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THE PROVISION OF ELECTRIC ) 
SERVICES THROUGHOUT THE 
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STATE OF ARIZONA 
i 

EXCEPTIONS OF THE CENTER FOR ENERGY AND ECONOMIC DEVELOPMENT 
AND WESTERN FUELS ASSOCIATION, INC. 

Pursuant to the Notice issued in this docket by the Commission dated February 5, 

1999, the Center for Energy and Economic Development (CEED) and Western Fuels 

Association, Inc. (WFA), submit these exceptions to the proposed recommendations of the 

Hearing Officers. 

CEED is  a non-profit organization formed by the nation's railroads, coal producing 

companies, a number of electric utilities, equipment manufacturers and related 

organizations for the purpose of educating the public, including public-sector decision- 

makers, about the benefits of affordable, reliable, environmentally compatible coal-fueled 

electricity. CEED's members mine and transport coal for use in electric generation stations 

in the State of Arizona. 
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WFA is a non-profit, consumer-owned cooperative company. Its member-owners 

are municipally and cooperatively owned electric utilities in the Midwest, West and 

Louisiana. WFA was formed to purchase coal for i ts members' power plants. WFA 

supplies more than 20 million tons of coal per year to 9 powerplants located in 6 states 

serving more than 2 million electric consumers. 



1 
1 
I 
I 
I 
I 

J 

CEED and WFA take no position as to whether or not the electric utility industry in 

Arizona should be restructured. CEED and WFA believe that, if restructuring occurs, it 

should be competitively neutral as to fuel and resource selection. In other words, 

restructuring should be accomplished in a way that does not favor any one method of 

generation over any other nor any one type of fuel for generation over any other. All types 

of electric generation should compete on a level playing field. 

CEED’s and WFA’s comments are limited to two of the proposed restructuring rules. 

First, CEED and WFA support the proposed deletion of the solar portfolio standard in R14- 

2-1 609. The purpose of restructuring is  to allow the market to decide the types of electric 

generation that are used to supply electricity to consumers. As the hearing officers 

concluded, a solar portfolio standard would be extremely expensive and contrary to the 

purpose of restructuring. 

CEED and WFA also oppose adoption of R14-2-1618(A)(5) and (6), which provide 

that the consumer information labels required of electric sellers must include “[fluel mix 

characteristics of the resource portfolio” and “[e]missions characteristics of the resource 

portfolio.” Requiring power suppliers to provide information on the sources and emissions 

of the power they propose to sell raises difficult questions that have not been adequately 

explored in this docket. 

With respect to sources of power, restructuring will make it difficult for a power 

supplier to track the electricity it provides back to specific generators. Restructuring will 

lead to electricity becoming a truly fungible commodity in a dynamic market. Power may 

change hands many times before it reaches the ultimate consumer, and market aggregators 
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MODEL DISCLOSURE FOR COAL-FIRED ELECTRIC GENERATION 

1. Coal-fired electric generation results in emissions of sulfur dioxide, nitrogen 
oxides, carbon monoxide, carbon dioxide and other substances from the electric powerplant to 
the air. 

2. The level of emissions of sulfur dioxide, nitrogen oxides and carbon monoxide are 
subject to a comprehensive system of environmental regulations. As a result of these regulations, 
most electric utility powerplants have installed pollution control devices and employed other 
strategies to reduce emissions. As a consequence, the total amount of these substances emitted to 
the air has declined substantially in the last two decades even as the amount of electric generation 
has increased substantially. 

3. Emissions of carbon dioxide are not subject to regulation under the environmental 
laws of the United States or Arizona. 

4. Coal-fired electric generation also emits trace quantities of hazardous air 
pollutants, or HAPS.  The United States Environmental Protection Agency (EPA) conducted a 
study of these HAPs and determined that mercury emissions are the HAPs that warrant the 
greatest attention. EPA is currently conducting a fkther study of the impacts on the environment 
of mercury emissions. EPA is required by the federal Clean Air Act to regulate mercury 
emissions if EPA determines based on its studies that it is “appropriate” and “necessary” to do 
so. 

5 .  The amount of sulfur dioxide, carbon monoxide, carbon dioxide and other 
substances emitted from coal-burning powerplants is more than offset by reductions in emission 
of these substances when electricity is used as an energy source. Electricity is the cleanest, most 
efficient source of energy in commercial use. Over the last century, electricity has replaced fossil 
fuels, including coal, as the source of energy for a wide variety of residential, commercial and 
industrial processes. Whenever electricity is used instead of fossil fuels in these processes, the 
result is a net reduction in emissions, because the emissions avoided when electricity is used as a 
substitute for fossil fuels is greater than the emissions produced when coal is used to generate 
electricity. 

6 .  Electricity is used as a substitute for fossil fuels when the price of electricity is 
competitive with the price of the fossil fuels. If the price of electricity increases unduly, fossil 
fuels will be used as a source of energy rather than electricity, with the result that emissions will 
increase. 

7. Coal-fired electric generation is a low cost source of electricity. The use of coal 
to generate electricity, therefore, is a key to assuring that electricity continues to substitute for 
fossil fuels as an energy source and that emissions continue to decline. 
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8. Economic growth is one of the main determinants of environmental quality, 
because a healthy economy allows the country to purchase the means to achieve a healthy 
environment. The country has spent more than $200 billion on measures to protect and improve 
the environment. This money could not have been spent absent economic growth. 

9. Low electric prices are strongly associated with economic growth. Over the last 
two decades, the use of electricity has grown at almost exactly the same rate as the GDP (about 
70%). Because coal is the largest source of low cost electricity, coal remains a dominant and 
growing fuel for electric generation, with the use of coal increasing by almost 400 million tons 
per year during that time. This increase in the use of coal for electric generation over a period 
when emissions have shrunk is not a coincidence. It is causal. As stated, increased use of 
electricity has resulted in the displacement of fossil fuels as a source of energy in this country. 
And the increased use of electricity generated by low cost coal has fueled economic growth 
which has allowed the country to spend billions of dollars on environmental improvements. 
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will bundle consumers and serve them from intermingled sources. If a power exchange or 

independent system operator i s  used, electricity dispatched to consumers would simply be 

the lowest cost electricity available at any particular time regardless of source. 

Providing emissions information to consumers is even more problematic. The 

difficulties in knowing the source of any particular consumer’s electricity will make it 

impossible to accurately state the emissions that resulted from producing electricity from 

such source. 

Even if the source of electricity i s  known, the complexity of the environmental 

impacts associated with each method of generation can result in the consumer being 

supplied with incomplete, inaccurate or deceptive information. For instance, under 

proposed R14-2-1618(A)(6) a consumer choosing a fossil fuel electric supplier would be 

informed that his electric source produces certain sulfur dioxide emissions. But he would 

not be told that there is a nationwide cap and trading program for such emissions and that 

the consumer, by choosing an alternative electric supply, cannot influence the amount of 

sulfur dioxide emitted to the air. Similarly, a consumer choosing a fossil fuel electric 

supplier would be informed that his electric source produces nitrogen oxide emissions. 

But he would not be informed as to the location of those emissions, for instance, whether 

such location is  in Arizona, is  in or near an area of bad air quality or is  in or near rural 

areas where ozone is  not an issue. Similarly, the consumer would not be told of the 

environmental laws in place that will assure that, whatever electric source he chooses, air 

quality will meet defined standards. 

3 
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More fundamentally, the proposed emission disclosure rule ignores the fact that 

lower cost electric sources, such as coal-fired electric generation, actually reduce the total 

amount of emissions produced by society. This result occurs because electricity competes 

with fossil fuels as an energy input in a wide variety of commercial, industrial and 

residential processes. As the price of electricity declines, electricity substitutes for fossil 

fuels in these processes. Conversely, as the price of electricity increases, fossil fuels 

substitute for electricity. As a result of this substitution effect, in order to obtain an 

accurate view of the emissions created when a consumer uses electricity, one must 

examine both the emissions produced by electric production and the emissions avoided 

when the consumer uses electricity instead of a competing fossil fuel as his ultimate energy 

input. 

The relationship between electric use and emissions has been comprehensively 

examined in the two attached reports of Mills, McCarthy & Associates. As demonstrated in 

those reports, low cost sources of electricity, including coal-fired electricity, cause 

emissions to decline considered on a total societal basis. In other words, as electricity 

substitutes for fossil fuels, there are more emissions avoided at the point where electricity 

is  used than there are emissions created at the point where electricity is  generated (even 

when the generation fuel is  coal). 

Because of this result, proposed R-l4-2-1618(A)(6), which informs consumers of 

electric generation emissions but not of the emissions avoided when electricity is  used, 

may cause consumers to believe erroneously that choosing low cost fossil-fueled sources of 

electricity will increase emissions. To the contrary, as consumers choose low-cost 
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electricity, they will have the incentive to utilize the array of electrotechnologies set forth 

in the Mills reports (from electric Iawnmowers for residential consumers to electric arc 

welding for industrial users) instead of fossil technologies, with a resulting decline in 

emissions. 

WFA has prepared the attached model disclosure for coal-fired electricity as a result 

of concern that one sentence emission disclosure requirements such as proposed R-14-2- 

161 8(A)(6) are misleading. Such model disclosure presents a comprehensive and accurate 

portrayal of the emissions impact of coal-fired electricity. CEED and WFA respectfully 

recommend that the Commission adopt the model disclosure or delete proposed R-14-2- 

1618(A)(5) and (6). 

Dated: February 15, 1999 

Western Fuels Association, Inc. 

Fredrick D. Palmer 
Chief Executive Officer Terry Ross 
Western Fuels Association, Inc. 
4301 Wilson Blvd., Suite 805 
Arlington, VA. 22203-41 93 

Respectfully submitted, 

The Center for Energy and Economic 
Deve I opmen t 

West Region Vice-president 
CEED 
P.O. Box 288 
Franktown, CO 801 16 

Of Counsel 
Peter Glaser 
Doherty, Rumble & Butler, PA 
1401 New York Avenue, N.W. 
Suite 1100 
Washington, D.C. 20005 

202-393-3 1 3 1 (fax) 
202-393-2 5 54 
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SUSTAINABLE DEVELOPMENT 
AND CHEAP ELECTRICITY 

ExECuTlvESuMMARY 

The economy and the environment in- 
creasingly appear to be in competition. 
This is most striking in the electricity sec- 
tor where programs around the nation are 
discouraging or have discouraged electric- 
ity consumption ostensibly in order to im- 
prove energy efficiency and minimize 
environmental impacts. While there are 
sensible and economically viable programs 
to promote the more efficient use of elec- 
tricity, such activities have all too often 
been mistakenly interpreted to mean that 
overall electric use should be discouraged. 

Historical technical and economic evi- 
dence reviewed in this analysis shows that 
the overall effect of declining electricity 
costs and rising electricity use is beneficial 
both for the economy and the environ- 
ment. This analysis reveals the fact that 
economic growth over the next two de- 
cades could be accelerated with low-cost 
electricity. And while the inaeased use of 
coal is inextricably linked to low-cost elec- 
tricity, the remarkable efficiencies of the 
electricity-using technologies that will be 
replacing fuel-burning technologies in the 
marketplace more than offset emissions 
from coal-fired power plants -- so much so 
that one can expect substantial reductions 
in the emissions of carbon dioxide (the 
principal gas implicated in the global 
warming theory). 

The economic and environmental impor- 
tance of low-cost electricity is highlighted 
by the following facts which illustrate the 
transition to an economy dominated by 
electricity : 

In 1991 for the fht time in histov, the 
industrial comerrial residential @CR) 
secton which drive the economy 

consumed the mqjor share (51%) of 
their fuel as electricity. By 2010, over 
63% of the ICR energy will be consumed 
as electricity In 1970 only 32% of all 
ICR energy coIIsl(ntpton was in the 
form of elemkity. 
In 1970 the ICR sectors spent about 
$150 biion to buy fuels, and $88 bil- 
lion to buy eIed?icity (1 991 $). By 1991 
the pattern revemxt txpenditures on 
fit& dropped to $1 12 billion, purchases 
of electricity rose to $1180 billion Hee  
tiicity replaced fuel burning in the mar- 
ketplace and supported a 60% growth 
in the nation's economy. 
Coal power plants provided 60% of the 
increased use of electricity since 1970, 
and are projected to supply over 50% of 
new electric demand over the ne& two 
decades. 

Despite rnpidly rising coal use to sup 
port elemc and economic growth, total 
US. CO, emissions have dropped @m 
4 poun&L$GNP in 1970, to about 2.7 
pounds m 1991, and will fall below 2 
pounds/$GW by 201 0. 

l%e mockation of reduced CO, emis- 
sioW$GW and increasing mal 
wnsumgtion is not coincidental but 
causat Reduced CO, emhiom are a 
primary consequence of impmed 
averall energy emcienw, and energy 
efficiency s i n s  are a direct result of 
electrficalion Since 1970, for every 
single kwhr of new demand there has 
been a net reduction in CO, emissions 
of 3.6 pounds. 

The driving force behind improved CO, ef- 
ficiency is revealed in examining the role 
of electrotechnologies. As the economy I 
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has switched D electric processes for 
pivotal productivity and economic bene- 
fits, electrotechnologies brought net re- 
ductions in CO, ranging from 0.5 lbs. to 
60 Ibs of CO, per kWhr. The economical 
and ecologically beneficial use of kilowatts 
has been documented extensively. Exam- 
ples are found in every aspect of the 
economy, ranging from cooking, materials 
processing and metals fabrication, ink and 
paint drying, to transportation and even 
solid waste recycling. These activities of- 
ten involve burning fuels; using electro- 
technologies instead eliminates CO, 
emissions associated with such burning. 
The net effect is fewer CO, emissions even 
taking into account emissions from a pow- 
er plant needed to produce the electricity. 
CO, savings arise form the fact that elec- 
trotechnologies are more efficient than 
their fuel-buming equivalents. 

Lowering the price of electricity would 
stimulate a classic economic response of 
greater demand. It would also stimulate 
the use of new electrotechnologies in vast 
areas of industrial processing where price 

sensitivities are highest. This analysis 
finds that lowering'electricity costs to an 
achievable national average of 5.9la/kWhr 
(1991s) in 2010 instead of the projected 
7.2Q/kWhr in 2020 (current average is 
6.9C/kWhr) would result in: 

Over $1 trillion more economic acZivity 
m 2010: neariy $4ooo/tr more for ev- 
eryhenkrm citizen m thatyar. 

* A n  accelerated introduaion of 
hundreds of rwolulionay, h@ly pru 
dudive, energy efficient technolq& 
and t h m f m  more jobs and greater 
US. cornpetitiwnes. 

9 A net- in US. CO, emisions of 
over1.3biUiontonsperyearifhalfof 
all new elechicity is ml-fired as now 
pr0Jieded (And neady 1 binian tons net 
mdudion m total US. CO, emhiom 
even if all the new electnkity were 
aMl-@Pl@. 



MILLSMCCARTHY &ASSOCIATES 

[1 INTRODUCTION 

he purpose of this report is to 
explore the issues underlying a T growing tension between the need to 

stimulate economic development, and pro- 
grams to improve the environment and 
energy efficiency. The tension between 
these two sets of goals is readily apparent 
in the electricity policy arena where utili- 
ties are frequently encouraged, or re- 
quired, to avoid practices that promote 
the use of electricity. 

The motives which underlie the trend to- 
wards avoidmg electricity consumption 
seem, at first glance, indisputably correct. 
Minimzing electricity use reduces fuel 
consumption and the environmental im- 
pacts associated with power plants 
(notably coal). And minimizing electricity 
consumption, a k a .  electricity efficiency, 
would appear to have the twofold eco- 
nomic benefit of enhancing savings in 
electricity purchases, and avoidmg the 
costly and sometimes politically painfid 
process of building new electric power 
plants. 

The proposition that using less electricity 
means that less money is spent buying 
electricity, has superficial appeal. But mea- 
sures that raise electricity prices to reduce 
demand have not demonstrated overall re- 
ductions in electricity bills or over& eco- 
nomic benefits. However, the realities of 
technology, progress and the marketplace 
are far more complex. It is possible, in- 
deed likely, that fiscal and policy pre- 
occupations with electricity efficiency are 
economically counter productive. The list 

of important electricity-using technologies 
is virtually limitless. Depressing their 
use-i.e., avoiding electricity consump- 
tion-would be economically myopic and 
hardly justify the meager savings in 
purchased electricity. The act of avoiding 
purchases of electricity cannot, on aver- 
age, be a significant economic benefit. To- 
tal annual U.S. expenditures on electricity 
amounts to barely 4% of the national 
economy.’ Electricity’s relevance is not an- 
chored in simple purchase costs, but in 
that it permits businesses, industries and 
home owners to do remarkable things-a 
basic fact often lost in the current debate. 

Of course, building power plants has been 
a painful experience for some organiza- 
tions. Many have learned how to do it bet- 
ter. Others will avoid doing so at all costs 
in the future, contracting the task out in a 
surrogate fashion via power purchase con- 
tracts. Some analysts and policy makers 
are taking the position that building pow- 
er plants should be avoided a priori. For 
example, a recent Office of Management 
and Budget (OMB) memorandum takes the 
Bonneville Power Administration to task 
for a plan that creates the possibility of 
increased electric load.’ The OMB’s inter- 
pretation of the National Energy Strategy 
appears to be that increased electricity use 
is not consistent with economic growth 
and increased overall energy efficiency. 

Surely the nation and the economy would 
be better served by policies that focus first 
on economic growth while at the same 
time preserving the environment and 

Calculation- approximately SS frillion economy, 2.7 trillion kilowatt-hours purchased @ 7Q/kwhr avg. It is 
often noted that the cost of building power plants is an economic burden This may be true, but it is 
irrelevant since all costs associated with buildmg and operating power plants for a utility are ultimately 
included in the cost of the electriaty provided; considering power plant financing as a separate economic 
problem is in effect a double counting of the economic impact of electric growth. 
Inside lhergy, August 10. 1992, ‘OMB Hits DOE for Discouraging Gas Use.” 

- 1- 

I 
1 
I 
I 
I 



1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
' I  I 

I 
I 
1 
I 
I 

1 I- 

MIUS*MCCMTHY &ASSOCIATES 

improving energy efficiency-'sustainable 
development" with the emphasis on devel- 
opment. And, if it turns out that such 
economically-oriented policies result in a 
need for more power plants, why should 
this be considered bad? 

~ The basic thrust of this report is that an 
ideologically agnostic electricity policy 
that promotes economic development will 
achieve energy efficiency and environmen- 
tal goals us u result of increased demand 
for electricity. 

-2- 
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BACKGROUND 

anaging the use and alleged over- 
use of electricity is a central theme M in many of the current energy and 

environmental manifestos. Pricing electric- 
ity "correctly"-i.e., increasing its price- 
thereby reducing electricity consumption 
is held out as a vital part of regulatory 
and utility policy in order to save energy 
and help the environment. Perhaps this 
philosophy has been best epitomized by 
one recent study's title: "Stabilizing Elec- 
tricity Production and Use: Baniers and 
Strategies. " 
The reason for this goal? Environmental 
activists appear to have figured something 
out that many policy makers and energy 
planners have not, or at least ignore: eco- 
nomic growth and electricity use are inti- 
mately linked. The logic chain that springs 
from this is clear: 

People like economic growth, but- 

@ Economic growth spurs electricity 

Electricity growth increases fuel 

The major share of electricity is 

Coal emits more carbon dioxide than 

consumption; 

use at power plants; 

made with coal; 

any other fuel. 

Thus with the environmental commun- 
ity's nurent pressure to address carbon 
dioxide emissions because of the global 
warming theory, the question of the day 
appears to be: 

How does one decouple economic 

This is the wrong question. The correct 
questions are, first: 

"How does one stimulate the 
economic growth associated with 
rising electricity consumption?" 

growth and electricity growth?" 

And, second, but importantly 
What  effect would economically 
driven electricity policies have on 
national energy efficiency and 
carbon dioxide emissions?" 

