refused to use regulation to reduce car use.
Nevertheless, much wider diffusion of electric cars seems likely.
But transition away from fossil fuels implies a much more profound transformation of transport. Electric cars fit neatly into the ‘green growth’ narrative,
but their potential for cutting fossil fuel use is limited. First, they are only as
‘green’ as the electricity they use: although electric motors are more efficient
than ICEs, running cars on fossil-fuel-generated electricity may not reduce
overall consumption. Second, ‘electric cars suffer from the inherent inefficiency
of all personal motorised, road-based transport: the need to move a one- to
two-tonne vehicle in order to transport a few hundred pounds worth of people’,
as the energy researchers Richard Heinberg and David Fridley put it. Third,
electric cars do nothing to reduce the quantities of fossil fuels consumed in
making roads, parking spaces and the cars themselves. An effective transport
transition will involve great changes to cities, where most of the world’s car
journeys are undertaken. Other modes of transport – public transport, bicycles,
walking, trains, and so on – will become dominant, and urban infrastructure be
geared to them.12
In contrast to the steps taken in the electricity sector, and the tiptoe steps
in transport, the transition away from fossil fuels is hardly at the beginning of
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the beginning with regard to industry, and urban infrastructure more generally,
including construction and heating of buildings. For rich countries, the export
of energy-intensive industrial processes to developing countries has largely put
them ‘out of sight, out of mind’ in policy terms. Neither the technological difficulties of producing non-fossil high-temperature heat for industrial processes,
in the first place to make steel, aluminium and cement, nor ways of reducing
demand for such materials, have been faced. Little has been said about either
substituting for fossil fuels in the production of petrochemicals, fertilisers,
asphalt and other by-products, or rethinking their uses.13 Much is made in
public discussion about reducing households’ final consumption. But much of
this consumption is either indirect, or non-discretionary, or both. Households
are unlikely to make drastic changes to their consumption habits that would
make a noticeable difference, without equally drastic changes in the economic,
social and cultural contexts in which they live.
To sum up. The growth of renewables in electricity generation is a real, and
significant, indication of the potential of non-fossil energy supply technologies.
They have so far taken root only in small corners of the electricity system; claims
that they have pronounced a death sentence on coal are as yet exaggerated. In
the other major sectors – transport, industry, urban infrastructure, buildings
and households – only negligible progress away from fossil fuels has been made.
Transition means changing not only the way that energy is produced, but also
the technological systems that consume it and the social and economic contexts
in which they operate.
‘Green growth’ advocates claim that market levers can be used to push the
transition, notably, the idea of ‘stranded assets’. This idea states that as the
transition away from fossil fuels gains momentum, assets owned by fossil fuel
producers (oil and gas resources, and field licences) or electricity generators
(fossil-fuel-fired generating equipment) will lose value. If oil, gas and coal
must be kept in the ground in order to prevent dangerous global warming,
the argument goes, then values attributed to companies on the basis of their
reserves of these fuels must be reduced. The idea of ‘keeping it in the ground’,
proposed by environmentalists, has received mainstream attention. In 2015, for
example, the Governor of the Bank of England said that the ‘vast majority’ of
fossil fuel resources would be ‘stranded’ if policies were adopted to limit global
warming to 2ºC.14
Clearly, if demand for fossil fuels falls over the long term, the value of
assets based on them may fall; equally clearly, there is as yet no sign of such a
long-term trend. Values attributed to fossil fuel companies by the market are
influenced firstly by fuel prices; prices in turn are influenced by market perceptions of supply and demand; these influences are not direct, and it is rarely
possible to distinguish the parts played by shorter- and longer-term factors.
In 2015–16, for example, due to falling coal demand in China and the USA,
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market prices fell sharply, and coal companies’ share prices followed, resulting
in some bankruptcies. (See pp. 167–8.) Some optimistic commentators rushed
to proclaim the beginning of the end of coal, but this is as yet only possible,
not certain. Scientists’ preliminary figures for 2017 suggested that coal consumption growth had resumed again.15 In the case of oil, prices have in the last
decade stayed at a much higher level than previously. This has not only increased
the perceived value of resources in the ground, but also made it economically
feasible to recover oil that is technologically more challenging to produce, thus
opening up new sources of supply. The conclusion is not that assets cannot be
stranded, but that it is important not to confuse short-term market phenomena
with long-term trends, and not to confuse hope with reality.
Part of the stranded assets argument relies on the prospect of regulation,
brought about by policy changes. If governments fulfil their promises to reduce
greenhouse gas emissions, the argument goes, fossil fuel assets will more rapidly
be stranded. Stock markets are sceptical: the announcement of emissions
reduction targets at the 2015 Paris climate talks had no discernible effect on
fossil fuel companies’ market values, because it did not change markets’ view
that regulation is unlikely to threaten asset values for the foreseeable future.
Governments have taken actions that may help the movement away from fossil
fuels, but these have been limited (such as, support for renewables in Europe),
sometimes responsive to fears of social protest (like controls on coal-fired power
in China, due to urban pollution issues) – but mostly overshadowed by political
support for fossil fuels.16
It is politically important to the main participating governments that the
UNFCCC process and its market mechanisms, supposedly the single means
to address global warming, be seen to be working. This creates great pressure,
through mainstream commentary, to paint it in brighter colours than it deserves;
and unduly distorts discussions of stranded assets.
This pressure should be resisted. We should acknowledge the failure of the
quarter-century-long process; soberly assess timescales; and base our hopes for
the future on realities, not illusions.

