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ABSTRACT

Ethical and Cost-Effective Policy Response to Global Warming:
Energy Efficiency as a First Step

Kerri R. Blair '
April 23, 1992 "

Prepared in partial fulfillment of the requirements of the M.E.Des. degree in the Faculty
of Environmental Design, The University of Calgary .

Dr. William A. Ross, Supervisor

Through detailed analysis of recent raw data and careful construction of global mean
temperature records dating back to the 1800s, scientists have concluded that a
significant warming of the earth's surface has taken place alongside increases in the
atmospheric concentration of greenhouse gases emitted from human activities over
the past 100 years. Complex general circulation models have been used to predict
future climatic conditions should anthropocentric emissions of greenhouse gases
(primarily carbon dioxide, methane, chlorofluorocarbons and nitrous oxides) continue
in a business-as-usual fashion. Scenarios for the possible effects of rapid climate
change include suffering and loss among both human and non-human inhabitants of
the planet. Given that some form of policy intervention could serve to avoid such
suffenng and loss, the application of certain ethical principles implies that intervention
is morally imperative.

Among the range of ethical principles that might be applied to global warming policy
are those that recognize (in varying degrees) the rights and moral standing of future
generations and non-human beings. As the number of beings considered morally
relevant (and/or rights possessing) grows greater mvestment in intervention measures
becomes justifiable.

The two basic types of intervention. most often discussed with respect to global
warming are adaptation and avoidance. Among the options that fall under either
adaptation and avoidance, energy efficiency is one that stands out as being highly
cost-effective in the initial stages of implementation. In addition, energy efficiency is
attractive as a first step in any global warming policy because it accords with ethical

. principies that range from those that are anthropocentric and present-oriented to those
recognizing intergenerational equity and the moral relevance (and/or rights) of non-
humans and whole ecosystems. As the number of beings considered morally relevant
(and/or rights possessing) grows, implementation of greenhouse taxes, tradable
carbon coupons and other comparable market-based measures become justifiable,
which in turn renders energy efficiency even more cost-effective.
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INTRODUCTION

There is growing evidence that the earth is experiencing unprecehdented warmth as
the result of a phenomenon known as the greeﬁhouse effect (e.g. Here, 1992). Much.
like the walls of a greenhouee, Qases and other substances emitted from human
activities are building up iﬁ the atmosphere and enhancing its ability to _imp‘ede the
outward flow of infrared radiation. The result i increased radiative fbrciﬁg - is
responsible for what temperature records suggest has been a significant warming
trend since pre-industrial times (e.g. Jones and Wigley, 1991). In the context of current
emissioe rates of greenhouse gases, scientists predict that the global mean 7
temperature is clinﬁ,bing and will continue to do so, eessibly increasing by between 1.5
and 4.5 °-C by the end of the next.century (International Panel on Climate Change

[IPCC], 1990).

The implications of global warming due to the enhanced greenhouse effect are not
entirely clear. Uncertainty, particularly with respect to the complex interactions

between different elements lthat influence climate, makes it difficult to predict the rate

and magnitude of climate change (IPCC, 1990). If, however, sigeificant climate change \
occurs at a rapid enough rate (relative to natural climatic ‘fluctuations that have taken

place throughout the course of the earth's existence) there is reason to believe that
certain harmful consequences for some human and non-human populatlons could

result (e.g. Schneider, 1989; Buckmaster 1991).

Given that global warming is occuring and that it poses a potential threat to some of
the planet's inhabitants, it could be argued that sofne means of po‘licy intervention is in
order. Eithe‘r’through mitigative or adaptive strategies (or a combination of both), there

are many different options that might be undertaken in response to the potential
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threats of global climate change (e.g. National Academy of Sciences [NAS], 1991).
Mitigation strategies, on the one hand, would include measures to control global
warming (van Kooten, 1991) through reducing or offse’iting greenhouse gas emissions
(NAS, 1991). An ex;:lmple of mitigative action is governmental reétriction of _
greenhouse gas emissions through the implementation ‘of direct and indirect price
controls (such as carbon taxes or tradable carbon permits) (Natior_xal Economic
Research Associates [NERA], 1991). Adaptation policy, on the other hand, is
concerned primarily with enhancing the ability of certain human and ecologic systems
to adjust or adapt to new climatic conditions or events (NAS, 1991). Examples of
adaptation include the development of agricultural crop strains that are less sensitive
to warmer climates and precipitation changes (NAS, '1991) and the construction of
dikes or bridges to protect coastal areas from the consequences of sea level rise that

could occur as the result of global warming (Schneider, 1989).
Objectives

One of the primary objectives of my research is to derive an ethical framework that

~ might assist bolicy-makers in determining the form, timing and degree of intervention
(given that some sort of intervention is desirable) in dealing with the global warming
issue. In the following‘papér, | recommend that,ﬁ pribr to deciding upon a policy
strategy, the ethical principles upon which policy will be based should be clearly
stated. Speciﬁcally; it should be determined to what (if an-y)'extent the interests of

future people and non-human beings should be taken into account when assessing

the'various bolicy options.



A second objective is to illustrate. that, according to ethical principles ranging from
those that are anthropocentric and present-oriented in nature to those recognizing the
rights of future generations and non-humans, energy efficiency across all sectors of
society is desirable as a first step in any global warming responée strategy. In mariy )
cases, | point out, the marked potential that exists for monetary éavings through .eneirgyr
efficiency makes it perhaps the most cost-effective means of dealing with the
gre:enhouse problem.

Finally, I aim to show that no one policy option aloné may be sufficient to avoid the
effects of human-induced climate change entirely. Despite the cost-effectiveness of
energy efficiency as a first step in global warming policy, | suggest that, in order to
satisfy certain ethiqal principles, it may be necessary to implement other more costly

measures.
Methodology

As a preliminary step in my research, | reviewed scientific literature dealing with the
greenhouse effect. Of concern to me was determiniﬁg what causes global warming;
what evidence exists to suggest that global warming is occurring; and what global |
warming implies for the future. | also 'séught information pertaining to the pqtenfial
impacts of gl,o'bal warming on human populations and their ;/arious societal and

technical systems as well as on ecosystems and non-human populations.

‘For the second stage of my research, | consulted philosophical texts and sought input
from scholars (eépecially from Dr. Tom Hurka) to help establish the ethical principles
that would be appropriate in assessing global warming policy. This phase of the

research involved a review of such ethical principles as the “land ethic", according to
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which special value is recognized in the health of the biotic community as a'whole‘
(Callicott, 1989) and the "sustainability criterion® accordmg to which, it is argued future
generatlons should, at minimum, be left no worse off than current generatnons

(Tietenberg, 1984).

After gaining an understanding of the relevant techniques and principles of appli‘ed :
ethics, | reviewed the literature on policy options that have been considered in
response to global warming. This phase of the research involved an mvestlgatlon into

both adaptive and mitigative strategles

The economic arguments in favorl of conservation constituted an important area of
investigation.vFor this aspect of.the project, a literature search was conducted and
. experts were contacted in order to obtain detailed information on energy savings
potential in Canada and abroad. There are a number of reasons for including both
- developed and developmg -countries in the analysis. Pattems of energy use during the
past decade, for example suggest that most of the growth in the future will occur in the
. developing countries. (During the 1970s, energy use in developed countries
increased by an enhual rate of 6.6 percent which is more than four times the rate
observed in developed countries (Sathaye et al, 1987)). References that described the
| positive and negative impacts of improved energy efficiency in less developed
countries were eonsulted. Aleo, analysis comparing energy 'L’Jse'an“d economic

development was examined in order to determine the relationship between the two.

Developing countries were considered in the analysis for ethical reasons as well.
Based on a principle that may be described as international equity (Hurka, 1992), and
in recognition of t:he fact that global warming is by and large attributable to emissions

in the developed countries (e.g. Tomalty 1992), it was essential to examine issues of
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. the distribution of costs associated with adaption and mitigation measures. The latter,
in turn, required an examination of ehergy technology trans_fér, development aid that
prorﬁotes energy efficiency,'and debt forgiveness (International Conference on Global

Warming and Sustainable Development, 1991).

Among the sizable literature available on the subject of energy efficiency, recent case
studies that illustrate cost savings through conservation were valuable in this phase of
the research. | also sought information relating to the externalities (both positive and

negative) associated with energy efficiency and alternative fuel usage.

Part of the economics review involved investigating the most substantive costs
associated with implementing energy efficiency programs and exploring possible
means of meeting these costs. Policy analysis literature dealing specifically with |
energy alternatives was consulted in!order to obtain information on the advantages
and disadvantages of carbon and other environmental taxes. In addition, | examined
alternative mechanisms for promoting conservation and reduced greenhouse gas

emissions.

Much of the literature discussed the proven and potential effectiveness of conservation
in dealing-with the greenhouse problem. Documents producéd by government as well
as private industry energy experts prdved particularly helpful in t‘his‘regard. Based on
a number of casé studies found in the literature, | documented quantitatjve estimates
for the potential reductions in gfeenhouse gas emissions that might be achieved with
improved energy efficiency, conservation and alternative fuel resource use. In
addition, using data from the National Academy of Sciences (1991) (proje’cting'

temperature-increases as the result of various carbon dioxide equivalent reduction

w



scenarios), | attempted to quantify the effect that certain selected energy efficiency

programs would have in mitigating global wérming.

The Ethics and Climate Change Project

To explore the ethical issues associated with human induced global warming and
rapid climate change, The University of Calgary based Institute for the Huhanities has
organizedl an interdisciplinary study team that includes philosophers, economists,
environmental scientists and representatives from private industry. This study team
met in its first week-long workshop in the summer of 1991. One of the results of that
workshop was a statement recognizing ethical responsibility as an important basisr for
policy déVelopment (Ethics and Climate Change: Greenhouse Effect Team Members,
1991). Based on this recognition, each of the team members has been assigned
research into areas related to ethics and climate chénge. Following interdisciplinary
discussions at week-long workshops on individual research findings to be held in the
summer'of 1992, study cohglusioﬁs will be presented in a book to be published shortly

thereafter.

My work on this project constitutes one component of the Humanities Institute study. In
conjunction with team member Dr. William Ross (and in consultation with Dr. Tom
Hurka); I have prepared an.initial draft of a chapter for the book tentatively entitled
“Reductions Through Energy Efficiency at Home and Abroad". Dr. Ross will maké
revisions to thé chapter and finalize it for submission to the editors. Chapter four of this
* document is envisioned as the draft‘ chapter to be submitted. The material that
'prec_eeds chapter four consists of background information pértaining to the scientific
understanding and potential impacts associated with global'warrhing (chapter one); a
review of policy options that have been suggested and some economic and ethical

criteria recommended for assessing these options (chapter two); and some general
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observations about energy efficiency as a cost-“effective and ethically acceptable part
of global warming policy (chapter three). Chapter five consists of a summary of the

findings as well as some recommendations for further consideration.
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CHAPTER 1: 7

GLOBAL WARMING AND ITS IMPACTS
Radiative forcing is the term used to desc.ribe the atmospﬁere's ability to impede the
“outward flow of a certain amount of infrared radiation (The National Academy of |
Science [NAS], 1991). Atmospheric concentrations of water vapour and other trace
gases, responsible for the majority of the radiative forcing that the planet experiences,
keep the temperature of the earth approximately 33° C warmer than it would be
without thesé substances (Hare, 1‘992). This property of the atmosphere, referred to as
the greenhouse effect because it resembles the heat trapping effect of the glass of a
' gree‘nhouse, is important for the survival of most of the planet's organisms (The

International Panel on Climate Change [IPCC], 1990).

It is generally understood that, until the industrial revolution took hold in Europe and
North America, global temperatufe chénge was almost entirely the result of natura!
blimatic variability. With industrializationz, however, began the heavy use of fossil fuels
that, over time, has led to an accumulation of significantly greater concentrations of

- greenhouse gases in the atmosphere than would exist without human activity. 7
Scientists calculate that since pre-industrial times, the level of atmospheric carbon
dioxide, the gas responsible for over half of the g'reenhéuse effect, has increased by .
25'pefcent. The concentre}tion of methane, another major greenhouse gas, has more
than doubled 'what it was prior to 1750. Chlorofluorocarbons (CFCs), other confribufors
to the greenhouse effect, do not occur naturally and their exister;ce in the atmosphere

was not evidenced until pfoduction began a few decades ago (NAS, 1991).

. Evidence that concentrations of carbon dioxide, methane, nitrous oxides,

chlorofiuorocarbons and other similarly behaving gases (greenhouse gases) are
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increaéing due to human activity has led to the conclusion that human beings are, in (
effect, contributing to a rise in global mean temperature. The climatic chahge believe_d
to be related to human activity is referred to as the enhanced greenhouse effect (IPCC,

1990).1.

Particularly in the past ten years, scientists have been devoting increased attention: to
the siudy of global mean temperature. A main purpose of such study is to ascertain
whether or not the global mean temperature has in fact been increasing
corresponding to increases in the atmospheric concentration of greenhouse gases.
Exact measurements prior to 1854 are lacking and there are admittedly numerous
problems related to the long-term record of hemispheric and global mean
temperatures. The original data are weakened by poor areal coverage in polar, marine
and tropical regions, especially prior to 1900; incompleté elimination ‘of urban warming
effects; errors of original observation; imperfect calibration of thermometers; and
difficulty in combining marine and continental records in gl.obal estimates (Hare,
1992). Careful anaI‘ysis of more recent raw data usinQ different techniques, however,
has helped to minimize many of the.long-term problems. Based on recent carefully
constructed records, it appears that average global temperatures have warmed by
roughly 0.5 ° C over the past 100 years (Jones and Wigley, 1991). According to Hare
(1992:1), "a warming of the earth's surface is detectably in progress." Jones and
Wigley note that the 1980s were a decade of unprecedented warmth (with global
mean temperatures 0.2 ° C above those of any other decade) and that 1990 was the
warmest year since comparablé récord-taking was initiated in the middle of the 19th
century. The six warmest years in the global record, in descehding ordér, are 1990,

1988, 1987, 1983, 1989 and 1981 (Jones and Wigley, 1991).

1Henceforth, however, the adjective “enhanced" will not be used. Nevertheless, the terms *greenhouse
effect” and "global warming” will refer to human induced change.
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General circulation models (GCMs) are the principal tools currently heing used by -
scientists to predict what the climate will be like in the future. Commonly, GCMs
simulate the equilibrium climatic conditions. assocrated with doubllng atmospheric -
concentratlons of carbon dioxide compared to pre -industrial levels (NAS, 1991) Due
to a difference of perspective, interpretation of GCM results do vary. The IPCC, for
example, uses a temperature range of 2to 4 ° Cto accompany an equivalent doubling

of pre-industrial carbon dioxide while the National Research Council's Board on
Atmospheric Sciences and Climate:uses a range of 1.5 to 4.5 ° (NAS, 1951). There is,
nevertheless,'a general consensus that, in the absence of changes in human activities
and their outputs, there is a reesonable chance that an equivalent doubling of the

| preindustrial level of carbon dioxide will occur by the middle of the next century.

At present, there are numerous uncertainties associated with GCM predictions,
"especially With respect to the timihg, magnitude and _regional patterns of change. Part
of the uncertainty is due to an incomplete understanding of the complex interactions
between different e_lements that affect climete. The IPCC (1990:xii) explains that before.
more reliable predictions can be made, a better understanding of the following will be
necessary: sources and sinks of greenhouse gases, which affect predictions of future
~ concentrations; clouds, which strongly influence the magnitude of climate chenge;
oceans, which influence the timing and patterns of climate change; and polar ice
sheets, which affect predictions of sea level rise. Different elements act and react to
one another, oftenin a cyclrcal fashion. The state of the atmosphere, including its
temperature, greenhouse gas content, cloud distribution and wind distribution affect
the amount of radiation that is transmltted into and out of the earth's and oceans'
surface. Changes i |n any of these features can in turn produce changes in the -

atmospheric and/or oceanic temperature. These temperature changes can lead to
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changes in cloud cover and humidity that induce further changes in the state of the
atmosphere (NAS, 1991). According to the NAS report, climate modifications are nof '
instantaneous responses to the gas concentration changes that produce them. Rather,

there is always a transient period before the equilibrium temperature is reached.

According to scientific understanding, shifts in temperature have been a natural pari of
the earth's processes throughout the planet's history .and’ significant changes in |
climate have come about as the result of global mean temperature shifts of less than a
degree. These historical shifts have occurred over relatively long periods of time - on
the order of thousands of years (Schneider, 1989). Naturally occuring changes in
temperature are believed to take place gradually enough for living creatures to adapt

" in a sort of-evolutionary process. As distinct from the gradual change characteristic of
natural climatic shifts, climate change associated with the greenhouse effect could
occur at an unusually rapid rate. Based on GCM models, many scientists (e.g. IPCC,
1990) predict that the global mean temperéture could increase by betv;/een 1;5 and
4.5° C in less than a century. Scientists generally agree that the magnitude and - |
abruptness of climate change will ultimately determine the impact of global warmingﬁ

(e.g. Schneider, 1989; IPCC, 1990; NAS, 1991: Hare, 1992;).

Rapidly occuring global climate change could have a variety of effects on the earth
and its inhabitants. Schneider (1989:124) stressés that consideration of the effects of
climate change will necessarily involve economic, social and political as well as
physical and biological questions. Making educated guesses about the consequences |
of global warming into the next century might best be achieved, says Schneider, _

through integrated impact assessment and scenario formulation.
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The following impact scenarios dealing with water runoff, sea level rise, agriculture
and natural ecosystems are meant to illustrate what is possible as the resulf of global
warming. In addition to these, many othell' concerns have been expressed and a gréat
number and diversity of impacts have been suggested as likely outéomes of rapidly |
occurring global climate change (e.g. Abrahamson, 1989; Bates, 1990; IPCC, 1990;
NAS, 1991).

Water Runoff

One of the first areas of concern is that of water runoff (Schneider, 1983). Though at
present levels, the total amouh; of runoff is sufficient to satisfy global needs, some
areas receive a more than an adequate supply of water, while others do not recieve
enough water. The global‘balance is uneven. Any changes in runoff, particularly those
that amount to an overall reduction in the flows of interregionally or internationally
shared basins, clearly have the potential to Qenerate or intensify conflicts over water.
Thus, explains Schneider, there could be a connection between changes in runoff due

to global warming and a certain degree of geopolitical instability.

Changes in water runoff due to climate change could have a variety of effects
depending upon many different factors. Vulnerability to change is ini‘luenced by such
factors as reservoir storage capacity relative to average annual water basin flows and
_the demand for water (for agriculture, industry and residential use) 'rel_ative to the
predictablé available supply. Oth_ér regional characteristics that determine vulnerability
are an area's degree of dependence on hydroelectricity; its reliance on groundwater
supplies; and the ambunt of seasonal runoff variability (in magnitude and rate) of the

area (Gleick, 1983).
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Within the Unlted States, it has been suggested that some areas are more vulnerable
than others. Potential effects of precipitation changes have been studied in detail for
the state of California (Gleick, 1983; Smith and Tirpak, 1988). Projections that consuder
several dlfferent scenarios for a doubling of atmospheric carbon dioxide share a
common conclusion: the implications for C'aliforn’ia are, in general, earlier and greater
runoff in early winter, followed by reduced runoff by late ;pring and summer. O\)erall, '
the amount aﬁd reliability of runoff would decrease by 7 to 16 percent. Current
reservoirs would not be able to store the heavy winter runoff and also retain flood
control capacities. Problems with demand (that, even wifhout changes in precipitation,
cannot forseeably bg met according to future estimates) would be exacerbated by flow
reductions related to temperature increases. Decreased availability of fresh water
would not only affect urban, agricultural and industrial users, but would also be a

- threat to natural ecosystems. Estuaries where the survival of flora and faun’a depends
on fresh supplies to repel salty water would be especially threatened (Gl‘eick, 1983; |

Smith and Tirpak, 1988).

The Great Lakes region is another area determined to be vulnerable to dramatic
temperature shifts (Gleick, 1983; Smith and Tirpak, 1988). A significant'drop in lake
levels (from .5 to é.5 metres below average historic levels) could take place due to
changes in evaporation and precipitation patterns (Marchand et al, 1988). Lower Iake
levels codld result in a need to invest hundreds of millions of dojlars along the lllinois
shoreline alone to dredge ports and harbor.s, and to make channels deeper to -
accomodate shipping. Without dredging, reduced cargo loads could increase shipping
costs between 2 and 33 percent (Marchand et al, 1988). On the other hand, reduced

periods of ice cover due to warmer annual temperatures might lengthen the shipping
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season, compensating for the lower lake levels. According to Schneider (1989:142),

If the lake states and countries were willing to make the few
hundred million dollars of investment needed to expand port
facilities and channels, shipping tonnages could not only be
maintained but probably increased, owing to the longer shipping
season. This is an example of..(a situation where)..wealthier
countries would be in a better position to-deal with climatic change
than poorer countries. The former have the resources to adapt

-more effectively, while the latter lack the financial capacity to
mitigate the effects of climate change by infrastructure changes.

Another possible effect of global warming would be changes in farming practice in the
areas surrounding the lakes that could, in turn, alter the runoff of nutrients and

_ chemicals into the lakes, thus altering water quality.

