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Energy Consumption and Economic Development

Energy consumption tends to grow with the overall economy. Energy is an
essential factor of production and its use is broadly related to the scale and
intensity of economic activity. That would appear to be a reality of economic
life that we have no reason to doubt. There has been a lot of economic
research devoted to measuring quantitatively the relationship between energy
consumption, f requntly electric power consumption, and GDP growth. Most of
this research confirms that, indeed, most of the time and in most places there
has been a positive interdependence between energy use and economic growth.

But as we all know, in practice, as a method for forecasting energy
consumption, that approach has not been very successful during the past 10
years or so. The main difficulty is that it entails an enormous simplification of
complex underlying behavioral and structural relationships. Its validity depends
on these relationships either remaining fairly constant over time or evolving in
a predictable way. Arguably, that has not been the case in the recent past.
Also, there is always the non-trivial problem of getting the GDP forecast right.

I would like to take a different approach, this morning, basically because
conditions have been changing too fast for us to have much confidence in
extrapolations from quantitative estimates based on past data. Instead, I would
like to take a fresh look at the relationship between Energy and the Economy,
with reference to three main themes — technological change, market
liberalization and sustainable development. Under the assumption that you are
all ably advised by or otherwise have access to knowledgeable professional
economists, I felt it might be more useful if I put a somewhat different spin on
the topic. The issues are deep and complex but I hope that, in the next few
minutes and at the risk of over-simplification, one or two ideas will emerge that
could contribute to your long-term strategic planning.

Technological change
The aspects of technology usually discussed in the energy context are its
energy-saving and off-oil substitution impacts on demand, or its role in allowing
the energy-producing or consuming industries to adapt to environmental
constraints. I would like to look at two less-examined aspects of technological
change: its impact on economic growth and on competition.



It certainly isn't a startling observation to say that for perhaps two decades, we
have been going through a period of accelerating and increasingly broad-based
technological change. It began with the great leap forward in microcircuitry and
microprocessor technology in the 1970s, based on earlier fundamental
breakthroughs in electronics. Undreamt of increases in computing power gave
rise to equally unanticipated advances in communications, information
processing, data management, process control, robotics and CAD-CAM
applications. These became the parent technologies for what has been a
cascade of technological change in virtually every type of economic activity.
Similarly rapid advances took place more autonomously in microbiology,
genetics, and in the health and new materials sciences. The parent
technologies are still evolving very fast and continue to facilitate further rapid
development in the areas that depend on them. There is a self-sustaining
aspect to this kind of technological change and its pace does not appear to be
slowing down.

Technological developments in communications have facilitated the
globalization of enterprises, industries and markets, so that new technologies
are being disseminated on a more truly global scale than previously. They are
also being disseminated much faster. With dramatic advances in computer-
based design and simulation technologies, the time between conception and
implementation of new processes or products has shortened dramatically.

Technological progress, embodied in new machines and processes, is the main
source of productivity improvements. And growth in productivity and the
labour force are, arithmetically, the two primary sources of economic growth
and development. For the foreseeable future, then, the global economy's real
economic growth could turn out to be faster than we would have had reason
to expect only a few years ago. This conclusion is, of course, subject to the
usual ceteris paribus — other things being equal — conditions. There are other
crucially important pre-requisites for growth: political and social stability, access
to capital markets, a sufficiently skilled labour force, etc. At a minimum,
however, the kind of sustained technological change I have described is a
significant positive factor for economic growth. It is therefore also a favourable
development for energy demand.

Rapid technological change has other implications: the rate of technological
obsolescence has increased and will likely continue to do so. This puts a
premium on the development of new products, markets and processes in order
for firms or industries to remain competitive, let alone thrive. Long-term
planning has to take into account that the ground can change more rapidly



under one's feet than at any time in the past and has to be particularly
responsive to changing conditions. That increased adaptability has to be
reflected in strategic planning.

The nuclear power industry is no exception. Let us assume that public opinion
can be brought around to accepting nuclear technology because the issues of
plant safety and nuclear waste disposal have been adequately and convincingly
addressed. Nobody in this room doubts that that can be done. Much progress
has been made on these fronts and the industry is right in placing these issues
foremost on its R&D and public relations agendas.

So let us assume that, in the not too distant future, nuclear safety and waste
disposal are no longer a major public policy concern. The nuclear industry will
face a different set of challenges.

Providers of electric power, like everyone else face an uncertain and rapidly
changing future. They may become increasingly hesitant to commit themselves
to a power generating project which they perceive could be obsolete or
outdated in a generation or less. The problem is that it takes something like 10
years to bring a costly, large nuclear power plant from design to commissioning.
That plant will be operating in an environment in which relative prices and costs
of competing fuels and technologies may be very different from what they are
today.

