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Foreword

This book could not be more timely nor more important. Most of the world’s energy conti-
nues to be wasted by inefficient devices and practices that simply turn resources into pollu-
tion, incurring staggering costs at both ends. The global climate experiment becomes stea-
dily more risky and less reversible. Other hazards of energy profligacy become ever more
painfully evident. And with the expansion of electricity supply alone consuming about one-
fourch of the world’s total development capital, the rapidly growing economies, especially
in Asia, are facing an increasing prospect that unless chey quickly make very efficient use of
energy into the cornerstone of the development process, they may soon find energy-supply
infrastructure swallowing up their budgets, leaving too little money to buy the things that

were supposed to “use” all that energy.

After all, expanding the supply of electricity can easily take hundreds of times, even more
than a chousand times, as much capiral as building a factory to make (say) compact fluores-
cent lamps in Bombay or super windows in Bangkok to produce the same increments of
light and comfort. And since the power plant also ties up its capital for about ten times as
long as the factory, the product of capital intensity times capital velocity can make electri-
cal supply effectively about one thousand to ten thousand times more capital-consumptive
than investing in devices that use less electricity far more productively to provide che same
service with the same or better quality. No country, even the richest, can afford to get that

choice wrong for very long.

The notion chat inefficient energy development could cripple the whole development pro-
cess by drying up ics needed capital is hardly new. But it gains a sharper edge in a world
where East Asian nations alone were recently increasing their peak electricity demands for
air-conditioning alone by some 15-25 gigawatts “per year” — with each gigawatt (thousand
megawarts) costing on the order of US $1-2 billions for investment in classical thermal sta-
tions and grid expansion. The answer is not simply to carpet Asia with projecc-financed
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power stations, which are often built largely for transactional rewards rather than for eco-
nomic fundamentals. Most such projects will disappoint, either because the host government
reneges on its promise to raise electricity tariffs to the levels needed to pay for the project,
or because the host government “keeps” that promise and thereby depresses demand below
the levels needed to pay for the project. (If paying for the project would require a great many
customers in, say, India to devote about one-fifth of their disposable income to buying elec-
tricity, as not uncommonly turns out to be the case, then it’s time to redo the sums.) As my
friends Bernard Laponche and Bernard Jamert and their colleagues empbhasise, the answer is
rather to start by asking what we want all that electricity “for”, and what's the cheapest way
to do those jobs.

In the United States, we didn’t do that before we had already misallocated (at marginal cost)
on the order of US $1 million million to buying air-conditioning equipment, and 200 peak
GW of power supplies to run it, that we would not have bought if we had optimally designed
the buildings in the first place to provide the same or better comfort at least cost. (For example,
a retrofit design for a California office recently decreased its air-conditioning energy by about
97% while improving comfort.) Other countries, especially developing countries totalling
abourt ten times America’s population, should learn from that mistake, not repeat ic. With so
many calls on scarce resources, countries developing or reorganising their economies today can
afford to build massive new energy supplies or to develop their societies, but not both.

Wasted energy, then, is not just a minor blemish in the fabric of global development. It is
rather a basic struccural flaw that threatens to tear the whole process apart. An inefficient
motot or lamp is really a chief that steals money from clean water, infant immunisations,
female liceracy, and all che other development basics. But the reverse of that threat of per-
petuating human misery is the splendid opportunity this book describes : to turn the energy
(especially the electric) sector from a black hole for capiral into a net exporter of capital for
other development needs; to make the energy sector not a major polluter requiring costly
cleanup but a relatively benign contributor to a vibrant and sustainable economy; and in
partnership with energy efficiency (which reduces demands enough so that dispersed solar
sources such as photovoltaics become readily affordable) to bring the benefits of efficiently
used, freely available, and justly distributed renewable energy to all who need and want
energy for a decent life.

To this challenging task, the Laponche team brings enormous experience and insight, hard-
won in field practice around the world. From their rich experience over the past couple of
decades, they synthesise the broad principles of the effective, well-established approach to
energy efficiency implementation that has its roots mainly in European governmental work
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but has found fruitful application world-wide. As such, this primer will be of special value
to all policymakers and practitioners who want to know both how to do the right things and
how to do things right.

