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Please find attached a draft of Chapter 7
provisionally entitled "Energy: Choices for Survival and
Development". At the Moscow Meeting, it was decided to
restructure the Energy Chapter which had developed from
the Report of the Energy Panel, by using instead a format
proposed by Commissioner Hauff. A start was made on this
by Gordon Goodman who produced a very long rough draft (87
pages) for consideration by the Working Group meeting in
West Berlin. The Moscow Meeting also expressed the wish
that the section on Nuclear Energy be reformulated as even
- handedly as possible following a carefully worked out
framework for this purpose developed by a special Working
Group chaired by Commissioner Strong. This new expanded
version of Nuclear was included in the Rough Draft for
Berlin.

Commissioners felt that the Berlin Draft although
following the new (Hauff) prescription should be cut by at
least one half. The present version is an attempt to do
this.

Informal contacts demonstrated that little or no
agreement would be reachable on the background to nuclear
energy, however drafted. In light of this a much
abbreviated version sticking rigorously to the current
facts of nuclear energy use by various countries
worldwide, has been reproduced here - coupled with the
full recommendations arrived at in the Moscow outline.
The crucial paragraph (old 85) now para . .. is thus
retained intact. However, Commissioner Ramphal has
proposed a modification of this (see below).
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CHAPTER 7

ENERGY - CHOICES FOR SURVIVAL AND DEVELOPMENT

Energy is crucial for survival and development

because it supplies 'essential services' for human life

-- heat for warmth, cooking, and manufacturing, or power

for transport and mechanical work.1'

The energy to provide these services comes from

fuels -- oil, gas, coal, nuclear, wood, and other

primary sources (solar, wind, or water power) - that

are all useless until they are converted into the

energy--services needed, by machines or other kind of

end--use equipment, such as stoves, turb:ines, motors.

Unlike people in industrial countries, the growing

populations in developing countries frequently suffer

from shortages of energyservices, mainly because they

lack primary energy. This threatens development.

But a lot of primary energy is wasted because of

the inefficient, design or running of the equipment used

to convert energy into the services required. Since

the demand for services in industrial countries is

currently so mriuch greater, the potential for' wastage of

primary energy is much higher and its overuse causes

unnecessary pollution.
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Traditionally, nations have responded to the need

for more services by seeking to produce more fuels and

other primary sources. Recently however, it has become

clear that modern end-use appliances can frequently be

redesigned to deliver the same amounts of energy

services, but with only two-thirds or even one-half the

primary energy inputs needed to run the traditional

equipment. During the past 13 years, many industrial

countries saw the energy content of growth fall from

about 1.2 units to 0.5 units per unit of gross domestic

product.2' And this energy efficiency solution costs

less, by savings made on the extra primary supplies

required to run traditional equipment.

But in spite of their gains to date, the

industrial countries have barely touched their

efficiency potential. Moreover, most countries have

not yet shared in this efficiency revolution. In fact,

the po.Iicies pursued in some have resulted :in a steady

increase in energy use per unit of production, making

their economies less competitive.

This being so, energy efficiency practices should

be the cutting edge of national energy policies for

sustainable development. They deserve the highest

priority on nat:ional agendas, buying time needed to

formulate and achieve the transition to a safer and

sustainable energy future for humanity. But even if

the past neglect of energy efficiency can be rerriedied

in due time, secure supplies of primary energy sources

will be needed for future development.

Todays primary sources of energy are mainly

non-renewable (unsustainable): natural gas, oil, coal,

peat, and conventional nuclear power. There are also

renewable sources, including wood, plants, dung,
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failing water, geothermal sources, and solar, tidal,

wind, and wave energy, as well as human and animal

muscle-power. Nuclear reactors that produce their own

fuel ('breeders') and perhaps eventually fusion

reactors are also in this category. In theory, all the

various energy sources can contribute to the future

energy mix worldwide. But each has its own economic,

health, and environmental costs, benefits, and risks

factors that interact strongly with other governmental

and global problems. Choices must be made. But

patterns and changes of energy use today are already

dictating patterns well into the next century. Many

of these present and likely future patterns narrow

options for human progress and jeopardize life itself.

Health suffers in the developing world because of

pollution and because there is too little energy

availab1e for cooking and heating homes. :tt suffers in

industrial countries because the huge amounts of energy

used pollute the air and water and degrade global

life--support systerris

I. ENERGY AND SUSTAINABLE DEVELOPMENT

1. Enery, Economy and Environment

8. The growth of energy demand during the 19th

century in response to industrialization, urbanization,

and societal affluence led to an extremely uneven

global distribution of primary energy consumption.3"

Table'7--1 shows that the consumption of energy per

person in an industrial market economy was more than 80

times greater that that in sub-Saharan Africa, About a

quarter of the world's population consumes

three-quarters of the world's primary energy.
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TABLE 7-1

Global Primary Energy Consumption
Per Capita, 1984

World Bank G1'JP Per Capita Energy Mid-1984
GNP Economy Cc) fl sum pt ion Population
Category

(1984 dollars) (kW per (million)
capita')

0719R/0720R/GG/LT/LS/gq/18 .2.87

a! kW per capita is kW/yearslyear per capita.
b/ Population-weighted average energy consumption

(kW/capita) based on 0.655 for first three main
categories and on 6.76 for industrial market and East
European categories.

Source: Based on World Bank, World Development Report 1986
(New York: Oxford University Press, 1986).

Low Income 260 0.41 2,390
Sub--Saharan 210 0.08 258
Africa

Middle Income 1,250 1.07 1,188
Lower-middle 740 0.57 691
tipper--middle 1,950 1.76 497
Sub-Saharan 680 0.25 148

At r I c a

Hi g h - Inc o In C 11,250 5.17 19
01.1 Exporters

Industril 11,430 7.01 733
Mar k e t
Economies

East European 6.27 389
Non-Market
E c on o me s

World 2.1l' 4,718
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In 1980, global energy consumption stood at around
4/101W year's/year . (See Box 1.1.) If per capita use

remained at the same levels as today, by 2025 a global

population of 8.2 billion5" would need about 141W

years/year (almost 51W in developing and over 9TW in

industria.L countries) - an increase of 40 per cent over

1980, But if energy consurription per head became uniform

worldwide at current industrial country levels, by 2025

that same global population would require 55.41W

years/year.

BOX 7-i

Energy Units

A variety of units are used to measure energy
production and use in physical terms. This chapter uses
the kilowatt (kW) and the terawatt (1W), which is equal
to I billion kilowatts. One kilowatt a thousand watts
of energy - if emitted continuously for a year is 1kW
year. Consuming 1 kW year/year is equivalent to the
energy liberated by burning 1,050 kiiograrnmes
approximately 1 ton of coal annually. Thus a 1W year
is equal to approximately 1 billion tons of coal.

These 'low' and 'high' figures give a rough idea of

the range within which energy futures could move, at

least hypothetically. Many other scenarios can be

generated in--between, some of which assume an improved

energy base for the developing world. If the average

energy consumption in the low- and middle-income

economies trebled and doubled, respectively, and if

consumption in the oil-exporting and industrial countries

remained the same as today, then the two groups would be

consuming about the same amounts of energy per capita.

The low- and middle-income categories would need 10.51W

and the three 'high' categories would use 9.3TW -

totalling 19.8TW

0719R/0720R/GG/LT/LS/gq/18 .2.87



globally. (These figures assume that primary energy is

used at that same levels of efficiency as today.)

How practical are any of these scenarios? Energy

analysts have done many studies of global energy futures
6/

to the year 2030, These studies do not provide

forecasts of future energy needs in any sense. Rather,

they explore how various factors condition supply and

demand. They also attempt to clarify the levels of

demand at which various energy resources, their economic

costs, or their environmental impacts mn:ight start to

limit supply. They have also explored the technical

feasibilities of the various paths and the likelihood of

them actually happening.

These studies offer extremes: One has the 1980

level of 10. 3TW years/year falling to 5. 2TW by the year

2030; another has it rising to 35.21W. The lower

scenarios (5.2; 11.28/ and 14.41W91) could be

realized only if the momentum of increasing energy

conservation is maintained, and if governments remove

institutional and legal barriers to the provision of

efficient energy services to consumers. Conversely, the
10/ 11/ 12/

higher scenarios (18.81W , 24.7 and 35.2 )

run into serious problems of economics and engineering

logistics simply to build facilities rapidly enough to

meet demand. They also threaten to cross certain

critical environmental thresholds.

By the year 2030, a 3STW future would involve

producing 1.6 times as much oil, 3.4. times as much

natural gas, and nearly S times as much coal as in

1980. This increase in fossil fuel use implies bringing

the equivalent of a new Alaska pipeline into production

every month or two. Juclear capacity would have to be

increased 30 times over 1980 levels -- equivalent to

installing a new 1-gigawatt of electricity (GW(e), or 1
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million kW) nuclear electricity generator every two to
13/ - . . .

three days. This 35TW scenario is still well below

the 55.41W future which assumes that today's :Ieveis of

energy consumption per capita in industrial countries are

achieved in all countries.