While the answer to the second question is 
found later in this analysis, we here con- 
sider the answer to the first, since it is so 
readily apparent: lower the price of elec- 
tricity. Lowering electricity prices is at the 
heart of a nascent revival of an old policy: 
state regulators supporting policies that 
provide electric rate discounts in order to 
stimulate depressed local economies.s 

There is an implicit economic theory be- 
hind programs attempting to stimulate the 
economy via lower electric rates. The 
theory is not based on the straightforward 

' American Council for An Energy Efficient Economy, 1992. 
' In this analysis the environmental impact considered is carbon dioxide because of its prominence in the 

m e n t  debate, and because it in fact semes as a valid general surrogate for virtually all other emissions. 
With respect to sulfur dioxide emissions. the analysis assumes compliance with the Clean Air Act. We note 
that the opportunities grow daily for compliance at relatively low cost via low sulfur fuels, advanced 
combustion and scrubbing technologies. 
Public Utihties Fonnightly. August 1. 1992, 'Electric Sales Growth and the Conservation Ethic;" the 
Connecticut DPUC has approved plans to stimulate electric demand and approved a 'long-term economic 
development rate.. The New Jersey Board of Regulatory Commissioners approved "economic recovery" 
programs which include industrial and commercial rate credits and even S500 payments to first-time home 
buyers. 
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MILWMCCARTHY &ASSOCIATES 

impact of lower prices. Electricity dis- 
counts are not intended to stimulate the 
economy arising from the relatively mod- 
est funds made available from the savings 
in reduced electricity purchases. It is pos- 
sible to confirm that such direct benefits 
are relatively small by calculating the ef- 
fect of a hypothetical lQ/kWhr subsidy on 
all of the nation's electricity consumption. 
This would generate purchase savings 
equal to about 0.5% of the total economy." 

The essential economic theory behind po- 
licies to lower electric rates is rooted in 
two basic principals, one obvious, the oth- 
er less so: first, lowering the price of elec- 
tricity (or any item) will result in increased 
consumption. Second, increased electricity 
use creates increased economic growth. 
The first observation is an indisputable 
basic economic fact relating to elasticities 
of demand. In fact the inverse of this-in- 
creasing electricity prices to decrease 
consumption-is a core goal of many envi- 
ronmental organizations' energy plans.' 

The second statement is less well recog- 
nized. Yet, nearly six years ago the Nation- 
al Academy of Sciences (NAS) reached a 
profoundly important conclusion in its 
study of electricity and the economy.8 

"To foster increased productivity, policy 
should stimulate increased efficiency of 
electricity use, promote the implementa- 
tion of electrotechnologies when they are 
economically justified, and seek to lower 
the real costs of electricity supply." 
(Emphasis added.) 

The essential reasons for the NAS conclu- 
sion can be seen in the basic trends that 

have occurred over the decades following 
World War Ii (See FIGURE 1). The basic track 
of energy use, electricity and the GNP 
growth make it clear that electricity must 
play a role in the economy more important 
than that of a simple fuel. 

The NAS reached another closely related 
conclusion. Productivity growth, the an- 
chor of economic health and international 
competitiveness, increased most rapidly 
during periods of decreasing electricity 
prices. Increases in electricity prices have 
been an important factor in slowing U.S. 
productivity growth, the NAS concluded? 

And yet, many of those who express con- 
cern over the US. economy and US. com- 
petitiveness are the same ones who are 
promoting policies to increase the price of 
electricity. Policies to increase electricity 
prices are, however, masked under the ru- 
bric of ensuring that consumers pay for 
the "full" cost of electricity, or the so- 
called externality costs. 

The most prominent environmental ex- 
ternality currently cited and debated is 
that of carbon dioxide (CO,) emissions. 
Ms arises from the role of CO, as the pri- 
mary contributor in the global warming 
Lheory. Policies and programs intended to 
address CO, emissions must confront an 
Dbvious relationship between electricity 
and the fuels needed to provide it. Coal 
ias been the dominant source of electric- 
ty for decades (see FIGURE 2), and in fact 
:oal use has now reached record levels, 
supplying nearly 55% of all the nation's 
4ectrical needs. 

This observation also suggests that claims that consumers benefit from more efficient electrical devices, in 
terms of avoided purchases of electricity, may be true but also largely irrelevant. Note also that the cost of 
purchasing electricity is a relatively small share of average household expenditures, and average business 
expenses as well. The exceptions are isolated primarily to low income households and a few notable 
industrial activities. 

' Srubilizlng Reancity Producrion and Use: p. 43; the plan to raise electricity prices is cloaked under the 
auspices of fully accounting for environmental externalities from power plants, and attaching a speculative 
cost to the various externalities. This approach to raising electricity prices creates a fundamental flaw, 
discussed later in this paper. The flaw ignored are the environmental externalities arising from the use of 
electricity in the market. 
Electricity in Economic Growth. A Report Prepared by the Committee on Electricity in Economic Growth, 
Energy Engmeering Board, Commission on Engineering and Technical Systems, National Research Council, 
National Academy Press, 1986. p xvi. 
Electricity in Economic Growth, p. xviii. 
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Because burning coal releases more car- 
bon dioxide per unit of energy than does 
any other fuel, concerns over global warm- 
ing make electricity consumption a prime 
target. Accordmg to many environmental- 
ists, electricity growth must be slowed or 
stopped, else C02 emission will rise. The 
market must be sent the "right" sig- 
nals-i.e., increase the price of electricity 
to discourage its use, and thereby reduce 
the consumption of coal. 

A low CO, future, we are told, is only 
possible through policies that limit 

electricity use. The economic implications 
of such a path are ameliorated by the ane- 

1 mic logic of savings in electricity pur- 
chases and the overall benefits of a more 
efficient society. Does the historic record, 
however, substantiate the worry that ris- 
ing electricity use necessarily contributes 
to poor overall energy efficiency and ris- 
ing CO, emissions? The answer is "no", as 
we shall see in the following section. 
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lo Data from AnnualEnergy Review, May 1991. U. S. Energy Information Administration 
l' lbid 
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R THE 20-YEAR TREND 

Coal, Electricity, The Economy And CO, 
What does the future hold? It is the prac- 
tice of many prognosticators to deal in two 
decade projections. This is a time period 
during which it is possible to anticipate at 
least the broad scope of trends. While in- 
triguing information can be extracted from 
the long term trends illustrated in FIGURES 1 
and 2, it is difficult to apply the lessons 
directly because so many unpredictable 
technical, social and political events can 
unfold over such a long period. 

The two decade period is simply more 
manageable and reliable. It is also a period 
of time for which events in history retain 
significant relevance as predictors of fu- 
ture possibilities. Unfortunately, many 
prognosticators have been ignoring the 
lessons of the past two decades. 

FIGURE 3 illustrates a now familiar historic 
trend in which one can see that electricity 
and GNP growth appear to be tightly corre- 
lated. Energy growth, on the other hand, is 
not strongly tied to GNP growth. FIGURE 3 is 
one of the basic indicators suppomng the 
National Academy of Science's conclu- 
sions, cited earlier, regardmg the impor- 
tance of electricity to GNP growth. 

The trends seen in FIGURE 3 suggest two 
questions that are the core issues explored 
in this analysis. 

What economic effect would arise 
from a goal of lowering electricity 
prices-i.e., an aggressive national 
trend towards economic develop- 
ment rates? l2 
What is the like?. environmental ef- 
fect, specifically the change in CO, 
emissions, of a policy to stimulate 
electricity growth, particularly con- 
sidering the dominant role of  coal- 
fired generation? As previously 
noted, reducing electricity prices 
will certain?. increase demand. Set- 
ting aside the economic implications 
of such an event, this would appear 
to be in conflict with environmental 
goals. FIGURE 3 already suggests to 
some that electricity growth is "out 
of  control. Increasing electricity 
consumption, rather than decreas- 
ing it, is something of  great concern 
to those who believe that limiting 
coal consumption is an important 
carbon dioxide mitigation strategy. 

Regardless of one's views on the debate 
over global warming theory, it is clearly 
important to understand the role of coal 
given it is the dominant position in sup- 
plying the nation's electricity. Coal has 
supplied nearly 60% of all new electricity 
supply over the past two decades. l3 

l2 The point of this analysis IS not to project future electricity prices. but to explore the implications of 
practices that would drive prices down 

l3 As the table below summarizes, over the past two decades, there has been a gross increase in generation 
of 1,473 billion kWhrs collectively from coal, nuclear, hydro and all other sources, offset by a net decrease 
of 182 billion kWhrs from natural gas and oil generation, yielding net growth in consumption of 1,291 
billion kwhrs. Of all sources of supply that increased, coal accounted for 5796. Data from Annual Energy 
Reeew, May 1991 

(billion kwhrs) 
Changes in Electridty Ceneration 

W N.Gas W puclear Hvdro Total 
1970 704 373 184 22 248 1 .o 1523 
1991 1549 264 111 613 276 10.1 2823 
1-70 +845 -109 -73 +591 +28 +9.1 +1291 

- 7- 
I 
I 
I 



I 

I' 
1 
I 

I II' 

MILLS~MCCARTHY &ASSOCIATES 

Coal is also projected to be the source of 
at least 50% of all new electricity supply 
for the next two decades.I4 As FIGURE 4 
shows, coal use has risen sharply, nearly 
60%, over the past 20 years. Yet, total CO, 
emissions are barely 10% greater." And 
emissions of COJJGNP (measured in con- 
stant 1982$), perhaps the most important 
practical measurement, have actually de- 
clined over 35%. In other words, the U.S. 
economy has expanded and CO, efficiency 
has improved dramatically despite the fact 
that coal-fired electricity has been the pri- 
mary fuel for economic growth. 

Does rising electricity and coal use inevi- 
tably mean greater CO, emissions? FIGURE 
4 suggests the answer is "no". 

This 20-year record does not support 
projections of rising CO, emissions in- 
evitably arising with a growing economy. 
The phenomenon that has driven the 
trend of rising electricity use and decin- 
llng CO,/$GNP, summarized in FIGURE 5, 
is critical to considering future projec- 
tions and policies. 

Before exploring the specific factors cre- 
ating this phenomenon, we explore first 
the economic implications and opportu- 
nities in the modern electrified economy. I 

Electricity, Energy & GNP Growth ' 
200 ---..---.-...___ -__- I.-I_- . - - ~ .  
96 of 1970 

I 

160 

140 

120 

100 
1970 

I' 
FIGURE 3 

I' From Annual Outlook for US. EkmicpOWer 1991: Projections Through 2010. July 1991. 

' I  

Cbanges in Flectricity Genesation 
(QlIadS) 

SQal - M 1  NuclearHvdro+Otherm 
1 970 16.06 2.93 1.3 6.14 3.71 15p.0 
1991 22.60 5.72 1.7 6.67 6.25 2823.0 
1991 -70 e.54 *2.80 9 . 4  9.50 +2.50 +12.8 

Other than the continued electrification of America, there have only been two large structural changes in 
the energy economy over the past 20 years: increased automobile efficiencies (CAFE), and nuclear power. 
As is shown later in this analysis, these two factors together, while significant. account for only 22% of the 
avoided increases in CO, emissions over the past 20 years. 
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Transition to An Electricity- 
D o b a t e d  Economy 

he economic opportunities and risks 
associated with electricity policy and T pricing are more important today 

than at any time in history. This is because 
a critical transition has taken place during 
the past two decades. 

As illustrated in FIGURE 6, for the first time 
in history, the sectors driving the econo- 
my-the industrial, commercial, resi- 
dential (ICR) sectors- onsumed the major 
share of their fuel in h e form of electric- 
ity.I6 The crossover occurred in 1991 when 
51% of all the primary energy consumed 
by the ICR sectors was used first by utili- 
ties to generate electri~ity.'~ 

The transition to an electricity-dominated 
economy is not expected to reverse itself, 
even within the context of current conven- 
tional projections for electricity and ener- 
gy growth. Accorduqg to the Energy 
Information Administration, by 2010 over 
63% of the total ICReergy will be con- 
sumed by utilities in qde r  to provide elec- 
tricity to busineszes, homes and 
industry." The speed of this transition is 
apparent in the fact that in 1970 only 32% 
of all ICR sector energy consumption was 
in the form of electricity. This transition 
demonstrates the dominance of technolo- 
gies associated with producing and using 
electricity. 

This transition contains a number of im- 
portant implications. As the activities in 

the ICR sectors become increasingly 
dependent on electricity: 

They become inherently less depen- 
dent on the availability of raw re- 
sources. A reliable electric supply can 
be achieved with a very broad array 
of primary fuels. 
They are more effectively insulated 
from basic fuel price swings. This 
arises fi-om the fact that raw fuel 
constitutes only one share (ranging 
fiom 40% to 70%) of the total num- 
ber of components contributing to 
the cost of electricity. 
They achieve greater flexibility in 
adopting new technologies because 
of  the inherent flexibility of electric- 
ity. (Combustion-based technologies 
are inherently less flexible.) 
They can ellioy various environmen- 
tal benefits due to the low or zero 
impact o f  electricbased technolo- 
gies-in effect, environmental issues 
are transferred to the supplier of 
electricity. As a practical matter, this 
means in many cases that the envi- 
ronmental impact is removed from 
population centers, and is easier to 
monitor and manage at the central 
location of a power plant, rather 
than at thousands of dispersed 
locations. 

le This analysis does not incorporate the transportation sector for two reasons. First, transportation is largely 
un-electrified, and will likely remain so for the period considered in this analysis. Second, the combined 
indushial, commercial and residential sectors are collectively larger economically than is the transportation 
sector, and involve activities that are fundamental to future economic growth. The Census Bureau reports 
(statistical Abstract of rhe'bnited states 1991, Table 1019). for example, that about 51 trillion of outlays are 
associated with all passen@ and freight transportation-significant, but only 20% of the total economy. 
Data from Annualhergy Review, May 1991. 
Data from Annual Outlook for US. Hectric Power 1991: Projem'ons Through 2010. July 1991. 
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The energy use trends over the past 20 
years which have given rise to electricity’s 
dominance can be seen in FIGURE 7. While 
FIGURE 7 illustrates the industrial sector 
portion of the ICR trends, it is typical of all 
three sectors-significant declines in the 
direct use of oil, natural gas and coal, ac- 
companied by large growth in electricity 
use. This type of trend highhghts the need 
to consider carefully electricity’s critical 
role in supporting industrial economic 
health. The trends point to the need for 
caution in developing policies that explicit- 
ly, or implicitly, discourage electricity use. 

One other way to reveal electricity’s in- 
creasingly important role is in spendmg 
patterns, as illustrated in FIGURE 8. In 1970, 

the ICR sectors spent about $ 150 billion to 
~ buy fuels, and about $88 billion to buy 
electricity (in 1991$).l9 By 1991, the spend- 
ing pattern had reversed. The ICR sectors’ 
1991 expenditures on fuels dropped to 
$ 1 1 2  billion, while purchases of electricity 
rose to $180 billion. By 2010, the disparity 
will grow even greater, with over $300 bil- 
lion in electricity purchases for these sec- 
tors, and $200 billion for fuels.” This 
transition to an economy dominated by 
electricity use and price argues strongly 
for economic policies intended to mini- 
mize the cost of electricity. 

Fuels Use in the Industrial + Commercial + Residential Sector 
Quads 
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FIGURE 6 

“Data from Annual Energy Re*ew, May 1991. 
“Data from Annual Outlook for US. Electric Power 1991: Projections Through 2010, July 1991. 
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a ECONOMIC POLICIES TO SUSTAIN 
OR PROMOTE DEVELOPMENT? 

lectricity has now achieved a domi- 
nant role in the economy. Can eco- E nomic growth be maintained while 

minimizing the electric sector's impact 
on the environment, especially CO, 
emissions? 

The notion of preserving the environ- 
ment while encouraging economic 
growth has been given the label "sustain- 
able development." Central to recom- 
mendations to achieve sustainable 
development is the idea that economic 
policies should be subsumed to environ- 
mental goals, while ensuring that there 
are "no losers." But, such an approach is 
more likely to ensure that there are no 
winners. As a practical matter, programs 
focused on avoiding problems are rarely 
as economically effective as programs 
focused on achieving results?' 

The irony is that encouraging the link be- 
tween the economy and electricity is by 
its very nature environmentally benefi- 
cial. Given the state of the American 
economy, and the haeasing need for 
improving U.S. productivity and competi- 
tiveness, state and federal policies 
should be oriented towards development 
as a priority. Such an orientation, far 
from being bad for energy efficiency and 
thus bad for the environment, is good 
for both. The evidence is that economic 
growth can occur with electricity 
demand rising, along with improved 
enerw efficiencv. 

The evidence is present for example in 
the current wisdom as illustrated by the 
projections of the Energy Information 
Administration (EIA). EIA projects, for 
example, that over the next 20 years:z2 

The economy will grow by over $3 
trillion. 

The nation will require the addition- 
al electricity output of at least 300 
new power plants (@ 500 
Yet, energy efficiency will irn;Drove, 
with a 23% energy/Gm ratio 
decline. 

In the next section of this report we con- 
sider the environmental aspects of 
development-oriented electricity pricing, 
specifically CO, emissions. First, howev- 
er, we will explore the implications of the 
basic question posed at the outset: 

=How does one stimulate the eco- 
nomic growth associated with rising 
electricity consumption?" 

The answer? Provide the market with 
economic incentives to use more electric- 
ity; i.e., make it cheaper. 

As FIGURE 9 shows, the trend of the past 
several decades is encouraging. In real, 
inflation-ac@uted terms, electricity 
prices are lower today than they were 10 
years ago." However, that fact masks an 
important trend. Electricity prices were 

Obviously, this is not to say that environmental goals should not be given an important place in economic 
planning. However, plans which focus b t  on the economy, and subsequently seek to evaluate and mitigate 
environmental impacts are by definition more likely to be economically aggressive. 
ElectricPower 1991: Projections Through 2010, July 1991; base case projections through 2010. 

23 Elecmicity consumption per SGNP is projected to decline by 5%. 
'' The notable exception to this is California. where 20 years ago the average cost of electricity was the same 

as the U.S. average, and where today it is 30% higher than the national average, and twice as high as the 
achievable lowest cost source of supply in Wyoming for example. Not only does California spend over S5 

-13- 

R. 

F' t 



M I I ~ S * M C C A R ~  & Assocmm 

dedmng until the early 1970s, when 
they began to rise. FIGURE 9 shows the 
movement downwafd to a low of about 
5.3UBWhr nationally in the early 1970s. 
Following the low period, a combination 
of increased fuel prices and escalating 
capital costs served to increase the cost 
of electricity to a peak of about 
8.3C/kWhr in 1980 and 1981. Since then, 
prices have been falling. 

History suggests that electricity prices 
are not as low as they could go. Yet the 
current projections from many sources, 
typified by the EIA, provide for rising 
electricity prices. An examination of the 
essential components of EIA projections 
(see TABLE 1) reveals whether or not the 
projection of rising electricity prices is 
probable, or avoidable. Could economi- 
cally aggressive poliqies promoting low 
cost electricity return electricity rates to 
historically low levels? 

TABLE 1 

Components of Electricily Prices (EM) 25 

1990 2010 
capital 3.1 2.3 
O&M 2.1 2.1 
Fuel 1.8 2.1 
Total 6.9 7.2 

1 

AS TABLE 1 illustrate; EIA projects the 
capital cost component will decline over 
the coming two decades. This is ex- 
pected in part because of the aging and 
thus amortization of the existing power 
plants, and in part because of the low- 

cost option of extendmg the life of older 
plants. This projection is also consistent 
with manufacturers having gained the 
necessary experience over the past two 
decades on how to build power plants 
efficiently in the new regulatory and 
political climate that emerged in the 
1970s. 
However, TABLE 1 shows that EIA expects 
utility fuel costs to rise. The fuel price 
components of this assumption are 
shown in TABLE 2. 

TABLE 2 

Utility Fuel Costs 0 2s 

(199OS/iniuton BN) 

Nahml Gas 
Fuel oil 3.0 5.4 

There appears to be widespread agree- 
ment that natural gas prices will rise 
substantially in the coming  decade^.^' 
The primary reasoning for rising natural 
gas prices would appear to be rooted in 
the economic tumult created by previous 
regulations (e.g., the now defunct Fuel 
Use Act, restricting gas use for electricity 
generation) and an overall situation 
where supply and demand have not be- 
gun to get into reasonable balance.28 
Also, projections show that the current 
low cost natural gas reserves will be de- 
pleted and are projected to be replaced 
by higher cost domestic and imported 
sources.a 

billion annually more for electricity than if the state price reflected national averages, but more important 
has been the lost economic opportunity deriving from depressed growth associated with discouraging 
continuing productive electrifkation. 