Schneider stresses repeatedly that the effects of global warming on water runoff are
far from certain. Even the most sophisticated climate models cannot with certainty
predict whether precipitation will in fact increase or decrease in different areas. 'ln the
face of such uncertainty, local plzanners are quite reluctant to take any precautionary
sféps. On an international level, however, the potential for changes in water flow is
viewed with concern and desire to know more. In general, planners from the local to
international levels of decision-making tend to support efforts to reduce the rate of
climate change due to the greenhouse effect in order to "buy time" for the study of the
- relationship between temperature increases, precipitation changes and water runoff.
Thus, by slowing the rate 6f greenhouse gas build-up in the atmosphere, more time
would be available to make more accurate forecasts about the eventual impacts |

(Schneider, 1989).
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Sea Level Rise

Sea level rise, which could come about as the resu!t of several temperature-related
changes, is another potential result of the greenhouse effect thét has generéted much
discussion and speculation. Most of the rise would probably be due to physical :
expansion of the oceans. (Like mercury in a thermometer, oceans expand as they

warm.) (Wigley and Raper, 1987) Another factor contributing to.sea level rise could be
| a hastened melting of the ice on mountain glaciers in the Alps, Andes, Rbckies,

Himalayas and in other ranges (Meier, 1984).

The difference in ability to adapt fq change between Wealthy and relatively poor
hations is especially relevant where sea level rise is a threat. For éxample, the Dutch,
as the result of a long history of_ protecting the sub-sea level country against sea level
rises and incorporation of a large margin of safety, have the economic capacity and a
considerable technological headstart to avoid ocean water rising over Holland's dikes
~ (Hekstra, 1989). In contrast, a less de\_/eloped country such as Indonesia méy not have
the money or the téchnology to protect its inhabitants against‘ the potentially
devastating consequences of a sea level rise as small as one metre per century (the
rate typically suggested by scientists for the twentyifirst century)'(Schneider, '71 989). |

A variety of physical and political characteristics of Indonesia could serve to worsen |
the coﬁntry's chancés of avoiding harm due to climate cha'nge. indonesia possesses
15 percent of the world's coastlines, and 40 percent of Indonesia's surface is
considered vulnerable to predicted changes in sea level. Both the abundance of
diversely speciated wetland ecosyétems and the large numbers of people living in
vulnerable coastal areas could suffer tremendous losses from flooding (Schheider, N

1989).
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There are countries other than Indonesia that could bg deleteriously affected by sea
level rise. In Thailand, for example, coastal receésion could displace entire villages
and deprive many people of their lands and resources, whilé existing problems of salt
water intrusion would be exacerbated (Hekstfa, 1989). Among the many serious
problems related to coastal flooding of poorer regions throughout the 'world“are the
prospects of migration and the creation of environmental refugeés, with major

implications for international peace and security (Schneider, 1989).

Agriculture

‘Projections for the effects‘of global warming on agriculture tend to be more optimistic
than predictions concerning other areas of potential change (e.g. van Kooten, i991;
Schneider, 1989). Particularly in some regions, crop yields and cropping area could
increase as the resuit of global wérming. Arable acreage would probably increase, for -
example, in the northern regions of the Canadian provinces of AIberté and British

Columbia where adequate soils are available (van Kooten, 1991).

As with most other predicted impacts, there is a great deal of uncertainty regarding.the '
~ effects of global warming on agriculture. In addition, it is generally recognized that the
effecté will vary by geographic region (van Kooten, 1991; Schneigier, 1989). It haé

. beén suggested that the best approach for assessing potential égricultural‘changes is
to apply GCMs on a crop-by-crop and :.region-by-region basis (Parry et al, 1988). Even
as the result of this technique, the variability of cfop prbduction factors and the lack of

knowledge pertaining to the effect of carbon dioxide on brops (while temperature and
* precipitation changes come into play simultaneously) make it difficult to predict with

certainty what the effects on production will be (Schneider, 1989).
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Some researchers in the U.S. are confident that, even with decreases in yield of up to
36 percent (double the largest of the figures predicted based on GCMs) in the regions
with the highest production today, production capacity would still be adequate to meet
" world food demand. Helping to compensate for decreases in yield‘due to climate
change, according to these researchers, is an expécted increase in yield due fo

.technological improvements (van Kooten, 1991).

Application of GCMs suggests, in general, that there will be an overall shift in the
centres of agricultural productivity (Parry et al, 1988). For example, though northern
parts of Alberta may benefit from the climatic changes, the southern part of the
province may become quite a bit warmer and potentially dryer, thereby resulting in
increased soil moisture requirements for agriculture (Byrne, 1991). According to Byrme,
there could arise a much greater need for water due to notable increases in crop |
evapotranspiration and the (changes in precipitation accompanying global warming
are not expect.ed to accomodate this increased need. Schneider cautions that
undesirable consequences related to food. security and economic equity could result
from such shifts. Especially in midlatitude areas, changes in comparative regional
~advantages could lead to the development of international and domestic conflicts

(Easterling et al, 1989).2

2in developing countries agriculture assumes a more significant role than its simply being a source of food.
A group of Indian specialists stress that the primary difference between developed and developing country
agriculture is the technological character, and more specifically the energy intensity, of production.
According to Sinha, Rao and Swaminathan (1988), taking into account the energy input of Western-style
agriculture, land preparation, on-the-farm work, transport to processing plants and sale in supermarkets

" with trucking, refrigeration and lighting all factored in, then *more commercial energy (is) being spent
than..harvested solar energy through crops. Thus, it would be virtually true to say that ultimately-in
developed countries, fossil fuels serve as food.” In developing countries, where over 50 percent of the
population works on farms, it is quite possible that technological improvement of the kind envisioned for
agriculture in developed countries would displace many of these people to city slums (Sinha et al, 1988).
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Optimistic projections for the impact of global warming on agriculture are further
tempered by specialists who caution that the complex interactions between productiort
and the environment are not understood well enough to warrant complacenc_y'. ’
Conditions conducive to the flourishing of crop pests, for example, could constitute a

significant threat related to climate change (Sinhla et al, 1988).

As in the case of water runoff issues, the uncertainty and divergence of opiniens_
associated with the effects of global warming on agriculture give rise to an
'unwillingness to commit to action on the part of local and regional planners. Schneider

again stresses (1989:175) that the

relative inability to know how to react yet at the local level should
not be misconstrued as a lack of need to act at national and
international levels to slow down the rates of change and buy time.
This strategy will allow scientists to improve their forecasts so that
sounder planning can be made at the local level. Extra time will
also allow the development of agricultural infrastructure, testing of
new seeds, and improvement of irrigation systems. With these

. efforts made, humanity will be better able to adapt as climate
change inevitably unfolds than if it came unknown and in a giant
rush.

Natural Ecosystems

Similar to agricultural crops, natural ecosystems would likely undergo regional
redistribution as the result of climate change. However, certain species, especially - -
some trees, would be much less eapable 'of adapting to rapid climate change than.
would agricultural crops. Trees have in fact-"moved". thousands of kilometres due to
temperature changes occurnng over a very long period of time (somewhere on the
order of a degree or so per thousand years) Research suggests that, through history,
intact forest systems and animal ecosystems did not simply move north with changes

in climate. Instead, as species moved they changed their relative abundances and, as

-
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a consequence, habitats changed (Emanuel et al, 1988; Botkin and Nisbet, 1986). If
climate changes at the unprecedented rates predicted by some models, many species
may be unable to migrate quickly enough to new locations appropriate for their
flourishing. As a result, these species and many of ‘t‘h‘e animals that rely on them for

habitat may go extinct. )

Conclusion

It is becoming increasingly clear, according to many scientists today, that a marked
warming of the earth's surface is in progreés. To at least some extent, recent records of
unprecedented warmth are attributed to the enhanced greenhouse effect which,
predominantly, has been brought about by the emission of greenhduse gases from
human activity. In order to predict future climatic conditions, corhplex and carefully
developed general circulation models have been used. Though theré are numerous
uncertainties associated with these mddelfgenerated predictions, especially with
respect to the timing and magnitude of change, tﬁere is growing consensus that,
before the end of the next century, the global mean temperature could incréase by .'
between 1.5 and 4.5 ° C. This temperature increase (and other related climatic
changes) could have many diverse'effects on human societies and natural systems.
Though there is no clear indication that all of the effects will be detrimental, many p
impact scenarios suggest that there may be reason for concern. Possible changes in'
water run-off and shifts in agricultural productivity, for exémple, could lead to regional
disparity and political tension. Sea level rise could pofentially be devastating to some
predominantly coastal communities in less developed countries. And climate change
mi‘ght occur too rapidly for éertain non-hurﬁan species and ecosystems in generél to

adapt, thereby resulting in extinction and significant losses of biodiversity. If the

£y
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potential exists for these and other harmful impacts as the result of human-induced -
global warming, then it would appear that policy discussion related to the global

warming issue is in order.
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CHAPTER 2: ,
GLOBAL WARMING POLICY OPTIONS

One of the first criteria of relevance to decision-making on global warming policy is cost-

effectiveness. Employing cost-effectiveness means choosing options with the lowést‘

/

cost relative to their level of effectiveness. Policy-makers are responsible for the
allocation of resources (most often in the form of financial support) and, in deciding’
whether or not to inQest resources into a project, consideration. must be given to
alternative projects in order to ensure that the financial and other resources will be used
in the most efficient and effective manner possible. in other words, the prospect of
invéstment into any given policy option must be weighed against investment élsewhere

(e.g. NAS, 1991; Patton and Sawicki, 1986).

The cheapest solution', however, is not necessarily the one that will become policy. In .
some situations, a more expensive solution that yields a higher degree of effectiveness
in dealing with the issue at hand might be preferable to a cheaper, less effective option. |
In addition to questions of cost and effectiveness, there are numerous ethical criteria

that should be called upon to help determine desirable policy options. Notions such as
équity, and the respect of rights and moral obligations can be extremely important with

regard to policy making. To a large extent, policy making is an exercise in applied ethics
(Hurka, 1992).

Applied Ethics
, / '
Philosophers generally distinguish between two different types of ethics: theoretical and

applied. Essentially, theoretical ethics is the process of deriving general ethical

-

principles. Applied ethics, on the other hand, is an attempt to apply general moral
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principles to situations and issues. With the use of general ethical principles, one can
attempt to explain judgemehts one already accepté or to arrive at judgements one could

not otherwise arrive at (Hurka, 1992).

Applied ethics requires detailed knowledge of both the ethical principles and the facts
around an issue. For example, when assessing the ethicél implications of paroling
prisoners, it is important to know whether (e.g. statistically) paroling prisoners does or
does not lead to increas_ed crime. Similarly, regarding an issue such as taxation, applied
éthi‘cs would require that decision-makers understand the effects increased taxation will
have on {He welfare of the less well-off members of society. An understanding of the
facts surroﬁnding an issue serves to guide the policy makef in appl}}ing ethical principles

~ (Regan, 1986).

In addition to knovx;ledge 6f the real-world setting in which moral questions arise, there
are other features that, ideally, should characterize any exercise in applied ethics. Oné
of these features is conceptual clarity (Regan, 1986). Conceptual differences between
certain terms need to be"explicit and clear when undertaking an exercise in applied
ethics. Some ethicists might claim, for example, that §entience, _the ability to feel suph
things as pain, pleasure, and happiness, is a sufficient condition for '_a being to possess
rights (e.g. Regan, 1986). Others might claim that sentience is a sufficient conditiqn to
give a being moral standing but not rights (e.g. Singer, 1 973). Whereas possessior) of
rights involves justified constraints upon how others may act, possessidn of moral
standing does not necessarily guarantee such constraints. According to Hurké (1 992),
.recognizing that a being has moral standing implies that that being has interests that
count in the calculation of what are the best consequences, but (unlike rights) these
interests can be overriden. Moral étanding may give a being reason to be considered in

issues that might forseeably involve pain or suffering, but does not imply that this being
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has a right to life, liberty or some other guaranteed state of existence. The difference
between moral standing and possession of rights is one of numerous importaht
conceptual differences that need to be made clear when applying ethics to policy issues

(Hurka, 1992).

Besides know'l'ed‘ge of facts and conceptual clarity, good judgment in applied ethics
requires an element of rationality. Rationality involves the ability to recognize the _
connection between diffeArent idegs and to understand that if some statements are true
then some other statements must be true while others must be false. The need to be ’
rational implies the need to observe the rules of logic. The antithesis of rationality,
cont‘radiction, according to Regan (1986), renders moral judgement that falls short of tﬁe

ideal.

Finally, clearly stated ethical principles are critical to good moral judgement. In
particular', it is necessary when practicing applied ethics to determine which are the
relevantly affected beings, which beings have moral standing and which have rights -

(ngka, 1992).

There are many different points on a éontinudm that might be used to describe the
positions one may take with respect tosestablis;hing ethical principles. Positions could
conceivably range from a very narrow to a relatively broad recognition of which beingsi
have moral standing and/or rights. In.determining the relevantly affepted, morally
considerable and/or rights bossessing beings, it is‘ perhaps useful to divide the

- continuum into sections (Hurka, 1992). Though this sort of division presents an-
oversimplification of the true. diversity of eihic.zal positions possible, it lis a practical step in

an introducfory" examination of appiied ethics.

>
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The spectrum of ethical pésitions might be divided according to recognition of interests.
The first division of the continuum might occur at a point where only human beings are
considered to possesé moral standing or rights and where the interests of presently’
existing hhuman beings are considered to be of greater importance than those ‘of humans
that will exist in the future. At this point, moreover, non-humans have neither rights nor
moral standing. People now may care about perople in the future and abéut non
humans, and it may therefore be proper to say that looking after future and non-human
beings is in the interest of presently exiéting people. Following from this, it is probably
true, even at this point on the continuum, that future and non-human beings count in an
indirect way. Nevertheless, this arbitrarily éhosen point serves to define a first general
ethical principle that is, relative to the other positions on the continuum, more

anthropocentric (person-centered) and present-oriented in nature (Hurka, 1992).

In turn, points of d}vision might be designated first, where the interests of future
generations of people are considered of edual relevance to those.of present generations

(designating a prinrciple of intergenerational equity); and, second, where the interests of

- non-humans are considered relevant (designating an environmental ethics principle)

(Hurka, 1992).

In this analysis of global warming policy, these three points on thé continuum of ethical
principles will be used. In assessing policy response options, a present-oriented. V
anthropocentric principle will be applied, followed in turn by a pl;inciple of ’

intergenerational equity and environmental ethics.
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Ethics and Future Generations .
What, if any, ethical bind exists between present and future persons? This question,
according to Shrader-Frechette (1981), constitutes a classic conflict in ethical
philosophy. In determining how resources will be used, policy mak_ers must commonly
considc_ar notions of'equity and utility with respect to futuré persons and, whereas s'ome
policy makers might employ a "time-bound" ethical principle that calculates the greateét
good for the greatest number of those presently alive, others might base decisions on

considerations of equal justice for all generations (Shrader-Frechette, 1981).

The issue of obligations to and rights of future people might be viewed from many-
different perspectives. Wagner (1981: 64), for example, suggests that it is in pépple‘s
nature to hﬂave a "future focus"; that humans "probe" the future through work and play,
basing decisions on conjecture énd spéculation; and that "modern societies justify
themselveé in terms of their future". However, Wagner sees no relevance (in a direct

dependency sense) for the present in the threats to huménkind's(existence in the future.

As mentioned above, present people may care about future people; and, therefore,
future generations may be said to matter indirectly, even from a relatively present-
oriented perspective (Hurka, 1992). While refuting any direct dependence of present _
people on the welfare of future generations, Wagner asserts that we in the present
derive something of importance by altruism toward the future. He believes that concern .
for the future béne‘fits us in the present by involving us in the "intimacy of empathetic
role-taking". Through the process of empathisizing with future peoples, humani’fy
becomes more compassionate. In turn, a compassiohate ht‘Jmanity,‘ says Wagner, 'is
necessary for the self-actualization of each presently existing person. In essense,.he is

arguing that we have a concern for (not necessarily an obligation to) future people

a

27-



because it helps us in the present. In contrast to Wagner, Shrader-Frechette (1981:60)
argues that "there is a social contract among all humans and that membership in the .
moral community need not be limited by considerations of time". She concludes that "we

must ascribe the same basic rights to future Qenerations as those we claim for.

ourselves".

The notion of duties to future generétions could be applied on strictly utilitarian grounds
(Hurka, 1992). In an effort to maximize the sum-total of all benefits, utilitarians might
justify inequalities. The result, says Hurka, could conceivably be rough on present
‘generations (e.g. where present humans are made to forego consumption by some
extensive degree with the aim of providing in excess a certain resource for future
~people). Intergenerational equity, on the other hand, calls for equality between different
generations and, as such, would not prescribe actions. that require present generations
to make significant séqrifices in 6rder to maximize benefits in the future. lllustrating the
concept of intergenerational equity, Livingston (1981) describes a duty to future
generations as a stewardship. Livingston suggests that present generations have an

- obligation to hand over to our descendants that which has been in our temporary *
custodianship in as good a shape as we can manage. We have, he insists, a moral duty
not to foreclose opitions on behalf of those who follow us. Described as the
"sustainability criterion" (Tietenberg, 1984), this ethical tenet maintains that as the result

of our decisions and actions (or inaction), future generations ou‘ght to be at least as well

off as us.

Sustainable development, a concept made popular by the Brundtland report (WCED,
1987), implies a certain degree of concern about the future as expressed by present
" generations of people. The Brundtland Commission explains that, in travelling the world

for nearly three years and listening to government leaders, scientists, experts, citizens'
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groups and thousands of individuals, it found

grounds for hope: that people can cooperate to build a future that is more
prosperous, more just, and more secure; that a new era of economic growth can
be attained, one based on policies that sustain and expand the Earth's resource
base; and that the progress that some have known over the last century can be
experienced by all in the years ahead. (WCED, 1987:28)

In principle, present persons may indeed regard themselves as having a moral du;cy to
respect the rights of future generations. In situations where decisions favour the
maximization of benefits in the present, however, persons tend to (either consciously or
subconsciously) apply high discount rates. The discount rate is the term used to refer to
the rate at which currency (or another valued entity) is perceived to decrease in value
with time. In economic terms, the discount rate is the return on foregone present
consumption that is sacrificed to secure future consumption. A tempo“ral discount rate
gives progressively less weight to goods in more remote generations (Norgaard and
Howarth, 1991). Use‘ of a proper discount rate is important when dealing with
integenérational resource use - a discount rate that is too high may imply that not
enough attention is being’paid to future generations and a rate that is too low may mean

that inadequate attention is being paid to present: generations (Ross, 1992).

According to Norgaard and Howarth (1991), (traditional) economic theory rationalizes

discounting the future.

Economists herétofore have not distinguished between decisions concerning the
efficient use of this generation's resources and decisions concerning the
reassignment of resource rights to future generations. All decisions over time
have been simply treated by economists as investment questions, as if all
resources were always this generatlons resources. (Norgaard and Howarth,
1991)

Cost-benefit analysis, assert Howarth and Norgaard (1991), should be treated as one
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criterion of many in policy formulation and should be used only in conjunction with

ethical principles that define the proper distribution of welfare between present and n

future generations.

Ethicé and People in Distant Lands

According to Regan (1986), in discussing questions about rights and moral sténding, |
people in distant lands should be treated with impartiality. Singer (1972) argues that (by
assumption) suffering is bad and that, if it is in our power to prevent something bad frorri
happening (without sacrificing anything of comparable moral importance), we ought,
morally, to do it. According to Singer (1972:232), the. above takes no account of

. _proximity or distance:

The fact that a person is physically near to us, so that we have personal
contact with him, may make it more likely that we shall assist him, but this
does not show that we ought to help him rather than another who happens
to be further away. If we accept any principle of impartiality,
universalizability, equality, or whatever, we cannot discriminate against

someone merely because he is far away from us (or we are far away from
him). : :

. Throughout this paper, a principle of international equity is recognized. In essense, this
' principle states that, once determined, rights, moral standing and/or.other aspects of
ethical relevance are applicable to all individuals in all countries of fhe world (e.g.

Regan, 1986).

In the context of global warming, international equity is of special relevance. It haé been
noted that most of the responéibility for the release of carbon ldio_xidé and other
greehhouse gases and therefore the escalation of the greenhouse effect belon'és to the
developed countries of the world (Tomalty, 1992). The threats associated with the

. greenhouse effect, however, are globél in nature, and (as noted in Chépter 1) it is the |
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less déveioped countries that are likely to sustain the most harm from predicted climate

changes (e.g. Schneider, 1989).

Given that all people of the world have equal rights to life and freedom from suffering,
we in the more affluent countries have a moral obligation to do what it is in our power to
do in order to avoid the harm to individuals in less developed countries that has been -

associated with global warming scenarios.

Ethics and Human Versus Non-Human Beings

Perceptions about the relatidnship between humans and nature are undoubtedly shaped
by cultural and religious. beliefs. Lynn White, for example, argues that, espécially in its |
Western form, Christianity is one of the most anthropocentric religions that has been
pi'acticed in the world (White, 1973). According to White, Christianity, in conirast to
paganism and most Asian religions, established a dualism of human beings and nature
and insisted that it is God's will that human bei‘ngs exploit nature for their own purposes.
Some schoie;rs point to spiritual thinkers such as St. Francis of Assisi to demonstrate .
that Ch:ristianity is not entirely anthropoceﬁtric. St. Francis proposed that the idea of the
equality of all creatures be substituted for the idea of humankind's limitless rule C;Ver '
creation. White asserts, however, that St. Francis's alternative view of the human to |

nature relationship failed to take hold.