The economic implications of a high energy future

are disturbing. A recent World Bank Study indicates

that for the period 1980--95, a 4.1 per cent annual growth

in energy consumption (the 35.21W scenario represents an

annual growth of 3.9 per cent) would require an average

annual investment of some $130 billion (in 1982 dollars)

in developing countries alone. This would involve

doubling the share of energy :investment in terms of
14/

aggregate gross domestic product (GDP) . About half

of this would have to come from foreign exchange and the

rest from internal spending on energy in developing

countries

The environmental risks and uncertainties of a high

energy future are also disturbing. Four stand out:

* the serious probability of climate change

generated by the 'greenhouse effect' of gases

emitted to the atmosphere, the most important of

which is carbon dioxide (CO2) produced from the

combustion of fossil fuels11;

* acidification of the environment caused by

atmospheric pollutants from the combustion of

fossil fuels, which seems to be the cause of soil

and forest damage in North America and

Europe161where soils are also affected17";
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Energy is, put most simply, the fundamental unit of the physical
world. As such, we cannot conceive of development without changes in
the extent or the nature of energy flows. And because it is so
fundamental, every one of those changes of flows has environmental
implications. The implications of this are profound. It means that
there is no such thing as a simple energy choice. They are all
complex. And they all involve trade-off s. However, some of the
choices and some of the trade-of fs appear to be unequivocally better
than others, in the sense that they offer more development and less
environmental damage.

David Brooks
Friends of the Earth
WCED Public Hearings
Ottawa, 26-27 May 1986

* the risks of reactor accidents, the problems of

waste disposal and dismantling of reactors after

their service life is over, and the dangers of

proliferation associated with the use of nuclear

energy; and

* the growing scarcity of fuelwood in developing

countries where, if trends continue, by the year

2000 around 2.4 billion people may be living in

areas where wood is extremely scarce.'8"

16, No figures are available for the overall investment

required for a low energy future. But investment

requirements and corresponding debt burdens would be

lower, as would the cost of environmental damage and the

level of investment required to prevent or control it.

And under a wide range of circumstances, the extra

capital required for improved end-use technologies would

be more than offset by capital savings made because of

lower primary energy needs. Pay-back times may vary from

a few months to as long as 10-15 years.19"
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The effects of the high and low extremes raise the

question of how closely the planet can approach the

19.81W scenario mentioned above. Would we still

encounter unacceptable economic, social, and political

costs from environmental damage?

A group of researchers have looked into the

implications of an energy future reaching the somewhat

lower level of 18.8TW, in a study that paid special

attention to the risk of global warming.20" This path

calls for a virtual quadrupling of coal and a doubling of

gas use, along with using 1,4 times as much oil. No

technology exists to remove CO2 emissions from fossil

fuel combustion, and the study found that this fuel mix

could cause significant global warming by the 2020s. In

addition, the high coal use would increase emissions of

oxides of sulphur and nitrogen, much of which turns to

acids in the atmosphere. Technologies to remove these

emissions are now required in some countries in all new

and even some old facilities, but they can increase

investment costs by 15-25 per cent,21' If countries

are not prepared to incur these expenses, the 18.81W path

becomes less feasible, a limitation that applies even

more to the higher terawatt futures that rely to a

greater extent on fossil fuels.

Thus it will be difficult to increase global

primary energy consumption much above 151W years/year

without encountering economic, social, and environmental

constraints, there being no available technology at

present to rerriove CO2 from fossil fuel combustion

gases. This raises the desirability of a lower energy

future, where GDP growth is not constrained but where

investment effort is switched away from building more

primary supply sources and put into the development and

supply of highly efficient fuel--saving end--use
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equipment. In this way, the energy services needed by

society could be supplied at much reduced levels of

primary energy production.

The lower scenario (5.2TW) managed the carbon

dioxide problem by extensive use of renewable,

decentralized (non-electric) energy sources.22"

Without constraining GDP growth, only half the 1980

global primary energy would be needed by the year 2030.

To achieve this, the authors postulate a major shift to

less energyintensive economic activity worldwide. Using

the Federal Republic of Germany as a case study, they

claim that a fourfold reduction in the primary energy

needed to deliver a unit of energy services is not only

feasible but can be replicated worldwide by 2030 -- the

latter assertion having raised some doubts among other

energy analysts. The 5.21W path may fail to meet the

real needs of developing countries. It would certainly

require a massive and quick change in institutional and

legislative arrangements for energy in most

jurisdictions. But this vision should not be dismissed

lightly; its goals challenge the global energy conscience

and offer some alternatives for the 21st Century.

An 11.2TW scenario by the year 2020 allows for a 50

per cent fall in per capita primary energy consumption in

industrial countries and a 30 per cent increase in

developing countries.23" By using the most

energyefficient technologies and processes now available

in all sectors of the economy, annual GDP growth rates of

around 3 per cent can be achieved. But even this path

would require huge structural changes to allow market

penetration of efficient technologies, and it seems

unlikely to be fully realizable during the next 40 years.
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We must change our attitude towards consumption goods in developed
countries and we must create technological advances that will allow
us to carry on economic development using less energy. We must ask
ourselves can we solve the problems of underdevelopment without using
or increasing the tremendous amount of energy used by these countries.

The idea that developing countries use very little energy is an
incorrect idea. We find that the poorest countries of all have a
different problem; their problem is inefficient use of energy.
Medium countries such as Brazil use more efficient and modern sources
of fuel. The great hope for these countries is that the future will
be built not based on technologies of the past, but using advanced
technology. This will allow them to leap forward in relation to
countries that are already developed.

Jose Goldamberg
, Comphania

Energetica de Sao Paulo
WCED Public Hearing
Brasilia, 30 Oct 1985

A 14.41W by 2030 path concludes that satisfactory

GDP growth can be achieved, given energy efficiency

measures.24" The authors postulate a more equitable

per capita level of primary energy use in developing

countries, provided human settlements are less

centralized.

The crucial point about all these low-terawatt,

energy-efficient futures is not whether they are

perfectly realizable in their proposed time frames. The

real issue is whether society should undertake the

political and institutional shifts required to

restructure investment potential and move along lower,

more energy-efficient paths.

The Commission believes not only that it should,

but that there is no other realistic option open to the

world for the 21st century. The ideas behind these

scenarios are not fanciful. Energy efficiency has

already shown cost-effective results. In many industrial

countries, the primary energy required to produce a unit

of GDP has fallen by as much as a quarter or even a third
0719R/0720R/GG/LT/LS/gq/18.2. 87
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over the i.ast 13 years, much of it from Implementing
- 25/

energy etticiency measures. Properly managed,

efficiency measures could allow industrial nations to

stabilize their primary energy consumption by the turn of

the century. They would also enable developing countries

to achieve higher levels of growth with much reduced

levels of investment, foreign debt, and environmental

damage

II, FOSSIL FUELS

Many forecasts of recoverable oil reserves and

resources suggest that oil production will level off by

the early decades of the next century and then gradually

fall in response to reduced supplies and higher prices.

Gas supplies shot.ild last over 200 years and coal about

3,000 years at present rates of use. These estimates

persuade many analysts that the world should immediately

embark on a vigorous oil conservation policy.

In terms of pollution risks, gas is by far the

cleanest fuel, with oil next and coal a poor third. But

they all pose three interrelated atmospheric pollution

problems: urban industrial air pollution
26/;

acidification of the environment2 and global climatic

warming.28' Some of the wealthier industrial countries

may possess the economic capacity to cope with these

threats, Most developing countries do not.

These problems are becoming more widespread, but

their economic, social, and political repercussions are

not as yet fully appreciated, particularly in tropical

and subtropical regions. With the exception of CO2.

air pollutants can be removed from fossil fuel combustion
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processes at costs usually below the cost.s of damage
caused by pollution.29" So the relative transience of
oil supplies and the risks of global warming make heavy
future reliance upon fossi.L fuels problematic.

1. Reducing UrbanIndustrial Air Pollution

The past three decades of rapid growth have seen
dramatic increases in fuel consumption for heating and
cooling, automobile transport, industrial activities, and
electricity generation. Concern over the effects of
increasing air polLution in the late 1960s resulted in
the development of curative measures, including
airquality criteria, standards, and add--on control
technologies that can remove pollutants cost
effectively. All these greatly reduced emissions of some
of the principal pollutants and cleaned air over many
cities. Despite this, air pollution has today reached
serious levels in the cities of several industrial
countries and in those of most developing countries.

The fossil fuel emissions of principal concern in
terms of urban pollution include sulphur dioxide,
nitrogen oxides, carbon monoxide, various volatile
organic compounds, fly ash, and other suspended
particles. They can injure human health, bringing
increased respiratory complaints, some potentially fatal.