This is not a book about the technical details of saving energy. If it were, it would have to
be many times longer and far more technical. Indeed, it would risk becoming not a book
bur a newspaper, because both the technologies of energy productivity and our understan-
ding of how best to choose, integrate, and combine them are evolving so rapidly that poten-
tial electrical savings (for example) are doubling about every five years, while their cost
meanwhile falls by about threefold. (That statement has been continuously true for at least
the past 15, perhaps 20, years, and progress shows no sign of slackening.) The new techni-
cal developments are not merely incremental but often radical improvements on those of the
recent past. For example, in many technical systems - most buildings, motor and lighting
and hot-water systems, compurer design, even car design - we can now frequently make large
energy savings cost “less” than small energy savings, typically by achieving multiple bene-

fics from single expenditures through careful whole-syscem engineering.

This surprising potential is not merely a theoretical possibilicy. Recent experiments have
eliminated space-heating and cooling equipment in new houses in climates ranging from
-44° to +46°C while reducing capital cost and increasing comforc. Energy savings around
90% in fan and pump systems while reducing capirtal cost and improving performance are
no longer unusual in industry and in large buildings. New buildings can now achieve
energy savings around 80-90% with decreased capical cost and better comfort and aesthe-
tics, while retrofits can often save nearer three-fourths than the classical 10-30% . In a few
more years, even these astonishing results may well seem pass. Next, very soon, come ultra-
light hybrid-electric “hypercars” that will ultimately save as much oil as OPEC now extracts,
and that have already accracted some US $2 billions of world-wide industrial commitments
by established and emerging automakers cager to capeure their decisive comperitive advan-
tages. After that come cheap polymer fuel cells whose commercialisation those hypercars
will greatly accelerate — all in the context of the rapidly emerging “distributed urilicy”,
where the power station shifts from a remote central plant to your back-yard, basement,
driveway, or rooftop. After that, who knows? Even fundamentally new enérgy sources can-
not be wholly excluded, and the ones we have certainly suffice for a cost-effective global
supply meeting all needs of a populous and prosperous world — if we become modestly more

efficient firse,*®

* For the latest news on fast-changing technologies, my colleagues ar Rocky Mountain Insticure, heop/iwww.rmizorg, and at
E source, heepr/iwww.esource.com, provide a wide range of popular and rechnical informacion — che larter on an instantly scar-

chable CD-ROM.
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Nor is this book particularly about new ways, now emerging, to use market forces more crea-
cively by specifically addressing market failures and adopting “trimrabs” targeted at correc-
ting them. Archirects and engineers could be rewarded for what they save, not for what they
spend. For new buildings, when you connect to the energy, water, or sewer grids, you could
pay a fee or get a rebate — which and how big depends on the building’s technical efficiency
— and the fees could pay for the rebates. Such “performance-based fees” and “feebates” are
now being tried, with encouraging resules, as sketched in our recent book with Prof. Ernst
Ulrich von Weizsiicker ("Factor Four : Doubling Wealth, Halving Resource Use”, Earths-
can {London] May 1998 or Dromer Knaur, Miinchen, 1995; other translations in press). It
is not surprising that if we reward the results we want rather than the opposite, we are more
likely to achieve those desired outcomes. The Laponche team, being such sage practitioners,
will doubtless add such improved tools to their brimming toolbox as soon as they're widely
proven and available.

But their purpose in this book is not mainly to assess cutting-edge ideas; rather, it is to
codify and consolidate the proven, eminently practical fundamentals of public policy and
private action to use energy in a way that saves money. Nothing in this book is speculative
or experimental: the authors, and their vast network of practitioners world-wide, have
already done it all. A great strength of chis guide to principles, practices, policies, and part-
ners is therefore its reliance on tried-and-true ways for making energy services work better
and cost less, and giving the coordinates and activities of many experienced implementing

organisations that can help spawn new efforts anywhere in the world.

Within char context and in that spirit, there is only one issuc to which I might perhaps
have wished more prominence to be given. The world spends the best part of a trillion dol-
lars a year (and a third of all fuel) on electricity, most of it wasted, largely for two artifac-
tual reasons that are both readily correctable. The first is that nearly all countries reward
utilities for selling more energy but penalise them for cutting your bill. In about eight of
the Unirted States, we've solved this problem by using a simple accounting mechanism to
decouple utilities” profics from how much energy they sell, so they're no longer rewarded
for selling more nor penalised for selling less — and chen, if che utility helps cur your bill,
to let its shareholders keep part of that saving as extra profit. Nacurally, this alignment of
the previously contrary interests of shareholders and customers causes impressive changes
in utilities’ culrure and practice. It is also fully compatible with implementation through
market mechanisms and with liberalisation of electricicy markets; but in seeking the
undoubted benefits of more competitive generation, it does not discard, buc specifically
seeks to capture, the even larger benefit of also “using” electricity in an economically effi-

cient way.