Ibid 
2s ElemicPower 1991: Projections Through 2010, July 1991; base case projections through 2010: p. 13 

27 1992 Em'tion of the GRIBaserne Rejection of US. Energy Supply and Demand to 2010, Gas Research Institute, 
April 1992. 

" The sudden 1696 rise in the nation's natural gas prices following Hurricane Andrew's disruption of gas flow 
from the Gulf of Mexico, was according to the The Wan Street Journal 'stunning" (August 31, 1992). lhis 
reinforces the marketplace perception that gas prices are volatile. 

29 1992EditiOn of the GRIBas6;Pne Projem'on of US. Energy Supp?' and Demand to 2010, Gas Research Institute, 
April 1992; 95% of current.gas supply comes from low cost domestic sources. By 2010 58% will come from 
existing domestic sources, and the balance will come from substantially more expensive sources-20% from 
imports (including Alaska) and 21% from "advanced technology" sources. 
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The situation for coal is significantly dif- 
ferent. Coal‘s dominant role in electricity 
generation has been largely unchanged 
for over five decades-establishmg a 
long supply and demand history for eco- 
nomic stability. In addition, known, low- 
cost domestic coal reserves are well- 
defined.30 Thus, overall, there is much 
less uncertainty about the future of coal 
prices, and indeed, considerable reason 
to doubt the EIA projection that coal 
prices will rise at all, much less the 
1.4-fold projected. 
The future of coal prices is the single 
most important factor determining the 
future of electricity prices. EIA projec- 
tions show coal will supply just over 50% 
of all new electricity supply through 
2010.3’ Despite EIA’s price projection for 
rising oil prices, there is little evidence to 
support the contention that coal prices 
will rise too? Long-term coal contracts 
are currently available for fuel prices of 
$1 to $1.50 per million B ~ u ? ~  Coal is 
available to maintain or reduce utility 
delivered prices for the entire period of 
the 20-year projection considered here. 
In fact, the potential exists for electricity 
to be cheaper in 2010 than it is today, 
and return to costs comparable to those 
of 20 years ago. 

TABLE 3 summarizes this possiblity. Capi- 
tal costs decline (as projected by EIA), 
along with no change in operation and 
maintenance costs because these factors 
are sigdicantly fixed by eroisting equip- 
ment, operations and requirements. But 
utility fuel costs, primarily coal, need not 
rise. 

TABU 3 

Possible Components of Lowest Cost 
Electricity 
(mm) 
Avg 1990 2010 possible 

Capital 

Fuel 1.8 1.0 
Total 6.9 

Based on available coal-fired technology 
and coal resources, we take 5.5U/kWhr 
as the benchmark price for delivering 
electricity over the next two decades. The 
availability of. low-cost electricity will 
force competition among sources of sup- 
ply ensuring the lowest cost of electricity 
for consumers. The first threshold test 
for new suppliers of electricity should be 
to meet or beat the lowest cost of 

The effect of reducing electricity prices 
will have one straight forward conse- 
quence. More electricity will be con- 
sumed. However, it is not the fact of 
greater electricity consumption that is 
important; it is the extent to which more 
electricity is consumed productively and 
in pZuce of fuel combustion in the mar- 
ketplace. The productive and environ- 
mental benefits of electric-based 
technologies are explored in the next sec- 
tion of this report. Here we explore the 
extent to which fuel switching-purchas- 
ing electricity instead of direct fuels, spe- 
cifically natural gas-will be driven by 

supply. 

30 The confidence with which coal prices can be projected also applies to implications arising from the Clean 
Air Act and sulfur dioxide emissions. Both reserves of low sulfur coal, as well as the technologies available 
for clean combustion are well established. 

It has long been the case that coal and oil prices have become substantially disconnected-except under 
extreme circumstances where, €or example, oil at >S40/bbl renders synfuels viable. Similarly, natural gas and 
oil prices have become substantially disconnected, as was demonstrated during Desert Storm where 
fluctuations in oil prices were unreflected in natural gas prices. 

” Western Fuel Association membership price survey. See also WFA Technology Screening Analysis of coal 
combined cycle power plants. 

” Natural gas is projected to supply about 22% of all new supply. 
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lower electricity prices.34 It is not the 
lower cost of electricity per se that would 
encourage fuel switchmg. The determi- 
nant is the comparative cost of electricity 
to natural gas prices in the marketplace. 

The increased use of electricity in indus- 
try, for example, is strongly influenced 
by the ratio of electricity to gas prices. 
FIGURE 10 illustrates the two decade histo- 
ry and possible future of the electridgas 
price ratio. FIGURE 10 shows that even if 
electric prices do not dedine, and rather 
increase slightly as EIA projects, the 
price advantage of electricity over natu- 
ral gas will grow rapidly. If electricity 
prices return to their historic levels, as 
proposed here, and gas prices continue 
their projected rise, the price advantage 
of electricity is accelerated. 

For technology and fuel choices in indus- 
trial processes, it is not just the current 
price ratio that is important, but the ex- 
pectation of the future price ratio that 
determines the viability of investment in 
new equipment-i.e., should the equip- 
ment or process be fuel-based (natural 
gas), or electricity-based. Given the ex- 
pected trend for the electricity/natural 
gas price ratio, it is clear that the advan- 
tage of electricity will shortly be at re- 
cord levels and is likely to stimulate a 
strong switch to electric processes on a 
price basis alone (regardless of other 
productive and structural advantages of 
electroproce s ses) . 
Over 9 W  of all industrial electricity is 
used for electromechanical drives and 
electrolytic separation. Only a small frac- 
tion, under 1%, is used for other direct 
process applicati0ns.3~ Thus, there is a 
very large potential for increased 

electrification in the industrial sector. As 
the price advantage of electricity over 
gas reaches record levels (by 1999 under 
the low cost scenario here, and by 2004 
under EIA projections), price factors 
alone will drive fuel switchmg to electric 
processes. 

The same trend is developing, and can 
be accelerated in the residential sector. 
When the economic benefits of electric 
heat-pumps are considered (the only sig- 
nificant source of growth in the electric 
heating market), the cost benefits of elec- 
tricity will become overwhelrmng. As FIG 
URE 11 illustrates, the price ratio is 
d e c h n g  rapidly and will be below 
3-to-1 within the decade. Existing heat 
pumps deliver at least three times as 
much heat as electricity consumed; new 
ground-source or so-called geothermal 
heat pumps deliver at least six times as 
much heat as electricity consumed. Once 
consumers see the increasing price ad- 
vantage of electric heat, and come to be- 
lieve that it will continue, the shift to 
electric heating will a~celerate .~~ 

The advent of highly efficient electric 
heat pumps, and a rapidly declining 
electric-to-gas price ratio, underlies the 
reason for the vigorous competition be- 
tween the electric and gas industries in 
the residential market. The importance 
of this competition for both sectors can 
be seen in the following facts: 

Natural gas accounts of the largest 
share of total residential energy 
use, at 45%.37 

Electricity holds 32% of the total 
residential energy market. 

" Considerable debate has erupted over fuel switching in the other dwection; Le., encouraging electric utilities 
to help consumers use natural gas instead of electricity. Here we do not explore the merits of such policies 
which are frequently based on shaky environmental justifications. Rather, we are concerned here with basic 
economic competitiveness issues. For a discussion regarding the merits of regulatory-directed fuel 
switchmg, rather than market-based fuel switching, see for example 'Fuel Switching,' Alfred Kahn, HighJights 
from (I National Meeting on Demand side Management: Complering the Piaure, June 1992, Mills-McCarthy & 
Associates. 

35 "A Conceptual Basis for Productive Electricity Use in Manufacturing," Philip S. Schmidt, Proceedmgs of the 
Electricity Beyond 2000 Conference, Washington D.C., October 1, 1991. 

'' Of course, this is true only if market forces are permitted to operate freely. 
'' 1992 Edition of the GRI Baseline Projem'on of US. Energy Supply and Demand to 201 0, Gas Research Institute, 

April 1992. p. 26. 27. 
-16- 
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Space heating consumes 65% of all 
residential energy consumption, 
with water heating about 15%. 

Quite obviously, capturing the residential 
heating market represents a significant 
economic issue. 

There is little debate that lowering elec- 
tricity prices, particularly in a climate of 
rising natural gas prices, will stimulate 
greater electricity use. Before turning in 
the next section to the environmental im- 
plications of such a trend, we continue 
here to explore the broad impact on the 
economy of reduced electric rates. 
In order to evaluate the macro-economic 
effect of lower electricity prices, three 
basic inputs are required 

The average cost of  electricity in 
2010 resulting from all new supply 
being priced at no more than 

The elasticity of demand, i.e., how 
much more electricity will be con- 
sumed because of  lower prices; 
and 

s.sa/kwhG 

The GNPhWhr relationship, i.e., 
the effect on the GNP of  increased 
overall use of e lectr i~i ty .~~ 

The essential facts considered for each 
of the three inputs cited above are as 
follows: 

Average 201 0 price of electricity. 

An estimate of a possible (rather than 
projected) year 2010 average cost of 
electricity can be arrived at by estimating 
two price components for supply in 
2010; first, the cost of electricity from 
existing power plants, and second, the 
cost of electricity from new power 
plants. 
Rather than assume fuel prices will rise, 
as projected by EIA, it is possible that ex- 
isting and price pressure from a 
low cost supplier (specifically coal) will 
exert a downward pressure on other 
fuels. It is just as likely that average fuel 
costs for utilities will be the same in 
2010 as it is that they will be hlgher. In 
fact, as TABLE 4 summarizes, if fuel prices 
do not rise-a possibility demonstrated 
by events of the past 20  years-then the 
average cost of electricity from existing 
power plants would be expected to be 
lower in 2010 than it is today- 

- 
It is not actudy the consumption of electricity per se that increases the CNP. It is the great&" e of 
productive electric-based technologies that boosts the economy. In other words, lower cost ele$city 
fuelmg such productive processes as electric steel making. electro-chemical processing, and so on irhprove 
productivlty. employment and profits. 

39 Perhaps the most important indicator of the failure of fuel price projections is the continued assumption 
that oil will be more expensive in the future than it is today. At a minimum, the Gulf War demonstrated that 
even during a mqjor war in the worlds prime oil basin there can be a price declCne This hardly points to 
price volaiility. Indeed, the tremendous diversity in oil supply, increased reserves, delivery and exploration 
globally have siaficantly eroded world oil price sensitivity to local events. Note, for example, that in 1970 
OPEC accounted for 51% of world oil production-peaking at 56% in 1973. By 1990, OPEC's share of world 
production dropped to 38%. 
In addition, the literature of the past decade does not support the belief that world low-cost oil reserves are 
sufficiently low to tax supply any time in the coming two decades. Indeed, the opposite appears to be the 
case, wherein increased energy efficiency, and increased motivation of oil sellers for revenue are more likely 
to smulate price competition and lower oil prices than they are the opposite. Insofar as the historic record 
is concerned, the price of oil (in constant 19885) has averaged Sll/bbl from 1890 to 1990. seldom varying 
outside of a price band of S7 to Sl7/bbl. Only for seven years between 1979 and 1986 did the price spike 
briefly. and some might say. fatally for OPEC considering the extent of world exploration stimulated by that 
event. (See p. 11,1992 International Petroleum Encycbpdiia.) 
EIA and others appear to take solace in providing tables fflustratlng that other organizations' price 
projections are consistent with their own. It is entirely possible that this consistency is not an indicator of 
accuracy on any particular organization's part, but rather a demonstration of pack mentality. There was also 
a consensus on future electric and fuel prices reached in the early 1970s. and it was wrong. 
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principally because of the declmng cost 
of capital as the power plants age 
(amortize). 

TABLE 4 

Components of Electricity Prices porn 
Dvisting Plants" 

(C/kWhr)  

Capital l; 1 
0 &M 
Fuel 1.8 2.9 1.8 
Total 6.9 7.2 6.2 

In 2010, about 70% of all the required 
electricity for that year would be pro- 
vided by those power plants that already 
exist. This electriaty could be supplied 
for about 6.2a/kWhr as summarized in 
TABLE 4!l The balance of the base-case 
for needed electricity in 2010 would 
come from new power plants. As pre- 
viously discussed, this could be provided 
for an average cost of S.SCr/kWhr. 
The blended cost of electricity from old 
plants (those existing in 1990) and new 
plants would be a national average year 
2010 cost of 5.9a/kwh-P 

Elasticity of Demand for Electricity 

How much more electricity would be 
consumed in 2010 if the average price 
were an achievable 5.9a/kwhr rather 
than the projected 7.2Q/kWhr? 

There is an extensive body of research 
which has sought to accurately quantify 
demand elasticity of ele~tricity.4~ The 
short-term and long-term elasticities are 
usually different. In this case, we are pri- 
marily concerned with long-term elastici- 
ties for which there appears to be a 
consensus value of -1.0. In other words, 
a 10% price decrease would produce a 10 
percent consumption increase (and vice 
versa).44 
A year 2010 price of 5.9a/kWhr repre- 
sents a long term price decline of 18%. 
This translates into an 18% increase in 
demand, or nearly 750 billion more 
kwhrs consumed in 2010 than currently 
projected." 

€lecnicity/GNP link 

What would be the macro-economic ef- 
fect of 750 billion kwhrs greater electric- 
ity use? 

The relationship between electricity and 
GNP has changed over the decades. TABLE 
5 summarizes the broad trends. While 
there are clearly complex relationships 
between electric-based technologies and 
the industrial, commercial and resi- 
dential sector use of those technologies, 
at the broadest level it is possible to ob- 
serve the market economic response to 
using such electricity-based devices and 
processes. 

40 EleCmcPower 1991:projections Througb 2010. July 1991; base case through 2010: p. 12 
I1 Electric Power 1991: Projections Through 2010, July 1991; base case projections through 2010: total 1990 

generation of 2.8 triUion kwhrs from atsting power plants would represent about 7C% of the EIA year 2010 
base-case supply of 4.1 trillion kWhrs. 
Note that as a minimu such a price structure would create over S50 billion a year in savings on electricity 
purchases for the base demand projected. There would of course be additional expenditures required for 
the additional electridty purchases created by rising demand 

a) E3erhidcy in Eronomic Growth, A Report Prepared by the Committee on Electricity in Economic Growth, 
Energy Engineering Board, Commission on Engineering and Technical Systems, Natlonal Research Council, 
National Academy Press, 1986, p xvi. 
b) Electricity in tbe American Economy: Agent of Technological Progres& Schurr et al, Greenwood Press, 1990. 

I4  bid a) p. 48, b) p. 361, 362. 
Is Elect& Power 1991: Projections Through 2010. July 1991; base case projection for 2010 of 4,117 billion 

'' See for example, 

kWhrs. 
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TABU 5 

Ratio of Electricity/cNp Growth Rates * 
Electridty/GNP Growth 

1947 - 1960 3.1 
1960 - 1973 1.61 
1973 - 1983 0.98 
1983 - 1991 1.18 

Despite the history of stronger electrid- 
ty/GNP connections, we use here instead 
a conservative linkage of 1.0, and as- 
sume further that current demand-side 
management programs are successful in 
weakening th is  linkage somewhat. Thus, 
750 billion kwhrs of greater consump- 
tion would be associated with nearly S1 
trillion greater GNP than currently proj- 
ected for 2010 (in 1991S)?' This much 
additional electriaty demand represents 
the output of about 240 electric power 
plants of 500 MW size. The overall eco- 
nomic issues are summarized in TABLE 6. 

TABLE 6 

Summary of the Impact of Lower 
Electricity Prices in 201 0 

Average 2010 drops 18% to 
5.9aAWhr (arising from 
S.Sa/kWhr benchmark for new 
SUPPb!). 

GNP grows $1 trillion over EX4 
base case; 
Electric demand grows 240 more 
power plants (@ SO0 Mw) over 
ELA base case of 300. 

Total electricity purchase costs 
drop by SI 0 billion?' 

Average National Electricity Price Trends 
_I- - ___ -- I_--.--- 

clkwhr (1991 Is) 

Ekcrricfty In Economic Growlh, A Report Prepared by the Committee on ElecMdty in Economic Growth, 
Energy Engineering Board. Commission on Engineering and Technical Systems, National Research Council, 
National Academy Press, 1986. p 50; and 1983- 1991 from EIAMonthly EnergyReMew. 
The current ratios suggest that the $5.6 trillion economy (1991s) is supported by about 2.8 trillion kwhrs. 
with an essentially 1:l linkage; i.e., $2 of GNP for every kwhr of consumption. Because of the national trend 
towards multi-billion demand-side management programs (in which the economic requirement for electricity 
is reduced), we assume for the sake of argument that current DSM programs will be sufficiently successful 
to erode the elecMdty/GNP ratio by 25%; in other words, in 2010 about S1.50 of GNP will be associated with 
each kwhr of consumption. 
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Industrial Sector Electric vs. Gas Price Trend 
Price Ratio 
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. 
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I 

FIGURE 10 
I 

Residential Sector Electric vs. Gas Price Trend 
Price Ratio 
7 ._.___ .... ... 

I 

_.______.___I 
EIA Projected 

-------------------------..--- ............ 

... - --.-.-.-I 1 

2Ooo 201 0 1 970 1980 1990 

FIGURE 11 

a Savings arise from SSO billion lower electricity purchase costs for 2010 base case consumption of 4.1 
billion kWhrs. net of S40 billion to purchase additional 750 billion kWhrs created by elastic reposnse to 
low cost marginal prices of S.SC/kWhr. 
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Ifl WHAT - PRICE ECONOMIC 
UEVELOPMENT 

here can be little doubt that lower 
cost electricity would help stimu- T late a more productive economy. 

Such a reality is at the core of economic 
development rates that are hcreasmgly 
seeing favor with state regulators be- 
cause of depressed local ec0nomies.4~ 

But if the extra 3096 boost in the econo- 
my by 2010 requires 240 more 500 MW 
power plants than currently projected, 
what price would be paid in environmen- 
tal terms? Specifically, what impact 
would such an event have on total U.S. 
CO, emissions? This would appear an 
important consideration with the current 
environmental focus on the global warm- 
ing theory, since generating the 750 bil- 
lion kwhrs from the 240 power plants 
would require an increase of nearly 300 
million tons more coal per year than cur- 
rently projected (assuming that all addi- 
tional low-cost generation were 
coal-fired units).M 
In short, would such a development- 
oriented policy be environmentally 
sustainable? 

Before evaluating the net effect of in- 
creasing electric demand beyond that al- 
ready anticipated, it is important to note 
the trends inherent in current projec- 
tions. TABLE 7 summarizes some key data 
from current EIA projections. 

TABU 7 

Current EL4 Projections 
GNP grows by $3 trillion 

U. S. energy efFciency 23% better 

Growth in electricity demand re- 

Coal supplies 50% of new electric- 

CO, emissions/GNP$ decline 25% 

quiring 150,000 M W  

ity demand 

The EIA projections contain the implicit 
recognition that electricity and coal use 
can rise along with improved energy and 
carbon dioxide efficiency. How so? 

According to the Electric Power Research 
Institute (EPRI), there are two powerful 
trends that will reduce CO, emissions 
over the next two decades.s1 One is the 
improved efficiency with which electric- 
ity is used, via demand-side manage- 
ment (DSM) programs. The other arises 
from the improved overall energy effi- 
ciency arising from fuel switching in the 
marketplace from combustion-based 
processes to electroprocesses. 

EPRI estimates that by 2010, the effect 
of DSM programs will be to reduce total 
U.S. CO, emissions by about 350 million 
tons/year. EPRI also estimates that in- 
creased use of electricity-in their terms, 

I o  Pubic LItflYtfes Fortnight?! August 1,1992. 'Electric Sales Growth and the Conservation Ethic." 
Given that current projects show coal providing 50% of all new generation, a policy encouraging more 
low-cost electricity would likely fiid coal supplying 5C% to 75% of the new demand-especially given 
current price projections for natural gas. Here, 100% coal is suggested for fflustratlon purposes. 
SaM'ng Energy and Reducing CO, with Ekctr ic i~~ (Ertimtes of PotentiaU. Electric Power Research Institute, 
CU-7440, September 1991. 
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"beneficial electrificgition"-will also re- 
duce net CO, emysions, but by an 
amount of over 400 million tons/year by 
2010. 
In other words, electricity growth and in- 
creased coal consumption will be at- 
tended by reduced environmental 
impacts in the form of lower CO, emis- 
sions-"sustainable development." 