Governments can establish and monitor air quality
goals and objectives, allowable atmospheric loadings, and
related emission criteria or standards. Regional
organizations can support this effort. Multilateral and
bilateral development assistance agencies and development
banks, as a condition of assistance, should encourage
governments to require that the most energyefficient
technology he used when industries and energy utilities
plan to build new or extend existing facilities. Such
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plans should also include technology for the clean
combustion and conversion of fossil fuels needed to rrieet
emission standards. Where local standards do not exist,
corresponding home--country standards should be used.

2. Preventinq Acidification

The measures taken by many industrialized countries
in the 1970s to control urban and industrial air
pollution (high chimney stacks, for example) greatly
improved the quality of the air in the cities concerned.
However, it quite unintentionally sent increasing amounts
of pollution across national boundaries in Europe and
North America, acidifying distant environments. This was
manifest in growing damage to lakes, soils, and
communities of plants and animals.30"

Thus atmospheric pollution, once perceived only as
a local urbanindustrial problem involving peoples
health, is now seen as a much more complex issue
encompassing both people and ecosystems over vast
regions. During transport in the atmosphere, emissions
of sulphur and nitrogen oxides and volatile hydrocarbons
are transformed into sulphuric and nitric acids, arrirnoniumn
salts, and ozone. They fall to the ground, sometimes
many hundreds or thousands of kilometres from their
origins, as dry particles or in rain, snow, frost, fog,
and dew. They damage vegetation, contribute to land and
water pollution, and corrode buildings, metallic
structures and vehicles, causing billions of dollars in
damage annually. Few studies of their socio--economic
costs are available, but these demonstrate that they are
quite large and suggest t.hat they are growing

- 31/rapidly.
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Damage first became evident in Scandinavia in the
1960s. Several thousand lakes in Europe, particularly in
southern Scandinavia321, and several thousand in rsiorth
America have registered a steady increase in
acidity levels to the point where their natural fish
populations have declined or died out. The same acids
enter the soil and groundwater, increasing corrosion of
drinking water piping in Scandinavia,

The circumstantial evidence indicating the need for
action on the sources of acid rain is mounting with a
speed that gives scientists and governments little time
to assess it scientifically. Some of the greatest
damage has been reported in Central Europe, which is
currently receiving more than one gramrne of sulphur on
every square rrietre of ground each year. There was little
evidence of tree damage in Europe in 1970. In 1982, the
Federal Republic of Germany reported visible leaf damage
in 8 per cent of: its forest plot samples nationwide; in
1983, this rose to 34 per cent; and in 1985, to 50 per
cent.35' Sweden reported light to moderate damage in
30 per cent of its forests, and various reports from
other countries in Eastern and Western Europe are
extremely disquieting. So far an estimated 14 per cent
of all European forestland is affected.36'

The evidence is not all in, but many reports show
soils in parts of Europe becoming acid throughout the
tree rooting layers,37' particularly nutrient-poor
soils such as those of Southern Sweden.38' The precise
damage mechanisms are not known, but all theories include
an air pollution component. Root39' and leaf damage
appear to interact, affecting the ability of the trees
both to take up water from the soil and to retain it in
the foliage, so that they become particularly vulnerable
to dry spells. Europe may be experiencing an immense
change to irreversible acidification, the rerriedial costs
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of which could be beyond economic reach (See Box

7-2). 4Ithough there are many options for reducing

sulphur, nitrogen, and hydrocarbon emissions, no single

pollutant control strategy is likely to be effective in

dealing with forest decline. It will require a total

integrated mix of strategies and technologies to improve

air quality, tailored for each region.

0719R/0720R/GG/LT/LS/gq/18 .2.87

BOX 7-2

The Damage and Control Costs of Air Pollution

* In the eastern United States, it has been estimated
that halving the remaining sulphur dioxide emissions
from existing sources would cost an additional $5
billion a year, increasing present electricity rates
by 2-3 per cent. If nitrogen oxides are figured in,
the additional costs might be as high as $6 billion a
year. Materials corrosion damage is estimated to cost
$7 billion annually in 17 states in the eastern United
States.

* Estimates of the annual costs of securing a 55 to 65
per cent reduction in the remaining sulphur emissions
in the countries of the European Economic Community
between 1980 and 2000 range from $4.6 billion to $6.7
billion (1982 dollars) per year Controls on
stationary boilers to reduce nitrogen levels by only 10
per cent annually by the year 2000 range between
$100,000 and $400,000 (1982 dollars). These figures
translate into a onetime increase of about 6 per cent
in the price of electrical power to the consumer.
Studies place damage costs due to material and fish
losses alone at $3 billion a year, while damage to
crops, forests, and health are estimated to exceed $10
billion per year.

* Japanese laboratory studies indicate that air pollution
and acid rain can reduce some wheat and rice crop
production, perhaps by as much as 30 per cent.

Sources: U.S. Congress, Office of Technology
Assessment, Acid Rain and Transported Air Pollutants:
Implications for Public Policy (Washington, DC: U.S.
Government Printing Office, 1985); U.S. Environmental
Protection Agency, Acid Deposition Assessment
(Washington, DC: 1985); I.M. Torrens, 'Acid Rain and
Air Pollution: A Problem of Industrialization',
prepared for WCED, 1985; P. Mandelbaum, Acid Rain -
Economic Assessment (New York: Plenum Press, 1985); M.
Hashimoto, 'National Air Quality Management Policy of
Japan', prepared for WCED, 1985; OECD, The State of
the Environment (Paris: 1985).
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* Evidence of acidification in the newly

industrializing countries of Asia, Africa, and Latin

America is beginning to emerge. China, Korea, and Japan

seem particularly vulnerable, as do Venezuela, Colombia,

Ecuador, and Brazil. So little is known about the likely

environmental loading of sulphur and nitrogen in these

regions and about the acid--neutralizing capacity of

tropical lakes and forest soils that a comprehensive

programme of investigation should be formulated without
- 41/

delay.

Where actual or potential threats from

acidification exist, governments should map sensitive

areas, assess forest damage annually and soil

impoverishment every five years according to regionally

agreed protocols, and publish the findings. They should

support transboundary monitoring of pollution being

carried out by agencies in their region and, where there

is no such agency, create one or give the job to any

suitable regional body. Governments in many regions

could gain significantly from early agreement to prevent

transboundary air pollution and the enorrrious damage to

their economic base now being experienced in Europe and

North America.

3, Manaqi Climatic Change

The burning of fossil fuels also emits CO2,

which accumulates in the atmosphere. The pre-industrial

concentration was about 280 parts of carbon dioxide per

million parts of air by volume. This concentration

reached 34-0 in 1980 and is expected to double to 560
42/between the middle and the end of the next century.

Other gases also play a role in this 'greenhouse effect',

whereby solar radiation is trapped near the ground,

warming the globe and changing the climate.
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It is difficult to imagine an issue with more global impacts on
human societies and the natural environment than the greenhouse
effect. The signal is unclear but we may already be witnessing
examples, if not actual greenhouse effects, in Africa.

The ultimate potential impacts of a greenhouse warming could be
catastrophic. It is our considered judgement that it is already very
late to start the process of policy consideration. The process of
heightening public awareness, of building support for national
policies, and finally for developing multi-lateral efforts to slow
the rate of emissions growth will take time to implement.

The greenhouse issue is an opportunity as well as a challenge; not
surprisingly, it provides another important reason to implement
sustainable development strategies.

Irving Mintzer
World Resources Institute
WCED Public Hearing
Oslo, 24-25 June 1985

After reviewing the latest evidence on the

greenhouse effect in October 1985 at a meeting in

Villach, Austria, scientists from 29 industrialized and

developing countries concluded that climate change must

be considered a 'plausible and serious

probability'.43" They further concluded that: 'Many

important economic and social decisions are being made

today on . . . major water resource management activities

such as irrigation and hydropower; drought relief;

agricultural land use; structural designs and coastal

engineering projects; and energy planning - all based on

the assumption that past climatic data, without

modification, are a reliable guide to the future. This

is no longer a good assumption'.

They estimated that if present trends continue, the

combined concentration of CO2 and other greenhouse

gases in the atmosphere would be equivalent to a doubling

of CO2 from pre-industrial levels, possibly as early as

the 2030s, and could lead to a rise in global mean

temperatures 'greater than any in man's history'
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Current modelling studios and 'experiments' show a rise

in globally averaged surface temperatures, for an

effective CO2 doubling, of somewhere between 1.5°C

and 4.5°C, with the warming becoming more pronounced at

higher latitudes during winter than at the equator.

