This paper explores how emerging environmentnl issues will
affect the nature of energy policy and the research agenda of
energy analysts in the near future. The energy policies of the
1870s are described as inadequate in the current context
because of the failure of markets to regulate environmental
resource wse and the imperfect link between energy
consumption and environmental degradaticn. Abatement,
structural change, subsiitution, and conservation are
discussed as actions for the mitigation of environmental
damnges. Greater integration of energy and enuvironmenial
policy and a shift from standards to market-based policy
instrumnents are stressed as strategies for addressing long-term
environmental problems.
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politiques énergétiques des anndes 70 sont carackérisées
d'inadéquates dans le contexte actuel. L'échec du marché face
& F'utilisation des ressources environnementales et le lien
imparfait entre la consommuation d'énergie et la dégradation
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1. Introduction

In response to the oil price increases of the 1970s
the governments of oil-importing countries inifi-
ated programs aimed at reducing their depend-
ence on foreign sources. The principai goals of
these programs were o ensure the security of
energy supply, to reduce the negative impact of
higher energy prices on economic growth, and
to offset the balance of payinents effects of higher
prices. Whule these programs had impertant sup-
ply-side aspects, their greatest accomplishments
were in improved energy efficiency. This im-
provement, which was achieved through a com-
bination of technological and behavioral changes,
was helped along by government subsidies and
regulations. Increases in the prices of all forms
of energy were, however, the greatest impetus
to change; in many countries changes in taxation
and the deregulation of energy markets rein-
forced these price changes.

Now, 20 years later, real oil prices have fallen
far below the levels of the early 1980s. While
energy efficiencies embodied In technologies
developed during the era of high prices remain
with us, the economic incentive for further prog-
ress is greatly reduced. The issue of energy secur-
ity has been further dirninished by the end of the
cold war. These changing conditions do not
mean, however, that the next 20 years will see
a reduced interest in energy efficiency. Instead,
a new sense of urgency over environmental is-
sues has emerged as the principal motive force
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behind conservation.

The purpose of this paper is to explore how
the emerging focus on environmental issues will
affect the nature of energy policy and the
research agenda of energy analysts. A fundamen-
tal question is whether policies that were devel-
oped to address the adverse effects of energy use
on security and economic stability are appropri-
ate and adequate in the current circumstances.
There are two reasons why they may not be.
First, high energy prices gave all economic agents
an incentive to conserve. Since the use of com-
mon environmental resources is not now proper-
ly governed by price mechanisms, such a direct
incentive does not necessarily exist in the present
context. Thus the simple, market-oriented policy
of deregulation must be replaced by a more com-
plex set of policies, including new regulation and
market-based incentives. This is further complhi-
cated by the need for international cooperation
and by concerns over intergenerational equity.
Second, not all technological and behavioral
changes that conserve energy have the same level
of environmental benefit. Some conservation
measures may even increase certain types of
emussions. Thus the simple objective of reducing
energy consumption must be replaced with a
more comprehensive set of goals. This is further
complicated by the high degree of uncertainty
surrounding the causes and effects of certain
emissions.

The discussion begins with a brief review of
the energy-envirorunent link, with special refer-
ence to the greenhouse effect and the relation
between energy efficiency and environmental
goals. Section 3 considers four categories of
action which may be taken to temper the envi-
ronmental effects of energy use. Section 4 is
devoted to the interaction between energy policy
and environmental policy. Threaded through it
is a brief survey of the economics of environ-
mental control.

2. Energy and the Environment

Concems over the environmental conseguences
of energy production and use are niot new. The
deleterious effects of fuel combustion on air qual-
“ity and human health in industrial regions, as

well as land degradation and water pollution in
regions producing fossil fuels, were already evi-
dent in the 19th century. The advent of the
automobile-based society in the second half of
the 20th century expanded the geographical
extent of environmental damage, as fuel burning
sources of pollution spread beyond industrial
regions to all areas of human settlement in the
developed world.

By the 1960s it was generally recognised that
the environmental consequences of increasing
energy intensity inflicted significant damage on
human health and property. However, this dam-
age was viewed as being localized and short
lived. By the 1970s advances in research and a
heightened public awareness led to a recognition
that some forms of environmental damage were
more pervasive and rreversible than was once
thought. In particular, pollutants were seen to
interfere with the workings of complex ecosys-
tems leading to a wide range of indirect and
unexpected effects. During the 1980s, attention
shifted to environmental problems such as acid
precipitation, ozone depletion, and global warm-
ing- These new problems are different from those
known earlier, firstly because of the non-local
character of their impacts, and secondly because
of their potentially cataclysmic long-term conse-
quences, which could include widespread loss
of aquatic and plant life, Jarge increases in
human cancer rates, and desertification and
flooding on a global scale. Of these, the green-
house effect provides the most powerful new
imperative for rationalizing energy systems.

2.1 Energy and the Greenhouse Effect

The average temperature at the earth’s surface
is determnined not only by the level of solar radi-
ation, but also by the presence of radiatively
active gases which help to trap heat in the atmos-
phere much as glass windows trap heat in a
greenhouse. This greenhouse effect is intensified
by the fact that human activities have increased
the rate at which some of these gases — inciud-
ing carbon dioxide {CO,), methane (CH,), nitrous
oxide (N,0), and chlorofluorocarkons (CFCs} —
are produced by an amount sufficient to signifi-
cantly increase their atmospheric concentrations.
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This could lead to a general increase in global
temperatures. The Intergovernmental Panel on
Climate Change estimates that if current trends
persist, there will be an increase of 1°C above the
current average temperature by the year 2025,
and a 3° increase by the year 2100 {Grubb, 1990,
p.8-9). Much larger increases than these can be
expected in certain regions, especially in the arc-
tic.’ While such predictions are the subject of
scientific dispute (see for example Linzen, 1993),
they identify the potential for massive destruction
of ecosystems and dislocation of human settle-
ment patterns.

Of the "greenhouse gases,” the most critical
is CO,. Current emissions levels of the others can
be significantly reduced by making reasonably
achievable technological adjustmnents. CO, is,
however, the main output of fuel combustion.
Thus nothing short of 2 massive reorientation of
current energy production and use will prevent
continued increases in anthropogenic CO, pro-
duction, especially in light of expected growth
and industrialization in the developing countries.
Furthermore, since CO, remains in the atmos-
phere for decades, the effect of emissions on
concentration is cumulative. This means that in
order to maintain current atmospheric concentra-
tion, very large decreases in CO, production are
needed. According to Smil (1989), the enly hope
of achieving such decreases in the next century
lies in major changes in consumption patterns
in the rich countries and reductions in the rates
of population growth in poor countries.

