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Ju;; il 5&! STATE OF ARIZONA 

ARIZONA CORPORATION COMMISSION 

R e q u e s t  for 1 
E l e c t r i c  U t  

CENTER FOR ENERGY AND 
C DEVELOPMENT 

I .  Introduction 

The Center for Energy and Economic Development (CEED) 

submits these Comments in response to the Request for Comments on 

Electric Utility Restructuring issued by the Arizona Corporation 

Commission staff on February 22, 1996 and as modified on April 

23, 1996. 

CEED is a non-profit organization formed by the nationls 

railroads, coal producing companies, a number of electric 

utilities and related organizations for the purpose of 

participating in state and regional regulatory proceedings 

affecting the utilization of coal by electric utilities. CEED's 

members include coal producing companies that sell coal to 

Arizona electric utilities and railroads that transport that 

coal. 

As an initial matter CEED takes no position as to whether or 

not the electric utility industry in Arizona should be 

restructured. CEEDls view is that, if restructuring occurs, it 

should be fuel and resource neutral. 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. 

Our comments focus on staff's questions with respect to 

environmental quality in a restructured industry and efforts this 

Commission should make with respect to renewable resources. 

11. Environmental Ouality in a Restructured Industry 

There is no reason environmental quality should or will 

suffer in a restructured industry and every reason to suppose 

that environmental quality will improve. Environmental quality 

will not suffer because the nation is governed by a stringent 

system of environmental laws and regulations which will, of 

course, continue to be in effect whether or not Arizona 

restructures the electric industry. 

improve because the principal benefit of restructuring will be 

Environmental quality will 

lower electric rates, which will increase the electrification of 

the American economy and reduce the emissions of pollutants into 

the air. We discuss both of these points in more detail below. 

A. The Nationls Environmental Recrulatorv System Can and 
Should be Relied on by this Commission in a 

Environmental Recrulation Society Deems Necessary. 
1 

The cornerstone of national air quality policy is the 

National Ambient Air Quality Standards (NAAQS). Congress has 

directed the United States Environmental Policy Agency (USEPA) to 

establish primary NAAQS for air pollutants at a level that USEPA 

determines, based on a review of all scientific evidence and 

allowing Itan adequate margin of safety," are requisite to protect 
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public health. 42 U.S.C. 5 7409(b)(l). Congress has also 

directed USEPA to establish secondary National Ambient Air 

Quality Standards to protect the public welfare from any known or 

anticipated adverse effects associated with the presence of an 

air pollutant in the ambient air. 42 U.S.C. 7409(b)(2). In 

promulgating the primary and secondary NAAQS, the USEPA uses an 

elaborate process of funding scientific research, reviewing 

scientific studies, having its work reviewed by independent 

experts, and then asking for public comment. 

The pollutants regulated under the primary and secondary 

standards (sulfur dioxide, NO,, carbon monoxide, suspended 

particulates, ozone and lead) are called I1criteriaV1 pollutants -- 
the name taken from the elaborate criteria document that USEPA 

must prepare to establish these national standards. 42 U.S.C. § 

7408. This document lists the health and social welfare effects 

of each pollutant. 

reviewed, in detail, in this document in order to determine the 

lowest pollution levels that lead to health effects. 

criteria document is reviewed by the Clean Air Scientific 

Advisory Committee (CASAC), a group of independent experts 

(generally from universities and research institutions). 

addition, USEPA invites public comment on the proposed air 

quality standard and supporting literature. 

elaborate and consumes thousands of professional days over 

several years. 

The relevant scientific literature is 

This 

In 

This process is 

The primary standard is set not simply at a level 
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which avoids health effects but at a much lower level to provide 

an adequate margin of safety. 

Congress has further controlled the emission of these 

pollutants, among other things, by requiring specific standards 

of performance for new stationary sources which apply to new 

utility power plants. 42 U.S.C. 3 7411. 

Pursuant to the Clean Air Act, state legislatures have 

adopted state plans to implement, maintain and enforce the 

primary and secondary standards and related Clean Air Act 

requirements in each air quality control region of the state, and 

have established appropriate state agencies to carry this out. 42 

U.S.C. 3 7410. These State Implementation Plans (SIPs) establish 

requirements to bring state air quality into compliance with the 

USEPA NAAQS for regions of the state that are presently out of 

compliance, and they establish requirements to maintain air 

quality for regions of the state that are in compliance. 

agencies are given authority to administer the SIPs, including 

permitting systems for major sources of air emissions. 

State 

Any electric generating station in Arizona is required to 

obtain such an air quality permits. 

each plant meet specific limitations on emissions so that 

operation of the plant does not cause a violation of the NAAQS. 

Severe sanctions are authorized in the event that a plant 

violates its air quality permit. 

These permits require that 

In addition to the system just described, the Clean Air Act 

imposes special requirements for the emissions of sulfur dioxide, 
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an acid rain precursor, and NO,, an ozone precursor. The Act 

created a nationwide cap on emissions of sulfur dioxide. Any 

plant emitting sulfur dioxide must obtain emissions credits to 

assure that the nationwide cap cannot be violated. 

competition, thus, cannot lead to an increase in sulfur dioxide 

Retail 

emissions. 

With respect to NO,, the Clean Air Act established specific 

dates to bring ozone non-attainment areas into compliance, 

ranging from November 15, 1993 for lt[m]arginallw areas to November 

15, 2010 for "[el~treme~~ areas. 42 U.S.C. 5 7511. The statute 

prescribes comprehensive regulation to protect against ozone 

nonattainment -- envisioning controls not just over electric 
powerplants but rather over a wide range of sources and ozone 

precursors. 42 U.S.C. 55 7511a, 7511b, 7511f. Congress also 

provided specific procedures controlling interstate transport of 

ozone. 45 U.S.C. 5 7511c. In addition to all of the above, 

Congress has established an Acid Rain NOx Emission Reduction 

Program from coal-fired electric utility units. 42 U.S.C. § 

7651f. 

USEPA has promulgated rules setting NOx emission limits for 

a large number of utility powerplant units, listed in 1990 by 

Congress at 42 U.S.C. 5 7651c, Table A ("Phase I units"), and for 

certain other units which are dry bottom wall-fired and 

tangentially fired boilers ("Phase 11, Group I"). 60 Fed. Reg. 

18751 (Apr. 13, 1995). On January 19, 1996, USEPA proposed rules 

which would implement the second phase of the Acid Rain NOx 
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Reduction Program. 61 Fed. Reg. 1442-1480. In its January 19, 

1996 proposed rule, USEPA states that it expects its April 13, 

1995 regulation, by the year 2000, "to nationally reduce NOx 

emissions by an estimated 1.54 million tons per year." 

Reg. 1442 (emphasis added). 

61 Fed. 

In sum, the nation and Arizona already have in place a 

stringent system of air quality regulation which is designed to 

attain clean air throughout the nation. Under this system, no 
provider of electricity will be able to build new fossil 

seneration unless the environmental requlators decree that the 

plant will operate in accordance with the nation's environmental 

laws. 

environmental regulation as it determines whether and how to 

restructure the electric utility industry. 

The Commission can and should rely on this system of 

B. Low-Cost Electricity is the Best Environmental Policv. 

The key environmental issue in connection with restructuring 

is likely to be the effect restructuring will have on air 

emissions. CEED strongly recommends that the Commission consider 

the impact restructuring will have on emissions both at the point 

where electricity is generated and at the point where electricitv 

is used. 

will yield incomplete and, we believe, inaccurate results as to 

the environmental impact of electric restructuring. Examining 

impacts on a ''full fuel cycle1# basis, in contrast, will lead to a 

more realistic assessment of those impacts. 

Examining emissions only at the point of generation 
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In particular, the Commission must keep in mind that a key 

purpose of restructuring is to bring downward pressure on 

electric rates by increasing customer choice. 

rates as a result of restructuring will likely result in 

increased consumption of electricity. 

consumption will lead to two impacts on air emissions. There 

will be increased emissions at the point where electricity is 

generated to the extent fossil-fueled generators supply all or 

part of the increased consumption. 

reduction in emissions at the point where electricity is used, as 

electricity is substituted for fossil fuels as an energy input in 

a variety of residential, commercial and manufacturing 

applications. 

Lower electric 

Such increased electric 

But there will also be a 

The net effect will be a lowering of emissions. 

An analysis of how electricity is used reveals why increased 

electric consumption will reduce emissions in Arizona. 

real world, electricity competes with other types of fuels, 

primarily fossil fuels, for use as energy inputs in commercial, 

manufacturing and industrial processes. 

electricity is reduced, electricity becomes more competitive with 

these other types of fuel. Lower cost electricity will lead to 

the substitution of electricity for these other types of fuels. 

In the 

As the price of 

As is now well-documented, electricity is much more 

efficient than other types of fuels in end use processes. See, 

u., EPRI, IIElectricity for Increasing Electric Efficiency,I1 
EPRI Journal, 1992. As a result, the use of electricity in 

homes, businesses and industries results in lower emissions than 
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the use of competing fuels takincr into consideration the 

emissions resultinu from ueneration of the electricity. Thus, 

the availability of low-cost electricity will likely lead to end 

users switching from fossil fuels to more efficient electricity 

with a net reduction in emissions. 

The economic firm of Mills, McCarthy & Associates in its 

1992 Report IISustainable Development and Cheap Electricity" 

demonstrated that the key to reducing overall societal emissions 

is to maintain low electric prices. 

reduce electric prices will result in lower overall emissions. 

It found that policies that 

It concluded (pp. 1-2) as to CO, emissions, in results that apply 

equally to NO,, SO, or any other kind of fossil fuel-related 

emission, that: 

0 In 1991 for the first time in history, the 
industrial, commercial, residential (ICR) 
sectors which drive the economy consumed the 
major 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 consumption 
was in the form of electricity. 

0 In 1970 the ICR sectors spent about $150 
billion to buy fuels, and $88 billion to buy 
electricity (1991$). By 1991 the pattern 
reversed: expenditures on fuels dronped to 
$112 billion, purchases of electricity rose 
to $180 billion. Electricity replaced fuel 
burning in the marketplace and supported a 
60% growth in the nation's economy. 

0 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 next two decades. 

0 Despite rapidly rising coal use to support 
electric and economic growth, total U . S .  CO, 
emissions have dropped from 4 pounds/$GNP in 
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1970, to about 2.7 pounds in 1991, and will 
fall below 2 pounds/$GNP by 2010. 

e The association of reduced CO, emissions/$GNP 
and increasing coal consumption is not 
coincidental -- it is causal. 
emissions are a primary consequence of 
improved overall energy efficiency, and 
energy efficiency gains are a direct result 
of electrification. Since 1970, for every 
single kilowatt-hour of new demand there has 
been a net reduction in CO, emissions of 3.6 
pounds. 

Reduced CO, 

The Mills, McCarthy report went on to conclude that: 

is revealed in examining the role of 
electrotechnologies. As the economy has switched to 
electric processes for pivotal productivity and 
economic benefits, electrotechnologies brought net 
reductions in CO, ranging from 0.5 lbs to 60 lbs of CO, 
per kwhr. The economical and ecologically beneficial 
use of kilowatts has been documented extensively. 
Examples 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. 
involve burning fuels; using electrotechnologies 
instead eliminates CO, emissions associated with such 
burning. 
taking into account emissions from a power plant needed 
to produce the electricity. CO, savings arise from the 
fact that electrotechnologies are more efficient than 
their fuel-burning equivalents. 

The driving force behind improved CO, efficiency 

These activities often 

The net effect is fewer CO, emissions even 

The Mills, McCarthy report details a variety of uses of 

electrotechnologies in industrial and manufacturing processes 

that will result in increased efficiency and reduced emissions. 

A copy of the Mills, McCarthy report is attached. 

In addition, we attach a copy of the Mills, McCarthy report 

IlDoes Price Matter?" demonstrating the benefits of low cost 

electricity throughout the economy. 

9 



In sum, as Arizona's economy grows in the future, the key to 

controlling emissions is to implement policies that reduce the 

price of electricity. 

is priced low enough so that at the point of use consumers are 

encouraged to utilize electricity as an energy source rather than 

to switch to other less efficient fuels. The Commission, 

therefore, should be careful as it considers restructuring not to 

take steps that will artificially increase rates and retard the 

environmentally beneficial electrification of the economy. The 

best environmental policy is low electric rates. 

The key is to make sure that electricity 

111. Renewable Resources 

Staff inquires as to how restructuring can be devised so as 

to encourage renewable resources. The Commission needs to be 

careful, if it undertakes restructuring, not to undermine the 

main benefit of competition - low electric rates - with policies 
that increase rates because of a desire to subsidize renewable 

resources. CEED believes that, under any regulatory scenario, 

renewable resources are likely to play only a minor role in the 

nation's energy portfolio for the foreseeable future. The 

problem for renewable resources, and particularly solar 

resources, is that they are not economically competitive with 

traditional resources. In addition, it is unlikely, absent a 

major and unforeseen technological breakthrough, that renewables 

will ever be available as a significant source of baseload 

electric generation. 
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We attach a study by the firm of Resources Data 

International (RDI) entitled "Energy Choices in a Competitive 

Era", which points out some of the major difficulties of 

renewable generation. The RDI study makes the following key 

conclusions: 

Under current levels of tax incentives and regulatory 
support, renewable energy (excluding hydro 
technologies) is projected to grow from its current 2% 
of all U.S. electricity generation to 4% by 2010. Such 
an increase in market share will occur at a cost of 
about $52 billion (in 1995 $ I  above todayls competitive 
power alternatives. 

a With open and direct competition in electricity, 
generation from renewable energy could shrink to just 
1% of U.S. electricity in 2010. 

a Even with the imposition of exceptionally aggressive 
subsidies from public and private sectors, renewable 
energy would provide a maximum of just 11% of the 
nation's electricity by 2010. 
increase would cost taxpayers, consumers and/or 
utilities about $203 billion (in 1995 $) in subsidies 
between now and 2010. 

Such an ambitious 

All renewable resources have technological or 
logistical obstacles that limit their ability to 
produce and provide reliable electricity to the grid -- 
obstacles that cannot be overcome, even through the use 
of subsidies. 

a Approximately 71% of non-hydro renewable generation 
sewing the grid currently comes from combustion 
technologies -- not wind, solar or geothermal 
processes. Outside California. nearly all existinq 
renewable seneration sewins the srid comes from 
combustion technolosies. 

All electric generation technologies, including 
renewables, present adverse environmental impacts. 

Because renewables and natural gas occupy similar 
dispatch positions, gains in generation share by 
renewables will tend to displace growth in natural gas 
generation, and similarly, losses in renewables will 
tend to go to natural gas. 

11 



0 Despite government incentives and private sector 
subsidies, renewable resources cannot replace fossil 
fuels in the nation's generation mix. Coal will remain 
the baseload fuel of choice. sumlying more than half 
of all electricity seneration in 2010, even assuminq 
assressive subsidies for renewables. (Emphasis in 
original.) 

In sum, the prospects for renewables resources should not be 

a determining factor for the Commission as it decides whether and 

how to restructure the electric utility industry. At least for 

the foreseeable future, renewable resources will not represent a 

substantial part of the electricity generation mix no matter what 

action the Commission takes. 

IV. conclusion 

As the Commission considers restructuring, it should not 

undertake policies that undermine the main benefit of increased 

competition - lower electric rates. The nation's environmental 

regulators should be relied on to supply the degree of desired 

environmental regulation; lower electric rates, in of itself, 

will increase environmental quality. In addition, the Commission 

should not undertake policies that increase rates in order to 

stimulate renewable resources. 

Dated: June 27, 1996 
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SUSTAINABLE DEVELOPMENT 
& 

CHEAP ELECTRICITY 
EXECUTIVE SUMMARY 

The economy and the environment increasingly appear to be in competition. This is most 
smking in the elecmcity sector where progrms around the nation are discouraging ar have 
discouraged elecmcity consumption ostensibly in order to improve energy efficiency and 
minimize environmental impacts. While there are sensible and economically viable 
programs to promote the more efficient use of electricity, such activities have all too often 
been mistakenly interpreted to mean that overall electric use should be discouraged. 

Historical technical and economic evidence 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 environment. This analysis reveals the fact that 
economic growth over the next two decades could be accelerated with low-cost elecmcity. 
And while the increased use of coal is inexmcably linked to low-cost electricity, 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 importance of low-cost elecmcity is highlighted by the 
following facts which illusuate the aansition to an economy dominated by elecmcity : 

In 1991 for the first time in history, the industrial, commercial, residential (ICR) 
sectors which drive the economy consumed the major share (51%) of their fuel as 
elecmcity. By 2010, over 63% of the ICR energy will be consumed as elecmcity. In 
1970 only 32% of all ICR energy consumption was in the form of elecmcity. 

In 1970 the ICR Sectors spent about $150 billion to buy fuels, and $88 billion to buy 
electricity (19915). By 1991 the pattern reversed: expenditures on fuels drobDed to 

$1 12 billion, purchases of elecmcity rose to $180 billion. Elecmcity replaced fuel 
burning in the marketplace 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 next two decades. 
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Despite rapidly rising coal use to support elecmc and economic growth, total U.S. C@ 
emissions have dropped from 4 poundsBGNP in 1970, to about 2.7 pounds in 1991, 
and will fall below 2 pounds/$GNP by 2010. 

The association of reduced C@ emissions/$GNP and increasing coal consumption is 
not coincidental -- it is causal. Reduced C@ emissions are a primary consequence of 
improved overall energy efficiency, and energy efficiency gains are a direct result cf 
electrification. Since 1970, for every single kilowatt-hour of new demand there has 
been a reduction in Co;! emissions of 3.6 pounds. 

The driving force behind improved CO;! efficiency is revealed in examining the role of 
electrotechnologies. As the economy has switched to elecmc processes for pivotal 
productivity and economic benefits, electrotechnologies brought net reductions in CO;! 
ranging from 0.5 lbs to 60 lbs of C02 per kwhr. The economical and ecologically 
beneficial use of kilowatts has been documented extensively. Examples 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 
often involve burning fuels; using electrotechnologies instead eliminates C@ emissions 
associated with such burning. The net effect is fewer C@ emissions even taking into 
account emissions from a power plant needed to produce the electricity. C@ savings arise 
form the fact that electrotechnologies are more efficient than their fuel-burning equivalents. 

Lowering the price of elecmcity 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 
elecmcity costs to an achievable national average of 5.9$/kwhr (1991$) in 2010 instead of 
the projected 7.2$/kwhr in 2010 (cument average is 6.9$/kwhr) would result in: 

Over SI trillion more economic activity in 2010: nearly $4OOO/yr more for every 
American citizen in that year. 

An accelerated i n d u c t i o n  of hundreds of revolutionary, highly productive, energy 
eficient technologies, and therefore more jobs and mater U.S. compeanveness. 

A net a c t i o q  in U.S. CO;! emissions of over 1.3 billion tons per year if half of all 
new elecmcity is c o a l - f d  as now projected. (And nearly 1 billion tons net reduction 
in total U.S. C@ emissions even if all the new electricity were coal-fired) 

809 



SUSTAINABLE DEVELOPMENT 
& 

CHEAP ELECTRICITY 

1 INTRODUCTION I 
The purpose of this report is to explore the issues underlying a growing tension between 
the need to stimulate economic development, and programs to improve the environment and 
energy efficiency. The tension between these two sets of goals is readily apparent in the 
elecmcity policy arena where utilities are frequently encouraged, or r e q u d ,  to avoid 
practices that promote the use of electricity. 

The motives which underlie the trend towards avoiding electricity consumption seem, at 
fmt glance, indisputably correct. Minimizing elecmcity use reduces fuel consumption and 
the environmental impacts associated with power plants (notably coal). And minimizing 
elecmcirj consumption, a.k.a elecmcity efficiency, would appear to have the twofold 
economic benefit of enhancing savings in electricity purchases, and avoiding the costly and 
sometimes plitically painful process of building new elecmc power plants. 

