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Summary

To pursue the present path in the development of energy

systems would lead to growing insecurity of supply and an

unacceptable increase in greenhouse gas emissions. Both

climate change (and other environmental hazards) and

security of supply would rapidly become formidable obs-

tacles to peace and development if energy consumption fol-

lows such an “impossible path”. Energy security and envi-

ronmental constraints converge to offer mankind both a

challenge and an opportunity: inventing a new model com-

patible with sustainable development in order to “meet the

needs of the present without compromising the ability of

future generations to meet their own needs.”

Energy efficiency comes first, because it presents the lar-

gest potential, is applicable to all sectors of activity in all

countries, and is a pre-requisite to slow the fossil fuel

resource depletion rate and ensure a rational and signifi-

cant increase in the share of renewable energy sources in

total energy requirements.

An energy efficiency strategy is not a slight adjustment to

an energy supply policy but a new concept of economic

policy that takes into account the costs of environmental

degradation, growing energy insecurity and the medium-

and long-term trend of rising energy costs.

Industrialised countries can and must reduce their total

energy consumption. Most developing countries must

increase their energy consumption for their economic deve-

lopment, but they can reach this objective with much lower

growth than industrialised countries in the past by applying

energy efficiency strategies.

At world level, priority should be given to energy efficiency

in the transport sector, literally tied to oil products, and to

electricity consumption in households and the service sec-

tors since electricity production is a voracious and expensi-

ve consumer of natural resources.

La poursuite des modes de consommation et des politiques

énergétiques actuels conduirait à l’horizon de deux à trois

décennies à un doublement de la consommation mondiale.

Une telle évolution se heurte à des contraintes majeures :

ressources énergétiques, accroissement des prix, risques

de conflits, atteintes à l’environnement, risque climatique. Il

n’y a pas de développement durable possible avec le sys-

tème énergétique actuel basé sur un modèle de développe-

ment “énergivore” et la hausse “à tout prix” de la production

d’énergie.

Le nouveau paradigme énergétique consiste à concevoir le

“système énergétique” comme englobant non seulement la

fourniture d’énergie mais également les conditions et les

techniques de sa consommation afin d’obtenir un “service

énergétique” dans des conditions optimales en termes de

ressources, de coûts économiques et sociaux et de protec-

tion de l’environnement local et global. La maîtrise des

consommations d’énergie arrive au premier rang des poli-

tiques qu’il faut rapidement mettre en oeuvre parce que

c’est celle qui possède le plus grand potentiel, qu’elle est

applicable dans tous les secteurs et dans tous les pays,

qu’elle représente le meilleur instrument de la lutte contre le

changement climatique, enfin parce qu’elle permet de

ralentir l’épuisement des ressources fossiles, tandis qu’une

part croissante de la consommation d’énergie peut être

assurée par les énergies renouvelables. Elle constitue en

outre un facteur de développement économique par la dimi-

nution des dépenses énergétiques, ainsi que par la création

de nouvelles activités et d’emplois. C’est un impératif de

premier ordre des politiques énergétiques et économiques,

notamment dans le secteur des transports, presque exclu-

sivement dépendant du pétrole. Cela s’impose aussi en

matière de consommation d’électricité, dont la production

est chère et particulièrement vorace en énergie primaire.

Résumé
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1. The Dead End of Energy Development

Every year, the International Energy Agency (IEA) publishes

the “World Energy Outlook” report on global energy pros-

pects. The principle behind this report is an analysis of needs

and resources, and the continuation of States’ and busi-

nesses’ current policies (the “business as usual” or BAU sce-

nario). In terms of methodology, the models used to elabora-

te these forecasts are mostly based on econometric relation-

ships (adjusted for past trends) and on the effects (on supply

and demand) of energy prices. This method has its limits, and

does not allow one to explore trends very far into the future.

In addition, it takes an interest in energy supply above all, and

goes into little detail on demand.

Despite these reservations, the IEA’s forecasts are seen as

a reference. In a certain manner, they represent the

OECD’s “official stance” and are therefore extremely inter-

esting as such.

Graph 1 shows these forecasts to the year 20301.

From 2000 to 2030, world primary energy consumption is

predicted to multiply by 1.8 (an annual growth rate of 1.5%),

and carbon dioxide (CO2) emissions by 1.62.

Natural gas consumption is predicted to undergo an avera-

ge annual growth of 2.1% per year, but oil is predicted to

remain the dominant form of energy. Biomass’s contribution

is predicted to increase, and the “other renewable” energies

(wind, solar) are predicted to grow strongly although their

absolute value should still be marginal in 2030.

Total investment in the energy sector (supply) over the

2000-2030 period is predicted to be 16,000 billion dollars,

60% of which going to electricity (production, transportation

and distribution).

The primary data on world energy consumption are
presented in Appendix I.

1.1 The Prolongation of Current Trends and Policies

Graph 1. IEA’s 2005 World BAU Scenario: Primary Energy

1 Because of the ten-year intermediary period interval, pre-2000 consumption fluctuations (oil
shocks) are not reproduced on this graph.
2 One will recall that electricity production, nuclear and hydraulic sources were roughly at the
same level in 2006.
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Source: Author’s calculations; IEA data, 2005.
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The prospects outlined by the IEA come with deep-

reaching upheavals in the structure of world energy

demand on both geographic and sectoral levels. Under

these forecasts, 62% of the rise in energy consumption

will be located in developing countries. These

countries’ share of world consumption will increase

from 30% today to 43% in 2030. China will receive the

lion’s share of this increase in consumption, with nearly

one-third of the total increase in developing countries,

followed by India and Brazil (5% each). In 2030, China

will consume roughly what North America consumes

today, or the equivalent of all of Europe’s consumption

at that date.

On the sectoral level, transportation and captive uses of

electricity will be called on to continue stronger-than-

average growth, whereas thermal uses will grow more

moderately. The weight of transportation in world final

energy consumption will thus increase from 29% today to

33% in 2030, and electricity from 18% to 22%. Yet,

transportation means oil, and electricity means

considerable consumption of primary resources because of

the yield of thermal power plants and large losses in

electricity transportation and distribution. The energy world

presented to us by the IEA’s 2030 forecast would, therefore,

be a world in which practically captive uses of oil will have

considerably increased despite the threat of resource

rarefaction, and in which world efficiency will have

worsened despite the threat of climate change.

1. The Dead End of Energy Development
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1.2 Towards a Profound Transformation of the Energy Landscape

1.3 What If All Countries Became “Developed”?

If the energy model until now at work was limited to OECD

countries, it could probably last a certain length of time. But,

if one accepts that there are, on the planet, one (China),

two (India), three, etc. ensembles of the same size whose

economic development is both legitimate and desirable,

then the current energy system based on “energy-guzzling”

economic and social development is quite simply

unbearable: no form of sustainable development is

compatible with this model and this energy paradigm.

Graphs 2, 3 and 4 show what world energy consumption

would be if China, India and the other large groups of

countries on the planet were to consume, at an

undetermined time in the 21st century, the same quantity of

primary energy per capita that OECD countries consume

today, assuming that the population levels at that point in

time were the same as they are today.

An energy comparison of China and the OECD today is
presented in Appendix II.

Source: Author’s calculations; ENERDATA data.

Graph 2. Primary Energy per Inhabitant (2004) Graph 3. Population (2004)
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Even if the population were to remain the same, total prima-

ry energy consumption worldwide would exceed 30 billion

toe, or nearly three times current consumption.

If, as demographers predict (and in the absence of global

disasters), the world population reaches 9 to 11 billion

people, the same reasoning would lead to consumption on

the order of 50 billion toe.

This situation is not only “unsustainable”, it is quite simply

impossible (in terms of resources, economic costs, environ-

mental damage, armed conflict, etc.). The energy system

would not be able to meet a demand such as this: it would
take five “planet Earths” to do so!

1. The Dead End of Energy Development
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Source: Author’s calculations; ENERDATA data.

Graph 4. Future World Primary Energy Consumption

O
EC
D

C
IS

La
tin
Am
er
.

Ch
in
a

In
di
a

A
fr
ic
a

O
th
er
s

M
to
e

, ,

1.4 This Growth Is Not Sustainable

The most interesting aspect of this forecast is, in fact, the

accompanying commentary by the IEA’s leaders. During

the press conference to present the “World Energy Outlook

2005” report in July 2005, William C. Ramsay, the Deputy

Executive Director of the IEA, stated: “These projected

trends have important implications and lead to a future that

is not sustainable, from an energy security or environmen-

tal perspective. We must change these outcomes and get

the planet onto a sustainable energy path.”

