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So apart from improving the energy efficiency of the buildings and
appliances in the industrial sector, where the approaches are similar to
those in the domestic and services sectors, there are other measures that
apply specifically to industry. In particular, these include ‘cascading’ of
energy uses, where ‘waste’ heat from a high-temperature process is used to
provide energy for lower temperature processes; and the use of high-
efficiency electric motors, pumps, fans and drive systems, with accurate
matching of motors to the tasks they are required to perform, and accurate
sizing of pipes and their associated pumps.

Dematerialization

The measures that can be adopted by industry also include reductions in
the material content of products, for example in car bodies or drinks cans,
where thinner metals can be used without any reduction in the required
strength; or the substitution of less energy-intensive materials, as in the
use of plastics instead of steel for car bumpers.

These measures are one form of what has been termed ‘dematerialization’
—areduction in the material-intensity (and hence the energy-intensity) of
production.

Another form of dematerialization involves changes that are more social
than technological. It occurs when the structure of a country’s entire
economy shifts towards less energy- and materials-intensive activities. For
example, in the UK the steel industry today accounts for a much smaller
share of the country’s gross domestic product (GDP) than it did 20 years
ago. By contrast, the UK services sector now constitutes a much bigger
fraction of GDP than two decades ago. Since the service sector usually
requires less energy than the steel industry for every pound’s worth of
production, Britain's overall energy demands have been less than they
would otherwise have been. However, if the steel that was formerly
manufactured in Britain is now manufactured abroad but still imported to
the UK in similar quantities, all that has happened is that the energy input,
with its associated CO, emissions and their implications for global warming,
has been transferred to another country.

The transport sector

Motor vehicles (cars, vans, buses, trucks, motor cycles) dominate the
transport sector in developed countries. But this sector also encompasses
many other modes of transport, including rail, air and shipping, and non-
motorized transport forms such as cycling and walking.

As can be seen from Figure 1.49, the various forms of transport vary
enormously in their energy requirements per passenger-kilometre travelled.
Cycling and walking, of course, require no fuel input apart from food.

In most developed countries there has been an enormous increase in
transportation, measured in passenger-kilometres travelled annually, over
the past few decades (Figure 1.50). Most of this has involved motorized
transport, mainly fuelled by oil, and so energy use has also increased greatly,
as have the associated CO, emissions.
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efficiency of different modes of transport in the UK (source:
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motor cycles | | |
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Annual passenger-kilometres travelled in the UK, 1952-2000, by
de. Note: air travel data refers to internal flights only (source:
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Transport energy demand reduction: social measures

Clearly, one social way of reducing the energy required by the transport
sector is to shift a proportion of people’s journeys away from the energy-
intensive modes and towards the more energy-frugal modes. This process
is sometimes termed ‘modal shift’.

This could be achieved without reducing the total number of journeys, or
the overall distance travelled, so that the amenity or service enjoyed by the s
traveller would remain the same. If, for example, a greater proportion of
long-distance journeys within Europe were made by inter-city train rather
than by air, the overall energy demand involved could be reduced
substantially. Or if urban commuters made more journeys to work by rail
or bus instead of using their cars, the effects would be similar. And if§
householders walked to their local shops instead of taking their cars, 10
fossil fuels at all would be used for those journeys. Of course, if people are:
to undertake transport modal shifts of these kinds, they will need to be
encouraged by fast, comfortable, efficient services — or penalized into}
switching by such measures as congestion charging, which is beings
implemented in central London and other major cities. -

Transport energy demand reduction: technological measures

In addition to such social measures, there are numerous technological
options for improving the energy-efficiency of transport energy usés
Improving vehicle fuel economy is one obvious measure, and the averages
fuel economy (in miles per gallon, or litres per 100 km) of vehicles has
indeed improved very substantially in most developed countries over thé
past few decades. However, this improvement has been largely offset (in
the UK at least) by an increase in the total number of vehicle-miles travelled,’
and by increases in the average speeds of vehicles, both of which resultin
increased fuel consumption. :

Figure 1.51 The Toyota Prius, a ‘hybrid’ petrol-electric car
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ertheless, manufacturers continue to introduce new models with
dily improving fuel economy, partially spurred by legislation requiring
1 to do so. New approaches include ‘hybrid’ petrol-electric cars such
s the Toyota Prius (Figure 1.51).

ddition to such incremental improvements, there are also more radical

ssibilities, such as the ‘hypercar’, proposed by engineers at the Rocky
ntain Institute in the USA (Figure 1.52).

: 1.52 The ‘Hypercar’, designed by engineers at the Rocky Mountain Institute,
USA, would be streamlined and made of strong but ultra-light, composite

approach involves the use of strong but ultra-lightweight composite

als such as carbon fibre or Kevlar, combined with a highly streamlined
shell. The drive system is would either be of the ‘hybrid’ type,
ing of a small gasoline-fuelled engine augmented by electric motors
mall battery store; or a more advanced system employing a fuel cell
ed by hydrogen. Fuel cells are rather like conventional batteries,
pt that they are continuously re-charged by supplying fuel — usually
en gas — that reacts electrolytically with oxygen from the atmosphere
uce an electric current. In the hypercar, the fuel cell would generate
city for electric motors that provide power to the wheels. The
en fuel would either be stored in tanks in its pure form, or generated
d by ‘re-forming’ fossil fuels. The oxygen would come from the
nding atmosphere. Hypercars, their proponents claim, could achieve
n three and five time the fuel economy of current models, with

ns levels approaching zero in the case of the hydrogen-fuel cell
on.

ars may still be some way off, but major manufacturers such as
hrysler and Ford have recognized the need to make dramatic
ons in vehicle CO, emissions in the long term, and are investing
y hundreds of millions of dollars in the production of fuel-celled
es (Figure 1.53).

45



46

ENERGY SYSTEMS AND SUSTAINABILITY

R BT T
3 J-‘;

o

Figure 1.53 This Mercedes A-Class car is powered by a fuel cell running on hydrogen.
The manufacturers, Daimler-Chrysler, and other car-makers such as Ford and General
Motors, have announced plans to introduce similar cars on the market around 2004

The rebound effect

When individuals or organizations implement energy efficiency
improvements, they usually save money as well as saving energy. Howevet
if the money saved is then spent on higher standards of service, or additional
energy-consuming activities that would not have otherwise been
undertaken, then some or all of the energy savings may be eliminated.
This tendency is sometimes known as the ‘rebound effect’. For example, if
householders install improved insulation or a more efficient heating boiles
they should in principle reduce their heating bills. However, if they instead
maintain their homes at a higher temperature than before, or heat them for
longer periods, the savings may be wholly or partly negated. Alternatively
they may decide to spend the money saved through lower heating bills by}
taking a holiday involving air travel. Since air travel is quite energy-
intensive (see Figure 1.49) once again the energy savings will be offset b
increased consumption, albeit of a different kind. '

In devising national policies to encourage energy efficiency improvement,
Governments need to take the rebound effect into consideration. In some
cases, it may mean that the energy savings actually achieved when energy’
efficiency measures are implemented are less than expected. Another policy®
implication is that citizens should be given incentives to spend any savings’
they make when they implement energy efficiency measures in ways that
are energy-frugal rather than energy-intensive.
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Energy in a sustainable future

s chapter we have briefly introduced three key approaches to
ng the sustainability of human energy use in the future:

eaning-up’ fossil and nuclear technologies
tching to renewable energy sources
ng energy more efficiently

Cleaning-up’ fossil and nuclear technologies

is means mitigating some of the adverse ‘environmental’ consequences
sil and nuclear fuel use through the introduction of new, ‘clean’
logies that should substantially reduce pollution emissions and
hazards. These include ‘supply-side’ measures to improve the
oncy with which fossil fuels are converted into electricity in power
: cleaner and more efficient combustion methods; the increasing
f‘waste’ heat in combined heat-and-power schemes; and ‘end of pipe’
nologies to intercept and store pollutants before they enter the
onment. This approach also includes ‘carbon sequestration’ [Box 1.3]

“fuel switching’ — shifting our energy use towards less-polluting fuels,
 example from coal to natural gas. It may also be possible to ‘clean up’
power by adopting more advanced technologies that are safer and
the emission of fewer radioactive substances over the entire nuclear

Switching to renewable energy sources

use of renewable energy usually involves environmental impacts of
kind, but these are normally lower than those of fossil or nuclear

Ces.

ches (a) and (b) are essentially ‘supply-side’ measures — applied at
pply end of the long chain that leads from primary energy production
ful energy consumption.

| Using energy more efficiently.