Prospects for social, economic and technological change
Potential future changes to technological, social and economic systems, in the
course of a transition away from fossil fuels, may be grouped in three types.
First, there are changes to, or adaptations of, existing technological systems that
could reduce fossil fuel use rapidly. One such change, deployment of electricity generation from non-fossil sources, has begun. Other technologies have for
decades amounted to unrealised potential – what Amory Lovins in the 1970s
called ‘roads not taken’: ways of changing energy transformation and distribution (such as, CHP and decentralised electricity grids), or of conserving energy
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in consumption (for example, in industrial processes, construction methods,
or car manufacture and fuel use). Abundant reports from official bodies and
researchers contain details.17 At numerous turning points, such changes could
have been made, and were even under discussion by political and business
elites, but either did not happen or happened only in a watered-down form.
Experience shows that governments can either push, or obstruct, such changes;
civil society can also intervene.
A second type of change, which borders on and overlaps with the first type,
would amount to superseding the technological systems in their current form.
These systems are only likely to be dislodged as a result of far-reaching social
change and, where necessary, breaking the resistance of incumbent interests
that control them. Four such changes are:
1. Remaking the relationship between cities and countryside, by making the
divisions between them less extreme, and moving urban built infrastructure away from the currently dominant energy-intensive model. This could
end construction of energy-inefficient buildings using energy-intensive
materials, and cut sharply the demand for fossil-fuelled space heating and
other energy-intensive practices. Land ownership patterns would have to
change.
2. Transforming urban transport infrastructure, (a) to decentralise goods
distribution, and (b) to gear cities and towns to public transport, bicycles,
walking and other modern transport technologies, thereby superseding
the age of car-based transport systems. This would involve overcoming the
resistance of corporate interests (fossil fuel, car, steel and aluminium makers,
road builders, and so on).
3. Moving to fully integrated, decentralised electricity networks, geared to
multiple small electricity producers, managed by ‘smart’ technology, thereby
reducing or ending the need for centralised fossil-fuel-fired power stations.
This would be (is being) resisted by electricity companies.
4. Changing the character of widely diffused energy consumption technologies
(household heating and electricity systems), and other products, to make
them repairable by users, thereby reducing waste, overproduction and the
effects of planned obsolescence – changes that are incompatible with current
profit-based marketing.
These deeper-going shifts, involving technological change together with social
and economic change, point towards the third and most thorough-going type
of change, the transformation of the social and economic systems that underpin
the technological ones. We can envisage forms of social organisation that
supersede corporate and state control of the economy, advance collective and
community control, and, crucially, in which employed labour – a central plank
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of profit-centred capitalism – is superseded by more meaningful types of human
activity. This is what I understand by socialism: a future social form antithetical
to twentieth-century state ‘socialisms’.18
Changes associated with this could include:
1. Transformation of productive activity (industry) beyond the constraints
of the wage labour system, and corporate control, unleashing human
creative capacities to make things that are truly useful and desirable. Such
production, coordinated with twenty-first century information technology,
would supersede the production of little-needed or unneeded goods, waste
in processes, and the egregious use of energy-intensive materials.
2. The continued transformation of domestic labour with energy-efficient
technologies.
3. A transition away from industrial agriculture, reversing the tendency
towards the production and transportation of fossil-fuel-intensive meat
and luxury foods for a minority at others’ expense; and reversal of the trend
towards long-distance and international bulk transportation. This could
enhance human health, minimise waste and slash fossil fuel inputs.
4. A society where employed labour is superseded by useful and creative
activity (production for use) could move away from consumerism and ideas
that material goods are essential means to happiness and fulfilment.
These are speculations, not blueprints. Their purpose is to indicate the gigantic
potential opened up by thinking about the transition away from fossil fuels in
the larger contexts of developing sustainable technological systems better to
meet human need, and changing technological systems together with social and
economic ones.
Several writers concerned with radical social change (Paul Mason, Nick
Srnicek and Alex Williams19) have argued that technological changes begun by
the third Industrial Revolution will smooth the way to a post-capitalist society,
by democratising work processes, reducing the working day, and so on. The
argument needs to be put the other way round. History shows that technologies, as they develop in definite social contexts, are shaped and constrained
by those contexts. The development and diffusion of technologies that will
enhance the transition away from fossil fuels have been, and are, constrained
by dominant social and economic interests that stand to lose out. While there is
no simple set of rules governing the relationship between social, economic and
technological transformations, the logic of automation-to-post-capitalism must
be turned on its head: the full potentials of technology will only be unleashed,
freed from these constraints, by social and economic transformations that move
beyond capitalism.
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Forces for change
The historical fact that the UNFCCC process has failed to produce reductions in
fossil fuel consumption suggests that more plausible agents of change are social
forces outside the climate talks, and outside the participating governments. This
case was made by Philip Bedall and Achim Brunnengraber:20
When the entire carbon cycle is considered, from the extraction of fossil fuels
to the harmful emissions, the area of conflict of climate politics is extended.
From this wider perspective, a transformation of the organisation of the
energy systems and the way of life and the mode of production becomes
necessary. This perspective necessitates changes that go far beyond a technological modernisation or economic measures such as emissions trading.
The debates on a ‘great transformation’, a Green Economy, or a post-growth
society and Prosperity Without Growth refer to these requirements.21 But
who are the actors to initiate such a transformation towards a new social system,
[my emphasis, SP] if the UN’s negotiations seem too narrow thematically to
achieve it, and beyond that confronted with a process of renationalisation
[i.e. the return of decision making on climate issues to national governments]
avoiding any substantial adjustment?
The actors referred to can only be civil society in the widest sense. History
provides not only endless examples of social action producing change in the
broadest political sense, but also evidence that such movements can shape
systems that produce and consume energy. In the 1970s and 1980s, social
opposition was crucial in blocking the progress of nuclear power, political elites’
favoured successor to fossil fuels. Social movements have shaped electrification processes, as in South Africa and India. And, at least in Europe and China,
public concern with air quality has hastened the decline of coal. Even where civil
society seems passive or has no organised expression, governments make policy
decisions out of fear of its anger, by, for example, providing electricity as a state
benefit. Obviously, the transition away from fossil fuels is a far deeper-going
process than any of these; it must be made the concern of society as a whole, in
order that society as a whole can participate in making it happen.
An obvious objection is that this sounds like a long process, and that the
timescales set by climate science do not allow that luxury. An obvious riposte
is that we have 25 years of evidence that this problem is beyond the capacity of
political processes to resolve. Together with that, we have very clear evidence of
how the world’s most powerful governments are likely to react to the effects of
global warming as it advances. Here are three examples:
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1. The flooding of New Orleans in 2005 during Hurricane Katrina. It is not
known whether this was caused by global warming, but it is known that
such extraordinary weather events are becoming more common as a result
of global warming. Although the victims were citizens of the world’s most
powerful country, hundreds perished and thousands lost everything, sharing
the fate of the much more numerous victims of natural disasters in countries
outside the rich world. Hopes were expressed at the time – and again during
the extraordinary storms in the USA in 2012 and 2015, and the flooding of
southern states in 2017 – that these events might push the political elite into
revising its stance on global warming. They did not.
2. The effects of hotter weather and flooding on tropical-zone agriculture
in recent years. Global warming is among the underlying causes of the
hardships, in many cases fatal, visited on agricultural communities in Africa
and southeast Asia as a result.22 The international political reaction has been
one of indifference.
3. The sharp increase in 2016–17 in the number of refugees travelling to
Europe from the Middle East and North Africa. This was caused primarily
by military conflict, not global warming – but it prefigured the type of
migratory movements researchers see as likely to be caused by future
climate change. The grim response of many European governments – that
in various degrees allowed refugees to drown en masse, confined them to
detention camps, and used them as a cynical bargaining chip in geopolitical
haggling with the government of Turkey – indicates how they might deal
with future effects of global warming: by building walls, real (as commended
by president Trump) or virtual.
So we do not need to imagine the future international political response to global
warming effects. The prototypes are here: handing the transition away from
fossil fuels to the markets, with disastrously ineffective results; and cordoning
off the rich world from the most violent and damaging consequences. For civil
society to take matters into its hands cannot possibly be a simple or easy answer
– but it can and will find better answers to problems than these. In a study of
social responses to disasters, the writer Rebecca Solnit demonstrated convincingly that people tap into resources of solidarity and collective action that they
might not have known they had.23 The global warming disaster – which has
been produced socially, on a much greater scale and over a much greater time
span, than other disasters – demands a collective response from us all that we,
too, might not have thought possible.
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Conclusions
Fossil fuel consumption has since 1950 expanded much more rapidly, and in a
qualitatively different way, from its growth previously. The Industrial Revolution
of the early nineteenth century provided a crucial stimulus to coal consumption, giving it a central place in economic activity for the first time. The second
Industrial Revolution of the late nineteenth century (and specifically, electricity
generation, the internal combustion engine and artificial fertiliser production)
provided the technological basis for a proliferation of economic activities to
which fossil fuel consumption was integral. After 1950 these activities expanded,
becoming dominant in the rich countries and, from the 1980s, elsewhere. The
rapidity with which fossil fuel consumption has grown fits well with the idea of
a ‘great acceleration’ of economic activity from the mid twentieth century.
People consume fossil fuels through technological systems that are embedded
in social and economic systems. Interpretive frameworks that isolate consumption from these systems, and/or isolate consumption from production, are
misleading. Because fossil fuel consumption growth is driven by these systems,
it often correlates with economic trends, but not with population growth. In
spite of this, the assertion that population growth is a key cause of fossil fuel consumption growth is repeatedly endlessly, reflecting populationist ideologies that