This judgment is fundamental: the IEA’s forecasts must not

be seen as a prediction, but as a warning.

Continuing current energy consumption trends worldwide

runs up against insurmountable constraints, leads to a

development dead end, accentuates inequalities between

wealthy and poor countries, and widens the social divide.

Economic and social development can only be hindered,

even made impossible, by energy insecurity (physical

supply versus geopolitical constraints, rising prices,

medium-term rarefaction of resources, technological risks

and outside aggression of all sorts), and the degradation of

the local (pollution, accidents) and global (climate change)

environment. Rising oil prices are already ruining the most

vulnerable economies.

Four constraints of growing magnitude are emerging:

- The Economy: This constraint arises, first, from the

investments evoked above and, second, from energy

prices—notably oil prices whose recent increases are

already bringing the weakest economies “to their knees”.

- Energy Resources: Even if the question of hydrocarbon
resources remains the subject of debate, everyone knows



that they are limited, and that the 21st century will experien-

ce a decrease in these resources and rising hydrocarbon

prices from here on out. We cannot count on these

resources for sustainable development.

- Energy Security: Energy independence is not a dogma,
but excessive dependency weakens the economy in terms

of supply risks and a rising energy bill. Extreme dependen-

cy (the case of transportation and oil products) can lead to

major conflicts (Chevalier, 2004).

- The damage to the natural environment and human life
and health, caused by energy production and consumption

(polluting emissions in the air and water, serious accidents,

etc.) is considerable, and the risks of climate change have

mobilised the international community (the United Nations

Framework Convention on Climate Change in 1992, the

Kyoto Protocol in 1997 that came into force in February

2005).

Aspirations to economic and social development are legiti-

mate and need energy to be actualised. The IEA’s energy

forecasts show that continuing development according to

industrialised countries’ current energy model—which

developing countries also consider to be an objective to

attain—is so difficult and costly that, for energy alone, eco-

nomic and social development would be radically compro-

mised, and not only for the poorest countries. In addition,

this path would inexorably aggravate the risks of climate

change.

“Business as usual” policies lead to a development
dead end. Is there another path?

1. The Dead End of Energy Development
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2. A New Energy Paradigm

The “energy sector” encompasses all industrial activities,

from the exploitation of primary resources to the delivery of

energy products to end consumers (“the energy supply”).

The energy sector develops in function of the size and cost

of the resource, investment capacities, and the solvency of

demand. It has its own dynamic, worldwide or regional, for

the major commercial energies (oil, gas and coal

worldwide, and electricity regionally), and its objective is to

meet, in quantity and quality, consumers’ demands. For its

part, the energy demand is the result of economic and

social growth, which has its own dynamic related to the

community’s capacity to invest in infrastructure, and

companies’, communities’ and households’ ability to

purchase goods and products. For households, as for many

companies, the energy demand comes from choices and

investment and expenditure possibilities that are often

determined more by equipment costs (the car, house, etc.)

than by energy prices. Because of this, it is largely

disconnected from the energy issue.

Energy supply and demand come together on the level of

final energy consumption and, thereby, in the price of the

energy product consumed, which is generally the result of a

combination that varies from country to country of the

product production and supply cost and various taxes,

which are sometimes much higher than the cost (the case

of gas in France, for example). In other cases, final energy

product prices are subsidised by the State for political or

social reasons and are therefore lower than the cost. The

classic approach in the energy paradigm has been to

consider the energy issue as concerning only the energy

supply, which must meet a constantly growing demand at

the best supply and cost conditions. An increase in demand

considered to be unlimited would correspond to a similar

increase in supply.

Following the industrial revolution, energy became a major

economic and strategic stake, the symbol and measure-

ment of development success, in countries with capitalist

economies and countries with planned and centralised eco-

nomies equally. Economic progress was to be measured by

the regular and unlimited increase in the production and

consumption of coal, oil, gas, electricity, etc. The oil supply

crises in the 1970s (the “oil shocks”) were eye-opening on

several levels. We became aware that fossil energy

resources are not unlimited, that consuming them careless-

ly would make them rare and increase their price, and that

the concentration of the most important resources in certain

geographic areas could bring about serious economic and

political crises.

Despite this warning and the threats to the global environ-

ment that are being confirmed year after year, continuing

along current trends according to the paradigm that gives

priority to the energy supply will lead us to a dead end.

2.1 Until Now, Two Separate Logics of Supply and Demand

2.2 The Real Demand: An Energy Service

Users’ (households, companies, local communities) direct

needs are not energy products but goods and services

indispensable to economic and social development, well-

being and quality of life. Obtaining these goods and ser-

vices requires one to consume a certain amount of energy

to meet these needs.

Obtaining a good or service requiring energy (commonly

called an “energy service”), which we shall call “S”, is the

combination of three terms, which can be illustrated with the

following formula3:

S = U*A*E

3 In this formula, the asterisk (*) has no specific mathematic meaning: it portrays the combi-
nation of three groups of factors that contribute to obtaining the “energy service”.



The first term, “U” (for use), characterises the way in which

the service needed is obtained: for example, the mode of

transportation for travel, the type of housing and urbanism,

the desired comfort characteristics, etc. This term depends

in particular on the climate but also on habits, modes of life

and, more generally, the “type of civilisation”.

The second term, “A” (for apparatus), designates the

equipment or appliance used to obtain the service

requested: if we examine housing comfort, for example, the

term A designates the technical qualities of the housing and

the heating method used, household appliances, etc.

The third term, “E” (for energy), designates the final energy

consumption that corresponds to the service provided (S)

under the usage conditions (U) with the apparatus (A): E is

expressed as the quantity of a specific energy product4.

The terms U and A characterise the conditions under which

E is consumed.

The quantity of energy (E) consumed for any given service

provided (S) varies considerably according to the use (U),

as defined broadly above, and the apparatus (A). The

examples are many: the quantity of fuel needed to obtain

the same inside temperature in a building depending on

whether it is well or poorly insulated; fuel consumption

according to the method of transportation for a given trip;

electricity consumption for the same amount of light depen-

ding on whether one uses incandescent or compact fluores-

cent light bulbs; etc.

The new energy paradigm consists of thinking of the
“energy system” as encompassing not only the energy
sector (supply) but also energy consumption (demand)
and ensuring its development in such a way as to
obtain S under optimal conditions when it comes to
resources, economic and social costs, and local and
global environmental protection.

2. A New Energy Paradigm
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2.3 Managing Energy Consumption

An energy consumption management strategy consists of

designing and rolling out measures and programmes of

action that concern the terms U and A to obtain the service

S while lowering the quantity of energy E so as to attain an

economic and environmental optimum.

Actions related to the term A have a strong technical com-

ponent because the aim is, first, to improve the energy effi-

ciency of equipment. Research and development on effec-

tive equipment is therefore crucial, but only part of the path.

The equipment must then penetrate the market and its use

must become widespread. A whole series of “instruments”

plays a part at this stage: legislation and regulations; infor-

mation and communication; training; promotion and finan-

cial incentives of various natures.

For example:

- Well-designed and well-built buildings (orientation, sun

exposure, openings, wall insulation)—whether they be for

housing, commerce, business, industry or crafts—consume

much less outside energy for heating, cooling and ventila-

tion than ordinary buildings. In some climates, the use of

outside energy can be avoided.

- For the same amount of light, a compact fluorescent light

bulb consumes up to five times less electricity than an

incandescent light bulb. Distributing better household

appliances (refrigerators consume the most) already on the

market would make it possible to reduce current electricity

consumption by nearly 40%.

- For the same level of production, improvements to or

changes in industrial processes would allow for energy

savings of up to 30% to 50% in most commodity chains.

- Mass transit in urban areas, especially tramways and sub-

ways, consumes much less energy, pollutes much less, and

has much fewer accidents than individual automobiles. The

same is true for trains compared to lorries when it comes to

transporting goods.

Actions relative to the term U are more difficult and longer

term. They concern “behaviours” above all—those of

consumers and those of national, territorial and local politi-

cal leaders equally.

More generally, they concern modes of consumption,

whether for travel (modes of transportation), housing

4 The term E, which represents final energy consumption for the “service provided” (S), is the
end user level result of the energy product production, transformation, transportation and dis-
tribution system.



(types of buildings), or the place given to housing in rela-

tion to areas devoted to work or social activities, which

calls into play urbanism and regional planning decisions.

Urbanism and regional planning are major elements in

energy efficiency.