The fact that increasing electricity use 
reduces overall CO, emissions runs 
counter to the current paradigm-in- 
creased electricity use is generally held 
to run counter to energy efficiency and 
environmental goals. But if the historic 
record doesn't support this contention, 
why should we b&&e projections that 
claim such an effect3 The primary mea- 
sure of environmental impacts, and in 
particular CO, emissions, is the trend in 
energy efficiency. See FIGURE 12. 
The historic record shows increased elec- 
tricity consumption is correlated with 
improved overall energy efficiency-de- 
creasing total energy needed per SGNP. 
As encouraging as this broad measure is, 
it understates the market realities. It is 
the efficiency with which markets use 
fuel or electricity that is a more direct 
indication of trends (&e FIGURE 13). 

As FIGURE 13 illustrates, the use of fuels 
per unit of GNP in the market has plum- 
meted over the past two decades--in 
other words the environmental impact of 
the marketplace has declined. At the 
same time, there has been no significant 
change in the amount of electricity re- 
quired per unit of GNP. 

0 

The historic record shows that energy ef- 
ficiency actually gets better when elec- 
tricity use goes up. Although this 
phenomenon is frequently ignored, it has 
been extensively documented.s2 The idea 
that using more electricity-more kilo- 
watts-can confer economic and ecologi- 
cal benefits can be given the term 
"ecowatts." 
FIGURE 14 illustrates the implication of 
these recent energy efficiency trends in 
terms of total U.S. CO, emissions: the 
overall emissions of CO, from the U.S. 
economy have remained remarkably un- 
changed for the past two decades. And, 
the most important measure of CO, im- 
pacts, CO, emissions per unit of 
economic activity-CO,/GNPS -has been 
declining. 

The debate over CO, emissions has 
drawn attention to the role of coal in the 
energy mix, but typically without recog- 
nizing the impact of coal-fired electricity 
on the economy and on CO, emissions 
reductions. As FIGURE 14 illustrates, the 
record shows that CO, emissions have 
dropped from 4 Ibs/SGNP in 1970, to 
about 2.7 lbs in 1991. Current projects 
show that this rate will continue to de- 
cline to about 2 lbs/SGNP by 2010. Yet, 
for the two decades since 1970, coal use 
grew by almost 450 million tons/year, 
and is projected to grow another 300 
million tons/year over the next two de- 
cades. (See FIGURE 15.) 
The association of reduced CO, emis- 
sions/SGNP and increasing coal con- 
sumption is not coincidental-it is 

52 See for example: 
Ecowatts: The Clean Switch April 1991, Science Concepts, Inc. 
Electricicy and Industrial RoducliM'ry: A Technical and Economic Perspectiw P. Schmidt, Pergamon Press, 
1984. 
Carbon Dioxide Reduction Through Elecrrification of the Industrial and Transportation Sectors, Edison 
Electric Institute, Energy Research Group, 1989. 
Saving Energy and Reducing CO, with Electriciv (Esh'mates ofPorentiaU. Electric Power Research Institute, 
CU-7440, September 1991. 
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causal. Reduced CO, emissions are a pri- 
mary consequence of improved energy 
efficiency, and energy efficiency gains 
are a direct result of electrification. Since 

I 1970, every kilowatt-hour of new de- 
mand has been associated with a net re- 
duction in CO, emissions of 3.6 l b ~ . ~ ~  

s3 Two factors are commonly held as significant reasons for reductions in U.S. carbon dioxide emissions 
per unit of CNP: (1) increased use of nuclear power, and( 2) automobile CAFE (gas mileage) regulations. 
Other than electrification, these two factors are the only other substantial structural changes in the 
energy economy over the past two decades. Since 1970, the increased use of nuclear power has 
displaced fossil fuels (based on existing and probable fuel mixes) with a total value of about 440 million 
tons of CO,. The increase in on-the-road fleet average fuel efficiency from about 14 mpg to over 21 mpg 
is responsible for reducing prospective CO, emissions increases by about 400 million tons of CO,. (The 
calculation is performed by considering the additional fuel use and associated CO, emissions if the 1990 
fleet operated at the 1970 fuel efficiency.) Together, CAFE and nuclear power eliminated nearly 1 billion 
tons of CO,. If the U.S. economy operated in 1990 at the 1970 C02 efficiency, there would be about 3.6 
billion tons more CO, emitted. For the sake of conservative estimations, it is assumed that the aggregate 
effect of other small factors over the past two decades has been equal to the impact of CAFE standards, 
or nuclear power-i.e.. 10% of the net declining CO, emissions. Thus, electrification is held to be 
responsible for the remaining 2.6 billion tons of net CO, reductions. Therefore, the 1.2 trillion kWhr 
growth in electric demand was associated with a 2.3 billion ton decline in CO, emissions-or about 3.6 
lbs C0,lkWhr. 
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FIGURE 12 
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'' Data from Monthly Energy Review. Energy Information Administration. Gross fuel consumption for each 
year used to determine annual C 0 2  emissions based on: coefficients for CO, production from fuel 
combustion; 1.1~10~ lbs COJBtu of natural gas burned; 1.7~10~ lbs CO,/Btu of oil burned; 2.2~10~ lbs 
CO,/Btu of coal burned. 
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H - -  Technological w - - 
Underpinnings 

Externality Benefits Of Electricity 

he suggestion that there is a direct 
causal relationship between in- T creased electricity use, in particular 

increased coal consumption, and de- 
creased CO, emissions may appear at 
first heretical. 

FIGURE 16 provides some perspective 
on this phenomenon, as calculated by 
the Electric Power Research Institute 
(EPRI). FICURE 16 illustrates the estimated 
energy impact of the enhanced use of 
only five industrial electrification 
technologies over the next decade alone. 
In this scenario, industrial electricity 
consumption would rise by 17 biUion 
kWhrs/year by AD 2000 (equal to the 
output of six large coal-fired power 
plants) directly because of the greater 
use of the five electrotechnologies. At 
the same time overall energy use, includ- 
ing that needed to generate the electric- 
ity, would decline by about 6096, the 
energy equivalent of 53 million barrels 
of oil per year, because the electro- 
technologies are so efficient compared to 
the fuel processes d isp la~ed .~~ 

The net energy balance shown in FIGURE 
16 is based on the replacement of direct 
fuel combustion with electricity, includ- 
ing the energy to make the electricity. 
(Not included, but virtually always 

evident, are such energy benefits as re- 
duced material waste and reduced ener- 
gy required in maintenance, associated 
infrastructure and shipping.) From the 
environmental perspective, even if all the 
electricity needed to support the addi- 
tional use of those five technologies 
were produced by coal-fired power 
plants, and only natural gas were dis- 
placed in the market, there would be a 
net reduction in CO, emissions of 10 mil- 
lion tons/yr.= 

The nature of the technologies consid- 
ered in the calculations for FIGURE 16 
points to two other important issues: 

Cheap electricity would stimulate 
the use of these new highly produc- 
tive technologies, accelerating 
turnover of new equipment, direct- 
ing valuable industrial financial 
resources towards equipment 
changes that are mndamentally 
productive-but that nonetheless 
save energy 

Regional, or "breathing zone," en- 
vironmental impacts typically go to 
zero; that is emissions at the point- 
of-use are eliminated (typically in 
congested urban zones). 

The energy and CO, savings summarized 
in FIGURE 16 do not represent a unique 

*' End-Use Energy €fficiency, EPRI, January 1991 p. 8; primary energy requirement for electric generation of 
0.175 Q net fossil fuel savings of 0.253 Q; assumes 500 MW coal plant, 65% CF. 
The purpose of assuming that only coal is used for the reqwred electricity is for two reasons. First, if the 
phenomenon works with coal, it eliminates any justification for arbitrarily focusing on fuel type for 
electric growth insofar as CO, impacts are concerned. Secondly, the price of electricity is a significant 
factor in determining how much, if any, fuel switching will occur in the market. It is obvious that using 
natural gas to supply the electricity would provide a greater net reduction in C02 than using coal-fired 
power plants. However, this observation, while theoretically valid, is functionally irrelevant. As a practical 
matter, the price of electricity will determine the viabihty of many industrial electrotechnologies (as 
dmxssed earlier). Over the long ruq the use of more expensive natural gas will result in more expensive 
electricity, thereby eluninating the market incentive to use the electricity-and elimmating any potential 
for net reductions in CO, due to electrification 
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situation. This phenomenon, which we 
term ecowatts in which economic and 
ecological benefits arise by switchmg 
from fuels to electricity-based technolo- 
gies can be illustrated for a remarkably 
long list of technologies. TABLE 8 shows 
some examples from a disparate range 
of representative electrotechnologies. 
Here net CO, emissions have been calcu- 
lated for every extra kwhr used in a fuel 
switchmg situation-i.e. emissions elimi- 
nated by the electrotechnology replacing 
a fuel technology net of the emissions 
associated with the electric power plant. 

TABE 8 

CO, Impact per kWhr of Fuel Switching 
to Electrote~hnologie?~ 

Activity lbs C02 reduction/kW 
use 

Fax document 63 
hypaint  13 
Cook meat 12 
Foundry sand 3 
Make steel 2 
Mow lawn 2 
Heat home 0.7 
Concentrate milk 0.8 

TABU 9 
National CO, Impact of me1 Switching to Electrotechnologie? 

Year 201 0 
Ihd Use Technology Increase Net Energry Savings Net CO, Emission 

ElectridtyUse (Quads) Reduction 
(Gwh) (Million tons) 

Heat Pumps 180,000 1.13 37 

commerdal 
HP Water Heater 86,000 0.69 27 

Information Technology 95.000 .95 - 2.85 75 - 217 
Heat Pumps 133,000 0.83 31 
chillers (with HP) 10,000 0.05 2 
HP Water Heater 16.000 0.13 5 
Induction Wdle  8.000 0.02 0 
Ipd- 
Freeze Concenaation 16.000 0.35 18 
Heat Pumps 2.000 0.01 0 
Induction Heathg 34.000 (.1) - .1 (4) - 17 
Arc Melting 23,000 .39 - .48 46 - 56 
Plasma Processing 12,000 0.14 6 
wm 14.000 0.14 6 
-nation 
TranSitaFreight 24.000 0.12 10 
E l e c ~ c  Vehicles 1 0,000 0.07 6 

Rebuttal Tertirnony Regarding Testimony of Land and Water Fund of the Rockies. Mark P. Mills. Public 
Utilities Commission of the State of Colorado, Docket 91M-642-EG. April 10. 1992. 

-2 7- 

m-- 

‘I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I ,  
I 
I 
I 



As TABLE 8 shows, the range of impacts 
can be very broad. As it turns out, 3.6 lbs 
is the average amotmt of CO, eliminated 
for every kwhr used over past 20 years. 
This macroanalysis is consistent with the 
range of CO, reductions shown in TABLE 8 
for a selected 15 residential, industrial 
and commercial electrotechnologies.58 
CO, is a prominent feature in the cur- 
rent debate over externalities-environ- 
mental impacts that are external to 
current regulated impacts. However, it is 
rarely the case that these externalities 
are properly accounted for, even though 
the basic definition of an externality is 
acknowledged. For example: 

"An externality is a real cost or bene- 
fit which is not considered in the 
costbenefit analysis associated with 
a given decbion." (Emphasis 
addedJW 

"Environmental externalities are a 
special class of externalities. Specifi- 
cally, they are costs or benefits 
created by changes in the environ- 
ment occasioned or exacerbated by 
decisions that do not take these 

TAB 

costs or benefits into account." 
(Emphasis addedf' 

Regardless of such definitions, the desire 
to include externalities in electricity 
costs has focused almost exclusively on 
the environmental costs associated with 
generating electricity. The externality 
benefits have been largely ignored. 

It has been a basic reality of the electrifi- 
cation of modem society that the buyers 
of electricity are interested in using elec- 
tricity for benefits other than the simple 
energy-equivalent value of kilowatt- 
hours; i.e., buyers are interested in bene- 
fits external to the purchase price of a 
kilowatt-hour. This is readily apparent in 
the types of technologies itemized in TA- 
BLES 8 and 9. 
Up until now, external benefits of elec- 
tricity have been the exclusive concern of 
the buyer of kilowatt-hours. In fact, re- 
markably little attention has been paid to 
the profound productivity, environmen- 
tal and energy benefits of the electrifica- 
tion of societyF2 TABU 10 lists just a few 
of the kinds of benefits which accrue to 
users of a few commercial and industrial 
electrotechnologies. The TABLE illustrates 
10 

~ o ~ ~ & ~ m e n t a l ~ ~ B e n e f i t s o f ~ ~ ~ M a n u f a c R l r i n g ~ ~ ~ d ~ - ~  
b 

Electrotechnology Appli2ation 

Electrochemical machining 

High-Frequency Resistance Welding of Tubes 

Sampling of Externality Benefits 

Rejected pieces dropped from 1% to 0% saving 
Sl6,000/yr on equipment costing S174.000 
Rejected tubes dropped deom 20% to 5% with produc- 
tivity and throughput increased 

W Curing of Labels 

Microwave Curing Rubber 

Plasma Steel Cutting 

Shortwave Infrared Curing 

Electrical Discharge Mac- 

Several thousand feet of stock saved per day and var- 
nish cost dropped threefold 
Material savings of 5%, 30% floor space savings 
30% drop labor cost, 10096 elimination of scrap 
Scrap rate dropped from 20% to 10%; fewer rejects, 
higher throughput. 
25% drop in paint cost, 99% recovery overspray 
4Cbfold drop in floor space, 50% energy cost 
Greater accuracy, scrap rate dropped from 10 - 20% to 
0.5% more reliable equipment 

Electric Fryers (commercial kitchens) One-third the cooking energy, less waste heat in kitch- 
en, 20% higher production capacity 

i 

W n g  Energy and Rehcing CO, with Electricity (Estimates of Potential), EPRI. CU-7440, September 1991 
59 Ibid. 
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benefits that translate into improved 
productivity and lowered costs-but 
many of the benefits also have environ- 
mental implications in the form of re- 
duced waste and scrap. 

There is a remarkably wide range of im- 
portant externality benefits that are not 
necessarily environmental, or may have 
indirect environmental consequences. 
These externalities accrue to the pur- 
chaser of kilowatt-hours, such as im- 
proved convenience (via microwave 
ovens for example), or reduced environ- 
mental compliance costs (via zero- 
emissions electro te chnologies replacing 
fuel-based processes), or reduced work 
place hazards, or greater productivity, or 
reduced landfill needs."' It makes no 
sense to suggest that utilities should be 
held accountable for some currently un- 
regulated externality negatives at the 
power plant and not pennit the same uti- 
lities to take credit for currently undocu- 
mented externality positives in the 
marketplace. 

Returning to the focus of this analysis, 
the CO, environmental externality, it will 
be important for policies to recognize 
the magnitude of the benefits from in- 
creased electrification. The overall effect 
of electrifying more and more processes 
can be dramatic. TABU 11 provides an in- 
dication of the magnitude of the impact 
of a small, but representative list of such 
technologies. 

TABU 11 

Overall CO, Impact of Increased 
Electriffcation of Selected Activitids 

7 

Increase ElecMfication CO, reduction 
to 50% of all  activity (million tons/yr) 

Make Steel 90 
Concentrate Milk 60 
Cook Meat 30 
Heat Home 30 
Foundry Sand 6 
Mow Lawn 1 

/Total 

Research shows literally hundreds of 
electrotechnologies for industrial, com- 
mercial and residential use: foundries, 
lawn care, reduction and recycling of ga- 
rabage, drying inks and paints, 
computer-driven and electrochemically 
supported automated metal parts 
production. 

For the purposes of this analysis, howev- 
er, the only benefit of direct interest is 
the net reductions in CO, emissions that 
would likely arise from increasing elec- 
tricity consumption beyond that already 
expected. 

As was shown in TABLE 7, the range of net 
CO, reductions per kwhr of demand is 
broad-from 0.5 lbs to over 60 lbs 
CO,/kWhr. EPRI data on 15 electro- 
technologies provides for an average re- 
duction of 1.3 lbs, and national trends 
over the past 20 years yield 3.6 lbs 

Testimony of Land and Warer m n d  of rhe Rockies, Shepard Buchanan, Public Utilities Commission of the 
State of Colorado, Docket 91M-642-EG. p 2, line 12. 
Testimony of Land and Warer fund of the Rockies. Shepard Buchanan. Public Utilities Commission of the 
State of Colorado, Docket 91M-642-EG, p 2. line 17. 

@ A partlcularly good exploration of this phenomenon can be found fn Electricity in the American Eronomy, 
S a m  H. Schurr, Calvin C. Burwell, Warren D. Devine, New York Greenwood Press, 1990. 

" Rebuttal Testimony Regarding Testimony of Land and Water Fbnd of the Rockies. Mark P. Mills, Public 
Utilities Commission of the State of Colorado, Docket 91M-642-EG. April 10, 1992: Data from Center for 
Materials Fabrication 
An electridty-driven infrared drying process can be used to reclaim and recycle sand at foundries. The 
nation's foundries currently have an annual disposal and land fill need of over 3 million tons of 
contaminated sand. There are also a wide range of electricity-based processes (for shred-, de-zincing, 
etc.) that can be employed to separate and recycle solid waste thus reducing municipal landfill 
requirements. 

'' Rebuttal Testimony Regarding Testimony of Land and Water a n d  of the Rockies, Mark P. Mills. Public 
Utilities Commission of State of Colorado, Docket 91M-642-EG, April 10,1992. 
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C0JkWh.r of electricity consumption. In 
the calculations here, the national trend 
is expected to weaken slightly, but con- 
tinue to yield exteraality benefits at least 
as great as that over the past two de- 
cades. In other words, an increased use 
of almost 750 billion kwhrs would result 
in a net decline in CO, emissions of near- 
ly 1.3 billion tons-tbis assumes that 
50% of all the additional electricity is 
coal-fired.= 

As a matter of interest, the net effect of 
100% coal for all the marginal growth in 
750 billion kwhrs would be to reduce the 
benefit to a net CO savings of just below 
1 billion ~oIB/~~EE!~ 

Historical technical and economic evi- 
dence reviewed @,this analysis shows 
that the overall eff5ct of declining elec 
tncity costs and fi ing electricity use is 
beneficial both for the economy and the 
environment. This analysis reveals the 
fact that economic growth over the next 
two decades could be accelerated with 
low-cost electricity. And while the 

t f  

cl 

increased use of coal is inextricably 
linked to low-cost electricity, the remark- 
able efficiencies of the electricity-using 
technologies that will be replacing fuel- 
burning technologies in the marketplace 
more than offset emissions from coal- 
fired power plants-so much so that one 
can expect substantial reductions in the 
emissions of carbon dioxide (the princi- 
pal gas implicated in the global warming 
theory.) 

TABLE 12 

Summary of the Impact of Lower 
Electticity Prices 

(assumes S.SC/kWhr benchmark) 

GAP grows $1 trillion over base 
case growth of $3 trillion. 

Electric demand grows, requiring 
240 more power plunts (@ 500 
MW) overEl.4 base case of 300. 

Total CO, emissions drop 1.3 bil- 
lion tons over EL4 base case. 

The average benefit is cllculated earlier to be about 3.6 lbs CO,/kWhr. 

The five technologies evaluated in FICURE 16 are: freeze concentration, industrial heat pumps, direct arc 
melting, plasma processing, and ultraviolet curing. 

'' The CO, benefit assuming 100% coal-fued electricity on the margin is reduced to 2.6 Ibs/kWhr. 
M 
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The United States economy bas become increasingly electrzjed. Over the past two decade$, electriciq 
consumption has soared nearly 70% in close conjunction with economic growth. The residential, commercial 

and industrial sectors o f  the economy (which account for 90% of  the US. Gross Domestic Product) collectiveb 

use 99.9% of  all electricity. In contrast these same sectors account for only 34% of  all oil corisumption. 
Our economy toddy is much more dependent on electricity than it is oil. 

conomists and policymakers 
often overlook the signifi- E cance of electricity’s role in 

America’s economic life. Consider 
the fact that although electricity is 
the single largest non-labor com- 
modity input to the U.S. economy, 
it is not included in the traditional 
commodities basket. Analysts watch 
price changes in this basket (or 
index) of goods in order to track 
and predict inflation and other eco- 
nomic trends. Each year 300% 
more electricity is purchased than 
the second largest commodity, gaso- 
line, and 600% more than the 
largest non-energy commodity, cat- 
tle, and 2000% more than another 
“bellwether” commodity, soy. As a 
consequence, the inflationary impact 
caused by an increase in the nation’s 
average electric rare of one-half cent 
per kilowatt-hour is comparable to 
increasing the price of gasoline by 
30 cents per gallon, or increasing the 
price of gold by $300 per ounce, or 
increasing the cost of soy by $2 per 
bushel. But only the much smaller 
changes in these other commodities 
make headlines in the mainstream 
press. Fluctuations in the price of 

electricity are noted, if at all, only in 
trade journals, and the impli’cations 
of such fluctuations are generally 
ignored. 