" as we have seen, involves a mixture of social and technological
s, applied at the demand-side of the energy chain.

might these three approaches to improving the future sustainability
energy systems be combined in future? What are the various
bilities, and what are the main factors that will determine the ultimate

es?

hanging patterns of energy use

considering the feasibility, and the plausibility, of radical changes
rns of energy production and consumption, of the kind that will be
ed during first half of the twenty-first century if we are to progress
ds sustainability, it is useful to recall the profound changes that have
dy occurred in our energy systems during the latter half of the twentieth
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BOX 1.3 Carbon sequestration

One way of mitigating climate change that could be
important is called ‘carbon sequestration’. To sequester
means to ‘put away’, and sequestration of carbon
essentially involves finding ways of removing the
carbon generated by fossil fuel burning and storing it
so that it cannot find its way back into the atmosphere.

One way of sequestering carbon is to plant additional
trees which ‘soak up’ CO, from the atmosphere while
they are growing. However, whilst this could provide a
partial response to the problem of rising CO, levels,
the sheer magnitude of world emissions is now so
great that sequestration in forests alone is probably
impractical. It has been estimated that to sequester in
trees the carbon produced by world fossil fuel
combustion over the next 50 years would require the
afforestation of an area the size of Europe from the
Atlantic to the Urals. (RCEP 2000). Also, when these
trees eventually decayed and died, they would emit a
similar quantity of CO, to that which they absorbed
during growth, so it would be necessary to replace the |
old trees with new ones on a indefinite basis. i

Sleipner East
Production and Injection Wells

| However wood fuel from fast-growing plantations,
| managed sustainably, could be harvested and used asa

| would offset the carbon emissions that would {
| otherwise have been generated by burning the fossil =

| Another approach to sequestering CO, is to extractit =

| after combustion in, for example, a power station and

| indefinitely in disused oil or gas wells or in saline

| safety and economic viability of such techniques. They
| would only be a realistic option in the case of power :

| be practicable to apply this approach to emissions
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|

substitute for fossil fuels, instead of simply being
allowed to grow to maturity and then decay. This

]
i
|
1

fuels.

store it in some suitable location. It appears to be
technically possible to transport by pipeline large
quantities of post-combustion CO, and store it

aquifers beneath the sea bed (Figure 1.54). Further ;
research is required to confirm the feasibility, security,

stations or similar large installations: it would hardly

from vehicles or homes.

Sleipner A Platform

B
EHRE
;_,._* _'-:; Sleipner T Platform
Toeaeil
e T‘J\_H__—__
Gas from
Sleipner West

Utsira formation

Figure 1.54 Norwegian Statoil’s Sleipner field project. Gas from this field has a very high CO, content. Excess CO, is pumped into a saline
aquifer, the Utsira formation, about 800 m below the sea bed. A million tonnes per year of CO, are ‘sequestered’ in this way
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just after World War II most homes and other buildings were
coal. Most electricity generation was coal-fired, and most rail
t was propelled by coal-burning steam engines. Coal combustion
major pollution problems, including the notorious London ‘smogs’
in most winters caused the premature deaths of hundreds (and
nally thousands) of people until the introduction of the Clean Air

956.

ners perished in their dozens, and sometimes hundreds, in mining
ts every year, and many others died slowly of lung diseases caused
ling coal dust. Open coal fires in most houses were so inefficient
spite consuming large quantities of energy, they only heated a few
ffectively whilst the rest remained cold.

s were still owned only by a minority and air travel was confined
elite. Most people travelled by bus, train, cycle or on foot. Journeys
latively few, compared with today, and usually over quite short

Jate 1940s, the UK’s energy systems have been transformed.
gas, which burns much more cleanly and efficiently, was introduced
pidly to British homes and buildings from the 1970s, after its
beneath the North Sea, and has now replaced coal as the main
fuel for buildings. Most homes now have gas-fired central heating
which ensure that the whole house is maintained at a comfortable

still used for electricity generation, but flue gas desulphurization

rostatic precipitators now greatly reduce emissions of sulphur
ide and particulates. In new power stations, coal is increasingly being
ced by gas, which can be burned very cleanly and efficiently using
mbined cycle gas turbines. Nuclear power, since its modest beginnings
er Hall in 1956, now contributes around one-quarter of UK electricity.

e now owned by the majority, air travel overseas has become a mass
ot, railways are powered mainly by electricity, and travel overall,
ured in passenger-kilometres, has tripled since the 1950s (Figure 1.50).
is currently a net exporter of oil, thanks to its large North Sea
s, whereas before the 1970s all its oil was imported.

matic changes that have occurred in Britain’s energy systems during

st 50 years have, broadly, been paralleled in most ‘developed’

untries over the same period. Examples of changing patterns of energy
n other EU countries are given in Chapters 2 and 3.

n the scale and profundity of the changes over the past half-century, it
not seem unrealistic to suggest that equally-profound changes could
‘occur over the next 50 to 100 years, as we attempt to improve the
ability of our energy systems, nationally and globally.

-term energy scenarios

gin to understand the range of long-term future possibilities, let us
briefly at two major studies of future sustainable energy options, the
addressing the UK situation, the second taking a world perspective.
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The Royal Commission on Environmental Pollution scenarios

The UK’s Royal Commission on Environmental Pollution produced its 22n8
report Energy: the Changing Climate in June 2000. The commissiol
examined what changes would be needed in Britain’s energy systems if,
suggested by the various reports of the Intergovernmental Panel on Clima
Change (IPCC, 2001), it should prove necessary to reduce the country§
emissions of greenhouse gases by about 60% by 2050. '

The Commission investigated the various possibilities very thoroughly ang
summarized them in four ‘scenarios’ for 2050. Scenarios are not prediction
of what will happen, but plausible outlines of what could happen, unde
given conditions. In all four scenarios, the overall contribution from fossi
fuels is reduced to approximately 40% of current consumption, consistenl
with the 60% reduction in fossil fuel use required to achieve a 60% cuti
CO, emissions.

The RCEP scenarios are summarized in Box 1.4. They demonstrate thati
would be feasible for the UK to progress towards much greater sustainabili
(in terms of reducing CO, emissions) in its energy systems over the next
years. They also show that there are a number of ways in which this couls
be achieved. ]

The actual outcome over coming decades will depend on the extent
which we change our lifestyles and our technologies in order to consers
energy; how effective we are in generating and using it more efficiently
how rapidly we choose to develop and deploy renewable energy sources
how large a role we choose to give to nuclear power; and whether or nd
we decide to implement carbon sequestration and other technologies fof
‘cleaning-up’ fossil fuels.

The World Energy Council scenarios

What are the possibilities for radical changes in our energy systems wheg
viewed from a world perspective? There have been numerous studies
the various future options for the world’s energy systems. One of the mos
recent and most comprehensive was produced in 1998 by the Internationd
Institute for Applied Systems Analysis (IIASA) and the World Enem
Council (WEC), a version of which was published in 2000 as part of thé
United Nations’ World Energy Assessment (United Nations Developmen
Programme, 2000). IIASA is a leading ‘think tank’ based in Austria, whils
the WEC is a body that represents the world’s main energy producers and
utilities. For simplicity, we shall refer to their scenarios here as the Wo

Energy Council (WEC) Scenarios. :

There are six WEC scenarios in all, and these have been grouped into thre
‘cases’, A, B and C. Case B includes only one scenario, termed ‘Middle
Course’. Case A consists of three ‘High Growth’ scenarios, and case@
includes two ‘Ecologically-Driven’ scenarios.

Each scenario incorporates different assumptions about rates of economif
growth and the distribution of that growth between rich and poor countrie§
about the choices that are made between different energy technologies and
the rapidity with which they are developed; and regarding the extent {§
which ecological imperatives are given priority in coming decades. They
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nergy scenarios fr)r the UK in 2050

onstructed to ﬂlustrate the optmné -available for
supply for energy in the middle of the twenty-first
 to reduce carbon dioxide emissions from the bummg of

on 1998 demand, combmatum of renewables and

stations or large fossil fuel power startmns at whzch
ed and disposed of.