10
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An even more basic reform is to add the missing “third principle” to power systems. Today
those systems are run on two basic principles: (1) Make electricity in the cheapest way (sub-
ject to constraints of reliability, health, safety, environment, and perhaps fuel diversification).
(2) Use the resulting electricicy efficiently. But missing in nearly all countries is a third prin-
ciple: (3) Allocate resources between (1) and (2) by least cost — best buys first. Lacking such
a principle, resources are allocated between supply and demand-side investments according
to habit and bureaucratic power. The result is like the classical recipe for Elephant and Rab-
bit Stew — one elephant, one rabbit. And it’s the wrong way round. When the World Bank’s
power sector (under previous managemenct) allocated abour 99% of its US $2-billions-a-year
budget to producing more eleccricity and only about 1% to using electricity more produc-
tively, that was just the opposite of what least-cost investment would have required. We
must therefore augment che wise advice in this book wich one further bit: pay careful atcen-
tion to these institutional structures and incentives; otherwise you will probably get what

you're rewarding, even if ic’s the opposite of what you really want.

With that little addition, I gladly commend this pithy and valuable work to the practitio-
ners, policymakers, businesspeople, and active citizens on whose efforts the world’s energy
efficiency, economic prosperity, and environmental future depend. Implementation is not
easy, bur it’s far easier than not doing it. Success requires hard work, persistence, a little cun-
ning, a lot of good humour, and eagerness to give the credit to those who need it (whether
or not they deserve it). But though the challenges are grear, greater still are the rewards, for
all of us and for those who come after us. With gratitude to the authors, therefore, who have
given us so freely of their wealth of experience, implementation is therefore left, in high spi-

rits and with high hopes, as an exercise for the reader.

Amory B. Lovins

Vice President, Chief Financial Officer,

Director of Research Rocky Mountain Institute, Inc.
Director, The Hypercar Center.

Principal, The Lovins Group, Inc.
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THIS BOOK WAS FIRST PUBLISHED IN FRENCH WITH THE FOLLOWING
FOREWORD WRITTEN BY MICHEL RoLANT

LET'S FACE IT

There are two common beliefs which must be thrashed again and again.

The first is thar the natural resources we need to survive (space, water, air, energy...) cannot be exhaus-

ted and are (almost) free.

The second is that a minority of che planet’s inhabitanes can continue to hoard chese resources and expect
to get away with it.

This book written by Bernard Laponche, Bernard Jamert, Michel Colombier and Sophie Actali presents
us with yer another opporrunicy to do so.

It also has the immense merit of potently countering those who pretended at Rio in 1992 and continue
to do so today that the environmental concerns of the planet’s “rich” is in conflice with the social needs
of the planet’s “poor”.

This book clearly explains how energy consumption efficiency and its positive impacts on environmen-
tal quality are one of the rare realist means to ward off the entanglements and crises of which the deve-
lopment countries are the first and foremost victims.

The authors also resolutely count themselves among the “unsurrendered”, who believe that che develo-
ping countries have a future and chat this future is not one of pursuing the spoliation of resources.

They show how, if local actors and decision-makers take charge of energy end use efficiency, rational use
of resources cannot be confused with the organisation of shortage at the detriment of those who already
suffer from ir.

This is not, for them, pure intellecrual speculacion. The present book precisely indicares paths for the

necessary cooperation; it describes the programmes and the means available, including the financial ones.
We should warmly chank che authors for this.

It is likely chat the posicive approach described here will, tomorrow, encompass the water sharing/dis-
tribution issue at local as well as planerary level.

In brief, this book is a precious “mine” filled with un-or under-exploited deposits. It is a service rende-
red to those who refuse to despair of the future (for a better world to live in and a more sustainable deve-

lopment).

Michel Rolant

President and Founder of the French
Agency for Energy Management (AFME)
from 1982 to 1987
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Introduction

Throughout human history, certain civilisations have followed the path of sustainable deve-
lopment, most often without searching to formulate such a concepr in an explicit manner.
Other civilisations were characterised by their massive destruction, usually of both human

beings and nature.

In this field, the production-oriented industrial civilisation which has developed since che
19th century, first in the so-called “Western” world, then over most of the planet, has rea-
ched never dreamed of heights: in many aspects, the twentieth century will probably remain
— if humankind ever manages to cease this folly — the most ruinous in all human history. It
will most likely take the whole of the twenty-first century to repair the damage brought on
by Progress and to atcempt to establish the foundations of a sustainable and perennial deve-
lopment, both throughout space — for the entire planet — and throughout time — for those
living today as well as the future generations. The difficulties are tremendous but the stake

i Immense.