When electricity prices are prop- 
erly tracked, we find that competi- 
tion, resource technology and mar- 
ket forces have all been driving costs 
down more rapidly than convention- 
al projections indicate. By 2010 the 
price of electricity is likely to be 
below 5~ per kilowatt-hour rather 
than the 7 C  presently projected. 
There are several important implica- 
tions for the U.S. economy in these 
relatively low electricity prices: 

1) Low cost electricity has an anti- 
inflationary effect. Given the sig- 
nificance of electricity as a com- 
modity and given that prices are 
trending downward, electricity’s 
inclusion in the commodities 
index would have a moderating 
effect on overall trends. 

2) Low cost electricity promotes 
increased use of electrotechnolo- 
gies which, in turn, enhance pro- 
ductivity. U.S. manufacturing 
productivity and competitiveness 

is in resurgence due to three pri- 
mary factors, of which only two 
are widely acknowledged: organi- 
zational changes, increased use of 
information technology, and 
increased use of electrotechnolo- 
gies. This latter phenomenon is 
strongly correlated with increased 
productivity. Electricity’s share of‘ 
manufacturing energy use has 
grown nearly 20% over the past 
decade while the natural gas share 
has declined 5%. Manufacturing 
productivity has grown 35% over 
the same ten year period. 

3) Consumers and businesses prefer 
low cost electricity. Surveys, mar- 
ket behavior, and economic indi- 
cators show that the price of elec- 
tricity is vitally important and 
that consumers and markets are 
making increasingly price-driven 
decisions. A Forbes magazine 
ranking of states with the best 
and worst job prospects correlates 
strongly with the price of electric- 
ity. The 12 states with the lowest 
priced electricity include seven 
with the best job prospects. The 
12 states with the highest priced 



‘I 
electricity include 11 of the states 
with the worst. 

4) Low-cost electricity allows the 
U.S. to achieve environmenril 
and social goals without slowing 
down its economy. Energy effi- 
ciency and alternative energy pro- 
grams, regardless of their other 
merits, should be held to a sran- 
dard of declining electricity rates. 
Declining rates will stimulate 
greater use of electric technolo- 
gies, which typically reduce total 
fuel-cycle energy use and environ- 
mental emissions. 

In light of the above, 

The price of electricity shoui$be 
explicitly included in the “basket” 
of commodities used to track and 
predict economic trends and 
inflation, in particular. Failure to 
do so provides a false picture of 
the health of the economy. 

Pursuit of cheap electricity should 
be a central part of national and 
state economic development 
goals and should rake precedMe 
over other goals and objectives 
currently favored in regulatory 
circles. 

Total Purchases of Commodities I 200 I 
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[This recommendation mirrors 
one made by the National 
Academy of Sciences in its 1986 
study “Electricity in Economic 
Growth . ” ] 



he hot new topic in the once 
staid and still (for now) T largely monopolistic, electric 

utility industry is “competition.” 
Just as deregulation in the telecom- 
munications, truclung, rail, airline 
and natural gas industries brought 
confusion, opportunity, and turmoil, 
increasing competitive pressures and 
the mere anticipation of deregula- 
tion is already having the same effect 
in the electric utility sector. 
Increased competition is also having 
the same effect on electricity prices 
as it has had on every other econom- 
ic sector: prices are starting to drop, 
In some cases, regulators are con- 
tributing to this effect. In others, 
regulators have supported efforts to 
raise prices artificially. 

The pressure on utilities to 
become more competitive - i.e., to 
lower prices - comes at a time 
when many activists and utility 
commissions continue to advance 
prescriptive regulatory policies 
which have the effect of raising elec- 

Introduction 

‘Tt; the economy.. .stupid” 

Slogan at 1992 Clinton/Gore campaign headquarters. 

tricity rates. As a vast regulated 
monopoly system, electric utilities 
have been subject to all manner of 
initiatives that have caused electric 
rates to increase. Subsidizing alter- 
native energy and conservation pro- 
grams, not to mention such straight- 
forward techniques as imposing spe- 
cial fees and taxes, exemplify such 
initiatives. A relatively recent addi- 
tion to the portfolio of cost-increas- 
ing initiatives is the idea of environ- 
mental externality “adders,” wherein 
consumers are charged for emissions 
remaining after power plants have 
fully met state and federal environ- 
mental regulations. These cost- 
increasing activities are in conflict 
with the forces driving electric prices 
down, especially technology progress 
and competition.’ 

The California Public Utility 
Commission (CPUC) set the tone 
for the debate over deregulation in 
the electric sector earlier this year 
when it issued a preliminary plan to 
open up California’s wholesale and 

retail electric markets to competi- 
tion. The explicitly expressed goal 
of the CPUC plan was to find a way 
to drive down electric rates. 
Regardless of (or perhaps because 
of) the irony of this action by the 
same Commission that has endorsed 
or required programs leading 
California to have among the high- 
est rates in the nation, the California 
initiative is being watched closely 
everywhere, especially on Wall 
Street. The impending, some would 
say de facto, deregulation of the 
electric utility industry is now wide- 
ly recognized. 

“The electric utility industry, one of the 
last monopolies in the American econo- 
my, is bracing for competition, a change 
that is likely to eventually lower rates 
across the country. Companies are 
scrambling t o  prepare by cutting their 
costs, diversifying and looking for part- 
ners.” 

New York Times, August 1994.‘ 
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The attendant concern and con- 
fusion are already evident in investor 
response to electric utilities. The 
first half of 1994 saw utility stocks 
drop 262 points, or 7.65%. Over 
the same period the Dow Jones 
Industrial average dropped just 11 
points, or 0.3%. This market 
behavior reflects confusion about 
who the winners will be in meeting 
the market demand for cheap elec- 
tricity. Investor-owned and inde- 
pendent power producers, as well as 
electric-only and electric-plus-gas 
utilities, experienced comparable 
declines in their stock values at a 
time when demand for their product 
continues unabated.’ 

“The average electric utility stock has 
fallen [with] losses in the past 8 
months by more than 30 percent. To 
put that performance in perspective, if 
the Dow Jones industrials had done as 
badly as the Dow utilities since last fall, 

the Dow would now be about 2,540. 
There would be talk about recession 
and national crises, and no doubt 
Congress would be busy looking for vil- 
lains to  blame for the fall .... The fear 
now is as the electric utility industry is 
deregulated, new competitors will sel l  
power for less to  prime industrial and 
commercial customers. That will force 
price cuts, lower profit margins and 
smaller dividends.” 

New York Times, May 1994.4 

There is little doubt that, from a 
Wall Street perspective, the price of 
electricity matters. But  this perspec- 
tive is merely a reflection of an 
implicit acceptance of the impor- 
tance of electricity, and thus its 
price, to the overall economy. 

between the forces that can raise or 
lower electric rates, and specifically 
highlights the role played by the 
price of electricity in the U.S. econ- 

This analysis explores the tension 
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omy. (Previous analyses have evalu- 
ated the beneficial role of increased 
use of electricity and electric tech- 
nologies on energy consumption and 
[he environment.‘) This report 
examines this dynamic from six per- 
spectives. 

1 The role of electricity in econoni- 
ic growth. 

2 The role of electricity in manu- 
facturing and competitiveness. 

3 The importance of the price of 
electricity. 

4 Electricity & Inflation. 

5 Projections for the future price of 
electricity. 

6 Implications of cheaper 
electricity. 



P A R T  O N E  

Overall 1n.dicators of Electricity’s 
Role in the Economy 

B R I E F  

Too often, depictions of US. energy use lump together transportation energy and electric sector data. 

Such presentations obscure the role of electricity in  the economy. When data concerning electricity are 

considered separately, two crucialfacts emerge: 1) The economy has become much more energy efficient 

than is generally recognized, and 2) The core of the economy is growing increasingly dependent 
on electricity. 

ver the past two decades, 
U.S. population has grown 0 about 18% and the total 

number of households, about 40Yo.’ 
Despite increased efficiency of elec- 
tric appliances, electricity use in the 
United States has grown by about 
70%. How to account for this phe- 
nomenon! 

As Figure 1 shows, over the past 
two decades, growth in electricity 
consumption - not total energy 
consumed - is in close conjunction 
with economic growth (measured as 
Gross Domestic Product, GDP). 

As a matter of historical fact, the 
use of electricity - which is funda- 
mentally a surrogate measure of the 
increased use of electrotechnologies 
- has grown with, and synergisti- 
cally fed, growth in the economy 
and growth in industrial output. 
Total industrial output grew 77% 
between 1973 and 1993. This led 
to a profoundly important rransi- 
tion. The components of the mar- 
ketplace that use electricity - i.e., 
the industrial, commercial and resi- 
dential sectors (ICR) - now con- 

Trend # I  is substantially a consequence of trend #2. 

sume more of their energy in the 
form of electricity than as direct 
combustible fuels.’ The crossover 
occurred in 1991 when, for the first 
time, more than 50% of all the pri- 
mary energy used in the ICR sectors 
was first consumed by utilities to 
generate electricity.’ By 1993, that 
figure grew to 53%. The speed of 
the transition is apparent in the fact 
that in 1973 only 32% of ICR sec- 
tor energy consumption was in the 
form of electricity. (See Figure 2 on 
page 4.) 

This transition to an electricity- 
dominated economy is big news. It 
is largely unheralded. At the very 
least it means that the supply, relia- 
bility, and price of electriciry as an 
input to the economy are now more 
important than at any previous time. 
One  reason this trend is overlooked 
is that policymakers typically lump 
together energy consumption statis- 
tics from transportation with all 
other sectors. 

electric technologies in the market- 
An accurate picture of the role of 
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Figure 1 U.S. Trends 1973 - 1993 

1973 1983 1993 
Total Energy - Electricity . . . . . . . GDP _ _ _ _  

Data from DOUEIA Annual Energy Review. June 1994 
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Figure 2 Industrial + Commercial + Residential Fuel Use 

n 

1973 1993 201 0 
rn Fuels used directly 0 Fuels used to make electricity 

Data from DOEIEIA Annual Energy Review. June 1994: DOWEIA Annual Energy Outlook 1994, Jan. 1994 I 
place can only be seen when fuel 
used in transportation is called out 
of the rest of the data depicting 
national energy use patterns. At the 
national level, historic trends in 
transportation technology and fuel 
use have virtually nothing to do 
with the electric s e c t ~ r . ~  

90% of the economy uses 99.9% 
of all electricity and 34% of all 
oil consumed. 

10% of the economy uses 0.1 Yo 
of all electricity and 66% of all 
oil consumed.' 

The 10% of the economy that 
does not use electricity is the trans- 
portation sector which, according to 

~ _ _ _ _ _  

Department of Commerce data, 
accounts for less than 10% of the 
nation's GDI? Activities associated 
with the industrial, commercial and 
residential sectors form the major 
share of the economy and are clearly 
more dependent on electricity than 
they are on oil. One can only con- 
clude that preoccupation with the 
price of oil as an economic indica- 
tor, and virtual blindness toward 
electricity's price, is a carry-over 
from a time decades ago when oil 
was a larger determinant and elec- 
tricity much less significant. 

Including transportation fuel in 
energy use trends masks what is hap- 
pening in the parts of the economy 
dependent upon electricity. As 
shown in Figure 3, marketplace con- 

~~ 

Figure 3 U S Trends Excluding Transportation 1973-1 993 
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DaIa from DOEEIA Annual Energy Review June 1994 

sumption of combustible fuels 
(excluding transportation) declined 
by 12% between 1373 and 1333. 
Juxtaposed against the fact that mar- 
ketplace electricity use has grown 
70% with the economy's 56% 
growth, one can onlv conclude that, 
overall, electrotechnologies are dis- 
placing fuel-based technologies.b 

Figure 3 also illustrates the fact 
that there has been a 30% improve- 
ment in overall national energy effi- 
ciency with respect to all non-trans- 
portation activities. In 1973, $58 of 
non-transportation GDP was sup- 
ported by a million non-transporta- 
tion Btus. By 1993, the same mil- 
lion non-transportation Brus sup- 
ported $75 of GDI?' 

in a different way, as shown in 
Figure 4.8 Economic growth and 
industrial, commercial and residen- 
tial activities have been primarily 
supported by increased use of elec- 
tricity. Direct use of combustible 
fuels actually declined. The com- 
mercial and residential sectors of the 
economy have grown 60% since 
1973 along with 80% growth in 
electricity use and a 15% drop in 
direct combustible fuel use. The 
industrial sector has grown 70% 
since 1973, with an associated 45% 
growth in electricity use and 12% 
decline in direct combustible fuel 
use.' 

Historical data show, unequivo- 
cally, that electricity has been dis- 
placing the use of fuels in the mar- 
ketplace. This transition to an 
electricity-dominated economy is 
expected to continue and accelerate. 
According to the Energy 
Information Administration (EIA), 
by 2010 nearly 60% of total ICR 
energy will be consumed by utilities 
in order to provide electricity to 
businesses, homes and industry."' 

These trends can be summarized 
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Figure 4 Changes in the Economy vs. Consumption of Fuels & Electricity 1973 - 1993 
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Since electricity growth is a surro- 
gate measure of increased market use 
of electrotechnologies, this points to 
the importance of identifying and 

5 6 %  electricity generation* 

27% transportation 

17% all other applications 

[Source: GRI I994 Baseline Projrrtions] 
*- 70% of non-transportation energy growth i 5 f . r  
electrzciq 

understanding these technologies - 
and to the importance of the price 
of electricity which drives their use. 

The continuation of electricity as 
the fuel-of-choice in the marketplace 
is supported by projections from the 
Gas Research Institute (GFU). 
According to GRI data, summarized 
in Table 1,  over 70% of all growth 
in non-transportation energy 
demand through 20 10 will be filled 
by electricity. This means that both 
the gas industry and electric utilities 
expect their single largest new source 
of revenue to come from the same 

Figure 5 Total Energy and Electricity Intensity per $GDP 
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place: customer use of electrotech- 
nologies." 

In broad terms, it is possible to 
measure the economy's changing 
dependence on any commodity by 
tracking the quantiry required to 
support an inflation-adjusted dollar 
of Gross Domestic Product (GDP). 
Figure 5 illustrates the historic trend 
(and depicts conventional wisdom as 
to the future). 

The total energy required to sup- 
port a dollar of GDP has been drop- 
ping and is projected to drop fur- 
ther. The economy is becoming 
more energy efficient and thus 
increasingly less dependent on the 
cost of fuel as an input. At the same 
time, the economy has become more 
dependent on electricity in terms of 
kilowatt-hours consumed per dollar 
of GDP. This means that the cost of 
electricity as an economic input has 
become increasingly important over 
the past several decades." 
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P A R T  T W 0 

E I ect r ic i  ty, Productivity & Competitiveness 

B R I E F  

US. manufdcturing productivity has been growing steadily, primarily because of new and emerging 

technologies. Predominant among them are electrotechnologies - technologies 

that use electricity. 

n what amounts to a stealth rev- 
olution, manufacturing produc- I tivity growth has taken off over 

the past decade as businesses have 
adapted new technologies (see Figure 
6). Not only has the economy 
become more productive, but in vir- 
tually every category of the manufac- 
turing economy, real output has 
been rising (see Figure 7). There is 
ample anecdotal evidence that man- 
ufacturing firms feel more competi- 
tive, too. According to one national 
survey of manufacturing firms: 

“Fully 90% of the survey respondents 
believe they are doing a better job of 
meeting the competition than they 
were just five years ago. Ninety-five 
percent agree that they have improved 
product quality significantly.”Ia 

The importance of this trend can- 
not be overstated. Productiviry 
growth has always been a primary 
determinant of economic health. 
Improvements in Productivity allow 
wages to increase even as unit costs 

of products decline. This combina- 
tion of outcomes is a “win-win”; 
people earn more while the cost of 
goods drops. Accordingly, federal 
and state policies cannot be usefully 
formulated without understanding 
what factors permit and indeed 
encourage these developments. 

Of course numerous factors 
enhance productivity; however, the 
use of new technologies is one of the 
most significant, and may in fact be 
the most significant driving force. 
Politicians of all stripes have long 
touted technological innovation in 

this regard. For example: 

“Technology is the engine of economic 
growth. I n  the United States, techno- 
logical advance has been responsible for 
as much as two-thirds of productivity 
growth since the Depression.” 

Clinton Administration 
Technology for America’s Growth‘ 

Typically, though, analysts focus 
almost exclusively on the widespread 
adoption of information technologies 
as predicates to productivity growth. 
But this is only part of the story. In 
manufacturing, it is the flexibility, 
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Figure 6 Productivity Growth 
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Instruments 
Transportation Equipment 

Figure 7 Changes In Manufacturing Output 1970-1990 
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speed of response, and natural adap- 
tation to and use of microprocessors 
that biases new manufacturing pro- 
cessing towards an integration of 
information and electric technolo- 
gies.' 

Studies consistently show that 
machinery and equipment invest- 
ment have a strong association with 
economic growth - to the extent 
that economists typically use invest- 
ment in this area as a measure of 
technology progress. Lawrence 
Summers and a colleague found in a 
recent analysis that, benveen 1960 
and 1985, each extra percent of 
GDP invested in equipment was 
associated with an increase in GDP 
growth of one third of a percentage 
point per year. No other investment 
factor is as strongly correlated with 
economic growth.4 

Investment in new equipment is 
now the primary driving force in the 
U.S. economy and, more important, 
in the current economic recovery 
than in any other economic recovery 
in recent history. Equipment pur- 
chases have accounted for over 30% 
of the current economic recovery 

compared to the more usual 10% to 
15%. Over 90% of the economy's 
growth so far in this recovery is 
attributable to a surge in productivi- 
ty rather than to an increase in labor 
hours.' The combined effect - eco- 
nomic growth stemming from 
increased productivity with no sig- 
nificant growth in labor hours - is 
strongly anti-inflationary. 

increase in productivity attributable 
to electrotechnologies?" The most 
straightforward method is to view 
the relative share of electric and nat- 
ural gas use in various industries, 
since fuel use is largely a surrogate 

But how to document the 

measure of the choicc of equipment. 
The use of electriciry in nianufactur- 
ing has been growing at nearly 2 
percent per year while the use of 
natural gas has been declining by 
about 1 percent per year since 1980. 
Figure 8 shows that this disparitJ- 
holds all across the manufacturing 
sector. Even in areas where natural 
gas use has been increasing (such as 
materials fabrication) the use of elec- 
tricity has been growing rwice as 
fast.- 

Figure 9 on page 8 illustrates the 
inevitable result of rising electric use 
in conjunction with declining fuel- 
combustion use in manufacturing. 
In the decade of 1980 to 1990, elec- 
tricity increased its market share in 
manufacturing by 20% while overall 
natural gas declined by nearly 5%. 
Again, even where natural gas gained 
market share in a specific manufac- 
turing sector such as materials fabri- 
cation, electricity gained an even 
greater share. 

Despite the manufacturing sec- 
tor's growing preference for elecrrici- 
ty as seen in the above trends, natur- 
al gas is still the dominant fuel used 
in manufacturing. As shown in 
Figure 10 on page 8, natural gas 
comprises 48% of totd manufactur- 
ing fuel use compared to electricity's 
24%. This shows that significant 
opportunities for investment in new 

Figure 8 Annual Growth Rates In manufacturing Fuel Use 1980-1990 
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Data lrom Electrotechnology Relerence Guide EPRl TA 101021, table 2 6 
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Figure 9 Change in Market Share for Fuels in the Manufacturing Sector 1980-1990 
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electric technologies remain, with 
attendant improvements in produc- 
tivity and economic growth. 

ity is projected to continue to cap- 
ture market share. Process indus- 
tries, which account for 61% of 
manufacturing sector energy con- 
sumption, are the least electrified. 
Natural gas has over 50% of market 
share.' Electricity has captured 
under 20% of the market share here 
but is gaining ground with signifi- 
cant implications for electric 
demand and fuel c~mpet i t ion .~  The 
price of electricity is a more impor- 
tant determinant in process indus- 
tries than in other manufacturing 
sectors. 

increase in the use of electricity, but 
also the increased share of electricity, 
that points to the growing domi- 
nance of electrotechnologies in man- 
ufacturing. Sectoral shifts or overall 
equipment efficiency improvements 
may reduce electric consumption 
growth, but cannot fully account for 
the phenomenon observed in the 
data presented here. 

undertaken by the Kansas Electric 
Utility Energy Research Program 
underscores the importance of elec- 
trotechnologies to businesses."' 