_uctians, renewables (no nuclaar power stations or o
sil fuel power stations). i

‘mductinns, combmaunn of renewablas and arthsr nuciear
e fnssll fuel power stations at which carbon dloxida i85
k.

_amand raduchoma renewahles [no nuclear powar
C larga fossil fuel power stations} :

these fouxscanarmsareas fdllows L

Scenario Scenario Scenario Scenario

| 2 3 4
ge reduction 57 60 60 60
carbon dioxide
D (percent
n from 1998
consumption)
e heat 0 50 50 66
heat 0 25 25 33
0 25 25 33
0 25 25 33
0 36 36 47
Y (GW) (annual
fuels 106 106 106 106
ttent renewables 34 26 16 16
renewables 19 19 9 4
d stations (either 52 0 19 0

or fossil fuel with
dioxide recovery)

Royal Commission on Environmental Pollution, 2000

ume that world population will increase from its current (2000) level
nd 6.1 billion to 10.1 billion by 2050 and 11.7 billion by 2100. (More
| UN projections, however, suggest that these figures may be over-
ates, with 9 billion as the new median population estimate for 2050
Nations, 2001). Other recent research also suggests that world
on is likely to peak before the end of the twenty-first century and
gin to decline. (Lutz et al., 2001)).
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Figure 1.55 (a) Global primary energy requirements, 18501990, and projected
requirements 19902100 in the three World Energy Council scenario ‘cases’, A, B and
C. World energy use here includes commercially-traded energy only;

(b) World population, 1850-2000 and projected population, 2000-2100 (see text)
(source: United Nations Development Programme, 2000)
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ts of these assumptions are shown in Figure 1.55 which also shows
ation growth from 1850 to 2000 alongside the various scenario

ns to 2100.

o¢ High Growth scenarios, the world’s economy expands very
at an annual average rate of 2.5% per annum — significantly faster
historic growth rate of about 2% per year. In all of them, primary
y intensity (the amount of primary energy required to produce a
worth of output in the economy) reduces quite rapidly, reflecting a
‘strong commitment to energy efficiency measures and/or

alization. The three scenarios differ mainly in their choices of
pply technologies. One is based on ample supplies of oil and gas;
to coal; and the third has an emphasis on non-

ables with some nuclear. By 2100, the High
tion rising

envisages a return
ources, mainly renew
 scenarios all envisage world primary energy consump
1800 exajoules, more than four times the 2000 level.

single Middle Course scenario, economic growth is lower than in
oh Growth scenarios, averaging around 2.1% per annum, close to
¢ average rate. Primary energy intensity improves rather more
oflecting a slightly lower world-wide emphasis on energy efficiency
nent. Energy supplies come from a wide variety of fossil, nuclear
swable sources, and by 2100 total primary energy consumption
ached more than 1400 EJ, over three times the 2000 level.

two Ecologically-Driven scenarios, world economic growth is 2.2%
um, slightly higher than in Middle Course, but there is a very high
s on improving energy efficiency, reflected in substantially lower
 energy intensity figures. Both scenarios feature a strong
ment of renewables, alongside a continued use of oil, coal and
gas. In one scenario, auclear energy is phased out by 2100 whereas
other some nuclear power is retained. Overall primary energy

ion increases to some 880 EJ by 2100, just over twice the 2000 level.

authors conclude that, judged in terms of their sustainability,

the High Growth scenarios (the third) includes many elements

gustainable development, though the other two High Growth

s do not. The Middle Course scenario, however, falls short of
most of the conditions for sustainable development.

ologically-driven scenarios, unsurprisingly, are much more
ble with sustainable development criteria, although one of them
a more radical departure from current policies since it envisages a
g-out of nuclear energy.
serall message of the WEG scenarios, examining possible solutions
orld scale, is similar to that of the RCEP scenarios for Britain: that
to much greater sustainability in our energy systems is feasible
the next 50-100 years; that there are a number of different paths to
nability; and that some paths are probably better than others.

nd

scenarios, and a number of other similar studies, will be examined
detail in the companion volume, Renewable Energy.

while, in this volume we now turn away from this general overview
mine in more detail our current energy systems and their
ability, starting with a look at our primary energy sources.

e —TTTTTT
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_Chapter 2

Primary Energy




'PRIMARY ENERGY

orld primary energy
mption

world is consuming primary energy at a rate of about 13.4

tts ¥
tement raises a number of questions.

primary energy”?

s the world consume energy?

are 13.4 terawatts, and how are they relat
mption of 10100 Mtoe quoted in Chapter 1?
do we know the world’s energy consumption? What are the sources
ergy data, and how reliable are they?

of this chapter addresses these essential questions about the
1d basis of our knowledge of the world’s use of energy. We will
1in a position to look at the situation in more detail. The chapter
with accounts of the changing contributions to world primary
er the past century or so, and the varying patterns of energy
ion and energy production across the different regions of the
illustrate these contrasts, it concludes with some details of the

energy history of a few selected countries.

ed to the world annual

t is primary energy?

y, primary energy is the total energy ‘content’ of the original
ce. Our main present resources are the fossil fuels (coal, oil and
gas) and the biofuels such as wood, straw, dried dung, etc. (The
content of the food we eat is not customarily included in the count.)
we can add the energy provided by nuclear power stations and by
ectric or geothermal plant and other ‘renewables’ such as solar or

nature of the definition becomes evident if we consider
systems such as solar panels or photovoltaic
d in the primary energy total,

athes a_l‘bit_‘[ary
lar energy. When special
s used, their output may be include
daily contribution of solar energy in warming and illuminating our

os does not normally appear in Lational or international statistics.
9.3 below discusses in more detail the methods used to assess and
re the various contributions to primary energy production or

) ption.

t is energy consumption?

of the most fundamental scientific laws states that energy is conserved.
not create energy or destroy it. If

total quantity stays constant. You can

we ten units of energy at the start, you have ten units of energy —
where — at the finish. In this sense, We never consume energy.

ever a matter of great practical importance that energy can take

¢ different forms, and what we can do — and have done at least since
ncestors first used fire — is to devise means of converting from one

——
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form to another. When we talk of consuming energy this is what we mean:
converting from the chemical energy stored in fuels such as wood, coal, oil}
or gas, from the energy stored in atomic nuclei, from the gravitational energg
of water in a high reservoir, the kinetic energy of moving water or the wind,
and the radiated energy of sunlight, into heat or electrical energy or light
or the kinetic energy of a moving vehicle. We’ll discuss all these forms of
energy later, but the first important point is this: Consumption is conversion:

BOX 2.1 ‘Conservation of energy’

Why should I switch off lights to conserve energy, when there is a law which k
states that energy is always conserved? E |

The question is of course mischievous, deliberately confusing two different
meanings of ‘conserve’. It is however important to appreciate that phrases
such as ‘conservation of energy’ do have these two meanings, both of which
are common in discussions of our uses of energy. The scientific law is
fundamental. It underlies all our reasoning, even when it is not speclﬁc.sllll.r
stated. In the other sense of the term, when we are told to ‘conserve energy’ by’
switching off unnecessary lights, we are really being asked to conserve energy
resources — in this case, the fuel consumed in power stations. Fortunately the;
context usually makes it clear which meaning is intended, and in practlce e
two senses of the word rarely lead to problems. '

‘Energy arithmetic’

Any serious discussion of energy must be quantitative:
‘My car uses very little petrol.’

In driving a thousand miles, or standing in the garage? Compared will
Saudi Arabian oil exports or with a bicycle?

The trivial example illustrates two requirements. In order to compz

quantities we must be able to measure them, i.e. we need units (litres, of
gallons, or tonnes); and then we must know which type of quantity weas
discussing (litres per kilometre, litres per year or just litres).

In 1960 the scientific world reached agreement on a single consistent s
of units: the Systeme Internationale d’Unités. The SI system uses th
main base units: the metre, the kilogram and the second, and the unitsfg
many other quantities are derived from these. Some of the derived unil§
such as metres per second for speed, reveal their base units immediately
whilst for others the combination of base units has been replaced by
specific name. The name of the SI unit for energy is the joule, abbreviae
J, and you’ll find more details of this and other SI units in Appendix A.l
everyday terms, one joule is a rather small quantity of energy — roughly .'_
amount needed to toss a medium-sized apple just one metre vertica
upwards.