see the number of humans, rather than the social and economic relationships
in which they live, as the cause of the dislocation between humanity and nature.
The historical record shows that the relationship between population growth
and fuel consumption levels is indirect and mediated through systems, and that
changes in the systems are the main determinants of consumption levels.
Much sociological research on consumption – not only of fossil fuels but of
goods in general, mostly in the rich countries – stops short of explaining the
relationships between individual consumption and these systems. Social habits
and routines, and the influence of consumerism, need to be considered in the
context of these systems. An example is the distinction between discretionary and non-discretionary consumption of fossil fuels, which much research
ignores. Part of the problem is the division of disciplines in academia: some
historians and researchers of society, who focus on individual consumption,
pay insufficient attention to the work of engineers and natural scientists, who
focus on inefficiencies in technological systems, and vice versa. Analysis needs
to be unified.
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Since the Industrial Revolution, energy carriers have increasingly been
supplied as commodities, via markets. Some of them, particularly electricity,
have alternatively been treated as a state benefit, to spur economic development by supporting industry and urban populations. Such provision came to be
seen as a right, one of the welfare benefits associated with the rise of the labour
movement and of forms of state socialism. Views of electricity as a commodity,
or as a right, clashed repeatedly: the liberalisation of the 1990s pushed back,
but did not destroy, the idea that electricity is a right. The commercial energy
system, in which this opposition persists, has never reached large sections of
the world’s population, particularly rural communities outside the rich world,
which rely on non-commercial energy systems based primarily on biofuels.
The chief driver of fossil fuel consumption growth since 1950 has been
economic expansion, and in particular the expansion of production, driven by
the constant impetus to capital accumulation. In quantitative terms, the only
interruptions in the constant upward trend of consumption have been major
economic crises (in the mid and late 1970s, and in 2008–9). The most significant
trends through which economic expansion has driven fossil fuel consumption
growth have been industrialisation, the transformation of the labour process,
electrification, urbanisation, motorisation and the growth of mass material consumption and consumerism.
In the rich countries, broadly speaking, during fossil-fuel-intensive post-war
industrialisation, consumer goods that were previously luxuries became
affordable for millions of working people. From the 1980s, people tended to
work longer hours to pay for fossil-fuel-intensive cars, houses and appliances.
Cheap fossil fuels and electricity changed the labour process both in industry
and in the home, where electric refrigerators, washing machines and vacuum
cleaners, as well as gas cookers, lightened the physical load of domestic labour.
But electrification, like other technologies, has made little difference to the
hours worked, whether by employed or domestic labour.
Motorisation provides a graphic example of how technological, social and
economic systems shape fuel consumption trends. In the USA from the 1920s,
government and car manufacturers deliberately undermined railways and public
transport to ensure the dominance of private cars and trucks over the whole
transport system; infrastructure spending favoured roads; this state support was
complemented by marketing techniques (heavier cars, planned obsolescence).
Car-based urban transport and fossil-fuel-intensive buildings combined in
fossil-fuel-intensive urbanisation, which was generalised across the rich world
in the post-war boom, and parts of other countries from the 1980s – despite the
dangers of global warming having been confirmed by then.
Electricity networks, which accounted for one tenth of fossil fuel consumption in 1950 and one third by the 2010s, were shaped by social and economic
changes. Electricity infrastructure was mainly constructed by the state. Private
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companies nowhere implemented rural electrification; privatisation in the 1990s
did not advance it. In the Soviet Union and China, as in capitalist countries,
electrification of towns and industry took priority over the countryside. The
way that social and political forces shape technological systems is graphically
illustrated, as in varying patterns of electrification in different Indian states.
In the post-war boom, when the rich countries’ economies expanded more
rapidly than at any other time, fossil fuel inputs, cheap relative to the cost of
labour, played a fundamental role. The 1970s oil price shocks rebalanced the
oil market away from the state-supported rich-world oil companies towards
producer nations, and put an end to the assured supply of cheap energy. They
coincided with economic crises that form a turning point in the history of fossil
fuel consumption. Thereafter, consumption increased more slowly in the rich
countries, due partly to efficiency improvements in industry but, more significantly, to the export of energy-intensive industries to developing countries. From
the 1980s, fossil fuel consumption grew more rapidly in the latter, culminating
in the large increases during the Chinese industrial boom of 2003–8. At every
stage, technological opportunities for energy conservation were limited almost
entirely to those that coincided with the private interests of industrial fossil fuel
consumers; potential for electricity network decentralisation, and conservation
in industrial processes, was obvious technologically, but left unrealised.
Increased fossil fuel consumption outside the rich world from the 1980s was
accompanied by the appearance of forms of mass individual consumption that
were already ubiquitous in rich countries. But it did not reduce the inequalities inherent in systems of consumption, which reflect those in society as a
whole. More than 1 billion people remained without electricity access, and an
even larger, and growing, number had limited and/or sporadic access. Most
people in both groups relied, and rely until today, on non-commercial biofuels
for cooking and other essentials. Those living in the large grey area between
commercial and non-commercial energy systems – very often, the urban poor
outside the rich world – have often framed access to electricity as a human right,
in opposition to attempts to introduce it as a paid-for service, and participated
in social movements demanding access.
Some further conclusions concern the transition away from fossil fuels.
The discovery of global warming in the 1980s provided an imperative for this
transition quite unlike anything previously. The greenhouse effect, by which
fossil fuel consumption and other economic activities are directly causing a rise in
global average temperature – which in turn causes sea level rise, volatile weather
and other physical changes inimical to society – is the most extreme result of a
dislocation, or rupture, between human society as currently organised and the
natural environment. The scientific consensus is that action should be taken
to avert an average temperature rise above 1.5º–2ºC higher than pre-industrial
levels (although the perception of ‘safe’ limits, which involves assumptions that
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are not universally shared, can not be normative). The global carbon budget
available to meet these targets will be used up in one or two decades at current
rates of consumption.
The international talks since Rio have completely failed to make any progress
in terms of reducing fossil fuel consumption. The widening gap between the
targets referred to in agreements, and the practical outcomes of 25 years of
international diplomacy, speaks volumes. Underlying this is a major crisis
for the leading states: they ground their claims to legitimacy in terms of representing society as a whole, but have clearly abandoned the common social
interest to the private interest of elites. International action under the Kyoto
protocol (1997) was limited to market schemes that have been a discredited
failure; in the 2000s, some timid elements of regulation have been added, but
their effect has been dwarfed by the overall increase in fossil fuel consumption.
Meanwhile, a huge industry has sprung up, producing reports and advocating
solutions for the talks, as they have drifted further and further from a solution.
The Copenhagen (2009) and Paris (2015) conferences were the culmination of
this process of failure. An important function of analysis must be to separate
the reality of policy outcomes from the discourse around the talks that acts as
a lever to constrain discussion about global warming within the framework of
market-based solutions.
The limited progress made in reducing fossil fuel consumption has been due
mainly to (i) some state regulation, e.g. in Europe, Japan and China, and (ii)
the development of renewables for electricity generation. On the other hand,
negligible progress has been made in reducing emissions by transport, industry,
construction and agriculture. The true measure of governments’ collective
commitment to reducing fossil fuel consumption is not the declarations made
during the Rio process, but the level of subsidies to both production and consumption, that run into hundreds of billions of dollars per year, and rose in
the 2000s.
The transition away from fossil fuels is not solely a technological issue.
Energy-intensive technologies have been privileged over less energy-intensive
ones (such as, cars over buses and bicycles), not because the latter do not exist,
and sometimes not because the latter are less economically viable, but for a
complex of social, political and economic reasons (in this case, the centrality
and lobbying power of the car industry, trends in urban development, and so
on). Similarly, the production of commercial energy from fossil and nuclear
fuels has been privileged over renewable technologies, and not for technological
reasons, as the example of solar power’s ‘false start’ in the 1970s shows. Fossil
fuels have had not only the advantage of incumbency, but also the political
support implicit in the high level of subsidies.
The third Industrial Revolution in computer and communications technologies, since the 1980s, showed how social and economic systems constrain
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technological potential. On one hand, the possibilities for Internet-type technologies to conserve energy by transforming management of, and enhancing
decentralisation of, electricity networks, have not been tapped. On the other
hand, the expansion of the Internet under private commercial control has
created a major new source of avoidable, wasteful electricity consumption.
There are no simple or obvious formulas for hastening the transition away
from fossil fuels. The history of attempts to do so indicate that, first of all, progress
lies outside the framework laid down at Rio, which assumes that solutions must
be found within the narrow confines of ‘economic growth’ dogma. Transition
requires questioning the assumptions that political and social elites are able to
solve these problems at all, since clearly so many of them have a vested interest
in constraining solutions within frameworks on which their wealth and power
rests. The reaction of these elites to social and economic disasters that are either
related to global warming, or are similar to the problems it will undoubtedly
cause (flooding, agricultural problems and flows of refugees) indicate how they
will react to future crises caused by warming: by reinforcing their own control.
Radical social change that will produce the most favourable contexts for a
transition implies that society will take its future into its own hands and out of
the hands of political and economic elites. Visions and programmes need to be
developed for the transformation of technological systems together with social
and economic systems; not separately from them.
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Appendix 1
Measuring environmental impacts,
energy flows and inequalities
Researchers of the history of fossil fuel consumption face an array of statistics
and other numbers, measuring not only levels of consumption, but also the
impact of fossil fuel use on the environment (primarily, but not only, via CO2
emissions), the way that fossil fuels are used in technological processes, and
inequalities in forms of consumption. All of these numbers highlight some
realities, and push into the background, or omit, others. Those most relevant to
this book are outlined here.