In contrast to White's insistence on the "orthociox Christian arrogance toward nature”

o (1973:30), Lewis Moncrief (1973) suggests that there has been a certain degree of |

.egoism on the part of human beings from.the beginning of humankind's existence.
Moncrief explains that intervention in natural processes, such as redirection of the

. waters of the Nile, occurred long before Chrisiianity developed.

-
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There are others who disagree with White's interpretation of the effect Christianity has
had on humans' view of hature. According to Howard Coward (1 992:5), for example, -
though the Bible may place hgmans _in a position superior to nature, it also establishes
the dominion of the human as that of "a responsible co-worker with God rather than that -
of a selfish and arrogant despot." The message of Genesis, says Coward., is that
humans should strive for harmony between all aspects of God's creation. Coward
argues (1992:8) that, rather than from the Bible, rationale for domination and |
exploitation of nature resulted from the rise of a scientific worldview in the seventeenth
century which-was "highlighted by Francis Bacon's proposition that the conquest of

nature is the goal of science.”

Though it may be the result of a long period of religious, cultural and/ or scientific
thought development, a human-centered ethic is nevertheleés echoed in myriad ways in
contemporary society. In the treatment of issues concerning environmental degradation,
- a dualism of‘ humgn beings and natufe is very often assumed. Stéin and Harper (1983)
argue that the environmental scientist's client is humanity and that his of her role is not
to save the environment per se but to protect the rights of persons to an environment
‘which allows them to pursue their goals. Our Common Future (The World Commission
on Environment and Development [WCED], 1987), a widely discussed réport (commonly
referred to as the Brundtland report) recommending implementation of a cdncept known
-as sustainable development, is notably anthropocentric in its treatment of the
environment. Througjhout the Brundtland report, priority rests on the fulfillment of.human
goals. Preservation of the environment in this. context is only important bécause it

'serves to fulfill basic human needs.

Anthropocentric ethical principles are perhaps more common and less controversial
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thgn ethical principles recognizing the moral standing and/or rights of non-humans.
Neverthéless, principles that are less person-centered have been explored increasingly
with the recent upsurge of the environmental movement. In the relatively nascent field of |
environmental ethics, attention is focused on determining whether or not (and/or to what

. degree) non-humans may be said to possess morally relevant interests and rights, and
on determining the duties (if any) that are owed by humans to non-human beihgs
(Regan, 1986). . |
Aldo Leopold (1966) describes an ethical relationship between human beings and the
environment as a natural progression in ethical thinking. Leopold urges the expansion of
ethical thinking frém religion (a "man-to-man ethic") and'democracy‘ ("a man-to-society
ethic") to inclyde a third major ethic, a "land ethic" emphasizing obligations rather than
économic privieges. In 1971 Eugene Odum called ehvironmental ethics an “attithde
revolution" and emphasized the need for a stepwise expansion of ethical thinking to

]

include Leopold's "third ethic":

...it matters not whether one takes the cynical viewpoint that man becomes
ethical only when he has to or whether one believes that the goodness
and wiseness in humar behaviour eventually surfaces. We can confidently
expect that the decade of 1970 to 1980 will bring greater acceptance of
the third ethic, because it must. (Odum, 1971:12)

As is true for many other areas within the study of ethiéé, much discussion in the field of

environmehtal ethics is devoted to establishing the criteria for aécribing moral relevance
(e.g. Singer, 1973; Stein and Harper, 1983; Regan, 1986). As mentioned above,

| sentience is one example of such criteria (Singer, 1973). Other possible criteria of, for

example, the possession of rights, include all and only free rational beings; all and only

conscious beings; all and only beings who are able to use a language; and all and only

beings who have a concept of themselves as an enduring entity (as a self) (Regan;

-
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1986). The potential for consciousness, as a criterion for rights possession (or moral .
standing), for example, would imply that animals and fetuses have rights (or moral

standing) but that plants do not.

Within the fiéld qf environmental ethics, different explanations are used to justify (in
some cases) the moral standing and (in other cases) the rights accorded to non-
humans. According to Callicott (1989), one of these explanations ascribes moral
standing to all sentient beings. Because of a being's ability to feel pain and pleasure,
according to this idea, it should n;t be subjected to unnecessary suffering (Singer,
1973). This code of behaviour would discourage dec'isions that might cause
unnecessary pain to any creatures With the capacity to feel pain. "Humane moralists" or
animal liberationists (as advocates of this "seﬁtience argument"” are commonly referred
to) employ an "atomistic" vision- of the world and its inhabitants. The landscape, as
humane moralists see it, is a plurality of separate individuals ('Callicott, 1989). lh issues
involving sentient non-humans, therefore, decisions might follow from a strictly utilitarian
approach (where the objective is to maximize the su'm-totgl of pleasure and minimize
the sum-total of pain). Accordingly, for example, the killing of one whooping crane might

be deemed preferrable to the killing of twenty rabbits, despite the fact that the former is

endangered and the latter are not (Hurka, 1992).

Another approach to decision-making is one whére‘special value is recognized in
.biodiversiiy or the existence of a wide variety of species. Leopold's land ethic (1966)
most clearly defines this type of approach. According to Leopold (1 966:224-25), “A thing
is right when it tends to preserve the integrity, étability and beauty of the biotic |
community. It is wrong when jt tends otherwise." In contrast to the humane moralist
approach, the land ethic encourages a more holistic viéion of the world (Callicott, 1989).

Whereas animal liberationists are concerned about the suffering of domestic animals,
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proponents of the land ethic are generally indifferent toward domestic animals or the
plight of animals used in scientific experiments. Emphasis, accordfng to the land ethic, is
not so much on animals as individuals, as on the biotic communit‘y as a whole. Where
Singer (1 973) e'xpresses concern for sentient beings only, Leopold (1966) expresses
concern over such occurrenées as the disappearance of plaht and animél species, soil

erosion and the pollution of streams.

In the global warming policy arena, arguments espousing the moral standing or rights of

'individﬁal sentient beings énd those célling for preservation of a healthy biotic

community might imply different decisions. For the most part, however, the impﬁcations

for global warming policy of different versions of é non-anthropoc;entric ethical principle

will differ more in degree than in kind. In general, any ethical principle recognizing the
moral relevance of non-humans will call for greater investment and bérhaps more:

| expedience in response to the potential threats of climate change than a more

anthropobentric ethical pririciple.

Ethically Correct Action

Accord‘ing to Hurka (1992), an ethically correct action is one which brings about the best
consequences without violating any rights. Two questions, therefore, must be answered
in order to decide what is ethically corr.ect. First, it must be decid_ed What determines
“the best consequences”. From a utilitarian pbinti of view (a poin.t of view quite
commonly taken), the best consequences are those that ‘maximi,ze the benefits of those
for whom benefits count (Hurka, 1992).‘Second; it must be determined who has 'right_s.
Because Eights imply constraints, there are some actions thét must not be taken , even if
they have the best conéequences (Hurka, 1992). For exam-ple, though five dying
individuals migh’t be saved by the killing of one person and distribution of his or her

organs, such action is not just. As this example illustrates, the right to life (of even one
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- individual) overrides other (utilitarian) objectives. (In a situation where one person rhight
be sacrificed to save a population of thousands the decnsnon becomes more '

problematlc) (Hurka, 1992)

Determining the ethically correct action(s) with fesp'ect‘ to globél warming policy will
require an examinatioﬁ of both the overall éonsequences of each action (in terms of E
enhancing adaptation to change o‘r avoiding change) and the ethical principles that each
action satisfies (or, altérnativefy, violates). In summary, 1 propose'thé following guides

for decision-making in the global warming policy debate: -

*Any action (or inaction) that violates the right to life éhd/or the right to be spared
unnecessary suffering (once it has been determmed which beings possess such rlghts) .

is unacceptable

*If a humane moralist (or animal liberationist) stance is adopted, then any action that
results in an overall reduction in the sum-total of pleasure or an increase in the sum-total

of pain among individual sentient beings is unacceptable.

*If the land ethic is adopted by policy makers, then any action leading to loss of
- biodiversity or to a l‘essnening of the overall well-being of the environment is seriously "

. objectionable.

oIf it is determined that future generations matter only indirectly, then actions that
. maximize benefits to present generations, though they may in some way disadvantage

future people, are acceptable.
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*If maximizing the sum-total of benefits to present and future generations is taken as
desirable, then some actions that are detrimental to present generations may be justified

if they contribute to an overall maximization of benefits in the long-run.

~ oIf intergenerational equity is accepted as an ethical principle, then decisions and
* actions must resuli in future generations being at least as well off as present

generations.

Examples of Greenhouse Warming Policy Response

Policy response to t.he scientific evidence that temperatures are warming and that ‘
significant shifts in regional climate may occur within the next century, might consist of
ess.entially two' types of options: adaptation and/or mitigation (e.g. Coward, 1992). Both
adaptation and mitigation measures require evaluation from ethical, economic, social
and cultural perspectives as well as according to the effectiveness each might héve in

avoiding harm related to ’global warming.

Even a brief overviéw of global warming policy options reveals that there are a great |
many choices available (e.g. NAS, 1991). The process of narrowing down the choices to
those that are most appropriate for immediate or near-term action_ involves a careful -
analysis not only of ‘initial costs, but of discount rates (and subsequent estimates for
rates of retﬁrn), effectiveness in enhancing adaption to or avoidance of global wérming,

external costs and costs across generations and species.

Adaptation ‘
~ In the context of global warming, adaptation generally refers to actions that enable

organisms and systems to carry on when climate change occurs. Adaptation options

-

-37-



would exclude any actions meant to slow the rate of global climate change or otherwise
alter the physical characteristics of the earth's atmosphere that have been determined

responsible for the greenhouse effect.

As part of the decision-making process associated with greenhouse warming polidy,
examining the ability of people, systems and institutions to adapf to the predicted
changes is an important first step. The NAS panel (1991:34) describes five alternative
ways in which humans might adapt to future climatic changes:‘ modify the hazard, as by
channeling rivers that are prone to flooding; prevent or limit impacts, as by building
dikes; move or avoid the loss, as by implementihg flood plain zoning; share the loss, as
by providing insurance; and bear the loss, as by losing all or part of a crop. There are
thus numerous types of adaptation that could serve to assist human beings in dealing
with global warming, some of which might be undertaken before climate change occurs

and some after.

As the NAS panel points .out, humans throughout history have utilized innovatioﬁ to
adapt to environmental conditions. Technological "hardware" such as fans, refrigerators,
antifreeze aﬁd special farm equipment, and "software”, including information and rules
such as weather forecasts énd insurance restrictions, fnake up the vast selection of
meané through Which humans have coped with less than optimal weather conditions in
the past. Many of these innovations have b_een develobed, rapidiy in comparison to the
40 or 50 years predicted for the equivalent doubling of carbon dioxide.

The NAS panel makes a number of recommendations for adaptive action that might
help make human and. natural systems less vulnerable to future climate change. l.=or the
most part, the recommended actions are intendgd to make the affected systems more

robust with respeqt to the events predicted to accompany greenhouse warming. In
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sumrhary, these recommendations include the following:

*Maintain basic, applied and experimental agricultural research to h'elp farmers and

commerce adapt to climate change and thus ensure ample food.

-

*Make water supply more robust by coping with ‘present vafiability by increasing
efficiency of use through water markets and by better management of present systems

of supply.

*Plan margins of safety for long-lived structures to take into. consideration possible'

climate change.
*Move to slow present losses in biodiversity.

Evaluating the cost-effectiveness of adaptation' options is difficult given the many
uncertainties associated with the global warming issue. As an example, the NAS panel

offers the option of constructing a hypothetical bridge over an esturary (1991:41):

An added meter of height above sea level might add $100,000 to current
construction costs. If that additional clearance were not included at the
time of construction, and the sea level rose enough to require it after 50
years, the retrofit raising of the bridge might cost $5 million. Discounted at
6 percent per year, the present value of that $5 million is $271,000. If we .
were certain the sea would rise, we could realize a benefit of $171,000 in
this example by adding the meter of clearance today rather than waiting.

-Some adaptation measures, such as the development of drought resistant food crops or
- dike-building, may require significant costs to bresént generations while offering benefits
almost exclusively to future generations. If intergenerational equity is accepted as an

applicable ethical principle, then measures such as these would be easier to justify than
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'if the applied principle is decidedly present-oriented. -

If an ethical principle recognizing the value of biodiversity is taken into account, then
even the most costly adaptation measures may not be adeqUate as a response to the
threats of global warming. Though such things as agricultural and industrial systems
may be characterized by a relatively low sensitivity and high adaptability to clin'iate
change, others, such as unmanaged forests arid marine ecosystems may be uriabie to
adjust if the change ocouis rapidly enough (see chapter 1). If, in a holistic sense, the'
integrity of an ecosystem is threatened by the implications of Qlobal warming, then,
through application of the land ethic, there are moral grounds for favoring avoidance -

over adaptation measures.

Animals whose habitat’is losi as thé result of climate change may experience suffering
and death. Applying the animai liberationist point of view, if suffering as the result of
climate change is avoidable, then investment should be concentrated in avoidance
efforts. More controversiallyl from the perspecti\}e of those Viihoruphold the rights of non-
humans, allowing qlimate change to occur to thg point where the right tb life of any

individual (human, animal or plant) is violated is morally iJnacceptabIe.

Society in general, and affluent societies, in particuigr, appear to be moving toward a
state of less sensitivity to natural phenomena, including climatic fluciuatiohs (NAS,
1991). However, some scenarios (e.g. Schneider, 1989), suggest that relatively poor
countries may not have the necessary resources to adapt sufficiently to global warming,
particularly if the magnitude and rate of change are great. Recognizing a principle of
internatiénai_eq‘uity, the welfare of peoplﬂe in all lands is of equal importance in the global
warming issue. Therefore, suffering that people in less developed countries (for

example, those in coastal regions of Thailand and Indonesia (see Chapter 1), might
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experience as the result of climate change is unacceptable and we (in developed

countries) have a moral obligation to see that effort is made to avoid such suffering.

Thus, on the one hand, there is clearly a risk of extinction for some species due to an
inability to adapt; and, .on, the other, there is some possibility'that the ’people of many -
developing countries may be subjected to conditions to which they cannot readilyr adgpt. .
These two factors (depending upon the ethical criteria used) provide justification for’

considering mitigation strategies.

Mitigation

The main focus of a mitigation strategy is to reduce or offset greenhouse gas emissions
and thus avoid (or mitigate) the resul'ting climatic change. As part of such a strategy, a -
combination of “reg‘ulatory and economic instruménts might be utilized. Regulatory
ins?ruments, according to Alberta Energy (1 9917a) ére “legislative and administrative
rules established by government to provide clear directives concerning behéviour to

: indus@ry or individuals operating within its jurisdiction”. Regulations might, for example,
require a company to obtain a permit or license before operating a plant. Such a permit
could specify location and capacity of the plant, equipment and technological processes
to be used and requirements for source and ambient monitoring and reporting of
infofmation on plant operations. Performance, product and equipment standards (such'
as energy efficiency standards that are incorporated into building codes)‘ are anothér

type of regulatory device (Alberta Energy, 1991a).

*A major shortcoming associated with regulatory instruments is the -difficulty of
enforcement. With respeét to improvgd performance standards, there is also some

debate over efféctiveness. One example of this concerns the issue of fuel efficiency

-
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standards for vehicles in Canada. On one side of the debate are lobby groups such as -
Friends of the Earth who press for tighter standards under the federal government's
Corporate Average Fuel Consumbtion (CAFC) guidelines (Broadbent, 1991). On the
other side are automobile manufécturers who argue that the CAFC efficienc;y standards
- are not practical without the support of high gasoline prices to give consumers an |

incentive to buy more efficient vehicles.

Requiring a certain degree of regulatory control, one mitigative option with thé potential
for global application is the elimination of halocarbon emissions. Halocarbons, including
chlorofuorocarbons (CFCs), contribute a significant portion of the radiétive forcing due to
human activities. lnternationaljphaseout of CFC manufacture and emissions was
established as a goal at the 1987 Méntreal Protocol to the Vienna Convention (Alberta
Energy, 1991a). Though goals set at the Montreal Protocol were derived mainly in |
response to the role of CFCs in the depletion of stratospheric ozone, fulfilment of these
sarﬁe, goals makes éspecially good sense given the additional role CFCs are
understood to have with respect to global warming (e.g. Hare, 1992; IPCC, 1990). The
need to continue the aggressi\)e phaseout of halocarbon émissions. could thus be an |
importént contribution in the short run. As with other regulatory measureé, successful

elemination of halocarbon emissions depends upon enforcement.?

Though regulations provide a uniform level of control, they can be an inflexible means of
achieving emission targets. Another type of mitigative policy instrument, referred to as .
an‘ economic or incentive instrument (Alberta Energy, 1991a; NAS, 1991) might serve to

address the deficiencies associated with Eegulatory policies. Economic instruments

AY

1Alor_lg with the phaseout of CFCs, effort could be directed toward the development of economical substitutes (i.e.
- means of providing the insulative and other useful properties that characterize CFCs) that do not contribute to the
greenhouse effect. g
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include taxes, fees, subsidies and tradable permits. With regard to the global warming
issue, economic instruments that affect greenhouse gas. emissions directly would be
'n"ros.t effective (Alberta Energy, 1991a). Thus in choosiﬁg between the oﬁtion of taxing
fuel-inefficient equipment and taxing the fuel itself, the latter would probably b'e more
effective because it is closer to the ihing meant to be discouraged (i.e. greenhouée gas

emissions, specifically carbon dioxide which is created through the combustion of fossil

fuels).

There are a host of options that have been suggested as global warming mitigation
strategies. Many of these might be implemented using a combination of regulation and
economic incentives. Table 2.1 provides a number of these strategies as summarized

by the NAS panel.

The use of economic inst.ruments is based on the belief that the costs of mitigation
should be reflected in the cost of goods, espécially in the cost of energy and energy
intensive technologies (Alberta Energy, 1991a). Full cost ac;:ounting would require
policy-makers to assess environmental, social and other costs when determining energy
prices. At present, prices for energy and energy using dev{ces do not generally reflect
the ecological costs resulting from their production, use and/or disposal (Alberta Energy,
1991a). If, as the result of full cost accounting, energy prices were higher than they are
currently, producers énd consﬁmers might have rhore incentive to reduce their usé of |
fossil fuels and hence their greenhouse gas émissions through changes in fuel mix, new

investments in er{ergy efficiency and/or behavioral changes.
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- TABLE 2.1 BRIEF DESCRIPTIONS OF MITIGATION OPTIONS (FOR THE UNITED
STATES) CONSIDERED IN NAS STUDY

RESIDENTIAL AND COMMERCIAL ENERGY MANAGEMENT

Electricity Efficiency Measures

White SLJr'faces/Vegetation

Residential Lighting

Residential Water Heating
Commercial Water Heating

Commercial Lighting

Commercial Cooking
Commercia) Cooling
Commercial Refrigeration

-Residential Appliances

Reduce air conditioning use and the urban heat island
effect by 25% through planting vegetation and ‘
painting roofs white at 50% of U.S. residences.

Reduce lighting energy consumption by 50% in all
U.S. residences through replacement of incandescent
lighting (2.5 inside and 1 outside light bulb per
residence) with compact fluorescents.

Improve efficiency by 40 to 70% through efficient
tanks, increased insulation, low-flow devices, and
alternative water heating systems.

Improve efficiency by 40 to 60% through residential
measures mentioned above, heat pumps, and heat
recovery systems.

Reduce lighting energy consumption by 30 to 60% by
replacing 100% of commercial light fixtures with
compact fluorescent lighting, reflectors, occupancy
sensors, and daylighting.

'Use additional insulation, seals, improved heating

elements, reflective pans, and other measures to -
increase efficiency 20 to 30%.

Use improved heat pumps, chillers, window
treatments, and other measures to reduce

‘commercial cooling energy use by 30 to 70%.

Improve efficiency 20 to 40% through improved
compressors, air barriers and food case enclosures,
and other measures.

Improve efficiency of refrigeration and dishwashers by
10 to 30% through implementation of new appliance
standards for refrigeration, and use of no-heat drying -
cycles in dishwashers. '
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Residential Space Heating

Commercial and Industrial
Space Heating

Commercial Ventilation

Oil and Gas Efficiency

Fuel Switching

Reduce energy consumption by 40 to 60% through
improved and increased insulation, window glazing,
and weather stripping along with increased use of
heat pumps and solar heating.

Reduce energy consumption by 20 to 30% using
measures similar to that for the residential sector.

Improve efficiency 30 to 50% through imrpro.ved
distribution systems, energy-efficient motors, and
various other measures.

Reduce residential and commercial building fossil fuel
energy use by 50% through improved efficiency
measures similar to the ones listed under electricity
efficiency.

Improve overall efficiency by 60 to 70% through
switching 10% of building electricity use from electric
resistance heat to natural gas heating. '

INDUSTRIAL ENERGY MANAGEMENT

Co-generatidn
Electricity Efficiency
Fuel Efficiency

Fuel Switching

New Process Technology

Replace existing industrial energy systems with an
additional 25 000 MW of co-generation plants to
produce heat and power simultaneously.

Improve electricity efficiency up to 30% through use of
more efficient motors, electrical drive systems,
lighting, and industrial process modifications.

Reduce fuel consumption up to 30% by improving
energy management, wast heat recovery, boiler
modifications, and other industrial process
enhancements..

Switch 0.6 quads?@ of current coal consumption in
industrial plants to natural gas or oil.