One of the happier consequences of the energy debates of the past fei
decades has been a growing appreciation of the advantages of using thi
universal unit for all amounts of energy. Nevertheless, if you open a bog
or technical paper, you can still find yourself in a rather less tidy world
Quantities of energy are quoted in tonnes (or tons) of oil or coal, cubi
metres of gas, kilowatt-hours, terawatt-years, therms, calories and Calorie
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are to follow the real world debate, we must come to terms with

an:
oil ccordingly, one aim in this chapter is to introduce the art of ‘energy
rSdY ' _ of converting between different ways of specifying quantities

nad,

ht
;guf to use extremely large numbers can also lead to problems. Most
Ofk isualize a dozen objects, perhaps even a hundred, but who can
400000000 0007 We cannot avoid such very large numbers, but

be made more manageable by using special names, or more
ways of writing them. Appendix A explains these methods in
d Table 2.1 is a short summary of the prefix names used in this

| Prefixes

prefix  multiply by'?
kilo- one thousand
mega- one million

giga- one billion (one thousand million)

tera- one trillion (one million million)

peta- one quadrillion (one billion million)

exa- one quintillion (one billion billion, or one million million
million)

¢ each multiplier is one thousand times the previous one.
ipliers beyond one million have the now usual USA meanings: one billion is
4 million and not one million million as in the older British usage.

with

At is one million million watts —but what is a watt? The important

pare
s, Or ‘that a watt is not a unit of energy, but a rate at which energy is
e are sformed or converted from one form to another. Technically a
a unit of power, of energy per second:

1t set watt is by definition one joule per second.
hree 600 W heater is converting electrical energy into heat at a rate of
s _f°1' es in each second. And we, the population of the world, with our
nits, I rate of consumption, are converting 13.4 million million joules of
itely, s energy every second into the forms of energy we want (and a great
bya waste heat).
iated :
A.In
y the att-hours
cally owatt-hour (kWh) is a unit of energy.

kilowatt-hour is the amount of energy converted in one hour at a
t few of one kilowatt.

thi

gb i 0113( ater in a 3 kW clothes dryer, for instance, used for 40 minutes (two-
mer of an hour), converts 2 kWh of electrical energy into heat energy.
cubic y quantity of energy, a kilowatt-hour must of course be equal to a
ories, number of joules. The reasoning in Box 2.2 shows that one kilowatt-

is 3.6 megajoules.
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Itis important to appreciate that the kilowatt-hour and the watt are gene
units for energy and power respectively. Although many of us meet k
first in the context of electricity, they are equally applicable to the en8
you use and the power you develop in running up a flight of stairs.

BOX 2.2 kW and kWh

We note that 1 kW is 1000 watts (Table 2.1), and that there are 3600 second:
in an hour. ]

Power
1 watt = 1 joule per second
1 kilowatt = 1000 joules per second

1 kilowatt = 3600000 joules per hour

Energy
1 kilowatt-hour = 3600000 joules
1 kWh = 3.6 MJ

BOX 2.3 Per capita consumption

It can be useful to convert very large numbers into more manageable
quantities. Instead of total world energy consumption, we might consider
average consumption per person.

The world rate of primary energy consumption is 13.4 TW, which is 13.4
million million watts, and the world population is about 6100 million peop
The average per capita rate of consumption is therefore 1

13 400000 + 6100 = 2197 watts.

On average, therefore, we are each consuming primary energy at a steady
of about 2,2 kW.

There are 24 hours in a day, so the daily consumption per person is
2.2 kW x 24 hours = 53 kWh.

On average, therefore, we each consume just over 50 kWh of primary ene
every day.

Remembering that 1 kWh is 3.6 MJ, this becomes about 190 MJ, which is
energy content of a little over five litres of oil - about one and a quarter
gallons.

So the average person — man, woman and child - uses the energy equivalen
of just over a gallon of oil a day. This must of course supply all our energy
needs: food production and a water supply, the provision of housing, heat fo
cooking and to keep us warm, clothing and manufactured goods, transport o
people and freight, communications and entertainment, and the medical,
educational and other services that we expect.
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general _
ot them
energy

Quantities of energy

ion of national or international energy data was largely a
elopment of the second half of the twentieth century, but records of
lings in commodities are as old as trade itself. During the eighteenth
nineteenth centuries, coal became an extremely important commodity
sloping countries such as Britain. As it was also the dominant energy
the data on coal production and consumption came to serve as
al energy data for much of the period. When new energy sources
as oil began to appear; it was natural to assess their contributions in
of the quantity of coal they could replace, and Britain continued to
s into the 1980s, expressing all national energy data in tonnes of coal
ent.

awhile, some of the most accessible international energy data were
g assembled and published by the major oil companies, and not
ingly their favoured unit for energy was the tonne of oil equivalent.
UK, where oil has been the major fuel since 1970, the national
dtics now tend also to use tonnes of oil equivalent.

its based on oil

oil is burned, whether in a furnace or an internal combustion engine,
emical energy is converted into heat energy. One tonne of oil
alent (toe) is simply the heat energy released in the complete
ion of 1000 kg of oil. This varies between crude oils from different
,but a commonly used world average is 41.88 GJ (41880 MJ). When
a do not justify this precision, 42 GJisa useful approximation. World
al primary energy consumption then becomes 10100 Mtoe (Box 2.4).

el Fillinj barrels ata Pennsylvania oil well in 1870

——4
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This of course includes all forms of energy, so the actual world oif
consumption of 3500 million tonnes a year accounts for just over a thirdof
the total.

Another measure of quantity of oil and correspondingly of energy is the
barrel. This odd unit, alien in a world of pipelines and super tankers, comes
from the size of the barrels used to carry oil from the world’s first drilled
well in Pennsylvania in the 1860s. One barrel is 42 US gallons or 35 Imperidl
(British) gallons — about 160 litres. ]

How is a barrel of oil related to a tonne of 0il? A barrel is a certain volumé
whereas a tonne is of course a mass, and crude oils from different source
have different densities, so more barrels would be needed to hold one tonné
of a ‘light’ crude than for a ‘heavier’ one. The solution has again been o
adopt a world average: 7.33 barrels to the tonne. Using this we find that the
energy content of one barrel is approximately 5.71 GJ, and this is one barrel
of oil equivalent (boe). The oil industry commonly expresses data in millios
barrels daily (Mbd). In 2000, for instance, world oil consumption was 73:
Mbd, and world total primary energy was equivalent to 203 Mbd (Box 2.4}

Finally, we have the everyday units for the fuel used in our vehicles: thé
litre and the gallon. Petrol (gasoline) has a slightly higher energy contenl
per tonne than crude oil — about 44 GJ. But it has an appreciably lo C
density, and in terms of volume, the energy content is about 150 M] pé
Imperial gallon, or 33 MJ per litre, compared with nearly 36 MJ per litre

crude oil.

BOX 2.4 World energy in Mtoe, Mbd and TW

In terms of the accepted SI unit for energy, world
annual primary energy consumption for the year 2000
was 424 EJ (exajoules).

We have also expressed this rate of consumption as
10100 Mtoe per year, 13.4 TW and 203 Mbd. This box
shows the energy arithmetic that relates all these
figures.

Millions of tonnes of oil equivalent

The value given in the text for a tonne of oil equivalent
is 42 GJ.

1 Mtoe is therefore 42 million GJ.
424 EJ is the same as 424 000 million GJ
World consumption in Mtoe is therefore

424 000 + 42 = 10 100 Mtoe

Millions of barrels of oil daily

There are 365 days in a year, so the daily primary
energy is

424 + 365 = 1.16 EJ.

The value given in the text for a barrel of oil equivalent
is 5.71 GJ.

1 Mboe is therefore 5.71 million GJ.
1.16 EJ is the same as 1160 million GJ.
World consumption in Mbd is therefore

1160 + 5.71 = 203 Mbd.