Turning human activity towards sustainable development is a question of global policy which
implies the establishment of a democratic decision-making process, the respect of humans
and nature, the right to education, culture, creative activity, the sarisfaction of basic needs.

This issue goes far beyond simple economy and we will not discuss all of its aspects here.

In many human activities, solving the dramatic problems humankind is confronced with is
not a simple task, in spite of the rising awareness of experts and citizens who realise rhat ic
is time to use our imagination, intelligence and cooperation to establish a radically different

kind of development.

On the contrary, significant progress has been made over a little more than rwenty years in
the field of energy-related activities. The genuine revolution which took place in the Wes-

15



INTRODUCTION

tern industrialised countries under the concept of “energy efficiency™ gives reason o believe
that satisfying the energy needs of humankind, in the framework of sustainable develop-
ment, is a relatively simple matter.

Exploiting fossil resources (coal, 0il, natural gas) in a rational and economical manner; exten-
ding end use energy efficiency to all activity sectors ; developing renewable energies (bio-
mass, hydropower, solar energy, wind power and geothermal energy); joining these three
options within a global strategy should enable humankind to dispose of cthe energy resources
which permit a sustainable and perennial development during che 21st century.

The object of the present book is to present the methods, the experiences and the concepts
which malke it possible to implement energy efficiency policies in all economic and social

ACEIVItIES.

(8
2

The development of a society finds expression in its increasing capacity to meet certain
needs: quality of the natural environment, health and food; housing, clothing, comfort; edu-
cation, information, culture, democracy; transportation facilities; quality of and interest in

work, sport and leisure activities.

In varying degrees, satisfying most of these needs requires the consumption of energy, either
by direct use for certain purposes, or to permit the production of the goods and services
required to meet the needs, such as: agriculture, livestock breeding, fishing; preparation,
conservation and cooking of food; lighting, heating or cooling of dwellings, offices, com-
mercial or industrial buildings; production and processing of raw materials, energy produc-
tion; construction of buildings and infrascructure, manufacture of equipment and

appliances; transportation systems, information and communication facilicies.

The use of energy is thus vital to economic and social development and concributes to impro-

ving living conditions by increasing comfort, transportation facilicies, the quality of work, ctc.

One of the foundations of che industrial civilisation has been the large-scale and increasing
use of energy, in both production and consumption activities. In some countries the risks ro
the natural environment, human life and healch caused by the production and consumption

of energy have reached unacceprable levels.

16
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Energy production and consumption involve significant problems and constraints: hazards
for the environment (air and water pollution, waste, accidents, degradation of soils and
landscapes, desertification); the increasing costs required to access energy resources, the gra-
dual depletion of non-renewable sources; the increased need for capital and foreign
exchange to guarantee energy supply by national production or importation; the political
risks connected with the scrategic, geopolitical or military significance of a particular

source of energy.

Uncil recencly, economic constraints or in certain cases difficulties in accessing energy
resources (geographical or political constraints) were the only constraints limiting the
growth in energy production and use. The expansion of the energy sector was designed to
provide ever more energy to meet a demand che growth of which, like that of the presumed

needs of the population and their economic activities, was considered unlimited.

Per capita energy consumption is very unequal, in different countries as well as within a
single country. For “commercial” energy resources, annual per capita consumption in North
America is one hundred times greater than in the councries of Africa. Energy use in one
country can be double that of another country with comparable levels of production and
living standards. In some countries, there are shortages in energy supply while large quan-

tities of energy are wasted due to inefficient consumption.

Despite a strong slowdown in the growth of energy consumption in the Western indus-
trialised councries since the mid-1970s, if cutrent crends persise, world energy consump-
tion will have doubled before 2030. The lack of relatively easily accessible resources or
their concentration in cerrain geographical areas, the increase in the cost of energy pro-
ducts and che exploitation of more dangerous forms of energy are likely to provoke crisis
situations and ecological catastrophes and will slow or stop development for most of the

World.

Today, environmental constraints combine with economic and political constraints to make
it essential to draw up a sctrategy that will boch fulfil the needs of sustainable development
— the quality of life of all the earth’s inhabitants and future generations — and minimise the
hazards for the environmenct and the economic and social costs arising from energy produc-

tion and consumption. This is what we call an energy efficiency strategy.
Such a strategy is based, first and foremost, on a dramatic revision of the very concept of

energy need. The same service can be obtained — or more generally, the same development

achieved — using a lesser amount of energy than is currently che case, at a total cost also well

17
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below today’s levels. This is true even in the countries wich the most advanced technologies

and apparently the most efficient economies.