As is shown in Figure 11, electric- 

It is not only the absolute 

A survey of manufacturing firms 

Detailed responses from 335 firms 
provided the Kansas researchers with 
a statistically valid sampling of the 
state's manufacturing activities. The 
study found that about 40% of 
Kansas manufacturers use electro- 
technologies and a high percentage 
were interested in learning more 
about them. 

The overall trend showing 
increased productivity related to 
increased use of electrotechnologies, 
as measured by increased electricity 
use, was documented earlier in this 
report. In what remains to date one 
of the most comprehensive explo- 
rations of the role of electricity in 
the economy, the National Academy 
of Sciences (NAS) asserts: 

"Our first and most important conclu- 
sion is that electricity plays a very 
important role in productivity growth. 

"To foster increased productivity, policy 
should stimulate increased efficiency of 
electricity use, promote the imalemen- 
tation of electric technolosies when 
they are economically justified, and 
seek to lower the real costs of electrici- 
ty supply by removing any regulatory 
impediments and developing promising 
technologies t o  provide electricity." 
[emphasis added]" 

In previous studies we focused on 
the structural and mechanical rea- 
sons that particular electrotechnolo- 
gies yield such clear benefits that the 
NAS could so strongly and clearly 
recommend a promotion of electric 
technologies." The relevant conclu- 
sion in this analysis relates to the 
NAS recommendation that produc- 
tivity can be accelerated by policies 
seeking to lower the cost of 
electricity. 

The NAS's analysis found that 
technology advancement caused 
electricity use to increase for 23 of 
the 35 industries included in their 
study. The NAS study also found 
that a decline in the price of elecrric- 

Data lrom Electrotechnology Reference Guide. EPRl TR-101021, table 2-5 
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ity stimulates productivity growth in 
23 of the 35 industries, and damp- 
ens productivity growth in only l2.I4 

Other analyses have reached simi- 
lar conclusions about this linkage. 

L'...long-term growth in capital (i.e., 
plant and equipment) has been associ- 
ated with much steeper increases in 
electric than in non-electric energy. 
Since changes in plant and equipment 
are the main vehicle for achieving tech- 
nological improvements, electricity's 
very high rate of growth relative t o  cap- 
ital signifies that technological progress 
in manufacturing over the course of the 
twentieth century has shown a strong 
affinity for energy in the form of elec- 
tricity."" 

The transition toward an increas- 
ingly electricity-dominated manufac- 
turing sector contains a number of 
important implications: 

Manufacturing becomes less 
dependent on raw resources 
because electricity can be generat- 
ed with a very broad variety of 
fuels. 

Manufacturers are effectively 
insulated from fuel price swings 
because fuel constitutes only one 

share (ranging from 40% to 
70%) of the total number of 
components contributing to the 
cost of electricity. 

Industry achieves greater flexibili- 
ty in adopting new technologies 
because of the inherent flexibility 
of electricity. 

Manufacturers enjoy various envi- 
ronmental benefits due to the low 
or zero environmental impact of 
electric-based technologies. In 
effect, environmental issues are 
transferred to the supplier of elec- 
tricity. As a practical matter, this 
means that environmental 
impacts are ohen removed from 
population centers and made easi- 
er to monitor and manage at a 
central location. 

Other analyses document the 
energy efficiency and environmental 
improvements associated with 
increased use of electrotechnolo- 
gies.IG 

A recent U.S. Department of 
Commerce study on manufacturing 
technologies both supports the con- 
clusion that electric technologies 
dominate advancedlproductive tech- 

Figure 11 Projected Growth in Manufacturing Electricity Consumption by 201 0 
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Data Iron Electrotechnology Reference Guide, EPRl TR-101021v. table 3-2 
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nologies and validates the energy 
efficiency benefits. In a survey of 
advanced manufacturing technolo- 
gies in over 6,000 manufacturing 
plants (taken as de facto indicators 
of greater productivity), the 
Commerce study concludes: 

"The increased application of these 
technologies may act t o  decrease 
overall energy demand while at the 
same time increasing electricity 
demand." 

"Plants which utilize higher numbers of 
advanced technologies are less energy 
intensive and rely more heavily on elec- 
tr icity as a fuel source; use less energy 
per unit of output, but consume a high- 
er proportion of electricity; plants over 
30 years old are the most energy inten- 
sive and rely most heavily on non-elec- 
tricity."" 

There are hundreds of electrotech- 
nologies.16 The benefits arising from 
some representative electrotechnolo- 
gies are summarized in Table 2 on 
page 10. An analysis of patent data 
suggests that a large share, probably 
over do%, of dl future manufactur- 
ing innovation is associated with 
emerging electrotechnologies."' 
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Electrotechnology 

Aluminum melting, resistance 

Asphalt recycling, nlicrowave 

Clothes drying, microwave 

Commercial dish washing, ultrasonic 

Cooling tower ozonation 

Copper processing, electrowinning 

Corona discharge 

Dairy processing, freeze concentration 

Deburring, electrochemical machining 

Electrical discharge machining 

Electrochemical machining 

Electromagnetic forming 

Electroreactivated carbon 

Hardening, flux field concentrator 

Label curing, ultraviolet 

Laser cutting systems 

Lumber processing, microwave 

Metal cutting, plasma 

Microwave curing of rubber 

Paint spraying, supercritical C02 

Paint stripping, flash lamp 

Painting, electrostatic 

Powdered metal coating curing, infrared 

Pressurized water cutting 

Short wave infrared curing 

Toxic waste vitrification 

Through heating, resistance 

Ultraviolet (UV)  setting of offset inks 

UV/Electron Beam(EB) Curing 

Waste water treatment, UV 

Welding tube, resistance 

Zinc recovery from galvanized steel 

Economic Benefit: Case study example 

Metal losses dropped from 1 2  % for gas fired to under 2% for electric2@ 

Saves Los Angeles over $1.5 millionfyear" 

Substantially lower operating cost than conventional clothes drying** 

Eliminated heating 500,000 gallons of pre-rinse water" 

Operating costs were reduced by almost $90,000/year2' 

Costs are 39% lower when compared to conventional methods" 

Lower cost to treat 3000 CFM air with 4 0 0  ppm VOC'" 

A typical dairy can save $100,000 annually using freeze concentration" 

Production rates have resulted in annual savings of $90,50Ozn 

Scrap rate for dies reduced from 10-20% to 5%*9 

Rejected pieces dropped from 1% t o  0% saving $16,00O/yr on equipmentM 

Rejection rate dropped from 10% to 2%)' 

Eliminates trucking of spent carbon to reactivation site" 

Energy savings of 42% due to flux field concentrator3' 

Several thousand feet of stock saved per day and varnish cost dropped 3-foldY 

Total cost per part reduced from $172 to $42'' 

Old growth hardwood trees spared, 30% stronger than natural timber" 

Scrap rate dropped from 20% to 10%; fewer rejects, higher throughput" 

Savings of 5 %  material, 30% floor space, 30% in labor cost, 100% in scrap" 

Improved transfer efficiency from 40% to 70%, reduces VOC use3s 

Aircraft paint stripping cost reduced 4-fold, toxic chemical use eliminated'o 

Transfer rates of 65% vs 15-40% with conventional methods" 

Case study cost per light pole dropped from $1.56 down t o  $0.86" 

Reduces waste, downtime for sharpening blades eliminated" 

25% drop in paint costs, 99% recovery of over spray for 50% energy cost savings" 

Eliminates cost of shipping contaminated soil to disposal site'5 

Cost per ton of steel reduced from $34.80 for gas to $33.80- 

Less expensive heat source, better heat transfer, 100% solid inks eliminated VOCs" 

Less flash-off, smaller ovens, higher line speeds due to reduced drying time- 

Eliminates transportation of waste to treatment site" 

Increased throughput with a rejection rate drop from 20% to 5%50 

9 million BOE, $256 million in zinc imports saved recovering 60% of scrap" 
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Does Pr ice Mat te r  ? 

B R I E F  

Consumers and businesses feel  very strongly about the price of electricity. Evidence o f  the importance 

ofprice is underscored by the fact  that Wall Street analysts strongly favor utilities that can compete 
successf;LlLy as low-cost providers. 

magine a scenario in which home- 
owners receive solicitations from I alternative suppliers of electricity, 

just as they do now for alternative 
providers of long distance telephone 
services. Imagine these solicitations 
offered discounts, cheaper electricity. 
Many utilities are imagining (and 
many are worrying) about just such 
a scenario. Many industrial cus- 
tomers are already selecting electrici- 
ty suppliers on this basis. The con- 
cept is euphemistically known as 
“wheeling” - residential or whole- 
sale wheeling, depending on the 
ultimate customer. It is a concept 
that has powerful and non-trivial 
implications for all electric utilities 
and their customers. It is a concept 
that is fundamentally driven by the 
market’s desire for cheap electricity. 

Under this scenario, would 
consumers switch to a lower-cost 
provider? 

A recent survey of commercial 

and industrial customers found 
that:’ 

38% would switch electricity sup- 
pliers for a 5% rate reduction; 
53% would switch for a 10% rate 
reduction. 

The residential market is not sub- 
stantially different in terms of price 
sensitivity. A similar survey of resi- 
dential customers found that for a 
5% rate reduction, the share of cus- 
tomers that would switch to another 
utility breaks down as follows:2 

49% if their current rates were 
“very high, ” . 41% if their current rates were “a 
little high,” 
27% if their current rates were 
“low. ” 

The residential customer’s con-- 
cern with price sends a clear signal 
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to electric utilities. For those who 
believe, despite all market evidence 
to the contrary, that people don’t 
mind paying more for a product 
(e.g. a kilowatt-hour) because of 
non-price benefits such as environ- 
mentaUconservation programs, con- 
sider the results of a national Roper 
survey: When people are asked to 
rank factors as determinants in mak- 
ing purchasing decisions, here is 
what they consider in order of 
imp~r t ance :~  

82% past experience with brand 
64% price 
47% quality reputation 
26% well knowdwell advertised 
18% environmental record. 

While price is of critical impor- 
tance when it is perceived to be sub- 
stantially out of line with expecta- 
tions (which is the case in many 
states and regions), the Roper survey 
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shows that people do respond to 
other non-price benefits that utilities 
can positively influence if they want 
to retain customers (or in a non- 
competitive environment, simply 
keep them happy), notably “past 
experience” and having a “quality 
reputation.” While both of these 
represent soft benchmark criteria, 
programs to influence such criteria 
are not soft and are amenable to 
other measurement or performance 
benchmarks. Such programs include 
activities related to power quality, 
outage rates, new technology 
deployment, economic development 
and public service. 

But at the core, the fact remains 
that if a utility is not perceived as 
providing low-cost electricity, cus- 
tomers will be unhappy and, in a 
competitive environment, they will 
leave. Responding to pressure for 
cheaper electricity, regulators across 
the nation are debating, and even 
putting into place, trial programs to 
test the effects of competition and 
learn how to fairly manage a transi- 
tion to a more competitive environ- 
ment. 

California Public Utilities 
Commission (CPUC) completed a 
14-month study on the effects of an 
increasingly competitive environ- 
ment for electric utilities and the 
direction utility regulatory policy 
should cake. Issuance of the CPUC 
proposals catalyzed strong reactions 
across the country in both the popu- 
lar and trade press.’ The CPUC was 
by no means first to propose adopt- 
ing policies that would move regu- 
lated electric monopolies towards a 
Competitive environment.” I t  was, 
however, the first to include a pro- 
posed schedule to implement the 
plan and thus galvanize much of the 
debate that was already underway.- 

In April of this year, the 

The central goals contained in the 
CPUC proposals are: 

create downward pressure on 

assist investor-owned utilities to 
rates; 

compete in increasingly competi- 
tive markets; 
reduce administrative burdens of 
the present regulatory regime; 
reform utility regulations to 
reflect increasing competition. 

Utilities are well aware of the 
importance of low rates.8 Typical of 
many reactions is that of Pacific Gas 
& Electric Co. which, in preparing 
for stiffer compecition, recently 
announced that i t  will continue its 
19-month freeze on retail electric 
rates through 1995.’ 

Economic competitiveness often 
takes a back seat to various environ- 
mental and social agendas when util- 
ity policy is formulated.” Wall 
Street analysts, however, take a 
strictly hard-nosed economic view of 
the industry and implicitly reflect 
consumer preferences. For example, 
a Prudential Securities evaluation of 
utilities identifies the following key 
Competitiveness indicators:” 

how cheaply a utility generates 
power; 
whether or not cheaper nearby 
competitors exist; 
dependence on industrial cus- 
tomers; 
the utility’s record in forging 
favorable, i.e., low, rate agree- 
ments with big customers. 

The utilities that best meet these 
criteria, according to the same analy- 
sis, tend to be in the South, 
Southwest and West. Not coinci- 
dentally, these are the same regions 
where low-cost electricity predomi- 

nantly provided by coal-fired genera- 
tion is most often available.” 

In a similar evaluation, Daniel 
Scotto, managing director at 
Donaldson Luffkin & Jenrette 
reached the following conclusion: 

“Because of  the demand [for low-cost 
power] by big corporate users ... the 
[utility] winners are likely t o  be plain- 
vanilla, coal-based electric utilities.” 

The best utilities, according to 
Wall Street analysts, tend to be those 
that compete on price. The fact that 
coal-fired utilities can compete on 
this basis reflects the low cost of coal 
as a fuel and the precipitous drop in 
the costs of controlling emissions 
from coal combustion. In addition, 
with long-term, low-cost, stable sup- 
plies, coal looks tough to beat on 
price. 

Of course, many utilities under- 
stand and respond to customers’ 
price concerns. Over 20 states allow 
utilities to offer special low rates to 
large industrial customers who 
might otherwise seek lower-cost self- 
generation.’) Since the stakes are 
even higher in a de-regulated and 
competitive environment, utilities 
are trying other innovative pro- 
grams. For example, American 
Electric Power is implementing a 
trial program to permit residential 
customers to have more control over 
costs through real-time variable elec- 
tric rates. AEP’s Transtext system 
features a customer-controlled, 
three-tiered rate structure reflecting 
the cost and availability of power 
during different times of day and 
different seasons. Customers can 
select the temperature of their 
homes based on real-time informa- 
tion about how much it costs for 
various temperatures at different 
times of the day.I4 
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The key to such control systems 
is the use of real-time communica- 
tions - i.e., information “super- 
highways” linking utilities and their 
customers. The necessity of this 
capability for improving electrical 
service and lowering costs has 
required utilities to pioneer the use 
of fiber optic cables to residences. 
This trend highlights the linkage 
between end-use electric technolo- 
gies and information technologies. 
Indeed, increased flexibility and con- 
trol over costs from such real-time 
information systems also serves to 
accelerate the market use of 
electrotechnologies. ’’ 

Accommodating their customers’ 
desire to keep their electricity bills as 
low as possible has an added benefit 
for utilities. Electric rates can set a 
tone for and directly impact business 
and job prospects in a region or 
state. Both anecdotal and statistical 
evidence support the notion that 
electric rates have a key impact on 
business decisions. 

For example, in a recent con- 
tretemps between the New York 
Governor’s office and Forbes 
magazine over the attractiveness of 
New York State to businesses, elec- 
tric rates received prominent play. 
Forbes blasted state policies as 
being inimical to business growth. 
In identifying eight central points 
of contention with Forbes over its 
claim that New York was scaring 
away business, the New York State 
Director of Economic Development 
cited electric rates as the number 
two item (workers’ compensation 
was first) and attempted to cast a 
positive light on New York‘s high- 
cost electricity. His claim: 

“According t o  the EEI, the highest 
rates charged by NYSE&G for industrial 
customers works out t o  about 11.5 

cents per kwhr (as of last July 1) for a 
very small user; more typical would be 
about 8.8 cents. Comparable rates 
charged by [Pennsylvania utility] PP&L 
range from 7.7 to 9.9 cents.” l b  

lowest electric rates included seven 
states with the best jot, prospects. 
Inversely, we found that the 12 
states with the highest electric rates 
included 1 1  states with the worst 
job prospects. 

New York State’s defensiveness 
over high electric rates is well placed. 
A Forbes 1994 survey of the states 
with the best and worst job 
prospects is highly correlated with 
electric rates (although that was not 
the intent of the survey). Forbes 
used six key indicators to rate state 
job prospects: tax structure, cost of 
energy, cost of labor, impact of 
defense cuts, and Clinton health 
care proposals and export markets. 
(As the data earlier in this report 
illustrates, the cost of electricity 
rather than the cost of “energy” 
would have been a more accurate 
predictor of economic health.) 
Nonetheless, the way in which elec- 
tricity prices correlate with job 
prospects in the various states is still 
remarkable. 

Forbes predicted strong job 
growth in 23 of the 50 states.’- 
(Table 3.)  The 12 states with the 

* not ranked nr xtatr iuith beXtjob prospert, 

*‘ not ranked iir rtate iurth worrtjoh prospect’ 
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financial markets and America's Federal 
Reserve these days. So far this year, the 
Commodity Research Bureau's spot 
price index of industrial raw materials 
has risen a hefty 12.7%;' 

Business Week' 

F.\en single [ion-oil commodities 
arc rrac.kcd ;is importanr indicarors 
o f  in  tl io rid r\c r ren ds. 

"Inflation-watchers take note: August 
i s  the critical month for determining 
how big the soy crop will be. That's 
significant because the Commodity 
Research Bureau's Index of 21 major 
commodities - an important barome- 
ter of inflation - i s  heavily influenced 
by price changes in soybeans." 

Barron's 

Soybeans, bur not electricir)" 
Table 5 itemizes the amounr of 

money rhe nation spends on rhe V a l - -  

ious coinrnodiries included i n  [he 
"basket," w i r l i  elecrriciry and n a r u r -  
al gas added r o  rhe lisr for conipari- 
sori." Figure 12 shows the rrends in 
total purchases. Over rhree times as 
much nione!. is spenr on electricity 
as the Iargesr comniodiry in rhe cu r -  
renr basket (pso l ine) ;  and six riiiies 
as much is spent on elecrriciry as 011 

the Inrgesr non-energ!' commodity 
(cattle). Clenrl!; elecrriciry is thc 
predo ni i nan r coni modi ty, even 
rhough it is no r  in any basket: 

Figure I .? 'iggregaces the r o d  
amount of rnoncy spenr each !'car 
on rhesc sclecred coniiiiodiries. A s  
the  dar,i sIio\v? rhe inclusion of elec- 
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Economists generally believe that 
when manufacturing capacity reach- 
es 82.5% utilization, the pressure of 
demand on the capacity to provide 
goods leads to inflationary pressure. 
In early 1994, manufacturing capac- 
ity utilization reached 83.5%, but 
the traditional inflationary signals 
did not follow, according to most 
analysts.'" The reason may well be 
rooted in the failure of traditional 
theory to account for technology 
progress, which has probably modi- 

A 10% INCREASE I N  THE TOTAL COST OF 
PURCHASING COMMODITIES WOULD 
ARISE FROM A: 

23% rise in electric price 

11.5$/kwhr increase over the 6.8$/kwhr 
basel 
71% rise in gasoline prices 

147$/gallon increase over the 67$/gal. basel' 
367% rise in soy prices 

1$20/bushel increase over the $5.58/bushel 
basel 
1200% rise in gold prices 

C$5,300/ounce increase over the $441/ounce 
base1 

A 2 %  POINT RISE I N  THE COMMOOITIES 

PRICE INDEX WOULD ARISE FROM A: 

6% rise in electric prices 

10.4elkwhr increase over the 6.8Zlkwhr 
basel - 46% rise in gasoline prices 

l32$/gallon increase over the 67$/gal. basel 
37% rise in soy prices 
I $Z/bushel increase over the $5.58/bushel 
base 1 - 73% rise in gold prices 

I $322/ounce increase over the $441/ounce 
base I 

fied the capacity "trigger point." 
Manufacturers today are able to 

operate at higher utilization levels 
than in the past without comparable 
strains on their ability to meet 
demand. They can do so because of 
the increased productivity of manu- 
facturing operations and, in particu- 
lar, the extensive use of advanced 
technologies, especially information 
technology (not to mention such 
adaptations as just-in-time invento- 
ries which are, in turn, made possi- 
ble by new technologies). As previ- 
ously discussed, it is the increased 
use of electrotechnologies, and in 
particular their integration with 
information technologies, that is 
central to the quiet revolution in 
manufacturing productivity and its 
salutary impact on prices. 