The great concern of those at the Villach meeting

was that a global temperature rise of 1.5 - 4.5°C, with

perhaps a two to three times greater warming at the

poles, would lead to a sea level rise of 25 - 140

cm.45" A rise in the upper part of this range would

inundate low lying coastal cities and agricultural areas,

and many countries could expect their economic, social,

and political structures to be severely disrupted. It

would also slow the 'atmospheric heat--engine', which is

driven by the differences between equatorial and polar

temperatures, thus influencing rainfall regimes.46"

Experts believe that crop and forest boundaries will move

to higher latitudes; the effects of warmer oceans on

marine ecosystems or fisheries and food chains are also

virtually unknown.

There is no way to prove that any of this will

happen until after it has happened. The key question is:

How much certainty should governments require before

agreeing to take action? If they wait until significant

climate change is demonstrated, it may be too late for

any countermeasures to be effective against the inertia

by then stored in this massive global system. The very

long time lags involved in negotiating international

agreement on complex issues involving all nations have

led some experts to conclude that it is already

late.47' Given the complexities and uncertainties

surrounding the issue, it. is urgent that the process

start now. A three-track strategy is needed, combining:
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* improved monitoring and assessment of the evolving

phenomena;

* increased research to improve knowledge about the

origins, mechanisms, and effects of the phenomena;

and

* the development of internationally agreed policies

for the reduction of the causative gases and for

adaptation to likely environmental changes.

No nation has either the political legitimacy or

the economic power to combat climatic change alone.

However, the 'Jillach statement recommended such a

three-track strategy for climate change, to be promoted

b governments and the scientific community through the

World Meteorological Organization, the United Nations

Environment Programme, and the International Council of

Scientific Unions -, backed by a global convention if
48 /

necessary

While this strategy is being developed, more

immediate policy measures can and should be adopted. The

most urgent are those required to increase and extend the

recent steady gains in energy efficiency and to shift the

energy mix more towards ronewables. Carbon dioxide

output globally could be significantly reduced by energy

efficiency measures without any reduction of the tempo of

GDP growth.49". These measures would also serve to

abate other emissions and thus reduce acidification and

urbanindustrial air pollution. Gaseous fuels produce

less carbon dioxide per unit of energy output than oil or

coal and should be promoted, especially for cooking and

other domestic uses.
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Gases other than carbon dioxide are thought to be

responsible for about one-third of present global

warming, and it is estimated that they will cause about

half the problem around 2030.50/' Some of these,

notably chiorofluorocarbons used as aerosols,

refrigeration chemicals, and in the manufacture of

plastics, may be more easily controlled than CO2.

These, although not strictly energy-.-related, will have a

decisive influence on policies for managing carbon

dioxide emissions.

Apart from their climatic effect,

chlorofiuorocarbons are suspected of being partly

responsible for damage to the earths stratospheric

ozone.51' The chemical industry should make every

effort to find replacements and governments should

require the use of such replacements when found (as some

nations have outlawed the use of these chemicals as

aerosols). Governments should ratify the existing ozone

convention and develop protocols for the limitation of

chiorofluorocarbon production, and systematically monitor

and report implementation.

A lot of policy development work is needed. This

should proceed hand in hand with accelerated research to

reduce remaining scientific uncertainties. By the turn

of the century, nations should have formulated and agreed

upon management policies for all environmentally reactive

chemicals released into the atmosphere by human

activities, particularly those that can influence the

radiation balance on earth. Governments should initiate

discussions leading to a convention on this matter.

If a convention on chemical containment policies

cannot be implemented adequately within the next 15

years, governments should develop contingency strategies

and plans for adaptation to climatic change. In either
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case, WMO, UNEP, WHO, ICSU, and other relevant

international and national bodies should be encouraged to

coordinate and accelerate their programmes to develop a

carefully integrated strategy of research, monitoring,

and assessment of the likely impacts on climate, health,

and environment of all environmentally reactive chemicals

released into the atmosphere in significant quantities.

III. MANAGING NUCLEAR ENERGY

Nuclear power has been used for almost four decades

to generate electricity for civilian use. Yet despite

wide experience with this technology, governments,

technical experts, and members of the general public hold

widely differing - often opposite views about what

lessons have been learned.
52/

There are, however, a Few facts upon which all can

agree. One is that a number of governments are at

present committed to its use. In early 1987, nuclear

reactors supplied about 15 per cent of all the

electricity generated equivalent to around 15 per cent

of global primary energy supply. Roughly one-quarter of

all countries had reactors; 366 were operating and a

further 140 were planned
". Ten nations possessed

around 90 per cent of all installed capacity (more than 5

GW(e)). Of these, eight nations each had a total

capacity of more than 9 GW(e), which provided the

following percentages of their electric power in 1985:

France, 65; Sweden, 42; Federal Republic of Germany, 31;

3apan, 23; United Kingdom, 19; United States, 16; Canada,

13; and the USSR, 10. According to IAEA, in 1985 there

were 55 research reactors worldwide, 33 of them in

developing countries.
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The health risks for the development of peaceful uses of nuclear
technology, including nuclear electricity, are very small when
compared with the benefits from the use of nuclear radiation for
medical diagnosis treatment.

The safe application of nuclear radiation technology promises many
benefits in environmental clean-up and in increasing world food
supplies by eliminating spoilage.

With a recent and very notable exception, the international
cooperation that has marked the development of nuclear power
technology provides an excellent model by which to address common
environmental and ethical problems posed by the development of other

technologies.
Ian Wilson
Vice-President,
Canadian Nuclear
Association
WCKD Public Hearing
Ottawa, 26-27 May 1986

51. The 1979 accident at the Three Mile Island reactor

in Harrisburg, Pennsylvania1 in the United States and the

1986 accident at Chernobyl in the USSR - after around

2,000 and 4,000 reactor operating years worldwide,

respectively - emphasized the urgent need to manage this

technology better, nationally and internationally. They

also led many governments to examine their policies on

nuclear energy. Those with a 'no nuclear' or a

'phase-out' policy (Australia, Austria, Denmark,

Luxemburg, New Zealand, and Sweden. plus Ireland with an

unofficial anti-nuclear position) have been joined by

Greece and the Philippines, Finland, Italy, the

Netherlands, Switzerland, and Yugoslavia are reassessing

their policies on nuclear power or have introduced

legislation tying any further growth of nuclear energy

and export/import of nuclear reactor technology to a

satisfactory solution of the problem of disposal of

radioactive wastes. Several governments, notably China,

France, the Federal Republic of Germany, Japan, Poland,

the United Kingdom, and the USSR, have maintained or

reaffirmed their pro-nuclear policy.
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These national reactions indicate that as

governments continue to review and update all the

available evidence, they tend to take one of four

possible positions:

* remain with and develop non-nuciear sources of energy;

* adopt and develop nuclear energy with the conviction

that the associated problems and risks can and must be

solved with a level of safety that is both nationally

and, because of transboundary impacts, internationally

acceptable;

* regard nuclear power as important during a finite

period of transition to safer and more desirable

energy sources; or

* phase out existing nuclear capacity as rapidly as

practicable.

Whichever position is taken, the vigorous promotion

of energy--efficient end-use practices in all energy

sectors and a large-scale programme of research,

development, and demonstration for renewable energy

sources must be given the highest priority by all

governments and especially by those who intend to remain

on the non--nuclear path, or those who see their nuclear

programmes as a finite transitional phase. Clean coal

technology should also be accorded high priority for

careful examination with a view to the widespread

adoption of coal strictly as a short-termn transitional

fuel.

Those governments that have adopted the nuclear

energy path must also give their strongest support to a

series of measures designed to find real solutions to the

unsolved problems of nuclear energy. The leakage or
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escape of radioactive materials does not stop at national

boundaries, so the non-nuciear or 'qualified' nuclear

governments in the first and the last two categories

above have a direct interest in urging and assisting

their nuclear neighbour governments to seek such

solutions. In this context, it is essential that

governments cooperate to develop internationally agreed

codes of practice for the management of all aspects of

nuclear energy via a comprehensive 'systems' approach,

covering technical, economic, social (including health

arid environment aspects), and political components of the

overall problem. This and the following specific items

could well be developed into an appropriate convention:

* codes of practice for reactor operation, including

minimum safety standards, with the aim being the

international inspection of reactors;

* standards for operator training and internationally

sanctioned licensing, with full exchanges of current

experience between countries;

* development of site selection criteria and cooperation

on the siting of all civil nuclear-related

installations;

* a major internationally supported project to review

existing safe reactor designs arid to develop, build,

and run an inherently safe reactor with a view to

providing a new generation of lowest risk 'fail-safe'

power units;

* harmonized minimum radiological protection standards;
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* full governmental ratification of the conventions on

'Early Notification of a Nuclear Accident' (including

the development of an appropriate surveillance and

monitoring system) and on 'Assistance in the Case of a

Nuclear Accident or Radiological Emergency', as

recently developed by IAEA;

* postaccident training, for containment,

decontamination, and longterm cleanup of affected

sites, personnel, and ecosystems;

* development of a code of practice on liability and

agreed strategies on compensation, including methods of

costing out current and future 'committed' damage;

* development of agreements on the transboundary movement

of all radioactive materials, including fuels, spent

fuels, and other wastes by land, sea, or air, and on

routine and accidental discharges from nuclear

installations;

* exploratory discussions on the special problems posed

in the future by the development of nuclearpowered

shipping;

* projects to design and build experimental waste

repositories and facilities for the decontamination and

dismantling of timeexpired nuclear reactors; and

* consolidation of the NonProliferation Treaty, with

vigorous efforts to increase its membership and the

efficiency of the system of international guarantees so

that nonproliferation of sensitive technology and

materials can be handled in the strictest possible

manner.
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Today the assessment of practical consequences can be based on
practical experience. The consequences of Chernobyl has made Soviet
specialists once again pose a question: Is not the development of
nuclear energy on an industrial scale premature? Will it not be
fatal to our civilization, to the ecosystem of our planet? On our
planet so rich in all sorts of energy sources, this question can be
discussed quite calmly. We have a real choice in this, both on a
state and a governmental level, and also on the level of individuals
and professionals.