The industrialised nations, above all those which are most inefficient in using energy, can
reduce their energy consumption markedly. Developing countries can increase their energy
use, but at growth rates much lower than those of the rich countries in the past. For both,
energy efficiency will be an important factor improving both the economic growth rate and
the quality of the environment.

Energy efficiency is an economic development factor, for experience has shown that in nume-
rous circumstances it is cheaper to save a given quantity of energy — or to avoid using it —
than it is to produce it. This means that financial resources which would have been alloca-
ted to energy production (for example, building power stations) or energy importation
(which requires hard currency) could be devoted to other activities, allowing improvements
in living standards, comfort levels, and the quality of life: building housing, developing
public transportation, building hospitals, ecc. This qualitative improvement of the content
of growth will of course be determined by the development priorities.

Beyond this global effect of transterring financial resources to more valuable or more profi-
table activities which better fulfil the needs of the population, the direct effects of energy
efficiency on productive activity are significant: improvement in industrial produccivity and
competitiveness; development of an industry producing advanced and high-efficiency equip-

ment and appliances which will also sell well on exportation markets.

In a world increasingly concerned about unemployment, implementing energy efficiency
programmes leads to the development of new activities and helps create jobs throughout all

sectors of activity and all geographical areas.

The environmental benefits of such programmes are even clearer: the energy which creaces
the least pollution is the energy which is neither used nor produced. Each time the energy
consumption for a given need is reduced (by insulating dwellings, improving mortor effi-
ciency, etc.), the emission of pollutancs is also, automatically and proportionally, reduced.
This is a familiar and perfectly true argument used to advertise the reduced output of SO,
(sulphur dioxide) CO; (carbon dioxide) or radioactive waste when compact fluorescent bulbs
are used instead of incandescent bulbs, for the same level of lighting.

Energy efficiency measures are the cheapest way of protecting the environment since they

are themselves cost-effective (energy gains) and thus the environmental benefic they incur is

18
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a no cost bonus (compared with the cost of pollution control measures, for example). For this

reason, environmental policies must pay particular attention to energy efficiency operations.

An energy efficiency strategy is not just a slight adjustment to an energy policy but a new
concept of economic policy which takes into account the costs of environmental degradation
and which seeks to reduce hazards and to bring about efficient national and international
economies. National energy efficiency strategies must form an inteégral part of economic stra-

tegies for a healthy environment and sustainable development.

Today the economy and the environment are global concerns. A national energy efficiency

strategy will only be fully effective if it is guided by the following principles:

e the close inter-relation of economy and environment on a regional level and at world scale
must be recognised;

e the environment and the quality of life in both developing and industrialised countries
need to be improved;

e consumers must be implicated in the policy process from the onset, for their support and

their involvement are essential for the successful implementation of these policies.

In this context, the energy and economic policies of each country and each region must be
diversified and tailored to the needs, resources and local and regional environmental condi-

tions.
International cooperation on energy efficiency must be strengthened and given powerful and

effective resources, starting with the existing activities of the regional and international

organisations, development banks, bilateral cooperation institutions, and so on.
rg ? i ¥ l‘ 2

This book presents the foundations and contents of an energy efficiency scrategy, the methods
for its elaboration, the manners in which it is implemented and the inscruments it uses.

Chapters I and II are devoted to the general aspects of drawing up and implementing an
energy efficiency strategy.

Chapter III is an in-depth presentation of the main lines of energy efficiency action pro-

gramme elaboration and preparation.

19
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Chapter IV presents the various means of action: information, training, voluntary agree-
ments, regulation, financial incentives.

Chapter V describes financing mechanisms for energy efficiency projects and their use.

20
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SUMMARY

Today, environmental constraints reinforce economic and political constraines in encouraging policy-
makers to design scraregies which simulwaneously fulfil the needs of sustainable development and mini-
mise environmental damage and the economic and social costs arising from energy production and

consumption.

Such strategies are, first and foremost, based on a profound revision of the concept of energy demand: a
service — economic production or secial need — requiring energy is obrained by a combination of prac-
tices or types of use, a specific technique or equipment, and che use of a certain quantity of an energy
product. If the use and the equipment are “energy-efficient”, energy consumption can be broughr well
below its current level, ar which waste and non-rarional uses are common.