Terawatts

The conversion from exajoules a year to terawatts
starts with the definition of the watt:

1 watt is 1 joule per second ...
which is 3600 joules per hour ...
or 24 x 3600 = 86 400 joules per day ...
or 365 x 86400 = 31 536 000 joules per year ...
which is 31.5 MJ per year.
1 terawatt (TW) is one million million watts .
which is 31.5 million million M] per year ...
or 31.5 EJ per year.

World consumption in TW is therefore

424 + 31.5=13.4 TW.
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d oil = based on coal
ird of
] pnne of coal equivalent (tce) is the heat energy released in burning
] stric tonne of coal (Box 2.5). Coal is a much more variable material
.15 the | de oil, and world-wide its energy per tonne ranges from less than
'O_Ilnes . 0 over 30 GJ. The figure of 28 G] per tonne is often adopted in energy
s l?d s, and is the one used in this book unless otherwise specified.
perial
4 , Tonnes, tons and short tons

lume, :

urces above, national or even international energy data do not yet
tonne agreed set of units, and whilst the approved SI units for mass
sen to ‘ and ‘its multipl.es such as tpe metric tnn-ne {1?00 kg), you will
at thil : tons’ in use. This box describes the relationships.

hbarrel or metric tonne, is 1000 kg and is equal to about 2205 b
illion _

573.9 a unit in the pre-metric system of weights and measures of the

X 2.4). d many other countries, is still widely used. The hundredweight
»s: theil an intermediate unit, equal to one-twentieth of a ton. One ton is

: — about 1.6% more than a tonne.

ontent

lower { ton is still found occasionally as the unit for quantity of coal or
V] per some countries. One short ton is 2000 Ib — about 10% less than a
itre for '

BTU and related units

, the general adoption of the joule, the British thermal unit (BTU)
s multiples were in common use, in the English-speaking world in

s BTU is the heat energy needed to warm one pound of water by one
» Fahrenheit and is equal to 1055 joules. Multiples of the BTU
ude the therm (100 000 BTU) and the quad.

quad is a quadrillion British thermal units (see Table 2.1) and is
to 1.055 EJ.

, units are still used, notably in the USA where the common unit for
quantities on the national scale is the quad. As can be seen, the
and the quad are slightly larger than the kilojoule and exajoule

vely.

, calorie and related units

of Europe, and many other countries, the common unit for heat in
was the calorie.

calorie is the heat energy needed to warm one gram of water by one
aree Celsius and is equal to 4.19 joules.

r many purposes the kilocalorie, written kcal or Calorie (with capital
, has proved more convenient, and it remains familiar as the unit for

energy content of food.

S el
T DAL HEAVER

Figure 2.2 Filling a London coal |
cellar. Coal was delivered in

hundredweight sacks, and the

‘coal holes', often with attractive

iron covers, can still be identified

in many eighteenth- or

nineteenth-century streets
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This gives us yet another way of looking at our energy consumptiom
Nutritionists tell us that the food energy needed to support an adult
about 2000 Calories a day, which is a little over 8 MJ. In Box 2.3 we sai
that world average daily primary energy consumption per person is abol
190 MJ. It appears therefore that the energy we each use in non-food for
is, on average, more than twenty times the amount we each need to fes
ourselves. As we shall see, this is by no means universally the case.

2.3 Interpreting the data

There remains a final question about world primary energy, or indeed aij
energy data. How do we know? Before venturing further into the sourt
of energy, we should perhaps discuss the sources of data. Where do
figures come from? The first answer is that we find them in official statistie§
technical journals and similar publications. However, one shouldn't belie
everything one reads in books (or anything in newspapers) and carei
always needed in interpreting published figures, for reasons which we cal
characterize under three headings: definitions, conversions i
conventions.

Definitions

World data usually start as national statistics, and with some 200 countri
it is hardly surprising that the terminology doesn’t always match at
seams. Does ‘production’ include energy used by the producer? Do
‘consumption’ include energy used for transmission of energy? Unlessi
know the answers to such questions, how are we to interpret the statem
that 75.102% of Britain’s coal in 2000 was used for electricity generatio
In the absence of pages of explanation, it is surely better to say, ‘A
75% ...’, or even, ‘Roughly three-quarters ...".

A further mismatch appears in comparing figures for production a
consumption. One would hope that any difference would be accountedi
by changes in stocks, but when production data necessarily come il
producers and consumption data from consumers this is by no meas
always the case. Recent world data, for instance, include 15.8 million tons
of ‘unidentified’ crude oil exports. Some of it may be on the high seas=
ships, one hopes — but the figures again illustrate the problem.

Conversions

We have seen several examples of conversion between different eneig
units, but have not bothered too much about the nature of the§
relationships. On inspection we find that the term equivalent has bg
used in a number of different ways. !

First there are cases where the conversion between units is exact. Of
watt is exactly one joule per second because that is how it is defined; a
1 kWh is therefore exactly 3.6 MJ. Then there are relationships whig
although not exact are known very precisely and may be regarded
universal. The conversions between joules, British thermal units ai
Calories are examples. '
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we come to quantities such as the heat content of a fuel, matters are

nption.
15}“1'[ is te so simple. The heat content of a particular specimen of oil can be
we saw d to great accuracy under laboratory conditions, and with similar
s about might measure the solar energy reaching a particular roof in the
d forms » of a particular day. But it is hardly practicable to use these methods
to feed s total output during the lifetime of an entire oil well or solar panel.
e. real world it becomes essential to use average values. The problem
not everyone uses the same average. If your tonne of oil equivalent
y solar energy are not the same as mine, our discussion is likely to
1 confusion. Once more, the rule is to make sure we know what the
mean before using them.
leed any
> SOUTCOSS entions
e do the -
statistics, ly, there is the rather different question of the output from power
‘tbelieve _The difficulty is not in measuring it, as most national data include
d care is ual kilowatt-hours produced, and conversion of these to joules is
h we can lem. The question is whether this output should count as ‘primary
ons and +v'? Shouldn’t that be the input? Unfortunately there are difficulties
h this. Recording the input of coal, oil or gas is relatively straightforward,
asuring the total ‘water energy’ entering a country’s hydroelectric
in a year, or the total wind energy sweeping across its wind turbines,
practicable. And nuclear plants, whose input is the result of a complex
‘countries f processes, pose a similar problem.
tch at the 2.3 shows the essential facts for the world’s main types of power
cer? DOgR In most thermal power stations, where heat from the fuel produces
gﬁ;ﬁ;‘; or hot gases to drive the turbine, about two-thirds of the energy input
eneration?
ay, ‘About
. ‘h‘ K v ‘.
il 310;@:5 in 170 Units as
iction and @M“ ' v \
-ounted for : _‘°"""':tr w ME
come from
 no means
llion tonnes
gh seas — 1L combustion turbine and
of fuel generator

n for thermal power stations. The data represent the generally accepted conventions.
rent energy 1 for the actual inputs and outputs of the different types of plant.
re of these
nt has been

turbine and
generator

s exact. One
defined; and
ships which
 regarded as
al units and

for hydroelectric plants. Note that there will always be some losses in practice, but they will
for thermal plants.

Primary energy conventions for electric power
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34.6% /  gas
21.4%

nuclear
6.6%
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hydro
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‘new’ — — -traditional

renewables ~ biomass
2.1% 11.3%

Total: 424 EJ or 10 100 Mtoe per
year, or an average rate
of 134 TW

Figure 2.4 World primary
energy by source, 2000
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becomes waste heat. This is not the case for hydroelectric plants, whe
the output is only a little less than the input. These facts have led to
fairly straightforward convention for the main types of power station.

s The notional primary energy input for all main types excep
hydroelectric is taken to be the electrical output divided by 0.33 (roughly
the same as multiplying it by 3).

= The primary energy input for hydroelectric plants is taken to be equal {0
the electrical output. ;

This dual convention has become dominant and is now used by bodie§
such as the United Nations Department of Economic and Social Affai
and the International Energy Agency (IEA) of the OECD, in the annual B?
Statistical Review of World Energy and in UK energy statistics. It is therefo
the method adopted in this book, and all data have been converted i
accordance with the above rules unless we specify otherwise.
consequence of this is that when using the data or looking at diagran
such as Figure 2.4 below, it is important to bear in mind, for instance, tha
although the world primary contribution from nuclear power is shownd
three times that of hydroelectricity, the annual electrical outputs from thé
two are in fact nearly the same.