Increase recycling and reduce energy cohsurription .
primarily in the primary metals, pulp and paper,
chemicals, and petroleum refining industries through

new, less energy intensive process innovations.




TABLE 2.1 (continued)

TRANSPORTATION ENERGY MANAGEMENT

Vehicle Efficiency

Light Vehicles

Heavy Trucks
Aircraft

_Alternative Fuels

Methanol from Biomass

| Hydrogen from Nonfossil _

Fuels

Electricity from Nonfossil 2

Fuels \

Transportation Démand -
Management

Use technology to improve on-road fuel economy to -

'9.4 litres [L}/100 km (7.3 L/100 km in CAFED terms)

with no changes in the existing fleet.

Improve on-road fuel economy to 6.6 L/100 km (5.0
L/100 km CAFE) with measures that require changes
in the existing fleet such as downsizing.

Use measures similar to that for light vehicles to
improve heavy truck efficiency up to 7.6 L/1 OO km (5.9
L/100 km CAFE) .

Implement improved fanjet and other technologies to

improve fuel efficiency by 20% to 130 to 140 seat-

miles per gallon.

Replace all existing gasoline vehicles with those that
use methanol produced from biomass.

Replace gasoline with hydrogen created from
electricity generated from.nonfossil fuel sources.

Use electricity from nonfossil fuel sources such as
nuclear and solar energy directly in transportation
vehicles. '

Reduce solo commuting by eliminating 25% of the
employer provided parking spaces and placing a tax
on the remaining spaces to reduce solo commuting by
an additional 1.5%.

ELECTRICITY AND FUEL SUPPLY

Heat Rate Improvemenis

Improve heat rates (efficiency) of ,exi“sting plants by up
to 4% through .improved plant operation and.
maintenance.
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Advanced Coal

Natural Gas

Nuclear

Hydroelectric
Geothermal
Biomass

Solar Photovoltaics
Solar Thermal
Wind

Carbon Dioxide Disposal

Improve overall thermal efficiency of coal plants by
10% through use of integrated gasification combined
cycle, pressurized fluidized-bed, and advanced
pulverized coal combustion systems.

Replace all existing fossil-fuel-fired plants with gas
turbine combined cycle systems to both improve
thermal efficiency of current natural gas combustion
systems and replace fossil fuels such as coal and oil
that generate more carbon dioxide than natural gas.

Replace all existing fossil-fuel-fired plants with nuclear
power plants such as advanced light-water reactors.

Replace fossil-fuel-fired plants with remaining
hydroelectric generation capability of 2 quads@.

Replace fossil-fuel-fired plants with remaining
hydroelectric generation capability of 2 quads?.

Replace fossil-fuel-fired plants. with biomass

~generation potential of 2.4 quads@.

Replace fossil-fuel-fired plants with solar
photovoltaics generation potential of 2.5 quadsa'

Replace fossil-fuel-fired plants with solar thermal
generation potential of 2.6 quads?.

Replace fossil-fuel-fired plants with wind generation
potential of 5.3 quads?.

Collect and dispose of all carbon dioxide generated
by fossil-fuel-fired plants into the deep ocean or
depleted gas and oii fields.

NONENERGY EMISSION REDUCTION

Halocarbons

. Not-in-kind

Conservation

-

HCFC/HFC-Aerosols, etc.

Modify or replace existing equipment to use non-CFC
materials as cleaning and blowing agents aerosols,
and refrigerants.

- Upgrade equipment and retrain personnel to improve

conservation and recycling of CFC materials.

Substitute cleaning and blowing agents and aerosols
with fluorocarbon substitutes.
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TABLE 2.1 (continued)

~ HFC-Chillers
HFC-Auto Air Conditioning
HFC-Appliance

HCFC-Other Refrigeration

HCFC/HFC-Appliance
Insulation

Agricuiture (domestic)
Paddy Rice
Ruminant Animals
Nitrogenous Fertilizers

Landfill Gas Collection

GEOENGINEERING

Reforestation

‘Sunlight Screening

Space Mirrors
Stratospheric Dust¢

Stratospheric Bubbles

Retrofit or replace existing chillers to use fluorocarbon
substitutes.

Replace existing automobile air conditioners with-
equupment that utilizes fluorocarbon substitutes.

Replace all domestic refrigerators with u’_t,,hose using
fluorocarbon substitues.

Replace commercial refrigeration equipment such as
that used in supermarkets and transportation with that |

using fluorocarbon substitues.

Replace domestic refrigerator insulation with
fluorocarbon substitutes.

Eliminate all paddy rice production.
Reduce ruminant animal production by 25%.
Reduce nitrogenous fertilizer use by 5%.

Reduce landfill gas geheration by 60 to 65% by
collecting and burning in a flare or energy recovery
system.

Reforest 28.7 Mha of economically or environmentaily
marginal crop and pasture lands and nonfederal
forest lands to sequester 10% of U.S. carbon dioxide
emissions.

Place 50 000 100-km2 mirrors in the earth's orbit to
reﬂect incoming sunlight.

. Use guns or balloons to maintain a dust cloud in the

stratosphere to increase the sunlighit reflection.

Place billions of aluminized, hydrogen-filled balloons
in the stratosphere to provide a reflective screen.




Low Stratospheric Dust¢

Low Stratospheric Soot¢
~ Cloud.Stimulation®

Ocean Biomass Stimulation

Atmospheric CFC Removal

Use aircraft to maintain a cloud of dust in the low
stratosphere to reﬂect sunlight.

Decrease efficiency of burning in engines of aircraft
flying in the low stratosphere to maintain a thln cloud
of soot to intercept sunllght

Burn sulfur in ships or power plants to form sulfate
aeroson in order to stimulate additional low marine
clouds to reflect sunlight.

Place iron in the oceans to stimulate generation of
carbon dioxide-absorbing phytoplankton.

Use lasers to break up CFC's in the atmpsphere.

8a quad = 1 quadrillion Btu= 1015 Btu = 1.055 x 1018 Joules
" bCorporate average fuel economy

CThese options cause or alter chemical reactions in the atmosphere. and should not be
implemented without careful assessment of their direct and indirect consequences.

SOURCE: Chapter 11 of the Mitigation Panel report in NAS, 1991.




In addition to regulatory and economic instruments, mitigation policy may involve more
general directives related to research, technology development and transfer and
international cooperation. Investment into imbroving knowledge for future decisions is a
strategy option that would likely yield a high return. Among the information needed to
better understand Qlobal warming is that pertaining to the evolving climate and that
which is necessary for the testing of climate models. Improvements in weather
forecasting, identification of mechanisms that play a role in global warming and
increased research into the reaction of ecosystems to climate change could all be
extremely useful as part of a strategy to reduce the uncertainties of global warming

(NAS, 1991).

With respect to global cooperation, participants at the International Conference-on
Global Warming and Sustainable Developmenf (ICGWSD Conference
Statement,1991:6) recommended that funding be made available on a bilateral, regional
and/or multilateral basis to ensure that developing countries canAafford certain

~ technologies with an initially high cost. All bonferenée participants agreed that
industrialized nations and international funding ageﬁcies have an obligation not to |
burden devek‘)pingl countries with obsolete, inefficient, polluting technologies, but to
make appropriate technology available on favorable terms. It might be argued: fhat suph
funding (by, for example, reauciﬁg global greenhouse gas emissions and thereby -
reducing the potential harm of warming worldwide) is in the best interests of all people -

thosé in both developed and developing countries.

Other aspects of policy that fall under the category of international cooperation are debt
reduction agreements (which could increase the capital available for investment in
~energy efficient technologies) and assistance in population control programs (as

population growth has been designated a significant factor in the scenarios for future
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greenhouse gas emissions) (NAS, 1991).

Under the heading of mitigative options, different meajsures would entail quite different
costs. Tables 2.2 and 2.3, adapted from the NAS report, illustrate some of the estimated’
costs and degrees of effectiveness for different mitigativive measures that might be

undertaken in the United States.

Cost calculations given in the tables are not intended to be globally applicable. What
has been estimatéd to be of moderate or high cost to the United States could in fact be
prohibitively expenéive in some developing countries. Also, especially with respect to
certain geoengineeting options, many underdeveloped countries may not have the .
available technology to rénder some mitigative measures feasible. Still, the
effectiveness of implementing any of these measures would be as great in less
developed countries because of the global nature of the greenhouse warming problem.
For this reason, international agréements regarding assistance to developing countries
make sense. Through them, developed countries can make (what is for them) low or
moderate cost invéstments to avoid the potential problem of global warming before‘ they

turn to high cost investments.

Some of the options determined to be implementable at a net benefit or low cost,
namely thq_se‘ involving energy efficiency, could offer cost savings (or incur rélatively low
costs) in developing countries as well as in countries like the United States. Especially .
relevant to developing counfries is the potential for energy and cost savings as the result . |
of efficiency that is built into the system during the initial stages of development.
Compared to already industrialized countries, developing nations have greater room for

efficiency Aimprovement‘s' other than those requiring retrofit costs.
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TABLE 2.2 COMPARISON OF MITIGATION OPTIONS FOR THE UNITED
STATES SELECTED BY THE NAS PANEL

Mitigation Option Net Implementatlon Potential Emissionb
: Cost2 Reduction
* (tonnes CO2
equivalent/year)
Building energy efficiency . Net benefit . 900 millionC
Vehicle efficiency (no fleet change) Net benefit 300 million
Industrial energy management Net benefit to low cost 500 million
Transportation system management Net benefit to low cost 50 million
Power plant heat rate improvements  Net benefit to low cost 50 million
Landfill gas collection . Low cost - 200 million
~ Halocarbon-CFC usage reduction Low cost 1400 million
Agriculture o Low cost 200 million
Reforestation Low to moderate costd ~ 200 million
Electricity supply Low to moderate costd 1000 million®

@ Net benefit=cost less than or squal to zero :

Low cost =cost between $1 and $9 (U.S.) per tonne of carbon dioxide equivalent

Moderate cost=cost between $10 and $99 per tonne of carbon dioxide equivalent

High cost=cost of $100 or more per tonne of carbon dioxide equivalent
b This "maximum feasible® potentlal emission reduction assumes 100 % implementation of each option in
reasonable applications and is an optimistic "upper bound" on emission reductions.

¢ This depends on the actual implementation level and is controversial. This represents a middle value of
possible rates.

d some portions do fall in low cost but it is not possible to determine the amount of reductions obtalnable at
that cost.

© The potential emission reduction for electricity supply options is actually 1700 Mt carbon dioxide equivalent
per year, but 1000 Mt is shown here to remove the double-counting effect. The NAS panel provides the
following to illustrate double-counting: Implementation of both the nuclear and the natural gas energy options
assumes replacement of the same coal-fired power plants. Thus, simply summing up the emission reductions of
all options to give total reduction in emissions would overstate the actual potential.

SOURCE: Chapter 11 of the Mitigation Panel report (NAS, 1991).
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TABLE 2.3 COST-EFFECTIVENESS ORDERING OF GEOENGINEERING
MITIGATION OPTIONS

Mitigation Option ' Net Implementation Potential Emission
Cost Mitigation
(tonnes CO2
equivalent/year)

Low stratospheric soot Low 8 billion to 25 billion

Low stratospheric dust, Low 8 billion to 80 billion
aircraft delivery | ‘

Stratospheric dust Low 4 trillion or amount desired
(guns or baloon lift)

Cloud stimulated by Low 4 trillion or amount desired

provision of cloud
condensation nuclei

Stimulation of ocean Low to moderate 7 billion or amount desired
biomass with iron .

Stratospheric bubbles Low to moderate 4 trillion or amount desired .
(multiple balloons) . :

Space mirrors Low to moderate 4 trillion or amount desired

Atmospheric CFC removal Unknown ‘ Unknown .

NOTE: The feasibility and possible side-effects of these geoengineering options are poorly understood. Their
possible effects on the climate system and its chemistry need considerably more study and research. They
should not be implemented without careful assessment of their direct and indirect consequences.

Cost-effectiveness estimates are categorized as either savings (for less than 0); low (0 to $9 (U.S.)/tonne
carbon dioxide equivalent), moderate ($19 to $99/tonne carbon dioxide equivalent), or high (>$100/tonne
carbon dioxide equivalent). Potential emission savings (which in some cases include not only the annual
emissions, but also changes in atmospheric concentrations already in the atmosphere-stock) for the
geoengineering options are also shown. These options do not reduce the flow of emissions into the
atmosphere but rather alter the amount of warming resulting from those emissions. Mitigation options are placed
in order of cost-effectiveness. :

The carbon dioxide-equivalent reductions are determined by calculating the equivalent reduction in radiative
forcing.

SOURCE: Chapter 11 of the Mitigation Panel report (NAS, 1991).
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Conclusion

Ethical criteria, inclu_dit_':g international equity and the respect of basic horal rights, as ‘
well as economic criteria, such as cost-effectiveness, should be taken into account
when making decisions about global warming policy. In addition, response options
should accord with the ethical principleé determined by policy makers to apply fo thé
climate change issue. fhese principles may be of an anthropocéntric and present
oriented nature. Alternatively, policy makers might employ the concept of

integenerational equity and/or various non-anthropocentric ethical principles.

There are basically two types of_ policy reéponse': adaptation and mitigation. Enhanéing
adaptability to climate change, while perhaps practicél for some relatively affluent
societies, may be inadequat'e to avoid suffering and loss in some less developed
countries and in certain natural ecological systems. Therefore, consideration of
mitigation strategies is justified. There are a great number of options that have been
suggested as global warming mitigation strateg?es, many of which might be

implemented using a combination of regulation and economic incentives.

Of the many available options, reducing emissions through energy efficiency i‘s one that
should appeal to even the most hesitant decision-makers. Energy efficiency has the
pote'ntial to offer net savings to organizations of all sizes as well as to society as a whole
in both developing and ihdustrialized countries. It has a relatively short pay—béck period
(especially if energy prices reflect the true lifecycle costs of production through ;co
diqusal) and it can be highly effective in reducing not only greenhouse gas emissions,
but harmful groqnd Ié\}el ozoné, acid deposition and other types ofbollution. Taken

together, all of these attractive aspects of energy efficiency make it a wise choice as a
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first-step policy option to deal with global warming.

If policy is based on énthropocentric and present-oriented ethical princip[es, energy
efficiency is desirable because it does not incur significant costs (and can in fact result
in cost'savings) to present people. If pblicy is based oh the idea‘ of intergenerational
equity, energy efffciency makes sense because (at little'or no cogt to presént
generations) it is, relative to most other options, highly effective in avoiding global
warming and subsequent harm to future people. Finally, if policy makers recognize non-
anthropocentric ethical principles, then energy efficiency is'a wise choice because it
helps to reduce the possibility that harm to nonhumans, habitat loss and reductions in

biodiversity will occur due to human-induced climate change.
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CHAPTER 3:
ENERGY EFFICIENCY

There is a direct link between energy use and the conditions that predicate the
greenho"use effect. In today's world, energy use is predominated by the combustion of
fossil fuels, and the atmospheric build-up of emissions from this process, especially

- the large quantity of carbon dioxide, is believed to be the primary contributor to the
enhanced greenhouse effect (e.g. IPCC, 1990; NAS, 1991). If, as has been asserted
by countless observers, society can implement energy savings strategies, then
emissions of carbon diokide (and other greenhouse gases) can be reduced, effectively
leésening the rate of climate change. By implication, for each unit of carbon not
emitted, there is a corresponding unit of decrease in the radiative forcing associated

with global warming.

Just as "a penhy saved is a penny earned", energy savings are energy resources:
Cavahaugh et al (1989) suggest that'if there is a perceived need for increased supply,
conservation options should be weighed égainst the costs of generators, oil fields and

gas wells. Following such a comparison, the option with the highest return should be

chosen“ first. -

For the purposes of meeting the needs of a growing economy and
population, energy preserved from waste is indistinguishable from
energy delivered to customers by production facilities. Energy savings
created in large quantity on a predictable schedule are energy
resources, just like generators. Often, a saved kilowatt-hour or therm or
barrel of oil is much cheaper than an additional unit of energy production
(Cavanaugh et al, 1989: 279).

Compared to other options that have been suggested in response to the threats of

global climafe change, improved energy efficiency sténds out as having the potential



to benefit present and future generations of' people as well as the environment as a
whole (see Chapter 2). The following chapter provides further support, in the fdrm of -
recent region-specific StL‘ldieSV, in favor of adopting improved enérgy efficiency as a
global Warming response measure. In addition, it provides a description of some of the |
" reasons why, despite its economic benefits, there tends to be an underinvestment in
energy efficiency. Finally, there are some suggestions for overcoming the barriers to -
" energy efficiency that exist in many of our social, economic, informational and otﬁér

systems.

The examplés of achieved cost savings and demonstrated potential for further
efficiency improvement that are provided in the appendix (and éummarizéd below )
include city-, provihce-, cou.ntr-y- and continent-specific cases from the Americas as
well as from Asia, Australia and Eastern Europe. Energy efficiency potentials have
also been discussed for the Middle East and for Africa (e.g. Sathaye and
Goldman,1991b). The range of regions for which case studies are reviewed illustrates
‘that the benefits 6f energy efficiency are applicable globally. Indeed, giveﬁ the
findings, it seems that.improved efficiéncy is practical and beneficial (in many different
respects) for all societies who utilize energy to produce the necessities of life - for

huménity itself. - . /
The Potential for Savings
There are numerous examples of improved energy efficiency that has been achieved

in the recent past (see appendix). Even a brief overview of some of these

improvements indicates that, at least in the initial stagés of implementation, energy
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efficiency strategies are associated with real cost savings in addition to reduced

emissions of gases contributing to global warming.1

Between 1973 and 1988, for example, a network of over 40 different Canadian
industry associations (participating in the Canadian Industry Program for Energy
Conservation) saved an estimated total of more than $20 billion of energy purchases
(equivalent to 800 million barrels of oil) through energy efficiency and conservation
measures (Kennedy, 1990). Efficiency improvements and related cost savings have
not been exclusive to developed countries such as Canada. In India, for example;
results of a 1987 study of coﬁservaﬁdn projects showed that, even in the absence of
investment incentives by the government, private investors experienced high rates of
return from energy conservation meaéur'e-s. All of the Indian projects with positive

_ internal rates of return had discount.pai/back periods of less than 3.5 years and more
| . than half paid back their investments in Iess_ than two years. All consewgtion projects
(with oﬁe exception) were determined to be less costly than domestic production of ol
in India and, compared to the import of oil, all éonservation projects were clearly

determined to be economical (Anandalingam, 1987).

Despite the globally experienced efficiency improvements that have been achieved to
date, analyses of energy use in various countries and regions around the world
suggest that theré is yet significant potential for reducing final energy consumption
while at the same time saving money.

\
In the Canadian province of Alberta, for example, it has been suggested that 15% qf

fossil fuel usage and 60% of purchased electricity could be saved through energy

1 There exists a huge literature in the field on energy use and conservation programs around the world. See
the appendix of this document for more details on selected country-specific energy use patterns and
conservation programs.
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conservation, including fuel substitution and cogeneretion (Alberta Energy, 1990b).
Cost savings to all energy consumers associated with this efficiency improvement
would be $2.2 billion per year (following tne investment in $6.7 billion in conservation

measures) (Alberta Energy, 1990b).

Breton (1990) estimates that U.S. carbon dioxide emissions could be kept at 1988
levels through 2010 solely by implementing programs that have a net cost savings
(when using a 7% discount rate). Through the use of more efficient lighting alone, itis

' estimated that $18.6 billion (U.S.) would be freed from ratepayer bills for useful
investment, while at the same time annual carbon dioxide emissions could be reduced
by 211 million tonnes th), the equivalent of the emissions from 42 million cars

(Lawson and Kwartin, 1991).

In New York State, techmcrans from the Small Business Energy Efficiency Program
calculate that, if all the energy conservation measures they recommended were
implemented, the total potential savings would be more than $30 billion (U.S.)
annually. The energy savings potential calculated for small businesses in New York
equates to a reduction of 300 tonnes of suiphu’r'dioxide, 110 tonnes of nitric oxides

and more than 140 000 tonnes of carbon dioxide per year (SBEEP, 1991).

As part of a study to determine energy-related cost savings in industry for the state of
California, Shin and Sioshansi (1990) calculated the net cost per tonne of carbon
dioxide reduced for direct resistance heating relative to conventional (less efficient)
electric heaters in metalworkmg and glass melting. They found that a savings of $178
(U.8.) per tonne of carbon dIOXIde reduced could be achieved by implementing the

newer, more efficient technology (Shin and Sioshansi, 1990)..



I.n Mexico, a cumulative total of $81 billion between 1991 and 2000 is the calculated
potential savings that could be ‘achieved if energy efficiency were maximized in
industrial, transportation and residential éectors (Guzman, 1987). Guzman notes that ’
- such savings could be quite useful in helping to relieve MekicO's foreign debt (which in

1987 amounted to 100 billion dollars (Guzman, 1987)).

For countries in Eastern Europe and what was formerly the Soviet Union, it has been
. estimated that national incomes could be increased by approximately one-half sir_nrply‘
by achieving the same efficiency of energy consumption as members in the European

Economic Community (Kramer, 1\990).

In thg Asian region in recent years; accordihg to Shrestha and Aéharya (1991), growth
in electricity consumption has occﬁrred ata fagter rate than that of npnelectric energy
hse. Shrestha and Acharya discuss key options for- improving the efficiency of
electricity generation, supply and use and related policy iésués in ten Asian countries:
Béngladesh, China, India, Pakistan and Sri Lanka (low income countries) énd |
Indonesia, Mala&lsia, Philippines, Republic of Korea and Thailand (middle~income

countries).