Given the substantial role that 
electricity plays in the overall econo- 
my and in productivity growth, the 
price sensitivity of the market to 
electric prices, and the fact that 
more money is now spent on this 
commodity than any other, the 
obvious question to ask is: What is 
the inflation-predicting effect of 
adding electricity to the price index 
of the commodities basket? 

The CRB commodity basket 
price index is an unweighted index 
designed to indicate overall price 
pressures associated with commodi- 
ties. 
index are believed to have a large 
multiplier effect on inflationary 
trends in the economy. 

As a parr of this analysis, we 
undertook the development of a pre- 

Relatively small changes in the 
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lirninary commodity basket index 
that includes electricity, modeled on  
the CRB index. The commodir). 
basket price index is substantially 
altered by the inclusion of electricity 
as a commodity, as shown in Figure 
14.'' The inclusion of electricir). in 
the price index alters the change in 
the index by over 3 percentage 
points in 7 of the 10 years from 
1980 to 1990. 

So far in 1994, the traditional 
Commodities price index has been 
rising, without an apparent com- 
mensurate inflationary response. 
While there are numerous factors 
influencing inflation, it seems very 
likely that stable electric prices may 
be having a hidden moderating 
effect. Including electricity in the 
commodities basket would quench 
the inflationary heat caused by 
increased prices in other commodi- 
ties and give analysts a more accu- 
rate picture of U.S. economic 
health." Additional perspective on 
the implications of electricity in the 
market basket can be acquired by 
looking at broad impacts or price 
changes. 

Small fluctuations in electric 
prices can have a large effect on the 
economy. This effect can be mea- 
sured by calculating: I )  the change 
in the total amount of money spent 
purchasing all of the commodities in 
the basket, and 2) the change in the 
weighted price index of the basket 
after the price of a single commodity 
in the basket has been altered.14 
Table 6 shows the effect on the over 
all basket of a doubling in the price 
of a number of commodities. In 
each case, the target commodity's 
price is doubled while all other com- 
modity prices are held constant. 

Doubling the price of electricity, 
accomplished by a few states in 
recent years, can be seen to have a 
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Figure 14 Commodity Price Volitility 

. “1” 

1982 
1981 

Y 

-15.0% -12.5% -10.0% -7.5% -5.0% -2.5% 0.0% 2.5% 5.0% 7.5% 

m Weighted Change Including Electricity 0 Conventional Weighted Change 

dramatically larger impact on the 
economy than doubling the price of 
any other commodity. The total 
cost of the commodities basket 
would increase by 44% if electricity 
prices doubled, compared to 14% if 
the price of gasoline were doubled. 
Similarly, the price index of the bas- 
ket - the harbinger of inflation - 
is moved 5 points by doubling soy 
prices, but moved 32 points by dou- 
bling electricity prices. 

Another way to illustrate the rela- 
tive importance of these representa- 
tive commodities is shown in Table 
7 on page 16. Here, the inverse of 
the logic used in Table 6 is demon- 
strated by showing what price 
changes would be required in the 
commodities in order to have the 
same overall impact on the basket as 
equivalent changes in the price of 
electricity. 

The percentage changes can be 
viewed in terms of the absolute 
change in the price of each com- I modity. Thus, an 0.4clkwhr (a 4- 
mill) increase in national electricity 
prices has an inflationary impact 
comparable to raising the price of 
gasoline 304 a gallon, or soy by 
$2/bushel (from the base level of 
$5.58 in the model) and gold by I $300/ounce (from the model’s base- 
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line price of $440/ounce). There are 
environmental programs that have 
been proposed or which are already 
h place in many states that would 
hise electricity prices substantially 
more than 1 C/kwhr ( 1 00-mills) . 

The obvious leverage that elec- 
tricity has as a commodity, com- 
bined with the fact that many utili- 
ties are already treating kilowatt- 
hours this way, provides both a 
motivation and a base of experience 
to advance a broader and more for- 
mal treatment and recognition of 
electricity in general commodities 
markets. 

Co. of New York has established a 
Megawatt-Hour Store using an on- 
line computer system to facilitate 
exchanges of power. ConEd already 
buys over half of its electricity in the 
bulk power market. According to 
ConEd, volume trading provides a 
competitive edge. Computerized 
trading saved its customers $18 mil- 
lion in the first five months of 1994 
compared to the same period during 
the previous year using the old sys- 
tem. Con Ed’s overall trading in 
electricity was $200 million in 1993 
ahd is up 20% this year. There are, 
&course, practical differences 
between trading electricity and 

For example, Consolidated Edison 

wheat. Perhaps the most significant 
is that demand from electric cus- 
tomers, and consequently electricity 
trading, frequently must take place 
24 hours a day. Currently, Con Ed 
trades focus on hourly, daily, weekly 
and monthly deals.” 

There are signs that electricity’s 
significance as a commodity is 
beginning to be recognized. The 
New York Mercantile Exchange, the 
world’s leading market for energy- 
related commodity trading, plans to 
introduce electricity futures con- 
tracts in 1995. The model? Natural 
gas deregulation.16 While trading is 
likely to be limited to only a few 
markets initially (probably in the 
West) the practice is expected to 
expand. Even before that happens, 
the price declines that will almost 
certainly be created by such compe- 
tition will directly affect the nation’s 
commodities basket. Around 20% 
of the nation’s electricity is sold in 
western states.” If competition in 
this region drives prices down by an 
average of 20%, the national average 
price of electricity will drop by 
about 3%. This 3% average reduc- 
tion in the national cost of electrici- 
ty would reduce the commodities 
price index by about 1.2 percentage 
points. To have a similar effect on 
the total cost of commodities pur- 
chased, the price of gasoline would 
have to fall by 11%, or gold prices 
would have to fill 179%. 

nized as a commodity, and as elec- 
tricity markets become increasingly 
competitive and fractionated, prices 
will vary dramatically. Including 
electric prices in the commodities 
basket will become vital. 

At the macro-economic level, 
cheap electricity’s moderating effect 
on inflation can be illustrated sim- 
ply. Inflation has the effect of erod- 

As electricity is increasingly recog- 
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-- 
ing people’s savings. Every percent- 
age point increase in inflatio-n per- . 
manently robs at least $30 billion 
each year from the nation’s savings 
accounts (the value of real assets, 
such as land, not included).18 

While no one doubts the impor- 
tance of keeping inflation under 
control, inflation is notoriously d i 6 -  
cult to predict and seems uncom- 
fortably dependent on perceptions. 
If recent New York Times interviews 
with Federal Reserve officials is any 
indication, perception matters 
almost as much as fact. 

“Fed officials said they were putting 
greater weight on the economic indica- 
tors ranging from the price of gold and 
the output of factories t o  personal 
anecdotes. They are also pavina more 
attention t o  human Dsvcholoav: 
notably investors’ expectations of infla- 
tion, an area that has long exasperated 
economists who use computer models 
t o  predict inflation.”.” [emphasis 
added] 

One would have to conclude that 
today’s analysts do not perceive that 
the price of electricity matters - a 
fact implicit in electricity’s absence 
from the commodities basket. 
Consumers, on the other hand, have 
an innately different perception 
regarding the importance of the 
price of electricity (as explored in 
the previous section), a perception 
more in line with the facts outlined 
here. One hopes that in the evolv- 
ing competitive market for electrici- 
ty, economic analysts will begin to 
perceive and formally recognize elec- 
tricity’s role in the economy. 

18 
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P A R T  F I V E  

Where Is the Price of Electricity Going? 

B R I E F  

Where is the price of electriciy going? Down. In the electricity sector, marketplace forces and various 
ideological agendas are ojen in open conjict. The former tend to drive prices down while the latter drive 

them up. But the move toward a competitive marketplace for kilowatt-hours portend dramatic 
decreases in electricity prices over the next 20 years. 

t .. 
he states in which mandated 
conservation and renewable T energy programs have been 

most aggressively promoted by public 
service commissions also tend to be 
the same states that have the highest 
electric rates. California, Maine, and 
New York are good examples. 

Maine provides an instructive 
example of the sometimes bizarre field 
of utility economics. Battered by an 
economic downturn, Maine has seen 
its electric rates soar from among the 
lowest in the nation to among the 
highest. Bangor Hydro, one of the 
state’s utilities, has been engaged in a 
two-year battle to lower electric rates. 
Two years ago, an editorial in the 
Bangor, Maine, paper observed: 

“The latest word out of Augusta [the 
state capital] on this rate reduction, 
which could save Maine businesses tens 
of thousands of dollars? The [PUC] 
staff wants to treat it as a rate increase, 
requiring expensive, elaborate filings 
and, if history is any guide, interminable 
and costly delays.”’ 

With that last observation, the 
local press had it right. Over two 
years later, in a July 20, 1994 filing 
with the state commission, Bangor 
Hydro continued its push for permis- 
sion to provide competitive, i.e., 
cheaper, electricity. They want the 
flexibly to lower rates when necessary 
in order to boost businesses and meet 

Fcompetition - although they are not 
.asking that they be able to raise rates 
without going through traditional rate 
procedures. Yet, this win-win propo- 
sition has aroused a hailstorm of 
opposition. 

Opponents of cheap electricity 
admit that electric rates in Maine 
have increased because of the 
Demand Side Management (DSM) 
and alternative energy programs they 
have advocated.2 They d i m ,  howev- 
er, that higher prices are off-set by 
two benefits: 1) subsidized renewable 
energy projects provide direct and 
indirect employment, and 
2) the programs have significantly 
!educed carbon dioxide emissions. 
They tout this latter contribution as 
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most significant. 
Setting aside the dubious C02 

claim (and ignoring the implied cost 
of this “contribution”) and setting 
aside the possibility that the alterna- 
tive policies actually may have 
increased carbon dioxide emissions,3 
the real issue is the extent to which 
high-priced electricity has harmed the 
State of Maine. High and rising elec- 
tricity costs affect a state’s economy in 
two ways: production costs in the 
commercial and industrial sector rise 
relative to those of other 
stateslregions, thereby eroding com- 
petitiveness with an attendant loss of 
sales, indirect employment, and wages 
etc.; second, there is a decline in con- 
sumer purchasing power. 

efkct of higher electric rates in Maine 
found that: 

A comprehensive study of the 

“Using an econometric model [we 
found] a 10% increase in electric costs 
for the state led to a 0.23% drop in 
employment, 0.27% drop in output GSP 
[gross state product], 0.19% drop in 



Figure 15 -Historic Cost of Electricity 
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personal income; reduction of over 
1,700 jobs in employment, $75 million 
in output and $68 million in personal 
income.”‘ 

The 10% increase in electric costs 

posited in the above analysis was actu- 
ally far too conservative. Maine actu- 
ally experienced a 30% increase rela- 
tive to the rest of the region and 
nation. The impact on the state was 
probably far more severe than the 
effects described above. 

The difficulty facing Bangor 
Hydro, as it tries to respond to an 
increasingly competitive environment, 
typifies the problems besetting other 
utilities. They are still mired in a reg- 
ulatory environment ruled by an old 
paradigm and wedded to obsolete 
goals. 

“Environmentalists ... have effectively 
used the regulatory system to goad util- 
ities into adopting energy-efficiency 
programs and into buying power from 
renewable sources. But if retail compe- 
tition is allowed, the lowest-priced sup- 
plier would win. Environmentalists say 
that’s short-sighted and ignores the 
public benefits of lower consumption 
and diverse supply  source^."^ 

many environmentalists are anxious 
to create a system in which environ- 
mental externalities, among other 
things, can be used as yet another tool 
to increase electricity costs. 

Where, then, are electric rates 
trending? As Figure 15 illustrates, the 
national average price of electricity is 
about the same today (in inflation 
adjusted terms) as it was 20 years ago. 

One might argue that the trend 
illustrated in Figure 15 means that, 
on average, social and economic 
forces have balanced each other out to 
the public’s benefit. Or, one could 
argue that today’s average electric rates 
could have been much lower than 
they are. The tension between the 
forces of social engineering and eco- 
nomic competitiveness are going to be 
more powerfully engaged than in the 
past. Ascertaining which forces will 
likely dominate requires an examina- 
tion of their respective components in 
order to reach a conclusion about the 
likely direction of electricity prices. 

Social Engineering 

A variety of programs fall under 
the category of social engineering: 
Demand Side Management (DSM), 
environmental externalities, and alter- 
natives to conventional energy 
sources. Each has aspects that are 

This observation from Business 
Week underscores the reason why so 
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laudable, achievable, and cost-effec- 
tive. But, when they are pursued in 
an over -dous  fashion, economic 
problems often follow. 

Demand Side Management (DSM) 

Often touted as “win-win,’’ DSM 
has a broad range of adherents. The 
underlying logic is that it is cheaper to 
save electricity than to produce it. 
Given that electric utilities are the 
most heavily capitalized businesses 
in the nation (see Table 8), utility 
management should be, and fiequent- 
ly is, receptive to ways that minimize 
capital requirements. 

DSM programs that are hnda- 
mentally cost-effective (i.e., those that 
unequivocally cost substantially less 
than generating additional power) 
make sense for utilities to pursue, 
both as a wise aspect of customer ser- 
vice and for mutual financial benefit. 
The most obvious area in which 
DSM programs provide mutual bene- 
fit is in the replacement of old, ineffi- 
cient lights and motors with new, 
more efficient ones. While there is 
considerable debate over the extent of 
‘‘free riders” - i.e., customers who 
take a utility’s money to upgrade 
lighting efficiency when they would 
have upgraded them anyway - the 
evidence suggests that there are many 
cases in which utility-subsidized effi- 
ciency programs achieve benefits that 
otherwise would have been passed 
over. 

Electric Utilities 
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However, as the “cream” in DSM I is filly exploited, i.e., the obvious and 
easy “fLues” are made where there are 
large efficiency differences between 
old and new equipment, the pro- 
grams begin to chase increasingly 
expensive opportunities. The chal- 
lenge then becomes one of correctly 
evaluating the benefits and costs of 
program management, verification, 
and administrative overhead, to name 
a few. In addition, real costs need to 
be compared with realistic estimates 1 of avoided costs. Avoided cost is the 
cost of electricity that one will not 
have to use for some period of time 
into the future - a period of time 
over which the economic cost of the 
efficiency program is supposed to be 
recovered. The temptation to oversell 
begins to appear. If one is trying to 
justify increasingly expensive eficien- 
cy measures, one might be biased 
toward projecting a higher future 
avoided cost, or to inadequately 
account for market resistance (the 
adoption rate) to a new technology, or 
fail to account for full-program costs. 

A review of the Bonneville Power I... inistration’s DSM program, for 
example, revealed that their program’s 
ost rose from the original level of a 4 F o 5C/kwhr range to 7 -1 lC/kwhr.‘ 

These latter costs do not compare 
avorably to the 4C/kwhr or lower 
‘avoided costs of purchasing or gen- 
erating power in the Western region. 

A significant risk for DSM advo- 
tes is that they become so preoccu- 

pied with seeking the most electric- 
fficient technologies that they dis- 
onnect from marketplace realities, 6, d in so doing, disconnect from real- 

istic goals and costs. An example of 
his extremism is the promotion of a 1 uper-efficient home refrigerator. 

Technologies exist that can make even 
oday’s most efficient home refrigera- 
or significantly more efficient. Many 
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DSM proponents advocate that utili- 
ties directly subsidize homeowners’ 
purchases of such equipment. A 
regent issue of Consumer Reports 
evaluated the field of home refrigera- 
tors, including the “world’s most effi- 
cient refrigerator.” They delivered a 
withering criticism of it on all counts: 
energy savings, economic viability, 
and practicality8 The additional cost 
to purchase the “world’s most efficient 
refrigerator” would take an owner 
nearly two centuries to recover in 
terms of reduced electric bills. 

Closer scrutiny of DSM programs 
by public utility commissions have led 
many utilities to back off of earlier, 
ovfrly ambitious commitments pri- 
marily because such programs tend to 
raiie electric rates. 

Environmental Externalities 

The concept underlying environ- 
mental externalities is simple: even 
power plants that fully meet federal 
and state environmental regulations 
still emit some pollutants. There are 
also some emissions that are not pol- 
lutants and are thus not regulated, but 
fo?which claims are made concerning 
enfironmental impacts, specifically 
carbon dioxide with its ostensible 
contribution to global climate change. 
These emissions are “external” to the 
regulatory process, but nonetheless, 
some argue, they have both an envi- 
ronmental and financial cost to soci- 
ety. The solution? Normally, if there 
is a measurable or documentable envi- 
ronmental impact, regulations are 
tightened to reduce the emissions. 
However, when hard data cannot be 
obtained because the evidehce is weak 
or non-existent, environmentalists 
propose that the residual cost associat- 
ed pith these externalities be “guessti- 
mated and then added to the cost of 
the electricity.’ Typically, these quan- 

tifications of externalities lead to 
penalties that can be calculated per 
ton of emissions. Typical guesstimates 
include: $0 - $300 for sulfur oxides, 
$68 - $1600 for nitrogen oxides, 
$1200 for volatile organic com- 
pounds, $1200 for particulates and 
$6-$15 for carbon dioxide (this last of 
course is not a “pollutant” nor a regu- 
lated emission).lo The net overall 
effect of these penalties is to increase 
the cost of electricity from power 
plants where these externalities are 
incorporated and thereby discourage 
the power plants’ use. According to 
advocates, this has the effect of send- 
ing the “right” price signal to the mar- 
ket. Typically, these penalties can add 
10% to 15% to electricity rates.“ In 
many cases the externality penalty has 
the potential to increase rates from 
low-cost coal-fired power plants up to 
4C/kwhr.12 In Minnesota this 
approach to raising electricity costs 
has been enacted by statute. It is also 
in-place in various regulatory forms in 
states such as Massachusetts, Vermont 
and Nevada, and is being promoted 
or explored in many others such as 
Florida and Kansas. 

To support their theories, which 
perforce require imaginative stretches, 
many externality proponents use 
“proof by association” as a typical jus- 
tification: i.e., they list other states 
where externalities have been imple- 
mented to justifi doing it in the state 
du jour. This has the effect of pro- 
mulgating a silly idea.” 

The fundamental problem with 
the externality approach is the &lure 
of its advocates to understand it. 
Environmental externalities associated 
with a kilowatt-hour exist both at the 
power plant and at the point-of-use. 
The external environmental impact of 
using an electrotechnology is just as 
real as the environmental impact of 
making the electricity to operate the 
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electrotechnology. A vast array of 
electrotechnologies are used for their 
fundamental economic benefits. But 
because of the inherent efficiency of 
their operation, they eliminate more 
emissions than are created at the 
power plant. Electric vehicles are the 
most familiar example of this phe- 
nomenon, which can also be seen in 
hundreds of other electrotechnologies. 

In order to measure electricity’s 
environmental externality on a correct 
net basis, residual emissions from the 
power plant must be offset by the 
emissions eliminated in the market- 
place. When a full &el-cycle calcula- 
tion of this kind is undertaken, one 
typically finds that there is a net 
decline in environmental impacts 
associated with most electrotechnolo- 
gies. Put another way: increased elec- 
trification on average decreases envi- 
ronmental impacts, talung into 
account the power plants. This fact 
has been extensively reviewed in other 
analyses.“ 

Table 9 summarizes the results of 
typical externality calculations for 
some representative electrotechnolo- 
gies. The reduction in energy use, 
carbon dioxide emissions, and nitro- 
gen oxide emissions are shown taking 
into account national average fuel use 
at the power plant. The energy sav- 
ings are shown as a percentage reduc- 
tion achieved by the electric technolo- 
gy. The energy savings are calculated 
by taking into account energy used at 
the power plant. The fact that there 
are net savings, counting the power 
plant inefficiencies, arises from the 
efficiency advantages of the electric 
technology ac the point of use. 