We must put all our efforts to improve the technology itself, to
develop and elaborate strict standards and norms of quality, of
safety of a technology. We must work for the creation of
antiaccident centres and centres devoting themselves to compensating
for the losses to the environment. The upgrading of the industrial
level of safety and the solution of the problem of the relations
between man and machine would be a lot more natural thing to do than
concentrating the efforts on only one element of the energy structure
in the world. This would benefit the whole of humanity.

V. A. Legasov
Member, Academy of Sciences
of the USSR
WCED Public Hearing
Moscow, 8 Dec 1986
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55. This conclusion represent a tremendous challenge to

nuclear and nonnuclear governments alike. But the

rapidity with which the two IAEA conventions on 'Early

Notification' and 'Assistance' were drawn up after the

Chernobyl accident is indicative of what can be achieved

when, as noted by IAEA, there is 'the political will.

to arrive at a consensus' Many international

bodies concerned with radioactivity, human health, and

environment must be involved, but the only organization

capable of assuming the lead role is IAEA, This agency

must be given the authority and resources to strengthen

its capacity to handle the great responsibility of

nuclear safety and regulatory issues. This regulatory

function should be clearly separated in institutional

terms from the agency's role in promoting nuclear energy,

or reconstituted in a separate agency.
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Until these problems are accepted as being solved

to the general satisfaction of the international

community, the period ahead, up to the year 2000, must be

regarded as 'transitional from nuclear energy as

currently practised' and a nuclear 'pause' prior to a

radically different and genuinely acceptable and safe

nuclear future. There already appears to be a de facto

pause or global 'siowdown' at the moment.

The Commission believes that in the long run,

generation of nuclear power is only justifiable if there

are solid solutions to the unsolved problems to which it

gives rise, and that nuclear energy should therefore be

regarded as a transitional energy source until more

environmentally safe alternatives are economically

available. It recommends that the highest priority be

accorded to research and development of such

alternatives, with particular emphasis on renewable

energy sources, as well as on means of increasing the

safety of nuclear energy.

IV. WOOD FUELS: THE VANISHING RESOURCE

Seventy per cent of the people in developing

countries use wood and, depending on availability, burn

anywhere between an absolute minimum of about 350

kilograrnmes to 2,900 kilogrammes of dry wood annually,

with the average being around 700 kilogrammes per
55/ -

person. Rural woodfuel supplies appear to be

steadily collapsing in many developing countries,

especially in sub-Saharan Africa.56' At the same time,

the rapid growth of agricultur'e, the pace of migration to

cities and the growing numbers of people entering the

money economy are placing unprecendented pressures on the

biomass baseSh' and increasing the demand for

0719R/0720R/GG/LT/LS/gq/ 18.2.87



- 29 -

Fuelwood and charcoal are, and will remain, the major sources of
energy for the great majority of rural people in developing
countries. The removal of trees in both semiarid and humid land in
African countries is a result to a large extent of increasing energy
needs from an increasing population, both rural and urban. The most
visible results are desertification, soil erosion, and general
environmental degradation.

The reasons behind these disappointments are many, but a central
cause is undoubtedly a singular focus on trees as the object of
attention, rather than people. Forestry must enlarge its horizons:
beyond trees - to the people who must exploit them.

Rutger Engeihard
Belier Institute's Centre for
Energy and Development in
Africa
WCED Public Hearing
Nairobi, 23 Sept 1986

commercial fuels: from wood and charcoal to kerosene,

liquid propane, gas, an electricity. To cope with this,

many developing country governments have no option but to

immediately organize their agriculture to produce large

quantities of wood and other plant fuels.

59. Wood is being collected faster than it can regrow

in many developing countries that still rely

predominantly on biomass - wood, charcoal, dung, and crop

residues - for cooking, for heating their dwellings, and

even for lighting. FAQ estimates suggest that in 1980,

around 1.3 billion people lived in wooddeficit

areas.58' If this populationdriven overharvesting

continues at present rates, by the year 2000 some 2.4

billion people may be living in areas where wood is

'acutely scarce or has to be obtained elsewhere' . These

figures reveal great human hardship. Precise data on

supplies are unavailable because much of the wood is not

commercially traded but collected by the users,

principally women and children. But there is no doubt

that millions are hard put to find substitute fuels, and

their numbers are growing.
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The fuelwood crisis and deforestation - although

related - are not the same problems, Wood fuels destined

for urban and industrial consumers do tend to come from

forests. But only a small proportion of that used by the

rural poor comes from forests. Even in these cases,

villagers rarely chop down trees; most collect dead

branches or cut them from trees.59"

When fuelwood is in short supply, people normally

economize; when it is no longer available, rural people

are forced to burn such fuels as cow dung, crop sterns and

husks, and weeds. Often this does no harm, since waste

products such as cotton stalks are used. But the burning

of dung and some crop residues may in some cases rob the

soil of needed nutrients. Eventually extreme fuel

shortages can reduce the number of cooked meals and

shorten the cooking time, which increases mainourishment.

Many urban people rely on wood, and most of this is

purchased. Recently, as the price of wood fuels has been

rising, poor families have been obliged to spend

increaslng proportions of their income on wood. In Addis

Ababa and Maputo, families spend a third to half of their

incomes this way.60" Much work has been done over the

past 10 years to develop fuelefficient stoves, and some

of these new models use 30-50 per cent less fuel. These,

as well as aluminium cooking pots and pressure cookers

that also use much less fuel, should be made more widely

available in urban areas.

Charcoal is a more convenient, cleaner fuel than

wood, and its smoke causes less eye irritation and

respiratory trouble than wood smoke.61" But the usual

methods for making it waste tremendous quantities of

wood. Deforestation rates around cities could be greatly

reduced if more efficient charcoalmaking techniques,

such as brick or metal kilns, were introduced.
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Commercial forestry operations are rarely effective

in providing fueiwood in rural areas, but they help to

meet urban and industrial needs. Commercial farm

forestry, or, on a larger scale, dedicated energy

plantations, can be viable enterprises. Green belts

round large urban areas can also provide wood fuels for

the urban consumers, and such an urban green zone brings

other environmental amenities. Some iron and steel

industries in developing countries are based on charcoal

produced from wood in such dedicated energy plantations.

Unfortunately, most still draw their wood supplies from

native forests, without reforestation. Often, especially

in the initial stages, fiscal and tax incentives are

necessary to get planting projects going. Later these

can be tied to success rates for tree growth, and can

eventually be phased out. In urban areas, there are also

good prospects for increasing the supplies of alternative

energy sources, such as electricity, liquid propane gas,

kerosene, and coal.

These strategies, however, will not be able to help

most rural people, particularly the poor, who collect

their wood. For them wood is a 'free good' until the

last available tree is cut down. Rural areas require

totally different strategies. Given the basic need for

domestic fuel, and the few substitutes available, it

seems that the only way out of this problem in the short

and medium term is to treat fuelwood like food and grow

it as a subsistence crop. This is best done through

employing various agroforestry techniques, some of which

have, in fact, been used for generations. (See Chapter

5.)

But in most rural areas, simply growing more trees

does not necessarily solve the problem. In some

districts where there are many trees, fuelwood is not
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available to those who need it. The trees may be owned

by only a few people. Or tradition may dictate that

women play no role in the cash economy and cannot buy or

sell wood.62" The communities concerned will have to

work out local solutions to these problems. But such

local issues mean that governments and aid and

development organizations that want to help the fuelwood

situation in developing countries will have to work

harder to understand the role fuelwood plays in rural

areas, and the social relations governing its production

and use.