The proposition that using less elecmcity means that less money is spent buying elecmcity 
has superficial appeal. But measures that raise elecuicity prices to reduce demand have not 
demonsuated overall reductions in elecmcity bills or overall economic benefits. However, 
the realities of technology progress and the marketplace arc far more complex. It is 
possible, indeed likely, that fiscal and policy pre-occupations with electricity efficiency are 
economically counterproductive: The list of important electricity-using technologies is 
virtually limitless. Depressing their use -- Le., avoiding electricity consumption -- would 
be economically myopic and hardly justify the meager savings in purchased elecmcity. The 
act of avoiding purchases of elecmcity cannot, on average, be a significant economic 
benefit. Total annual U.S. expenditures on elecxricity amounts to barely 4% of the national 
economy.' Elecmcity's relevance is not anchored 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. 

CalculaLion: approx. S5 mllion economy. 2.7 pillion kwhn purchased @ rvg. 7Ukwhr. It  is  often 
n o d  that the cost of buildmg powa plants IS m cconormc lnxdcn. This may k me.  but it D 
melevant smce all costs aStoci8ted with building and opcnung p o w a  plmu arc ulwnatcly 
mcluded m the cost of the clcctnnty provided, wnsidenng powa plant finuKmg 
economc problem is m effect a double countrng of the economic unpact of elecmc growth. 
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Of course, building power plants has been a painful experience for some organizations. 
Many have learned how to do it better. Others will avoid doing so at all costs in the future, 
contracting the task out in a surrogate fashion via power purchase contraci. Some ana!ysts 
and policy makers are taking the position that building power plants should be avoided u 
priori. For example.9 a recent Office of Management and Budget ( O W )  memorandum 
takes the Bonneville Power Administration to task for a plan that mates the possibility of 
increased electric load.2 The OMB's interpretation of the National Energy Strategy appears 
to be that increased elecmcity use is not consistent with economic growth and increased 
overall energy efficiency. 

Surely the nation and the economy would be better served by policies which focus first on 
economic growth while at the same time preserving the environment and improving energy 
efficiency -- "sustainable development" with the emphasis on development. And, if it turns 

oui 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 environmental goals a 
il result of increased demand for elecmcity. 

008 

2-  August 10.1992. "OME Hiu DOE for DirorPyring Gas Us." 

Milk*Mcc.nky&Aroaur 



- 3 -  , I .  

1- BACKGROUND I 
Managing the use and alleged over-use of elecmcity is a central them in many of the 
current energy and environmental manifestos. Pricing elecmcity "correctly" -- i.e., 
increasing its price -- thereby reducing electricity consumption is held out as a vital pan of 
regulatory and utility policy in order to save energy and help the environment. Perhaps this 
philosophy is best epitomized by one recent study's title: 

"Stabilizing Elecmcity Production and Use: Barriers and Strategies."3 

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: economic growth and 
elecmcity use are intimately linked. The logic chain that springs from this is clear: 

People like economic growth, but ... 
+ economic growth spurs elecmcity consumption 
+ elecmcity growth increases fuel use at power plants 
+the major share of elecmcity is made with coal 
+coal emits more carbon dioxide than any other fuel 

Thus with the environmental community's cumnt presswe to address carbon dioxide 
emissions because of the global warming theory, the question of the day appears to be: 

e How does one decouple economic growth and elecmcity growth?" 

This is the wrong question. The correct questions are: 

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

A n d  secondarily, but importantly 

b) "What effect would economically driven electricity policies have on national 
energy efficiency and carbon dioxide cmissi~ns?"~ 

American Council for An Energy Efficient Economy. 1992. 
h this analysis the envuonmc~~ul imprct conridcred is cubon dioxide because of its prorninae in 
the current debat% and btcuuc it UI fact serves u 8 valid g d  AlnogUt for v d l y  8u other 
cmusions. With rcspct m sulfur dioxide emus101u. the d y r b  assumes compli.nce with the 



The answer to question b) is found later in this analysis. First we consider the answer to 
question a), since it is readily apparent: Lower the price of electricity. Lowering elecmcity 
prices is at the hem of a nascent revival of an old policy: state regulators supporting 
policies that provide elecmc rate discounts in order to stimulate depressed local 
economies.5 

There is an impiicit economic theory behind programs attempting to stimulate the economy 
via lower electric rates. The theory is not based on the straightforward impact of lower 
prices. Elecmcity discounts are rn intended to stimulate the economy arising from the 
relatively modest funds d e  available from the savings in reduced elecmcity purchases. It 
is possible to confirm that such direct benefits arc relatively small by calculating the effect 
of a hypothetical 1 q!/kwhr subsidy on all of the nation's elec&y consumption. This 
would generate purchase savings equal to about 0.5% of the total economy.6 

The essential economic theory behind policies to lower elecmc rates is rooted in two basic 
principals, one obvious, the other less so: first, lowering the price of elecmcity (or any 
item) will result in increased consumption. Second, increased electricity use creates 
increased economic growth. 

The first observation is an indisputable basic cconomic fact relating to elasticities of 
demand. In fact the inverse of this -- increasing electricity prices to d m a s e  consumption 
-- is a core goal of many environmental organizations energy plans.7 

Clean Arr Act. We note that the opporarmues grow d u l y  for compliance at relauvcly low cost via 
low sulfur fuels, dvrnced combusua urd scrubbing technologies. 

August 1. 1992 'Elecuic SJes Growth and the Conservation Ehc"; 
Connecucut DPUC has approved pluu to swnulate elecrnc demand and approved a "long-term 
eco1~)mc development rate." The New Jersey B o d  of Regulatory Commlssionm approved 
"sconomic recovery" propunr whrch urclude mdwtrial and commercial rate d i t s  and even f5OO 
payments to fust-me home payers. 
Th~s obamauon also suggests rhu clams that consumm benefit hom more efficient elecmcal 
devices. m lcrms of avoided purchases of electricity, may be true but also lugely lnelevrnt Note 
also that the wst  of purchumg elecmcity ls a relwvely small shut of average household 
expendrrures. and average busmess expenses as well. The excepuons ut isolated prunuiiy to low 
mcome households and a few nouble Urdur0r.l ruviues. 

auspices of fully rcounung for cnvuonmcnul cxrcmrlitiu from power pluru. md urpching a 
speculative cost to the vmow extenulitles. lhir approach to rururg electricity peer creates a 
fundmenul flaw, ducwsed lam m h s  paper. The flaw: ignored u e  the envvonmmul 
exurnahties msmg from rhe w of ekcrncity in the market 

RoQuurruunO Use: p. 43: the plan to raise electricity prices is cloaked under 



The second statement is less well recognized. Yet. nearly six years ago the National 
Academy of Sciences reached a profoundly important conclusion in its study of elecmcity 
and the economy.8 

"To foster increased productivity. policy should stimulate increased efficiency of 
electricity use, promote the implementation of ~lecuotech nolQgiqS when they x e  
economically justified. and seek to bwer the real costs of electricity supply." 

[emphasis added] 

The essential reasons for the National Academy of Sciences (NAS) conclusion can be seen 
in the basic trcnds that have o c c d  over the decades followkg World War II (See Figure 
1). The basic track of energy use, elecmcityand the GNP grwsh make it clear that 
elecmcity must play a role in the economy -re important thanthat of a simple fuel. 

-- 

The NAS reached another closely related conclusion. Productivity growth, the anchor of 
economic health and international competitiveness, increased most rapidly during periods 
of decreasing elecmcity prices. Increases in electricity prices have been an important factor 
in slowing U.S. productivity growth, the NAS concluded.9 

And yet, many of those who express concern over the U.S. economy and U.S. 
competitiveness are the same ones who are promoting policies to increase the price of 
elecmcity. Policies to increase elecmcity prices are, however, masked under the rubric of 
ensuring that consumers pay for the "full" cost of elecmcity, or the so-called externality 
costs. 

The most prominent environmental externality currently c i t d  and debated is that of carbon 
dioxide (Cor) emissions. This arises from the role of 
the global warming theory. Policies and programs intended to address C@ emissions 
must confront an obvious relationship between electricity and the fuels needed to provide it. 
Coal has been the dominant source of elecmcity for decades (set Figure 2), and in fact coal 
use has now reached record levels, supplying nearly 55% of all the nation's electrical 
needs. 

as the primary conmbutor in 

8 G~~ wrh. A Rcpon Rcpued by the Comoee on Elecuicity in Economic 
Growth Energy EngmKnng Boud Commission on Engineering md Technical Systems. National 
Research Council. National Academy Rest, 1986. p xvi. 

9 p p. XVli i .  
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Because burning coal releases more carbon dioxide per unit of energy than does any other 

fuel, concerns over global warming make elecmcity consumption a prime target. 
According to many environmentalists, elecmcity growth must be slowed or stopped, else 
C02 emission will rise. The market must be sent the "right" signals -- Le., increase the 
price of electricity to discourage its use, and thereby reduce the consumption of coal. 

A low C02 future, we are told, is only possible through policies that limit electricity use. 
The economic implications of such a path are ameliorated by the anemic logic of savings in 
elecmcity purchases and the overall benefits of a more efficient society. Does the historic 
record, however, substantiate the worry that rising elecmcity use necessarily contributes to 
poor overall energy efficiency and rising C02 emissions? The answer is no, as we shall 
see in the following section. 

080 



Figure 1 
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What does the furure hold? It is the practice 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 inmguing 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 prrdictors of future possibilities. 
Unfortunately, many prognosticators have been ignoring the lessons of the past two 
decades. 

Figure 3 illustrates a now familiar historic a n d  in which one can see that elecmcky and 
GNP growth appear to be tightly correlated. Energy growth, on the other hand, is not 
smngly tied to GNP growth. Figure 3 is one of the basic indicators supporting the 
National Academy of Science's conclusions, cited earlier, regarding the importance of 
electricity to GNP growth. 

The trends seen in Figure 3 suggest two questions that are the core issues explored in this 
and ysis. 

What economic effect would arise from a goal of lowering elecmcity prices -- i.e., 
an aggressive national aend towards economic development rates?I2 

What is the likely environmental effect, specifically the change in C@ emissions, 
of a policy to stimulate electricity growth, particularly considering the dominant role 
of coal-fired generation? 

As previously noted, reducing elecuicity prices will certainly increase demand. Setting 
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 'lout of 
control." Increasing electricity consumption, rather than decreasing it, is something of great 

12 The point of this analysis is not to project future elecoicity prices. but to explm the implications 
of pruuca that would drive prices Qm. 
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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 its the dominant position in supplying the nation's 
elecmcity. Coal has supplied nearly 60% of all new elecmcity supply over the past two 

decades.13 Coal is also projected to be the source of at least 50% of all new elecmcity 
supply for the next two decades.I4 

Does rising elecmcity and coal use inevitably mean greater C a  emissions? Figure 4 

suggest the answer is "no." 

As Figure 4 shows, coal use has risen sharply, nearly 60%. over the past 20 yeus. Yet, 
total C@ emissions are barely 10% greater.IS And emissions of C@/$GNP (measured in 
constant 1982$), perhaps the most important practical measurement, have actually declined 
over 35%. In other words, the U.S. economy has expanded and C@ efficiency has 
improved dramatically despite the fact that c o d - f d  elecmcity has been the primary fuel 
for economic growth. . 

This 20-year record does not support projections of rising Ca emissions inevitably arising 
with a growing economy. The phenomenon that has driven the trend of rising elecmcity 

l3 As the table below summanzes. over the past two decades. thm has bem a gross increase in 
generation of 1,473 billion kwhrs coilecuveiy from cod, nuclear. hydro and other ail sourccs. 
offset by a net decruse of 182 billion k w b  from natural gas and oil generation yielding net 
growth m consumption of 1.291 billion kwhrs. Of all sources of supply that m c r e d  coal 
accounted for 57%. Dam from A n n u a l ~ v  Rev iew, May 1991. 

Changes in Electricity Generation 
(billion kwhn) 

Cod N. Gas oil NuClem Total 
1970 704 373 184 22 248 1 1523 
1991 1549 264 111 613 276 10.1 2823 
1991 -'70 +845 -109 -73 +S91 +28 +9.1 +1291 

l4 From- US. FlrrrruF P0w.n 1991: , July 1991. 
Changes m Elecmcity Genamon 

Cod H- Total 
1990 16.06 2.93 1.3 6.14 3.71 1523 
2010 22.6 5.72 1.7 6.67 6.25 2823 
2010-'90 +6.54 +2.8 +0.4 +0.5 +2.5 +12.8 

Other thm the contanued elecmfication of Amaicr rhen have anly ken wo lmge S U U C ~ W ~  
changes m the energy economy over the past 20 years; m d  automobile efficiencies ( C m ) .  
and nuclear power. As is shown lam m this analysir. rheK two factors together. while significmt. 
account for only 22% of the avoided mcremes m CO2 emisrlonr o v a  the pat 20 yeas. 
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use and decling COfiGXP, summaized in Figure 5, is Critical to considering future 
projections and policies. 

Before exploring the specific factors creating this phenomenon, we explore first the 
economic implications and opportunities in the modern eiectrified economy. 

Figure 3 

Electricity. Energy & GNP Growth 
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- 11 - 

Figure 4 

Cod Use, COz Emissions, md C02 Efficiency 
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I THE TRANSITION TO AN ELECTRICITY-DOMINATED ECONOMY 1 

The economic opportunities and risks associated with electricity policy and 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 economy -- 
the indusmal, commercial, residential (ICR) sectors -- consumed the major share of their 
fuel in the form of e1ecmcity.l6 The crossover occurred in 1991 when 51% of all the 
primary energy consumed by the ICR sectors was used first by utilities to generate 
electricity. l7 

The aansition to an electricity-dominated economy is not expected to reverse itself, even 
within the context of current conventional projections for elecmcity and energy growth. 
According to the Energy Information Administration, by 2010 over 63% of the total ICR 
energy will be consumed by utilities in order to p v i d e  electricity to businesses, homes 
and indusuy.18 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 elecmcity. This transition 
demonstrates the dominance of technologes associated with producing and using 
electricity. 

This transition contains a number of important implications. As the activities in the ICR 
sectors become increasingly dependent on electricity: 

0 They become inherently less dependent on the availability of raw resources. A 
reliable electric supply can be achieved with a v a y  broad m y  of primary fuels. 

l6 T’hs analysis docs not mcorporate the ornspofiulon sector for two reasons. First transportation 
IS largely un-clecnificd. and wil l  likely rcrmUI so for the pnod considered m this 8!IdySiS. 
Second. the combmed mdustnd. commcrcirl urd residartid sectors are collectively l u g e r  
economicdly than IS the uanspomucn sector. urd involve activities that uc fundunend to future 
economic growth. The Census Bureau repons (-t of the U- 1991 , table 
U1019). for example. rh.1 about SI trillion of outlays ue usociued wirh all p s m g n  and freight 
ampormuon -- ugnifican~ but only 20% of the toul economy. 

l7 Dam from AnnullEnetPY Re view, May 1991. 
Dau from a ,July 1991. 



- 13-  

0 They are more effectively insulated from basic fuel price swings. This arises from 
the fact that raw fuel constitutes only one share (ranging from 40% to 70%) of the 
total number of components contributing to the cost of electricity. 

0 They achieve greater flexibility in adopting new technologies because of the 
inherent flexibility of electricity. (Combustion-bad technologies are inherently 
less flexible.) 

0 They can enjoy various environmental benefits due to the low m zero impact of 
eiecmc-based technologies -- in effcct, environmental issues arc transferred to the 
supplier of elecmcity. As a practical matter, this means in many cases that the 
environmental 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. 

. .  

- -  

The energy use trends over the past 20 years which have given rise to elecmcity's 
dominance can be seen in Figure 7. While Figure 7 illusuates the indusmal sector pomon 
of the ICR trends, it is typical of all three sectors -- significant declines in the dmct use of 
oil, ntaural gas and coal, accompanied by large growth in electricity use. This type of trend 
highlights the need to consider carefully elecmcity's critical role in supporting indusmal 
economic health. The trends point to the need for caution in developing policies that 
explicitly, or implicitly, &scourage electricity use. 

One other way to reveal elecmcity's increasingly important role is in spending patterns, as 
illustrated in Figure 8. In 1970 the ICR sectors spent about $150 billion to buy fuels, and 
about $88 billion to buy elecmcity (in lWl$).19 By 1991 the spending pattern had 
reversed. The ICR sectors' 1 9 9 1  expenditures on fuels 
purchases of elecmcity rose to $180 billion. By 2010, the disparity will grow even greater, 
with over $300 billion in elecmcity purchases for these sectors, and $200 billion for 
fue1s.m This transition to an economy dominated by electricity use and price argues 
strongly for economic policies intended to minimize the cost of electricity. 

to $1 12 billion, while 

19 DU from h u r l -  R eview, May 1991. 
20 DU horn for U.S. -wer 1991: ,July 1991 .  

. .  
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Figure 6 

Fuel Use in the IndusuiJ+Commacirl+Indus~i.l Sector 
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Figure 8 

Fuel Purchases in the Industrial. Commercial. Residmdd Sectors 
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I ECONOMIC POLICIES TO SUSTAIN OR PROMOTE DEVELOPMENT? I 
Elecmcity has now achieved a dominant role in the economy. Can economic growth be 
maintained while minimizing the elecmc sector's impact on the environment, especially 
C@ emissions? 

The notion of preserving the environment while encouraging economic growth has been 
given the lsbel "sustainable development." Central to recommendations to achieve 
sustainable development is the idea that economic policies should be subsumed to 
environmental 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, p r o p i  focused on 
avoiding problems are rarely as economically effective as programs focused on achieving 
results.21 

The irony is that encouraging the link between the economy and electricity is by its very 
nature environmentally beneficial. Given the state of the American economy, and the 
increasing need for impnwing U.S. productivity and competitiveness, 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. 
Yet, the evidence is that economic growth can occur with electricity demand rising, along 
with improved energy efficiency. 

The evidence is present for example in the current wisdom as illustrated by the projections 
of the Energy Information Administration (ELA). EIA projects, for example. that over the 
next 20 years22 

the economy will grow by over $3 uillion 
the nation will require the additional electricity output of at least 300 new power 

yet, energy efficiency will hprovc, with a 23% energy/GNP ratio decline 
plants (@ 500 M W P  

21 Obviously. this IS not LO say that environmental goals should not be given an important place in 
economic planrung. However, plans which focus fmt on the economy. and subsequently seek to 
evaluau and mmgau envrronmenul unprtc are by &furition more likely 10 be economically 
aggressive. 

22 Uccmc Po wer 

23 Electricity consumption per SGNP is propcrcd LO decline by 5%. 
July 1991; bue case pnqections through 2010. 



In the next section of this report we consider the environmental aspects of development- 
oriented electricity pricing, specifically carbon dioxide emissions. Fmt, however, we will 
explore the implications of the basic question posed at the outset: 

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

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

As Figure 9 shows, the wnd of the past several decades is encouraging. in  real, inflation- 
adjusted terms, elecmcity prices are lower today than they were 10 years ago? However, 
that fact masks an important trend. Electricity prices were declining until the early 197Os, 
when they began to rise. Figure 9 shows the movement downward to a low of about 
5.3ekwhr nationally in early 1970s. Following the low period, a combination of increased 
fuel prices and escalating capital costs served to incrcasc the cost of electricity to a peak of 
about 8.3ukwhr in 1980 and 1981. Since then, prices have been falling. 

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

Tabk 1 
Components of Elecmcity Rces (EIA)z 

(e/kwhr) 

1990 2010 
Capltal 3.1 2.3 
Operaring & Maintenance 2.1 2.1 
Fuel u 
Total 6.9 7.2 

24 ?he notable exception to this is Califma. where 20 YUTS ago the average c a t  of electricity was the 
s u n e  8s the U.S. avaage. urd where Kxhy it s 30% higher than the nulorrd average. and lwice as 
high u the .chievable lowest cost u)urce of supply in Wyonung for exunple. Not only docs 
Califorma spend over 55 bdlion annually more for electricity than if the state pncc reflected 
w o n d  averages, but more unporunt has been the bst econmc oppomrmry derivmg from 
depressed growth associated wilh discouraging continuing produc~vc electrificauon. 