Other conventions than this one are unfortunately still in use, or have beel
until recently. In the past, for instance, the UK used to multiply all powés
station outputs by about 3, including hydroelectricity. Some countries stil
do this, including France (but with the output divided by 0.386 rathé
than by 0.33). In contrast, some countries and international organisatiol
treat nuclear power in the same way as hydroelectricity —using the electrica
output as the primary energy contribution, with no multiplier. And furthé
questions arise with the growing contributions from renewable sounces
such as geothermal energy, wind and solar power — and before long, perha
wave and tidal power as well. (The conventions used for such sourcesl
this book are given in the relevant tables or graphs.)

It is always wise to read the small print when using statistical data, butk
should be clear from the above account that it is essential with energ
data. The principal sources of the data in Sections 2.4—2.9 below are givel
in the list of references at the end of this chapter. '

2.4 World energy sources

Figure 2.4 reproduces Figure 1.9 of Chapter 1, and Table 2.2 shows i
data in more detail. The picture is clear enough. We see a situation in
year 2000 where oil contributes more than a third of all our energy and i
fossil fuels together account for more than three-quarters. The largestd
the other contributions is almost certainly energy from biomass, althou
for the reasons outlined in Box 2.6, its exact magnitude is difficultl
establish. If we consider only the ‘commercially traded’ sources, excludi
traditional biomass, the dominance of fossil fuels becomes even mol
striking. They account for nearly ninety percent of the world’s total trade

energy.
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Percentage contribution

source Quantity in customary Energy to total to commercial
units in EJ energy energy only
3504 million tonnes 146.7 34.6% 39.1%
2407 billion cubic metres 90.7 21.4% 24.1%
3125 million tonnes 91.6 21.6% 24.4%
329.0 77.6% 87.6%
2590 billion kWh! 28.0? 6.6% 7.5%
2670 billion kWh' 9.62 2.3% 2.6%
al biomass? 48.0 11.3%
9.0 2.1% 2.4%

power station output.
entions, above.
26.

sources: BP, 2001; UN, 2000)

nd power or solar PV.

neral term for energy derived from biomass: materials such
animal wastes, etc., which — unlike the fossil fuels — were

ely recently. Such materials may be burned directly to

1, but can also be converted into solid, liquid or gaseous

bution of biomass to world primary energy are subject
ertainty. The fuels are often ‘non-commercial’ — they may
nding forests or fields, or arise as waste by-products of
are often used on site, or bartered for other goods or

ords, they are not formally traded, so the economists’
track of quantities are not available. It has become

 these resources as traditional biomass, distinguishing

gy sources such as purpose-grown wood or other

y wastes and municipal solid waste. These are often
and can be treated in the same way as other ‘new’

d studies have suggested total bioenergy contributions
5% of world primary energy (Hall et al., 1993; WEC,

w' bioenergy — in the world context mainly urban waste
* stations — currently contributes about 7 EJ, and the

2.2 for traditional biomass brings the total bioenergy

3], or a little less than 13% of total primary energy.

7 E| from ‘new’ bioenergy, 1.6 EJ of geothermal heat and the remainder from wind, small-scale hydro and solar power.
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Figure 2.5 reveals how consumption of these non-renewable and carba
dioxide-producing energy sources increased during the second half of
twentieth century. The dramatic growth in the use of oil is even mal
obvious over the longer period shown in Figure 2.6, although its most rapi
rate of rise occurs between 1965 and 1973, with an average increase@
nearly 8% a year. Had this rate been maintained, as seemed likely in
early 1970s, the annual output required by the end of the century woul
have exceeded 20 billion tonnes, or about six times the actual outputi
2000. It is no surprise that sudden doubts about future supplies led|
panic and disarray. The crises of the 1970s, with oil prices doubling}
1973 and rising steeply again at the end of the decade, followed by econon
recession in the early 1980s, did eventually bring the growth in g
consumption to a halt — but only after some delay, and only temporari
The mid-eighties saw a return to annual increases, and despite all the crise
the world has consumed more oil since 1985 than in the whole of histol
before that date.

Natural gas production, with its steady, almost linear growth, standsi
marked contrast, and its history is very different. In 1950, use was almol

160 _

— oil
140 | — coal

~— natural gas
120 —— nuclear power
100 {—— hydroelectricity

N =T e

0 |
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Note: Only the main commercially- traded energy sources
are shown.

Figure 2.5 World annual primary energy consumption by source,
1950-2000. (source: Times, 1980; BP, various issues)

annual production/Mt
(o]
8
S

iz A e A | . | i | | i | 0
1900 1905 1910 1915 1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Note: Past prices have been adjusted for inflation, to give the equivalent prices in dollars of the year 2000.

Figure 2.6 World oil production and the price of oil, 1900-2000. (source: Ramage, 1997)
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» and carbon
d half of the
S even more
s most rapid
 increase of
likely in the
1tury would
al output in
plies led to
doubling in
)y economic
owth in oil
emporarily.
1l the crises,
e of history

to the USA, and as late as 1970, North America was still
e for two-thirds of world production (and consumption). But
ces elsewhere, already being developed in the 1960s, account for
he rise of the next thirty years. By the year 2000, the output from
d other countries of the former Soviet Union was only a little less
of North America, each providing about a third of the total. (The
Is of the North Sea, the Middle East and the Far East supplied almost
remainder.) Natural gas, as the ‘cleanest’ of the fossil fuels, has
the energy source of choice for heating and power generation; but
ng reliance of a number of Western European countries on gas

by pipeline from Russia and her neighbours is starting to raise

16 dominant fuel for two centuries, fell to second place in the 1950s,
te a slight rise at the very end of the twentieth century, seems
d to fall to third place during the early years of the twenty-first.
ess, it is worth noting that world coal consumption more than
d in the fifty-year period of Figure 2.5. Moreover, as we shall see
oal can be a source of synthetic liquid fuels as substitutes for
im, and future oil crises might yet bring a reversal in the fortunes
st desirable fossil fuel, as happened briefly in the 1980s.

1, stands in
was almost

2.2 shows, nuclear and large-scale hydroelectric plants each
some 2600 billion kilowatt-hours of electrical output a year.
experienced reductions in their rates of growth in recent decades,
h cases environmental concerns have been in part responsible.

ed discussions of the primary energy sources, the histories of
se and accounts of the associated technologies appear in later
s, or for the renewable resources, in the companion volume to this
enewable Energy (Boyle, 1996).

national comparisons

V divided equally between all the inhabitants of the world gives
us, as we have seen (Box 2.3), a little over 2 kW of continuous

e been no surprise to learn in Chapter 1 that world energy is not
ed in uniform shares, and the further comparisons in Table 2.3
rovide food for thought. A seventh of the world’s population is
consuming nearly half the world’s primary energy. The average
gy used by an individual in the world’s wealthiest two dozen
is over six times that in the rest of the world. It is a salutary
to bring the remaining hundred or more countries even to the
European level of per capita energy provision would require world
y energy production to rise to almost twice the current level. And it
oting in this context that the energy data in the table include the
on from traditional biomass, usually an important component of
in the less developed countries. It follows that for these
to reach European levels in the use of ‘modern’ energy sources
e an even greater increase — and of course a corresponding
¢ in the environmental consequences of the use of these resources.
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The average citizen of the USA earns nearly thirty times as much asl
average Bangladeshi and consumes over sixty times as much energy e
day. These are extremes, but comparison of per capita energy consumpl
and per capita income does show a not unexpected correlation. Howes
we should be wary of the easy conclusion that rising living stands
necessarily mean the consumption of ever more energy each year. Aswe
see in later chapters, many of our energy systems have improved}

Table 2.3 International comparisons, 2000

Comparison with world

Percentage of world total ... average per capita ...
population energy energy primary energy  Gross Domest
produced' consumed' consumption Product?
as a multiple of  as a multiple
world average world averag
Wealthiest countries? 14% 35% 48% 33 37
Rest of world 86% 65% 52% 0.6 0.5
Selected regions
USA + Canada 5% 21% 26% 5.0 4.6
Western Europe 15% 1% 16% 2.3 3l
Middle East 2% 12% 3% 1.3 0.9
Africa 13% 8% 5% 0.4 0.3
Selected countries?
USA 4.6% 17.2% 23.5% 5.0 47
China 21.4% 10.5% 10.8% 0.5 0.5
Russian Federation 2.3% 9.4% 6.0% 2.5 .1
Japan 2.1% 1.0% 5.1% 2.4 3.6
India 16.5% 4.3% 5.0% 03 03
France 0.9% 1.3% 2.7% 28 35
Canada 0.5% 3.6% 2.4% 47 39
United Kingdom 1.0% 2.8% 2.3% 2.3 32
Brazil 2.8% 1.3% |.8% 0.6 1.0
Australia 0.3% 2.1% 1.1% 34 38
Poland 0.6% 0.8% 0.9% 1.5 1.4
Greece 0.2% 0.1% 0.3% 1.5 21
Switzerland 0.1% 0.1% 0.3% 22 40
Bangladesh 2.2% 0.1% 0.2% 0.1 0.2
Denmark 0.1% 0.3% 0.2% 2.3 38
Kenya 0.5% 0.1% 0.1% 0.3 0.