This integrated approach brings about a fairly radical change in energy planning and energy policies:
the needs of consumers in terms of services are the starting point of such an approach, which chen inte-
grates all economic, industrial and energy policy oriencations and actions to ensure that an optimal ser-
vice is provided for users at minimum economic and environmental cost.

In this planning effort, the same degree of attention must be given to actions and instruments which
improve the efficiency of energy use as to those which concern energy supply.

Adopting an integrated strategy is even more capital for the developing countries and the countries in
transition than for the Western industrialised countries. Strong energy efficiency policies are of special
and urgent importance for countries whose economies are in transition from planned to market economy
since, as a general rule, large amounts of energy are wasted in these countries. For the developing coun-
tries, the challenge is not to reduce their overall energy consumption as the industrialised nations must
do, but to achieve their economic and social development wich a much lower energy consumption than
was characteristic of the industrialised nations in the past.
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1

Energy efficiency: an essential component
of sustainable development

Energy is necessary to development. However, the way in which we produce and consume
energy is characterised by strong financial and environmental constraints. For the Northern
countries, the question, today, is that of the quality of development. For the Southern coun-
tries, the issue is development itself which risks meeting with cthe impossibility of excen-
ding to the whole planet the energy model adopted by a minority. Preparing a sustainable
world for tomorrow implies reforming our model of development today.

1.1 ENVIRONMENTAL RISKS AND DAMAGE ARISING FROM ENERGY
PRODUCTION AND CONSUMPTION

The damage energy production and consumption causes ro the natural environment, human
life and health can be distributed into several categories. Described below, these categories
highlight the extent of the problem.

ACCIDENTS

Major technological risks are a growing concern, above all in large industrial or urban conur-

bations. There are many risks of serious accidents arising from energy production and sup-

ply and their extent has already been shown in many cases:

* explosions and fires on oil platforms, at storage or refinery sices or in hydrocarbon trans-
portation networks;

e oil spills caused by ranker accidents;

® cave-ins, landslides or explosions in coal mines;

e breaches in hydroelectric dams;

* explosions or fires in nuclear power plants, nuclear reactors, reprocessing plants or radio-
active waste storage sites.

25
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WATER POLLUTION

e power stations and refineries produce effluents which may contaminate watercourses;

® coal mines can do the same;

e the cooling of power stations produces thermal pollution which can destroy aquaric life;
e non accidental oil tanker discharges pollute regularly the oceans.

RADIOACTIVE EMISSIONS

Radioactive emissions result from the combustion of fossil fuels and above all from the dif-
ferent stages of the nuclear fuel cycle under normal operation and in case of incidents (fre-
quent): uraniurm mines, mineral processing plants, irradiated fuel reprocessing centres, inci-

dents in the operation of nuclear power plants (besides serious accidents).
RADICACTIVE WASTE

Irradiated fuels issued from the use of nuclear energy to produce electricity contain fission
products and transuranic elements, some of which remain radicactive and dangerous for hun-
dreds, if not thousands, of years. No satisfactory solution has yet been found for the des-
truction or safe long-term storage of such waste. The dismantling of major nuclear facilities,
and in particular of nuclear reprocessing plants, is likely to pose problems which have not
yet been properly identified.

AIR POLLUTION

Air quality is affected by two categories of pollutancs arising from industrial or domestic
fossil fuel combustion and the consumption of oil products such as fuel oils:

e directly emitted pollutants, such as sulphur oxides, nitrogen oxides, dust, hydrochloride
acid, volarile organic compounds and carbon monoxide;
e pollutants which are formed in the atmosphere through photochemical reaction, leading

to the creation of ozone, in parcicular.

Sulphur dioxide and nitrogen oxide emissions produce acid rain, the dire effects of which
range from the destruction of aquatic life and of forests to the decay of buildings. The release
into the atmosphere of chlorofluorocarbons (CECs) used for refrigeration and air conditio-

ning contributes to the destruction of the ozone layer.
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AGGRAVATION OF THE GREENHOUSE EFFECT

The accumulation in the atmosphere of “greenhouse gases”, gases which absorb the infrared
radiation emitted by the earth and thus warm the atmosphere, is likely to bring about cli-
mate changes within several decades. Emissions resulting from human activities markedly
increase the concentracion and persistence of greenhouse gases in the atmosphere: carbon
dioxide (COy), methane (CHy), chlorofluorocarbons (CFCs) and nitrous oxide (N>0).