Measuring environmental impacts
With the growth of environmentalism in the rich countries from the 1960s,
academic researchers began systematically to try to measure the negative impact
of human activity on the natural environment. In 1970, a controversy erupted
on interpretive issues between the biologist Paul Ehrlich (a neo-Malthusian
advocate of population control) and ecologist John Holdren on one side, and
the plant physiologist Barry Commoner on the other. Commoner sketched
some calculations covering the US economy in the post-war period, from which
he concluded that the main cause of atmospheric pollution was technological
change, rather than rising population or rising living standards. His examples
included pollution from electricity generation, nitrogen fertiliser manufacture
and chemical wastes. Perhaps the most memorable concerned the introduction
of the non-returnable beer bottle, which meant that in the USA between 1950
and 1967, population rose by 30 per cent, beer consumption per capita rose
by 5 per cent and the number of bottles used per unit of beer shipped rose by
408 per cent. It was the new bottles that strained resources far more than the
increase in population or in the amount of beer being consumed, Commoner
wrote. This, he argued, supported his view that the misuse of technology, not
population growth or rising affluence, was the primary cause of damage to the
environment.1
Ehrlich had appealed to Commoner privately not to publish his results, on
the grounds that they would obstruct the campaign for population control.
Commoner rejected this indignantly, and a bad-tempered polemic followed.
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Ehrlich and Holdren argued that the impact of population growth on the environment was ‘disproportionate’, and outweighed other factors; Commoner
insisted that ‘the technological factor’ was far more significant, and that Ehrlich’s
view had been skewed by his fervent populationism.2 Ehrlich took an initial
formula with which Commoner had made his estimates, and rewrote it as:
Impact = Population x Affluence x Technology
This formula, known as IPAT, served as the basis for many subsequent
attempts to measure numerically damage to the natural environment by human
activity.3 Researchers developed versions of it using scales such as GDP per
head to measure affluence, and scales such as the intensity of greenhouse gas
emissions in economies to measure technology. These ‘top down’ statistics can
only reflect complex processes in limited ways, and miss many economic and
technological phenomena uncovered by ‘bottom up’ investigations. Such methodological problems have long been obvious. Applying the equation ‘has led
to the elementary logical error of aggregation, whereby calculations are made
at the global level, without concern for whose population is increasing, whose
consumption is growing and who is benefiting from technological change’, a
development researcher pointed out in 1992.4
Notwithstanding such warnings, much research made an a priori assumption
that consumption by individuals – as opposed to social, economic and technological systems – constituted the best framework for studying environmental
impacts.
In the early 1990s, researchers working with the IPCC sought ways of
measuring the drivers of greenhouse gas emissions, rather than environmental
impacts more generally, the subject of the Ehrlich-Holdren-Commoner controversy. From their discussions emerged the following equation,5 based on
IPAT and named the Kaya identity after Yoichi Kaya, the energy researcher who
proposed it:
Carbon dioxide emissions = carbon dioxide emissions per unit energy x
energy per unit output x output per capita x population.
A great deal of research on drivers of greenhouse gas emissions, including publications relied on by the IPCC, has used the Kaya identity as a starting-point,
to support, for example, the headline conclusion in the most recent IPCC report
that ‘economic and population growth continue to be the most important
drivers of increases in CO2 emissions’.6
During the 1990s and 2000s, researchers in the field of human ecology
developed a critique of the IPAT formula and its derivatives, including the
Kaya identity. Thomas Dietz and Eugene Rosa argued in 1994 that, despite
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its ‘appealing features’, IPAT had ‘serious limitations’, and above all lacked ‘an
adequate framework for disentangling the various driving forces of anthropogenic environmental change’. They warned against drawing ‘strong conclusions’
on the relative importance of population, affluence and technology ‘despite the
paucity of strong evidence’, and took aim in particular at a joint study by the US
National Academy of Sciences and the Royal Society of London that asserted
that population growth was ‘a major threat to human well-being’. Donella
Meadows, one of the authors of the influential Limits to Growth report (1972),
in 1995 pointed in alarm to the IPAT formula’s capacity for encouraging crude
populationism. She quoted approvingly campaigners who denounced IPAT as
a ‘bloodless, misleading, cop-out explanation for the world’s ills’ that ‘points
the finger of blame at all the wrong places’ and ‘leads one to hold poor women
responsible for population growth without asking who is putting what pressures
on those women’.7
Dietz and Rosa proposed a reformulation of IPAT as a stochastic model (a
mathematical method for producing randomly determined patterns that may
be analysed statistically but may not be predicted precisely). Such a model,
rather than claiming to show the relative importance of the driving forces,
could underpin research on each of the factors that could better illustrate their
significance. Dietz, Rosa and their colleagues used this method, given the
acronym Stirpat (Stochastic impacts by regression on population, affluence and
technology) in studies of the drivers of greenhouse gas emissions, employing
increasingly complex computer modelling techniques.8
In a later article (2012) surveying two decades of work, Dietz and Rosa
again warned of the limitations of IPAT and the Kaya identity. These equations
cannot be used to test hypotheses about the relative contributions of drivers of
emissions, they argued. The built-in assumption that the elasticity of emissions
to each factor is the same is ‘questionable’; and ‘they do not take explicit account
of culture and institutions’. This lack of attention to social forces by those trying
to quantify the physical impacts of human activity on the environment seems
to be exacerbated by the divisions between academic disciplines. Studies of
those physical impacts often ‘pay little or no attention to social systems and
social networks’, the environmental sociologists Artur Mol and Gert Spaargaren
concluded.9