At present, carbon dioxide emissions in the selected countries amount to over 2% of
the global emissions. This share is expedted to be considerab'ly'higher in the future
based ubon evidence of the relatively fast growth of electricity production in most of the
selected countries. The shares of thermal powef generation in general and coal-based
generation in particular are expécted to grow rapidly in most countries in the study.
Carbon dioxide emnssxon from power plants in these countries (excludmg Pakistan
and Malaysia) is estimated to increase 2. 63 times by 2000 (Shrestha and Acharya ,

1991).
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Together, China and India, where coal constitutes the primary electricity generation
source, account for approximately 88 % of the estimated total emissions of carbon
. dioxide in the selected countries as a group in 1987. The efficiency of generation from
coal-fired plants was found to be particularly low in China (about 30 %) and India
(28.4%). This is in comparison to the average efficiency rate in OECD countries of
32.3% (Shrestha and Acharya , 1991). Thus, by increasing electricity generation
efficiency in India and China to levels currently achieved in OECD countries, 10 to
15% reduction in coal use (and hence carbon dioxide emissions) in India érid China

could be achieved.

ImprO\}ements in end-use energy efficiency in the Asian region is of considefable
importance for two main reasons. First, ownership of electrical appliances is growing
rapidly. In Beijing, for example, the proportion of householdé with refrigerators rose
from 1.5% in 1981 to 62% in 1987 (Kats, 1990). Second, due to relatively low
purchasing power, owners are likely to use their appliances longer than their

counterparts in more developed countries (Shrestha and Acharya , 1991).

New technology provides numerous means of saving energy. Due to improvements in
efficiency, for example, energy consumption by refrigerators has been cut by up to
70% in the past 15 years in Asia (Kats, 1990). Large scale use of efficient appliances
would entail costs; thergfore, cafeful demand-side management programs are
implicitly desirable. As household incomes are typicall’y rather low in most of the
countries studied, most utilities would have to devise cost sharing schemes to offset

the initial costs of new appliances in order to promote them (Shrestha and Acharya ,

1991).



Composition of the residential sector in develbping countries in general is changing
rapidly. There is significant rural to urban migration and a steady increase in the
number of people livi'ng more modern lifestyles. Rising incomes are associated with

" greater energy consumption, especially due to the purchase erappliances. Fuel-
switching from wood to kerosene and from kerosene to gas and electricity is
characteristic of the residential sector as well. There is considerable potential in the
long term for efficiency as newer more efficient appliances enter the stock (Sathaye et

al, 1987).

Correcting for the Underinvestment in Energy Efficiency

Despite abundant documer;ted proof that energy efficiency improvements can save
money, the potential for cost-effective investment into energy efficiency is clearly not
being fﬁlfilled in most countries of the world. A v’ariet'y of reasons may account for this
observed qnderinvestment in energy efficiency. Many of these reasons may be viewed
as obstacles or barriers that exist in current economic (as well as social, informational,

technical, institutional and other) systems (Kozloff, 1987; Pinto, 1987);

Economic Barriers

With respect to electric utilities, market failures result from the inherent barriers of a
natural monopoly (Hamburg, 1990). Also, externality costs, including the |
environmental damage cause by generation, traﬁsportation and consumption of
energy, often are not édequately accounted for in the price of energy (Shioshansi,
1990). Kdzloff (1987) found that, in Minnesoté, one reason given for underinvestmeni
in efficienéy was the lack of utility incentives (éspecially where the marginal cost 6f

generation is far above the utility's average rates).



The unavailability of capital to make efficiency improvements is a frequently cited
reason for not making such improvements (Kozloff, 1987). Also, énergy efficiency may
not be marketed aggressively enough. Appliance or automobile salespersons may in
fact have mo‘re incentive to promote less-efficient, over-stocked or slow-selling models

than those with higher energy efficiencies (Sioshanshi, 1990).

‘Correcting for economic barriers to energy effic‘iency improvements might involve a
number of policy options. Government intervention in the form of direct price céntro!s,
indirect control‘s through taxes and tariffs, and other regulatory policies can stimulate
investment in conservation technology or restrict ‘investment in consumptive
technology. In addition, capital allocation or financial assistance constitute effective

managemént strategies (e.g. Hamburg, 1990; Kozloff, 1987; Pinto, 1987).

In the context of anthropocentric and present-oriented policy rationale, an inceﬁtive
such as a carbon tax might be justified based on the fact that it accounts for present (or
near future) environmental and social costs related to emissions. In discussing the true
'costs of energy production and uée, Hubbard (199‘1 :142) suggeéts that "the answers
that economists derive may depend as much on social values as they do on analytical
sélut@ons to well defined problems." With an increase in the social value placed on a
_healthy environment, a corresponding increase in levied pollution taxes might be
_ justified. If préducers énd/or consumers were asked to pay more for environmental and
other currently ignored external costs, estimates for the potential cost savings
achievable through energy efficiency would be higher. (More costly conservation -
measures would become éost-effective with Higher energy prices). Energy ‘efficiency
measures-entailing moderate costs might become highly cost-effective when an

appropriate pollution tax is added to the cost of fuel. Potential emission reduction
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levels at net savings might consequently be increased. The extent of this increase

would depend upon the total cost of energy supplies.

Prior to instituting market-based mechanisms with the épeciﬁc intent of reducing
atmospheric carbon dioxide, some goal for stabilizing or reducing carbon dioxide
emissions must be determined. This goal may be expressed either in terms of a
quantity of emissions, or of a price that the country (or other entity) is willing to pay to
achieve reductions (National Economic Research Associates [NERA], 1991). Once a
specific emission reduction target has been decided upon, different market-based

mechanisms might be used to achieve whatever target is chosen.

One of such mechanisms is the use of tradable carbon coupons. According to a
coupon system, for example, a firm would be requiréd to submit one coupon for each
tonne of carbon in the fuel that it produces or imports (NERA, 1_991). As a result of
restricting the amount of carbon in fuél, the coupons would be associated with a
certain price. Higher fuel priceé would in turn providé incentives for firms and
consumers to switch to energy sources with less carbon and to use less énergy
(NERA, 1991). éecause climate change is a global phenomenon, tradable coupons
should be tradable globally (Ross, 1992). In this way, for example, Canadian
companies, in attempting to lower carbon dioxide emissions, would buy coupons from
countries with relatively low energy usage rates (é.g. certain developing countries)
and, because the latter are relatively energy inéffici'ent,.the former would make
available more energy efficient tecﬁnologies in return. Canadian companies would do
‘ this‘ because (and only when) it is cheaper to do so (Ross, 1992). This sort of global
trading system would have many‘desirable effects, including reduc'ing carbon dioxide

emissions as cheaply as possible, transferring the best téchnologies and
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money to developing countries, and treating all people (everywhere on earth) the
same. The difficulty in such a global scheme is first, getting all countries to agree to it
and, second, deciding how to allocate the coupons (e.g. on a constant per capita basis

independent of country or based on 1981 patterns of energy use, etc.) (Ross, 1992).

Another similar mechanism for encouraging energy conservation and directly affecting
~ the amount of cerbon dioxide entering the atmosphere is a carbon tax. In effect, the
prices of carbon-based fuels would rise to reflect such a tax (NERA, 1991). The major
difference between carbon coupons and a carbon tax would be in their respective

responses to uncertainty.

Carbon trading would set the quantity, but the price of the coupons would
vary depending on the actual marginal costs of reducing carbon. In
contrast, a carbon tax would set the price, but total emissions would vary
with the costs of reduction. For example, if the cost of reducing carbon
use proved to be higher than expected, the price of the coupons would
go up, while with a tax the level of emissions would be higher than
expected. Conversely, if the cost of reducing carbon were lower than
expected, the price of coupons would fall, while a tax would achleve a
lower emission level. (NERA, 1991: 16)

Carbon taxes and auctioned carbon coupons have the potential to raise large

revenues for the government(s) that impose them (NERA, 1991).2

In principle, a carbon tax or the value of a coupon would be set at the proper global
cost of emitting carbon dioxide into the atmosphere, thus internalizing the . ’
- environmental externality and allowing the energy purchaser to make more informed
decisions. In practice, however, the actual cost of emissions is extremely difficult to
compute. At present, the (politically determined) targets that reflect these costs vary

widely from country to country (Alberta Energy, 1991a).

2tis quite possible that such revenues could be used to further research into energy efficiency technology
and other global warming response strategies.

-66-



State (egulaiion may constitute a dominant instrument of energy policy, particularly '
when the market fails to establish prices corresponding to actual social costs.
Regulatory policy, for example, can creaie "‘market’ pull" by instituting rebate payments
for purchases of energy éfficient equipment or appliances; in addition, appliaﬁce |
dealers may be paid to create "market push" (Hamburg, 1990). In genéral, re‘gulatipn
can encourage utility managenient to produce customer satisfaction at a profit rather

than simply to produce electricity (Subbakrishna, 1990).

According to Subbakrishna (1990:709),

While conservation deals with the saving of electricity from technological
retrofits and replacements independent of supplier participation,
Demand-Side Management (DSM) explicitly articulates a partnership
between electric utilities and consumers to promote and in some
instances subsidize, the provision of energy efficient equipment and
processes, as well as provide other price incentives for reducing
electricity consumption.

Benefits from demand-side management to the consumer include reduced energy bills
and, less tangibly, improvements in productivity and welfare. The supplier (power
utility) may experience benefits including avoided capacity, avoided energy

generation and an improved service value.

In developing countries as well as in industrialized count_ries, pr.icing and physical

controls are among the policy toéls that might be used for energy planning and

management (Munashinghe, 1987). Munashinghe explains that, in Iés:s:devéloped
countries, methods of physically limiting consumption are most effective in the short-

‘run when there are no unforeseen shortages of energy.



International economic cooperétion can also play an important role in improving
energy efficiency in developing countries. In the conference statement of the
International Conference on Global Warming and Sustainable Development (1991:6),

it is suggested that

developing countries need not go through the evolutionary process of
previous industrialization but rather, they must 'leapfrog' directly from a
status of underdevelopment through to economically efficient,
environmentally benign, technologies.

Conference participants noted the fact that the major transfer of technology betweén
developed and developing countries is military hardware. They emphasized the
importance of curtailing military expenditures in order that resources can be made
available for sustainable development. Such development would undoubtedly include
the efficient production and use of energy. Development assistance, it is argued,
should be directed toward helping countries to discover the most eﬁ'vironmentélly'and
economicaily effective combination of efficient supply side and end use expenditures.
(Globally tradable carbon coupons, as described above, would perform this latter

function quite effectively.)

According to the Conference statement (1991:9),

Foreign debt is a major cause of resource depletion and forest -
degradation, because it forces countries to increase the rate of resource
exploitation to earn the foreign exchange necessary to pay this debt.
This, in turn, reduces the capital available for investment in new energy
technologies. -

In light of this situation, it is arguable that debt reduction agreements linked to forest
protection, reforestation, agricultural lands improvement and renewable and efficient

energy investment should be developed.
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Informational, Perceptual and Teqhnical Barriers

Numerous types of informational barriers contribute to underinvestment in energy
efficiency. In general, high transaction costs face customers in obtaining timely,
credible and relevant information when purchasing major energy appliances or :
making decisions about conservation options (Sioshanshi, 1990). Information barriers
discovered in Kozloff's (1987) Minnesota study inclhded the common situation in
which end-users were not aware of the energy-saving potential in their homes or
businesses. Pinto (1987) concurs that individuals may not be aware of the cost of
energy in their personal or occupational activities. Furthermore, cc;nsumers may not
realize that individual decisions noticeably affect enérgy efficiency or that the potential

exists for significant savings through energy efficiency.

Consumer behaviour that runs counter to efficiency improvements can result from a
lack of information or from other perceptual barriers. One example of this is the ‘
rélatively high discodnt rate consumers apply to such items as appliances. If an
energy saving device does not pay fér itself in six months to three years, a consumer is
not likely to make the investment to acquire it (in sharp contrast to the'low discount rate

and 20-'30 year payback period typically used by utilities) (Sioshansi, 1990).

Kozloff (1987) found that the perceived risk of making erroneous decisions due to
uncertainties about future energy prices, in conjunction with typically short-rangé
planning horizons, tends to discourage investment into retrofitting and other
conservation measures and to imply high discount ratc_es. In businesses, fdr example,
conservation-related ihvestments are perceived as comparing unfavourably with

investments-designed to enhance productivity; and, in homes, actions to increase '



energy cons_ervatien are seen as unfavourable when compared to irrvestments to
enhance the immediate enjoyment of the dwelling or its market value. Anbther b,errier _
to improved energy efficiency is the generally slow turnover rate of energy-using |
. capital stock. Such stock mcludmg buildings, mdustnal equrpment and apphancee are -
not usually replaced until they wear out or break down. Furthermore when burldmgs
and equipment are replaced, first cost considerations typically take precedence over

life-cycle costs (Kozloff, 1987).

A further obstacle to efficiency improvements occurs in the form of a lack of technical
knowledge and/or availability of appropriate technology and related goods and

services (Pinto, 1987).

Pinto suggests some general managemenr s_tretegies for inducing rational decision-
making on energy conservation. One strategy would involve legislative and
institutional agencies that develop and adm‘inister informational and promotional

' programs. These agencies might oversee the budgets for industrial energy audit
pregrams,,technical assistance, home insulation and research and development.
Some countries have _alse established energy audit or technical assistance functions
“wit‘hin, or linked to, energy supply firms such as utilities and oil companies (Pinto,
1987)._ As part of an educational or promotional program, government agencies,
commercial and industrial trade associations, privatecorrsultent_s, academic
institutions and energy supply firms can supply a variety of technical éervicee to
analyse ar\d offer suggestions for improvements in energy-use for firms and -

households (Pinto, 1987).

Also recommended is the developme'nt of energy inf"orrrration systems (Pinto, 1987). A

long-term goal might be to build up a national energy information system adequate to
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monitor energy-use paiterns so that demand manageme’nt and supply strategies can

be developed, assessed and revised in an effective manner.

Specific programs aimed at providing technical assistance might be established
through government agencies, commercial and industrial\trade associations,_ private
consultants, academic institutions and energy supply firms.‘EspeciaIiy in dévelopiné ‘
countries, technical assistance is an ihportant and effective tool for improying
efficiency (Munashinghe, 1987). Organizations such as the World Bank and the
United Nations Development Program, for example, can contribute to conservation
efforts through offering appropriate loans and other support. These international
lending agencies might provide technical assistance for energy audits, retrof'itting
programs, the establishment of energy conservation centres, improved power system
management and distribution systems, the dévelopmént of more efficient wood stoves

and urban traffic management projects (Pinto, 1987).

Institutional Barriers 7 _ ’
One common institutional barrier to .energy' éfficiency investment, according to Kozloff
(1987), is the relationship between landlord and tenant. In cases where the tenant
péys for energy, the landlord has little incentive to lower energi/ 6osts; and the
availébility of tax deductions for operating expenses reduces the incentive for saving
energy when the landlord payé the energy bills. A similar situation occurs w_hen
'developers, concerned more about rinitial costs _fhan life-cycle costs in order to
enhance their competive position, undéri'nvest in efficiency featﬁres in new building's.
Sioshanshi (1990), who refers to this-isituation as a "forced' purchase decision”, adds

that the results include loW-effiency‘housing stock and high operating costs that are
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eventually borne by the occupant over time. (In principle, it should be noted, informed

buyers will overcome this problem.)

A strategy that might serve to deal with this type of institutional barrier is the forming
and administration of puilding regulations' at national, state and local levels (Rao‘, |
1987). Rao also recommends establishing design energy budgets (DEB) for different
building types and standard evaluation techniques for computing design energy |
consumption and'checking against DEBs. Regulations, he adds, should be easily
implementable and should not limit the flexibility or architectural expression of
designers. Above all, the success of buil_dihg regulations depends upon the

effectiveness of enforcement.

In addition, energy mahagement could be incorporated into building operations. This
would involve monitoring,' recording, analysing and controlling the energy-flows
through the building and its service systems. An effective program wourld include the
education of users to instill a conserving ethic and to enrol cooperation,rtraining of
operators and establishment of maintenance schedules to ensure effective and
efficient operation throughout the life-span of equipment. A good practice, according to
Rao, is to keep records of consumption and costs of electricity, oil, and gas on a
monthly basis. Electricity consumption may even be sub-divided into use for lighting,
chillers, pﬁmps, fans, slevators .and general small power usage using separate

electric-run meters (Rao, 1987).

Rao also advocates the use of life-cycle costing when taking conservation measures
into consideration. In the past, minimizing the initial cost outlay has been viewed as
the number one priority. Increasingly, however, it has been demonstrated that long-

term operational costs should not be ignored. Evaluation of different energy-use
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systems should be based on such measures as payback, rate of return and present

worth, rather than simply initial cost (Rao, 1987).

Government can positively influence decisions regarding energy conservation in
buildings through tax rebates, low interest loans, and direct financial aid for energy
efficient building design. Disincentivés in the form of surcharges for wastage and utility
gariff rates that truly reflect the costs of energy production might also be adopted (Rao, -

1987).
Conclusion

Energy efficiency is posed as a desirable component of global warming policy. Not
only would effort aimed at energy efficiency serve to reduce greenhouse gas
emissions (and consequently decrease the radiative forcing associated with global
warming) but it could also result in monetary savings in the near future. Examples
drawn from both industrialized and developing countries illustrate some of the notable
cost savings that can be achieved through the implemeﬁtation of energy efficiency and
conservation programs. There is considerable room, nevertheless, for even greater
imrprovements in: efficiency, particularly if certain economic, informational, techvnical
énd othér barriers can be overcome. Market-based mechanisms, includihg tradable
carbon coupons, carbon taxes, direct priCe controls and financial assistance for
investments ir: efficiency are among the tools that could be utilized to overcome
economic barriers. Recommended means of overcoming other types of obstacles to
energy efficiency include thé administration of informa_tional and promotional
programs énd the devélopment'o* energy management a_nd technical assistance

programs.
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. CHAPTER 4:
REDUCTIONS THROUGH ENERGY EFFICIENCY
| AT HOME AND ABROAD

The following is the draft chapter (submitted td Dr. William Ross fbr final éditi'ng) to be :

“included as part of the Humanities Institute book on ethics and climate change.

Introduction

If’agreement can be reached among pélicy makers that some form of harm due to
global warming will occur without human intervention, a number of specific issues
must be resolved beforé policies to deal with global warming can be implemented. In
particular, it is necessary to determine in what form and to what extent such a policy
should be addpted. Determining the specific features of a giobal warming respbnse
strategy may be viewed as an exercise in applied ethics. An exémination of different
options reveals thét, as a first s'tep, increasing energy efficiéncy in both industrialized
and developing countries accords with a nuhber of ethical princ;ipleé. Beyond cost-
effective energy efficiency, the degree of investment in any global warming response
strgtégy will depend in large part on whether fﬁture generations and/or non-human

beings are considered morally relevant.
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Poliey-Making: An Exercise in Applied Ethics

It is arguable that the best policies are based on retional, well defined principles. In
their most basic form, these are et'h_ical principles ascribing moral. standingf and/or .
rights to some of those predictably' affected by the policy decision at hand. The relative
size of the circle within which the interesfs of affected beings are considered will
inevitably affect the sort of policy that is derived; and, in genefal, the larger the circle of
interests recognized according to an ethical principle, the more controversy that ethical

principle will tend to stimulate.

One of the least controversial ethical principles ie that which places greafest
importance on the interests of pre,sently existing human beings. Acco’kding te t’his
person-centered ethic, the best course of action is that which ensures the maximum
possible beneflts to current generations. Future generations may matter indirectly (in
the sense that present people may care about future people); nevertheless any
rconsideration of the effects such action will have on future generations is secondary .

(Hurka, 1992).

A more controversial moral principle i‘s one that assigns equal weight to the interests of
presently living and future human beings (e.g. Shrader-Frechette i981) While this’
prmcnple of mtergeneratlonal equnty recognizes the rlghts of future people and gwdes .
agamst actions that may have deleterious effects on them, it does not necessanly |
place |mportance on the interests of non-humans. The environment, according to this

o

second ethical principle, is a means to achieving purely human interests.
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A third and considerably more controversial principle calls for an expansion of ethical
thinking to include consideration of the interests of non-human elements of the
environment. Commonly refer(ed to as an environmental ethic, this third moral
principle is itself divisible into different types of rationale (Hurka, 1992). One of thesé is
an argument which states that all sentient organisms, including non-humans, have
moral standing and, as such, should be allowed to flourish without subjection to
unnecessary suffering (e.g. Singer, 1973). Another argument that falls under the
en\;ironmental ethics principle is one (made popular by Aldo Leopold in 1966) kn'o‘wn
as the land ethic. Proponents of this argument maintain that there is special valuein .
biodiversity or the existence of a wide variety of species and that, insofar as the loss
from‘existence of all individuals from a species is significant loss, it is desirable to
prevent such species' extinction. Furthermore, according to the land ethic, the biotic
community aé a Whole, including the health of plant species, soil and water as well as

that of sentient beings, deserves concern in issues that might effect them.
Policy and the Greenhouse Effect

Rapid climate éhange as the result of human activity has become a much‘ discussed
subject at national and iniernational levels of policy\decision-making" (e.g. International
Panel on Climate Change [IPCC], 1991; National Academy of Sciences [NAS], 1991).
Though some degree of scientific uncertainty and a lack of consensus regarding the
impacts surround these discussions, some basic assumptions must be made about the ‘
phenomenoh known‘ as the greenhouse eff‘ect‘in order to facilitate policy diséussion.
‘d
Primarily it must be conceded that global warming is, or at least has the liklihood of,

~ occurring. Recent scientific reports, such as the one prepared by the IPCC, rather
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strongly. conclude that global warming is occuring. Secondly, a discusgion of policy
related to global warming only makes sense if it can be agreed that irﬁplied climatic
changes will or might affect some people or things in a negative way. Many of thé . =
fut'ure‘scenarios developed (e.g. Schneider, 1990) suggesi, for example, that améng .
the potential effects of rapid climate change are human and nonhuman suffering,
species extinction and loss of biodiversity. Thirdly, there is an exblicit assumption that
some form of human intervention would be effective in avoiding the harm. Finally, and
perhaps most importantly for the purposes of an ethical evaluation of policy, it must be
conceded that future generations do matter. Use of the term "potential" when :
describing the harm to be avoided implies that the harm related to global warming will
occur in the future. It is quite difficult to justify policy deliberations aimed at avoiding or
mitigating a future harm if there is not some value accorded to the interests of beings

who will exist at the time of the harm, namely, of future generations.