25 po wrr 1991. Pro July 1991;  base case projections through 2010: p. 
13  
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As Table 1 illustrates, EIA projects the capital cost component wili decline over the cormng 
two decades. This is expected in part because of the aging and thus amortization of the 
existing power plants, and in pan because of the low-cost option of extending 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 (E IAP 

(1990S/million BN) 
1990 2010 

Coa) 1.6 2.2 
Natural Gas 2.9 6.2 
Fuel Oil 3.0 5.4 

There appears to be widespread agreement that natural gas prices will rise substantially in 
the coming decades." Tfie primary reason 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 elecmcity generation) and an overall situation where supply 
and demand have not begun to get into reasonable balance.z8 Also, projections show that 
the current low cost natural gas resemes will be depleted and an projected to be replaced by 
higher cost domestic and imported sources.29 

The situation for coal is significantly different. Coal's dominant role in elecmcity 
generation has been largely unchanged for over five decades -- establishing a long supply 
and demand history for economic stability. In addition, known, low-cost domestic coal 

July 1991: base case projectlons through 2010: p. 26 pow- 

G8S 2 7 7 u ) ? Q l Q ,  

28 The sudden 16% nsc m the nation's nuurd gu prim following Humcane Andrew's disruption of g s  

13 

Research institute. Aptd 1992. 

flow from the Gulf of Mexico. was d m g  thc 
1992) will continue u) r e d m e  the marketplrce perceptron that gu prces are volatile. 

Research Insutute. April 1992: 95% of cmmt gu supply comes from low cost domauc sources. 
By 2010 58% will come from cxisung domestic sour-. and rhe bdmce will come from 
subsuntially more expensive sources -- 20% born imports (including Alaska) and 21% from 
"advanced technology" sources. 

Wall "stunrung" (August 31. 

29 he to 2OU GaS 
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F' 
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 than the 1.4 fold projected. 

The future of coal prices is the single most important factor determining the future of 
elecmcity prices. E M  projections show coal will supply just over 50% of all new 
electricity supply through 2010.31 Despite EM'S price projection for risiq oil prices, there 
is little evidence to suppon the contention that coal prices will rise t00.32, Long-term coal 
contracts are currently available for fuel prices of $1 to $1.50 per million Btu.33 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 elecmcity to be cheaper in 2010 
than it is today, and return to costs comparable to those of 20 years ago. 

Table 3 summarites this possiblity. Capital cost decline (as projected by EM), along with 
no change in operation & maintenance costs because these factors arc significantly fixed by 
existing equipment, operations and requirements. But utility fuel costs, primarily coal, 
need not rise. 

Table 3 
Possible Components of Lowest Cost Elecmcity 

(elkwhr) 

avg 1990 2010 possible 
Capital 3.1 2.3 
Operating & Maintenance 2.1 2.1 
Fuel - 
Total 6.9 5.4 

Based on available coal-fkd technology and coal resources, we take 5 . 5 4 h h r  as the 
benchmark price for delivering electricity over the next two decades. The availability of 
low-cost electricity will force competition among sources of supply ensuring the lowest 

30 The confidence with which coal prices can be pjected also applies to implications arising from the 
Clem Air Act d s u l f u r  dioxide mssions. Both resaves of low sulfur cod, as well as the 
technobgies avdrble for clean combustion are well Ccublished. 

31 N U U ~  gas is proFtui to supply about 22% of .U new supply. 
32 It has long been the case that cod and oil pncu have become substantially disconnected -- except 

under exueme cucums~ances where. for example. oil at >s4o/w1 renden synfuels viable. 
Similarly. natural gas and oil pnces have become subsmtidly disconnected, as was demonstrated 
during Deset Storm where flucturtions in oil prices were unreflcclcd in nu~rd gas prices. 

33 Westem Fuel Association membership price survey. See dso WFA Tsrhnology Scrermng Analysis 
of cod combined cycle power plants. 
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cost of electricity for consumers. The first threshold test for new suppliers of elecmcity 
should be to meet or beat the lowest cost of supply. 

The effect of reducing electricity prices will have one straightforward consequence. More 
elecmcity will be consumed. However, it is not the fact of greater elecmcity consumption 
that is important; it is the extent to which more tlecmcity is consumed produca 'vely and 

elecmc-based technologies are explored in the next section of this report. Htre we explore 
the extent to which fuel switching -- purchasing electricity instead of direct fuels, 
specifically natural gas -- will be dnven by lower elecmcity prices.% It is not the lower 
cost of elccmcity per se that would encourage fuel switching. The determinant is the 
comparative cost of elecmcity to natural gas prices in the marketplace. 

place of fue 1 combust ion in the marketplace. The productive and environmental benefits of 

The increased use of elecmcity in industry, for example, is strongly influenced by the ratio 
of elecmcity to gas prices. Figure 10 illustrates the two decade history and possible future 
of the elecmc/gas price ratio. Figure 10 shows that even if electric prices do not decline, 
and rather increase slightly as EIA projects, the price advantage of elecmcity over natural 
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 elecmcity is accelerated. 

For technology and fuel choices in indusmal processes, it is not just the current price ratio 
that is important, but the expectation of the future price ratio that determines the viability of 
investment in new equipment -- i.e., should the equipment or process be fuel-based 
(natural gas), or electricity-based. Given the expected trend for the elecmcityhatural gas 
price ratio, it is clear that the advantage of electricity will shortly be at record levels and is 
likely to stimulate a smng switch to elecmc processes on a price basis alone (regardless of 
other productive and structural advantages of electmprocesses). 

Over 90% of all industrial elecmcity is used for elccmmechanical dnve and elecmlytic 
separation. Only a small fraction, under 1%. is used for other direct process 
applicaaons.35 Thus then is a very large potential for increased elecmfication in the 

34 Considerable d e b  has erupted over fuel switching in the other direction; Le.. encouraging electric 
utilities to help wnsurners usc natural gas ins& of electricity. Here we Q not explore the merits 
of such policies which u e  hcqucntly based on stukey envKonmend justifications. Rather. we are 
concmcd here with basic economic competitiveness issue. For a discussion regarding the merits 
of regulatory-directd fuel switching. rather thm market-bd fuel switching, see for cxmplc "Fuel 
Switching." Alfred K h  a Na- Side 

the P b  "June 1992. Mills-McCuthy & Associues. 
35 "A Conccpnrd Basis for Roductive Electricity Use in MmufrcMing." Philip S. Schmidt. 

' Proceedings of  the Elecuicity Beyond 2000 Confamcc. Washington D.C.. October 1. 1991. 
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I indusmal sector. As the price advantage of elecmcity over gas reaches record levels (by 
1999 under the low cost scenario here, and by 2004 under ELA projections), price factors 
alone will dnve fuel switching to elecmc processes. 

The same trend is developing, and can be accelerated in the residential sector. When the 
price ratio of elecmcity to gas is about 3-to-1, simple elecmc resistance heating becomes 
economically competitive with gas h e a ~ 3 ~  When the economic benefits of electric heat- 
pumps are considered (the only significant source of growth in the elecmc heating market), 
the cost benefits of electricity will become overwhelming. As Figure 11 illustrates, the 
price ratio is declining rapidly and will be below 3-tc~l within the decade. Existing heat 
pumps deliver at least three rimes as much heat as elecmcity consumed, new ground-source 
or sc~called geothermal heat pumps deliver at least six time as much heat as electricity 
consumed. Once consumers see increasing price advantage of elecmc heat, and come to 
believe that it will continue, the shift to elecmc heating will accelerate.= 

The advent of highly efficient elecmc heat pumps, and a rapidly declining elecmc to gas 
price ratio underlies the reason for the vigorous competition between the elecmc and gas 

indusmes 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%.38 

Elecmcity holds 32% of the total residential energy market 

Space heating consumes 65% of all residentid 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 elecmcity prices, particularly in a climate of rising natural 
gas prices, will stimulate greater elecmcity use. Before turning in the next section to the 

36 The usmtid crkulauon here IS not complex smse it assumes roughly qual T&D COSU. md thus 
assumcs that once clectncity is i u s  than 1/3 the price in delivaed BTU tams. the losses UI 
elecuicity gmaauon (about 3:1) make it costcomptitjve at the end-w. 

course. this IS tme only if m d e t  forces are p n n i ~ e d  U) o p e r a  ~ C C I Y .  37 
38 he GM af U.S. Gas 

Research Insutuu. Apnl 1992 p. 26. 27. 

. .  M i l L * M c c u l h Y  - 



environmental implications of such a rrend, we continue here to explore the broad impact 
on the economy of reduced electric rates. 

In order to evaluate the macreeconomic effect of lower elecmcity prices, three basic inputs 
are required: 

1 ) 

2) 

3) 

the average cost of elecmcity in 2010 resulting from all new supply being priced at 
no more than 5 W k w h r  

the elasticity of demand; Le., how much more elecmcity will be consumed because 
of lower prices 
the GNPkwhr relationship; i.e., the effect on the GNP of increased overall use of 
elecmcity.39 

The essential facts considered for each of the t h e  inputs cited above are as follows: 

1) . A v e w  2010 urice of e lecmc' lN, 

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 elecmcity 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 
existing trends40 and price pressure from a low cost supplier (specifically coal) wil 

39 It is not rtuaily the consimption of electricity per se thu increases the GNP. it is the p 8 C n  use of 
productive elecmc-based technologies that boosu the economy. In other words. lower cost 
electricity fueling such productive processes u electric steel making. elecao-chemical processing. 
and so on improve productivity. employment md pfi~. 

usumption that oil will be more expensive in the have than it is today. As a minimum the Gulf 
Wo demonroued that even during a m a p  w u  in the world's prime oil brrin there CUI be a price 
m. This hardly poinu D price volatility. Ind.cd the m e n d o u s  diversity in oil supply, 
increased reserves, delivery md exploration globally have significantly eroded world oil price 
sensitivity to local evenu. Note for example. thu in 1970 OPEC rccountld for 51% of world oil 
production - pulung u 56% in 1973. By 1990. OPECs shue of world production dropped to 38%. 

In addition. rhe literature of the past decde does not suppon the belief that world lowast  oil 
reScives u e  sufficiently low to tax ruppiy my time in the coming two dccules. h d ~ &  the opposite 
appears to be the case. wherein increased energy efficiency. urd incrrued motivation of ou sellers 
for revenue u e  more likely to stimulate price comptition md lower oil prices than they u e  the 
opposite. Insofar as the historic record is umcemd. the pice of oil (in constant 19885) h a  
averaged fll/bbl from 1890 10 1990. seldom varying outside of a price band of f7  b Sl7bbi. 
Only for seven yern between 1979 md 1986 did h e  price spike briefly, and some might Say. 
faully for OPEC considering the extent of world exploruion stimullted by that event. (See p. 11. 
1992 .I 

40 Perhaps the most important indicm of the failure of fwl pice projections is the continued 
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exert a downward press- on other fuels. it is just as likely that average fuel costs 

for utiiities will be the same in 2010 as it is that they will be higher. In fact, as 
Table 4 summarizes, if fuel prices do not rise -- a possibility demonstrated by 
events of the past 20 years -- than the average cost of elecmcity from existing 
power plants would be expected to be lower in 2010 than it is today -- principally 
because of the declining cost of capital as the power plants age (amortize). 

Table 4 
Components of Elerncity Pnces from Existing Plants 

(ekwtu)  

Capital 
operating & Mamtenance 
Fuel 
Total 

- Pow& 
3.1 2.3 2.3 
2.1 2.1 2.1 - 
6.9 7.2 6.2 

In 2010. about 70% of all the required elecmcity for that year would be provided by 
those power plants that aiready exist. This elecmcity could be supplied for about 
6.2gkwhr as summarized in Table 4.42 The balance of the base-case for needed 
elecmcity in 201o'would come from new power plants. As previously discussed 
this could be provided for an average cost of 5.5ekwhr. 

The blended cost of elecmcity from old plants (those existing in 1990) and new 
plants would be a national average year 2010 cost of 5 . 9 e k ~ h r . 4 ~  

7 )  atv of Demand fo r Elecm 'citv 
How much mort elecmcity would be consumed in 2010 if the average price were 
an achievable 5 . 9 g h h r  rather than the projected 7.2gkwhr. 

EIA uul othm appear to take solace in providing tables illustrmg that other orgmzation's pice 
po~csuoru are consistent with thew o w .  It is entirely possible that this consistency u not an 
indicuor of rccuracy on any pmcular orgrmzmon's pln but ruher a demanstratlon of pack 
mmulty. There was also a mnsensus on funae c l a m  urd fuel pnccs reached in the euly 1970s. 
and It  was wong. 

wer 19 July 1991; base case through 2010 p. 13 41 pa 

42- po we? 1991. PrOlrUlpFI Thro July 1991: base c u e  p j e ~ t i o n ~  through 2010: 
total 1990 generation of 2.8 tnllion kwhrs from c x w g  power plants would represent about 70% 
of the H A  year 2010 buc-case supply of 4.1 oillion kwhn. 

clecmcity purchases for the base demand pro~ected. There wwid of come be dditlonal 
cxpendmres required for the a d d i t i d  elaority purchases c r d  by mmg demand.] 

43 vote that as a mmmum. such a pncc structure would create over S50 bdkm 8 year in srvings on 
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Then is an extensive body of research which has sought to accurately quantify 
demand elasticity of electricity." Tine short-term and long-term elasticities ax 
usually different. in this case, we are primady concerned with long-term 
elasticities for which there appears to be a consensus value of -1 .O. In other words, 
a 10% price decrease would produce a 10 percent consumption increase (and vice 
versa ).45 

A year 2010 price of 5.9ukwhr represents 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.46 

3) E1ecrnatvK;NP link . .  

What would be the mmeconomic  effect of 750 billion kwhrs greater electricity 
U s e ?  

The relationship between elecmcity and GNP has changed over the decades. Table 
5 summarizes the broad trends. While there arc clearly complex relationships 
ktwten electric-based technologies and the industrial, commercial and residential 
sector use of those technologies, at the b r d e s t  level it is possible to observe the 
market economic response to using such electricity-based devices and processes. 

Table 5 
Ratio of Electricity/GNP Growth Rate@ 

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

44 see for exunple, 
a) Gro w . A Repon Prepared by the Committee on Elecoinry m Economv 
Growth, Energy Engmeerxng B o d  Cumrnisslon on Engmetnng and Technical Systems, Nuiond 

Schm et al. Greenwood 
Research Council. N l u d  Academy Res, 1986. p xvi. 
b ) p : v  
Press. 1990. 

45 itnd a) p. 48. b) p. 361, 362. 
wm 1991: 46- po July 1991; brse case pro~ectim for 2010 of 4.117 

billion kwhn. 

Growth. Energy Engmecnng Board Commrsslon on Engmeenng and Technrd Systems. Nuional 
Research Council. National Acdemy Rers. 1986. p 50. urd 1983- 1991 from EIA M d k h c u Y  
Rcvlcw. 

w b ,  A Rcpon Reprrced by the C o m m i w  on Elecmaty in Economic 47 Gro 



Despite the history of stronger elecaicity/GNP connections, we use here instead a 

conservative llnkage of 1 .O. and assume further than current demand-side 
management programs arc successful in weakening this linkage somewhat. Thus, 
750 billion kwhrs of greater consumption would be associated with nearly S 1 
mllion greater GNP than currently projected for 2010 (in lWl$).4a This much 
additional elecmcity demand represents the output of about 240 electric power 
plants of 500 M W  size. The overail economic issues arc summarized in Table 6. 

Table 6 
Summary of the Impact of Lower Electricity Prices in 2010 

Average 2010 electric cost drops 18% to 5.9ekwhr 
(ansmg from 5.5akwhr benchmark for new supply) 

+ S1 tnllion GNP over EIA base case 
GNP grows 

Elecmc demand grows 
+ 240 more power plants (@ 500 MW) over EIA base casc of 300 

Tocal electricity purchases drop 
- S10 billion49 

48 The current ratios suggest thrt the S5.6 trillion cconomy (1991s) is supported by rbout 2.8 U i h n  
kwhrs. with an esscnually 1:l linkage; is.. S2 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 elecuwity IS reduced), we assume for the sake of rrgummt thrt current DSM 
progms will k sufficiently successful ID erode the eiectricityKiNP ratio by 25%; in other words. 
in 2010 b u t  SlJO of GNP will k usocuted with each kwhr of consumption. 

49 Srvmgs anse from 550 billion lower elecukity purchase costs for 2010 base case COn5Umption of 
4.1 billion kwhrs. net of SSO billion to pchase additional 750 billion kwhn Cre8IC.d by el-c 
response to low cost muglnal electricity prices of 5 .5~bwhr .  
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Figure 9 

Average National Electricity Price Trends 
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I WHAT PRICE ECONOMIC DEVELOPMENT? I 
There can be little doubt that lower cost electricity would help stimulate a more productive 
economy. Such a reality is at the core of economic development rates that are increasingly 
seeing favor with state regulators because of depressed local economies.m 

But if the exua 30% boost in the economy by 2010 requires 240 more 500 MW power 
plants than currently projected, what price would be paid in environmental terms? 
Specifically. what impact would such an event have on total U.S. C@ emissions? This 
would appear an important consideration with the current environmental focus on the global 
warming theory, since generating the 750 billion kwhrs from the 240 power plants would 
require an increase of nearly 300 million tons more coal per year than currently projected 
(assuming that all additional low-cost generation were coal-fucd)s1. 

In short. would such a development-oriented policy be environmentally sustainable? 

. -  

- -  

Before evaluating the net effect of increasing electric demand beyond that already 
anticipated, it is important to note the trends inherent in current projections. Table 7 
summarizes some key data from current EIA pmjections. 

Table 7 
Current EIA Rejections 

GNP grows by 53 trillion GNP 
Overall energy efficiency 23% b e a r  
Growth in elecmcity demand requrnng 300 power plants (@ 500 Mw) 
Coal supplies 50% of new electncity demand 

C02 emissionsK;NP$ decline by 25% 

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

5 0 m p c  F- August 1. 1992. "Elecaic Sdes Growth and the Conservation Ethic." 
Given that current POJCCU show cod providing 50% of all new generation. 1 policy encouraging 
more low-cost electncity would likely fmd cod supplying 50% to 75% of the new demmd -- 
especially given current price p r o ~ ~ ~ o n r  for natural gu. Hae, 100% coal IS suggested for 
illusuation purposes. 
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According to the Elecmc Power Research Institute (EPRI), the= are tuto powerful trends 
that will reduce C@ emissions over the next two decades?Z One is the improved 
efficiency with which electricity is used, via demand-side management {'DSM) programs. 
The other arises from the improved overall energy efficiency a r h g  from fuel switching in 
the marketplace from combustion-based processes to elecmprocesses. 

EPRI estimates that by 2010, the effect of DSM programs will be to reduce total U.S. CO;! 
emissions by about 300 million tondyear. EPRI also estimates that increased use of 
electricity -- in their terms, "beneficial electrification" -- will also reduce net C@ emissions, 
but by an amount of over 400 million tondyear by 2010. 

In other words, elecmcity growt!! and increased coal consumption will be attended by 
reduce environmental impacts in the form of lower C@ emissions -- "sustainable 
development." 

The fact that increasing elecmcity use reduces overall C@ emissions runs counter to the 
current paradqm -- increased elccmcity 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 believe projections that claim such an effect? The primary 
measure of environmental impacts, and in particular C@ emissions, is the trend in energy 
efficiency. See Figure 12. 

The historic record shows increased elecmcity consumption is correlated with improved 
overall energy efficiency -- decreasing total energy needed per $GNP. 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 (SeeFigure 13). 

As Figure 13 illustrates, the use of fuels per unit of GNP in the market has plummeted over 
the past two decades -- in other words the environmcntal impact of the marketplace has 
declined. At the same time, there has been no significant change in the amount of electricity 
required per unit of GNP. 

The historic mrd shows that energy efficiency actually gets betta when electricity use 

goes up. Although this phenomenon is frequently ignored, it has been extensively 

' , Electric Power Research . .  52 co2 with 
hurutc. CU-7440. September 1991. 

. .  