Rapid technological change may well imply that serious efforts will have to be
directed towards developing smaller and more cost-efficient plants — plants
that take less time and money to build and are cheaper to maintain and operate
per unit of output. But that same technological change is also contributing to
making that sort of adaptation possible. The ability to adequately simulate
complex processes is increasing exponentially, so that the development time to
accomplish such a goal will be getting shorter and shorter.

There are, of course, possible future developments which would make such an
R&D goal appear unnecessary or even frivolous. Take, for example, the
assumption of rising energy costs. Conventional wisdom sees nuclear energy
as the inevitably preferred source of electric power generation perhaps 15 or
20 years down the road. The argument is that it is environmentally relatively
benign and that fossil fuels are a non-renewable source of energy, the price of
which will eventually soar much higher as they become scarcer and more costly
to find and exploit. The assumption that goes along with this is that the costs
of environmental compliance will further contribute to pricing coal and fuel oil



out of the power market. I will outline an alternative scenario which, although
perhaps not the most likely, still has a non-negligible chance of taking place.
But to make that scenario more credible, I have to introduce the second theme
of this talk — market liberalization.

Market Liberalization

We turn now the enormous changes that are occurring in the economic
infrastructure that ultimately determines how goods and services are allocated,
given the scarcity of resources and the constraints of technology. Many of the
major political and economic developments of the past few years have led to
an increasingly responsive and fluid global system of markets and prices. I will
only list some of the more dramatic developments. The former Soviet Union
and Eastern European economies have dismantled much of the former central
command structure and are in a transition toward market free or at least mixed
market structures. China is introducing elements of a market economy and
India is rapidly dismantling a system of controls that have long hampered the
efficiency of its mixed economy. The North American Free Trade Agreement
and the European Monetary System are examples of continental integrationof
markets. The US has deregulated one industry after another, the energy sector
included, and many of those trends are spreading to other developed
economies. De-nationalization and deregulation are well under way in the UK
and have begun in earnest in countries such as France and Italy. Developing
economies have been opening their doors to foreign capital and expertise,
notably in the energy field, but for an increasing number of industries as well.
Financial markets are expanding in scope, i.e. the variety of traded financial
instruments is rapidly growing and those markets are globalizing rapidly.

The liberalization of markets, like technological change augurs well for long-
term global economic growth. It contributes to growth directly since it helps
ensure that investment takes place in projects that have the highest expected
payoff and that the most efficient technologies are likely to be implemented.
It also means that developing countries will no longer suffer from technology
lag as they had in the past. A significant proportion of capital projects in
developing countries already involve the transfer of state-of-the-art technology
and expertise through joint ventures and other forms of partnerships and this
trend is unlikely to be reversed.

But these advantages have exacted a harsh price. Market liberalization has
been challenging most economies and a wide range of industries and firms to
become more competitive or be left behind. Economic restructuring is the name



we give to the painful responses these challenges have elicited in recent years.
And the effects of market liberalization will continue to be felt during the
foreseeable future. In particular, because the allocation of capital globally will
be increasingly the result of market decisions rather than those of a central
authority or bureaucracy, competitiveness and cost-effectiveness can be
expected to become even more pervasive as criteria for investment than in the
past in the developed as well as developing economies. Long-range strategic
planning must increasingly make comepetitiveness a central goal.

So far, we have looked at the sea changes in technology and markets that have
already begun and are likely to characterize much of the foreseeable future. I
have focused on two conclusions: first, both processes tend to stimulate
economic growth and to that extent the demand for energy in general; and
second, both processes contribute to an intensely competitive environment. I
have been trying to be relevant in particular to your industry's long term
planning. The operation of markets has still another lesson to give us in this
regard, which I will discuss under the rubric of sustainable development.

Sustainable Development
Again, I would like to approach a familiar topic from a non-standard viewpoint
and talk of sustainable development in a more general sense than is usually
intended by the term. In this view, environmental issues do not enjoy a special
priviledge. Economic development may be interrupted or reversed for a variety
of reasons other than environmental strain or catastrophe: i.e. external or civil
wars, revolutions, and/or political or economic systems characterized by
excessive arbitrariness and rigidity.

The factors we have considered so far — technological change and market
liberalization both operate in the same direction, namely increasing the speed
and efficiency with which feedback takes place and adjustments are made in
an economy. This is another way of saying that these important developments
enhance the chances of economic development being sustained. All too often
this very real and important phenomenon is inadequately considered — by
people from all over the political and economic spectra, and by environmental
activists as well as energy planners. Environmentalists like to project actual or
perceived trends well into the future in order to generate the kind of apocalyptic
scenario that motivates action. Electric energy planners are also among the
select few who take a long-term view and they also project trends, albeit
different ones, into the future to guide appropriate action.