All of these elements are at the root of changes to the term

“U”. This means that energy efficiency strategies cut across

all human activities, and that, in the long term, the very

characteristics of industrial civilisation and consumption-

based civilisation will have to change.

2. A New Energy Paradigm
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2.4 A Win-Win Strategy

Energy efficiency implies changing behaviours and, above

all, the widespread adoption of better-performing tech-

niques, whether in industry, construction, household and

office use of electrical appliances, and transportation (a

sector that is growing fastest everywhere, almost entirely

dependent on oil, and becoming the largest source of

greenhouse gas emissions). The issue of infrastructure is

crucial (buildings, means of transportation, urban develop-

ment, regional planning).

Energy efficiency is a win-win strategy. The financial

resources that consumers or the community would have

devoted to the energy supply can be spent on other needs,

thereby improving the content of economic growth: building

housing and education and health infrastructure,

developing mass transit, etc. This economic factor is

particularly sensitive in periods of rising energy prices

(especially oil prices), for both States (trade balance) and

consumers equally. In addition, energy efficiency

investments provide activities and jobs: thermal

rehabilitation of buildings, installation of mass transit,

development of expertise and consultancy, new

construction materials, etc.

The favourable consequences for the environment are easy

to understand: the energy that pollutes the least is energy

that, for equal service, is neither consumed nor produced. For

any given use, every time we lower energy consumption, we

reduce pollution and the risks linked to the energy system.

Most actions that improve energy efficiency are the most

effective ways to improve the environment, and make it

possible to reduce pollution and local risks or harm to the

global environment such as the worsening of the greenhou-

se effect or nuclear risk. Indeed, these actions are econo-

mically profitable in themselves because of the savings

from energy expenditures.

2.5 New Deal and New Actors

The implications of the new energy paradigm symbolised

by the formula S = U*A*E are considerable in many

regards.

First, in regard to energy, the link between obtaining servi-

ce and consuming energy is no longer automatic: by alte-

ring the terms U and A, it is possible to significantly reduce

the amount of energy (E) needed to obtain the service. As

we will see next, and as numerous examples show, reduc-

tions by half, or more, are entirely possible.

The economic and environmental consequences are in line

with the gains: reducing energy expenditure means impro-

ving energy security and the community’s energy bills as

well as those of individuals, and considerably lowering pol-

lution and risks.

But the most profound modification in the energy issue is an

end of the usurping of energy responsibilities by “ener-
gy companies” that control energy production, transporta-
tion and distribution.

The growth dynamic of these companies and the energy

policies that they have in effect imposed have led to econo-

mic and ecological dead ends. Users have been forced to

take a passive role limited to paying their energy bills when

energy is supplied and they can pay.

An energy efficiency policy breaks out of this closed

system: obtaining energy services becomes a matter for

regional planning, urbanism, building construction, and

equipment production. Each user, company, local

community and household is not only an energy consumer



but a direct party in elaborating and implementing a new

energy policy, one that, what is more, should be called an

“energy services policy”. Architects’, urbanists’, building

contractors’ and equipment manufacturers’ roles are as

important as the energy suppliers’. The field of action in

energy efficiency is not limited to the energy sector. It

extends to industry, construction, transportation,

consumers’ behaviours, and consumption modes.

In this new context, new actors emerge and play a

decisive role: households, companies and local and

territorial communities. The State has a role to play, but

much more as regulator than as master. Energy

companies as well must change their practices and make

the switch from the exclusive logic based on supplying an

energy product to a logic that encompasses an overall

response to a service need. Indeed, the aim is to give

equal footing to acting on demand (consume less energy

for the same level of service) and acting on supply

(produce and deliver energy products to meet

consumption needs).

Citizens retaking ownership of the energy issue is

certainly the most interesting dimension—and the one that

holds the most promise for the future—of the new energy

paradigm.

Urban agglomerations are places where the vast majority of

energy services are concentrated: consumption by

households, offices, educational and medical care centres,

leisure and cultural centres, movement of people and

goods, etc. Cities therefore have a privileged position as

energy consumers; they also have a privileged position as

promoters of the development, in all its concrete forms, of

energy services for sustainable development.

Municipalities and other territorial governments have an

essential responsibility in vitalising and mobilising actors.

2. A New Energy Paradigm
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Graph 5. OECD: Final Energy Consumption and Gross Domestic Product (index 100 in 1979)
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3. An Energy Efficiency Strategy

3.1.1 Unlinking Energy Consumption and
Economic Growth

After the rises in oil prices on the international market in

1973-1974 (first oil shock) and 1979 (second oil shock),

OECD countries successfully maintained their economic

growth by responding to these price hikes by implementing

energy efficiency policies to which they devoted conside-

rable resources.

Over the next fifteen years, per capita consumption in

OECD countries remained almost the same whereas gross

domestic product (GDP) rose by 30%. Over the preceding

fifteen years, energy consumption had increased at the

same pace as GDP. If these countries’ energy intensity (the

ratio of energy consumption to GDP) had remained at its

1973 level during the post-oil shock period, their total ener-

gy consumption in 1987 would have exceeded 1,200 million

tonnes of oil equivalent (Mtoe), or 130% of OPEC countries’

annual oil output at the time.

The rapid price hike therefore had the effect of triggering

actions and investments to improve energy efficiency. They

were not produced spontaneously by market forces alone,

but by the establishment of elaborate policies that included

economic, institutional and regulatory components, and

considerable public resources for intervention:

- research and development programmes to improve indus-

trial procedures, construction techniques and materials,

motors, electrical appliances, etc.;

- regulations on energy consumption, notably for buildings

but also in some cases for automobiles and electrical

appliances; energy efficiency labels; mandatory energy dia-

gnostics for large energy consumers (industry, third sector,

transportation);

- consumer information campaigns, and training pro-

grammes for technicians and managers;

- financial incentives (subsidies, soft loans, tax breaks) to

stimulate innovation, demonstration and investments in

rational energy use;

- the creation of institutions, organisations and service com-

panies to design and implement programmes and projects.

Graph 5 illustrates the evolution of energy consumption

trends within the OECD as a whole over the past thirty

years. It shows the unlinking of the OECD’s energy

consumption growth from its GDP growth following the per-

iod of oil shocks in the 1970s.

3.1 Thirty Years of Experience

Source: Author’s calculations; ENERDATA data.

Final Energy GDP



3.1.2 Negajoules

Graph 6 shows how final energy consumption (and its

breakdown by energy product) evolved over the 1979-2006

period. The upper “biomass” curve also marks real final

consumption, and the topmost curve indicates what this

consumption would have been if the energy intensity of all

OECD countries had remained at its 1979 value.

The uppermost section of the diagram (“negajoules”)

represents the final energy consumption savings due to the

reduction in final energy intensity.

One can see that the “negajoules” contribution in 2006

(approximately 2,400 Mtoe) is larger than that of oil pro-

ducts (2,007 Mtoe) and equal to 60% of real final consump-

tion in 2006 (3,900 Mtoe).

The cumulated final energy savings over the period amount

to roughly 30 billion toe.

Of course, not all these energy savings are the result of

public energy efficiency policies alone: structural changes

in the economy (more third sector, better overall productivi-

ty, etc.) as well as consumers’ adjustments to the sharp

hikes in oil prices in the 1970s and early 1980s also explain

some of the savings. It is nevertheless very difficult to dis-

tinguish the respective influence of these various causes

given the extent to which they influence each other: the

home insulation standards established in most industrial

countries over the past 30 years are obviously due to public

policies, but they would perhaps not have been instituted

without the oil shocks.

3.1.3 Invest in Supply or Demand?

Using France as an example, Box 1 compares the effects

on energy savings and costs of a vast “supply” program-

me—the nuclear power programme—and sustained efforts

to invest in energy savings.

3. An Energy Efficiency Strategy
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Graph 6. OECD Final Energy Consumption: Negajoules

Negajoules

Biomass

Heating

Electricity

Gas

Oil Products

Coal

M
to
e

Source: Author’s calculations; ENERDATA data.



Studies conducted in various countries show that over the

next twenty to thirty years a vigorous energy efficiency poli-

cy possibly could reduce the quantity of energy products

needed to produce the required services by 20% to 40%,

depending on the country, compared to what would be

required if current trends continue unabated.

3.2.1 In Europe

The European Commission estimates that, in regard to

energy consumption savings, the technical potential is

approximately 40%, and the economic potential (energy

efficiency actions cost less than the amount of energy

saved5) is approximately 20%. The potential is estimated

at 17% for industry, 22% for the residential and third sec-

tors combined, and 14% for transportation (following the

same model).