Taking into account the above assumptions, it would certainly follow that that, should
harm as the result of the greenhouse effect be realized without action having been
taken to avoid it, some basic moral rights will have been violated and moral

obligations ignored.

If it is agreed that there is a need for human intervention as di'rected by policy, then
several issues must be resolved: "When, in what form and to what extent should this
intervention occur ?* In attempting to answer these pivotal questions concerrning
greenhouse warming policy, one is forced to consider ethical princi’ples, including
some of the more controyersial notions of interests, rights and obligations across
generations and species. In effect, deciding how to respond t‘o the potential threats of

global warming is an exercise in applied ethics. The extent to which action is taken to
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avoid predicted effects of climate change will largely be determined by the ethical

principles accepted and applied by policy decision-makers.

Examples of response options from a national perspective are provided by a panel
from the National Academy of Sc1ences [NAS] (1991) The NAS panel sorts possnble |
U.S. policy responses to the threats of greenhouse warming into five categories: . = -
reducing or offsetting greenhouse gas emissions; enhancing adaptation to
greenhouse wafming; improving knowledge for future decisions; evaluating
geoengineering options; and exercising international leadership. The NAS panel
suggests that implementing any of the more specific options within these broad
response strategies could be effective in avoiding some of the potential harm
associated with climatic change. A review of each of these options, however, reveals
that there is significant vériation between them with respect to cost (economic and " .
social) and effectiveness. Moreover, when evaluated in terms of ethical.principles,

some of these policy options are clearly preferrable to others.

Global Warming Policy and the Interests of Current Generations

A greénhouse warming response'strategy might be developed according to an ethical
principle that recognizes a relatively small circle of morally relevant beings - that is,
strictly ‘with reference to what is in the best interest of currently existing populations of
human beings. (In such a case, the interests of future gene'rations méy count, but only
indirectly and not with weigﬁt equal to the interests of present generations. Also,
‘according to such an ethical principle, non-human interésts_ are irrelevant.) Avoiding
harm due to climate change is not 'clearly in the interest of prgsently existing hlAJmanA

beings many of whom may not be living when the harm can presumably be expected

*
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- to occur. For these individuals, the desirable policy respo‘nse is one that will result in
. an improved quality of life in the present. Slighily less preferable (but still justified) aré

actions that will not negatively affect the eXistinQ quality of life.

In very obvious ways, consumption and quality.of life ére closely linked. Life cannot be
said to have a great deal of quality without adequate nutrition, shelter and mobility, all
of which in some way involve consumption. Beyond the clear connection between the -
consumpti“on'required to fulfill basic human needs and quality of life, however, it is
difficult to determine exactly what is’neciassary to give life quality (Porritt, 1989). When
discussing quality of life in the aggregaté, indices such as total economic adtivity,
gross national product (GNP) and per capita GNP have often been used (thoughA itis
not necessarily true that these yardsticks alone brovidé sufficient indication of quality
of life) (Porritt, 1989). By implication, quality of life may be enhanced in a situation

where net monetary savings are experienced.

' 7 Measured in econorﬁi'c terms, it is in the best interest of presently exiéting hum_an
beings to implement policy that will resulf in net saQ_ings 6r, at the least, will incur no
net cost over the coursé of these people’s lifetimes. Actions that lead to immediéte or
near-future‘ cost savings, satisfying the more present-oriented énd anthrc}pocentric of
ethibal principles, would thus constitute the least controyersial greenhouse warming

fesponse strategy available to policy-makers.



Getting More Out-of Energy

Compared to all other response strategies, energy effiéiency and conservation stand
out as having substantial potential to be effective in avoiding the effects of global |
warming while at the same time incurring net monétary savings (NAS, 1991).1 The link .
between energy efficiency and avoided climate change is relatively straightforward. In
general, energy conservation or efficiency results in less use of‘fossil fuels and hencé
less carbon dioxide emissions: Carbon dioxide has been responsible for over half of
the greenhouse effect due to human activities in the past (IPCC, 1990). Therefore,
reduced carbon dioxid‘e emissions due to éﬁergy conservation produces less human

induced climate change.

| Government planners typically base energy r-equirement projections on an assumption
that energy consumption increases porportionately with economic gfowth (MacKenzie,
1991). However, studies such as the one undertaken by Jose Goldemberg (1987) |
illustrate thét a positive correlation between energy consumption and economic
growth does not necessarily exist. Between 1973 and 1985, according to Goldemberg,
total:energy use per capita in the Organization for Ec,;onom'ic Cooperation and
Development (OECD) countries (the world's most industrialized market economies)
fell 6 percent while per capita grbss domestic product (GDP) increased 21 percent.
OVer the same period, per capita energy use in the U.S. féll 12 percent while per’
capita GNP rose 17 percent. In Japan, per cépita energy use fell 6 percent and per

capita GNP rose 46 percent.

1That these meésures result in net savings does not mean that they do not involve implementation costs.
Rather, given a particular positive discount rate, the total cost of these measures over the period of
analysis is less than its direct benefit (NAS, 1991)
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Proponents of energy efficiency such as Amory Lovins (e.g. Lovins and Lovms 1990)
and Ralph Cavanagh (e.g. Cavanagh et al, 1989) insist that rather than coupllng
economic growth with energy consumption and dedicating money to projects that will
supply perceived energy requirements, planners should instead évaluéte the endﬂr '
products or services needed by consumers. Cavanaugh et al (1989). suggest that if
there is a perceived need for increased energy supply, conservation 'options should be
weighed against the costs of such things as oil fields and gas wells. Following such a

comparison, the option with the highest return should be chosen first.2

For the purposes of meeting the needs of a growing economy and .
population, energy preserved from waste is indistinguishable from

energy delivered to customers by production facilities. Energy savings

created in large.quantity on a predictable schedule are energy

resources, just like generators. Often, a saved kilowatt-hour or therm or

barrel of oil is much cheaper than an additional unit of energy production.
(Cavanaugh et al, 1989: 279).

There are many cases where different technologies serving identical purposes require
very different amounts of energy (Mills, Wilson and Johansson, 1991). If, as Cavanagh
emphasizes, energy savings equal energy sources, then plans fo’r supplying energy

should take into account the possiblity of making existing energy go further.

Shin and Sioshansi (1990) describe supbly-side efficiency improvements and
repowering as options for an electric utility trying to meet a target reduction ‘in
greenhouse gas emissions. In the production of electricity, fuel EOnsumbtion may be
reduced ‘by such means as cogeneration, waste heat recovery and cutting

transmission and distribution losses. Cogeneration, for example, can improve thermal

2According to Munashinghe (1987), in developing countries, the best overall strategy of planning is to seek
the least-cost method of meeting future energy requirements. However, he adds, there are numerous other,
often conflicting, objectives such as reducing dependence on foreign sources of oil, supplying basic energy
need of the poor, reducing trade and foreign exchange deficits, ensuring continuity of supply, and
preserving the environment. To the extent that these objectives result in higher energy costs, however,
they also result in more costly energy conservation measures being attractive in developing countries.
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conversion efficiency from 1/3 to roughly 2/3 by using the same energy for production
of both electricity and thermal energy (Shin and Sioshansi, 1990). Repowering is. the
conversion of an existing conventional gas- or oil-fired steam plant into a combined-
cycle plant by integrating combustion turbines. Conversion of this kind can imbrove
fuel efficiency by about 15-20% and results in reduced carbon dioxide emission for the

same amount of energy use (Shin and Sioshansi, 1990).

On the demand side (i.e. with respect to the effects of certain actions on customer
demand for energy), an electric utility can reduce its electricity use and hence its
carbon dioxide emissions in cooperation with its customers. Lighting, héating,
ventilating and air conditioning (HVAC) systems and other efficient end-use |
technologies can reduce energy consumption up to 75%. Strategies such as thig are
often referred to as demand-side managerﬁent (DSM) programs (Shin and Sioshansi,

1990).

. Munasinghe (1987) summatizes options for conservation in develobing countries in
transportation, buildings, industry and electricity supply. With respect to transportation,
any measure that reduces the amount of energy used per passenger-kilometre or
tonne-kilometre contributes to conservation. These measures might include utilizing
less energy-intensive transport modes, increasing the technical efficiency of certain
modes and changing behaviour and overall systems effects. Th'r,ee factors thaf affect
energy consumptidn in 'buildings are behavioural characteristics and attitudes of
occupants, energy-using equipment installed and architectural design practices and
material used. Munasinghe adds that the physical nature of a région also affects
consumption. In particular, keeping living and working spaces lighted and cool is a
priority in tfo‘pical countries, so many of whiqh fall into the developing'country category.

In the petroleum industry, conservation could be achieved if losses in refinery
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operations eznd distribution activities were reduced. Similarly, there is marked potential
to conserve energy in the generation, transmission and distribution of electric power. ‘-
In éddition, end-use conservation might be dramatically enhanced with improvements
in the technicél efficiency of energy using devices énd through demand management

and load control techniques.

At the International Conference on Global Warming and Sustainable Development

(1991:6), participants put forward that

developing countries need not go through the evolutionary process of
previous industrialization but rather, they must ‘leapfrog’ directly from a
status of underdevelopment through to economically efficient,
environmentally benign technologies.

Conference participants agreed that industrialized nations and international funding
agencies have an obligation not to burden developing countries with obsolete,
ineffieicnt, polluting technologies, but to make appropriate technology available on
favorable terms. Technology transfer and even funding by developing countries would
thus appear in order. Moreover, in light of the tremendous improvements‘in efficiency
that could be achieved, such funding would probably be cost-effective. Specifically, -
such investments by developing countries might well meet the dual objectives of". '
yielding a high return on investrpent and being the most cost effective way of reducing
gréénhouse gas emissions. Examples of projects that might be funded by the Worl“d
Bank, the United Nations Development Program and other éimiiar agencies, include
technical assistance for energy audits, retrofitting programs, establishment of energy

. conservation centers, improved power system management and distribution systems, :
development of more efficient wood stoves and urban traffic management projects

(Pinto, 1987).
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Reducing Emissions and Saving Money

According to the NAS'péne} (1991), improved building energy efficiency and vehicle
efficiency (without any fleet changes) are technically feasible measures in the U.s. for
which the net costs are less than or equal to zero. Assuming 100 percent
|mplementatlon of each of these options in reasonable apphcatlons, it is estimated that
. emission reduction potentials are 900 and 300 million tonnes (Mt) of carbon dioxide ,
equivalent per year respectively (NAS, 1991). Furthermore, at an estimated nét benefit
or at a low cost (defined by the panel as between 1 and 9 U.S. dollars per tonne of
carbon dioxide equivalent reduction), industrial energy management, transportatibn
| system managemént and power plant heat rate improvements could save an
additional 600 Mt per year. Together these five measures have the potential to reduce
the 1988 U.S. carbon dioxide emission rate of 4800 .Mt per year (Boden, Kanciruk and

Farrell,‘ 1990) by 36 pe.rcent.3

Another set of figures has been derived from a scoping study undertaken on behalf of
| tr;e U.S. Environmental Protection Agency (EPA). According to this study, carbon
dioxide emissions could be kept at 1988 levels‘throug‘h the year 2010 solely by means
of implementing programs estimated to have net cost savings for the U.S. Of these
programs,.the options with the greatest net savings are conservation programs in the

transportation, residential, and commercial sectors (Bretori,‘ 1990).

Emission reduction potentials have been calculated at sub-national levels as well.
Based on an analysis of energy use and conservation potential in the Canadian

province of Alberta, it is projected that, by 2005, a 7.3 percent reduction in the 1988

3|t is reasonable to assume that the reductions are achleved as soon as 100 per cent implementation has
occurred.
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carbon.dioxide emission level could be achieved through implementing energy
efficiency and conservation programs with an approximate payback period of 3.1
years (Alberta Energy, 1990). The estimated 6.7 billion Canadian dollars of initial
investment into conservation related retrofits might at first appear outside the best :
interest of presently existing persons. Nevertheless, the payback period, relative to the -
lifetime of a human being, is very short. It would certainly appear that such near-term
savings satisfy ethical criteria that give greatest weight to the interests of presently

existing humans.4

In 1983, a réport by Friends of the E_arth Canada concluded that, under conditions of '
strong economic growth (an increase of more than 200 percent in gross domestic
product) and moderate population growth V(an increase of over 50 percent), it would be
technically feasible and cost-effective to operate the Canadian economy in 2025 with
12 percent less secondary energy than was required in 1978. In addition, it was
estimated that a shift from 16 to 77 percent reliance on renewable energy sources by
2025 would be possible. Given a scenario in which the Canadian economy grows by
140 percent to 2025, there is moderate pdpulation growth and the cost of energy

. efficient and renewable energy technologles drops slightly, the report concludes that it
would be feasible and cost—effectlve to use 34 percent less secondary energy in 2025
than in 1978, with 82 percent of that energy provided by renewable sources.
According to the latter scenario, energy use ber capita falls to between_oﬁe-half and
two-fifths of its leve:l.in 1978 and eneréy 'use per dollar of gross‘ domestic product falls

to just over one-quarter of its level in 1978 (Friends of the Earth Canada [FOE], 1983).

4Compared to those of other energy investments, the payback period of effnc:ency programs often appear
even more attractive. Investors nevertheless appear to make irrational decisions in this respect. According
to Cavanaugh et al (1989), when peopie and organizations can be persuaded to consider energy efficiency,
they demand a much higher retum on their investments than energy companies eamn on their energy -
production projects. Conservation is typically expected to recover its full costs in three or fewer years, while
a decade or more must pass before many new oil fields, coal mines and power plants'begin to eam any
income.
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Though a carbon dioxide reduction potential is not calculated as part of the Friends of
the Earth study, it is reasonable to assume that, as the result of substantially greatér
energy savings and a switch to renewable energy sources, carbon dioxide emission

rates would be considerably lower than those suggested by the Alberta Enérgy study.

Energy efficiency can effectively save costs in developing countries as well. Amulya -
Reddy derived energy policy suggestions for the state of Karnataka, India. Relative to
other policy directives being considered, Reddy"s suggestions for energy efficiéncy

- entail lower costs as well as lower carbon dioxide emission ex;;ectations. He . |
estimates that Karnataka could meet its energy needs, avoid the currently predicted
doubling of carbon dioxide emiésions by 2000 and, at the same time, save the $3000
(U.S.) per tonne of carbon dioxide ft would have cost under supply expansion pians

the government made in the late 1980s (MacKenzie, 1991).
Full Cost Accounting

Though there is strong consensus that cost savings are possible:through energy
efficiency and conservation, there is some discrepancy between estimates of the
greenhouée gas reduction potential (and therefore harm avoidance potential) as the
result of measures that might bé implemented with a ¢ost savings. This may be due in

part to the different base prices of fuel assumed in cost calculations.

Despite plentiful proof that energy efficiency and conservation can save money and,
. asa result, improve the quality of life, decisions based on this proven potential are not
being made. A host of reasons have been given to explain why, to date, the savings 7

associated With'ehergy efficiency have not approached what is evidently possible. A
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major economic barrier to enei‘gy efficiehcy is that energy use decisions are based on
energy prices to the end-user that do not reflect marginal costs (e.g. Kozloff, 1987;
Pinto, 1987; Hamburg, 1990; Shioshansi, 1990). If the energy price charged to | ;

- consumers is less than its economic opportunity cost or if tariffs, taxes, interest rates or
other economic policy variables restrict the availability of energy-efﬁcienf equipment,
then markets may not respond rationally or quickly to conservation measures (Pinto,

1987).

Economic barriers to conservation exist in developing as well as industyialized
countries. According to Shrestha and Acharya (1990), electricity pricing in many Asian
countries is not reflective of the true costs of supply nor does it account for the external
costs. In some countries, residential and agricultural users are cross-subsidized by
cqmmerci'al and industrial customers although the marginal costs of supplying power
to the former sectors is higher than to industrial uéers. Subsidized electricity prices
have serious implications with respect to energy conservation. They lead to higher
levels of consumption and, in effect, make the prospect of purchasing more efficient

appliances by customers less attractive financially.d

" The price of fuel to consumers is of course an important factor in determining the cost
savings_that can be realized through energy efficiency and conservation. As thé price
per unit of fuel to run an autoﬁobile, pfdvide a hot shower or produce elegtricity goes
up, the monetary savings associated with using fewer units of fuel to achieve thesé .

- ends are increased.

' 5Despite the implications of subsidies on carbon dioxide emissions, Shrestha and Acharya stress it is
important to remember that many subsidies have been implemented on social grounds. Given that rates are
often based on equity and rural development arguments, the electricity subsidy problem is not necessarily a
clear-cut one. Others might argue that such subsidies, though otherwise appropriate, should not be
provided if they require environmentally inappropriate activities such as excessive energy use.
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Social and political values are among the many factors that may affect fuel prices (e.g.
Aiberta Eneréy 1991a). Where the health of the environment is valued, for example,
polluting fuels should be priced higher than where the health of enVironmen( is not
valued. Full cost accounting is a technique that can be used to ensure that costs to all

valued entities incurred by.consdmbtion are included when setting fuel prices.

In order to u'hderstand the benefit of full cost accounting, it is useful to consider the
implicit costs of not implementing a certain policy. Given a primary mandate to honor
the intereéts of presently living humans, the economic and social costs of continuing
current rates of ener‘gy use are significant. Utilizing more energy than fs needed to
maintain a desired standard of living consumes money that might othgrwise be spent
to improve that‘standard of living. (This line of reasoning is particularly relevant in
developing countries.) Furthermore, the éxternal costs of inefficient energy use cannot
be overlooked. Energy efficiency and 'cor.lservation, in addition to reducing emissiohs
of greenhouse gases, are key factors in other areas of pollution abatement. The costs
of not implementing energy efficiency and conservation strategies include those of
health and environmental recovery from harmful levels of grounq level ozone, acid
deposition, aknd,"to a lesser extent, stratospheric ozone depletioh. In many respects,
then, it is costly to present sbcieties not to pursue energjy efficiency and conservation

policy.



Global Warming Policy and Intergenerational Equity

A group of researchers in Sweden calculated the costs (in money and carbon dioxide)
of efficiency for a number of scenarios involving different energy supply mixes
(MacKenzie, 1991). In order to meet the country's service needs, the research team
found that no amount of efficiency was enough to reduce carbon dioxide emissions to
the targeted (1986) level (of 11 Mt per year) if the basic source of power was fossil fuel.
The scenario that produced the least carbon dioxide was determined to cost less than
simply letting market forces prévail.t" Nevertheléss, this scenério was not the qheapést.
On the other hand, carbon e_missiéns under the cheapest plan, though less than under
market forces, were found to be far too high to meet Sweden's target. The difference in
cost between ihe cheapest plan and the one that produced the least carbon dioxide
was estimétéd at $102 for each tonne of carbon not released. This, according to
Thomas Johansson of the research team, may be viewed as the cost to society of

adopting an energy policy v’vhich minimizes carbon dioxide versus one that minimizes

costs (MacKenzie, 1991).

.The reduction of greenhouse gases through cost-effective means may not be sufficient
to avoid rapid climate change éntirely. A étrategy that seeks only to minimize near-term
costs may eventually lead to a need for adaptation méasures to be implemented in the
future. If, in the interests of future generations, the costs of adaptation aré seen as
unfavorable, then higher emission reduction targets ma'y be set and more costly
measures included in an overall policy strategy (as in the current policy in Sweden). In

the United States, Breton (19_91) estimates that programs with costs under $200 per

6The high level of energy efficiency under this scenario saves enough money to pay for the investment -
. heeded to switch to biomass production. Under such a plan, Sweden would gain approximately $40 for every

tonne of carbon it does not produce that it would have produced under market forces alone (MacKenzie,
1991). - . . ‘ :

-
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metric tonne of carbon removed would permit a 13 percent reduction of carbon dioxide
emissions relative to 1988. Depending upon the ethical principles applied, this $200

cost per metric tonne could be incorporated as a greenhouse (carbon) tax.