In both cases, what is often not sufficiently taken into account are the
adjustments which free societies and market-based economies make to
developments which get too out of line. If a resource is getting scarce, it
becomes more costly to develop, its price initially rises, substitutes are found
and, as different technologies for its production and use are developed its price
then likely to re-adjust downwards. If a resource is a public good, and is judged
by the citizenry to be scarce, public policy as well as market forces set similar
adjustments into motion. Thus, the population explosion is slowing down in the
world's most populous countries, India is now agriculturally self-sufficient,
world oil reserves have increased, while real oil prices are only modestly higher,
and particulate emissions have declined in North America and Western Europe
since the Club of Rome's projections came out over 20 years ago. When
markets are allowed to function, and an informed citizenry has a voice in social
choices, all development has a tendency to be sustainable — in the broadest
sense of that term.

At this point, I would like to recover the thread of that illustrative scenario I had
set out to sketch a a bit earlier. If you recall, I was suggesting that counting
on higher energy prices to contribute to the future attractiveness of nuclear
technology might turn out to be misleading. Can we be so sure that 10 years
from now, when a plant built today goes into operation, it will be operating for
most of its life in a world of significantly higher relative fossil fuel prices? What
if real fossil fuel prices and the costs of building clean fossil-fuel power
generation facilities remained unchanged or declined. I would like to sketch in
outline one of several possible scenarios in which technological change, abetted
by efficient markets could bring about a prolonged period of low oil prices and
therefore low natural gas prices.

Here's the way it goes. Some time during the next few years, Iraq changes its
leadership and/or its policies and a few million barrels per day hit world
markets. World oil prices weaken at first but rise quickly as demand catches
up with supply. That triggers an intensification of exploration and development
globally: Saudi Arabia, Iraq, Kuwait and the UAE collectively add another 6
mmb/d of capacity during the next five years, the former Soviet Union has
developed a semblance of economic stability and begins reversing the decline
in its oil output, raising it by 6 mmb/d, not quite to its 1989 levels, early in the
next decade. Capacity elsewhere in the world remains constant as new
discoveries in LDCs and intensified development in Mexico and Venezuela just
offset declining North American production and the beginning of a turn-down
in the North Sea.



By the year 2004, world crude oil capacity has increased 20% from present
levels. Meanwhile, hydrogen fuel technology has developed very substantially:
the storage problem had been largely solved in the early 1990s (hydrogen could
be safely stored in a relatively cheap porous medium as of 1993), solar cell and
electricity storage technology were commercially developed at the turn of the
century so that in temperate climates, cheap garage-top or house-top solar
energy panels produced enough electricity during most of the year to supply
much of a household's power needs and produce all the hydrogen by
electrolysis to power a rotary-engine-driven automobile. By the year 2005, 8%
of the the North American and Western European auto fleet was running on
hydrogen. The high cost of the gasoline pollution tax continued to reduced the
number of conventional vehicles on the road faster than they could be replaced
and raised the proportion of hydrogen-powered vehicles in the developed
economies to 20% by 2010 and 90% by 2020.

Since the year 2000, the developed economies' consumption of crude oil for
road transportation purposes declined at the rate of about 1 mmb/d per year,
initially more than offsetting rapid growth in LDC oil consumption to fuel their
still growing fleet of conventionally powered road vehicles and a significant
portion of their growing electric power generation. While atmospheric pollution
declined dramatically in the developed economies, urban air pollution in many
developing countries reached critical levels, obliging them as well to begin
converting to hydrogen-powered vehicles. On the whole, the developing
economies had a different environmental emphasis than their richer neighbours.
When it became clear that carbon dioxide emissions wre less of a threat to
global warming than had initially been supposed, international pressure to
reduce all forms of combustion subsided. The developing economies, for the
most part, responded initially to urban crises of air and water pollution, since
the cities are the sources of economic and political power. All these factors
combined brought world oil prices to pre-1973 levels in real terms, in the $11-
$12 range in constant 1994 US dollars.

I make no particular claims for this scenario over a number of others. I don't
think it is the most likely. In fact, one might give it, together with other
variations on the low oil price theme a significant but modest probability of
occurrence, say 16.7%. But that is enough to pay attention to if you're a long-
range planner counting on high hydrocarbon prices — 16.7% is, of course,
exactly the probability of losing at Russian Roulette played with a standard six-
shot revolver. If you plan only for the most probable outcomes and give
insufficient consideration to risk, the long run costs could be very substantial.
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I have argued that the technological and market mechanisms necessary to
sustain global long-term economic growth have improved quite substantially.
But in so doing, they have also increase the need for competitiveness.
Moreover, they will speed up the process of change, adding to the uncertainty
in long-term planning and the need to focus increasingly on the risks to any
forecast.

I do not know if my talk has been useful. Certainly the last thing I would want
is for my remarks to have been discouraging or worse, taken as a pretentious
rebuke. I was honored to accep your invitation to speak at your annual
conference. My personal bias is very much toward what the nuclear power
industry could become in the 21st century — the leading, because most cost-
efficient and most environmentally benign source of base load power
generation. My only concern is not to give you the impression that, from the
point of view of applied economic theory, that goal is likely to be easily
attained.