V. RENEWABLE ENERGY: TUE UNTAPPED POTENTIAL

Imaginatively developed, renewable energies could

provide 1O-13TW annually - equal to current global energy

consumption,
63k' Today they provide about 2TW

annually, almost 22 per cent of the energy consumed

worldwide, of which 15 per cent is biomass and 6 per cent

hydropower. However, most of the biomass is in the form

of fuelwood and agricultural and animal wastes. As noted

above, fuelwood can no longer be thought of as a

'renewable resource in many areas, because consumption

rates have overtaken sustainable yields.

Although worldwide reliance on all these sources

has been growing by more than 10 per cent a year since

the late 1970s, it will be some time before they make up

a substantial portion of the worlds energy budget.

Renewable energy systems are still in a relatively

primitive stage of development. But they offer the world

potentially huge primary energy sources, sustainable in

perpetuity and available in one form or another to every

nation on Earth.
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Wood as a renewable energy source is Usually

thought of as naturally occurring trees and shrubs

harvested for local domestic use. Wood, however, is

becoming an important feedstock, specially grown for

advanced energy conversion processes in developing as

well as industrial countries - for the production of

electricity and potentially for other fuels, such as

combustible gases and liquids.

Hydropower, second to wood among the renewables,

has been expanding at nearly 4 per cent annually.

Although hundreds of thousands of megawatts of hydropower

have been harnessed throughout the world, the remaining

potential is huge.64" In the Third World, interstate

agreement could revolutionize supply potential,

especially in Africa.

Solar energy use is small globally, but it is

beginning to assume an important place in the energy

consumption patterns of some countries. Solar water and

household heating is widespread in many parts of

Australia, Greece, and the Middle East. A number of East

European and developing countries have active solar

energy programmes, and the United States and Japan

support solar sales of several hundred million dollars a

year. With constantly improving solar thermal and solar

electric technologies, it is likely that their

contribution will increase substantially. The cost of

photovoltaic equipment has fallen from around $500-600

per peak watt to $5 and is approaching the $1-2 level

where it can compete with conventional electricity

production.65" But even at $5 per peak watt, it is

still provides electricity to remote places more cheaply

than building power lines.
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Wind power has been used for centuries -- mainly for

pumping water. Recently its use has been growing rapidly

in regions such as Caiifornia and Scandinavia. In these

cases the wind turbines are used to generate electricity

for the local electricity grid. The costs of

wind-generated electricity, which benefited initially

from substantial tax incentives, have fallen dramatically

in California in the last five years and will probably be

competitive with other power generated there within a

decade.66" Many countries have successful wind

programmes, but the untapped potential is still high.

The fuel alcohol programme in Brazil produced about

10 billion litres of ethanol from sugar-cane in 1984 and

replaced about 60 per cent of the gasolene that would

have been required.67" The cost has been estimated at

$50--60 per barrel of gasolene replaced. When subsidies

are removed, and a true exchange rate is used, this is

competitive at 1981 oil prices. With present lower oil

prices, the programme has become uneconomical. But it

saves the nation hard currency, and it provides the

additional benefits of rural development, employment

generation, increased self-reliance, and reduced

vulnerability to crises in the world oil markets.

The use of geothermal energy, from natural

underground heat sources, has been increasing at more

than 15 per cent per year in both industrial and

developing countries . Exploration is expected to uncover

a world geothermal capacity exceeding 10 gigawatts by

1990, and the experience gained during the past decades

could provide the basis for a major expansion in

geothermal-rich countries.68" By contrast,

technologies for low--grade heat via heat pumps or from

solar ponds and ocean thermal gradients are promising hut

still mostly at the research and development stage.
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Most renewable energy systems operate best at small

to medium scales, ideally suited for rural and suburban

applications. They are also generally labourintensive,

which should be an added benefit where there is surplus

labour. They are less susceptible than fossil fuels to

wild price fluctuations and foreign exchange costs. Most

countries have some renewable resources, and their use

can help nations move towards selfreliance.

The need for a steady transition to a broader and

more sustainable mix of energy sources is beginning to

become accepted. Renewable energy sources could be

substantially increased with new and improved

technologies, but their development will depend in the

short run on the reduction or removal of certain economic

and institutional constraints to their use. These are

formidable in many countries. The high level of hidden

subsidies for conventional fuels built into the

legislation and energy programmes of most countries

distorts choices against renewables in research and

development, depletion allowances, tax write--offs, and

direct support of consumer prices. Countries should

undertake a full examination of all subsidies and other

forms of support to various sources of energy and remove

those that are not clearly justified.

Although the situation is changing rapidly in some

jurisdictions, electrical utilities in most have a supply

monopoly on generation that allows them to arrange

pricing policies that discriminate against other, usually

small, suppliers.69" In some countries a relaxation of

this control, requiring utilities to accept power

generated by industry, small systems, and individuals,

has created opportunities for the development of

renewables. Beyond that, requiring utilities to adopt an

enduse approach in planning, financing, developing, and

marketing energy can open the door to a wide range of

energy--saving measures as well as renewables.
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In the choice of resources to be utilized we should not stare at
renewable resources of energy blindly, we should not blow it. out of
proportion, we should not. promote it for the sake of the environment
per se. Instead we should develop and utilize all, resources
available, renewable sources of energy included, as a long-term
endeavour requiring a continuous and sustained effort that will not
be subject to short-term economic fluctuations, in order that we, in
Indonesia, will achieve a successful and orderly transition to a more
diversified and balanced structure of energy supply and
environmentally sound energy supply system, which is the ultimate
goal of our policy.

Speaker from the Floor,
Representing a government
agency
WCED Public Hearings
Jakarta, 26 March 1985
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Renewable energy sources require a much higher

priority in national energy programmes. Research,

development, and demonstration projects should command

funding on a par with past nuclear energy development.

With a potential of 101W or so, even if 3-41W were

realized, it would make a crucial difference to future

primary supply, especially in developing countries, where

the background conditions exist for the success of

renewables. The technological challenges of renewables

are minor compared with the challenge of creating the

social and institutional frameworks that will ease these

sources into energy supply systems.

The Commission believes that, ultimately, renewable

energy should form the foundation of the global energy

structure during the 21st Century. An all-out effort

should now be mounted to achieve this.
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VI. ENERGY EFFICIENCY: MAINTAINING THE MOMENTUM

Given the above analysis, the Commission believes

that energy efficiency should be the cutting edge of

national energy policies for sustainable development.

Impressive gains in energy efficiency have been made

since the first oil price shock in the 1970s. The recent

drops in oil, prices may have slowed this progress in many

countries.

The cost effectiveness of 'efficiency' as the most

environmentally benign 'source' of energy is well

established. The energy consumption per unit of output

from the most efficient processes and technologies is

onethird to less than onehalf that of typically

available equipment.70"

This is true of appliances for cooking, lighting

and refrigeration, and space cooling and heating - needs

that are growing rapidly in most countries and putting

severe pressures on the available supply systems. :rt is

also true of agricultural cultivation and irrigation

systems, of the automobile, and of many industrial

processes and equipment.

Energy efficiency must be actively promoted by all

countries. The cement factory, automobile, or irrigation

pump in a poor country is no different from its

equivalent in the rich world. In both, there is roughly

the same scope for reducing the energy consumption or

peak power demand of these devices without loss of output

or welfare. But poor countries will gain much more from

such reductions.
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The woman who cooks in an earthen pot over an open

fire uses perhaps eight times more energy than an

affluent neighbour with a gas stove and aluminium pans.

The poor who light their homes with a wick dipped in a

jar of kerosene get one-fiftieth of the illumination of a

100-watt electric bulb, but use just as much energy.

These examples illustrate the tragic paradox of poverty.

For the poor, the shortage of money is a greater

limitation than the shortage of energy. They are forced

to use 'free' fuels and inefficient equipment because

they do not have the cash or savings to purchase

energy-efficient fuels and end-use devices. Consequently

they pay much more for a unit of delivered energy

services

In most cases, investments in improved end-use

technologies save money over time through lowered

energy-supply needs. The costs of improving the end-use

equipment is frequently much less than the cost of

building more primary supply capacity. In Brazil, for

example, it has been shown that for a discounted, total

investment of $4 billion in more efficient end-use

technologies (such as more efficient refrigerators,

street-lighting, or motors) it would be feasible to defer

construction of 21 gigawatts of new electrical supply

capacity, corresponding to a discounted capita]. savings

for new supplies of $19 billion in the period 1986 to

2000.
71/

There are many examples of successful energy

efficiency programmes in industrial countries. The many

methods used successfully to increase awareness include

information campaigns in the media, technical press, and

schools; demonstrations of successful practices and

technologies; free energy audits; energy 'labelling' of

appliances; and training in energy-saving techniques.

These should be quickly and widely extended.
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Industrialized countries account for such a large

proportion of global energy consumption that even small

gains in efficiency can have a substantial impact on

conserving reserves and reducing the pollution load on

the biosphere.