I Annual primary energy, including bioenergy contributions.

2 The Gross Domestic Product (GDP) of a country is the total annual production of the nation’s economic system, L&
value of everything the country produces in a year. The data used here are adjusted to take into account the local purchasi
power of the GDP per person in each country. Many goods are normally cheaper in the poorest countries, so the contrasts
would be even greater if normal exchange rates were used to convert to US dollars.
3 USA and Canada, Western Europe, Australia and New Zealand, Japan

4 In descending order of total primary energy consumption.

(Sources: BP, 2001; Gazetteer, 2001; IEA, 2001; UN, 2000)
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ney by large factors over the years — su
light or driving power for a mugh smaller en

I, a matter of considerable economic and strategic importance.
t histories of our chosen countries provide some interesting
s, and we'll look briefly at each in turn.

the

I contributions to primary energy production and consumption

o UK in the year 2000 are shown in Figure 2.7. The ‘renewables’
includes biofuels, hydroelectricity, wind and solar energy (see
able 2.4 below). The captions show the energy totals, expressed in

of the units introduced above, and Figure 2.7(b) includes per capita
mption data.

We compare Figure 2.7 with the
the most striking difference is in the

ths of UK consumption — near]
ole. The histories of primary en

corresponding world data (Figure
role of natural gas, which accounts
y twice its proportion for the world
ergy production and consumption

gas
375% oil f05%
32.4%
nuclear coal— nuclear
_ 6.8% 16.4% 9.0%
~ renewables renewables
- 1.0% 1.3%

(b) Annual consumption

Total consumption: 9.7 EJ or 232 Mtoe
Per year, or an average continuous rate
of 310 GW. Per capita consumption:
165 GJ per year, or an average
continuous rate of 5.2 kW per person.

: Primary energy production and consumption, 2000. (source: BP, 2001;
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- net exports

net imports
| — production

—— consumption

1970 1975 1980 1985 1990 1995 2000

n and consumption and net exports and imports, 1925-2000

reveal further significant differences, particularly over the past fifty yeas
As Figure 1.8(a) showed, world total primary energy consumptie
experienced an almost continuous rise throughout the twentieth centu
pausing only briefly during oil crises or periods of recession, and leadi
to an annual consumption in the year 2000 that was nearly five timest
of 1950. '
The UK pattern of primary energy consumption was rather different (Fig
2.8), particularly over the second half of the century. There was a faif
steady increase from the end of World War II until the first oil crisis
1973, although at a much slower rate than for the world as a whole. Ti
rise then virtually ceased, and consumption remained fairly constant almé
to the end of the century, resulting in an annual consumption in theye
2000 that was not even twice the 1950 value. Britain’s energy produci
exhibits a very different pattern again, falling by some 25% over a pet
when consumption continued to grow, and bringing a country whichd
been an energy exporter for well over a century to a position wherem
than half her energy needs were being met by imports. The situationil
reversed again, with the rather steady consumption of the final quartél
the century accompanied by rapidly growing production.

Britain’s changing energy scene

To see the background to these fluctuating fortunes we need to lookat!
data for individual energy sources (Figure 2.9). Until the 1950, Bl
was not merely a coal-producing country but a coal-based country; #
almost all primary energy production and over ninety percet
consumption coming from coal. Coal fuelled the railways, the power st
and industrial machinery, and together with the ‘town gas’ that was deri
from coal, met almost all the country’s heating needs. But this was abol
change. Coal production, which had started to rise again after the wary

began its long decline. Meanwhile, as in other industrialized countrié§
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ption in the UK was growing rapidly, with an average annual
of over 10% a year from 1950 to 1970 (Figure 2.9(b)). These two

sufficient to account for the transformation during the 1950s
exporter to net importer, a state that was to continue for

thirty years.
, the late 1960s already saw the start of yet another change, with

ontributions from Britain’s North Sea gas fields. In the early years,
37 to 1972, output more than doubled each year — a remarkable

e growth rate of over 100%. Consumption rose in step as the
town gas to natural gas spread across the nation. Coal was of

e main energy source being displaced, but coal production was

in parallel with the falling demand. In consequence, the overall
Jritain’s natural gas resource on energy imports was very slight in
years, and it was only with the discovery of yet another new

that the trend eventually reversed.

y of the exploration and subsequent development of North Sea oil
old later, but its immediate consequences for the UK can be seen
2.9. The first significant deliveries came in 1976, and within

oil had outstripped coal in its contribution to primary energy
on. (As a proportion of primary consumption, oil — imported —
n coal in the late 1960s.) By 1980 Britain was self-sufficient in

| spite the continuing fall in coal output, was about to become

,_ : o
0y i
S
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:
\ \a'é

UK. Primary energy by source, 1925-2000
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again a net energy exporter. A brief reversal occurred when oil product
fell by a third following the steep drop in world oil price in the early 1§
(see Figure 2.6 above), but by the turn of the century output reached
highest level ever, and as we have seen, o0il accounted for almost halfl
nation’s primary energy production.

The period of rapidly increasing oil output saw a levelling-off in
production, and with completion of the national change from town g
much slower annual rate of rise in consumption. But then came the @
for gas’ of the 1990s, as the electricity generating industry started tof
advantage of the technical and financial merits of gas turbine plants.|
development and its environmental and other consequences are treafé
more detail in later chapters.

Nuclear power is the only other energy source to make a signilié
contribution to UK primary energy. Growth at a rather modest 3% avél
annual rate over the last quarter of the twentieth century brought
contribution, on the ‘notional primary input’ basis, to almost exactly
of coal in the year 2000. Whether or not the slight fall at the end of
century will continue in the coming decades remains a current issued
time of writing.

Later chapters treat the history of Britain’s energy industries in more
and discuss the social, economic and technical factors that have detem
the changes described here. :

Renewables in the UK

In the year 2000, renewable resources contributed just 1% of primaryés
produced in the UK. Hydropower, for instance, with an output suffie
to meet the electricity demand of about a million households, contril
only 1.5% of Britain’s electricity and less than 0.2% of the country’s pi
energy — too little to appear on the above diagrams. World-wide, theli
contribution is proportionately ten times as great, but there are obu
geographical reasons why the UK is unlikely ever to approach that I
Nevertheless, technical improvements to existing systems and poss i
increased output from very small-scale hydro plants may lead tom
UK growth in the future. i

Biofuels, which virtually disappeared from Britain’s energy suppl
centuries ago with the decline of wood as a fuel, have reappeared in '
years in a very different form. As Table 2.4 shows, some 80% 0
renewables total comes from organic waste materials, and the
contributors are municipal solid wastes (MSW), and their product,

gas (LFG). For the past century or more, Britain has disposed of 90
more of its domestic and commercial rubbish in landfills, where theoy
component, decaying over a period of years in the absence of air, pif
a gas that is relatively rich in methane (the main component of
gas). In the past decade or so this landfill gas has increasingly been col
and used, mainly as fuel for small-scale electric power plants. '

The UK does obtain energy from other renewable sources, but their an
contributions remain too small to appear separately on the diagrams
(For more detailed accounts of renewables in the UK, see Boyle, 19
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2.4 UK: renewable energy contributions to primary energy, 2000

; source Used to Used to Totals Percentage
4 generate generate by source of all
electricity' heat renewables
i DELECTRICITY
¥ e scale 17.5
T scale 0.86
) § 0 total 18.4 14.7%
B
: ELS
combustion 234 3.20

t il gas 30.0 0.57
. ge sludge 5.03 .72
3 wastes® 20.7
t 3.00
> 9 wastes 13.1 2.01
> 3 els total 102.8 82.2%
. 34 3.4 272%
1 3 :0THERMAL?3 0.03 0.03 0.03%

1 ENERGY?

E heating® 0.44

ovoltaics 0.004
y total 0.44 0.35%
t
d ALS 93.4 31.6 125.1
y 3 All energies are in petajoules (PJ). The population of the UK is about 59.2 million and the land area is 245 thousand

erg

0 =

kilometres.
118 hydro, wind and photovoltaics the figures represent the electrical output. All others represent the energy content of the
) éf accounts of these sources appear in the following sections.

imate data based on surveys carried out at various times during the 1990s.