I .  



documented.53 The idea that ushg more electricity -- more kilowatts -- can confer 
economic and ecological benefits can be given the tern "ecowans." 

Figure 14 illustrates the implication of these recent energy efiu5ency trends in terms of total 
U.S. (2% emissions: the overall emissions of C@ from the U.S. economy have remained 
remarkably unchanged for the past two decades. And, the most important measure of C02 
impacts, C02 emissions per unit of economic activity -- COZ/GNP$ -- has been declining. 

The debate over CqZ emissions has drawn attention to the role of coal in the energy mix, 
but typically without rccognidng the impact of coal-frrtd electricity on the economy on 
C@ emissions reductions. As Figure 14 illusuates, the m o d  shows that CqZ emissions 
have dropped from 4 lbs/$GNP in 1970, to about 2.7 lbs in 1991. Currcnt projects show 
that this rate will continue to decline to about 2 lbs/$GNP by 2010. Yet, for the two 
decades since 1970, coal use grew by almost 450 million tondyear, and is projected to 
grow another 300 million tondyear over the next two decades. (See Figure 15) 

The association of reduced C02 emissions/$GNP and inmasing coal consumption is not 
coincidental -- it is causal. Reduced C02 emissions arc a primary consequence of 
improved energy efficiency, and energy efficiency gains arc a dutct result of elecmfication. 
Since 1970. every kilowatt-hour of new demand has been associated with a reduction in 
C02 emissions of 3.6 lbs.54 

53 see for exampie: 
w .  S w i w  Apnl 1991. Science Concepts. Inc. 

vim: A T  W t i v G  P. Schnudt. 
Pergamon Res. 1984. 

Edisan Ekcmc Inshtutc. Energy Ruurch Group, 1989. 

hutule. CU-7440. September 1991. 
54 Two facton u e  commonly held as signdcant reasons for ducuons m U.S. cubon dioxide em~~sions 

per urut of GNP: 1) mcrcrxd use of nuclear power. urd 2) automobile CAFE (gas mileage) regulauons. 
Other than electrification. these two facm u e  the only other substmud s ~ ~ ~ t u r a l  changer m the 
energy economy over the past two dadcs.  Slnce 1970. the m u e d  use of nuclear power has 
displaced fossd fuels ( b d  on existmg and pobblc fuel mxer) with a total value of about 440 
million tons of C02. The mcrew UI on-the-rod fleet average fuel efficiency from about 14 mpg to 
over 21 mpg IS responsible for reducmg prospecuvc C02 cmis~mns ~l~cleases by about 400 milllon 
tom of CO2. (The cdculuron i s  performed by amsidenng the d i u d  fuel IJSC and usociutd 
C02  emissmns rf the 1990 fleet operued u the 1970 fuel CffKiency.) Together. CAFE md nuclear 
power C 1 m 8 L c d  nearly 1 bilLon tom of c 0 2 .  If the U.S. economy operued m 1990 81 the 1970 
CO2 efficiency. there would k about 3.6 billion tons more CO2 maed.  For the srke Of 
conservative esumauons. i t  i s  assumed that the aggregate effect of other small factors over the ppst 
two decades hrr bKn qual IO the unprt of CAFE sunduds. or n u c h  power -- 1.e.. 10% of the net 
decluung CO2 em~sions. Thus, clecmfNauon i s  held to k responsible for the rcmunmg 2.6 
billion tons of net C02 reductmu. Therefore. the 1.2 &illion kwhr growth m clectnc h a n d  was 
umiated with a 2.3 billion mn decline m cO2 emusions -- or about 3.6 Ibs COrnWhr. 

R e d u u  and Ti- Sect=, 

of P o w  Electric Power Research 
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Figure 12 
Electricity & Energy Efficiency Trends 
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Figure 13 
Marketplace Dependence on Fuels 
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Figure 14 
C02 and CO2 Effciency TrendsS5 
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Figure 15 
U.S. Carbon Dioxide Efficiency & Coal Use 
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55 Diu from v Energy Information Ahmisoation. Gross fuel consumption for 
each year used m &termme murl CO2 emissions bued on: coefficients for carbon dioxide 
poduction from fuel combustion: 1 . 1 ~ 1 0 ~  Ibr co2/erU of n i ~ d  gu burned; 1 . 7 ~ 1 0 ~  Ibr 
CoI1/BTU of oil bunred; 2 . 2 ~ 1 0 ~  lbs CoI1/B"U of cod burned 



The suggestion that there is a direct causal relationship between increased elecmcity use, in 
particular increased coal consumption, and decrtased C02 emissions may appear at fvst 
heretical. 

Figure 16 provides some perspecnve on this phenomenon, as calculated by the Elecmc 
Power Research Institute (EPRI). Figure 16 illustr;atts the esumatcd energy impact of the 
enhanced use of Q& five indusmal elecaification technologies over the next decade alone. 
In this scenario, indusmal electricity consumption would rise by 17 billion kwhrshear by 
AD 2000 (equal to the output of 6 large coal-fired p o w a  plants) directly because of the 
greater use of the five elecuotechnologies. At the samt timc overall energy use, including 
that needed to generate the elecmcity, would decline by about 604, the energy equivalent 
of 53 million barrels of oil per year, because the elecuoteEhnologies are so efficient 
compared to the fuel processes di~placed.5~ 

The net. energy balance shown in Figure 16 is based on the replacement of direct fuel 
combustion with elecmcity, including the energy to make the elecuicity. (Not included, 
but virtually always evident, are such energy bendits as reduced material waste and 
reduced energy r e q u d  in maintenance, associated infrastructure and shipping.) From 
the environmental perspective, even if all the electricity needed to support the additional 
use of those five technologies were produced by coal-fired power plants, and only natural 
gas were displaced in the market, there would be a net duct ion in C@ emissions of 10 
million tondp.57 

The nature of the technologies considered in the calculations for Figure 16 points to two 
other important issues: 

56- ' EPFU. Jmuuy 1991 
p. 8; primary enagy requirement for electric generation of 0.175 Q. net fossil fuel savings of 0.253 Q; 
assumes 500 MW coal planc 65% CF. 

57ne  purpose of assuming that o n ~ y  C O ~  is useti for the required electricity is us~d for two reasons. 
 firs^, if the phenomenon works with cod. it eliminaru my justification for arbitrarily focusing on 
fuel type for elecoic growth insofar u C02 imprcu are concerned S d l y .  the price of 
elecuicity is a significant factor in dermnining how much. if my. fuel switching will occur in the 
market. It is obvious that using natural gas D supply the electricity would provide a greun net 
reduction in C02 than using cod-fired power p h u .  Howeva, this obsavuioh while 
theoretically vd id  is functionally irrelevmt. AS a prcticd matter, the price of electricity will 
d e t m e  the viability of many industrial electro~hnologiu (as dixutsed earlier). Over the long 
run, the w of more expensive n a n d  gas will mult m more expensive electricity. thereby 
eliminating the market incentive to w the ekPiciry -- md eliminating my pmtd for net 
reductions in C02 due to elecmficuion. 

, 
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0 Cheap electricity would stimulate the use of these new highly productive 
technologies, accelerating turnover of new equipment, directing valuable industrial 
financial resources towards equipment changes that are fundamentally productive -- 
but that nonetheless save energy 

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

The energy and C@ savings summarized in Figure 16 do not represent a unique situation. 
This phenomenon, which we term ecowatts in which economic and ecological benefits 
arise derive by switching from fuels to electricity-based technologies can be illustrated for a 
remarkably long list of technologies. Table 8 shows some exampies from a disparate range 
of representative elecmtechnologies. Here net C@ emissions have been calculated for 
every extra kwhr used in a fuel switching situation -- i.c. emissions eliminated by the 
elecaotechnology replacing a fuel technology net of the emissions associated with the 
electric power plant. 

Table 8 
C@ Impact per kwhr of Fuel Switching to Elcctrotechnologics58 

Activitv Ibs W 2- W 

63 Fax document 
13 
12 

Dry paurt 
Cook meat 

3 
2 

Foundry& 
Make S v e l  
Mow lawn 2 
Heat home 0.7 
Concennatc milk 0.8 

As Table 8 shows the range of impacts can be very broad. As it turns out 3.6 lbs is the 
average amount of a eliminated for every kwhr used over past 20 years. This macro 

analysis is consistent with an average of 2.5 lbs of 
can be dtrived from an EPRI evaluation of the future impact of 15 key residential, 
indusmal and commercial elecmtechnologies.9 

eliminated for every kwhr which 

- 

. .  

- -  

~ 

58 fl ' Mark P. Mills. 

, Elacuic Power Resurch 59- c02 with of PQ&RuA) 
Public Utrhu Commission of the SW of Colorado. Docket 91M-642-EG. A w l  10. 1992. 

lnsurutc. CU-7440. September 1991. 

. .  
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Table 9 
National C@ Impact of Fuel Switching to E l ~ ~ ~ h n o l o g i e s ~  - 

Heat Pumps 
HP Warn He. 

Info Technology 
Hear h p s  
chiUcn(with HP) 
HP Warn Hu. 
Induciion Griddle 

Lnduslrill 
Freeze Concentration 
Heat Pump 
Induction Heating 
k c  Melting 
Plasma Processing 
uvm 

Transit & Freight 
Elecuic Vehicles 

Toul 

- 

Increase 
Elecuiciry 

Use 
LwhJ 

180.000 
86.000 

95.000 
133.000 

10.000 
16.000 
8.000 

16.000 
2.000 

34.000 
23 .OOO 
12,000 
14,000 

24,000 
10.000 

6 6 3 .OOO 

YEAR 2010 

Net 
h=gY 

Swings 
faiu 

1.13 
0.69 

. ~ - t . a s  
0.83 
0.05 
0.13 
0.02 

0.35 
0.01 

(.1)-.1 

0.04 
0.14 

.39-.4a 

0.12 
0.07 -- 

4.82-1.02 

Net CO2 
Emission 
Reduction 

37 
27 

75-217 
31 

2 
5 
0 

18 
0 

(4)-17 
46-56 

7 
6 

10 
6 -_- 

264-438 

is a prominent feature in the c a n t  debate over externalities -- environmental impacts 
that are external to cment regulated impacts. However, it is rarely the case that these 
externalities arc properly accohted, even though the basic definition of an externality is 
acknowledged. For example: 

"An externality is a real cost or benefit which is not considered in the 
costbenefit analysis associated with a given decision." 
(emphasis adcie.ci$l 

"Environmental externalities are a special class of externalities. 
Specifically, they are costs or benefits created by changes in the 

6o ibid. 
61 -d W- ' Shepud Buchmm. Public Utilities Commission 

of the Sutc Of C010rrdO. Dockc! 91M-642-EG. p 2. line 12. 
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F"?' environment gccasio neQ or exacerbated by decisions that do not take these 
costs or jxnefits into account." 
(emphasis .added)6* 

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

It has been a basic reality of the elecMication of modem society that the buyers of 
elecmcity are interested in using electricity for benefits other than the simple energy- 
equivalent value of kilowatt-hours; Le., buyers arc interested in benefits gxternal to the 
purchase price of a kilowatt-hour. This is readily apparent in the types of technologies 
itemized in Tables 8 and 9. 

Up until now, external benefits of elecmcity have been the exclusive concern of the buyer 
of kilowatt-hours. In fact, remarkably little attention has been paid to the profound 
productivity, environmental and energy benefits of the elecoifcation of society.63 Table 
10 lists just a few of the kin& of benefits which accrue to users of a few commercial and 
industrial eiecaotechnologies. The table illustrates benefits that translate into improved 
productivity and lowered costs -- but many of the benefits also have environmental 
implications in the form of reduced waste and scrap. 

62 

63 A pmicululy good exploration of this phenomenon can be found m 

of brio and W- ' Shepud Bucha~n ,  Public Utilities Commission 
of the SUIC of C 0 h d 0 .  Docket 91M-642-EG. p Z line 17. 

w. Sun H. Schun. Calvin C. Burwell. Warren D. Devine, New YorL. Greenwood Rus. 1990. 
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Table 10 
Economic & Environmental Externality Benefits of Selected 

Manufacarnng Elecwtechnologies64 

Elecmtcchnolonv 

Electrochemical Machinmg Re~ected p i a  dropped from 1% to 0% saving 
S16,oOo/yr on quip.  cosung $174,000 

High-Frq. R e s i s d  
Welding of Tubes 

uv curing of Labels 

Microwave Curing Rubber 

Plasma Steel Cutting 

Shomvave I n M  Cunng 

Electrical Discharge 
Mxhining 

Electric Fryers 
(C0n;mercral luuhens) 

ReJected tubes dropped from 20% to 5% 
wth pducuvity and throughput mcreased 

Several thousand feet of stock saved per day 

M a t e d  savings of 5%. 30% floor space savmgs 
30% drop labor cost. 100% elimtnauon of scrap 

Scrap me dropped fmm 20% to 10%; fewer 
r e ~ t s ,  higher throughput 

25% drop in paint costs. 99% n c o v q  overspray 
40-fold drop m floor spacc. 50% energy cos1 

G==l=Y,scrapratedroppedfrom 
10-20% to 0.5%. mote tellable equip. 

and vanush cost dropped k - f o l d  

One-third the coolring energy, less waste h a  
in lutchen. 20% higher production capacity 

There is a remarkably wide range of important externality benefits that are not necessarily 
environmental, or may have indirect environmental consequences. These externalities 
a c m e  to the purchaser of kilowatt-hours, such as improved convenience (via microwave 
ovens for example), or reduced environmental compliance costs (via zememissions 
electrotechnologies replacing fuel-based processes), or reduced work place hazards, or 
g r a m  pmciuctivity, or reduced liindfi~ neecis.65 It makes no Sense to suggest that 
utilities should be held accountable for some ctrmntly unregulated externality negatives at 

6 4 u w * -  ' Mark P. Mills. 
Public Utilities Commission of the Sum of Colondo. Docket 91M-642-EG. April 10. 1992: Data 
from Center for Materials Frbncuion 

65 An elsctricity-dnvcn drarcd drylng process can be used to reclaim and recycle sand at foundries. The 
nruon's foundries cumnlly have an m u d  disposal md l u d  fill need of over 3 million tons of 
contam& s d  There arc a h  r wide range of electricity-bued poccsscs (for shredding. de- 
uncmg. etc.) thu can be employed lo scpuuc md recycle solid waste thus reducing municipal 
landfill requnemerru. 
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the power plant and not permit the same utilities to take d t  for currently undocumented 
externality positives in the marketplace. 

Returning to the focus of this analysis, the C0.1 environmental externality; it will be 
important for policies to recognize the magnitude of the benefits fiom increased 
elecaification. The overall effect of electrifying more and morc processes can be dramatic. 
Table 1 1 provides an indication of the magnitude of the impact of a small, but 
representative list of such techologies. 

Table 1 1  
Overall C02 Impact of Increased Elecvification of Selected Activities66 

ImreaSe co2 reductim 
Electrification (million tons&) 
m p v o f a l l a c u v i t v  
Make Steel 90 
Concentrate milk 60 
Cook meat 30 
Heat home 30 
Foundry sand 6 
Mow lawn 1 

TOTAL 217 

Research shows literally hundreds of elecmtechnologies for indusmal, commercial and 
residential use. Foundries, lawns and microwave garbage, UV drying inks 01: printing 
presses, computer-dnven, and electrochemically supported automated metal parts 
production. 

For the purposes of this analysis, however, the only benefit of direct interest is the net 
reductions in CO, emissions that would likely arise from increasing electricity consumption 
beyond that alrcady expected. 

As was shown in Table 7, the range of net C@ reductions per kwhr of demand is broad -- 
from 0.5 lbs to over 60 lbs COZAcwhr. EPRI data on 15 elecmtechnologies provides for 
an average reduction of 2.5 lbs, and national trends over the past 20 years yield 3.6 lbs 
CO2/kwhr of elecmcity consumption. In the calculations here, the national trend is 
expected to weaken slightly, but continue to yield externality benefits at least as gnat as that 

66 md w- ' Mark P. Mills, 
Public Utilities C o m m o n  of Sme of Colordo. Docket 91M-642-ffi. April 10. 1992. 
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nvealed in EPRI projections. In other words, an increased use of almost 750 billion 
kwhrs would result in a net decline in C@ emissions of n&y 1.3 billion tons -- this 
assumes that 50% of all the additional electricity is coal-futd.67 

(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 C02 savingsof just below 
1 billion tons/year.68) 

Table 12 
Summary of the Impact of Lower Electricity Prices 

(assumes 5.5ukwhr benchmark) 

GNP grows 
+ S1 trillion GNP over base case growth of 53 trillion 

Electric demand grows 
+ 240 more power plants (@ 500 MW) over EIA base case of 300 

Total Ce emssions drop 1.3 billion tons over EIA base case 

67 The average benefit is cdculu~d -tin to b~ b u t  3.6 1bs C O Z ~ ~ W ~  
68 The C02 benefit assuming 100% cod-fud electricity on the margin is redused 10 2.6 lbskwhr. 



Figure 16 
Energy Implications of Increased Use of Five Indusuial Elecmtechnolopes to AD 200069 
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Does Price Matter? 
The Importance of Cheap Electricity 

for the Economy 
Executive Summary 

Electricity is the single largest non-labor commodity input to the US. economy. Economic growth has 
been accompanied almost exclusively by increased use of electricity, not other energy forms or other 

. commodities. 

The current turmoil in the electric utility industry in which analysts and journalists talk increasingly of 
changes being brought about by "competition" begs a question. For what are busincsses competing? The 
answer: to supply the large and growing market for electricity. The underlying driving force of 
competition is price. Regardless of the regulatory or legislative outcomes for utilities in the emerging 
competitive environment, issues surrounding the price of electricity will remain central. The reason 
that price matters to markets is that cheap electiicity provides anti-inflationary pressure, accelerates 
the economy, h s t s  manufacturing productivity, improves job prospects and in general helps the 
economy more than any other single commodity. 

The importance of the price of electricity is the central focus of this report for which the following two 
mommendations emerge: 

A The pursuit of cheap electricity should be a central part of national and state economic 
development goals and should take precedence over other goals and objectives currently in favor 
in regulatory circles. 

IThu nunrunendahon - OM uudt by tht Natiarul A d a n y  of sdenca in tu 1986 study Tlccbidty In Emnomic Crowih.7 

B The price of electricity should be explicitly included in the "basket" of commodities used to track 
and predict economic trends and in particular, inflation. 

The detining facts contained in this report are: 

The price of electricity is a more important economic factor than the price of oil. 
90% of the U.S. Gross Domestic Product arises from the residential, commercial and industrial 
sectors which collectively use 99.9% of all electricity, and 34% of all oil. 
10% of the economy arises from the transportation sector which uses 0.1% of all electricity, and 
66% of all oil. 

Cheap electricity is  anti-inflationuy, more so than cheap oil. 
Analysts consider price changes in a basket of commodities as one of the critical leading indicators of 
inflation. Yet the traditional commodities basket does not include electricity despite an impending 
establishment of a formal commodities market for electricity. Each year, 300% more electricity is 
purchawd than the second largest commodity, gasoline, and 600% more than the largest non-energy 
commodity, cattle. Including the price of electricity in the commodities "basket" provides a more 
realistic view of thc basket as an inflationary indicator. Fractionafchanges in the basket's price index 
are watched closely for inflationary pressure. A two percentage point change in the commodity 
basket's price index would occur (with all othcr cost held constant) due to an increase in gasoline prices 
of about 3Wgallon; or an increase in gold prices of about $300; an increase in soy of $2/bushel; or an 
increase of only OSe/kWh. 
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T h e  price of elechicity is trending rapidly down 
Competitive, resource, technology and market forces are all driving the price of electricity down more 
rapidly than conventional projections suggest. By 2010, the average cost of electricity is likely to be 
below 5c a kilowatt-hour compared to the conventional wisdom of over 7c (in 1994%). 