2.2 Energy Efficiency and the Attainment of
Environmental Goals

The link between energy efficiency and the econ-
omic and security problems caused by the energy
crises of the 1970s was clear. Any measure that
reduced the ratio of energy use to GDP also
reduced the poteniial for high energy prices to
promote inflation and the fear that supply dis-
ruptions would threaten the economic well-being
and security of importing nations. While it is

1/ For example, some atmospheric models predict june
temperature Increases of almost 7°C for Inuvik in

Canada’s Northwest Territories {Cohen, 1993, p.27) .
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generally true that energy efficiency has positive
envirorunental benefits, it is not necessarily true
that it constitutes in itself an adequate strategy
for mitigating the environmental damage associ-
ated with energy production and use.

As one illustration, improved fuel efficiency
in cars does not reduce all categories of harmful
tailpipe emissions. While more fuel-efficient cars
produce less of most pollutants, including carbon
monoxide (CO) and carbon dioxide (CO,), they
often produce higher levels of nitrogen oxide
(NOy) (Hassounah and Miller, 1993).% In fact, the
perverse relationship between energy efficiency
and NO,, appears to apply to other forms of fuel
burning. In the case of natural gas combustion,
those technologies that reduce CO and hydrocar-
bons emussions tend to increase NOy and vice-
versa (Anderson, Kliman, and MacDonald, p.235}.
Thus, the environmental benefit of certain fuel
efficient technologies may depend on the weights
given to reductions in various types of emissions.

The link between energy efficiency and envi-
ronmental benefit becomes more tenuous when
a broader definition of environmental quality is
employed. Virtually all environmental literature
recognises pollution of the air and water and
degradation of land as problems. Proponents of
sustainable development go beyond this to
include such things as resource depletion, the
maintenance of biodiversity, and aesthetic values.
Some waould extend the notion of environmental
quality to include a broad range of social and
ethical issues. Clearly the definition has to stop
somewhere to be useful, but it may be that some
problems have been unduly stressed at the
expense of others. For example, there has been
more attention paid to outdoor air quality than
to indoor air quality. Efforts to improve the
energy efficiency of buildings by reducing air
leakage and infiltration may cut outdcor
ernissions at the cost of trapping a broad variety
of indoor emissions, leading to degraded interior
air quality with serious associated health effects.
Similarly, reduction in the delivery of indoor
Lght translates into less electricity generation, but
it has been connected with the probiem of chro-

2/ NOy is an important precursor pollutant to acid
precipitation.



nic depression during the winter months {Rosen-
thal, 1993, p.44}). Thus if we define all external
factors that may have an adverse effect on human
health as environmental problems, some conser-
vation efforts appear to have both positive and
negative impacts on the environment.

This is not to suggest abandonment of the
basic principle that energy efficiency is good for
the environment. In the great majority of cases
the net effect of efficiency is positive, and the
problems defired above probably can be resolved
through technical means. What it does suggest,
however, is that environmental problems associ-
ated with energy production and use are complex
and multidimensional, and that care must be
taken to avoid exchanging one problem for
another.

3. A Taxonomy of Responses

Four categories of actions may be taken in order
to mitigate environmental damage associated
with the current pattern of energy production
and use: abatement, structural change, source
substitution, and conservation.”

3.1 Abatement

Abatement is the removal of harmful substances
in combustion wastes, usually from the exhaust
stream as in the cases of catalytic converters on
vehicles and scrubbers on smokestacks. The
required use of abatement technologies has been
one of the main insttuments of environmental
policy in Western countries. It is estimated that
most harmful chemicals, including the precursors
of acid precipitation, could be removed via abate-
ment technologies for a cost equivalent to rough-
ly 30% of the cost of the primary fuels {Holdren,
1950). The great attraction of abatement is that
it reduces the harmful side effects of energy pro-
duction and use without decreasing the rate of

3/ While these four are distinct actions, they may be
interrelated. For example, using natural gas in place
of peiroleum products constitutes an energy source
substitution, but if it occurs on a significant scale it
results in a shift in the pattern of demand that leads
to structural economic change in the energy sector.

delivery of energy services.

Abatement has its limits. It is generally the
case that the cost of abatement increases with the
percentage of total emissions removed. Thus,
while it may be reasonably inexpensive to
remove some or even most harmful emissions,
removal rates approaching 100% become prohibi-
tively expensive. More importantly, abatement
has very limited potential for reducing the threat
of climate warming,. This is because CO,, which
is the most abundant of the greenhouse gases,
is not just a byproduct, but the primary output
of fuel combustion. It is therefore doubtful
whether abatement technologies that will make
a significant dent in CO, emissions will be devel-
oped (Grubb, 1990). Environmental strategies that
rely heavily on abatement generally do not
respond adequately to the greenhouse problem.?

3.2 Structural Change

Structural change refers to the reallocation of
human, capital, and natural rescurces to different
categories of economic activities. Such shifts are
a normal oultcome of the process of economic
evolution. For example, as regional and national
economies develop and grow they tend to shift
resources first from agriculture to manufacturing,
and then from manufacturing to services. These
shifts naturally affect the patterns of energy pro-
duction and use, and lead to increases or
decreases in the energy intensity of economues
over tme.

Much of the reduction in energy intensity and
the associated reduction in harmful emissions
that have occurred in the developed world over
the past two decades may be attributable to struc-
tural change (Huntington, 1989). It is not clear
how much of this change was induced by high
energy prices and how much was simply a reflec-
tion of longer-term trends.

4/ For example, the Bush administration’s National
Energy Strategy for the US stressed abatement. Accord-
ing to the Alliance to Save Energy ef al (1991), it would
lead to significant reductions in the output 0f SO, and
NOy by the year 2080 {52% and 24% respectively),
while at the same time allowing an increase of nearly
60% in CO, emissions.
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Structural change will probably continue fo
play arole in alleviating the more localized types
of environmental problems in the developed
world. However, it will not necessarily play a
positive role in addressing global problems such
as the greenhouse effect. For one thing, it is likely
that much of the shift away from energy inten-
sive industries in the OECD countries was
achieved by substituting imports for domestic
products — thus transferring the energy use and
associated pollution across international borders.
More importantly, structural change in the devel-
oping world is likely to increase rather than
decrease energy intensity, as economies shift
from labour intensive agriculture into capital
intensive agriculture and manufacturing,.

3.3 Substitution

Substitution among primary energy sources has
figured prominently in the post-1973 energy strat-
egies of oil-importing nations. We can distinguish
between three types of substitution strategies:
substitution among conventional fossil fuels,
substifution of nuclear energy for fossil fuels, and
substtution of renewables for non-renewable
fuels. In the 1970s, the goal was primarily to
displace oil with any source that was plentiful,
secure, and relatively cheap. In the future this
goal will shift to displacing energy sources with
high emissions or other environmental disadvan-
tages to more environmentally benign sources.