Measuring energy flows
In the initial controversy between Commoner, Ehrlich and Holdren, the two
sides had disagreed not only about the interpretive framework, but also about
a significant detail: how much more energy would be used to make something
out of aluminium than to make it out of steel. Commoner believed aluminium
production was 15 times more energy-intensive than steel production; Ehrlich
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calculated it was five times. Energy researchers took up the challenge: Bruce
Hannon returned to Commoner’s example of non-returnable beer bottles,
and found that they used 3.11 times the amount of energy per unit of beer as
returnable bottles. It soon became clear that there were no agreed criteria for
such calculations, and no academic tradition to fall back on.10
In the USA, with the 1973 oil shock focusing political attention and research
funding on conservation, it was deemed urgent to formulate conventions for
measuring energy flows through economic systems. One method developed as
a result was net energy analysis, whereby researchers draw the boundaries of a
system (such as, a manufacturing process or branch of industry), and measure
energy flows through that system. Howard Odum pointed to the method’s
potential with an article showing that stripper oil well operations used more
energy than they produced. This was part of the groundwork that he laid for
holistic analyses of the flow of materials and energy through both natural and
social systems.11
Methods similar to input-output analysis, which was first developed by
the economist Wasily Leontief in the late 1940s, were adapted for net energy
analysis. Input-output analysis studied the relationship of different systems
and sectors in the economy by measuring flows into and out of them by their
monetary value. Some early studies applied this method to energy systems.12
Then a team at the University of Illinois began to measure, instead, in energy
units (i.e. joules) rather than money – drawing criticism from economists who
argued that energy units might no more accurately reflect economic processes
than monetary ones.13
Research funding for net energy analysis and associated methods in the
USA suffered as a result of president Reagan’s attack on environmentalism.
After his Executive Order (1980) that required regulatory action to be justified in economic, rather than net energy or environmental, terms, funds went
elsewhere. But internationally, such research methods were boosted by the
Brundtland Commission (1987) and the acceptance of sustainability as a political principle. Daniel Spreng published an important overview of the application
of net energy analysis in 1988. Thereafter, net energy analysis methods were
included in larger holistic studies of flows such as life-cycle analysis to track the
origin of greenhouse gas emissions; and material flow analysis, applied both to
energy carriers and to other materials used in the economy.14
The new discipline of environmental sociology often combined qualitative
research on social change with quantitative methods that bridged economics,
engineering and the natural sciences. Flow analysis became increasingly sophisticated in sub disciplines including industrial ecology and environmental
systems research.15 More recently, net energy analysis has been combined with
process analysis in industry, which asks which goods and services are required
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to produce a product, distinguishes between energy and non-energy inputs, and
examines the non-energy inputs in turn to see what energy inputs it required.16
Since the 1990s, researchers have applied net energy analysis, or similar
techniques, to household energy consumption, to investigate how differences
in income, between rural and urban households, and other differences, impact
consumption. An important distinction was drawn between discretionary and
non-discretionary consumption, i.e. between energy that individuals decide to
consume, and energy consumed in the course of flows outside the consumers’
control.17 Unfortunately this distinction has yet to gain wide acceptance,
possibly, in part, because of the division between academic disciplines – in this
case, insufficient communication between the engineers and economists who
dominate quantitative research projects on consumption, and the environmental sociologists who developed the idea.