Electrotechnologies play a central role in enhancing productivity. 
US..manufacturing productivity and competitiveness is in resurgence due to three primary factors, of 
which only two a& widely acknowledged: organizational changes, increased use of information 
technology, and increased use of electrotechnologies. Increased use of electrotechnologies is strongly 
correlated with increased productivity, more so than for any other fuel type or class of technologies. 
Electriatfs share of manufacturing energy use grew nearly 20% compared to a 5% decline in natural gas 
share over the past decade. 

Consumus and businesses prefer cheap elechicity. 
Surveys, market behavior, and economic indicators show that the price of electricity is vitally 
important and that consumers and markets are making increasingly pricedriven decisions. A ranking of 
states with the best and worst p b  prospects from Forbes magazine correlates strongly with the price of 
electricity. The 12 states with the lowest priced electriaty indude seven of the states with the best p b  
prospects. Similarly the 12 states with the highest priced electricity include 11 of the states with the 
worst job prospects. 

.Cheap electricity is consistent with environmental and soaal goals 
Energy efficiency and alternative energy programs, regardless of their other merits, should be held to a 
standard of declining electricity rates. In addition, declining rates stimulate greater use of electric 
technologies, which also typically reduce total fuelcycle energy use and environmental emissions. 

Total Purchases of Commodities 

\ Pdmleum 

Other CRB b d i l i a  
Ec 

4 0 .  

Cattle 

o l  I I 1 9 I 1 I 1 I I I 
lPB0 1981 I= 1- 1984 1985 1986 1987 1988 1999 1p90 1991 

P e t m l ~ m  lnduda d e  o i l  rmleded polinc and heating oil mer CRB commdria lndudc hop,  pork kllrs, gold, nlw, platinup, 
c d e e .  0DO)L all*, cotton, coppr , b m k ,  corn. wheat. and M Y V ~ U U ’  
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Introduction 

"It's the economy ... stupid" 

Slogan from the 1992 Qinton/Core campaign headquarters. 

B&f: 
. Tk forces of wmpctition and tk economy's demand for 

electric technologies are increasingly at odds with 
traditional views of tk clrctiic sector and in particuhr 
with environmentd programs which are intended to raise 
tk cost of electricity. 

The economy of the 21st century will be dominated by 
ttxhnological changes in the fields of biotechnology, 
information technology, and electric technology. Of 
these three broad areas of technological change, 
considerable attention has been afforded by the media 
and analysts to the first two. Substantially less 
analytic attention has been focused on electric 
technologies. A common view is that the electric 
revolution is one that took place during the Erst half of 
the 20th century, and is now over. That revolution 
which was stimulated by such electric technologies as 
motors, lights, air conditioners, and refrigerators has 
brought more profound changes to all aspects of modem 
life than any other single factor. 

The rapid growth in the use of then new electric 
technologies brought about an attendant rapid growth 
in the generation and consumption of electricity - a ten- 
fold increase in the first 50 years of the 20th century. 
While it may be less obvious to casual observers, in pt 
becausc of the impression that innovation in electric 
technology has largely cnded, elearicity consumption 
has continued and continues to grow at a pace which 
can only suggest that more elettrotechnologies are being 
used every day. Demand for electticity has increased 
about 70% in the past two decades. A second electric 
revolution is underway, and while less visible to 
consumers, it is no less dramatic for its effect on 
manufacturing productivity. The revolutionary impact 
of electrotechnologies is in significant measure growing 
because of the natural integration with electronic 
conml sysemsand information technologies. 

This analysis is focused not so much on the technologies 
that use electricity and thus drive consumption trends, 
but on the importance and role of the price of electricity 
that fuels those technologies. In particular, this analysis 
is focused on the question: 

'Docs the price of a Mowit-hour matter?' 

The question is prompted by the existence and 
advancement of prescriptive regulatory policies which 
have the effect of raising electricity rates. As a vast 
regulated monopoly system, electric utilities have been 
subject to all manner of initiatives that cause electric 
rates to increase (not to mention such straightforward 
techniques as special fees and taxes). Initiatives have 
included subsidizing alternative energy and 
conservation programs. Relatively recently added to the 
portfolio of cost-increasing initiatives is the idea of 
externality "adders" wherein consumers are charged for 
emissions remaining after power plants have fully met 
state and federal regulations. These cost-increasing 
activities are in conflict with the forces driving e1ectric 
prices down, especially technology progress and 
competition. A recent New York Times front page story 
is one of the early signs that the popular media, rather 
t h n  those "in the trade" are beginning to pay serious 
attention to the impact of thew competing forces. 

The electric utility industry, one o/ fk  lasf 
monopolies in thc Amm'crm eronomy, is bracing 
for competition, a chnngr that is likrly to 
cwntuafiy l o w r  rates across the country. 
Companies are scrambling to prepare by cutting 
their costs, diversifying and fooking for 
partners.. 

New York Tmes ,  August 199L2 
- 

Wall Street activities provide ample evidence that 
tewion exists between price-increasing and price- 
decreasing forces and that its consequences are 
considered serious regarding the viability of electric 
utilities. The first half of 1994 saw electric utility 
stocks drop 262 points, or 7.6%. Over the same period 
the Dow Jones Industrial average dropped just 11 pin!$ 
or 0390. This market behavior reflects confusion about 
who the winners will in the battle for markets for cheap 
electricity. Investor owned and independent power 
producers, as well as elearic-only and electric-plus-gas 
utilities experienced comparable declines in their stock 
values? 

, 

'The average elcctric utility stock has faIlen 
/with1 losses in tk past 8 months by more fhan 
30 percent. To  at that performance in 
pcrspedice, ij the Dow ]ones industrink had 
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done as badly as t k  Dow utilities s i n e  last fdl, 
t k  Dow would now be about 2540. %e would 
be talk about n c a s i a r  and natwnnl crisrs,pnd no 
doubt Congress would be busy looking for 
d l a i n s  to blame for t k  fall .... Tk fear now as 
t k  electric utility industry i s  dcregulnkd, new 
competitors will sell power for less to prime 
industrial and ivmmcrcial customers. Tkpt will 
fake price cuts, .lower profit margins anti 
s d k r  dividends.' 

New York Tim- ~ a y  1994.4 

While Wall Street worries about and reacts to the 
investment implications of these trends, as this report 
shows, the nation's economy and consumers in general, 
the fundamental overall impact of forces that exert a 
dawnward pressure on the price of electricity are good. 
A few analysts have taken note of this fact. 

'Amid all t k  gloom, it is posiblr to lose sight of 
the fact thut no one is forecasting a drop in 
ek t r ic i ty  consumption. Wall Stred sometimes 
becoma o b 4  with ON side of an  inocstmcnt 
story. When that Iqvpms, it is  often wise to 
buck t k  wnscnsus. Now appars to be such a 
time.' 

New York limes, Business, May 1994.5 

This report describes an analysis intended to reveal the 
role of the price of electricity in the US. economy. 
(Previous analyses have evaluated the beneficial role of 
bueased use of elecbiaty and electric technologies, on 
energy consumption and the envimnment.6) This report 

. does not evaluate the details nor take a position on the 
merits of proposals for retail wheeling. Instead, we 
explore the marketplace's powerful interest in low cost 
electricity that is the underlying driving fom for such 
proposals and that will have a continuing effect on the 
utility business regardless of specific regulatory 
outcomes.' This report is organized in the following 
fashion. 

1 Overall indicators of the role of electricity in 

2 Sndicators of the role of electricity in 
manukhuing and competitiveness. 

3 Indicators of the importance of the price of 
electricity. 

4 Projections for the future price of electricity. 
5 Implications of c h e a p  electricity. 

~nomiCgr0Wrh. 
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Part 1 - Overall Indicators of Electricity's Role in the Economy 

Brief: 
Historic roidencc shows that t k  consumpfion of 
electrin'ty is strongly comehtd math P growing rormomy, 
a trend that it is liiccry tu continue. The strmgth of this 
linknge underscores the importance of the p&g of 
electricity . 

As figure 1 shows, over the past two decades the 
consumption of electricitv - not total energy - has 
grown nearly 79% in close conjunction with the growth 
in the economy (measured as Cross Domestic Product, 
CDP). 

This increase cannot be accounted for simply by the 
expansion of the population or number of households 
associated with a somewhat greater use of existing 
eledmtechnologies. The US. population has grown 
a b u t  18%, and the total number of households about 
40% over the same two-decade period! Electric use 
has grown about 70%. Indeed, the demand associated 
with existing electric technologies (the ones which 
spawned the electric revolution of the first half of this 
century) would be expeaed to lag behind the simple 
growth in the use of those technologies because of 
normal continued improvements in e l h c  efficiency of 
those devices and appliances. 

As a matter of historical fact, the use of electricity - 
which is fundamentally a surrogate measure of the 
increased use of electrotechnologies - has grown with 
and synergistically fed the growth in the economy and 
importantly, the growth in industrial output. Total 

industrial output grew 77% between 1973 and 1993. 
n i s  has lead to a profoundly important transition. The 
components of the marketplace that use eleaiicity -in, 
all pa- excluding transportation, which is to say the 
industrial, commercial and residential sectors -now use 
more energy in the form of electricity than in the form of 
direct combustible fuels. 

This transition to an elearicity-dominated economy 
means that the supply, reliability and -of electricity 
as an input to the economy are now more important than 
at any previous time. 

A more accurate picture of the role of electric 
technologies in the market place is seen when iuel used 
in transportation is excluded. At the national level, 
historic trends in transportation technology ana fuel use 
have virtually nothing to do with the electric sector? 
Only 0.1% of dl transportation energy is in the form of 
ektricity.10 Over 97% of all transportation energy is 
in the form of oil. 

Thus, including the use of transportation energy in 
trends will m e  to hide what is really happening in the 
parts of the economy where electricity is actually used. 
In addition, while the transportation sector supports 
most aspects of the economy in some fashion, it 
represents less than 10% of the  CDP.I1 Primary 
economic issues are associated with the non- 
transportation part of the economy, the part of the 
rronomy that uses electricity. 

Figure 1 U.S. Trends: 1973 - 1993 
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Figure 2 U.S. Trends Excluding Transportation: 1973 - 1993 
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As shown in figure 2, between 1973 and 1993, the CDP." 
marketplace consumption of combustible fuels 
(excluding those used in transportation) declined by These trends can be summarized in a different way, as 
12%. Juxtaposed against the fact that marketplace shown in figure 3. Growth in the economy and the 
eltxtricity use has gmwn 70% with the economy's 56% industrial, commercial and residential activities has 

. growth, one can only conclude that, overall, been primarily supported by growth in the use of 
electrotechnologies are displacing fuel-based electricity since there has been an actual decline in the 
tKhnOl0gies.~ direct use of combustible fuels. Thc commercial and 

residential parts of the economy have grown 60% since 
Figure 2 also illustrates the fact that there has k e n  a 1973: electricity use is up almost 80% and direct 
30% improvement in overall national energy efficiency conbrrstible fuel use down 15%. The industrial se tor  
(with respect to all non-transportation activities). In has grown 70% since 1973 with an associated 45% 
1973, S8 of non-tansportation GDP was supported by growth in electricity use and 12% decline in direct 
a million non-transportation Btus. By 1993, the same cumbushble fuel uses 
million non-transportation Btus supported 575 of 

Figure 3 Changes in the Economy M Consumption of Fuels & Electricity 1973 - 1993 
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Figure 4 Industri~+Commerdal+Residurtial Sector Fuel Use 1 
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The historical data unequivocally show that electricity 
has been displacing the use of fuels in the market place. 
Since electricity growth is a sumgate  measure of the 
increased market use of electrotechnologies, this points 
to the impomce  of identifying and understanding those 
technologies - and to the importance of the price of 
elearicity which drives those technologies. 

The sectors driving the economy - the industrial, 
cornmerrial, and residential (ICR) mrs -have evolved 
fmm a primary dependence on combustible fuels to a 
pnrnary dependence on energy in the form of electricity 
(see figure 4). The ICR sectors now consume the mapr 
share of their fuel in the form of electricity.'6 The 
crossover occuned in 1991 when 51 % of all the primary 
energy consumed by the ICR m o r s  was used first by 
utilities to generate ele~tricity.~' In 1993, over 53% of 
all the primary energy consumed by the ICR sators was 
used first by utilities to generate electricity. 

The bansition to an electricitydominated economy is 
expected to continue and accelerate. According to the 
Energy Information Administration (EIA), by 20SO 
nearly 60% of the total ICR energy will be consumed by 
utilities in order to provide electricity to businesses, 
homes and industry.18 The spced of this transition is 
apparent in the fact that in 1973 only 32% of all ICR 
m o r  energy consumption was in the form of electricity. 
This transition demonstrate the increasing importance 
of the availability and price of electricity as an input to 
the erpnomy. 

The continuation of electricity as the fuelofthoice in 
the marketplace is supported by projections from the Gas 

Research Institute (CRI). According to CRI data, 
summarized in table 1, over 80% of all growth in non- 
transportation energy demand through 2010 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 place: 
customer use of ele~h-~~technologies.~~ 

- 

Table 1 
Growth in Total US. Energy Consumption 

1993 - 2010 
56 % electricity generation. 
27% transprtation 
17% all other applications 

(Saurcc: WU 1594 Barcline ~ a r u l  
'- 80% of n a r c ~ t i o n  mew p w o ,  i s  far ele45Xidr). 

In bmad terms, it is p s i b l e  to measure the economy's 
changing dependence on any commodity by hacking the 
quantity required to support an inflation-adjusted 
dollar of Cross Domestic Product (CDP). Figure 5 
illustrates the historic trend (and shows current 
conventional wisdom for the fuhue). 

The total energy required to support a dollar of CDP 
has been dropping JS is projected to continue to drop. 
The economy is becoming more energy eHicia\t, and thus 
increasingly less dependent on the cost of fuel as an 
input. At the same time, the economy has become more 
dependent on clectriaty in terms of kwhrs consumed per 
dollar of GDP. This meMs t h t  !he mst of electricity as 
an input has k o m e  inmasingly important over the 
past several decades.= 
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The bottom line 
All of the evidence summarized in this section pertaining 
to the importance of electriaty, and thus the price of 
electricity, a n  be summarized in one over-riding set of 
data: 

90% of the economy uses 999% of all electricity 
and 34% of all oil consumed. 

e 10% of the economy uses 0.1 % of all electricity 
and 66% of all oil consumed.tf 

- -  

Tke 10% of the economy that does not use elearicity is 
the transportation sector, which according to 
Department of Con merce data, accounts for less than 
10% of the nation's CDP. The activities associated with 
industrial, commercial and residential sectors form the 
major share of the economy and are clearly more 
dependent on electricity as an input than they are on oiL 
Given this reality, one can only conclude that the 
preoccupation with the price of oil as  an economic 
indicator, and the virtual blindness to electricity's price 
is a cany-owr from decades ago when oil was in fact a 
larger detenninant, and electricity much less significant. 

Figure 5 Tohl Energy and Electricity Intensity per SGDP 
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Part 2 - Electricity, Productivity & Competitiveness 

Brief: - \  T o  foster inornud productivity, policy should 
Technologies that UJC ekctricity - rlcctrokchnologics - 
are the domiMnt form of new and emerging technologics 
that are driving a continuing growth in U S .  
manufacturing productivity. 

'Productivity :growth has always been a primary 
de tminant  of economic health. With improvements in 
productivity, unit costs of products can decline even as 
wages and benefits increase. This combination of 
outcomes allows people to 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 imptovements 
in productivity. 

Numerous factors, among them organizational changes, 
positively impact productivity. Nonetheless, the use of 
new technologies is one of the most important, and may 
in fact be most important factor driving 
improvements in produaivity. For example: 

7echnology is ik engine of economic growth. 
In the United Stab ,  technological rrdvancc has 
been responsible for ns much os two-thirds of 
productivity growth s i n e  tk Depression.' 
Clinton Admin. tethnology k economic planz 

Economists typically measure technology p r o p s  in the 
form of investment in new machinery and equipment. 
Studies consistently show that machinery and equipment 
investment has a strong association with economic 
growth. Lawrence Summers and a colleague found in a 
recent analysis that between 1960-1985, each extra 
percent of CDP investcd in equipment was associated 
with an increase in CDP growth of one third of a 
percentage point per year. No other investment factors 
showed as strong an association with economic 
growth.= 

The relevant issue for this analysis is the extent of the 
role of eleeric technologies in equipment investment, and 
therefore electricity and its price. In what remains one 
of the most comprehensive explorations to date of the 
role of elearicity in the economy, the National Academy 
of Sciences (NASI reached the following principal 
conclusion. 

'Our first and most important cvndusion is that 
electricity plays a O C ~  important role in 
productivity growth.' 

stimulate incrcrrscd #ficienq of dectricity use8 
eLPmote the irnnlementation of elect riC 
&knolC?giU. when they are economically 
justified8 and seek t o k  the n u l  
&c&i& suwly by removing any rcgulpioty 
impediments and developing promising 
fechnotogics to prmidd electricity. [emphasis 
added]24 

In previous studies we have focused on the shuctual 
and mechanical reasons that particular electro- 
technologies yield such clear benefits that the NAS so 
strongly and clearly recommended a 'promotion' of 
electric technologiesz In this analysis, we are focused 
on the NAS recommendation that productivity can be 
accelerated by policies seeking to l o w r  thr cost of 
electricity. It is a simple economic maxim that reduong 
the price of a commodity will lead to increased 
consumption. The increased w of electricity is almost 
exclusively assodated with increased use of electricity- 
consuming equipment.% 

Since dcclining electric rates will stimulate increased 
use of electrotechnologies, i t  will also increase 
modernization - wherein technical progress is 
invariably productivity-enhancing over time. The 
National Academy of Sciences 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 thc price of electricity 
stimulates producti%ity growth in 23 of the 35 industries 
and dampens productivity gmwth in only 12?7 These 
two findings are causally linkcd since electricity is only 
useful as a means to operate the productivity enhancing 
eguipmart 

Other analyses have reached the same conclusion about * I  
! 

these linkages. 

'..long-term growth in cupital ti;., plant and 
equipment) has been associated with much 
stuprr increavs in electric thaa'in non electric 
energy. Since changes in plan! and equipment 
are tk main vehicle for ochicving technologid 
improvements, electricity's high rate of 
growth relative to  capital signifies that 
technological progress in manufacturiEg over 
thr course o! tk twentieth antury has shown a 
strong ajfinity /or energy in the form of 
electricity. -28 
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Far from being solely of historical interest, the 
importance of new equipment’s role in productivity is, if 
anything, becoming more important. The current 
economic expansion is concentrated more heavily in 
equipment investments thanany othereconomic mvery  
‘in recent histoy. Equipment purchases have accounted 
for over 30% of the economic growth in this recovery 

compared to a more usual 10% to 15%. Not surprisingly 
then, over 90% of the economy‘s growth 50 far in this 
recovery is attributable to a surge in productivity rather 
than to an increase in the labor hoursa The combined 
effect of economic growth coming from increased 
productivity and no significant growth in labor hours is 
strongly anti-inflationary. 

Figure 7 Changes in Manufacturing Output 1970 - 1990 
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Figure 8 Annud in Manufacturing Fuel Use 1980 - 1990 
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There is ample anecdotal evidence that manufacturing 
firms feel more competitive, too. One national survey of 
manufachaing m s  found 

- M l y  90% of tiu s u q  reqondenfs be1Loc 
!hey are doing a better job of meeting the 
competition than they WCTC just fiw yenrs ago. 
Ninety-fine percent agree that they lrcluc 
iwprooui product qunlity significnnt:y.JO 

In what amounts to a stealth revolution, manufacturing 
productivity growth has taken off over the past decade 
as businesses have adapted to new technologies (see 
figure 6) .  

Most analysts 'have fcjcused on the widespread adophon 

response, and natural adaptation to and use of 
microprocessors that biases new manufacturing 
processing towards an integration of electric and 
information technologies?' 

Not only has the economy h m e  mote productive, but 
in virtually every category of the manufacturing 
economy, real output has been rising (see figure 7). 

There are two ways to directly observe the increased 
use of productive technologics attributable principally 
to eletrotechnologies. One is to identify and itemize 
specific technologies. Some work has been undertaken 
in this direction."* The second is to document the 
relative share of eiechic and natural gas use in various 
industries, since the fuel use is largely a sumgate  

d information technologies as presages of productivity 
p w t h .  In manufacturing, it is the flexibility, speed of 

measureof thechoieeof equipment. 