Interfuel substitution has been a key strategy
allowing firms and consumers to switch from
expensive oil to cheaper coal and natural gas.
Especially in North America, the great abundance
of coal led some to believe that massive substitu-
tion of coal for oil was the answer to the energy
problems of the 1970s.°> Coal, however, has a
nuinber of practical drawbacks. It is much more
difficult to transport than oil, and it must be
transformed to a liquid or gaseous state before
it is useful in many economic applications. Most
importantly, coal burning has more damaging
environmental consequences than burning oil.

5/ See Horwitch (1979) for a discussion of the role
accorded coal in US energy policy and the practical
limitations on ifs use.
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While some of these consequences can be miti-
gated by abatement or transformation technol-
ogies, little can be done to offset the production
of CO, from coal burning. Thus in the case of
coal, rationales for substitution based on econ-
omic and security concerns are in conflict with
environmental goals.

Interfuel substitution may play an important
role in addressing the problem of climate warm-
ing, at least over the short run. The ratio of car-
bon to energy content for coal/oil /gas is roughly
106/77 /56. Thus, for example, if the generation
of electricity were shifted from coal-based ther-
mal stations to gas-based thermal stations, the
emissions of CO, would be reduced by almost
half. Such a shift would also reduce emissions
of 5O,, particulates and other poHutants. In gen-
eral, substitution of natural gas for other fossil
fuels results in a reduction in environmental
damage. However, while gas may cause less
environmental damage at the point of end use,
there are still significant environmental impacts
associated with its production, and there is some
question as to the adequacy of reserves.®

In principle, nuclear enexgy provides an op-
portunity to greatly reduce the emissions associ-
ated with combustion of fossil fuels, at least in
the generation of electricity. Massive nuclear
expansion could obviate the need for any fossil
fuel combustion if electric technologies for the
preduction of heat and mechanical energy were
to replace all existing technologies. Despite this
potential, hopes for a nuclear future have dimin-
ished in most countries.” One reason is that the
capital, maintenance, regulatory, and operational
costs associated with nuclear technologies have
exceeded expectations, making nuclear a relative-
Iy expensive generation option. Stll, in some
countries with inadequate domestic fossil fuel
resources, it remains economically viable {Banks,
1993). The most important limiting factors, how-

6/ For example, it has been estimated that if gas were
to displace all coal use in the US, current reserves
would last only 18 years {Fulkerson, Judkins, and
Sanghvi, 1990.) However, current reserve estimates
underestimate the amount of gas that could be pro-
duced given improved fechnology and higher prices.

7/ See Damian (1994) below in this feature.



ever, are the uncertainties surrounding the issues
of reactor safety, waste disposal; and nuclear
proliferation. The Chemobyl accident, the diffi-
culty of siting a waste disposal facility in the US,
and the recent concern over potential production
of weapons grade materials in Iraq and North
Korea have all brought the problems of nuclear
energy, rather than its benefits, into the forefront
of public debate. Despite these problems, grow-
ing concern over the envirorunental consequences
of fossil fuel burning provides an argument for
"keeping the nuclear option open” (Committee
for Economic Development, 1993).

Int the longer term, the most important substi-
tution strategy will probably be the replacement
of fossil fuel and nuclear energy with renewable
energy sources. Renewable sources include hy-
droelectricity, solar, wind, gecthermal, and ocean
thermal energy, all of which are non-polluting,
and biomass {plant matter) energy, which is CO,
reutral. Hydroelectricity already makes an impor-
tant contribution to the overall energy budget.
However the fact that many of the best available
sites have been used up, and the increasing rec-
ognition that new sites which involve
impoundment of water have their own environ-
mental and social drawbacks, limit the future
growth of hydro power. Recent studies indicate
an enormous potential for other renewables,
especially biomass. A comprehensive analysis
comumissioned by the United Nations (Johansson
et al, 1993) provides one of the most optirnistic
assessments yet, concluding that renewables have
the potential to provide 6G% of the world’s elec-
tricity supply, and 40% of its direct supply of
fuels by the middle of the next century at costs
that are equivalent to or below those of conven-
tional sources.

Even if some analysts may find the argument
for renewables to be compelling, it is important
to recognize that their integration into energy
systems will require institutional as well as tech-
nological change. While they may be economical-
ly competitive, they are not likely to be so much

8/ Hifele (1990} has suggested that in order fo permit
expansion of nuclear generation it may be necessary
to place all nuclear materials under the control of a
single interrational agency.

cheaper that energy firms and utilities will scrap
their centralized production systems in favour
of decentralized systems based on renewables
without some public sector initiatives such as tax
credits and research and development subsidies.
Increased use of renewables will also require
some changes that are ouiside the traditional
scope of energy policy. For example, the scen-
arios in Johansson ef al (1993) assume that mil-
Lions of hectares of marginal agricultural land
can be recommitted to biomass production. This
will require fundamental changes in land use
regulations and in the attitudes of farmers.

3.4 Three Mechanisms of Conservation

In contrast to substitution, whereby one type of
energy input is replaced with another, conserva-
tion refers to a reduction in the amount of energy
consumed. This can be achieved by three quite
distinct mechanisms. The first is an improvement
in the efficiency at which input energy, such as
a fuel or electricity, is transformed into useful
energy, such as heat, light, or mechanical energy.
By this mechanism, energy is conserved even
though the delivery of useful energy remains
constant. The second is an improvement in the
efficiency at which useful energy is transformed
into an energy service. The third mechanism is
a reduction in the demand for energy services.?

A simple example is provided by the heating
of a home. The first mechanism refers to the
efficiency with which fuel is transformed into
heat, which depends upon the design of the fur-
nace. The second mechanism refers to the effi-
clency with which the heat (useful energy) is
transformed into interior temperature (an energy
service), which depends upon the characteristics
of the structure being heated, including insula-
tion, window design, etc. The third mechanism
refers to the decision by the residents of the
house as to what interior temperature they want.
Thus, energy may be conserved by installing a
more efficient furnace, by adding insulation to
the house, and by tuming down the thermostat.

S/ These three mechanisms are defined in line with
Gardrner and Robinson’s {1993) model of the energy
end-use process.
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Recognising the distinctions between these
three mechanisms should prove useful in defin-
ing the environmental benefits assoclated with
energy conservation. As was mentioned above,
mmprovements in transformation efficiencies may
reduce some emissions while increasing others.
Thus conservation actions in the first category
need to be examined carefully to determine their
net environmental benefit. Actions in the second
category are more likely to have positive net
benefits, although they may have unwanted side
effects such as interior air quality problems. Con-
servation actions that fall into the third category
are certain to reduce all environmental emissions
involved, although taken to extremes they could
have adverse effects on the efficiency of produc-
tion or on human health.