Measuring inequalities
The adoption of the UN Framework Convention on Climate Change
(UNFCCC) in 1992 was accompanied by diplomatic and political disputes
over the principles that would guide future emissions reductions, and possible
financial compensation for past emissions, to be paid to developing countries
by rich countries. Against this political background, the calculation of past,
present and future emissions per head of population assumed great importance.
A consensus eventually formed around estimates calculated by academic
researchers from international organisations’ statistics. The figures graphically
reflected broader economic inequalities – within limits.18 Developing countries
with large energy sectors, or energy-intensive manufacturing sectors, had
higher emissions-per-head levels than those without, but this reflected only the
state of their export industries, not the level of fossil fuel use or other emissionsproducing activity by their citizens. Moreover, the research showed inequalities
between nations, but not within nations.
In the 2000s, against a background of deepening global inequalities on one
hand, and the sharp increase in CO2 emissions from developing countries
on the other, efforts were made to refine the quantitative research, including
consumption-based accounting of CO2 emissions, i.e. counting the emissions
associated with goods and services in the country in which they were consumed,
rather than the one in which they were produced.19 So the emissions caused
by the production of 1000 steel bars manufactured in China and exported to
the USA would be attributed to the USA. The methodology could only imperfectly capture the effects of inequalities between nations: in the example given,
it counted the emissions from the steel mill but not, for instance, of the urban
infrastructure required to support it.
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Another attempted refinement sought to gauge – again using ‘top-down’ statistical methods –inequalities in emissions within nations. A US-based research
team sought to apply the principle of ‘common but differentiated responsibilities’ for CO2 emissions (as laid down by the UNFCCC) to ‘individuals instead
of nations’. The conclusions – that 1.13 billion ‘high emitters’, including many
in developing countries, would have to help meet ‘tough global atmospheric
stabilisation targets’, and that ‘no country gets a pass’, because even the poorest
countries have individuals who exceed the researchers’ ‘universal emission
cap’ – were criticised for being ‘at odds with economic theory and empirical
data’. The authors’ assumption that they could derive the level of individuals’
emissions from income data was ‘implausible’, the critics argued.20 The research
also failed to solve the wider problem with emissions-per-capita statistics, that
they do not (and can not) reflect the way that fossil fuel consumption and other
emissions-generating activities are carried out by social and economic systems
rather than individuals.
An attempt by two high-profile economists to pursue the ‘individuals instead
of nations’ approach,21 in support of proposals for an ‘equitable adaptation
fund’, points to a still more eye-watering gulf between the richest and poorest
individuals, but has not rectified the problems inherent in methods based on
consumption-per-head statistics. Recent research that quantified greenhouse
gas emissions according to nations and economic sectors, while developing
an updated form of net energy analysis to account for trade flows (e.g. manufacture of energy-intensive goods in one country for consumption in another
country)22 may open up a more promising avenue.