Figurr 9 Change in for Fuels in the Manufacturing Sector 1960 - 1990 
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Figure 10 Total for Fueis in the Manufacturing Sector 1980 - 1990 
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The use of electricity in manufacturing has been growing 
at nearly 2 percent p year, while the use of natural gas 
has been declining by about 1 percent per year since 
1980. Rgure 8 shows that the disparity holds acfo5s the 
various rypr of manuhcturing. Even where natural gas 
use has been increasing, such as in materials fabrication, 
the use of electricity has been growing twice as fastP 

Figure 9 illustrates the inevitable result of the rising 
electric use in conjunction with declining fuel- 
combustion use in manufacturing. In the decade 1980 - 
1990, electricity increased its marketshare in 
manufacturing by 20 percent, while natural gas declined 
overall by nearly 5 percent. Again, even where natural 
gas gained market share in a specific manufacturing 
sector such as metal fabrication, electricity gained an 
even p t e r  share. This result arises from marketplace 

Miin thetypesofequipment purchased and us&. 

Despite the clear prekrence of the manufacturing sector 
for electricity in terms of thc changes in market share, 
natural gas is still the dominant fuel used in 
manufacturing. As shown in figure 10, natural gas has 
48% of total manufacturing fuel use compared to 
electricity's 24%. T h i s  suggests that there remains 
significant opportunities for investment in new electric 
technologies, and in all likelihood, with attendant 
improvements in productivity and ecowmic growth. 

As is shown in figure 11, electecity is projected to 
continue to capture market share. Process indushies are 
the most uneiectrified, with over 50% of market share 
taken by natural gas, and electricity capturing under 
20%. Process industries accaunt for 61% of 

F i p  11 Projected Growth in Manufacturing Eleetriaty Consumption by 2010 

Total Manufacturing 

: t  

I Materials Production 

Recess Industries 
I 

t I I t i t 
-5 15 35 55 75 95 

% Growth in Electricity Demand 

I 

I-- 



I -11- ' ,  

manufacruring sector energy  consumption.^ memicity 
is gaining ground in that sector, with significant 
implications for electric demand and fuel competition.% 
Electric price is a more important detexminant in p'~cess 
industries than in the other manuhauring sectors. 

It is not only the absolute increase in the use of 
elearicity, but the increased share of electricity that 

. points to a growing electrotechnology dominance in 
manufacturing. Sectoral shifts or overall equipment 
efficiency improvements may mitigate electric 
consumption growth, but cannot not fully account for 
the phenomenon OM in the data presented hene 

A survey of manufacturing firms undertaken by the 
Kansas Electric Utility Energy Research Program 
provides insight as  to the importance of 
electrotechnologies to businesses.% Detailed survey 
responses from 335 firms provided the KSU researchers 
with a statistically valid sampling of the state's 
manufacturing activities. The study found about 40% of 
Kansas manufacturers use some type of 
electrotechnology and a "high percentage" were 
intemsted in learning mofe about elcctmtechnologies. 

This transition towards an increasingly electricity- 
dominated manufacturing sector contains a number of 
important implications. With increasing electrification, 
marketplace activities: 

' 

9 Become less dependent on raw resources; 
electricity can be generated with a very broad 
variety of fuels. 

Are efkctively insulated from fuel price swings 
t?ecause fuel constitutes only one shale (ranging 
from 40% to 70%) of the total number of 
components contributing to the mst of elearicity. 

8 Achieve greater flexibility in adopting new 
technologies because of the inherent flexibility of 
electricity. 

Enpy various environmental benefits due to the 
low or zero impact of electric-based technologies - in effect, environmental issues a: z transferred 
to the supplier of electricity. As a practical 
matter, this means in many cases that the 
environmental impact is removed from population 
centers, and is easier to monitor and manage at a 
central location. 

Other analyses have documented the energy efficiency 
and environmental improvements associated with 
increased use of electrotechnologies.j7 

A recent U.S. Department of Commerce study on 
manufacturing technologies both supports the 
conclusion that advanced/productive technologies are 
predominantly electric technologies and validates their 
energy efficiency benefits. in a survey of over 6,000 
manufacturing plants' use of advanced manufacturing 
technologies (taken as de fado  indicators of greater 
pmductivity), the Commerce study concluded: 

7 k  increased rrpplicrrtwn of tku technologitc 
muy nct to decrease 00cIoIl energy demand whife 
nt the sum time inomsing electricity Brmnnd.' 

'Plants which utilize h i g k r  numbers of 
advunced technologus are k s  energy infenshe 
and reiy more k t d y  on electricity as a fuel 
source; tlsc less m r g y  pcr unit of outpuf. buf 
consume a h i g k r  proportion of electricity; 
plunts oaxr 30 yenrs old ore tk mor! energy 
infrnsioc and rely most heavily on non- 
clectricity.*Jd 

- 

There are hundreds of eIectmtechnologiesN The 
of benefits arising from some representative 
electmtechnologies are summarized briefly in table 2. 
And an analysis of patent data suggests that a large 
share, probably over 40%, of all future manufacturing 
innovation is associated with emerging 
electrotechnologies.'O 
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Table 2 Examples of Electrokchnology Production k Economic Benefits 

! 

, 

I 
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Part 3 - Does price matter? 

Brig: 
Consumers and businesses feeJ ~ o y  strongly about t k  
pr iu  of electricity. Eddnrcc  of fk  importanu of price, 
not to gioe short shrift to public and polit id traction to 
utility rate incrurus, is found irr Wdl Strut. Waf1 Strut 
analysts strongly favor utilitirs that can compete 
sucussf.lly as lour-cost prooidrrs. 

In April this year, the California Public Utilities 
Commission (CPUC) completed a 14-month study on the 
effects of an inrreasingly competitive environment for 
electric utilities and the direction utility regulatory 
policy should take. Issuance of the CPUC proposals 
catalyzed strong reactions a m s s  the country in both 
popular and trade pressn me CPUC was by no means 
first in  proposing to adopt policies that would move 
regulated electric monopolies towards a competitive 
environment." The CPUC proposals nonetheless 
included the first pmposed schedule to implement the 
plan and thus galvanized much of the debate that was 
already underway.15 

The cenhal goals contained in the CPUC proposals - 
- 

crcate downward pressure on rates 
assist investor-owned utilities to compete in 
increasingly competitive markas 
redcce administrative burdens of the present 

reform utility regulations to reflect increasing 
competition 

- 
+tory regime - 

L'tilities are well aware of the importance of low 
Typical of many reactions is that of Pacific C a s  

L Electric Co. which, i n  preparing for stiffer 
competition. recently announced that it will continue its 
19-month freeze on retail electric rates through 1995.n 

Since much utility policy ends up being laced with 
various environmental, social and technical ideologies, 
Wall Sweet analysts arguably provide an ideologically 
agnostic view of utility policies. For example, a 
Prudential Securities evaluation of utilities identifies 
the following key competitiveness indicatorsa - how cheaply a utility generates power 

- whether or not cheaper nearby competitors exist 
- dependence on industrial customers 
- record in forging favorable, Le., low, rate 

agreanents with big customen. 

The utilities that best meet these criteria, according to 
the same analysis, tend to be in the South, Southwest and 
West. Not coincidentally, these regions correlate 

strongly with the availability of lowcost electricity 
predominantly provided by mal-fired generation?P 

In a similar evaluation, Daniel Scotto, managing di.sxtor 
at DonaldsOn, Luffkin k Janrette reached the following 
conclusion: 

"&cause of the demand f joi  low cost $0-1 by big 
eoTorate w s  ... tk 1ufiZityl winnrrs are Iikcfy to 
be plain-wnilla. coal-based electric utilitls." 

Ihe best utilities tend to be those that compete on price. 
That Wall Street analysts consider that coal-fired 
utilities can compete on price is merely a reflection of the 
precipitous drop in the costs of controlling emissions 
from coal combustion with new technologies. In 
addition, with long-term, lowtost and stable supplies, 
coal looks tough to beat on price. 

The Wall Street vote for utilities that a n  supply cheap 
electricity is a direct reflection of the marketplace's 
hunger for cheap electricity. For example, a recent 
"ey of commercial and industrial customers found? 

38% would switch electricity suppliers for a SA 
rate reduction 
532 wodd switch for a 10% rate reduction. 

- 
- 

Such survey results are, for quite obvious ~~SOIIS,  at the 
heart of the controversy. This also underscores the far- 
reaching complexities associated with proposals to 
encourage greater competition for elearicity markets. 

The business market is not substantially different, in 
tenns of price sensitivity, than the midential market. A 
similar survey of residential customers found that for a 
5 2  rate reduction, the share of customers that would 
switch to another utility would be:" 

49% if thei: current rates were "very high," 
41% if their current rates were "a little high," 
27% if their current rates were "low." 

This strong rcsidentia: sensitivity to the cost of 
electricity is in significznt measure a consequence of the 
share of a household's budget that is occcpied by utility 
costs. For example, for families in  the lowest 20% 
income bracket, a houschold's total utility bills are 
about equal to total mortgage, taxes and maintenance 
expenses. Even for the households in the top 20% 
income brackct, utility Sills are still nearly one-third of 
cornbind moRgage, QXCS a d  



I I 14 - 
The residential customer's concern with price should 
send a clear signal to electric utility planners. And for 
those who believe, despite all-market evidence to 
contrary, that people will feel good about paying more 
for a product (e.g. a kilowatt-hour) because of 
environmental /const ion programs, consider the 
results of a national Roper survey. When people are 
asked to rank factors as determinants in making 
purchasing decisions, the survey found that people rate 
the following factors as impomtm - 

- 47% quality reputation - 26% well known/well advertised - 18% environmental read. 

82% past experience with brand 
- 64%pr i~e  

Many utilities are, of course, responding and ..ave long 
responded to customer concerns over price. Over 20 
states have allowed utilities to offer special low rates to 
large industrial customem who might otherwise seek 
lowertost self-generation.M The implications of a de- 
regulated and competitive mvironment make the stakes 
higher. American Electric Power is, for example, 
implementing a trial program to permit residential 
CuStomers to have more control over costs through real- 
time variable electric rates with their Transtext system. 
The system permits a customercontmlled, threetiered 
rate structure reflecting :he cost and availability of 
power during different times of day and different 
seasons. A customer can, for example, select different air 
conditioning temperature set points for difkrent prices 
of e~ectricity.E 

. 

The key to such a control system, and others similar to it 
across the country, is the use of real-time com- 
munications and control systems - i.a, an information 
'superhighway linking utilities and their customers. 
The value of such a capability for improving elechical 
service and lowering cpsts has lead to utilities being one 
of the mapr players in installing fiber optic links to 
residences. Beyond the implications for utilities to 
engage in the sale or collaboration of other information 
services, this trend highlights the linkage between end- 
use electric technologies and information technologies. 
Indeed, increased flexibility and control wer costs from 
such real-time information systems also serves to 
ae le rare  the market use of elecnotechnobgiesP6 

While undmtandable self-interest in preserving one's 
own money is an obvious driving force for sensitivity to 
electiic rates, more is at stake. 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 importance of electric rates. 

For example, in a contretemps between Governor 
Cuomo's office and Forbes magazine, it was instructive 

, to see how prominently electric rates played in a debate 
over the attractiveness of New York State to busin-. 
Forbes blasted state policies as being anti-business 

. growth. In identifying eight central points of contention 
with Forbes over its claim that New York was a 
business disaster, New York State Director of Economic 
Development cited electric rater as the number two item 
(worked compensation was the first), and attempted to 
cast a positive light on New York's high cost electriaty. 
His claim: 

'According to t k  EEf ,  t k  highest rates charged 
by NYSE6G for industripl customs work out to 
about 115 cents p" kwhr (as of Jast Iuly I) for a 
wry s d l  user; more tvpiclll would be about 8.8 
mats. Comparable rates charged by IPnnsylvonia 
utiIityJ P P ~ L  range porn 72 to 9 9  cmts.' 

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 correlates remarkably 
with electric rates (although that was not the intent of 
the survey). Forbes established an index to rate future 
job pmpects by state based on six key indicators: tax 
stnrcture, cost of energy, cost of labor, impact of defense 
cuts, and Clinton health care pmposals and export 
markets. As the data earlier in this report illustrates, 
the cost of electricity rather than the cost of "energf' 
would be a more accurate predictor of economic health 
Nonetheless, the electricity price cornlation between 
states with good and bad p b  prospects is remarkably 
strong. 

Forbes predicted strong p b  growth in 23 of the 50 
states.O The 12 states with thc lowest electric rates 
included seven states with the best job prospects. 
Inversely, we found that the 12 states with the highest 
electric rates included 11 states with the worst job 
P*Jpecrs. 
Table 3 -Job Prospects k Electric Rates 
Lowcrt Rater Highert Rates 

I 
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Electric Rates & Inflation 
Rising infiation is one%of the most bred and damaging 
trends in any emnomy. 

'Inpation steals our avings,  upsets cconomi: 
cnlarlatwn, punishes bond kokicrr, and bails out 
dibtors.' 90 

. .  
While no one doubts the importance of keeping inflation 
under control, inflation is notoriously difficult to 
predict and has al! of the earmarks of soothsayem 
reading entrails. 

' I  gd a fir what I think is going on b a d  on 
the infonnatwn,.' Fed goarmor in a New York 
Tima inlrrPino.9' /emphasis pdduil 

With inflation, the difference between cause and efiect is 
not only unclear but there is also a feedback loop. 
Because of the arcane nature of the factors driving 
inflation, it is clear that perceptions matter almost as 
much (perhaps more) than substance. In simplest terms, 
as dollars chase commodities, a typical market ~ ~ p o t u e  
is for prices tu rise. The chase heats up if there is a 
v e p t i o n  that prices may rise - which increases prices 
and heats up the chase, and 50 onpz This dynamic sxms 
uncomfortably dependent on pereptions. If recent 
York Times interviews with Fed officials is any 
indication, perreptioris matter. 

-Fed officials =id they were putting grater  
wcighl on t k  economic indicators ranging born 

the of gold and the output of fpcionb to 
p r s o d  anedotes. Tkcy are also @np mor€ 
plfenl1on to hum uff vs notably 
inowtors' a g c t u t i o w .  of inption, an area thnt 
has long exasperated economists who use 
computer modeft to predict inflrrti~n.' .~j 
/emphasis d&dJ 

Inflation indicators commonly watched by analysts are: 
commodity prices, manufacturing capacity utilization, 
and housing  price^.^ Of these three broad indicators, 
both commodity prices and manufacturing capaaty have 
direct, but largely ignored, links to electricity, and the 

of electricity. 

Traditionally, when manufacturing capacity reaches 
825% utilization, economists see the pressure on 
demand chasing the capacity to provide goods as 
inflationary. In early 1994, manufacturing capacity 
utilitation reached 835'1, although most analysts did 
not see inflationary pressures commensurate with this 
traditional signal.% n e  reasons may well be tooted in 
the failure to account for technology progress, and thus 
modify the capacity "hi= poinr accordingly. 

It is almost certainly the caw that manufacturers are 
today able to opente at higher utiliition levels than in 
the past withaut comparable strains on their ability to 
meet demand and thus the related impacts on price. 
Manufacturers can operate at higher utilization levels 
than previously because of the inrreased productivity of 
manufacturing ope:a!ions, and i n  particular the 

Figurr 12 Total Commodity Purchaseseg 
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Meats cattle, hogs, bellies 
Metals gold, sihrer, platinum 
imported coffee, cocoa, sugar 
Misc. orange juice 
Industrials 

Grains 

m d c  oil, cotton, copper, unleaded gas, 

corn, wheat, soybeans, soybean oil, 
mybean meal 

heating oil, lumber 

extensive use of advanced technologies, information 
technology (not to mention such adaptations as just-in- 
time inventories, which are in turn made possible by 
new technologies). As previously discussed, it is the 
increased use of electrotechnologies and in particular 
their intept ion with information technologies, that is 
central to the quiet revolution in manufacturing 
productivity. 

The other principal inflationary leading indicator is the 
change in price of the commodities basket. Here too 
electricity has a large role. Of the commodities tracked 
and reported, oil is the one that capures media attention 
most frequently and therefore helps feed the perception- 
reality feedback loop. Oil price changes generate 
prominent media coverage with explicit links to 
inflation. Typically: 

- .  

'Drop in Oil Prices is Likely to Benefit 
Consumers by Kuping Inpation Low,' && 
S t r u t  legg&, eCccmbcr I ,  1993. 

Dcspite the fascination with oil (and its unquestioned 
importance in the transportation sector and 
irucrmatiorwl markets), the evidence nonetheless suggests 
strongly that it is not a pre-eminent inflationary 
indicator. The absolute price of oil did not significantly 
change manufacturing costs when oil prices increased 
and cannot directly account for inflationary trends in 
thc past. In one study of 24 industries that use large 
amounts of energy, their performance and costs of 
p d u c t  did not significantly suffer when oil prices rose 
in the past. % 

Consider: 90% of the economy uses 99.9% of the 
cltxtricity (as reviewed earlier), three times as much 
money is spent on electricity compared to oil in those 
economic markets (Le., excluding transportation which 
accounts for 10% of the economy and 66% of oil 
consumption). Put another way: the 90% of the economy 
t h t  USQ electricity obtains 53% of all the energy needed 
in  the form of electricity - not combustible fuels, 

Table 4 - CRB Index List of Commodities 

whether oil or natural gas. Why then is electricity not 
included in the commodities basket? The answer may 
in part, that the tradit,mal basket was created in the 
1950s when electricity was a comparatively small 
aDmmadity. 

The Commodity Research Bureau's index of futures 
prices incorporates 21 goods, including oil, gasoline and 
heating oiLW 

Trends in overall commodities prica are, almost as much 
as oil prices, monitored for their predictive effect on 
inflation. 

' I f  commodity pticrs are on the upswing, a n  
inflation be far behind? 77ut's one of t k  kzy 
questions bugging financial markets and 
America's Federal Resene thew days. So far 
this year, the Commodity Research Bureau's 
spot price index of industrial raw materials has 
risrn a ivfty 12.79L.O Business Weekg8 

Even single non-oil commodities are watched as 
important indicators of inflationary trends. 

'Inflation-watckrs t& notr: Augus! is t k  
critical month for determining how big the soy 
crop will be. That's signijiicnnf beaust  tk 
Commodity Research Burerru's Index o/ 21 major 
commodities -- an important barometer of 
infiation - is heavily influenccd by price 
drnngrr in soybans.' Barron's 99 

Table 5 itemizes the amount of moncy the nation spends 
on the various commodities includd in the "basket," 
with electricity and natural gas added to the list for 
comparison.'00 F@;e 12 shows the trends in total 
purchases. Clearly electricity i s  the predominant 
commodity, even though it is not in my basket. Figure 13 
aggregates the total amount of money spent each year on 
these selected commodities As the data show, the 
inclusion of electricity not only substantially changes 
the total amount of money spent on mmmodities, but its 
share of the total basket is rising. 

Given the substantial role that electricity plays in the 
overall economy, in pmductivity growth, and the price 
sensitivity of the market to electric prices, and now the 
commodity on which more money is spent than any other, 
the obvious question to ask is: 

whnt happas to tk pice i d s  of thr commodities 
basket i/ dectricity is mndr part of t k  equation? 

i 
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The CRB commodity basket price index is an unweighted 
indcx designed to indicate overall price pressures 
associated with commodities. Relatively small changes 
in the index are believed to have a large multiplier etfcct 
on inflationary trends in the economy. 

n e  commodity basket price index is substantially 
altered by the inclusion of electrioty as a commodity, as 
shown in figure 14. The inclusion of electricity in the 
pnce index alters the change in the index by over 3 
percentage points in 7 of the 10 years from 2980 to 1990. 