DEFORESTATION AND DESERTIFICATION

The use of wood and charcoal in regions where this nacural resource is not renewed leads to
deforestation, accompanied in many cases by the destruction of the soil, and indeed deserti-
fication (in the Sahel countries of Africa, for example, but also in many mountainous
regions). This problem is particularly alarming since “fuelwood” is the only or at least the
main energy source used in much of the rural or peri-urban population of developing coun-

tries.
LAND INTRUSION AND DESTRUCTION

Land intrusion and the damaging or destruction of natural sites by hydroelectric dams,
mining operations, energy transportation nerworks (particularly high-voltage power lines),
etc., is a nuisance that the affected populations find harder and harder to accepr.

THE ISSUE OF TRANSPORTATION

This is a major issue which is not directly linked with the energy industry or energy
consumption as such, bur rather with one of the most significant types of energy use: trans-
portation. The policies adopted in the Western industrialised nations during the 20ch cen-
tury and now emulated throughout the world, which favour road transportation of passen-
gers and goods, have resulted in a large number of road accidents which cause an estimated
300 000 deaths and 15 million injuries a year world-wide. This extremely serious toll is
added to the pollution generated by road cransportation and the traffic congestion typical of
all large cities as well as to the intrusion and destruction of sites by the development of trans-
portation infrastrucrure.,
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Thus, any action which, under favourable economic and environmental conditions, can bring
about a decrease in energy consumption and therefore in the quantity of energy produced to
perform the same service should be taken in account to reduce the hazards and damage to
the environment caused by this production and/or this consumption.

1.2 BUILDING A SUSTAINABLE WORLD, TOMORROW AND TODAY

Although we can already observe or conceive of some of the effects of the energy syscem brie-
fly described above, they are but one aspect of more global economic crises which confront
the world as a whole and almost all the contemporary societies taken separately. Under these
conditions, to reflect on the place of energy within a development sustainable at long term
can seem trivial or simplistic when compared to the immediate difficulties: unemployment
and pauperisation in the North, the development crisis in the South. It is neverthelees
increasingly admitced that these difficulties are neither cemporary themselves nor linked to
temporary circumstances: on the contrary, they demonstrate that our model of development

is in the process of reaching its limits.

Such a crisis is both an opportunity and a challenge: we are confronted with the necessity to
invent a new model of sustainable development, which “meets the needs of the present
without compromising the ability of future generations to meet their own needs”. First, sus-
tainable development requires the elimination of poverty and deprivation. Second, it
requires the conservation and enhancement of the resource base which alone can ensure that
the elimination of poverty is permanent. Third, it implies a broadening of the concept of
development so that it covers not only economic growth burt also social and cultural deve-
lopment. Fourth, and most important, it requires the unification of economics and ecology
in decision-making at all levels. (Qur Consmon Future, World Commission for Environment
and Development, 1987.)

The coupling of the environment and economic and social development is thus one of the
essential components of sustainable development. However, it is not certain that energy
constraints (availability of resources, risks, environmental problems, economic problems,
etc.) will be the most intense or the most imminent (or at least considered as such) among
the various constraints which humankind may face during the 21st century. It is even highly
probable that questions linked to demography, development, inequalities, peace, health,
land and water resources, etc. will be considered by future generations as far much stronger
constraints than those of the energy system. Among these major constraints, only a few have
a direct link with energy.
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It would thus be simplistic to consider the constraints and risks linked to the evolution of
energy systems as purely endogenous, in spite of the fact that energy syscem development
can generate very specific constraints (nuclear waste, fossil resource depletion, the green-
house effect, etc.).

Therefore, two pitfalls musc be avoided: the first consists in considering the long term exclu-
sively from the viewpoint of energy and thus risking omitting the major parametres of socie-
tal evolution and the living conditions around the planet; the second is to consider that the
constraints of the energy system are entirely external to these parametres.

A second difficulty is related to the recent appearance of the concept of global problems or
global risk at the heart of which energy is often found. Within this notion of globality, a spa-
tial aspect surfaces (the problem is global if it addresses all human societies) as well as a tem-
poral one since it covers the concerns of humankind for future generations. It is in this sense
that a number of long-term problems linked to the energy systems (fossil resource depletion,
global warming, nuclear waste storage) appear today as prototypes of global problems.