The first two mechanisms depend not only
on the availability of conservation technologies,
but also on the factors that enter the decisions
of firms or households to purchase capital goods
that incorporate those technologies. The efficiency
with which input energy is transforned to useful
energy depends on the technologies embodied
in a relatively small number of transformation
devices. In the transformation of useful energy
into energy services, efficiency depends on the
purchase, installation, and maintenance of a
larger number of devices in homes and busi-
nesses. Thus it invelves more separate decisions,
with the marginal benefit of each decision being
smaller. For this reason, this type of efficiency
is more likely to be underachieved. The third
mechanism depends entirely on the amount of
service people wish to consume, and is therefore
independent of the choice of technology.

A recurrent theme in the energy literature
is that technologies already exist that could pro-
vide very significant energy conservation, and
that the capital costs of these technologies are
such that they provide lower life cycle costs than
conventional technolegies when energy savings
are factored in. Thus the first two mechanisms
described above are by far and away the cheapest
way to increase the supply of energy services
{(Anderson ef al, 1993, Yergin, 1979). The queshon
is why such a small proportion of this conserva-
tion potential ever gets achieved. Authors who
have addressed this "efficiency gap" cite lack of
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information, risk aversion, unreasonable payback
requirements, limited access to capital, and lack
of attention to relatively minor cost differentials,
as well as an array of institutional factors such
as taxes and regulations that prevent decision
makers from reaping the benefits of efficiency
gains (Grubb, 199C, pp.114-17; Pearce ef al, 1989,
p-69). All this suggests that greater emphasis
needs to be placed on individual behaviour, in-
cluding the range of institutional factors that
affect decision making, if the full potential of
conservation is to be achieved.

3.5 Combined Strategies

Any strategy to address environmental problems
associated with energy production and use will
involve some role for the four types of responses
described above — abatement, structural change,
substitution, and conservation. This can be illus-
trated for the case of CO, proeduction. In order
to reduce emissions while maintaining a reason-
able rate of economic growth, it will be necessary
to reduce the CO, intensity, defined as the ratio
of CO, to GDPF. Following Criqui (1989), this ratio
can be decomposed as follows:

€O, CO, FrI’ TEI
CDP FFI TEI GDP

where FFI is fossil fuels input and TEI is total
energy input. Reduction of any of the three ratios
on the right-hand-side will result in a reduction
in CQ, intensity. Reduction of the first ratio can
be achieved by abatement or by substitution
among fossil fuels, such as gas for coal. Reduc-
tion of the second ratio can be achieved by sub-
stitution between fossil fuels and renewables or
nuclear. Reduction of the third ratio can be
achieved by structural change such that the share
of energy intensive sectors in GDP are reduced,
or by conservation whereby the total energy
input used to produce the level of energy ser-
vices necessary to attain a certain level of GDP
is reduced.

While combined strategies are important, it
is prudent to have policies that stress conserva-
tion relative to the other three categories of
actions. There are four reasons for this.



1) The potential for conservation is enormous.
Gaps between actual and potential efficiencies
are still very large, and can be significantly closed
in an economically efficient manner. These gaps
probably exceed those associated with abatement
technologies because so much abatement has
already been done.

2) A broad range of technologies for conservation
is already available. A theme that often emerges
from conferences and workshops on energy and
the environment is that it is institutional rather
than technological constraints that currently pre-
vent rapid progress in conservation.

3) The effects of and potential for conservation
are already well understood, as compared with
nuclear and renewables.

4) Conservation is probably the most politically
tractable of the four categories of actions. In most
countries the public has lost faith with nuclear
energy, and it is difficult for politicians to justify
expenditures on uncertain long-term prospects
such as fusion and some renewables.

These four reasons taken together indicate
that major conservation efforts can begin now,
and do not have to wait for further research,
though whether or not such efforts are seen as
economically viable depends on a variety of fac-
tors that we have not yet considered.

4. Energy Policy and Environmental
Policy

The fact that energy production and use are the
main causes of many of the most pressing envi-
ronmental problems indicates that energy policy
and environmental policy should not be viewed
in isolation. However, the way these two areas
of pelicy have evolved in some countries implies
that integration of the two will not be easy. Tak-
ing the UK as an example, Pearce (1989) observes
that energy policy has been largely market
oriented, using instruments such as deregulation
and tax codes to provide incentives for private
firms to bring about desirable outcomes by way
of their private choices. By contrast, environ-
mental policy has been interventionist, relying

10/ Por a discussion of energy policy since 1973, see
Finon {1994), immediately preceding this article.

on regulations rather than incentives. This prob-
ably reflects the fact that energy policy was de-
veloped largely in response to economic con-
cemns, while entvironmental policy was developed
to address probiems that do not invite the appli-
cation of cold econormic analysis, such as effects
on human health.!!

In recent years there have increasingly been
attempts to incorporate environmental consider-
ations into energy policy design, although it may
be that such attempts are "tacked on” rather late
in the policy development process, at a point
where the relevant options have already been
defined.!? At the same time, there are also moves
underway to incorporate into the realm of envi-
ronmental policy the more market-oriented types
of instruments which have been employed for
energy policy. This involves a shift from com-
mand and control regulation to an approach in
which price signals are manipulated s¢ as to
incorporate environmental costs and benefits into
the determination of market outcomes.

This section discusses some basic issues that
must be considered in order to formulate energy
policy that addresses environmental concerns.
The main argument is that in order to reduce the
rate of environmental degradation, the costs of
externalities must be more fully reflected in the
costs of energy production and use. This raises
the question of whether energy cost increases of
the magnitudes necessary would cause such
severe economic damage as to be impossible to
sell. After brief discussions of how the choice of
policy instruments affects the costs of reaching
envirorunental goals, and of the potential econ-
omic impacts of environmental policy, the section
concludes with a discussion of how some aspects
of the current environmental dilemma are leading
policy makers into a journey in uncharted waters.

11/ In the US, envirenmental legislation has in some
cases gone so far as to explicitly ban any consideration
of costs and benefits in establishing environmental
standards (Portney, 1990).