The Green Paper on energy efficiency considers that

savings of 20% could be made in primary energy consump-

tion by 2020, and breaks these savings down by sector and

policy as indicated in Table 1.

3. An Energy Efficiency Strategy
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Box 1

France’s Investment in Demand vs. Investment in Supply

The memorandum of 16 September 1987 by the Direction générale de l’Energie et des Matières Premières (DGEMP, general directorate for
energy and raw materials) emphasises the economic interest of the energy savings realised from 1973 to 1987. The first page reads as fol-
lows:

“The Interest of Energy Savings in Light of the Results Obtained Since 1973.”

“The results obtained since the first oil shock in 1973 bear witness to the considerable interest of energy savings, both in regard to their
impact on France’s energy independence and on foreign trade.”

A few figures illustrate this efficiency:

“The scope of the annual savings since 1973 compared to the situation that would have resulted from consumption aligned with economic
growth is estimated at approximately 34 Mtoe per year*.”

“This number should be compared with the 56 Mtoe produced** per year after implementation of the nuclear programme and shows the
importance that energy savings have taken on in the national energy policy.”

“This savings of 34 Mtoe per year required the investment of 100 billion francs. Comparing this effort with the 500 billion francs spent to pro-
duce 56 Mtoe of nuclear energy per year highlights the interest of energy savings for the national community.”

* This is the annual energy savings at the end of the period due to the investments made during the period. They are primary energy savings,
mostly oil, and correspond to approximately 28 Mtoe of final energy.

** This is “primary” electricity production. In current accounting, it would correspond to approximately 19 Mtoe of final energy.

3.2 Considerable Potential

5 Economic potential obviously increases as energy prices rise.



If the 2020+ potential were attained, the European Union’s

energy consumption would drop between 2010 and 2015,

reaching its 1990 level in 2020 (approximately 1,500 Mtoe

compared to 1,750 Mtoe in 2005).

Of course, the European Union’s potential energy savings

are a drop in the bucket compared to the eight billion toe of

energy consumed worldwide. These potential savings do,

however, indicate the magnitude of energy efficiency gains

that could be attained thanks to more efficient technologies,

behaviours and modes of organisation, which are them-

selves capable of spreading widely around the planet

thanks to globalisation.

3.2.2 Developing, Emerging and Transition
Countries

It is entirely false to assume that energy efficiency does not

concern countries with low per capita consumption. What is

more, this argument is no longer encountered in the coun-

tries concerned, but among energy supply promoters who

use it hypocritically to defend their cause.

Indeed, it is in the poorest countries that the available

energy—wood fires, waste—is used least efficiently, and

the little commercial energy that can be obtained (at high

cost) is eaten up by inefficient equipment (secondhand cars

and lorries, inefficient household appliances and lighting)

and by large energy losses in transportation and distribution

grids (electric lines, heating networks, gas mains). Adopting

efficient techniques for the use of local resources, for both

energy production and consumption, would make

considerable qualitative and quantitative leaps possible

even in the poorest countries.

Developing and emerging countries with high economic

growth have perfectly understood—without, however,

always drawing the corresponding policy conclusions—that

the “energy model” that developed in OECD countries when

they had their highest growth rates is absolutely not repli-

cable on the global scale. These countries must increase

their energy consumption to fuel their economic growth and

improve their inhabitants’ comfort, but they can and must do

so soberly and efficiently so as to attain energy consump-

tion levels that are much lower than those of OECD coun-

tries in the past.

A study examining “The Elaboration of a Strategy for the

Development and Rational Use of Energy in Tunisia by

2030” was produced by the consultancy firms ICE, APEX

and ENERDATA in 2005 for the National Agency for Energy

Conservation (ANME). This study highlights potential ener-

gy savings of approximately 30% by 2030 (without taking

into account changes in modes of transportation). It pro-

poses a detailed programme of action that focuses notably

on investment financing.

The evolution in the energy intensity of the major energy

consuming countries since 1971 shown in Graph 7 reveals

an extremely diverse situation at the start of the period, with

Japan and Western European countries being relatively

sober in their energy consumption compared to the United

States. These same countries’ energy intensity has fallen.

The United States’ energy intensity also dropped

considerably over the period. Russia (and the Ukraine)

remains the largest energy consumer compared to its GDP.

3. An Energy Efficiency Strategy
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Table 1. Potential Energy Savings by 2020 for the EU (25)
Unit: Mtoe

2020 2020+
Rigorous Application of Already Adopted Measures Implementation of Additional Measures

Construction 56 105
Heating and Cooling (41) (70)
Electrical Appliances (15) (35)
Industry 16 30
Transportation 45 90

Cogeneration 40 60
Energy Sector 33 75

TOTAL 190 360

Source: European Commission, 2005.



After an increase during the economic crisis of the 1990s,

energy intensity has been falling since 2000 but is still very

high: in 2006, it was three times that of the European Union.

For its own development as well as to ensure its

hydrocarbon export capacity (notably to the European

Union), Russia has a burning obligation to adopt a very

proactive energy efficiency policy.

China deserves particular attention. This country’s energy

intensity has dropped spectacularly since 1971. One must

remain prudent when interpreting old data, but it is certain

that the structural changes in the economy contributed

greatly, as did the progressive modernisation of industry

and the growth of light industry. At the start of the 2000s,

China’s energy intensity was roughly the same as the

United States’, but the risk was that China might not take

advantage of its economic growth to further lower its ener-

gy intensity. Indeed, its energy intensity seems to have

been rising in recent years, but in 2005 the government set

the objective of lowering the country’s energy intensity by

20% by 2010.

3. An Energy Efficiency Strategy
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Graph 7. Evolution of Primary Energy Intensity by Country

Source: Author’s calculations; ENERDATA data..
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A comparison (Graphs 8 and 9) of final energy consumption

by sector and by product reveal two “sector-product” pairs

that make up priority targets for energy efficiency policies.

The first pair is the “transportation and oil” pair: the trans-

portation sector depends almost exclusively on oil products,

and the sector’s increased consumption around the world

makes it the sector most subject to both energy security

and environmental constraints.

The second is the “residential/third sector and electricity” pair:

the residential and third sectors combined consume the most

electricity (in 2006: 57% of total final electricity consumption,

compared to industry’s 42%). This consumption is increasing

sharply (improvements in comfort and household appliances

and audiovisual equipment; explosion of air conditioning,

notably in Asia). Savings of one toe of electricity represent

savings of 2 to 3 toe of primary energy.

3. An Energy Efficiency Strategy
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3.3 Two Priority Targets for Energy Efficiency

Graph 8. Final Energy Consumption by Product

Source: Author’s calculations; ENERDATA data.

Graph 9. Final Energy Consumption by Sector

Coal
Gas
Heating

Oil Products
Electricity
Biomass

Industry

Residential and Third Sector

Non-Energy

Transportation

Agriculture

M
to
e

M
to
e



© AFD Working Paper N°59 • World Energy Prospects and Stakes • January 2008

19

4. In Prospect of a “Sustainable” Energy Demand

Numerous world energy forecast studies propose “develop-

ment via energy efficiency” that re-balances energy poli-

cies. They greatly prioritise managing the evolution of ener-

gy demand, based on a detailed analysis of development

needs in terms of services that require energy.

The best known study taking this type of approach based

on service demand and applying a systematic energy effi-

ciency strategy is the study presented by an international

team made up of the Brazilian José Goldemberg, the

Swede Thomas Johansson, the Indian Amulya K. Reddy

and the American Robert Williams, published in 1987 in the

book titled Energy for a Sustainable World (a French ver-

sion of which was published in 1990 under the title Énergie

pour un monde vivable). The authors showed that, by

applying the most efficient techniques available at the

time to energy consumption, one could have attained a

spectacular reduction in world energy consumption by

2020 without slowing the growth of developed countries

or hindering the development of developing countries.

They demonstrated that the energy future portrayed in

conventional forecasts was in no way inevitable.

Elaborated in 1990 by Benjamin Dessus and François

Pharabod, the new energy options (NEO) scenario took the

same basic approach. It differs from the preceding study in

that it predicts a slower reversal of energy behaviours and

adopts a more distant forecast, 2100, the year in which

demographers announce a stabilisation of the world

population at approximately 11 billion people (B. Dessus,

1999). This scenario further imposes two environmental

“standards”: dwindling recourse to nuclear energy until it is

completely abandoned in 2060, and limiting carbon

emissions at 3 billion tonnes in 20606.

When it comes to global risks, only these “low-energy-

intensive” scenarios seem likely to avoid major breaks.