To sketch new paths of development, hierarchise the stakes and the elements of solution, and
to orient research and action, prospective analysis is a highly beneficial tool: contrary to fore-
casting, which is based on examining the immediate past to predict the future at short term,
prospective analysis is based on the elaboration of scenarii which attempt to portray cohe-
rent images of society at relatively distant horizons. This practice is widely developed in the
energy sector where the weight of investments and the importance of anticipation (building
plants, exploiting resources) forbid short term navigation. For the last few years, environ-
mental concerns, and in particular those related to the climate change issue, have reinforced
the need of an elaborated reflection on the long-term.

The analysis of the most recent prospective energy scenarii, and notably those of IIASA
(International Institute for Applied System Analysis) for the World Energy Conference,
which gathers most of the large energy sector enterprises, is extremely enlightening. The
various scenarii presented can be schemarically gathered in two large categories:

® The first group of scenarii explores various energy development pachs which differ on the
relative importance of energy vectors in the energy balance: a strong development of natu-
ral gas, nuclear energy or renewable energies, etc. No particular effort is made in terms of
the efficiency of energy consumprtion. All these scenarii lead to genuine constraints both for
oil resources (which by 2020 would be concentrated in the Middle East, thus increasing the
risk of tensions) and for nuclear waste generation (the amount of waste to be stored would
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be mulciplied by a factor between 8 and 18 when compared to 1990) or greenhouse gas emis-
sions, which would reach, by the middle of the next century, 200 to 250% of their 1990
level. According to the profiles established by the experts of che International Climate
Change Convention, this means that the concentration of CO; would increase up ro 500 to
700 ppmv in 2100 (compared to 360 ppmv currently) and would continue to augment after
2100.

* A second group of scenarii has the common characteristic of favouring deliberate public
policies to improve energy efficiency, which would permit che reduction of the consumption
of the industrialised countries and curb the increase in the industrialising countries (China,
South East Asia, etc.). Several supply-side combinations are then explored (developing coal,
gas, nuclear energy or renewable energies, etc. more or less). Globally, this second group of
scenarii envisages both an alleviation of the constraints on natural resources with a modera-
tion of the generation of nuclear waste and a stabilisation, or even a reduction, of greenhouse
gas emissions. The concentration of CO; in the atmosphere would thus stabilise at a level
around 400 ppmv before 2100. These are also scenarii which offer the best equilibrium of
wealth between the developing and the OECD (Organisation for Economic Cooperation and

Development) countries.

Despite the progress made on energy supply and in the gradual development of new energy
sources (renewable energies), the energy needs of the planet will continue, for a long time
still, to be essentially satisfied by fossil fuels. Covering the needs linked to the development
of humankind (agricultural and industrial production, domestic comfort, services, commu-
nication) while diminishing energy consumption will simultaneously permit the reduction
of tensions on fossil resources (prices, crises and conflicts) and augment the impact of new

resource development.

Building a sustainable world for the future generations implies, of course, knowing how to
satisfy the needs of the present generations. Energy efficiency action programmes should take
into account the economic conditions and could be limited in the initial stage ro actions and
investments which are less expensive than producing an equivalent amount of energy to that
saved. On the basis of this principle, a large number of actions can be highlighted, which
both prepare the future and appear judicious at short-term.

Likewise, energy supply strategies must exclude options which are associated with unaccep-
table risks for the environment, all the more so since implementing these options sometimes
involves irreversible action, since they call for substantial and costly technological develop-

ments and investments which result in high levels of inertia.
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2

The basis of an economic and energy strategy
for sustainable development: integrated
optimisation of the final service to the consumer

Fuel and electricity are secondary goods in the economy and their consumption is derived
from a more fundamental demand for energy services, i.e. services which consume energy.
This simple fact is now widely acknowledged. We are, however, only beginning to apprehend
its profound implications with respect to the way we regard energy security, energy trade
opportunities, energy technologies and the environmental impacts of the energy system.

From this perspective, the measures which emerge as the key to energy and environmental
security at both short and long term are those which improve the efficiency of fuel and elec-
tricity use and which thus avoid the production of energy. Compared to the traditional com-

modity-oriented approach to energy, the energy service approach provides che basis for a much
larger range of technological opportunities to reduce the environmental impact of energy.

2.1 ENERGY SEEN FROM THE DEMAND SIDE
The quantities of energy required to meet a given need (development needs detailed in the
introduction) vary widely according to the method chosen: the energy product consumed,
the equipment or apparatus used, and the way in which it is used.
To take a few examples:

CooKING

Fully differenc energy expenditures are involved in the act of cooking depending on the
method used: whether a solar cooker, wood in an open fire, charcoal in an enhanced fire,
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