Assessing a tax with the intention of reduéing lonéer-tefm threats due to global
warming may not accord with policy based on a present-oriented ethical principle. In
order to justify a greenhouse tax, or some comparable measure for which the desired
effects may be experienced in the relatively distant future, there would need to be
‘greater weight given to the interests of future generations. As a preliminary step to
| implementing a greenhouse tax, then, policy makers may need to accept
intergenerational equity as an applicable ethical principle. In general, the amount of a
greenhouse tax would depend on the degree to which intergenerational equity is
accepted as well as on the degree to which the effects could be expected tq be feit by

presently living individuals.

'fhus, with progressively increasinQ weight assigned to the interests of future
generations, there is a corresponding shift in importance from policy that maximizes
cost-savings in the present to bolicy that provides more insurance against future harm.
Where intergenerational equity is applied, energy efficiency remains one of the most
effective first steps of a greenhouse avoidance strategy. In contrast to policy that is
more present-oriented, however, a principle of intérgenerational_ 'equity would justify a
government imposed greenhouse tax (or ‘other régulatory measureé) to achieve h;igher

3 emission reductions than would otherwise be cost effective.
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Global Warming Policy and Non-Human Interests

When the circle of relevant interests (or rights or moral standing) is expanded to
included non-humans, then there are increasingly stronger ethical grounds for
considering investment into avoidance strategies. The latter is a conclusion based on
suggestions (e.g. IPCC, 1990; Schneider, 1989; NAS, 1991) that certain species of'
plants could neither adapt ndr migrate in order to avoid extinction in the event of rapid

climate change.

On the grounds that species extinction is undesirable' (i.e; based on the
characteristically holistic land ethics principle), it is possible to justify larger
investments in global warming avoidance measures than those based solély on the
interests of humané beir;gs. Also, given that the degradation of ecosystems due to
global warming would likely involve death ana suffering among sentient animals, then
greater investment into avoidance may be justified if one aécepts (the sentience-based
ethics principle) that suffering and death should be should be taken into account.(and
presumably avoided) when evaluating the potential consequences of global warming

and response strategies.

An Attempt to Quantify the Effectiveness of Energy Efficiency
The NAS panel (1990:16) developed the graph below based on model generated

estimates of the impacts on the global equilibrium temperature associated with

changes in anthropogenic emissions of greenhouse gases (from 1990 to 2030).
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FIGURE 4.1 IMPACTS ON THE GLOBAL EQUILIBRIUM TEMPERATURE

ASSOCIATED WITH CHANGES IN ANTHROPO
CARBON DIOXIDE (1990 -2030) ' : GENIC EMISSIONS OF '

Note: An incremental change in radiative forcing between 1990 and 2030 due to emissions of .
carbon dioxide implies a change in global average equilibrium temperature responses. The scales
on the right-hand side show two ranges of global average temperature responses. The first
corresponds to a climate whose temperature response to-an equivalent of doubling of the
preindustrial level of carbon dioxide is 1°C; the second corresponds to a rise of 5°C for an
equivalent doubling of carbon dioxide. These scales indicate the equilibrium commitment to
future warming caused by emissions from 1990 through 2030;

To determine equilibrium warming in 2030 due to continued emissions of carbon dioxide at the .
1990 level, find the point on the curve labeled "CO2" that is vertically above 0 percent change on
the bottom scale. The equilibrium warming on the right-hand scales is about 0.23°C'for a cllmate .
system with 1° sensitivity and about 1 2°C for a system with 5° sensitivity. ’

. Scenarios of changes in committed future warming accompanymg different emission rates can be
constructed by repeating this process for given emission rates.
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This graph can be used to construct scenarios of temperature change resulting from

different emission rates.’,8

For such an exerciss, it is useful first to examine a business-as-usual scenario whe.re
there is an implied growth in emissions from 1990 levels. The caléula‘ted temperavtu‘r:e
change associated with a business-as-usual emission scenario may theﬁ be
compared to temperature changes that can be expected to accompany various
emission reduction scenarios. The emission reduction scenarios presented below
have been chosen to illustrate, on the one hand, the tem_perature increase associated
' With a commonly suggested emission target (i.e. holding emissions at 1990 le\)els),
and, on the other hand, the temperature change associated with a somewhat more
;'igorous (though still easily achievable, given the emission reduction potentials cited
by the NAS panel (1990) and by the Friends of the Earth (1978)) emission rate (i.e.
" reducing 1990 emissions by 37%).

The panel cautions that it is difficult to predict the degree to which global warming will occur based on
temperature measurements alone. Though it would be helpful in this regard to monitor the radiation balance
of the earth, there are no satellites currently in existence that are capable of directly measuring outbound
infrared radiation (NAS, 1991).

8in the IPCC report (p. xxxiv), four scenarios are developed to illustrate the potential climatic changes
associated with different levels of greenhouse gas emissions. One scenario poses a situation where *large
efficiency increases are achieved" and "deforestation is reversed"; another scenario assumes that "a shift
towards renewables and nuclear energy takes place in the second half of next century"; and a third
illustrates the potential effects when “a shift to renewables and nuclear in the first half of the next century
reduces the emissions of carbon dioxide, initially more or less stabilizing emissions in the industrialized .
countries”. Because they involve a number of arbitrary and unquantified mitigation measures however, it is
difficult to use these scenarios in assessing the effectiveness of different specific reduction targets in
abating climate change.
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*A business-as-usual scenario (which implies growth in emissions from 1990 levels)

would produce a global average temperatui'e increase from 1990 to 2030 of .1.32° C.%

. Ba§ed on estimates derived by Breton, implementing programs in the U.S. with a net
cost savings could hold carbon dioxide emissions to 1990 l_evéls (through 2010).
Applied on a global scale, this emission rate would have a corresponding effect on
warming above 1990 temperatures through 2030 of (very roughly) 0.88° C.10 This
increase in temperature is lower than that estimated for the business-as-usual

scenario by 0.44° C.

~ e According to the NAS panel, energy efficiency improvements have the potential to
reduce the 1990 U.S. carbon dioxide emission rate by 37 percent. Appiied on a global -
scale, this emission rate would have a corresponding effect on warming above 1990
temperatures through 2030 of (very roughly) 0.59° C. 1! This increase in temperature

is lower than that estimated for the business-as-usual scenario by 0.73° C.

Thus, carbon dioxfde emission targets based on either of the above energy efficiency
improvemen; scenarios would substantially reduce temperature increaseé (at least
until the year 2030) commonly associated with a business-as-usual emissioq rate of
carbon dioxide. That is, in lieu of an increase of 1.32°Q,' lowér increases of 0.88° or

even 0.59°C would occur.

9The asterisk on the NAS graph corresponds with the global average temperature increase (from 1990) that
is expected to take place by 2030 given a business-as-usual scenario. This point shows global average
tempetature to have increased by between .37 and 1.8 ° C in 2030. For purposes of comparison, a single
value for global average temperature increase within this range has been-chosen. This value has been
calculated as two-thirds of the upper estimate plus one-third of the lower estimate:

{2/3 x 1.8°) + (1/3 x 37°) = 1.32° C. (The factor of 2/3 is ysed because of the author's supposition that
temperature changes are likely to be closer to the upper estimate.) The same calculation of a single value of
temperature change is used for subsequent (alternative) scenarios.

10(2/3 x 1.2°) + (1/3 x .23°) = 0.88° C

11(2/3%0.8%) + (1/3x 0.18%) = 0.59° C
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However, given that, due to the radiative forcing effect of carbon dioxide, global
average temperature has increased by between .15 and 0.3°C during the last hundred
years!2, the above temperature changes estimated for the year 2030 are relatively -
high. Thus, even as the result of seemingly low carbon dioxide emission taréets, some
(probably undesirable) increases in global equilibrium temperatures are likely to
occur. This may in turn suggest that emission reductions are important but, alone, are

insufficient to ward off significant climate change by the middle of the next century.

There are countless mitigation:options other than improved energy efficiency
suggested by scientists. For example, pptions with costs of between $1 and $99 US.
dollars per tonne of carbon dioxide equivalent include landfill gas collection,
halocarbon usage reduction, and changes in agricultural and reforestation practices
(NAS, 1990). In addition, there are adaptation measures such as building bridges and
developing drought-resistant crops that might be considered. Many different global
Warming strategies could be dre}wn up, each consisting of a different mix of avoidance

and/or adaptation measures.

Conclusion

The degree of investment in any strategy will depend on discount rates and costsrof
different measures, including those determined through full cost accounting. In turn,
discount rates and costs may be subjectively determined, depending in part on values

énd ethical principles applied. Regardless of the ethical principles accepted, energy

127he average iglobal temperature has increased between 0.3 and 0.6 ° C during the last 100 years (NAS,
1991) and just over half of this increase is due to carbon dioxide (IPCC, 1990). Therefore the range of
increase in temperature due to carbon dioxide is calculated by halving the lower and upper values.
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efficiency and conservation, both in industrialized and developing countries, are
desirable options in dealing with global climate change. If policy makers rejéct the
more controversial ethical principles, then attention may be devoted to the short-term

gains of efficiency in conjunction with adaptation strategies.

Accepting as important- the interests of future géneratio‘ns of humans and those of non-
human beings, however, esti.mates‘for éhort-term cost savings may be increased by
adjusting full cost accoLmting to include these interests. Accordingly, greenhousé
taxes énd other perhaps more costly avoidance measures may be justified. Even
under the most stringent emission reduction policies, it‘may be impossible to avoid
climate change entirely. Thus, the ideal policy strategy probably includes a mix of
mitigative (and perhaps adaptive) meésures with energy efficiency as a desirable first

step.

-97-



CHAPTER 5:
SUMMARY
AND RECOMMENDATIONS

The potential consequences of global warming include human and non-human
’ suffering and losses in biodiversity. As the circle of morally relevant (and rights ~
possessing) beings is enlarged, such sufferihg and io,ss may be seen as increasingly '

undesirable and efforts to avoid such consequences become increasingly justifiable.

The degree of investment in any global warming response strategy will depend on its
cost-effectiveness as well as its ethical acceptability. Cost-effectiveness, in turn, ie a
measurement that depends upon the discount rete,and costs of different options,
including those derived through full cost accoﬁmting. éoth in terms of cost-
effectiveness and ethical acceptability (regardless of the size of the circle of morally
relevant interests), improvements in energy efficiency in both developed ane

developing countries make sense as a first step in any global warming strategy.

With more attention given to the rights (and/or interests) of future generations and of
non-human beings, estimates of short-term cost savings associated with eneréy 1
efficiency may be increased by edjusting full cost ecccpunti'ng to include these rights
(and/or interests). The use of greenhouse taxes or other compairabie market-beeed
mechanisms would be.increasing!y justified with a greater recognition of rights and
moral standing across generations and species or with a higher value placed on the
well-being of whole ecosystems: With such taxes or equivalent measures, even

’ greater energy efficiency options become cost-effective.
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Even under the most stringent emission reduction policies, including those
emphasizing energy efficiency, it may be impossible to avoid human-induced climate
change entirely. In order to satisfy certain ethical principles (particularly the more
controversial onés) it may be necessary to pursue measures that are less cost-
effective than energy efficiency. In essense, the ideal policy strategy would probably
include a mix of mitigative (and perhaps adaptive) measures with energy efficiency as

the most desirable first step.

Based on the findings contained this document, the following recommendations are

offered for further consideration:

* More information is needed to ascertain the rate and significance of climate change
as well as the potential impacts associated with human-induced global warming. As
scientiéts cbntinue .to collect such information, efforts should begin immediately‘ to
impiemenf energy efficiendy programs. At little or no cost (or at a cost savings),
improved efficiencyf w§ll reduce carbon dioxide emissions an.d effectively slow the rate
of climate change, buying more time to gain a better understanding of the global

. warming phenomenon than would be available under a business-as-usual scenario.

* Because the greenhouse effect is a global phenomenon, increased interaction is
~ needed at the mternatlonal level International codperation in setting reduction targets
and in developing such measures as a globally tradable carbon coupon system would

be extremely useful in the context of global warming policy.

* As has been emphasized throughout this document, policy-making is an exercise in
applied ethics and the best policies are based on rational, well defined ethical

principles. With respect to the global warming issue, decision-makers need to discuss
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(and, ideally, to state explicitly) what ethical principles they are applying. In particular,
it is or will soon be, of considerable imponjtahce for policy-makers to understand the
extent to which future generations of people and non-human beings have‘standing

~ and/or rights.
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APPENDIX:
EXAMPLES OF ENERGY USE PATTERNS AND THE POTENTIAL
FOR SAVINGS IN VARIOUS SELECTED COUNTRIES

Canada

In Canada the National Energy Board (NEB, 1991) uses a long-term economic

growth rate of 2.3 % per year in establishing its projections for supply and demand in

rhe next twenty years. Based on this growth rate, however, different energy use

scenarios might be developed. As the NEB report explains, the particular structure
and type of economic activity significantly influences tne level and mix of energy
demanded.The NEB projects economic growth in Canada characterized by
continued reliance upon the energy-intensive production of goods but where such
production contributes a declining shara of total economic output for the coun{ry from
over 10.5 % in 1989 to less than 10 % by 2010. By implication, the less energy-
intensive service industry is expected to take on an increasing share in the economic

output.

It is interesting to note that substantial energy savings have been achieved in some
sectors of the country's economy. The Canadian Industry Program for Energy
Conservation (CIPEC) was established in 1976 as a voluntary, industry-organized

and government assisted energy conservation task force program (Kennedy, 1990).

.The activities of CIPEC include setting voluntary energy efficienr:y improvement

goals; reporting annually on the progress toward these goals; increasing energy
management awareness in industry; exchanging information on‘energy
management and technology; promoting energy conservation in general by

encouraging employees to adopt energy conservation in their homes; and
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establishing and maintaining an industry-government dialogue on energy
conservation matters. According to Kennedy, CIPEC has kept energy conservation in
the forefront of Canadian industry in the intereets of greater productivity and
international corﬁp‘etiveness. The network includes 14 sectoral task forces, with over
. 40 different industry associations participating in the program and representing: |

thousands of establishments (Kennedy, 1990).

Between 1973 and 1988, a weighted average of energy efficiency progress made by _
the 14 task forces equalled 28.8%. Numerous large energy intensive industries have
shown impressive improvements (e.g. chemicals 41.1%, industrial minerals 27.7%,
petroleum refining 31.3%, and pulp and paper 31. 1%) Other industries that use
large amounts of energy (but are not considered energy intensive) also achleved
notable progress (e.g. electrical and electronics 52.9%, food and beverage 28.7%,
plastics processing 45.0%, textiles 32.6%, manufacturing 22%, and wood products
35.2%. The CIPEC task force companies saved an estimated total of more than $20
billion of energy purchases, equivalent to 5,000 Petajoules of energy or 800 million

barrels of oil (Kennedy, 1990).

While energy consumption for the nation as a whole may point to a projected
decrease in energy intensiveness (and hence a reduction of carbon dioxide
emissions) across sectors, a closer examination of province-specific energy use

scenarios illustrates areas with potential for significantly greater savings.

According to a report by the Energy Efficiency Branch of Alberta Energy (1990a), for
example, the western province of Alberta is the highest per capita emitter of carbon
dioxide in Canada and the second highest overall after Ontario. There are two

primary reasons for this. First, Alberta is home to a relatively Iarge energy industry

-104-



(the products of which are used throughout North America) and, second, most of the

province's electricity is generated by burning coal.

A detailed breakdown of the emissions for each energy using sector is provided for '
1988 and, based on projections by the Energy Resources Conservation Board
(ERCB), emissions from 1988 through 2005 are presented. Table A.1 shows the‘

conversion factors used in the Alberta Energy (1990a) calculations.

Alberta Energy's (1990a) analysis included the following observations: Alberta's total;
carbon dioxide emission in 1988 is'estiméted to be 124 megatonnes (Mt) and tl;iis is
expected to grow to 177 Mt by 2005; the largest source of carbon dioxide emissions
‘is the energy industry, accounting for about 42% of the total and emissions from the
residential, commercial, transportation and othc—;-r industry sectors are all very sirr;ilar;

accounting for between 12 and 16% of the total each (See figure A.1).

~ Alberta Energy also develope_d a discussion paper on the emissions reduction '
.potential fof Alberta for 1988-2005 (Alberta Energy, 1990b). In the Alberta Energy

- study, it was found that there is considerable potential for energy savings in the

province. Based on the 1988 retrofit analysis, 15% of fossil -fuel usage could be

saved and 60% of purchase‘d:electricity could Be saved through energy _

conservation, including fuel substitution and cogeneration. Cost savings to all enefgy

consumers would be $2.2 billion per year following.the inve'stmént in $6.7 billion in.

conservation measures (Alberta Energy, 1990b).
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TABLE A.1 CARBON DIOXIDE CONVERSION FACTORS

Fuel Factor (kilotonnes CO2/Petajoule)
Fuel gas (assumes natural gas) 49.7
Propane (space heating and transportation) 59.8
Light Fuel Qil 73.1
Heavy Fuel Qil : 74.0
Coal (sub-bituminous Alberta) 93.6
Kerosene 67.7
Diesel 70.7
-Refinery Process Gas ' 51.0
Refinery Coke 86.0

Oil Sands Coke 89.4
Oil Sands Feedstock Gas ' ‘ - 49.7
Oil Sands Process Gas 58.0
Petrochemical Feedstock : 5.6
Flared Gas ’ - 49.7
Motor Gasoline _ ‘ 68.0
Synthetic Crude - 70.0
Aviation Gasoline - 69.4
Turbo Fuel : . 70.8

NOTE: The conversion factors are normally the fuel's higher or gross heating value assuming 100% combustlon
of hydrocarbons to carbon dioxide.

SOURCE. Chapter 11 of the Mitigation Panel report (NAS, 1991).
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Under the conditions of conservation described above for Alberta, the total carbon
dioxide emission level in 2005 could be reduced by 61.5 Mt by the year 2005. The
1988 emission Iével is estimated at 124.3 Mt per year, and the potential exists to

reduce this level to 115.3 Mt per year by 2005 (Alberta Energy, 1990b).

The United States

Hydrocarbon fuel combustion in the United States accounts for about 25% of
worldwide carbon dioxide emissions (Subbakrishna, 1990). Of the United States'
con‘tribution to worldwide emissions, approximately 27% comes from transportation,
29% from industry, 28% from power production and 16% from .the residential and
commercial sectors (Subbakrishna, 1990). Extrapolating these figures to. a global
level, Subbakrishna estimates that power production in the United States accounts

for about 7.5% of worldwide carbon dioxide émissions.

Breton (1990) estimates that U.S. carbon dioxide emissions could be kept at 1988
levels through 2010 solely by implementing programs estimated to have a net ucost
savings for the nation (when using a 7 % discount rate). Programs with costs
averaging $200 per metric tonne of carbon dioxide reduced would permit a 13 %
reduction of carbon dioxide relative to 1988, Implementing all the programs
evaluated, including those costing more than $200 per metric tonne of cérbon

removed, would allow for a 25 % reduction in emissions through 2010.

Of the programs Breton studied, energy conservation programs in the transportation,
residential and commercial sectors were determined to entail the lowest cost. The
next best (cost-wise) programs were found to be renewable electricity generation

substitutes for conventional fo‘ssilefuel generation plants. The results of Breton's study

-108-



suggest that a 20 % reduction in carbon dioxide could be achieved by 2010 without

causing the U.S. to incur significant costs.

Implementation programs need to be created to bring about the above reductions.
Also, the achievement of these results depends on an early start (by 1992 according
to Breton) toward installing high efficiency end use devices and improving the design

and lowering the cost 6f renewable technologies.

The US Environmental Protection Agency (EPA) has organized a voluntary, non-
regulatory program encouraging major corporations to install energy-efficient lighting
designs and technologies. The goal of the EPA's "Green Lights" program is to reduce
pollution and save ehergy through replacement of conventional light bu!bs. Crucial
to this program are the partnerships the EPA establishes with private industry in
order to build the customer base for energy-efficient lighting (Lawson and Kwartin,
1991). According1 to program proponents Jerry Lawson and Bob Kwartin (1991),
Green Lights works on an underlying principle stated as "Environmental Protection at
a Profit". This profit is purported to include lower electricity bills, improved lighting
quality and increased worker productivity. In addition, through ad‘option of Greén
Lights' ideas, such pollut_ants as carbon dioxide, sulfur dioxide and nitrogen oxides,
which constitute négative externalities associated with the production of eleétricity,

are reduced.

Liéhting accounts for 20-25 % of the electricity used each year in the United States.
Of all this eléctricity, 80-90 % is utilized in industry, commercial stores, offices and
warehouses (Lawson and Kwartin, 1991). The potential cost savings and emission
reduction due to installation of energy-efficient lighting is noteworthy. If, for example,

energy-efficient lighting were used wherever it were profitable to do so, it is
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estimated that $18.6 billion (US) would be freed from ratepayer bills for useful
investment. Furthermore, annual carbon dioxide emissions would be reduced by 211

million tonnes, the equivalent of the emissions from 42 million cars.

The EPA collects and distributes case studies as eyidence that the Green Lights
program is in the best interest of corporations. For example, Green Lights received a
subission from Jim Hardin, the construction manager of a hospital in Indiana. This
hospital, a 40 000 square-metre facility, having completed 30 % of intended '
conversion from conventional to high-effiéiency lighting, has saved 2 million kilowatt
hours (kWh) and $100 000 on annual utility bills. Additiona} benefits reported include
a significant reduction in maintenance costs, improved lighting quality, a 30 %
savings in summer air conditioning utility costs due to reduced i;aeat loads, and
improved security (proximity switches indicate people moving in some areas of the
hqspital). The initially projected payback period of two to three years now appears to
be conservative. This is partially attribqted to tﬁe fact that materials used for an-

' efficient lighting system have come down in price considerably ih recent times. As
Hardin points out, hospitals, where lighting is used 24 hours per day, seven days per

week, have much to gain by adopting the Green Lights program (EPA, no ‘date).