Their primary advantage in this field is that they free up

sufficient manoeuvring room to take the time to reflect on

and prepare “sustainable” energy systems.

From the economic standpoint, low-intensity scenarios

compare favourably to energy abundance scenarios:

indeed, energy production and distribution frequently cost

more than energy efficiency measures and actions. This

advantage is fully exploited in these scenarios.

During the 1990s, the coming together of experts from

around the world and from different “schools of thought” on

energy forecasting made it possible to synthesise the

different visions of possible energy futures in 2050 and

2100.

The work by the International Institute for Applied Systems

Analysis (IIASA) published in 1998 and subsequently used

by the World Energy Council, and the study produced under

the auspices of the United Nations and titled “World Energy

Assessment” (WEA) that focuses on assessing and fore-

casting the world energy situation describe three groups of

scenarios that meet the planet’s energy needs at these tar-

get years but take very different paths when it comes to

energy consumption and production.

Thus, while total primary energy consumption in 1990 was

9 billion toe, the results of the forecasts for the three scena-

rios predict world primary energy consumption equalling:

- in 2050: 25 billion toe in the highest scenario, 20 billion toe

in the middle scenario, and 14 billion toe in the lowest sce-

nario (called the “environmentally friendly scenario”);

- in 2100: 45 billion toe, 35 billion toe, and 21 billion toe for

the three scenarios respectively.

One can see that there are considerable differences, and

that decisions made today in regard to what direction ener-

gy policies will take will have strong consequences in the

century to come.

4.1 Energy Prospects: The Future Is Open

6 The NEO scenario is, to the author’s knowledge, the first global scenario to be “standardi-
sed” in this way.



A 2005 study by ENERDATA and LEPII-EPE, two French

institutes whose energy forecasting experience is acknow-

ledged worldwide, presents two energy scenarios for the

target year 2050: a “business as usual” (BAU) scenario

comparable to the IEA’s forecasts presented earlier in this

chapter, and a “Factor 4” (F4) scenario that aims to divide

France’s CO2 emissions by four by the end of the period

compared to their 1990 level. In addition to the French

case, this study also examines European and world energy

systems. Graph 10 shows each scenario’s results in regard

to world final energy consumption.

The BAU scenario results in final consumption in 2050 on

the magnitude of 16 billion toe, which is in line with the

predictions of most “business as usual” scenarios7. The F4

scenario results in final consumption in 2050 that is slightly

less than consumption in 2001 (the starting year for the

forecasts): in this scenario, world energy demand would

stabilise between 2015 and 2020, and then drop.

This is obtained through the implementation of vigorous

energy efficiency policies in all countries and in all

sectors. The stakes are great, and the benefits for

economies, energy security, and the environment are

considerable. In particular, a scenario such as this is an

indispensable condition for lowering greenhouse gas

emissions, which is made necessary by the fight against

climate change.

4. In Prospect of a “Sustainable” Energy Demand
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4.2 A Study Targeting “Factor 4”

Graph 10. World: Two Final Energy Consumption Projections

Source: ENERDATA – LEPII-EPE.

7 If one keeps the same final energy to primary energy ratio as in 2004, this corresponds to
primary consumption of 21 billion toe, slightly less than the WEA’s average scenario.
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The Council of the European Union, or the “European

Summit” of Heads of State and Governments, meeting on 8

and 9 March 2007 under the German presidency (Angela

Merkel), set two objectives for 2020 for the EU: fight clima-

te change and set up an energy efficiency policy that

addresses its two components—energy efficiency and the

development of renewable energies.

4.3.1 Greenhouse Gas Emission Reduction
Objectives

a) The Council set a “desirable” objective of lowering green-

house gas emissions for industrialised countries (Kyoto

Protocol Annexe 1 Parties) that consists of a 30% reduction

in emissions compared to their 1990 level, in line with a

more distant objective of a 60% to 80% reduction by 2050

compared to the 1990 level.

On this basis, the EU will launch international negotiations

(United Nations climate conference at the end of 2007) that

should reach “post-Kyoto” commitments by their conclusion

at the end of 2009.

b) The Council decided on a binding unilateral commitment
by the EU to reduce greenhouse gas emissions by 20% in

2020 compared to the 1990 level. It should be recalled that

the UE 15’s commitment for 2010 (average over the 2008-

2012 period) is an 8% reduction compared to the 1990

level.

4.3.2 Energy Consumption Reduction Objective

The Council did not set binding objectives on energy efficien-

cy: it merely emphasised that “it was necessary to increase

energy efficiency in the EU” so as to reduce energy

consumption by 20% in 2020 compared to what consumption

would be on the basis of present policies and trends.

In reference to the Green Paper on energy and energy effi-

ciency, this energy consumption reduction objective applies

to primary energy consumption. According to the previous

documents (notably the Energy Efficiency Action Plan), this

would mean, under these hypotheses, a 13% drop in the

EU’s energy consumption in 2020 compared to its 2005

consumption. In addition to not being binding, this objective

is not expressed in absolute value as is the case with

greenhouse gas emissions. Energy consumption should

drop by 20% compared to the projected trend, based on an

economic growth hypothesis (of 2.3% of the GDP by 2020)

and the energy consumption calculated in the projection.

4.3.3 Renewable Energy Objectives

a) For renewable energy, a binding objective has been set

for 2020: 20% of the EU 27’s energy consumption. The

European Commission has specified that this objective is

for final energy consumption.

b) A binding objective has been set for each Member State

at a minimum of 10% biofuel in transportation fuel

consumption (gas and diesel), adding however that this

operation must be economically cost effective. The text

emphasises the mandatory nature of this objective so that

biofuel production can be ensured a market.

With the exception of biofuels, the objectives set (the three

20%) concern the European Union as a whole. A very

important step remains to be taken (as was the case for the

Kyoto Protocol): the “division of efforts” among member

countries. The proposed draft Directive published by the

European Commission at the end of January 2008 sets an

objective of 23% for France.

4. In Prospect of a “Sustainable” Energy Demand
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4.3 Orientations of the European Union’s Energy Policy: The Three 20%
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Conclusion: A Universal Strategy

Continuing current energy consumption trends worldwide

runs up against insurmountable constraints, leads to a

development dead end, accentuates inequalities between

wealthy and poor countries, and widens the social divide.

Economic and social development can only be hindered,

even made impossible, by energy insecurity (physical

supply versus geopolitical constraints, rising prices,

medium-term rarefaction of resources, technological risks,

and outside aggression of all sorts), and the degradation of

the local (pollution, accidents) and global (climate change)

environment. Rising oil prices are already ruining the most

vulnerable economies.

“Business as usual” energy projections clearly show the

political, economic and environmental dead end to which

they lead.

Energy security and environmental constraints are a

sizeable challenge for economic and social development

worldwide. This challenge can only be overcome by

building a new energy system model that is compatible with

sustainable development in order to “meet the needs of the

present without compromising the ability of future

generations to meet their own needs.”

Energy efficiency ranks first among policies that must be

implemented rapidly because this policy is the one that has

the greatest potential, is applicable in all sectors and all

countries, is the best tool to fight climate change and,

finally, makes it possible to slow the depletion of fossil

resources and ensure that a growing share of energy

consumption is fuelled by renewable energies. Among

other things, it is a factor in economic development as it

lowers energy expenditure and creates new activities and

jobs. It is an imperative of the highest order for energy and

economic policies.

This deep-reaching change in energy paradigms that shifts

the priority from supply to demand profoundly changes

citizens’ relationships to energy systems. Providing a

satisfactory “energy service”—instead of an “energy

supply”—brings new actors to the forefront: businesses,

communities, households, and professionals in

construction, transportation, industry, agriculture and the

third sector. Cities and territorial governments become

essential drivers and promoters of these new policies.

If they apply such a strategy, industrialised countries can

cut their energy consumption considerably. Developing

countries need to increase their consumption, but they can

do so at much lower rates of growth than those of wealthy

countries in the past with their known damage.

For most countries, including the large energy producers,

energy efficiency is the largest national energy “resource”

for the coming decades.

The potential for energy efficiency is considerable. Several

reliable estimates show that, approximately twenty years

from now, energy consumption could be cut by 20% to 30%

for equal or better service compared to the projected trend

under favourable economic conditions in the European

Union (more if energy prices continue to rise). This means

that in 2020 the EU’s energy consumption could equal that

of 1990. In transition countries, and notably Russia, this

potential is even greater—on the order of 30% for 2030 in

developing countries using current technologies.