12/ According to Bregha(1992), this results in inade-
quate consideration of conservation as an alternative
to the development of new supply.
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4.1 Market Prices and Externalities

From the mid 1970s to the mid 1980s both
Canada and the US achieved roughly 40% growth
in GDP while at the same Hme experiencing
almost no growth In energy consumption
(Robinson, 1990; Alliance to Save Energy, 1991).
The most plausible explanation for why the long
term correfation between growth in energy use
and economic growth broke down is that energy
price increases provided incentives for conserva-
tion and energy-saving structural change. These
increases were largely the outcome of trends in
international markets, but they were reinforced
by deregulation of domestic markets in both
countries and fuel taxes in Canada. The question
that arises now is whether the shift to a declining
trend in real energy prices will mean the end of
progress on energy efficiency, with ifs associated
envirorunental benefits. Evidence from the late
1980s indicates a slowdown in the rate of decline
of energy miensity in a number of countries
(Martin, 1989). More recent data are difficult to
interpret, however, because of the effect of the
recent recession.

According to an analysis of energy frends in
five OECD countries (Howarth, Schipper and
Andersson, 1993}, the slowdown in energy
growth was not due to a decline in the demand
for energy services, but rather it was largely due
to improvements in fransformation efficiencies.
Since such technical improvements are unlikely
to be reversed, there is no reason to expect a
surge in energy demand as a result of lower
prices. However, as the incentives to invest in
improved transformation technologies decline, ™
it is likely that the demand for input energy will
be more closely linked to the demand for energy
services (Walker and Wirl, 1993). A return o
modest growth in energy use is therefore a rea-
sonable expectation.

In light of the priorities of energy policy in

13/ The average transformation efficiency of the
energy-using capital stock will probably continue to
improve as old, inefficient capital is retired and
replaced with newer technologies. The rate of improve-
ment in new technologies, however, may well slow
dowr
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the 1970s, a return to cheap energy with moder-
ate demand growth might have been viewed as
a positive development. In the 1999s, however,
it is a disturbing trend. When environmental
impacts are taken into account, market prices are
net good indicators of the social cost of energy
use. Thus energy policy based solely on the alle-
cative efficiency of markets will be inadequate
in the absence of a much greater effort to account
for externality costs.

The market fails to prevent wanton damage
to the environment when polluters who inflict
costs on the consumers of environmental
resources are not required to compensate them
for these costs and therefore have no incentive
to refrain from poliuting. The textbook solution
is to require the polluter to compensate everyone
up to the point where they are as well off as they
would have been in the absence of the pollution.
The polluter then chooses fo reduce the output
of pollution or pay the compensation, whichever
is cheaper. In theory this results in a Pareto
optimal level of pollution generation.

The theoretical resolution of the externality
problem leaves two questions unanswered. The
first is how to determine the appropriate level
of compensation — the "externality cost"— and
the second is by what mechanism this compensa-
tion is to be made. The assessment of externality
costs is controversial because some people recoil
from the idea that damage to the envirorunent
can be translated into monetary terms. However,
without a common measure of environunental
damage it is difficult to determine which types
of externalities are most in need of correction.
If this question of philosophical principle can be
avercome, there remains the difficult practical
problem of how to assign dollar values to various
types of environmental damages. While there is
no single answer that deals with the wide variety
of practical hurdles, considerable progress is
being made in the development of novel methods
for such valuations.*

The question of how to provide mechanisms
for compensation is a major concern n policy
design. In theory, if property rights are fully

14/ For a discussion of externality valuation methods
see Pearce, Makandya, and Barbier (1989).



protected in law, when the cost of externalities
are determined individuals and firms can make
claims against polluters to collect their compensa-
tions. Practice is not that simple. Making such
claims would involve enormous transactions
costs. Furthermore, it would seldom be the case
that anyone affected by a given type of pollution
could attribute it to a single polluter. To take this
to the extreme, if a piece of property is flooded
because of global warming, is the owner of that
property to be compensated by every firm and
individual that produces CO,? A practical resol-
ution is to initiate a tax equal to the cost of the
externality. This provides firms with an incentive
to reduce poilution and thereby avoid the tax.
The proceeds for such a tax can be used to repair
environmental damage, thus improving the lot
of consumers of envirorunental resources as a
group, rather than through individual compensa-
Hons. Practical concerns about the implementa-
tion of such a tax, and alternatives 1o it, are dis-
.cussed further below.

4.2 Efficient Policy

Until the 1990s environmental policy in most
countries was based on a system of command-
and-control regulations, including emissions stan-

" dards with complementary fuel efficiency stan-
dards, and outright prohibition of some activities
and substances because of their environmental
dangers. While these standards have had positive
impacts, especially with respect to emissions from
vehicles and industrial sites, they have come
under increasing criticism as an outmoded and
inefficient approach to addressing environmental
problems (Portney, 19%0).

CONTROL THROUGH STANDARDS

Typically, an environmental standard requires
all firms or individuals within a broad category
to move to the same lower level of emission or
fuel consumption, without taking account of the
fact that the cost of making that reduction may
vary depending upon who is making it. If the
overall goal is, say, to reduce the SO, emissions
of a group of firms by a million tonnes, and there
are some firms within the group that can make

reductions more cheaply than others, then the
total cost of reaching the goal is less if the firms
who can do it most cheaply make all of the re-
ducton, while the rest continue o emit as before.
The problem, of course, is that no regulator could
justify compelling some firms to reduce their
emissions, while others are allowed to carry on
polluting.

Standards may also provide incentives for
some behaviours that are inimical to environ-
mental goals. For example many standards, such
as emissions standards on cars, apply only to
new equipment. In such cases, assuming that
application of the standard involves some cost
to the purchaser of the new equipment, they
provide an incentive to make do with the old for
a longer time, thus delaying the penetration of
cleaner technologies {Cairncross, 1992). Further-
more, in the case of energy efficiency standards
it has been suggested that there may be some
"rebound effect" whereby, for example, drivers
of fuel efficient cars have an incentive to drive
more because of the reduced per kilometre
costs.!® One point on which there is now broad
agreement is that if standards are to be applied,
they should be defined in terms of some
permissable level of emission or fuel consump-
tion, and not on "best technology” specifications,
which may lock in old technologies and retard
the development of new ones (Grubb, 1990).

MARKET-BASED INSTRUMENTS

Given the drawbacks of command-and-control
regulation, there is an increasing shift toward
policy instruments designed so as to promote the
attainment of environmental goals at the lowest
possible cost. These instruments are intended to
integrate the costs of environmental damages into
the market — In essence, to internalize the
externality. While economists have long sup-
ported their use, ondy recently have such instru-
ments come to the forefront on policy agendas,
and they have as yet had only limited applica-~
tion.