"In 1986, The New York State Energy Office implemented an energy management- '
program known as the Small Business Energy Efficiency Program (SBEEP). Funding
- for the program resulted from legislation which required distributing Exxon and other
Petroleum Overcharge Funds. Among the services provided by SBEEP are freé
energy surveys and technology transfer seminars for small business, not-for-.profit ,
organizations, and farms and agjribusinesses in New York étate. Between July 1986
and September 25, 1991, SBEEP conducted 23 402 suNeys. Seminar presentatiéns_
reached an additional 6000 residents of the state. According to the SBEEP update of
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October, 1991, if all the energy conservation measures recommended by SBEEP
technicians were implemented, the total potential savings would be more than $30
million annually. On average, each business could save nearly $1(§00 per year while
avoiding about 16 % of its energy bills. The average cost of im'plementing' the '

energy-saving measures is $2560 with a sirnple payback period of two years.
" Since 1986, the top five SBEEP recommendations have remained consistent:

*Use energy efficient fluorescent tubes; average annual savings of approximately
$300; average cost jbst under $406 for a 1.3 year simple payback period;

. | |
*Use energy efficient mcandescent light bulbs average annual savmgs .
approxmately $150; average cost of $110 for a payback period of less than one

year;

~ eInsulate hot water storage tanks; average annual savings, $70; cost, a little over.

' '$20; payback in less than four months;

*Replace incandescent light bulbs with fluroescenht lighting; average annual'

“savings, approx. $230; average cost, $300 for a 1.3¥year simple payback period; and

*Install current reducers on fluorescent lights; average annual savings, $570 cost

$500 simple payback perlod less than-one year.

Based on recommendations made by SBEEP, it is estimated that the $30 millicn

potential energy savings would be enough thermal energy to heat approxirmately‘
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43 000 av‘erage-siéed homes for one year. If all recommendations were acted upon,
the fuel savings.would equaté to a reduction of 300 tonnes of sulphur dioxide, 110

tonnes of nitric oxides and more than 140 000 tonnes of carbon dioxide annually.

Iﬁ the state of California, calculations for energy-related cost savings in indus‘try
illustrate the benefits of more efficient and technically feasible processes..Where, for
example, direct resistance heating for metalworking and glass melting replaces
conventional electric heate:rs, the net cost per tonne of carbon dioxide reduced (net
cost lS the cost relative to the conventional technology being replaced) and the total
annual carbon dioxide reduction by the new technology have been calculated by

Shin and Sioshansi (1990:590).

*Fuel used by conventional technology per unit of outAput =1 270 000 kWh/year
*Fuel used by new technology per unit of output = 823 000 kWh/yegr

*Carbon dio>l<ide emissipn coefficient = 1-.i1 95 Ibs/kWh

-Annualizeq cost of éonveptional technology per unit of output = $137 OOO/yeér
*Annualized cost of technqlogy per unit of output‘= $93 700/year

*Market penetration of new technology in 2005 = 60 000 000 kWh/year
*Carbon dié)éide reduction by application of new technology

= (1270 000 - 823 000) kWh/year x 1.195 lbs/kWh x 1/2200 tonnes/ibs

= 243 tonnes/year
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*Net cost per tonne of carbon dioxide reduced by new technology =
(93,700/year - $137,000/year) divided by 243 tonnes/year
" =-$178/tonne (This is a savings, not a cost.) ) ~

. *Total annual carbon dioxide reduction in 2005 by new technology =
267 tonnes/year x 60 000 000 kWh/year‘ divided by 823 000 kWh/year
= 19 000 tonnes/year

Under contract for the Southern California Edison Company, Science Applications
International Corporation has developed a database that documénts the energy
savings, capital costs, a_mnualized costs, payback period and car’bén dioxide
reduction for 27 supply- and 188 demand-side technologies. Of the supply-side
options studied by Shin and Sioshansi, all'were found to be cost-effective but the
magnitude of carbon dioxide reduction possible was estimated to be relatively small.
The most effective supply-side option was determined to be the conversion of plants
from coal to natural gas generation. Wind generation appeared to be relatively ‘

expensive, given its large initial capital cost.

All demand-side options were calculated to have a ng’gative cost. The replacement
~of blast furnaces with direct arc melting in the métals industry, according to the
calculations, would have the largest carbon dioxide reduction potential, followed by '
Iighting efficiency imbrovements. Industrial process heat pumps and heating,

_ ventbilation and air conditioning pumps with water heating in the residential and

commercial sectors also showed significant carbon dioxide reduction potential.
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Though their model suggests that net savings would result from implementing
eneréy efficiency measures over the lifetime of the investments, Shin and Sioshansi
say that the initial capital requirements are likely to be substantial (for a utility) and
s‘hould not be treated lightly (1990:596).

~

Australia

It has been estimated that between 107 and 194, million tonnes of annual carbon
dioxide emissions could be saved through eﬁergy efficiency measures in thé
residential, commerciél, transport and industrial sectors in Australia bS/ 2005‘ (Tilley, -
1991). As means of minimizing the cost of achieving both the low and high emission -
reduction scenarios in Australia, é‘number of strategies are recommended for tﬁe
residential sector in thg areas of water heating, refrigeratibh and other major
appliances (which account for about 55% of the carbon dioxide emissions in this |

sector).

With respect to water heating, one recommendation is to increase the number of
households using gas powered water heaters in households already connected to
gas (of which one third utilize othef forms of water heating) as well as in newly b
connected households. The capital costs of this course of action would be
outweighed by the savings in running costs. Other recommendations include the
adoption of solar-electric heating only outside the gas'feticulated area, and the

adoption 6f a combination of solar and natural gas for water heating (Tilley, 1991).

Because it is not currently possible to change the type of energy used for
" refrigeration, the main alternatives for emissidn reduction in this area are to decrease

the demand and increase the efficiency of refrigeration. In the case of both
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refrigerators and other major appliances, the sales-weighted efficiencie§ in 2005 can
be expected to exceed the current best-on-the-market (Tilley; 1991). In order to have
an effect on emissions reduction, rates of market penetratio“‘n by more efficient
appliances must be much higher than current rates and would require market
intervention to be achieved. Changes in installation preferenc.es would need to

begin almost immediately ('i'illey, 1991). .

In Australia's iﬁdustrial sec’t&, the potential for changes in production efficienby
generally fa'lll into three cétegories. The first of these is the upgrading or renovation of
plants to accomoﬁdate more efficient proceéses. For example, increased and
improved use of waste heat may be built in. The second category of change is that of
improved training, monitoring and targéting. This mray involve the use of
sophisticéted monitoring computers (which can decrease 'enei'gy usage by up tq

10%).The third category is that of new technology (Tilley, 1991).

A key element in impréving efficiency in all of the various sectors in Australia, as in
most other countries, is the development of communication programs aimed at

reduction and performance improvement (Tilley, 1991).
Mexico
According to Guzman (1987:2),

..it is of the utmost importance to Mexico to decelerate its
inordinate growth in domestic energy demand. Otherwise, the -
Mexican energy sector will need considerable new investments,
particularly in the oil sector, investments that do not seem
financially feasible at the present time or in the near future.
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Guzman's rebort suggests that Mexico has been wasting considerable amounts of
energy at éll levels, particularly since the beginning of the 1970s. Given the
tremendous energy waste that has occurred in Mexico, there is significant potential
for conservation and improvments in energy éfficiency. A cumulative total of .81

billion (US$) between 1991 and 2000 is the calculated potential savings that could
be achieved for Mexico if energy efficiency were maximized in industrial, transportion
and residential sectors. Money saved through conservation could do much toward
relieving Mexico's massive foreign debt (which in 1987 amounted to 100 000 million

dollars) (Guzmaén, 1987:320).

Asia

In the Asian region in recent years, according to Ram Shrestha and Mahesh Acharya
'(1990), growth in electricity consumption has occurred at a faster rate than that of

" nonelectric energy -use. Shrestha 'and Acharya discuss key options for improving the
e_fficiency of electricity generation, supply and use and related p.olicy: issues in tel;x
‘Asian countries: Bangladesh, China, !ndia, Pakistan and Sri Lanka (low income
countries) and Indonesia, Malaysia, Philippines, Republic of Korea and Thailand

(middle income countries).

At present, carbbn dioxide emissions in the selected countries amounts to over 2 %
of the global emiss_ion. This share is expected to be considerabl'y higher in the future
" based upon eviden;:e of the relatively fast grdwth of electricityrprodt',lction in most of
~ the selected countries. The shares of thermal power generation in g,eneﬁral and coal-

based generration in particular are expected to grow rapidly in most countries in the

study. Carbon dioxide emission from power plants in these countries (excluding
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Pakistan and Malaysia) is estimated to increase 2.63 times by 2000 (Shrestha and

Mahesh,.1990).

Together, China and India, where coal constitutes the primary electricity generation
source, account for approximately 88 % ‘of the estimated total emissions of carbon
dioxide in the selected countries as a group in 1987. The efficiency of generation
from coal-fired plants was found to be particularly low in China (about 30 %) andi
India (28.4%,). This is in compérison to tﬁe average efficiency rate in OECD countries
;of 32.3% (Shrestha and Mahesh, 1990). Thus, by incrasing electricity generation
efficiency in India and China to levels currently achieved in OECD countries, 10 to

' 15% reduction in coal use (and hence carbon dioxide emissions) in India and China

could be achieved.

ImproVements in end-use energy efficiency in the Asian region is of considerable
importance for two main reasons. First, ownérship of electrical appliances is growing
rapidly. In Beijing, for example, the proportion of households with refrigerators rose
from 1.5% in 1981 to 62% in 1987 (Kats, 1990). Second, due to relatively low
purchasing powér, owners are likely to use their appliances longer than their

counterparts in more developed countries (Shrestha and Mahesh, 1990).

New technology provides numerous means of saVing energy. Due to in{provements
in efficiency, for example, energy consumption by refrigerators has been cut by up to
70% in the past 15 years in Asia(Kats, 1990). Large scale use of efficient appliances
7 would entail costs; therefore, careful demand-side management programs are '

* implicitly desirable. As houéehéid incomes are typically rather low in most of the _
countries studied, most utilities would have to devise cost sharing schemes to offse}

the initial costs of new appliances in order to promote them.
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Composition of the residential sector in developing countries is changing rapidly.
There is significant rural to urban migration and a steady increase in the number of .
people living mdre modern lifestyles. Rising incomes are associated with greater
energy consumption, especially due to the purchase of appliancés. Fuel-switching
from wood to kerosene and from kerosene to gas and electricity is characteristic of
the residential sector as well. Theré is considerable potential in the long.term for

| efficiéncy as newer more efficient appliances enter the stock (Sathaye et al, 1987).

Malaysia

In the Southeast Asian country of Malaysia, electricity fqr residential use is presently
available to over 90 % of the population. In addition, effort has been made to ensure
that energry éupplies and infrastructure are available for industrial, rural and agro-
related activity (Mohammed Ali, 1991). |
Malaysia is well endowed with energy resources, including natural gas, oil, goal and
hydroelectric power sources. In Malaysia, beginning in the 1970s, there occufred a
gradual trahsformation from a predominantly resource-based agricultural economy
to an economy characterized increasingly by manufactured goods export. Currently,
manufacturing is the leading growth sector of the econbmy, with exports, including
electronics, textiles and rubber based products, making up over'50 % of export

earnings in 1990 (Mohammed Ali, 1991). -

Associated with this emphasis on industrialization and manufacturing has been a
growth of energy use in the industrial sector, Industry, daccording to Mohammed Ali,

consumes 32% of the final energy demanded in the country, second only to

~
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transportation, which accounts for 42 %. It is' expected that industrial energy demand
will grow at 9.9 % annually and that the share consumed in the transportation sector
wil! fall to 40 % while thét in the industriai sector will increase to 34 %. Oil and

petroleum products contributed 66 % of the primary fuel m_ix in 1990; however, this is
expected to fall to 60 % by 2000, mainly as the result of a switching over to natural

gas.

The overall growth in demand for energy in Malaysia will no doubt be a factor in
carbon dioxide and other greenhouse gas emissions. It has been estimated that
carbon dioxide emissions totalled 22 million tonnes in 1990 and that this total will

increase to 35 million tonnes (1.6 tonnes per capita, as compared to 1988 per capita

emissions of 16.9 tonnes in Canada, 19.4 in the U.S, 3.7 in Mexico, and 2.1 in China .

(NAS, 1991).) by the end of the century (Mohammed Ali, 1991).

Mohammed Ali explains that, while reducing-the activities that require energy is not
an appropriate option in developing countries, using energy more efficiently and
reducing the carbon-intensity of the primary fuel mix is economical and desirable.
The Malaysian government is thus activély involved in implementing conservation
strategies. These include developing more appropriate pricing policies that -
discourage wasteful enérgy_use,'supporting energy awareness programs, imprO\‘/inQ
efficiency in power production and distribution, and working with power utilities to

' develop demahd-side management prograr'ns.

- Malaysia has been rapidly expanding natural gas exploration, extraction, use and
exportation. Usé of natural gas has been focused primar'il.y in power generation, with
development, in the 1980s, of a major gas-fired combined cycle plant. In addition, a

trans-peninsular transmission line is being constructed which will facilitate delivery of
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natural gas to industrial-intensive areas and exportation of gas to Singapore in the

south (Mohammed Ali, 1991).

The chahge over from oil and pe-troleum_ based energy supply to natural gasris
considered an important factor in the decrease of carbon dioxiode emissions
Maléysia hopes tb achieve due to the lower carbon dioxide intensity of the latter.
(This is assuming methane leékage can be kept to a minimum.) Large untapped

- hydroelectric. potential is also cited as a means of reducing Malaysia's contribution t;)

global carbon loading (Mohamrmed Ali, 1991).

It is interesting to note that, in the case of Malaysia, most of tﬁe changes related to
reduced carbon dioxide emissions (relative to overall energy demand) have been
implemented for economic reasons rather than for a concern ébout greenhouse

- warming (Moharﬁmed Ali, 1991).

Singapore

K.R. Rao (1987) advocates energy conservation in developing countries because, as
he says, the energy saved through conservation can be considered a new source of
energy available to meétr additional demand. In developed prountries, most of which
are characterized by temperate and cold clirﬁates, 35-40% of all primary enérgy
consumed is used in buildings (k.R. Rao, 1987). In these countfies, residential
buildings use nearly twice as much energy as all other typés of buildingsanda .
significant majority of this residential eﬁérgy use goes toward space and water
heating. There is quite a different situation in developing couhtrieé according to Rao.
In the warmer ciimates of most de\}eloping countries, residenbes consume much less

energy than their counterparts in the developed world because there is generally no

»
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air-conditioning. On the other hand, large hotels and commercial and office buildings
in many of the developing countries' larger cities are typically air-conditioned - ',
continuously and intensively. Rao found that in Singapore, for example, there is
considerable room for savings given that the methods of electricity generaiion' are
Iess than 30% efficient in converting primary to secondary energy. Raoremphasiz:e's
that efforts to conserve energy 7in'developing countries should be focused on large

commercial and office buildings.

Rao studied the potential for energy savings in commercial buildings in Singapore
and concluded that, besides the savings achievable in the operation of buildings,
“there is clearly potential for energy s.avings in the construction of such buildings.
Steel, aluminum, concrete, glass, brick, plaétics and ‘the many other materials that go
into construction require energy themselves in production. Procéssing and
mah_ufacturihg of some material requires more energy than others. Production of a
reinfqrped concrete structure, for example, will use less than 60% of the energy .
necessary to produce a complete standard steel structure (Rao, 1987). Thus,

- conservation could be achieved in fhe construction industry through the use of less
energy-intensive materials. A handbook, as suggested by Rao, that lists the various.
energy cost per ‘l.mit of building components, might be a useful tool for building

designers. -

Pakistan

The present level of per cgpiia energy consumption in Pakistan roughly corresponds'
to half the average for developing countries, one-seventh the world average and
one-twentieth of the average for industrialised countries. With a population of 115

million (2 % of the world population), Pakistan consumes about 29 million tonnes of
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oil equivalent of commercial energy (oil: 39%, gas: 39%, coal:7%, hydro: 15% and
nljcléar 0.3% respectively) and contributes 0.3 % of the global emission of carbon

dioxide due to energy related activities (Khan, Jalal, Mumtaz and Latif, 1991).

The electric power industry accounts for one-third of the total prirﬁary energy
consumption in Pakistan and this éhare is steadily increasing with time (Khan et al,
1991). For Pakistan in general the electric power generation alternative with the
lowest carbon dioxide emission factor is gas-fired (especially combined cycle) plants

and that with the highest is coal-fired plants (using indigenous coal).

India

Anandalingam (1987) describes a benefit-cost analysis undertaken in India where
industrial energy conservation projects, on ;[he one hand, and improved energy
supply, on the other, were compared. For each project, the present value of public’
and private net benefits, supply prices, volume and value of energy savings and the
internal rate of return were calculated. Anandalingalﬁ found that the conservation
measures in the steel industry were by far the most costly while those in the food
processing industry had the lowest average supply price. Overall, however, it
'. appeared that the type of conservation projeét (e.g. insulation, waste heat recovery,
. etc.) was more influential in determining the economics than-the type of industry.
Simple housekeeping measures seemed to be the most econorﬁical per energy unit

conserved, followed by waste heat recovery and process changes.

Analysis results showed that all the conservation projects in the Anandalingam siqdy
‘were economic from the .public perspective when energy savings were evaluated at

shadow prices and no taxes were factored in. All investments were deemed
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economical if 25% or more of the investments were returned to the firm as a credit on
taxes owed. Furthermore, all conservation measures that involved only basic
insulation or other housekeeping were economical from both public and private

perspectives.

Even in the absence of investment incentives by'the government, private investors
could expect quite high rates of return from energy conservation measures
(Anandalingam, 19'87). All of the conservation prqjects in India evaluated by
Anandalingam with positive internal rates of return had discount payback periods of
less than 3.5 years; more than half paid back their investments in less than two
years. Anandalingam recom_mended further work in evaluating the impact of
government incéntives such as tax credits, depreciation allowances and relief from
taxat,ion for revenue increases due to energy conseNation. Nevertheless,
conservation measures were shown to be notably economical even in the absence

. of such assistance.

On the basis of supply prices., the various conservation projects evaluated by

‘ .Anandalingam were, with one exception, all less costly than domestic production of
oil (both offshore and onshofe) in India. Coal production was more costly than 70%
of the conservation projects on cost a per unit of energy basis. Finally, com'pared to
the import of oil, all conservation projects were clearly economical in their own right
(Anandalingam', 1987). It might be concluded, baséd on this study, that the shift of
resources in India (and indeéd in many other developing countries) from energy
supply to conservation could be cost-effective. Anandalingam estimated that with
only 8 to 14% of the total public sector outlay for energy in India's Sixth Five-Year

Plan, a sa\iihgs of 25% could be achievéd in the industrial sector.
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Eastern Europe

Kramer (1990) explains the reasons why conservation is desirable and yet why it is

not always viewed as economically attractive. On the one hand, it has been found .

- that in Eastern Europe the monies necessary to increase power-generating

capacities by 1000 MW yield an equivalent of 2000 MW when spent on conservation
measures. Furthermoré, it typically costs one-half to two-thirds less to conserve than

to produce an equivalent amount ‘of' energy.

Accordin,'g to Kramer, there is considerable potential for conservation in Eastern
Europe and the Soviet Umon On average these countrles consume between 30 and
50 (and sometimes as high as 80) % more energy as most industrialized capntallst
countries to produce similar units of national income. It has been estimated that
countries in Eastern Europe and the Soviet Union could increase their national
incomes by approximately one-half simply by achieving the same efficiency of

energy consumption as members in the European Economic Community.

Fundamentally, says Kramer, the excessive consumptidn of energy in Eastern
Europe is related to the Stalinist "command economy” and a concomitant strategéy
of extensive growth that did not merely i lgnore conservatlon but actively dlscouraged
it. Though post-Stalin regimes have modlﬂed the pure Stalinist model its essentlal
features persist and foster excessive energy consumptlon; Fulflllment_ of production
targets is the key objective to which all others, including energy efficiency, are ‘
subordinate. Producers in fact perceive an economic incentive to maximize
exper)ditures on energy inputs, as.these and other inputs are used as indicators of

fulfillment of output targets.
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- Pricing systems may also impéae conser\vati.on. Prices have reflected the '
preferences of the political elites rather than the dictates of supply and demand. -
Because, accdrding to Marxist thought, natural resources are "free goods," ana also
due to an encouragement to produce cqmm_odifies with a high energy inp‘uf, priées

for energy resources have been too low to stimulate efficiency (Kramer, 1990).

A further cdntributing factor is the emphasis~ in the Stalinist m<,3del on developing
energy intensive heavy }ndustry. Also, the overall state of technolbgy is relatively
outdated and obsolete, characterized, for example, by old coal-burning industrial

| furnaces, boilers and 6ther power equipment. In addition, the housing s,iock is
describec_i by Kramer as poorly cbnstructed, insulated and maintained, resulting, for

example,.in rﬁajor inefficiencieé in heating (Kramer, 1990). = -
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