Energy efficiency is also important for developing

countries where energy consumption, though low, is

expected to grow rapidly. However, there are still a

large number of difficulties. Apart from technological,

economic and structural constraints, many consumers,

including large industries, do not really know exactly

how they use energy, what it costs them, how costs can be

reduced, or how to set about reducing them.

Energy pricing policies play a critical role in

stimulating efficiency. At present, they often include

subsidies and seldom reflect the real costs of producing

or importing the energy, particularly when exchange rates

are under'valued. Very rarely do they reflect the

external damage costs to health, property and the

environment. Countries should evaluate all hidden and

overt subsidies to see how far real energy costs can be

passed on to the consumer. The true economic pricing of

energy - with safeguards for the very poor - needs to he

extended in all countries.

Many energy efficiency measures cost nothing to

implement. But where investments are needed, they are

frequently a barrier to poor household and small--scale

producers, even when payback times are short. In these

latter cases, special small loan or hirepurchase

arrangements are helpful. Where investment costs are not

insurmountable, there are many possible mechanisms for

reducing or spreading the initial investment, such as

loans with favourable repayment periods and 'invisible'

measures such as loans repaid by topping up the new,

reduced energy bills to the preconservation levels.
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Developing countries face particular constraints in

saving energy. Foreign exchange difficulties can make it

hard to purchase efficient but costly energy conversion

and enduse devices. Energy can often be saved

costeffectively by finetuning already functioning

systems.72" Rut governments and aid agencies may find

it less attractive to fund such measures than to invest

in new, largescale energy supply hardware that is

perceived as a more tangible symbol of progress. The

manufacture, import, or sale of equipment conforming to

mandatory minimal energy consumption or efficiency

standards is one of the most powerful and effective tools

in promoting energy efficiency and producing predictable

savings. International cooperation may be required when

such equipment is traded from nation to nation.

Countries and appropriate regional organizations should

introduce and extend increasingly strict efficiency

standards for equipment and mandatory labelling of

appliances.

Transport has a particularly important place in

national energy and development planning. It is a major

consumer of oil, accounting for 50-60 per cent of total

petroleum use in most developing countries.73' It is

often a major source of local air pollution and regional

acidification of the environment. Vehicle markets will

grow much more rapidly in developing countries, adding

greatly to urban air pollution, which in many cities

already exceeds international norms. Unless strong

action is taken, air pollution could become a major

factor limiting industrial development in many Third

World cities.

In the absence of higher fuel prices, mandatory

standards providing for a steady increase in fuel economy

may be necessary. Either way, the potential for
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substantial future gains in fuel economy is enormous;

improvements in body designs, engines, and power trains

along with the use of new materials are some of the

technical paths now being pursued. If momentum can be

maintained, the current average fuel consumption of

approximately 10 litres per 100 kilometres in the fleet

of vehicles in use in industrial countries could be cut

in half by the turn of the century.74"

A key issue is how developing countries can rapidly

improve the fuel economy of their vehicles when these

are, on average, used for twice as long those as in

industrial countries, cutting rates of renewal and

improvement in half. Countries that import automobiles

could set improved standards for new vehicles. However,

those countries that assemble vehicles under licence with

industrial country manufacturers face a different

situation. Designs are frequently older and predate

energy efficiency improvements. Licensing and import

agreements should be reviewed to ensure access to the

best available fuel efficient designs and production

processes.

Industry accounts for 40-60 per cent of all energy

consumed in industrial countries and 10-40 per cent in

developing countries, (See Chapter 9.) Most trends

point to a quite rapid growth of industry around the turn

of the century, but the form and pattern of this growth

could vary widely between industrial and developing

countries. Industry in the former has been evolving

rapidly, its restructuring marked by a shift away from

heavy industry towards high technologies, the

substitution of synthetics for natural inputs, and a move

towards less energy--intensive production and in favour of

'hitech' and service industries. At the same time,

there has been significant improvement in the energy

efficiency of production equipment, processes, and

products.
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When they are industrializing, developing countries

need a base of heavy industry. In the past, these were

usually more energy-intensive and polluting. Today,

every sector has industries that use much less energy and

other resources per unit of product and hence are not

only less polluting but also more competitive.

Developing countries should ensure that their

industrialization is based on the most economical and

resource-efficient technologies available, Several

measures are possible. Countries that permit industrial

concerns to import plants could institute bidding

procedures and licences that would attract the most

energy-efficient technologies available.

In developing countries, industrialization often

takes the form of a progressive substitution of

domestically produced industrial goods and components for'

imports. Nations might save energy by importing the

components whose production is most energy-intensive and

polluting, and make other components locally. This would

lower' both the energy and the environmental costs of the

final product. Energy savings of as much as 20-30 per

cent could be achieved by such skilful management of

industrial development.

The proper maintenance of industrial plant,

especially older equipment, can also keep plants running

over longer periods but can save energy and thus money.

Industry-oriented energy conservation programmes, managed

perhaps by an 'energy services utility' with incentives

to help existing industries identify cost-effective

opportunities for saving energy, could reduce energy

demands by a further one-third.
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A forest is an ecosystem that exists under certain environmental
conditions, and if you change the conditions, the system is going to
change. It is a very difficult task for ecologists to foresee what
changes are going to be because the systems are so enormously complex.

The direct causes behind an individual tree dying can be far
removed from the primary pressure that brought the whole system into
equilibrium. One time it might be ozone, another time it may be

a third time it may be aluminium poisoning.
I can express myself by an analogy: If there is famine, there are

relatively few people who die directly from starvation; they die from
dysentery or various infectious diseases. And in such a situation,
it is not of very much help to send medicine instead of food. That
means that in this situation, it is necessary to address the primary
pressures against the ecosystem.

Aif Johnels
Swedish Museum of Natural
History
WCED Public Hearing
Oslo, 24-25 June 1985
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98, Agriculture worldwide is only a modest energy

consumer, accounting for about 3.5 per cent of commercial

energy use in the industrial countries and 4.5 per cent

in developing countries as a whole.75" A strategy to

double food production in the Third World through

increases in fertilizers, irrigation, and mechanization

would add 140 million tons of oil equivalent to their

agricultural energy use. This is only some 5 per cent of

present world energy consumption and almost certainly a

small part of the energy that could be saved in other

sectors in the developing world through appropriate

efficiency measures.76'

99. Buildings offer enormous scope for energy savings,

and perhaps the most widely understood ways of increasing

the energy efficiency are in the home and workplace.

Buildings in the tropics are now commonly designed to

avoid as much direct solar heating as possible by having

very narrow east- and west-facing walls, but with long

sides facing north and south and protected from the
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overhead sun by recessed windows or wide sills. Such

design maximizes shade and reduces air-conditioning costs

drastically. In cold climates, long, south-facing wails

are designed to trap the warmth of ho low winter sun.

Plastic foam or other forms of cavity-wail and roof

insulation together with double or triple glazing are

standard features of the draught-proofed buildings of

many colder countries.

100. Another important method of heating buildings is by

hot water produced during electricity production and

piped around whole districts, providing both heat and hot

water. This extremely efficient use of fossil fuels

demands a coordination of energy supply with local

physical planning, which few countries are
77/institutionally equipped to handle. Where at has

been successful, there has usually been local authority

involvement in or control of regional energy-services

boards, such as in Scandinavia and the USSR. Given the

development of these or similar institutional

arrangements, the cogeneration of heat and electricity

could revolutionize the energy efficiency of buildings

worldwide.

VII. CONSERVATION PRICING

101, There is general agreement that the efficiency

gains achieved by some industrialized countries over the

past 13 years were driven largely by higher energy

prices, triggered by higher oil prices. Prior to the

recent fall in oil prices, energy efficiency was growing

at a rate of 2.0 per cent annually in some countries,

having increased gradually year by year.78"
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It is doubtful whether such steady improvements can

be maintained and extended if energy prices are held

below the level needed to encourage the design and

adoption of more energyefficient horries, industrial

processes, and transportation vehicles. The level

required will vary greatly within and between countries,

depending on a wide range of factors. But whatever it

is, it should be maintained. In volatile energy markets,

the question is how?

Nations intervene in the 'market price' of energy

in a variety of ways. Drastic taxes (or subsidies) on

electrical power rates, oil, gas and other fuels are most

common. They vary greatly between and even within

countries where different states, provinces, and

sometimes even municipalities have the right to add their

own tax. Although taxes on energy have seldom, if ever,

been levied to encourage the design and adoption of

efficiency measures, they can have that result if they

cause energy prices to rise beyond a certain level - a

level that varies greatly between jurisdictions.

Some nations also maintain higherthanmarket

prices on energy through duties on imported electricity,

fuel and fuel products. Others have negotiated bilateral

pricing arrangements with oil and gas producers in which

they stabilize prices for a period of time.