15/ Econometric analyses by Green (1992) and Jones
(1993} suggest that this effect, if it exists, is refatively
small.
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Theoreticaily, the ideal market instruments
would be emissions fees or externality prices that
are set equal to the environmental cost incurred
by a particular emission or product. If such costs
can be accurately defined, there is no need to
predefine environmental goals, as the allocative
mechanism of the market can be relied upon to
produce socially optimal levels of pollution.
Under a systemn of emissions fees there is no legal
limit on the amount a firm (or individual) may
pollute, but it must pay a tax on each tonne it
discharges. Thus, those firms who can reduce
their emissions for a cost that is less than the fee
will make the reduction, and the rest will not;*®
the total cost of the reduction achieved in this
way is less than if everyone were required to
reduce their emissions to the same level.

Ideally the fees would be set equal to the
social cost of the pollution. In practice, however,
it is doubtful whether such costs could be
defined in a way that would be widely accepted.
Thus it may be that it is still necessary to prede-
fine some emissions target, and set the fees high
encugh to achieve it. While there is no assurance
that this target level will be socially optimal, it
will at feast be attained at the lowest possible
cosi,

If emissions targets are to be set, an alterna-
tive market-based instrument is a system of
tradable permits. Here firms are issued permits
to produce a certain amount of pollution, such
that permitted emissions sum across firms to the
target level. If the firms are allowed to trade the
permits among themselves, those that can reduce
pollution most cheaply will have an incentive to
sell their permits, while those for whom the cost
of reduction is highest have an incentive to buy
them. Once again, the target is achieved at the
lowest possible cost.

While permits and fees both achieve the same
end, each has its advantages in practice. Assum-
ing that there is sufficient monitoring and en-
forcement, permits ensure that the tfarget
emissions level is met. Fees, by contrast, will only
achieve the target if they are set at precisely the

right level. Since there is no way to be sure of
this level in advance, there may be a significant
"breaking in" period during which the fees are
adjusted until the target is met. Such frequent
adjustment would cause significant uncertainty
among firms. The main disadvantages of permits
are that the regulating agency must make a prior
assignment of permits to firms, which may be
difficult to justify, and there may be significant
transactions costs in achieving an optimal set of
trades. Thus, for example, Grubb (1990} argues
that permits are not a viable strategy for reducing
CO, because it has so many sources that the
issuance of such a large number of permits
would be prohibitively expensive. In general,
permdts are preferred in circumstances where
there are a small number of large polluters, and
fees are preferable where there are a large num-
ber of small polluters (Haites, 1991).

For those emissions that are principally due
to fuel combustion, and for which the potential
for abatement is limited, it may be easier to
attach a tax to the fuel itself, rather than charging
a fee on the emissions. Since CO, is such an
emission, there have been widespread calls for
the institution of a carbon tax. The tax would be
proportional to the ratio of carbon to energy in
the fuel, thus it would be highest on coal, some-
what lower on oil, and lower still on gas. Since
biomass fuels are carbon neutral, which means
that the amount of CO, released in their combus-
tion is equivalent to the amount taken in during
their production, no carbon tax would be charged
against them. Such a tax would promote a reduc-
tion in CO, both through conservation and
source substitution. The main problem with the
carbon tax is the same as with emissions fees:
there is considerable uncertainty as to the leve]
at which it should be set.!” This is complicated
by the fact that energy markets may act to biunt
the effect of such a tax. For example, massive
applicaton of a carbon tax would depress oil
prices, thus reducing its effective impact on con-
sumption behaviour (Criqui, 1989). Also, since
the carbon tax falls disproportionately on certain

16/ If the marginal cost of emissions reduction is in-
creasing, it will cut emissions up the point where the
marginal cost is equal to the fee.
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17/ For a discussion of debates surrounding the
required level of carbon tax and its market effects see
Grubb (1990), pp.87-100.



sectors and regions, its implementation will be
opposed on the argument that it is unfair to those
who pay the most. This was made abundantly
clear in the US when the idea of a carbon-based
energy tax was floated during the early months
of the Clinton administration.

In those cases where the technology
embodied in capital has a major effect on energy
consumption and associated emissions, market
instruments that influence capital choices by
firms and individuals may be most appropriate.
Of particular interest are "feebate” programs,
whereby the revenue from a tax charged on the
purchase of inefficient capital is used to fund a
subsidy on the purchase of efficient capital. Fro-
grams of this type are already in force in a num-
ber of jurisdictions — the "gas guzzler” tax on
automoebiles. Plourde (1991) proposes a compre-
hensive strategy to reduce carbon emissions from
automobiles that includes a gas guzzler tax, a gas
guzzler licence fee to encourage turnover of older
cars, and a tax on gasoline to prevent the
"rebound effect” from more efficient cars.

UTILITIES AND DEMAND-5IDE MANAGEMENT

Electric utilities must figure prominently in the
development of more environmentally-oriented
energy policy: they are important consumers of
primary energy and sellers of secondary energy,
and as major consumers of coal, they participate
in causing acid precipitation and massive CO,
emdssions. Furthermore, because utilities are gen-
erally state-owned enterprises or regulated mon-
opolies and because they make planning deci-
sions involving extraordinarily long time hori-
zons, they are often singled out as having a
special responsibility to address environmental
issues (Ottinger, 1991).

There is a broad consensus that the funda-
mental problem with utilities has been that they
operate under institutional arrangements where-
by they have strong incentives to generate more
electricity because their revenues are directly
proportional to the number of kilowatt hours
they deliver. Since the best hydro sites are often
used up and the nuclear option has become less
attractive, increasing the generation of electricity
often means building new coal fired stations. In

recent years, these institutional arrangements
have been changing in ways designed to encour-
age utilities to carry on demand side manage-
ment {DSM).

DSM involves strategies through which a
utility eliminates the necessity for new generating
capacity by improving the efficiency at which
electricity as an input energy is transformed into
energy services (heat, light, mechanical energy).
Such an approach is justified on economic
grounds, as it is usually cheaper to promote con-
servation than it is to build new generating capa-
city. Thus in some cases, DSM might actually
lead to a reduction in the delivered price of elec-
tricity. However, the main objective of DSM is
to reduce the cost of energy services to the con-
sumer, including the costs of electricity, trans-
formation, and end-use technologies (Hirst,1992).
When the costs of environmental damage are
taken into account, the economic case for DSM
versus business-as-usual is all the more compel-
ling.

From a practical perspective, DSM implies
a number of changes in the way the utility does
business. The utility achieves DSM indirectly by
encouraging its customers to conserve. This
requires a shift of emphasis from engineering to
customer relations, which in turn requires
changes in the organizational culture of some
utilities. Most importantly, regulatory rules must
change to provide an incentive for the utility to
produce less rather than more electricity (Cairn-
cross, 1992; and Nadel, Reid and Wolcott, 1992).