Measuring primary and secondary energy consumption
The building blocks for analyses such as those mentioned above, or for
narratives such as the one in this book, are raw statistics that measure physical
phenomena: population, volumes of CO2 emissions, and so on. Statistical
measurements of international primary and secondary energy consumption,
including fossil fuel consumption, are published by the International Energy
Agency (IEA); the UN Statistics Division; the Energy Information Administration (EIA) of the US Department of Energy; and BP, the oil company. For
readers outside the university system, the BP statistics are most easily available;
they are published annually in the company’s Statistical Review of World Energy,
and can be downloaded as PDF or EXCEL files. The Shift Project Data Portal
is a reliable secondary online source of statistical series.23 The IEA statistics,
which start from 1971, give the most comprehensive sectoral breakdown, and
the clearest view of the distinction between primary and secondary energy.
Selections are available on open access on the IEA web site.

Pirani.indd 206

26/07/2018 16:06

appendix 1. measuring impacts, flows and inequalities 207
There are striking differences between these sets of statistics, concerning (i)
non-commodified energy, and (ii) renewable energy sources.
The BP Statistical Review and the EIA’s international statistical series count
only commercially traded energy, and thereby exclude the biomass that dominates the energy balance of many African and Asian countries. (This provides a
telling insight into how BP executives, and the US government, see the world).
The IEA and UN statistics, by contrast, include estimates of non-commercial
energy use.
Energy from renewable sources (hydro, wind and solar) used to generate electricity is treated differently by different statisticians. The dilemma arises because
the methodologies were developed at a time when attention was focused on the
ratio between primary energy supplied to electricity generation and secondary
energy produced as electricity. In the case of electricity generation from hydro,
wind or solar, the primary energy is not transformed chemically (as fossil fuels
are). These are flows, rather than stocks: a small proportion of the primary
energy (such as, the sun’s rays or the force of falling water) drives the technological process but is left chemically unchanged. Engineers’ attention is focused on
technical improvements that can raise the proportion of energy captured.
The statisticians’ dilemma is: what number should go in the primary energy
consumption columns to represent these renewable inputs? The IEA and UN
Statistics Division use the physical energy content method: they count the
energy content of the electricity produced by the dam, wind turbine or solar
panel, and use that number to represent primary energy consumption (primary
energy content is assumed to be the same as secondary energy content). BP and
EIA statisticians, in accordance with a predominantly commercial approach, use
the partial substitution method: they count the energy content of the electricity
produced by the renewable source, calculate how much primary fossil energy
would have been needed to produce that electricity in a 38-per-cent-efficient
plant, and use that number to represent the primary energy.24 So their numbers
representing primary energy from renewables are more than two-and-a-half
times higher than the IEA’s. This makes a noticeable difference in countries
where hydro makes a significant contribution to electricity generation. For
example, hydro’s contribution to Norway’s energy balance was in 2012 measured
as 12.2 million toe by the IEA (using the physical energy content method) and
32.3 million toe by BP (using the partial substitution method).
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Additional figures and tables
The following figures and tables provide additional context for the text. The
chapters to which they are relevant are indicated.
For Chapter 1. See p. 20.
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Source: Darmstadter, Energy in the World Economy, p. 10
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For Chapter 4. See p. 65 and p. 67.
Table 11

Nigeria energy balance, and uses of crude oil

Millions of tonnes of oil equivalent
Total primary energy supply
Coal & peat
Oil & oil products
Gas
Hydro & other renewables
Energy supply to final consumption
Energy supply for transformation
Coal & peat
Oil & oil products
Gas
Hydro & other renewables
Other/statistical adjustment
Energy sources for transformation (= sum of energy used and
outputs)
Transformation: energy used
Energy used in producing electricity
Energy used in oil refineries
Other energy industry own use and losses
Other transformation
Transfers & statistical differences
Transformation: outputs
Electricity
Final consumption: energy sources
Coal & peat
Oil & oil products
Gas
Hydro & other rnwbls
Electricity
Final consumption: uses of energy
Industry
Iron & steel
Chemical & petrochemical
Other industry
Transport
Road
Rail
Domestic navigation and other transport
Residential
Commercial and public services
Other
Non-energy use Chemical feedstocks
Other non-energy use
Memo items
Oil
Produced and exported
Produced for domestic use