Europe can play a leading role in demand-side

management policies. Indeed, both its energy security and

the fight against climate change require it to do so. The

policy orientations giving priority to acting on demand in the

Green Paper on Energy Security (2000) and the Green

Paper on Energy Efficiency (2005) show the path to follow.

A few Member States are leading the way, but most

continue to want to play the supply card.

The European Summit’s March 2007 decisions on the

“three 20%” (energy efficiency, renewable energy,



greenhouse gas emissions) within the European Union are

an encouraging sign. The “distribution of efforts” among

Member States remains to be determined and will be the

cornerstone of each party’s political will in this area.

The policies implemented in emerging countries over the

next ten years will be decisive. China, India and other

countries are undergoing strong economic growth, and

numerous factors act in favour of energy efficiency: few

hydrocarbon resources and the weight of oil imports in their

economies, very high potential in new infrastructure

(urbanism, buildings, means of transportation),

development of renewable energies that are the most

promising path for the future when combined with demand-

side management, intelligent understanding of the lessons

learnt from Western industrialised countries, and a real

capacity to invent and apply a “new energy model”.

Conclusion: A Universal Strategy
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Appendix I. World Energy Consumption

A society’s development manifests itself in the increasing

satisfaction of a certain number of needs: food, housing,

health care, clothing; ability for people and goods to

circulate; production of goods and services; education,

information, culture, civil rights, sports and leisure; quality of

the natural environment, etc.

Most of these activities require, to various degrees, the

consumption of energy, either by its direct utilisation for

certain uses or to allow the production of the associated

goods and services: farming, stock farming, fishing;

preparing, preserving and cooking food; lighting, heating

and/or cooling housing, workshops, offices, shops;

producing and transforming raw materials, producing and

transforming energy; building buildings and infrastructure;

manufacturing equipment and appliances; transportation

systems; means of information and communication, etc.

Each socioeconomic need can correspond to several

“energy chains”, with each chain being the path that leads

from the socioeconomic development need requiring a

certain amount of energy to be consumed to the basic

energy resource that allows users to procure this energy.

Energy products are designated with different terms

according to the stage at which they appear in energy chains.

The two principal stages found in energy production and

consumption statistics are primary energy and final energy.

The “primary energy” stage corresponds to the forms in

which nature provides energy: chemical energy contained

in a fossil resource (coal, oil, natural gas) or biomass

(wood, plants, waste); mechanical energy from water or

wind (hydraulic, wind); thermal energy from underground

hot water (geothermal) or the sun’s rays; solar photovoltaic

energy; nuclear energy from the nucleus of the uranium

atom, etc.

The “final energy” stage corresponds to the energy

products that are delivered to consumers. In some cases,

the final product can be identical to the primary product (or

very similar, such as with natural gas). In most cases, the

final product comes from the transformation of raw

materials: this is the case for the electricity produced by

fossil fuel power plants and fuel products from oil in

refineries.

The industrial and commercial activities in the “energy

sector” cover the production, transformation, transportation

and distribution of the energy products that are supplied to

users: these activities turn primary energy into final energy.

All the data presented in this appendix come from the
ENERDATA database.

1. Energy Chains: From Need to Primary Resource

The Stages in Energy Chains

1. Socioeconomic Development Needs

comfortable housing and workplaces – food, clothing, education, socio-cultural activities – communications, easy and safe travel,
transportation of goods – production of goods and services

2. Services Requiring Energy

heating or cooling, hot water, cooking of food – lighting, household appliances, office equipment, audiovisual equipment, telecommunications
– transportation for people and goods – industry, mines, agriculture



In 2006, world final energy consumption was 8,210 Mtoe,

and primary energy consumption was 11,803 Mtoe. The

world population was 6,512 billion people.

The difference between primary and final energy comes

from the energy consumed by the industries in the energy

production, transportation and distribution system (mines,

refineries), losses in transport (electric power lines, gas

pipelines), and above all energy losses relating to the trans-

formation of heat into electricity in (classic or nuclear) ther-

mal power plants.

Appendix I. World Energy Consumption

© AFD Working Paper N°59 • World Energy Prospects and Stakes • January 2008

25

3. Form of Energy Used Directly

heat, cold – fixed or mobile motive power – light – electromagnetic energy – chemical energy

4. Users’ Energy Equipment and Appliances

furnaces, ovens, stovetops – lamps, household and audiovisual appliances, electronic appliances, computers – engines – industrial
procedures

5. Energy Products Used by Users (final energy)

solid, liquid or gas fuels – network heating – electricity

6. Consumption Sector

industry, residential, third sector, transportation, agriculture

7. Energy Transformation and Transportation

heat generating plants, power plants (or combined heat and power plants: cogeneration) – oil refineries, natural gas liquefaction plants, char-
coal production plants – oil and gas pipelines, oil tankers and gas carriers, barges, trains, lorries – electric power lines

8. Energy Sources Available in Nature (primary energy)

fossil sources: coal and lignite, oil, natural gas – renewable sources: water, wind, sun (thermal or photovoltaic), geothermics, biomass –
fossile sources (nuclear energy): uranium

2. World Consumption

Energy Accounting

The official unit of measurement for energy is the joule. The kilowatt hour (kWh) is also used, and not only for electricity (1 million joules, or
1 MJ, equals 0.2778 kWh).

For simplicity’s sake, “primary” energy production and consumption (before transformation in fossil fuel thermal power plants producing heat
and/or electricity; oil refineries) and “final” energy (energy products delivered to end users: fuel, gas, heat, electricity) are expressed in a com-
mon unit, tonnes of oil equivalent (toe, or its multiple, million toe/Mtoe): 1 toe = 41.8 Gigajoules (Giga: 10 to the 9th power).

Energy accounting of fossil fuels (or wood) in tonnes of oil equivalent (toe) is not problematic as the toe equivalences are calculated based
on the calorific value of these various energy products. Oil production, however, is often expressed in “barrels per day”, and the cost of crude
oil in “dollars per barrel”: 7.3 barrels equal 1 tonne of oil, and production of 1 barrel per day equals 50 tonnes per year.

Electricity production and consumption are measured in kWh (or in terawatt hours, TWh, teraWh, billion kWh). To convert kWh into toe, inter-
national statistical systems have adopted, for final electricity consumption, a physical unit correspondence: 1,000 kWh = 0.086 toe or 1 TWh
= 0.086 Mtoe.



Graph 1 shows changes in primary and final energy

consumption since 1971.

Each curve clearly shows the drop in energy consumption

and its stabilisation for several years following the “oil

shocks” in 1973 and 1979. However, the overall trend in

world energy consumption since 1971 has been linear (with

primary energy consumption increasing on average by

approximately 200 Mtoe per year), and a sharp rise in

consumption since 2000, which shall be explained below.
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One particularity in international energy accounts deals with the accounting methods for “primary” electricity produced by means other than
fossil fuels (hydraulic, nuclear, geothermal, wind or solar). For electricity of nuclear origin, the heat produced by nuclear reactors that is used
to produce electricity is recorded as primary energy: 0.26 Mtoe per TWh produced. For electricity of hydraulic, wind or solar origin produced
without a thermodynamic cycle, the thermal equivalent per joule effect of the electricity produced is recorded as primary energy: 0.086 Mtoe
per TWh. For electricity of geothermal origin, one TWh of electricity produced is recorded as 0.86 Mtoe of primary energy (or ten times more
than electricity of hydraulic origin).

For the same amount of electricity produced, electricity of hydraulic origin is only counted in the international system at one-third the value
of nuclear electricity on primary energy balance sheets expressed in toe.

Because of these difficulties, using the kWh when speaking of primary electricity production is recommended.

Graph 1. World: Evolution of Primary and Final Energy Consumption

Source: Author’s calculations; ENERDATA data.

Graph 2 World: Evolution of Final Energy Consumption by Sector

Source: Author’s calculations; ENERDATA data.



2.1 Final Energy

Graphs 2 to 5 show how final energy consumption by pro-

duct and by consumption sector has evolved, and how it

broke down in 20068.

By Sector

The three major consumer sectors are industry,

transportation, and the “residential and third sector”

ensemble (energy consumption in buildings: heating

and to a lesser degree air conditioning, cooking,

domestic hot water, household appliances, office

equipment, etc.).

One can see that industrial energy consumption accounted

for 28% of the total in 2006 and has increased only slightly

since the end of the 1970s. Transportation consumption is

roughly the same (27% in 2006) but has more than doubled

since 1971. The residential and third sectors consume the

most (34% in 2006).
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Graph 3. World: Final Energy Consumption by Sector in 2006

Source: Author’s calculations; ENERDATA data.