Despite the negative images of many utilities
in relation to environmental issues, through DSM
many of them are already playing progressive
roles in reforming the current energy system, For
example, utilities in California have managed for
over a decade without adding any nuclear or
thermal generation facilities, and regulatory
boards in California, Nevada, New York, and
Massachusetts have assigned social costs to
emissions of CO, CO,, and SO, which must be
used in planning decisions (Chernick and Caver-
hill, 1990). This optimistic assessment is rein-
forced by the recent appointment of people with
strong credentials in relation to environmental
management to leadership roles in Ontario Hydro
and the New York State Power Commission.
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4.3 Econontic Irmpacts of Policy Initiatives

If the environmental problems associated with
energy are to be reduced, it is not possible to
avoid increases in the effective prices of produc-
ing and consuming input energy — they will rise
either directly, where externalities are taxed, or
indirectly, where technological standards bring
about increases in the cost of real capital. The
question is then whether such price increases will
cause economic disruptions that are viewed as
being worse than the environmental problems
they seek to alleviate,

An important point in this debate is that it
is the price of inpuf energy that must rise, rather
than the price of energy services. Thus, after some
period of adjustment during which conservation
strategies are put in place on a massive scale,
economic prospects may not incur any long term
damage. The real issue is what types of economic
Impacts might occur during such a period of
adjustment. While a complete discussion of the
issue is beyond the scope of this paper, two ques-
tions will be addressed briefly: (1) whether pol-
icies designed to reduce environmental damage
are necessarily a drag on the economy over the
relatively short run; and (2) whether unilateral
action on the environment in regional and nation-
al econormies subjects them to competitive disad-
vantages.

The argument that aggressive environmental
policy will have dire economic consequences is
often made by referring back to the energy crisis
of the 1970s, when rising energy prices set off
an international recession. The proponents of this
argument ask why, for example, a price increase
due to a carbon tax or other environmental fax
would not have the same effect. The environ-
mental editor of The Economist, a magazine that
is hardly inclined to promote unnecessary disrup-
tions of markets, has argued against this position
on the grounds that it was not so much the mag-
nitude as the suddenness of the price increases
that caused economic havoc in the 1970s. A car-
bon tax could be phased in gradually to allow
firms and individuals to make the necessary
adjustments, just as they did during periods of
high prices in the late 1970s and early 1980s.
Furthermore, unlike the OPEC price increases,
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which for importing countries constituted a frans-
fer of income abroad, a carbon tax could be used
domestically for purposes that would have posi-
tive economic impacts (Cairncross, 1992).

Empirical studies in the US indicate that the
economic impact of air pollution policy has so
far been minimal, despite the fact that it was
based largely on command-and-control mechan-
isms that are generally believed to be inefficient
(Portney, 1990). Furthermore, recent simulations
indicate that policy instruments designed to pro-
duce a significant reduction in €O, emissions,
including a carbon tax, oil import fee, and gas
guzzler tax, would have very minor impacts on
the US economy (Miles-McLean, Haltmaier, and
Shelby, 1993). Allowing for the possibility that
more draconian measures could have severe
economic impacts, the empirical evidence sug-
gesis that moderate but effective measures could
be taken without major economic disruption.

One argument against aggressive action on
the environment is that, even if some policy such
as a carbon tax would be beneficial if it were
applied universaily, any jurisdiction that applies
it unilaterally will be 8piaced at a significant econ-
omic disadvantage.'® While there is sense to this
argument, it should be kept in mind that there
may also be economic stimulus associated with
adjusting to such a tax. For example, Jaccard and
Sims (1991) have projected that a utitity demand-
side management program, which would be a
probable response to a carbon tax, has greater
employment generating potential than an equival-
ent expansion of generating capacity, and would
create supply-side benefits by increasing energy
efficiency. Furthermore, setling environmental
policy to a level that other jurisdictions will attain
at some later date provides a head start on the
development of "green” technologies, renewable
energy, etc. For example, by setting extraordinar-
ily high environinental standards for itself, the
State of California has developed important
export industries in the fields of energy conserva-
tion and renewables (Anderson ef al, 1992).

In regard to measuring the impacts of envi-

18/ The Committee for Economic Development {1993),
an industry group, opposes the carbon tax on this
basis, and on the basis that more research is needed.



ronmental controls on the economy, it is import-
ant o note that conventional national accounting
methods routinely undervalue the environment
by failing to adjust for environmental degrada-
tion: and resource depletion in the samne way that
they adjust for the depreciation of capital. Thus
an analysis of the effect of environmental policy
on Domestic Product contains an implicit nega-
tive bias. New methods of national accounting
that make these adjustments could give a more
balanced picture (see Pearce et al, 1989, Chapter
4).

The general tenor of much of the literature
on the energy /environment link is that a rational
and efficient policy regime may be created by
weighing the costs and benefits of actions taken
to mitigate environmental damage, and that such
a regime need not have a negative impact on
economic progress. This represents a change from
earier polarized positions stating, on the one
hand, that economic growth must cease if the
environment is to be saved, and on the other that
environmental regulations are unwarranted im-
pediments to growth. Consistent with this new
view 1s an emphasis on economic analysis, inclu-
ding the valuation of externalities, in all environ-
mental policy initiatives. Thus the objective is to
pursue environmental objectives in an economi-
cally efficient manner.

4.4 Uncharted Waters

While conventional theories that apply to other
public policy issues are useful in devising effi-
cient strategies for energy and the environment,
some of the problems that must be addressed
involve markedly new challenges for policy an-
alysis. This is especially true of the global climate
warming issue. This problem is distinguished in
two ways from any policy problem that has been
addressed in the past: (1) the long time scale over
which it is defined, which brings up profound
issues of uncertainty and intergenerational equity;
and (2} the fact that nothing short of a fully inter-
national policy strategy will be adequate to the
task of correcting it.

In the past, environmental policy has been
primarily reactive, responding to environmental
problems as they emerge (Pearce, 1989). This ap-

proach is both inefficient and efficient: inefficient
because it is generally cheaper to prevent envi-
ronumental damage than to repair it after it occurs;
efficient because it avoids taking action on prob-
lems that may never occur. However, when we
consider a problem such as the greenhouse effect,
it is clear that reactive policies are inadequate.
Because CO, remains in the atmosphere for such
a long time, if reductions in anthropogenic
emissions are left until sericus damage occurs
via global warming, it could take decades or even
centuries before the damage is repaired. Thus a
proactive approach is called for, whereby action
is taken today to prevent the problem in the
future. But what is an appropriate proactive pol-
icy when there is still debate over whether the
problem will ever emerge? And even if we accept
that the problem is imminent, to what extent
should people in the current generation make
sacrifices to prevent a problem that will probably
only affect future generations?