1971
33.2
0.1
1.7
0.2
31.2
31.9
2.0
0.3
0.2
0.1
1.0
0.4
2.0

1991
69.6
0
11.2
4.0
54.4
62.2
9.0
0.1
3.3
3.3
1.5
0.8
9.0

2011
126.9
0
11.8
12.2
102.8
111.3
19.7
0
0.7
8.8
8.2
2.1
19.7

0.2
0
0.2
0.9
0.6

1.3
0.2
2.8
1.0
3.0

2.7
0.1
5.2
7.7
2.1

0.1
31.9
0.1
1.5
0
30.2
0.1
31.9
0
0
0.8
0.8
0.1
0.1
30.0
0
0
0
0.1

0.7
62.2
0
7.9
0.7
52.9
0.7
62.2
0.1
0.3
1.8
5.1
0
0
52.2
1.9
0
0
0.7

2.0
111.3
0
11.2
3.5
94.6
2.0
111.3
0.3
0.2
9.3
8.5
0
0
88.2
2.3
1.5
0.9
0.1

75.1
2.0

79.5
14.6

123.9
6.0

Notes: More than 99% of the ‘hydro and other renewables’ in Nigeria comprises biofuels and
waste, i.e. fuelwood and other non-commercial fuels. This information is presented as a graphic, in
Figure 7.
Source: IEA Energy Balances
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Global uses of electricity
mtoe

Total final consumption of electricity
Iron and steel
Chemical & petrochemical industries
Non-ferrous metals
Non-metallic minerals
Other industry
Rail
Other transport
Residential
Commercial and public services
Other

1971

377518
28614
37928
23816
10279
103715
9339
373
85706
55147
22601

%

mtoe

100%
7.6%
10.0%
6.3%
2.7%
27.5%
2.5%
0.1%
22.7%
14.6%
6.0%

860317
44881
64877
41990
19852
216230
8968
11665
227988
181057
42809

1991

%

mtoe

2011

%

100% 1587297 100%
5.2% 91413 5.8%
7.5% 89183 5.6%
4.9% 72738 74.6%
2.3% 44492 2.8%
25.1% 375591 23.7%
1.0% 18444 1.2%
1.4%
6774 0.4%
26.5% 428672 27.0%
21.0% 363301 22.9%
5.0% 96690 6.1%

Source: IEA Energy Balances

For chapter 5. See p. 80.
Table 13

Shares of global oil production, per cent

per cent

1929

1950

1965

1972

North America
Europe
USSR
Africa
Latin America
Middle East
East Asia
Total
World total production, tonnes

68.3
2.8
6.4
0.1
16.1
6.3
n/a
100
211.1

53.3
1.9
7
0.4
19.2
18.2
n/a
100
537

31.2
2.5
15.5
6.8
14.4
26.7
2.9
100
1567.9

24.2
1.6
15.2
10.4
8.9
34.4
5.3
100
2640.6

Sources: UN, World Energy Supplies in Selected Years, 1929-1950; BP Statistical Review (for 1965
and 1972)

For chapter 6. See p. 99.
Table 14 Prices of petrol and electricity, 1980

Petrol price, US cents per litre
Price for final consumer
Including tax
Average electricity price, US cents per kWh
For industry
For households

USA

West Germany

France

UK

31.42
3.17

62.3
30.8

75.7
43.2

64.2
26.7

3.69
5.36

8
12.27

6.71
11.02

5.5
8.11

Source: Claire Doblin, The Growth of Energy Consumption and Prices, pp. 46–9
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1990

4.2
532.4
485.3
46.0

15.2

Non OECD, excluding the former
Soviet Union
1487.0
US
1311.3

131.3

248.7

102.2

2941.6

Thailand

UK

Germany

Italy

OECD

44.2
1107.8

240.8
114.9

40.7%
43.6%
40.0% 3105.5

88.6

42.6

138.2

9.1

35.0%

28.9

27.7%

25.5

745.9
397.9

79.9

16.0%

238.9
80.2

35.8% 1983.5
37.0% 1293.5

664.2
243.5

39.5%
27.2%

Note. For Germany, the 1980 figure is for the western part only. Source: IEA Energy Balances

1177.7

44.5

101.2

8.0

49.6

Indonesia

195.0
47.2

35.7%

38.4%

36.8%

30.8%

37.6%
30.8%

31.5%

31.9%

42.7%
32.9%

By
Ind’y as % Total
By
Ind’y as %
industry of total
industry of total

493.9
173.8

Total

1980

China
India

In millions of tonnes of oil
equivalent (total and by industry),
and industry as % of total

Table 15 Industry’s role in fossil fuel consumption

For Chapter 10. See p. 154.

3642.6

128.8

231.4

150.7

2566.7
1546.2

50.6

121.2

815.5
315.4

Total

2010

1269.6

46.0

76.0

45.1

991.8
480.5

22.4

40.4

384.4
110.3

84.9

149.7

44.6

49.7

828.1
186.2

130.0

229.0

137.4

39.4

77.6

32.5

34.9% 3686.7 1152.2

35.7%

32.8%

29.9%

38.6% 4020.7 1751.5
31.1% 1500.8 398.1

44.2%

33.3%

47.1% 1525.7
35.0% 474.7

31.3%

30.3%

33.9%

23.6%

43.6%
26.5%

52.5%

33.2%

54.3%
39.2%

By
Ind’y Total
By
Ind’y
industry as % of
industry as % of
total
total

2000
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