So far in 1994, the traditional commodities pnce index 
has been rising, without an apparent commensurate 
inflationary response. While there are numerous factors 
influencing inflation, it Seems very likely that the large 

quantity of stable electric prices may be playing a 
hidden moderating role. Including electricity in the 
commodities basket would quench the inflationary heat 
caused by increased prices in other c~mmodi t ies . '~~  
Some perspective on the impact of electricity in the 
market basket can be acquired by looking at broad 
impacts or price changes. 

The large effea small changes in electric prices have on 
the economy can be demonstrated in two ways. Both the 
change in the total amount ~f money spent purchasing all 
of the commodities in the basket as well as the change in 
the weight4 price index of the basket can be calculated 
for a change in price of a sinsle commodity in the basket. 
The basket used for these comparisons includes 
electricity, and the price index for the entire basket is 
modified acc~rd ingly .~~ '  Table 6 shows the effect of 
doubling in the price of a nimber of cDmmodities. 

Doubling the price of electricity, an 'occomp!ishment' 
that has been effected in  a few states, would have a 
dramatically larger irnpact on  the economy than 
doubling the pnce of any other Commodity. The total 
cost of the commoditles basket would increase by 44%, 
compared to doubling the price of gasa!ine which would 
raise the cost of buying ail commodities c o l l ~ i v e l y  by 
only 14%. Simiiiriy, the pice index of the basket, the 
harbinger of infliition, is moved 5 points by doubling soy 
prices, but 32 pomts by doubling electricity prices. 
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Another way to illustrate the relative importance of 
these representative commodities is shown in table 7 
where the inverse of the logic used in table 6 is 
presented. Table 7 shows the price changes required in 
the commodities that would lead to the same overall 
impact onthebasket 

Table 7 - Relative Importance of Commodities 
. ._- A 10% bCrr.W in the torrf coot of 

purchdng c o e o d i t i a  would Uirc from a: 
23% riw In ele9icpdea.or a 
7lRxbeingiuoUneprl~ar  

1ZCRS; rlu in gold prices. 
36% T k k l  SOY @- 018 

16% &? h g i u o h C  Q J 
37% rire In soy priaa, ora  

To a significant extent, utility trading in wholesale 
markets already treats electricity as a commodity. For 
example, Consolidated Edison CO. of NY has established 
a Megawatt-Hour Store using an on-line computer 
system for enhancing exchanges of power. Con Ed 
,already buys over half of its electricity in the bulk 
power market. According to Con Ed, volume trading 
provides a competitive edge and the computerized 
trading saved its customers 518 million in the first five 
months of 1994 compared to same priod during the 
previous year on the old system. Con Ed's overall 
trading in elearicity was $200 million in 1993 and is up 
20% this year. There are of course practical differences 
between trading electricity and wheat, the most 
important of which is demand from electric customers 
and thus electricity trading frequently must take place 
24 hours a day. Currently, Con Ed trades focus on 

- 

hourly, daily, weekly and monthly deals. *ts 

There are signs that electricity's role as a comm=*ity is 
beginning to be recognized. The New York Mercantile 
Exchange, the world's leading market for energy-related 
commodity trading, plans to intmdua electriaty futures 
contracts in 1995. The model? Natural gas 
deregulation.* While the tmding will l i i l y  be limited 
to only some markets initially, probably the West, it 
seems likely to expand. Even before trading expands 
from the West, the price declines that will almost 
certainly be created by the competition will directly 
affect the nation's commodities basket. Around 20% of 
the nations electricity b sold in the western region.lO? 
If competition drives prices in the West down by an 
average of a%, it would reduce the national average 
price of electricity by about 3%. This 3% reduction of 
national electricity cost would reduce the price index by 
about 1.2 percentage points, and reduce the total cost of 
commodities purchased by an amount equal to reducing 
the cost of gasoline ll%, or reducing the cost of gold by 
179%. 

As electricity is increasingly recognized as the 
commodity that it is, and, as the markets become 
increasingly competitive and fractionated, prices will 
vary dramatically and inclusion of electric prices in the 
Eommodities basket will be vital. 

. 

The macrwconomic importance of cheap electricity's 
moderating fotce on inflation can be simply illustrated. 
Inflation has the effect of eroding people's savings. 
Every percentage point increase in inflation 
permanently robs at least (doe  not include cost value of 
real assets such as land) 530 billion each year from the 
nation's savings amunts.IM 

Figure 14 . .  Commodity Price VolatilitylOg 

1991 

1990 

1969 

1988 

1987 

1986 

1985 

1904 

1983 

i 



-19- 

Part 4 - Where is the price of electricity going? - 
E&$ 
Economic and competitive forces are increasingly 
compding m-th social forus in t k  electric area. T k  
fu~rmrr forus drove electric prius down. Tk latter d r m  
pries up. Trends point to t k  Ji&lihoad that t k  cost of 
electricity d l  drop dramntidly ODCI t k  next 20 years. 

%a1 goals, exercised through the transmission line, 
tend to raise electric rates. Economic and technology 
forces over time tend to lower electric rates, Accoding 
to Business Week 

'fnoironmcntdists ... Lor +ctitdy used t k  
regulatory system to goad utililia into adopting 
energy-cfficiency programs and into buying 
p o w  fiom renewable sources. But if retail 
competition i s  allowed, the lowest-priced 
supplur would win. Environmentalists say 
that's short-sighted and ignores t k  public 
benefits of lower consumption and diverse 
supply s0urccs:"0 

This obsemation from Business Week underscores why 
so many environmentalists are anxious to create a 
system in which environmental externalities, among 
other things, can be used as yet another tool to increase 
electricity costs. The states in which mandated 
conservation programs and renewable er.ergy projects 
have been most agpssively required by public d c e  
commissions also tend to be the same s ta te  that have the 
highest ciechic rates: California, Maine, and New York, 
for srample. 

Maine provides an instructive example of the bizarre 
cirtumstances that have come LO surround the economio 
of elear;,city. Maine is a state that has been battered by 
an economic downturn, and has seen its electric rates 
mar from among the lowest in the nation to among the 
highest. Rangor 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, 
papaobserved: 

'The lalrsi word out of Augusta on this rote 
rcduciion, which could sau Maine businesses 
tens of thousands of dollnrs? Tk stuff wants to 
treat it as a rate increase. requiring crpcnsioc, 
elaborate FIinXs and, if history i s  any guide, 
inkrminablc and costly deIay~.'~~1 

They were right. Over two years later, in a July 20, 
1994 filing with the state commission, Bangor Hydro 

I 

amtinus its ammpt to provide mmpetitive, i.c, cheaper, 
electricity. They propose to be allowed to have the 
flexibly to lower rates any time they need to help 
businesses and meet competition - but under the 
proposal the utility would not be able to raise rates 
without going through traditional rate procedures. 

Maine's opponents of cheap electricity arid proponents 
of DSM and alternative energy admit that electric rates 
have increased because of the programs they have 
advocated.I1* But the advocates of high-priced 
electricity claim that the subsidized renewable energy 
projects have provided direct and "indirect" 
enpbyment,and: 

'Tk biggest gain is tk significantly reductd 
carbon dioxide missions. - 

Setting aside the arguably irrelevant value of the 
"biggest gain" (and ignoring the implied cost of this 
"gain"), and setting aside the possibility that the 
policies actually increased carbon dioxide emis~ions,l1~ 
the real issue is the  extent to which high-priced 
electricity has harmed the State of Maine. High and 
rising electricity costs affect a state's economy in two 
ways: production costs in the commercial and industrial 
Sector rise relative to other states/regions resulting in 
loss of competitiveness, lost sales, and an attendant 
reduction in demand for inputs from the state, redudng 
wages etc. The second effect is a decline in consumer 
purchasing power. 

A comprehensive study of the effect of higher electric 
lates in Maine found: 

'Using an economtric model a 10% incruse in 
ekdric wsts for fk stute I d  to a 0.23% drop in 
employrrmt. 02790 drop in output GSP, 0.29% 
drop in p m o d  incmz; ruiuction cf 0 1 ~  1,700 
jobs in mploymnt ,  $75 million in outpuf and 
$68 million in p m o d  i n ~ m u . ' ~ ~ ~  

Maine actually experienced a 30% increase in electric 
costs relative to the rest of the e o n  and nation. 

Where then are eiectric rates trending? As figure IS 
illustrates, the national average price of electricity is 
about the same today (in inflation adjusted terms) as 20 
years ago. 

One might argue that the wend illustrated in figure 15 
means that on average the social arid economic forces 
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have balanced each other out tu the public's benefit. Or, 
one could argue that todays awnge  electric rates could 
have been much lower than they are. The tensions 
between the forces of social engineaing and competition 
are going to be more powerfully engaged than in the past. 
Ascertaining which forces will likely dominate  quir res 
M examination of the components of those bras. 

There are three main components to the social 
engineering agenda. 

- Demand Side Management (EM) to reduce 
electricity use - Environmental externalities to "capture" 
utregula& environmental impacts 

- Alternative energy to replace conventional fuel 
and power sou-. 

Each of these components of the social engineering has 
aspeas that are laudable, achievable, and costeffective. 
I t  is the zealous pursuit of these p m p m s  that creates 
economic problems. Here we very briefly review the 
economic asprts of these three components. 

Demand Side Management (DSM) 
An entire industry and academic discipline has arisen 
on the s u b m  of E M .  We make no attempt here to 
dwell on this subject except to no& the basic thrust of 
this aspect of social engineering. The underlying logic of 
DSM programs is that there are often cheaper ways to 
save electricity than to make it. Given that electric 
utilities are the most heavily capitalized businesses in 
the nation (see table 81, utility management should be 
and frequently is receptive to ways to minimize capital 
m a t s .  

Table 8 
Capital Assctr Required 
per Dollar of R e v e n ~ e l * ~  

Mining 51.74 
G ~ u n i c r t i O n S  $1 -09 
Railroads 51.68 

M M  programs that are fundamentally costeffective 
(i.e., those that unequivocally cost substantially less 
than generating additional power) make sense for 
utilities to pursue, as a minimum as a wise aspect of 
customer service. However, as the 'cream' in E M  is 
taken away, programs are chasing increasingly 
expensive avoided costs and can be oversold 
(owmelting is generally unintentional, either because of 
an inadequate appreciation of a market's response, or a 
failure to account for full-program costs.) 

A review of the Bonnevillc Power Authoritfs DSM 
program, for example, revealed typical BPA DSM 
programs cost rising from an original level in the 4 tu 
Sc/kwhr range to 7 - I l ~ / k w h r . ~ ' ~  Such costs do not 
compare favorably to a 4t/kwhr or lower costs of 
purchasing or generating power in the Westem region. 

The super-efficient home refrigerator is a preeminent 
#ample of overseIling a DSM technology. Technologies 
clearly exist that can make even the currently most 
efficien: home refrigerator significantly more efficient. 
Advocates frequently advocate that utilities should 
directly subsidize homeowners' purchase of such 
equipment. A recent issue of Consumer Renorts 
evaluated the field of home refrigerators, and also 

i 

I 

i 
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undertook a test and evaluation of the "world's most 
efficient refrigeatof delivering a withering critidsm of 
it on a11 counts: energy savings, economic viability, 
practicality and sen~ibility.'~' 

As public utility oommissions increase xrutiny on DSM 
programs, many utilities are backing off of earlier, 
overly ambitious commitments primarily because they 

. are too expensive; is, they tend to raise electric rates. 

Enwironmental E x t d i t i e s  
The concept underlying environmental externalities is 
simple: even when power plants fully meet federal and 
state environmental regulations, they still emit some 
pollutants. These pollutants are "external" to the 
regulatory process, but nonethcless, it is argued, have 
both an environmental and financial mst to society. The 
solution? Normally, if the scientific evidence supported 
an environmental impact, regulations would be tightened 
up to reduce the emissions. However, when this is not 
possible (because of the weakness of the evidence), 
environmentalists p p o s e  to 'guesstimate' the residual 
cost associated with these externalities and then add 
them to the cost of the electricity."s Typically, these 
quantification's of externalities leads to penalties per 
ton of emissions of SO - $300 for sulfur oxides, S68 - 
51600 for nitrogen oxides, 51200 for volatile organic 
compounds, S1200 for particulates and 86-515 for 
carbon dicxide (this hst  of course is not a regulated 
emission since it is a benign gas and not a pollutant 
unlike the other pollutants which are The 
net overall effect of these penalties will increase the cost 
cf elecnicity from power plants with more externalities 
and thereby discourage their w; i.e, sending the "right" 
price signal to the market. Typiically, these penalties can 
add 10% to 15% to electricity rates. In many cases 
the cxternality penalty has the potential to increase 
ratcs from lowcost coal-fired power plants up  to 
4e/kwhr.*2* 

To support their theories, which perforce require 
imaginative stretches, many externality proponents use 
'proof by association' as a typical justification: Le., 
they list other states where extemalities have been 
implemented to justify doing it in the statede-jour. This 
has the ef- of promulgating a silly idea.'= 

The fundamental problem with this theory is the failure 
of its advocates to understand it. Environmental 
externalities associated with a kilowatt-hour exist 
at the power plant and at  the point-of-use of the 
electricity. The sctemal environmental impacts of using 

an electrotechnology are just as real as  the 
environmental impacts of making the electricity to 
operate the electrotechnology. A vac' array of 
electrotechnologies are used for there fundamental 
economic benefits, but because of the inherent efficiency 
of their operation, they also eliminate more emissions 
than are created at the power plant. Elearit vehicles 
are the most familiar example of this phenomenon. 

In order to determine the actual net environmental 
externality of electricity, residual emissions from the 
power plant must be offset by the emissions eliminated in 
the markatplace. When this type of correct full fue lqde  
calculation is undertaken, one typically finds that there 
is a net decline in environmental impacts associated 
with most electrotechnologies. Put another way: 
increased electrifica!ion typically decreases 
environmental impacts, taking into account power 
plants. This fact has been extensively reviewed in other 
analyses!= 

Table 9 summarizes the results of typical externality 
calculations for some representative elearntechnologies 
The reduction in CQ and NOx are shown taking into 
account national average fuel use at the power plant. 
The energy savings an? shown as a percentage reduction 
in the total fuelcycle compared to the bel-bad 
alternative to the electrotechnology, and the emissions 
reductions are shown in pounds of emissions eliminated 

alternative. Electric Power Research Institute i 

/' 

4 

* .  
? for every 1,ooO kwhn of electricity used to operate the 

respective electmtechnologies instead of the non-electric 

calculations shows that by 2010, the increased use of 
15 reprcsentative electrotechnologies will of coune 
increase electric demand, but will also lead to a net 
reduction in total fuel-cycle energy use of hundreds of 
millions of barrels of oil equivalent per year.12' 

Nonetheless, advocates of environmental externalities 
are not proposing :o undertake proper full fuelqcle  
evaluations. Instead, they are focused on penalizing 
electricity users for the environmental impacts of power 
plants without giving 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 advocates: users of electricity would be 
paid (not penalized) for using elecnotechnologigs. If a 
ton of NOx has a value of 51,000 and a specific 
electrotechnology used by a business resulted in a 
power plant emitting onc ton of NOX each year, but the 
technology being operated by the end-user eliminated 
two tons of NOx per year, the end-user should be paid 
SI,OO~, not penalized  SI,^ for thc electricity used.'.= 
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Table 9 - Examples of Fuel-Cyde Savings From 
Electrotechnologies*" 

Renewiibles 
Environmentalists and the media have had a long love 
affair with renewable energy. The campaign for 
renewable energy is being resurrected almost verbatim 
from the failed programs of the late 1970s and early 
1980s. Typical of the observations: 

I -e,- 1 1 7  

'Large omounts of renewable energy..nre 
ouoiluble for gmeroting electricity' 'most 
utility planners fail to recogniu thc substuntirrl 
economic benefits of adding rorctwblc energy to 
tk ir  re~urce mix.'*= 

Central to the support for renewable energy 
technologies is the idea that the sotalled non- 
renewables (coal, oil, natural gas, primarily) are 
m i n g  out and we had betta huny and replace them. 

Dire warnings of an impending oil shortage with 
attendant escalating prices is the first refuge of all 
advocates of expensive alternatives. Claims for a 
sustained oil shortage within the foreseeable future are 
simply not supportable by facts (more about this later). 
The literature of prognosticators is littered with oil 
shortage warnings. For scample: 

7 h c  r e m t  decline in tk rate of discovery of 
tmo petrolrvm fields in this country )urs given 
riU to t k  question uf whnt w can do to wuet tk 
&mud.... Crcat Britain, Germany, ond Jupan 
ore 'Mk'ng syntktic 02 ond gusolinc. flow is 

to c o w  o n 'Porous r I O  

50 fhal methods will bc oooilablc to s Ug& 
Peccss uw 1 iuuid . fuels from American coa~s 
p k n  th t  bct rolrum s uP.1- to  f all .  
(From tk F e b w r y  1994, Scint i f ic  Amcrion, 
re-publishui F e b w r y  1924.) 

Current advocates would substitute the phrase 
"renewable en* for the phrase "American coals" in 
the above quote, but the idea is not much different. The 
impending oil shortfalls of 50 years ago and of 20 years 
ago have not materialized, nor have any sustained price 
escalations, to justify supporting more expensive 
alternatives. The key here of course is cost. Alternative 
energy that is cheaper than conventional energy would 
have no difficulty competing for n\ar'ket share 

But, claim advocates, alternative energy will eventually 
become cheaper. Scatements of this kind (see the example 
below) are virtually identical to those made 20 years 
ago. 

i 
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'Most  of the renewables are still infant 
technologks with big a s 1  disrrdvantap.m12L) 

' 
The renewable advocate's approach: what if prices for 
gas, coal, oil rise? Investing in renewable (which they 
admit are mon? expensive "for now') will provide a 
hedge against this vigorously proclaimed inevitability'of 
rising prices for conventional energy.t29 Setting aside 
thefact that the states which bought this argument in the 
1980s are now paying for it (literally) because all other 
forms of power are still much cheaper than renewables, 
the advocates' argument 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 meal downside risks 
substantially larger than upside benefits. 

Alternative energy advocates have another "what if" 
construct: what if environmental regulations become 
stricter (something that renewable advocates work 
vigorously to ensure through use of externality theory), 
then using renewables now will provide a hedge against 
such an economic 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 lo meet, 
whcther through regulatory relaxation or technology 
progress? For example, early in the acid rain debate, 
many fcared choped?) that cutting Sox emissions would 
cost over St000/ton; however, the actual cost of 
compliance is about $40Cl/ton and falling rapidly. 

The net e f k a  of mandating the use of renewable energy 
is simply to raise the cast of 

Those Altamont windmills ~ T O ~ U ~ Z  powcr /or 7 
to 10 u n t s  a kilo-watt-hour, c o m p r d  with 4 
v n t s  or tsr for conocnlionrl fossil j iul  plants. 
Krnrtcch would be out of bwinas were it no: for 
tar brmks and federal and state mandates that 
ham f o r d  people to buy its products .... The 
mandoid business with KOr&ch amounts to a 
hidden tax fhat klps raise PC6E's r a t s  509. 
abox  tk national i n ~ r a g c . ' ~ ~  

Economic Farccs 
It is possible to divide into three areas the principal 
economic forces driving down the price of electricity: 

competition 

raw fuel inputs 
technology 

Unlike the social forces reviewed above, all of thew 

economic factors have the effect of putting downward 
pressure Qn electricity costs. Again, for purposes of 
uriving at an understanding of the overall trends, the 
following summarizes an extensive body of research in 
each a m .  

Competition 
The demand for electricity has increased for the past 
two decades, and is projected by virtually all analysts 
(including those that are trying to avoid demand) to 
increase for the next two decades. Increasing demand 
for a product increases competition to provide the 
product, especially in an increasingly competitive 
market. The typical net e f f g t  of this rising competition 
is declining prices. The central driving force in the 
competitive electricity market is the fact that new 
generating faalities can produce low-cost power. Over 
time, economic forces will drive electric rates to those 
low levels. 