In the present context, a proactive strategy
for the greenhouse effect involves two categories
of action: "no regrets” and "insurance" actions
(Holdren, 1990). The former are steps that will
be beneficial in an economic or envirorunental
sense even if the problem never comes about.
These may include all categories of abatement,
structural change, substitution and conservation
that have positive net benefits. The notion of a
no regrets strategy has some appeal in that it is
at least more proactive than a repeated call for
further research, and it uses the threat of global
warming as an inceniive to take action on the
environmental problems that are already well
known. However, starting from the position that
those problems should be addressed anyway, it
could be interpreted as a decision to take no
specific action on the greenhouse effect. Further-
more, it is far from clear what actions fall into
the no-regrets category. For example Holdren
{1950) mcludes a tax on carbon emissions as a
no-regrets option, while the Committee for Econ-
omic Development (1993) sees such a step as very
premature. Thus a clear definition of a no regrets
strategy awaits the resolution of a wide range
of technical debates,

The analogy to an insurance policy plays up
the fact that it is quite normal for firms and indi-
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viduals to incur expenses for actions against the
possibility of uncertain and undesirable future
events. In the case of the greenhouse effect, the
major action to be taken as insurance is a reduc-
tion in the emissions of CO, beyond what would
be justifiable for the purpose of mitigating other
environmental problems, such as acid precipita-
tion or urban smog. The key here is that a no-
regrets approach addresses CO, only indirectly,
because it happens to be emitted in conjunction
with other emissions such as 50,, NOy, and CO
which cause those shorter-term problems. An
Insurance strategy will focus directly on CO,.
This implies that, for reasons described above,
it will be made up primarily of conservation
efforts rather than abatement efforts.”” Another
insurance strategy that falls short of a direct
attack on CO, emissions is the establishment of
a contingency plan, including predefined policies
and international agreements, that would make
it possible to implement massive CO, reductions
quickly when and if new information warrants
it (Holdren, 1990).

The question of intergenerational equity com-
plicates policy analysis at the methodological
level, and also at the ethical level. It is standard
practice to apply a discount rate in benefit-cost
analysis to make benefits and costs occurring at
different imes commensurate in the final sum-
mary calculation. When we compare the costs
of preventing global warming to the costs of
letting it occur, we are comparing costs incurred
by different people at different fimes. From an
ethical perspective, proponents of sustainable
development argue that each generation should
take responsibility for passing on a constant stock
of environmental resources to future generations.
This is often used as an argument for taking early
action on global warming. However, there is little
consensus on what constitutes a constant stock
of envirorunental resources or exactly how global
warming would affect that stock.

The fact that the greenhouse effect does not
respect intemational borders is equaily daunting.
The difficulty of reaching international agree-

19/ See Alliance to Save Energy ef af {1991) for a policy
strategy that features CO, reduction as a central, rather
than anclilary, goal.
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ments on acld precipitation in North America
and in Europe are well known. Since acidic dam-
age is caused by precursor pollutants that may
come from point and meoebile sources hundreds
or even thousands of kilometres away, it is not
easy to match sources with damages, nor is it
possible for any one country to resolve the prob-
lem on its own. The international negotiations
that will be necessary if anything is to be done
about the greenhouse effect will be even more
difficult for a number of reasons. First, unlike
acid precipitation, the greenhouse effect is the
result of pollutants that are fully mixed in the
atmosphere, meaning that every country suffers
from the problem, and no country can blame its
suffering on a single neighbour. Furthermore,
since CO, is such a pervasive emission, no coun-
try can count itself completely innocent. What
this means is that the problem can only be
addressed by all the countries of the world. In
themselves, regional negotiations between coun-
tries that are accustomed to dealing with one
another, such as the US and Canada, will not do
much good. If we lock to trade relations for an
analogy, we find that regional trade agreements,
such as the ones in force for NAFTA, ASEAN,
and the EC have generally been more compre-
hensive and easier to negotiate than global agree-
ments such as the GATT.

International cooperation on the greenhouse
effect will be additionally difficult because the
effect of anthropomorplic CQ, emissions is cu-
mulative: the amount of damage that has already
beer: done by various countries will become an
issue. For example, less developed countries may
argue that an arrangerment whereby all countries
are required to reduce emissions by a common
proportion is unfair to them because the devel-
oped countries were not bound by such restric-
tions during their industrialization periods. De-
veloped countries such as Denmark and Japan
that are already energy efficient wili also object
to such an arrangement because it effectively
punishes them for having set a good example for
the rest of the world (Schneider, 1993). However,
the alternative to across-the-board cuts is a set
of more specific limitations that may take decades
to negotiate.

The successful negotiation of the Montreal



Protocol limiting CFCs, which now has over 65
signatory nations, provides some cause for opti-
mism. As Cairncross (1992) points out, however,
there are a number of reasons why an interna-
tional protocol on greenhouse gas emissions will
be more difficult. The first is that by the time the
Montreal Protocol was signed in 1987 there was
almost universal scientific agreement about the
thinning of the ozone layer and its impacts on
human health. There is much more uncertainty
at this point about global climate warming, and
even those who accept its inevitability may argue
that people can adapt to it. Furthermore, CFC
emissions are exclusively anthropogenic, while
there is still some debate over the contribution
of human activity to total CO, emussions. As
well, there are a large number of substitutes for
CFCs. There are substitutes for some of the
greenhouse gasses (CFCs being a case in point),
but there is no easy substitute for the generation
of CO, through fuel combustion.

5. Concluding Comments

The theme of this paper is that environmental
issues are defining an agenda for energy research
and policy that is in many ways different from
the one that was defined by the oil price shock
of the 1970s. Energy conservation remains a cru-
clal policy geal, but for different reasons and
with a somewhat different emphasis.

In order to meet the challenge of this new
agenda, policy makers have to develop their
understanding of some new sorts of problems.
As was true when energy security was the pri-
mary problem, a great deal of scientific work on
energy processes is needed. Equally important,
however, is the need for behavioral and institu-
tonal research. In the case of energy conserva-
tion, it appears to be a lack of understanding
about decision making by individuals and institu-
tions, rather than a shortage of technology, that
retards progress. The need to make meaningful
valuation of environmental rescurces will require
rapid progress in fields of social science research,
such as experimental economics, which are still
relatively new. Understanding the necessary
conditions for an international agreement on
greenhouse gasses provides a new challenge for

political scientists and the development of the-
ories for making rational decisions under the
risks and uncertainties associated with energy
systems will require the expertise of management
scientists and psychologists. Geographers and
planners must consider the development of more
efficient patterns of human settlement and inter-
action. Most importantly, the walls between sci-
entists, social scientists, and engineers must be
lowered in order to address a set of complex
issues that no discipline can hope to resolve on
its own.
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