In most countries, the price of oil eventually

determines the price of alternative fuels. The market

price for oil has seldom been free of intervention either

within or between nations. Crude oil prices would have

fluctuated far more violently than they did between 1935

and 1970 had not prices been regulated by various
79/

institutional mechanisms. Although OPEC

drastically raised prices beginning in 1973, during the
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early 1980s it helped to keep prices lower than they

otherwise would have been by producing beyond the

economic needs of its members.80"

Extreme fluctuation in oil prices, such as we have

exper'ienced recently, can seriously damage programmes to

encourage conservation. Many positive energy

developments worldwide that made sense with oil above $25

per barrel, for example, ceased to do so at lower

prices, New ventures in renewables, energyefficient

industrial processes, transport vehicles and energy

services have been delayed. Some may have been lost

altogether. All are needed to ease the transition to

safer and more sustainable energy future beyond this

century. This goal that requires a long, uninterrupted

effort to succeed.

Such a transition will require wide--ranging global

discussions between producers and consumers. They must

develop a consensus on the most effective deployment of

producer pricing policies, as well as the most effective

levels of domestic taxation, import tariffs, and other

price management policies among consumer countries. Such

issues should include the feasibility of price 'floors'

and 'ceilings' both at national and international levels

between which economic stability for all countries is not

jeopardized. An appropriate level of new oil exploration

remains feasible, particularly in developing countries;

and progress can be made towards an energy transition

involving efficient energy utilization and the

development of energy services as well as major

programmes of research and development on renewable

energy. No international forum currently exists for

ventilating these issues.
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Formal consumer-producer discussions would he much

more difficult to arrange today because of differences in

production and pricing philosophies between OPEC and

non-OPEC states. They would also run into antitrust and

other legislative difficulties that would require

high-level intervention to clear the way forward, Oil

tAll11 continue to be crucial not only as a fuel and a

valuable petrochemical, but as a dominant factor

controlling any transition to a new energy future.

If the recent momentum behind annual gains in

energy efficiency is to be maintained and extended,

governments need to make it an explicit goal of their

policies for energy pricing to consumers. Prices needed

to encourage the adoption of energy saving measures may

he achieved by any of the above means or by other means.

Although the Commission expresses no preference.

'conservation pricing' requires that governments take a

long term view in weighing the costs and benefits of the

various measures. They need to operate over extended

periods, dampening wild fluctuations in the price of

primary energy, which can severely set back the momentum.

VIII. CONCLUSIOt\J

It is clear that a low energy path is the only way

towards a sustainable future. But, given efficient and

productive uses of primary energy, this need not mean a

shortage of essential energy services. Within the next

50 years, nations have the opportunity to produce the

same levels of energy services with as little as half the

primary supply currently consumed. This in itself

represents a great soclo-economic and institutional

challenge for global society.
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More importantly, it will buy the time needed to

mount major programmes on renewable energy, and so begin

the transition to a safer, more sustainable energy era.

The development of renewable sources will depend in part

on a rational approach to energy pricing to secure a

stable matrix for such progress. Both the routine

practice of efficient energy use and the development of

renewables will help take pressure off traditional fuels,

which are most needed to prime the development pump in

many poorer countries worldwide, thus ensuring their

successful emergence into a more prosperous future, one

in which they can afford ever more efficient energy

enduse technology.

Energy is not so much a product as a mix of

services, a mix upon which the welfare of individuals,

the sustainable development of nations, and the

life-supporting capabilities of the global ecosystem

depend. In the past, this mix has been allowed to flow

together haphazardly, the proportions dictated by

shortterm pressures on and shortterm goals of

goverrunents, institutions, and companies. Energy is too

important for its development to continue in such a

random manner. Cooperation and concentration on future

realities can produce a mix that will sustain human

progress into the distant future.
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OFPICE OF THE COMMONWEALTH SECRETARYGENERAL

MARLIOROUGH HOUSE PALL MALL LONDON SWIY 5HX

3 February, 1987

The Chairman asked us if we could help with wording on
the difficult problem of nuclear energy. Before I leave for
Botswana tonight, I have had a look at this and I hope the
enclosed will be helpful. I have attempted to redraft the crucial
paragraph (85) on nuclear energy in a way that captures the
feeling of most of us in Berlin that the Commission must at least
recommend a pause; but I have chosen language which I hope the
minority of dissenting Commissioners should be able to live with.

I have also had a go at setting out the sequence of
ideas which seemed to lie behind the Commission's discussions on
energy and have produced something which could serve as a draft
for the energy section of the Executive Statement.

I intend to leave for Tokyo on February 20th - on an
afternoon flight. I would like to have as much as possible of the
report beforehand (and a couple of copies), even if it means last
moment delivery in London via telefax and courier before I get on
the plane. I don't envy you the next three weeks!

Shridath S. Ramhal

Mr. Jim McNeill,
World Commission on Environment

and Development,
Palais Wilson,
52 rue des Paquis,
CH-1201 Geneva,
Switzerland.



Redraft of para 86

The Commiion believes that, put at its lowest, there is a

legitimate argument against nuclear power in terms of

acceptable risk. Completely 'Fail safe' and 'Fool proof'

technology is not available. Unless and until the argument

is resolved in favour of nuclear energy, the period ahead must

be regarded as one of transition away from nuclear energy.

The economics of nuclear energy production are, in any event,

becoming unattractive as new plants are required to meet

exacting, and costly, safety standards. Ideally, there should

bea pause in nuclear energy development, which1 to be effective

and generally acceptable1 should be multilaterally or regionally

negotiated. Simultaneously, there must be an intensification

of international co-operation for regulating and controlling

existing nuclear energy production and waste disposal, based

on stringent safeguards.



Draft Energy Section for Executive Statement

If the world continues to use energy at its current rate,

with present-day policies and institutions, the global

consumption of energy could rise three or four times in the

next half \century, with the demand heavily concentrated on

non-renewaile fossil fuels. In the Commission's view this

is patently unsustainable. There are limited economic

supplies of fossil fuels.Andwetarepersuaded by the emerging

evidence on climatic change that - at the very least - there

is a serious danger of further increases in fossil fuel use

contributing to irreversible damage to the biosphere. The

new era of growth which we envisage must therefore be

considerably less energy intensive than the growth of the

past.

At the same time, it is unavoidable that there will be a

substantial growth in woridenergy consumption, even with

optimum progress towards energy conservation and the develop-

ment of genuine renewable sources. This growth will be

centred on the developing world. Sustainable development

based on the reduction of poverty and rising living standards

necessarily entails a substantial growth in commercial energy

consumption in order to reduce pressure on precarious

renewable resources, such as wood, to increase the productivity

of agriculture and to diversify economies from agriculture - -

into manufacturing. At present, low income developing countries

consume barely 6% per head of the commercial energy of industrial

countries; low income Africa only 1% (check figures).

Sustainable development is bound to lead to large increases

in commercial energy demand in developing countries.

. In the very long term, increased energy demand world wide

may be accommodated by new renewable sources such as solar

power and others not yet developed. In the short and medium

term it cannot. The only renewable source available is

nuclear power. However, put at its lowest, there is a legi-

timate argument against nuclear power in terms of acceptable

risk. Completely 'Fail safe' and 'Fool proof' technology is

not available. Unless and until the argument is resolved in



favour of nuclear energy, the period ahead must be regarded

as one of transition away from nuclear energy. The economics

of nuclear energy production are1in any event9becoming

unattractive as new plants are required to meet exacting, and

costly, saety standards. Ideally, there should be a pause

in nuclear nergy development, which) to be effective and

generally acceptable should be multilaterally or regionally

negotiated. Simultaneously, there must be an intensification

of international co-operation for regulating and controlling

existing nuclear energy production and waste disposal, based

on stringent safeguards.

4. If a nuclear pause is achieved, there will be a difficult

transition until other renewable sources are fully developed.

This transition must be handled in three main ways:

a commitment by all countries to intensify programmes

of energy conservation. This commitment can only be

secured if,in the long term,oil prices are maintained

in a stable manner at levels which encourage conservation;

a commitment to shifting R & D priorities away from

nuclear power to renewables, especially solar power;

and with large external assistance to developing

countries to do this;

to recognise that developing countries will continue to

expand consumption of fossil fuels at a rapid rate

through the transitional period. If serious dangers to

the biosphere are to be avoided, there is no alternative

than for this growth to be accommodated by much greater

economy in fossil fuel use among higher per capita fossil

fuel energy consumers in the industrial countries.

5. The changes required are unlikely to be achieved by market

pressures given the dominant role of governments as producers

of energy and their importance as consumers. Nor will they be

achieved by governments acting in isolation. The serious

problems relating to the biosphere )the dangers stemming



from nuclear accidents and instability in world oil markets all

call for co-operation and dialogue on energy matters at a

global level.
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