Table 9 are in pounds of emissions 
eliminated for every 1,000 kwhr of 
electricity used to operate the respec- 
tive electrotechnologies instead of 

’ their non-electric alternative. Again, 

The emissions reductions shown in 

the emissions rake into account power 
plant emissions, since the electric 
technologies themselves typically emit 
nothing at the point of use. 

The data in Table 9 illustrate sig- 
nificant individual benefits. When all 
of the opportunities for energy savings 
from electrification are added togerh- 
er, the total benefits are quite large. 
For example, Electric Power Research 
Institute calculations shows that by 
2010, the increased use of 15 repre- 
sentative electrotechnologies will lead 
to a reduction in total energy use 
equivalent to hundreds of millions of 
barrels of oil per year.15 

Nonetheless, despite the fact that 
substituting electrotechnologies for 
&el-burning technologies has clear 
energy and environmental benefits, 
advocates of environmental externali- 
ties are not proposing to undertake 
evaluations that credit such opportu- 
nities.I6 Instead, they focus on penal- 
izing electricity users for the environ- 
mental impacts associared with power 
plants and don’t give credit for end- 
use environmental benefits. Should 
externality theory be properly applied, 
it would, on average, have the inverse 
effect of that intended by its advo- 
cates: users of electricity would be 
paid (not penalized) for using elec- 
trotechnologies. If a ton of NOx has 
a value of $1,000 and a specific elec- 
trotechnology used by a business 
results in a power plant emitting one 
ton of NOx each year, but the tech- 
nology applied by that end-user elimi- 
nates two tons of NOx per year, the 
end-user should be paid $1,000, not 
penalized $1.000 for the electricity 
used.’’ 

Alternative Energy 

Environmentalists and the media 
have had a long love affair with alter- 
native, or renewable, energy. Today’s 
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campaign for renewable energy is 
being resurrected almost verbatim 
from the failed programs of the late 
1970s and early 1980s. Still being 
heard is the largely irrelevant claim 
first made 20 years ago that there is 
lots of unrealized potential out there 
in untapped energy.\” Clearly, the 
potential is irrelevant if the cost is too 
high; and it is. Central to the support 
for renewable energy technologies is 
the idea that the so-called non-renew- 
ables (cod, oil, and natural gas, pri- 
marily) are running out and we had 
better hurry and replace them. 

tives love to sound dire warnings of 
impending oil shortages with atten- 
dant escalating prices. Claims for a 
sustained oil shortage within the fore- 
seeable future, however, are simply 
not supported by facts (more about 
this later). The literature of prognos- 
tication is littered with oil shortage 
warnings. They even started warning 
about oil shortages 50 years ago: 

All advocates of expensive alterna- 

“The recent decline in the rate of dis- 
covery of new petroleum fields in this 
country has given rise t o  the question of 
what we can do t o  meet the demand .... 
Great Britain, Germany, and Japan are 
making synthetic oil and gasoline. Now 
is the time to conduct a rigorous 
research program so that methods will 
be available t o  supply necessary liquid 
fuels from American coals when the 
petroleum supply begins to  fall.” 

From the February 1944 Scientific 
American, re-published February 1994 

Current advocates would substitute 
the phrase “renewable energy” for the 
phrase “American coals” in the above 
quote, but the idea is not much dif- 
ferent. The impending oil shortfalls 
of 50 years ago (and of 20 years ago) 
have not materialized, nor have any 
sustained price escalations, to justify 
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Automobile, electric 
Canoe, electric 
Car warmer, electric 
Clothes drying, heat pump 
Clothes drying, microwave 
Cold vaporization 
Commercial cooling 
Commercial laundry, ozone 
Copper melting 
Dairy processing, mechanical 
vapor recompression 

Dish washing, ultrasonic 
Electric airport shuttle 
Electric mill 
Electric moped 
Electroreactivated carbon bed 
Farm chore tractor 
Farm pump 
Fax 
FlashBake cooking 
Forging, direct resistance 
Forging, induction 
Freeze concentration, dairy 
Freeze concentration, sugar 
Freeze concentration, water 
Garbage disposal 
Gas-line compressor 
Glass bottles 
Grill, electric 
Heat pump, geothermal 
Heated floor tiles 
Ion blast air cleaning 
Irrigation pump 
Kitchen fax 
Ladle preheating, electric resistance 
Lawn leaf mulching, electric vacuum 
Magazine ink drying, U V  
Medical waste, electron beam 
Medical waste, Medaway-i 
Medical waste, microwave 
Maglev train 
Microwave oven 
Mower, cordless electric 
Noise cancellation muffler 
Outdoor lighting vs. gas light 
Paint curing, infrared 
Paint spraying, supercritical co2 
Parboiling rice, microwave 
Pasta drying, microwave 
Powdered coating curing, I R  
Powdered coating curing, UV 
Powdered plastic coating curing, I R  
Pressure washing, electric 
Riding lawn mower 
Sand reclamation, I R  
Silk-screen curing, ultraviolet 
Telecommuting 
Trash compactor 
Waste water treatment, R O  
Water heater, heat pump 
Water-jet paint stripping 
Welding of tube, resistance 
Yarn drying, radio frequency 
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supporting more expensive alterna- 
tives. The key here, of course, is cost. 
Alternative energy that is cheaper 
than conventional energy would have 
no difficulty competing for market 
share. 

But, advocates claim, alternative 
energy technologies are in their infan- 
cy and suffer from cost disadvantages 
which will disappear over time.” 
Statements of this kind are virtually 
identical to those made 20 years ago 
- a rather long infanq. 

approach: what ifprices for gas, coal, 
and oil rise? Investing in renewables 
(which they admit are more expensive 
“for now”) will provide a hedge 
against the vigorously proclaimed 
inevitability of rising prices for con- 
ventional energy?’ Setting aside the 
fact that the states which bought this 
argument in the 1980s are now pay- 
ing for it (literally) because all other 
forms of power are still much cheaper 
than renewables, the advocates’ argu- 
ment fails the obvious logic test: 
what if the price of the competing 
conventional energy sources declines? 
What is the total downside financial 
risk then? Simple evaluations reveal 
downside risks substantially larger 
than upside benefits. 

Alternative energy advocates have 
another “what if” construct: what if 
environmental regulations become 
stricter (an outcome that renewable 
advocates work vigorously to ensure)? 
Wouldn’t a renewable energy program 
provide a hedge against such an eco- 
nomic calamity? Once again, this 
argument requires a full financial 
exploration, the type of financial 
risk/benefit calculation businesses and 
homeowners regularly undertake. 
What if environmental regulations 
become less difficult to meet, whether 
through regulatory relaxation or tech- 
nology progress? For example, early 

The renewable advocates’ 

in the acid rain debate many feared 
(hoped?) that cutting sulfur oxide 
emissions would cost over $2000/ton; 
however, the actual cost of compli- 
ance today is about $400/ton and 
falling rapidly. 

use of renewable energy is simply to 
raise the cost of electricityz2 

The net effect of mandating the 

“Those Altamont windmills produce 
power for 7 to 10 cents a kilowatt-hour, 
compared with 4 cents or less for con- 
ventional fossil fuel plants. Kenetech 
would be out of business were it not for 
tax breaks and federal and state man- 
dates that have forced people to buy i ts  
products .... The mandated business with 
Kenetech amounts to a hidden tax  that 
helps raise PG&E’s rates 50% above the 
national average.”23 

Economic Forces 

O n  the other side of the equation 
in determining future electricity prices 
are those three principal factors that 
make up the economic forces: 

competition 
technology 
raw fuel inputs 

Unlike the social forces reviewed 
above, all of these economic factors 
have the effect of exerting downward 
pressure on electricity prices. A p n ,  
for purposes of arriving at an under- 
standing of the overall trends, the fol- 
lowing summarizes an extensive body 
of research in each area. 

Competition 

The demand for electricity has 
increased for the past two decades and 
is projected by virtually all analysts 
(including those who are trying to 
dampen demand) to increase for the 

next two decades. Enhanced demand 
for a product increases competition to 
provide the product, especially in a 
competitive market. The typical net 
effect of rising competition is declin- 
ing prices. The central driving force 
in the competitive electricity market is 
the fact that new generating facilities 
can produce low-cost power. Figure 
16 illustrates how the cost of electrici- 
ty from new independent power pro- 
ducers compares to the current aver- 
age As Figure 16 shows, new 
power plants are producing power not 
only below the current cost, but also 
for a declining cost. Over time, eco- 
nomic forces will drive electric rates 
toward the lowest cost producer. 

As ever less expensive sources of 
electricity become available, customers 
seeking cost benefits (large industrial 
customers, for example) will increas- 
ingly put pressure on their traditional 
suppliers for rate concessions. 
Utilities facing these choices almost 
always accommodate their customers 
or at least attempt to do so. In some 
cases, regulators do not give them the 
latitude. The difficulty experienced 
by Bangor Hydro (discussed earlier in 
this report) in lowering rates is not 
atypical. The New York Power 
Authority was not permitted to lower 
rates to meet-or-beat the cost of 
cogeneration from a large General 
Motors facility. In consequence, that 
facility left the system - with the 
attendant revenue loss to the utility 
The reality is that it is usually more 
expensive to replace a lost customer 
than to keep an existing one. Utilities 
in competitive markets have a tremen- 
dous incentive to price power just 
above incremental costs. If they do 
not, existing power plants become 
underutilized thereby raising the cost 
of power to remaining customers. 

new “green field construction, utili- 
In addition to the declining cost of 
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ties have at their disposal two large 
reservoirs of untapped cheap electrici- . 
ty: underutilized coal-fired power 
plants and yet-to-be-refurbished older 
fossil-fie1 power plants. 

their existing old power plants because 
it was a substantially cheaper 

Competition to provide electricity 
is increasing. It is coming not just 
from IPPs competing with utilities, 

9 
8 
7 

E 6  95 
8 4  
c3 

2 
1 
0 

Figure 16 U.S. Wholesale Electric Prices 
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The nation’s existing coal plants 
operate at just under 60% capacity 
hctor. Operating these power plants 
at a full capability (75% capacity fac- 
tor) would provide over 450 billion 
more kwhr of supply, equivalent to 
140 new 500 megawatts (MW) gen- 
erating plants?’ The marginal cost of 
this additional electricity will be sub 
stantidy less than 3C/kwhr, perhaps 
as low as 1.5C/kwfir. 

Repowering old power plants is a 
less obvious category of additional, 
cheap power that has been largely 
ignored until recentlyx Over 3,000 
MW of repowering is already pro- 
posed. About 20% of the existing 
coal-fired capacity and 50% of oil and 
gas capacity are over 35 years old, rep- 
resenting a total of 100,000 M W  of 
generation.*’ Many of these power 
plants can be refurbished and “tuned 
up” to produce even more power than 
their original design. This option is 
frequently the least expensive way for 
a utility to meet power needs. For 
example, at the end of last year, San 
Diego Gas & Electric rejected 15 IPP 
(independent power producer) bids, 
deciding instead to repower one of 

but also from traditional utilities 
hc t ion ing  as IPPs in the backyards 
of other utilities. For many utilities, 
it is a basic maxim that new sources 
of revenue should come first from 
areas in which they have direct or 
derivative experience. If revenue 
growth is inadequate in the local ser- 
vice territory, seeking new revenue 
fiom a core activity - i.e., supplying 
electricity as an IPP or wholesling it 
in someone else’s service territory - 
is an obvious option. 

The effect of competition is dra- 
matically demonstrated in Figure 16. 
Here the national average cost of elec- 
tricity is compared to the range of 
costs from IPP projects in those years. 
The low and downward trend of elec- 
tricity available from €PPs will, over 
time, pull down the cost of the entire 
systemB Long-time successful IPP 
CEO and prognosticator Roger Sant 
succinctly observes: 

“If today’s low prices persist, the eco- 
nomics of lower-cost power will likely 
overwhelm the regulatory system now in 
place.”3o 

In this case, the competition will 
be fierce and prices are likely to plum- 
met. The decline in the price of elec- 
tricity is good for the economy and 
for customers, but it will create sub- 
stantial stresses and turmoil in the 
electric utility business. This reality 
suggests that utilities should be wary 
of initiatives that have the effect of 
raising electricity prices. Such initia- 
tives will put them at a substantial 
disadvantage with competitors for 
t h ’  eit customers. 

Technology Progress 

Competition is one of the sustain- 
ing forces that advances technologq 
The technology of electricity genera- 
tion, transmission, and distribution is 
advancing at a rapid pace. Power 
plants and associated systems are 
increasingly efficient, more reliable, 
and easier to maintain. These 
advances all have in common one 
outcome: the cost of providing elec- 
tricity to customers goes down. 

Coal-fired generation is the tech- 
nology which typically involves the 
most extensive materials handling, 
hence it is laden with rigorous envi- 
ronmental regulations. Yet progress in 
the development of highly efficient 
and squeaky dean combustion tech- 
nologies ensures that state-of-the-art 
coal-fired electricity will meet and 
exceed all environmental regulations 
while st i l l  delivering electricity for 4 
to 5S/kwhr.” Because of the abun- 
dance of coal as a resource, this eco- 
nomic reality ses  a de hcto ceiling on 
competition for much of the country. 
Cost-effective technologies which 
allow coal-fired power plants to match 
the low emissions characteristics of 
natural gas generation already exist?2 
These innovations will lead to com- 
petitive responses from the natural- 
gas-fired (and even oil-fired) generat- 
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ing technologies. 
Beyond the generation side, a wide 

panoply of technologies are emerging 
that will directly reduce the cost of 
electricity to consumers. Advances in 
high-powered solid state devices will 
soon make it possible to reduce by 
over 10% losses in transmission 
switching. High temperature super- 
conductors will not only reduce trans- 
mission costs, but also generation and 
end-use technology costs. Advances 
in control systems permit more effi- 
cient integration and dispatch of 
power sources, again reducing the 
ultimate cost to consumers. 

It has been claimed that there are 
no more “economies of scale” left in 
the electric business to support the 
drop in electricity prices which 
occurred for decades following the 
advent of the Electric Age. This view 
confuses technology progress with 
scale economics. Economies do result 
from scaling up power plants. 
Independent power producers that 
started with small power plants, in 
recent years have moved increasingly 
to large power plants because of this 
economic reality. But technology 
progress has been the big factor in 
driving down the costs of technology 
to generate and deliver electricity. No 
serious student of technology doubts 
that this progress will continue. 

Raw Fuel Resource 

The trump card for every advocate 
of non-Combustion technologies is to 
point to projections showing rising 
fuel costs for oil, gas and coal. Buy 
the more expensive alternative now, 
they urge, to protect against future 
fuel price rises. The problem is that 
there is no historical record that sup- 
ports the belief that fuel prices will 
rise; nor is there any current evidence 
to support such a trend.” 

Figure 17 illustrates a typical phe- 
nomenon - largely missed because 
prognostications of a decade ago are 
often forgotten by the time the same 
analysts’ predictions are trotted out 
ten years later. Figure 17 shows the 
projections made in 1980 for 1990 
prices of oil, coal, natural gas and 
electricity These projections come 
from U.S. Department of Energy 
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1980 documents. DOE projections 
both then and now generally reflect 
the conventional wisdom of other 
prognosticators. Furthermore, DOE 
projections are those most commonly 
used by all analysts. As the figure 
shows, not only were the projections 
of a decade ago off, they were dramat- 
ically wrong. All prices were project- 
ed to rise significantly by 1990. 
None did. Compared to ten years 
ago, coal is cheaper today. Compared 
to 20 years ago, coal is about same 
price.” 

viewed as the bellwether of where 
energy prices in general are trending. 
This preoccupation with oil prices 
arises in part because of the magni- 
tude of the international oil trade, in 
part for psychological reasons (per- 
haps rooted in the shock of the 1973 
oil embargo and attendant short-lived 
price escalation), and in part because 
of the almost immediate effect oil 
prices have on consumers’ transporta- 
tion budgets. 

According to current DOE projec- 
tions, oil prices are trending up.35 By 
2010, DOES “reference case” projects 
that oil will reach about $30/bbl in 
today’s dollars. It is instructive to 
note that oil prices (in constant 
1988s) have stayed between $6 and 
$16/bbl for all but five years over the 
past century.% All indications are 

Oil price projections are frequently 
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Figure 19 Components of Electric Price Projections 
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that major oil producers can continue 
to make a profit at $1 5/bbl.” When 
the price of oil finally rose over 
$25/bbl for several years in the late 
1970s, energy competition was so 
intense that the price rapidly col- 
lapsed (e.g., new oil exploration, the 
use of supercomputers and even satel- 
lites, and new extraction technology 
such as horizontal drilling quickly 
eliminated the shortfall, etc.). Today 
oil can be found readily for about 
$3/bbl in finding O n  top of 
that, the proved reserves of oil - i.e., 
the amount proven to be available at 
current prices - have typically been 
sufficient for 10 to 15 years of con- 
sumption, and have been projected to 
be adequate for 10 to 15 years every 
year for the past 50 years.39 

Historid data aside, ultimately a 
price ceiling for oil is set by the cost 
of OPEC natural gas. Over time, the 

market cannot sustain a price for oil 
that is greater than the cost of deliv- 
ering OPEC natural gas to world 
markets via liquid natural gas tanker. 
Natural gas can be substituted for oil 
in many applications. That price 
“kicks in” at around $20 to $25/bbl. 
Here OPEC is in a strong position to 
supply that fuel with 40% of the 
world’s proven natural gas reserves, an 
amount 10 times greater than U.S. 
reserves.4o 

Coal prices are the principal deter- 
minant of the cost of delivered energy 
in the electric generation business 
because 55% of all electricity is coal- 
fired. This level of dependence will 
continue for at least the next 20 
years. Coal prices are projected to be 
stable and decline in real terms over 
that per i~d .~’  

1980 1985 1990 1995 2000 2005 201 0 

The Price Trend 

All things considered then, what 
is the trend for the price of electrici- 
ty? Figure 18 illustrates today’s con- 
ventional Some comfort 
may be extracted from Figure 18 in 
that electric rates are not projected 
to rise over the next 20 years. But 
given the evidence summarized in 
this analysis, there are substantial 
reasons to believe that a declining 
trend would be preferable. To ascer- 
tain if the current projection is like- 
ly, the components of the projection 
need to be evaluated. Figure 19 
shows the projected trends for the 
inputs that make up the final cost of 
electricity: capital, operations and 
maintenance (O&M), fuel, and pur- 
chases from IPPs (excluding taxes 
and related fees).43 

Based on the evidence reviewed 
here, the projections illustrated in 
Figure 19 seem reasonable for two of 
the four components. There is no 
doubt that capital costs and opera- 
tional costs are declining. There is 
no evidence, however, to support the 
belief that fuel and IPP purchases 
will increase in cost over the next 20 
years, as is currently projected. In 
fact, the evidence reviewed here sup- 
ports a view that these two inputs 
will decline. 

Figure 20 shows what the aggre- 
gated price projection for electricity 
looks like when all of the inputs are 
put together correctly, which is to 
say they trend downward in cost. 
The nation’s average cost of a kwhr 
is likely to be below 5 C  by 2010. 

27 



P A R T  S I X  

Imp1 ications & Recommendations 

he purpose of this topical 
report has been to address T the question, “Does Price 

Matter?” The evidence shows: 

people and businesses prefer 
cheap electricity 

electricity is the primary energy 
input to the economy 

competitive forces drive prices 
down 

technology progress drives prices 
down 

new end-use technologies are 
biased toward electricity 

new technologies increase 
competitiveness 

cheap electricity is anti- 
inflationary 

Can alternative energy and DSM fication. Increased electrification is 
most readily stimulated by reduced 
prices of electricity. In such a frame- 
work, the energy eficiencylenviron- 
mental gains are not just “least cost”, 
but are achieved at a maximum ben- 
efit to society. 

programs survive in a competitive 
environment? Yes, but only if they 
compete on price. Such programs 
should be held to a standard of 
meeting or beating declining, not 
increasing, electricity costs. In that 
case, such programs will deliver high 
value to both utilities and cus- 
tomers. Not only will the economy 
be afforded the benefit of cheap 
electricity, but the putative benefits 
of such programs will be achieved in 
a genuinely cost-effective manner. 
Many DSM and alternative energy 
programs cannot meet this standard, 
nor has this standard been applied 
to them.’ 

In any case, as discussed in this 
report and extensively documented 
elsewhere, the energy efficiency and 
environmental benefits which are 
the ostensible motivation for DSM 
and alternative energy programs are 
achievable through increased electri- 
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