By Product

The energy products delivered to end users are coal, oil

products, gas, electricity, heat (heating networks) and bio-

mass (essentially firewood for traditional uses in developing

countries).

8 “Non-energy” consumption is the consumption of raw energy materials for non-energy uses,
primarily in the chemical industry. These raw materials are above all oil products and natural
gas.

Graph 4. World: Evolution of Final Energy Consumption by Product

Source: Author’s calculations; ENERDATA data.



The breakdown by product shows that oil products are still

predominant in final consumption (43% in 2006) even

though their share dropped in favour of gas and electricity

over the 1971–2006 period.

2.2 Primary Energy

Oil remains the dominant source of energy (34% in

2006), followed by coal that, after a relative stagnation in

the 1980s, is on the rise (26% in 2006). The energy

source whose contribution has most increased over the

past thirty years is natural gas. Biomass (wood, plant and

animal waste), still used mostly by traditional techniques,

occupies a large share (10% in 2006), slightly more than

primary electricity (hydraulic and nuclear). “Primary” heat

(geothermics and solar energy) contributes little.

One can see that the increase in consumption visible

starting in 2000 is essentially due to coal.
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Graph 5. World: Final Energy Consumption by Product in 2006

Source: Author’s calculations; ENERDATA data.

Graph 6. World: Evolution of Primary Energy Consumption by Source

Source: Author’s calculations; ENERDATA data.

Graph 7. World: Primary Energy Consumption by Source in 2006

Source: Author’s calculations; ENERDATA data.

2.3 Electricity

World electricity production rose from 5,260 TWh in 1971 to

18,900 TWh in 2006.

Since 1971, coal has been the largest fuel source, growing

steadily and, since 2000, more rapidly. Oil’s contribution has

dropped distinctly in favour of gas (mainly natural gas) with

the emergence of the combined cycle plant technique and

the spread of cogeneration.



In 2006, 67% of this production came from fossil fuels, 18%

from renewable energies (96% of which hydraulic), and

15% from nuclear power.

One interesting element, notably in terms of industrial poli-

cies, is the evolution of installed electric power worldwide.

Graph 10 shows this evolution since 1992.
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Graph 8. World: Evolution of Electricity Production by Source

Source: Author’s calculations; ENERDATA data.

Graph 9. World: Electricity Production by Source in 2006 Graph 10. World: Evolution of Installed Electric Capacity

Source: Author’s calculations; ENERDATA data. Source: Author’s calculations; ENERDATA data.

Table 1: Difference in Installed Capacity by Energy Source between 2000 and 2006

Coal Oil Gas Biomass Nuclear Hydraulic Wind Total

1000 MW 280 28 398 11 22 105 53

Share 31% 3% 44% 1.3% 2.4% 11.7% 6% 100%

Source: Author’s calculations; ENERDATA data.

Table 1 shows the increase in capacity for each source over

a recent period.

Natural gas plants (mainly combined cycle plants) are clearly

in first place before coal and renewable energies (19%).



3.1 Continental Ensembles

This evolution is significant: in 1971, the consumption of all

industrialised countries combined (OECD + CIS) accounted

for 84% of world consumption. By 2006, this share had fal-

len to 56%. Europe’s and North America’s consumption has

increased little over the past thirty years, and one can see

a drop in consumption by CIS countries due to the econo-

mic crisis that followed the end of the USSR in 1990.

Asia’s consumption has clearly increased: 3.9 times more

in 2006 than in 1971. The aforementioned sharp increase in

world consumption since 2000 comes from Asia, and more

specifically China.

3.2 Inequalities Remain

The presentation of “world” energy consumption is

misleading. In 2006, the OECD and CIS countries alone—

1.45 billion inhabitants (22.3% of the world population)—

consumed 6.57 billion toe, mainly commercial energy, or

56% of world consumption.

Developing countries—5.1 billion inhabitants (77.7% of

world population)—consumed 5.24 billion toe, of which

approximately 1 billion toe of traditional biomass.

It is estimated that, in this very diverse ensemble of

developing countries, approximately 3 billion inhabitants

(from the wealthiest countries and the metropolises and

industrial sectors of certain countries) consume 3.6 billion

toe of commercial energy, whereas 2 billion inhabitants,

mainly the rural and periurban population, consume 1 billion

toe of traditional energy.

The following way of looking at the situation is obviously

schematic but portrays reality accurately:

- nearly one-third of the planet’s inhabitants do not have

access to modern sources of energy, and nearly 75% of the

planet’s population consumes only 40% of all the energy

consumed;

- the major energy issue worldwide is providing energy to

this population, even in small amounts.
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3. Regional Consumption and Comparisons

Graph 11. World: Evolution of Primary Energy Consumption by Region

Source: Author’s calculations; ENERDATA data.

Graph 12. World: Primary Energy Consumption by Region in 2006

Source: Author’s calculations; ENERDATA data.



In regard to this reality and this requirement, the “energy

crises” of the “oil shock” type that affected Western

economies in the 1970s were temporary in nature. The

largest world energy crisis is that of firewood, and the

countries most affected by rising oil prices are not wealthy

industrialised countries but rather developing countries that

devote a much larger share of their (meagre) resources to

oil product imports.
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4. Per Capita Consumption and Energy Intensity

4.1 Per Capita Energy Consumption

Between 1971 and 2006, average annual primary energy

consumption per capita rose from 1.47 toe to 1.81 toe. In

this evolution, one can note with precision the two oil

shocks of 1973-74 and 1979-80, the increase consecutive

to the oil counter-shock of 1986, and the drop that marked

the fall in consumption recorded in the former USSR after

1990, with all of these fluctuations maintaining per capita

consumption in 2000 at roughly its 1980 level9.

Starting in 2000, the growth in per capita energy consump-

tion is clear (just as we have seen it is for total consump-

tion) due to Asian growth.

Graph 13. World: Evolution of Per Capital Primary Energy Consumption

Source: Author’s calculations; ENERDATA data.

Source: Author’s calculations; ENERDATA data.
9 The stabilisation over the years 1980 to 2000 was due to three principal reasons:
- the growth of energy consumption slowed considerably in industrialised countries (notably
thanks to energy efficiency efforts);
- most developing countries did not have economic growth sufficient for their development;
- the economic crises of countries in transition caused their energy consumption to drop
sharply.

Graph 14. Per Capita Primary Energy Consumption by Country in 2006
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Inequalities in per capita consumption were still

considerable in 2006, as Graph 14 shows. Consumption

ranged from 7.8 toe per year in the United States and 0.56

toe per year in India.

4.2 Energy Intensities

Another overall indicator is also used to compare countries:

“energy intensity”, or the ratio of energy consumption to

gross domestic product, the latter being calculated in “pur-

chasing power parity” (PPP) dollars so as to take into

account different standards of living.

This indicator (usually expressed in toe per 1,000 dollars)

characterises the degree of “energy sobriety” of a country

or mode of development: it measures the quantity of ener-

gy consumed for the same level of goods and services pro-

duced.

Energy intensity obviously depends on factors such as the

climate (the colder it is, the more energy one consumes for

heating at the same economic level) and the structure of

the economy (if a country has a lot of heavy industry, which

consumes large amounts of energy, its energy intensity will

be higher).

However, when one compares countries with similar econo-

mic structures, the crucial factor is the efficiency with which

energy is produced and consumed: very schematically, the

lower the energy intensity, the higher the efficiency.

A recent study on the “evaluation of energy efficiency in the

European Union (15)” published by the European

Commission and ADEME and conducted by fourteen

national teams (the ODYSSEE-MURE network) presents a

detailed analysis of energy efficiency in the EU-15. This

study identifies the various factors that determine a

country’s energy intensity, and makes it possible to

distinguish its effects and define and evaluate an “energy

efficiency” indicator (www.odyssee-indicators.org).
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Graph 15. Primary Energy Intensity by Country in 2006

Source: Author’s calculations; ENERDATA data.
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The evolution of energy intensity values since 1971 reveals

an extremely diverse situation at the start of the period, with

Japan and Western European countries being relatively

sober in their energy consumption compared to the United

States. These same countries’ energy intensity has, howe-

ver, fallen. The United States’ energy intensity also dropped

considerably over the period (from 0.44 to 0.22). Generally

speaking, the energy intensity of OECD countries fell by

30% between 1980 and 2006. This drop is due, in part, to

structural transformations (less heavy industry and less

industry in the GDP) and, in part, to the improved efficiency

of energy consumption.