DTI, 2001)

Primary energy in Denmark

s primary energy production and consumption in the year 2000
own in Figure 2.10, and comparison with the UK data in Figure 2.7
ome interesting similarities. Denmark (population 5.3 million)
mes slightly less than one-tenth of the primary energy of the UK
on 59.2 million), so the per capita consumption is very similar
he two countries. In both countries, fossil fuels account for just over
of the primary energy produced and 89% of the energy consumed.
as the diagrams show, both countries produce more energy than they
ne (see also Box 2.7 overleaf).
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o

BOX 2.7 Self-sufficiency gas

A useful measure of the 65.7% 26.7%
extent to which a country :
depends on energy imports

is its degree of self-

sufficiency. This is defined —wind

as the total primary energy 1.4%

production divided by the

total primary energy o

consumption, expressed as a swables :

percentage. A self- 6.3% coal

sufficiency greater than 21.1%

100% obviously implies that (a) Annual production (b) Annual consumption

the country has an energy Total production: 1.16 E] or Total consumption: 0.84 EJ or 20

surplus and is therefore 27.8 Mtoe per year, per year, or an average rate of 27 GW
or an average rate of 37 GW. Per capita consumption: 158 G] per

likely to be a net exporter.
This is the case for both
Denmark, with a self-
sufficiency of 138%, and the Figure 2.10 Denmark: primary energy production and consumption, 2000
UK with 123%. It is
important, however, to note

or an average rate of 5.0 kW.

Tl‘zt_ s.eéf-sxilfhmency e A significant difference between the two countries in the year 20008

individual energy resource nature of the non-fossil fuel contribution to energy production

such as oil can be even more . ' i ) el -

; consumption). In the UK, as we have seen, most of this is from nif

important than overall self- . S of f ;

R aney power, with renewables contributing only 1% of total primary el
; Denmark, in contrast, has no nuclear contribution and renewables ace

for nearly 8% of total production, with wind alone providing ag8
percentage than all renewables in the UK.

When we compare the recent histories of the two countries (Figi
and 2.11), other major differences appear, and Figures 2.9(a) and 2
reveal the details behind the contrast. In 1960, Britain was reachl
end of a long period of energy self-sufficiency sustained by her coal exp
Denmark in 1960 had virtually no primary energy resources. Al
amount of lignite (a low quality form of coal; see Chapter 5) was i
fossil fuel, and the country had been almost totally dependent on i
fuel throughout modern times. By 1970, the continuing need for img
a steep rise in oil consumption (Figure 2.12(b

coal together with
trategically and economicall§

bringing her to a serious position s

1200
1000
800

& 600
400

200

0
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Figure 2.11 Denmark: Annual primary energy production and consumption, 1960-2000
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: Primary energy by source, 1960-2000
s taken by successive Danish governments to ameliorate this
are discussed in the next chapter, but their main result can be
e graphs: a total primary energy consumption in 2000 that is
than in 1970, and a remarkable reduction in oil consumption
an half its peak value. As Figure 2.12 shows, initially this was
in part by increased consumption of imported coal, but the final
f the century saw domestic production of oil and gas making an
le contribution, and in 1997 Denmark became self-sufficient in

or the first time in modern history.

appear in Figure 2.12(a). In the late 1970s — at a time when the
ontribution to domestic energy production was 20-30 PJ from

les - the development of oil in Denmark’s sector of the North Sea

1985, output was growing at an average annual rate of over 12%,

1 consumption still falling, Denmark became self-sufficient in oil

the year 2000, as much oil was exported as was consumed

77

—oil
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Denmark’s development of her natural gas resource came about five yé
after the oil —a reversal of the UK sequence. Closer study of Figures
and 2.12 reveals another difference. Until 1995 the UK remained al
importer of gas, piping it directly from the Norwegian fields, when
Denmark has since the start of production always exported about half
gas by pipeline to Germany and Sweden.

Renewables in Denmark

As we have seen, the renewable energy sources play a much greater 10
Denmark than in the UK, and in comparing the data in Tables 2.4 and
we must bear in mind the difference in population of the two count
We then see that Denmark derives nearly fifty times as much enemgyj
capita from the wind, and more than seven times as much from bio
as the UK. Municipal solid wastes account for similar proportions o
biofuels in both countries, but agricultural, or rural, wastes playald
role in Denmark. .

Table 2.5 Denmark: renewable energy contributions to primary energjs )

Energy source Contribution  Totals by Percent
source’ of all
i renew
HYDROELECTRICITY 0.103 0.12%
BIOFUELS '
MSW combustion 30.34
wood? 22.55
straw 13.05
biogas 2.91
other wastes 0.05
Biofuels total 68.91 774%
WIND 15.99 17.96%
GEOTH ERMAL? 0.06 0.07%
SOLAR 0.33 037%
HEAT PUMPS® 3.66 411%
TOTAL 89.00

I

I

Data: All energies are in petajoules (P)). The population of Denmark is about 53
and the land area is 43 thousand square kilometres.
| For hydro and wind the figures represent the electrical output. All others represé
the energy content of the fuels.
2 Comprises wood chips and pellets, wood sold as ‘firewood’ and wood wastes. =
(Imports in the form of chips and pellets increase the consumption of wood to:
P more than the production shown here.)
3 Additional heat energy extracted from the ground or water (see the main text).

(Source: DEA, 2001)
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Geothermal energy, heat drawn from regions below the Earth’s surface,
contributes a tiny fraction of the renewables total in both Britain and
Denmark. The availability of this resource obviously depends on local
geology, and neither country expects a major increase in its input. However,
the final item in Table 2.5, the energy to be gained from surroundings that
are at normal ambient temperature through the use of heat pumps, should
be of greater interest. A heat pump, as the name suggests, ‘pumps’ heat
from a cooler region into a warmer one, against the natural direction of
heat flow. The principle is discussed later, in Chapters 6 and 9, but the

1 result is obviously useful, warming buildings in cold weather or, in reverse,
) cooling them on hot days. Denmark, quite justifiably, includes such gains
. in the renewables total, and the contribution shown in the table, although
r a small fraction of the whole, represents an appreciable heat gain. With a
; proportionate annual contribution, the UK gain would be enough to heat
4 half a million typical houses.

r

2.7 Primary energy in the USA

With the USA we come, not surprisingly, to a very different situation: a
country that consumes a quarter of the world’s primary energy, has twice
the per capita energy consumption of Denmark or the UK and whose self-
: sufficiency is well under 100%. Primary energy production supplies less
B than three-quarters of annual consumption, a shortfall that leaves the US
as the world’s major energy importer as well as its major consumer. The
pattern of consumption is not however very different from the other two
countries, showing the dominance of fossil fuels that is common to all the
world’s industrialized countries and a percentage contribution from nuclear
power similar to that of the UK. The actual nuclear output is of course

a'
!'
1_
|

gas
: 28.7%
oil
20.3%
coal nuclear
32.8% 11.6%
other hydro
renewables 1.2% L renewables
5.4% 23.8% 3.9%

(b) Annual consumption

Total: 99.3 E) or 2370 Mtoe per year,
or an average continuous rate

of 3.15 TW.

Per capita consumption: 350 GJ

per year, or an average rate of |1 kW.

(a) Annual production
Total: 72.9 E) or 1740 Mtoe per year,
or an average continuous rate of 2.31 TW.

Figure 2.13 USA: Primary energy production and consumption, 2000