It is estimated that the drop in energy intensity over the

1975-1986 period resulted, for OECD countries as a whole,

in consumption savings of 900 billion toe of primary energy

in 1986, or roughly the OPEC’s annual production at the

time.

China deserves particular attention. Its energy intensity has

dropped considerably since 1971. One must remain pru-

dent when interpreting old data, but it is certain that the

structural changes in the economy contributed greatly, as

did the progressive modernisation of industry and the grow-

th of light industry. At the start of the 2000s, China’s energy

intensity was roughly the same as the United States’, but

the risk is that China might not take advantage of its econo-

mic growth to further lower its energy intensity (an increase

seems to be looming in recent years).

Russia (and the CIS as a whole) remains the largest ener-

gy consumer compared to its GDP. After an increase during

the economic crisis in the 1990s, energy intensity has been

falling since 2000 but remains very high: in 2006, it was

three times that of the European Union.
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Graph 16. Evolution of Primary Energy Intensity by Country

Source: Author’s calculations; ENERDATA data.

5. Carbon Dioxide Emissions

5.1 Evolution of Emissions Worldwide

Increases in carbon dioxide (CO2) emissions linked to

the consumption of fossil energies are the main source of

the increase in greenhouse gases on planetary scale,

which is itself the cause of atmospheric warming that

should cause profound climate change in the coming

decades.

In 2005, world CO2 emissions linked to energy activities

were 26.5 billion tonnes, 47% of which came from OECD

countries.

.

.
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.



5.2 Emissions by Country

Evolution

It is interesting to note that the European Union’s emissions

increased very little over the 1990-2006 period (while not

coming sufficiently close to the Kyoto Protocol’s objective),

whereas the United States’ emissions increased by 20%.

China’s emissions have increased spectacularly since 2000

(although its emissions remain considerably lower than

those of the OECD, see Appendix II).

Per Capita Emissions

Like energy consumption, per capita emissions vary great-

ly from country to country. In 2004, the United States’ per

capita emissions were still four times those of China.
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Graph 17. World and OECD: Evolution of CO2 Emissions

Source: Author’s calculations; ENERDATA data.

Graph 18. Evolution of CO2 Emissions by Country

Source: Author’s calculations; ENERDATA data.



Emissions per GDP Unit

Emissions compared to GDP present a fairly different pers-

pective, which is obviously close to that of energy intensity.

Compared to economic level, the country with the largest

amount of emissions is Russia by far, followed by China

(because of the preponderance of coal for the latter).
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Graph 19. CO2 Emissions by Country and by Inhabitant in 2004

Source: Author’s calculations; ENERDATA data.

Graph 20. CO2 Emissions Compared to GDP in 2004

Source: Author’s calculations; ENERDATA data.
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2. Gross Domestic Product (at purchasing power parity)

Table 2 and Graph 2. Evolution of Gross Domestic Product (at
purchasing power parity), in billion dollars

2000 2005 Difference

China 4,712 7,444 2,732

OECD 25,284 28,165 2,881

a) The OECD’s GDP is nearly 4 times greater than China’s,

which is relatively well known.

b) The increase in China’s GDP between 2000 and 2005

(2,732 billion) is slightly less than the increase in the

OECD’s GDP (2,881 billion), which is much less well

known.
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Appendix II. Comparison of China and the OECD10

Table 1 and Graph 1. Evolution of the Population (in millions)

2000 2005 Difference

China 1,263 1,304 41

OECD 1,124 1,164 40

The two populations are roughly the same size and are

therefore the ones to compare (rather than China and the

United States or Europe).

Population growth was the same from 2000 to 2005.

1. Population

OECDChina

China OECD

bi
lli
on
U
S$
(1
99
5
PP
P)

10 Source of the data: ENERDATA database.
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3. Total Primary Energy Consumption

3.1 Total Consumption

Table 3 and Graph 3. Energy Consumption
total primary (in Mtoe)

2000 2005 Difference

China 1,120 1,739 619

OECD 5,334 5,554 220

a) The same observation can be made for primary energy

consumption: in 2005, the OECD’s was 3.2 times that of

China.

b) But China’s consumption grew considerably more bet-

ween 2000 and 2005: 619 Mtoe compared to 220 Mtoe for

the OECD (whose consumption increased all the same).

This is due in part to the fact that China’s energy intensity

is greater than the OECD’s, but above all to the fact that the

OECD’s energy intensity fell over the 2000-2005 period

(see below), which had a strong impact on consumption dif-

ferences.

3.2 Per Capita Consumption

Table 4 and Graph 4. Per Capita Primary Energy Consumption (in toe)

2000 2005 Difference

China 0.89 1.33 0.44

OECD 4.75 4.77 0.02

The OECD’s per capita consumption is almost stable (but

increasing slightly all the same), whereas China’s is

increasing strongly (while remaining much lower).

3.3 Primary Energy Intensity

Table 5 and Graph 5. Primary Energy Intensity (in toe/US$1,000 at 1995
PPP)

2000 2005 Difference

China 0.238 0.234 -0.004

OECD 0.211 0.197 -0.014

Primary energy intensity is the ratio of primary energy

China OECD

M
to
e

China OECD

China OECD

to
e
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U
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consumption to GDP (at purchasing power parity, here at

1995 prices and parities, which obviously creates large

margins for error).

a) China’s energy intensity is higher than the OECD’s, but

the gap is not great.

b) Between 2000 and 2005, the OECD’s energy intensity

fell more than China’s, which explains the differences bet-

ween total consumption changes (see 3.1).

c) China can make considerable progress in reducing its

energy consumption in relation to its GDP without altering

its growth.

d) But, if one wants to attain “sustainable” convergence,

OECD countries’ consumption must also drop in very large

proportions.
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4. Primary Energy Consumption by Source

Table 6 and Graph 6. Primary Energy Consumption by Source in 2005
(Mtoe)

China OECD

Coal 1,101 1,134
Oil 317 2,249

Natural Gas 50 1,211
Primary Electricity 49 756

Biomass 222 197

The OECD consumes:

a) slightly more coal than China,

b) seven times more oil, 20 times more natural gas, and 15

times more primary electricity (nearly all of which is

hydraulic for China; whereas it is hydraulic and other

renewables, and nuclear for the OECD: see electricity

production below).

Graph 7. China’s Electricity Production by Energy Source in 2005

Graph 8. The OECD’s Electricity Production by Energy Source in 2005

Coal Oil Natural Gas Primary Electricity Biomass

China OECD

Mt
oe

5. Electricity Production (in 2005)

Table 7. Electricity Production by Energy Source in 2005 (TWh)

China OECD

Coal 1,912 3,942

Oil 76 480
Gas 10 1,950

Nuclear 52 2,328
Hydraulic 422 1,355

Wind 93
Biomass 3 201

Total 2,475 10,349

One can see:

a) A factor of 4 in electricity production.

b) Double the electricity production from coal in the OECD.

c) Coal is very dominant in electricity production (77%) in

China, and remains the largest source of energy production

in the OECD.

Coal
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Nuclear

Hydraulic

Wind

Biomass

Coal
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Nuclear

Hydraulic
Wind

Biomass



Table 8. CO2 Emissions by Country, Per Capita, and by GDP Unit

Total Per Capita By GDP at PPP
Mt CO2 t CO2 *

CHINA 5,060 3.9 0.65
USA 5,817 19.6 0.53

OECD 12,910 11 0.43

* “By GDP at PPP” Unit: Tonne of CO2 for US$1,000 at PPP of GDP.

China’s total emissions are close to those of the United

States, but remain much lower than those of the OECD.

Per capita emissions: factor 5 with the United States, and

factor 3 with the OECD.

If the United States does not reduce its CO2 emissions and

China follows the American “model”, it is clear that the futu-

re will be “unsupportable”.

Emissions per GDP unit (at purchasing power parity) are

effectively much higher for China because of the predomi-

nance of coal (often very inefficiently used) in its energy

balance sheet.

The outline of China’s energy policy can be seen fairly

clearly:

- energy efficiency in all sectors and in the electricity sector

in particular (1 toe of electricity saved represents 3 toe of

coal saved);

- “clean coal” (better yields and very probably sequestra-

tion);

- renewable energy (one can already see a strong rise in

wind power); and

- an increase in the use of natural gas.
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6 CO2 Emissions

Graph 9. Total CO2 Emissions for China, the United States and the OECD
(2005

Graph 10. Per Capita CO2 Emissions for China, the United States and the
OECD (2005)
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Graph 11. CO2 Emissions per GDP Unit for China, the United States and
the OECD (2005)
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