As ever less expensive sources of electricity become 
available, customers seeking cost benefits (large 
industrial customen for example) will increasingly 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 Bangor Hydro of Maine is 
having (discussed earlier in this report) in lowering 
rates is not atypical. The New York Power Authority 
was not permitted to lower rates to meet+r-beat the cost 
of cogeneration from a large General Motors facility, 
whic!! resulted in that facility leaving the sys:em - 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 have a 
wemendous incentive in a competitive market to price 
power just above incremental costs, otherwise existing 
power plants become undemtilized thereby raising the 
mst of power to remaining customers. 

in addition to the declining cost of new 'green-field" 
construction, utilities have at their disposal two large 
reservoirs of untapped cheap electricity: underutilized 
mal-fired power plants, and yet-tebe-refurbished older 
fossil-fuel power plants. 

The nation's existing cml plants operate at just under 
60% capacity facior. Oprating these power planrs at 
full capabiiity of 75% capacity factor would provide 
over 450 billion more kwhr of supply, equivalent to 140 
new 500 MW generating plants.132. The marginal cost of 
this additional electricity will k substantially less than 
3e/kwh., and nay k as low as 15t/kwnr. 
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Figure 16 U.S. Electric 
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Repowering old power plants is another less obvious 
category of additional, cheap power that has been 
largely ignored until very recently.w Over 3,000 M W  
of repowering is already proposed. About 20% of the 
existing coal-fired capacity and SO% of oil and gas 
capacity aTe over 35 years old, representing a total of 
100,000 M W  of generation.'3s Far from being retired, 
many of these power plants a n  be refurbished and 
"tuned up" to produce wen  more power than their 
original design. This option is frequently the cheapest. 
For example, at the end of last year San Diego Gas k 
Electric rejected IS IPP bids to proceed instead with a 
repowering of one of their existing older power plants 
k a u s e  it was a substantially cheaper option.'# 

Competition to provide electricity is increasing and is 
coming not just from Independent Power Produars (IPPs) 
competing with utilities, but also from traditional 
utilities functioning as IPPs in the backyards of other 
utilities. For many utilities, it is a basic maxim that new 
sources of Iwenue should come first from a m  in which 
they have direct or directly derivative experience. If 
revenue growth is inadequate in the local service 
territory, clearly seeking new revenue from a core 
activity - supplying electricity as an IPP or wholesaling 
it  - in someone else's &ce territory is an obvious 
option. 

ne effea of competition is dramatically demonstrated in 
figure 16 above. Here the national average cost of 
electricity is compared to the range of costs from IPP 

projects in those years. The low and downward trend 
of electricity available from IPPs will, over time, pull the 
cost of the entire system down" 
Long time successful IPP CEO and prognosticator Roger 
Sand succinctly observed: 

' I f  today's low pn'ccs p s i s t ,  tk economics of 
lower-cost power will l i k l y  overwhelm the 
regulatory ston now in p k . ' l M  

If overwhelmed, and the economic gloves come off, 
competition will be fierce and prices are likely to 
plummet. The decline in the price of electricity is good 
for the economy and for customers, but it will create 
substantial stresses and turmoil in the electric utility 
business. This reality suggests that utilities should be 
wary of pressures to raise their electric costs as it will 
put them at a substantial disadvantage vis-a-vis 
competitors for their customers regardless of the specific 
qulatory outcome 

Technology Progrrss 
Competition is one of the sustaining forces that advances 
technology. The technology of electricity generation, 
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 electricity delivered to Customers 

down. 

I 
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Coal-fired generation is the technology which typically 
involves the most, extensive materials handling combined 
with rigorous env.r-9nmental regulations. Yet p r o p s  
in new types of highly efficient and squeaky clean 
combustion technologies makes it clear that advanced 
coal-fired electricity will meet and exceed all 
environmental regulations while delivering electricity 
-for 4 to 5 ~ / k w h r . ' ~  Because of the abundance of coal 
as a resource, this economic reality sets a de facto Ceiling 
on competition for much of the country. Costsffective 
technologies already exist to allow coal-fired power 
plants to match the low emissions characteristics of 
natural gas generation.1a This will continue to lead to 
competitive responses from the technologies for natural 
gas fired (and even oil-fired) generation. 

A wide panoply of technologies beyond the generating 
plant 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 superconductors will not only reduce 
transmission costs, but also generation and end-use 
technology costs. Advances in control systems are 
permitting more efficient integration and dispatch of 
power sources, which again has the effect of reducing 
the ultimate cost to consmers. 

I t  has been claimed that there a= no more "economies of 
scale" left in the elearic busincrs to support the drop in 
the cost of electricity which occurred for decades 
following the advent of the electric age. This view 
confuses technology p r o p s  with scale economics. In 
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many cases there have k n  economies from scaling up 
power plants, and these economies remain largely real. 
Even IPP providers which started with small power 
plants, are moving increasingly to large power plants, 
because of economies of scale. But technology p r o p s  
has been the underlying factor in driving down the costs 
of technology to generate and deliver electricity. No 
serious student of technology doubts that this progress 
is continuing. 

Basic Fuel Resource 
The t m p  card for every advocate of noncombustion 
technologies is to point to projections showing rising 
projected fuel costs tor oil, gas and coal. Buy the more 
expensive alternative now, we are told, to protect 
against future fuel price rises. The problem is that there 
is no historical record to support the belief that fuel 
prices will rise, nor is there any current evidence to 
support such a trend. Fuel price escalation's are simply 
a fi~ti0n.141 

figure 17 illustrates a typical phenomenon - although 
one largely missed since prognostications of a decade 
ago are typically forgotten by the time the same analysts' 
predictions are trotted out ten Y-K later. - 

Figure 17 shows the U.S. Department of Energfr 1980 
projected 1990 price increases for oil, coal, natural gas 
and electricity. DOE projcaions both then and now 
generally reflect the conventional wisdom of other 
prognosticators, and further DOE projections are those 
most commonly used by all analysts. As the f i p r e  
shows, not only wcre thc projections of a decade ago 

DOE 1980 Price Projections to 1990 vs Actual Changes F i g m  17 
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wrong, they were dramatically wrong. All prices were 
projected 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.'q. 

Oil price projections are frequently viewed as the bell- 
weather indicator of where energy prices in general are 

- trending, This preoccupation with oil prices arise in 
part because of  the ma-bitude of the international oil 
trade, in part for psychological reasons (perhaps rooted 
in the shock of the 1973 oil embargo and attendant price 
escalation), and in part because of the almost immediate 
affect oil prices have on homeowners' transportation 
budgets. 

According to cumnt DOE projections, oil prices are 
trending up.143 By 2010 DOE'S "reference case" 
projects that oil will reach about 53o/bbI in todays 
dollars. It is instructive to note that oil prices (in 
constant 1968.9 have stayed between $6 and $16/bbl 
for all but five yean over the past century."' All 
indications are that mapr oil producers can continue to 
make a profit at SlS/bbl.'" When the price of oil 
finally rose over S25/bbl for several years in the late 
1970s energy competition was 50 intense that the price 
rapidly colLapsed (eg., new oil exploration, the use of 
supercomputers and even satellites, new extraction 
technology such as horitontal drilling, etc.). Today oil 
can be found readily for about S / b b l  in finding 
C O S ~ S . ' ~  On top of that the proved resew= of oil - i.e., 
the amount proven to be available at current prices - 
have typically been sufficient for 10 to 15 years of 
consumption, and have remained at that level for 50 
years.'" 

Even without considering the historical, ultimately a 
price ceiling for oil is established by the cost of 
delivering OPEC natura4 gas to markets. Over time, the 
market cannot sustain a price for oil that is greater than 
the cost of delivering OPEC natural gas to world 
markets via WC tanker. Natural gas can be used in 
many of the applications where oil is used now. That 
price "kicks in" at around $20 to S25/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 US. reserves.l@ 

In the electric generation business coal prices are the 
principal determinant of the cost of delivered energy 
since SS% of all electricity is  coal-fired, and this 
dependence will still be the same 20 years from now. 
Coal prices are projected to be stable and decline in real 
tams over the next two de~ades."~ 

All things considered then, what is the trend for the 
price of electricity? Figure 18 illustrates todays 
conventional wisdom.'= 

Some comfort may be extracted from figure 18 in that 
electric rates are not projected to rise over the next 20 
yean. But given the evidence summarized in this 
analysis, there are substantial redsons to believe that a 
declining trend would be preferable. To ascertain if the 
conventional projection is likely, 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 
(OkM), fuel, and purchases fmm IPPs (excluding taxes 
and re!ated fees).'51 

Figure 18 Electric Cost Trend dc Projection 
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Figurp 19 Componenk of Electric Price Projection 
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Based on the evidence reviewed here, the projections 
illustrated above seem reasonable for two of the four 

here support a view that these two inputs will decline. 

components. There is no doubt that capital costs to 
build and OkM costs to operate power plants are 
declining. However, there is no evidence to support the 
belief that fuel and IPP purchases will increase in cost 
OVCI the next 20 years. In fact, the evidence reviewed 

Figure 20 below shows what the aggregated price 
projection for electricity looks like when all of the 
inputs are put together correctly, which is to say 
trending downward in cost. The nation's average cost 
of kwhr is likely to be below 5t  by 2010. 

Figure 20 Modified Electric Price Projection 
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Part 5 - Implications & Recommendations 

The purpose of this topical report has been to address 
the question, Does Price Matter? The evidence 
reviewed shows that: 

- people and businesses prefer cheap electricity - electricity is the primary energy input to the 
ecxinomy - competitive foxes drive prices down 

- new end-use technologies are biased towards 
electricity - new technologies increase competitiveness 

- cheap electricity is anti-inflationary 

- technology p g t g ~ s  drive prices down 

Can alternative energy and DSM p g r a m s  survive in a 
competitive price environment? The pursuit of DSM and 
alternative energy programs should continue. But such 
programs should be held to a standard of meeting or 
beating declining, not increasing, electricity costs. Any 

DSM or alternative energy pmgzam that can camp# - on 
price will, by definition, deliver high value to both 
utilities and to customers. Not only will the economy be 
afforded the benefit of additional cheap electricity, but 
all of the putative benefits of such programs will be 
genuindy achieved cost-efktively. Clearly, many DSM 
and alternative energy programs cannot meet this 
Btandard." 

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 also achievable through increased electrification. 
And, increased electrification is most readily stimulated 
by reduced prices of e lmci ty .  In such a framework, 
the energy efficiency/environmcntal gains are not just 
"least cost" but are achieved at a maximal benefit to 
Society. 
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"be Role of Renewable and 
Traditional Energy Resources in 
America's Electric Generation Mix 



Energy Choices in a Competitive Era 
.d '1 

. .  . _ . _ _  . -  . . . _ _  .. . . _  . _ _ .  . 
. . - -  

U.S. GENERATlON MIX, 1494 
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IN 199% ut. EUelRIC UnUnEf GENERATED 3 trillion kilowatt hours of 
electricity from a mix of energy resources, including nuclear 
power, hydroelectric, coal, natural gas, oil, and emerging renew- 
able technologies such as solar, geothermal, biomass, and wind. 
For the country as a whole, coal-fired power plants accounted 
for 55% of all utility and non-utility electricity generated, with 
nuclear power contributing 2095, natural gas ll%, hydroelectric 
9%, and oil 3%. Non-hydro renewable energy sources, includ- 
ing biomass, municipal solid waste, landfill gas, solar, wind, and 
geothermal, accounted for 2%. 

As the country moves forward, demand for electriciQ is 
projected to grow at a rate of 1.5% per year. New generating 
capacity must continually he added to the nation's fleet of 
power plants and choices must be made about which technolo- 
gies to employ At the saqe time, the electric utility industry is 
undergoing a profound period of change and uncertainly as the 
result of the Clean Air Act Amendments of 1990 ( C U )  and 
the Energj Policy Act of 1992 (EPAct). While the CAAA are 
affecting generation znd fuel choices, EPAct is heralding in an 
unprecedented level of competition and affecting the very 
ability of some utilities to survive. 

RENEWABLE 2% '\ I 

This increasing emphasis on cornpetition, in combination with 
the lowest fossil fuel prices in decades, is driving ctilities and 
non-utility generation developers to choose traditional 
technologies for their capacity additions. For eyample, about 
7,300 megawatts of new cod capacity are currently under 
construction or planned by utilities. 

/ 
COAL 55% 

SOURCE: RDI I995 

I 
NUCLEAR 2U% 

Meanwhile, the number of renewable energy plants under 
development has slowed dramatically and large portions of the 
renewable energy industry face economic failure as 1980s vin- 
tage power sales agreements based on high oil prices that were 
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never realized begin to terminate, especially in California 
Solar thermal, biomass, and geothermal will be the hardest hit, 
although some wud prGects will also face dif fculty The 
national implications are apparent given that over 90% of the 
nation's solar, geothermal, and wind capacity is installed in 
California 

'FUTURE'CENERATIOH MIX SC~NARIOS 
Against this backdrop, public support for renewable resources 
persists for energy security and perceived environmental rea- 
sons. While the EPAct created barriers for further growth 
(and even re-licensing) of hydroelectric projects, it provides 
investment and production tax incentives for electricity gener- 
ated from wind, geothermal, solar, and some types of biomass. 
This study mamines the costs, capabilities, and feasibility of the 
various renewable energy technologies (excluding hydro), as 
well as state-of-the-art coal and natural gas technologies, and 
projects the futwe US. generation mix under three scenarios: 
(1) Base Case; (2) FU and Open Competition; and (3) Subsidy 
Intensification. 

The results of this analysis show- renewable technologies pro- 
viding just under 3% of the U.S. generation mix by the year 
2000 and about 4% by 2010, according to the Base Case 

RENEWABLE CAPACITY ADDITIONS VS. DELIVERED FUEL PRICES 
1979-1991 
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as the foundation of the country’s baseload capacity at 54% and 
- _  e%, kspectively. 

- _  

Because renewable energy projects are not cost competitive, a 
FUI and Open Competition scenario predicts a dramatic reduc- 
tion of non-waste derived renewable energy generation by the 
year 2000, resulting in economic failure under 1980s vintage 
contracts in California and the inability of proposed new plants 
to win power sales agreements or secure financing. Waste- 
derived renewables continue to operate and grow only as an 
alternative to the costs of landfilling, open burning, and other 
waste disposal options. 

However, the most telling results occur under a Subsidy 
Intensification scenario which posits a 50% subsidization of 
renewables production costs - bringing average levelized costs 
in line with today’s most competitive power alternatives. Even 
with this level of subsidization, electric generation from renew- 
ables garners only a 4% share of generation by 2000 and 11% 
by 2010. At the end of the forecast period, coal maintains its 
key role as the baseload fuel of choice at 518 of the mix, 
although natural gas falls to 11%, down from 18% under the 
Base Case scenario. 

Therein lies an important finding of this study-that renewable 
energy sources stand to gain at the expense of natural gas 
more than any other competing technology. The reasons are 
many, but include the following: 1) renewables and natural gas 
play similar roles in the dispatch order; 2j renewables and nat- 
urd gas will compete directly for small to mid-sized generation 
additions; and 3) cod will garner over half of ail new generation, 
first through increased capacity utilization at existing plants 
znd then through the construction of additional baseload 
projects which provide reliability and economies of scale. 

TECHNOLOGY REVIEW 
Contrary to popular beliet electric generation technologies are 
not always interchangeable, since they exhibit important 
distinctions betvcleen capability, resource availability, locationd 
feasibility, and cost. Even within the category of renewable 
energy technologies, important differences persist. Demar- 
cations e.dst betweer, technologies that are combustion and 

SUMMARY 4 - RESOURCE DATA INTERNAnOM INC 
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wlDFILLGAS(kF6)  6 
In addition to direct combustion, garbage con also serve as on 

olternotive energy source in o goseous form. Once o londfill 

becomes comported ond oll oerobic bocterio (Le., those requiring 

oxygen) disoppeor, onoerobic bocterio begin to proliferote. Over 

the course of onywhere from 10 to 100 yeors these bocterio 

produce quontities of methane and carbon dioxide (C02) goses, in 

addition to other troce elements, thot must be vented and either 

flared-off or released into the atmosphere. Recognizing a poten- 

ti01 resource, a number of londfills now recover these landfill 

goses (IFG) for electricity generotion or resole into gos morkets. 

In 1991, fully two-thirds of all recovery projects generoted 

electricity from 377 megowotts of capacity. 

.. 

_ -  

BIONWS Q 
Instolled US. generating copadty based on biomoss fuels stood ot 

7,415 megowatts in 1992, with more thon 81% of that figure con- 

sisting of non-utility generotion from wood ond lumber industry 

reziduer. In foct, biomoss is  the largest of all grid-connected 

renewable energy sources, representing olmod half of 011 instolled 

US. renewable copocity (not including traditionoi hydroelectric). 

In many senses, biomoss is hordly exotic or even on 'emerging' 

technology. Biomoss boilers ore not very different from cool boil- 

ers, ond the idea of burning ogriculturol woste is not new. 

Who! is mdicol, however, i s  the concept of cultivoting energy crops, 

and wen energy forests, far the primary purpose of fueling boil- 

ers. Although :he Energy Policy Ac! of 1992 (EPAct) provides o 

1 3  per kilowott hour produdion tax credit 10 the technology, 

casts remoin high ond there ore currently no plonts in ommerdol 

operation. Siting difficulties ond lond requirements add to high 

costs in preventing development. One estimate holds thot 1Wo oi 

the country's farmland would be required to provide 10% of the 

notion's electricity from such power plants. 

MUNICIPAL SOLID W A m  (MSW) 

The Environmentol Protection Agency (EPA) defines munidpol 

solid woste (MSW) os residentiol and non-process industrial 

wastes, excluding industriol process wastes, hazardous wastes, 

municipal sludge, and construction or demolition wone. The 

United Stotes generotes over 200 million tons of MSW every year, 

with 84% of thot volume consisting of organic moteriol ond 16% 
consisting of inorgonic moteriol, such os gloss ond merolr 

Residentiol woste accounts for between 55% ond 65% of onnuol 

volume. Just less thon two-thirds of oll MSW is  disposed of in 

landfills, with approximately 20% recycled and mare thon 17% 
incinerated. 

While some porn of the public support MSW os an olternotive to 

landfills, others decry the environmental impocts of incineroting 

garboge. indeed, emissions of heovy metals ond other toxic ele- 

ments ore much higher from ihe 2,300 megowotts of existing MSW 
plonts thon from any other combustion technology. Nevel?heless, 

stricter EPA londfill regulotions are inaeosing the cart of landfills 

with the effect of comporotively improving MSW economics. 
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US. INSTALLED RENEWABLE ENERGY 
CAPACITY VS. CAPACITT OF ONE 
NUCLEAR & ONE COAL-FIRED PLANT 

TGTAL INSTALLED CAPACITY IN ,MW 

SOURCE 2DI 195'5 

non-combustion, wastederived and naturally occurring, inter- 
- _  mittent and continuous, and land in& lsive and non intensive. 

However, the renewable energy technologies considered in this 
study have all developed to the point of commercial application. 

CAPABlLlTT 
The essence of an electric generation technology may be 
summed up in a characterization of its capability CapabXty in 
this study is defined as the ab%@ to generate electricity based 
on generating capacity and availability. In other words, capabili- 
ty determines the extent to which a utility can rely on the 
technology to meet electricity demand. 

. 

At the most basic level, generating capacity determines the 
amount of electricity that a plant can generate at any one time. 
Renewables vary in this regard from micro wind, solar, and 
landfill gas sites of less than one megawatt to about 150 
megawatts for the largest biomass, solar, and geothermal 
plants. New wind farms are also generally limited to 150 
megawatts or less, although the largest farm in the world, 
Tehachapi in California, exceeds 600 megawatts. Limitations 
on size result from both technological optimization and limita- 
tion of the available energy resources. By comparison, U.S. 
coal plants average 706 megawatts and range to over 3,000 
megawatts. 

The ability of a utility to draw on generating capacity depends 
on the availability of the plant. Combustion technologies, such 
as coal, natural gas, biomass, mwicipd solid waste (MSW), and 
landfill gas (LFG), in addition to the non-combustion geother- 
mal and nuclear technologies, present a high level of availability 
dependent only on planned and unplanned maintenance outages. 

One indicator of availability is a plant's capacity utilization rate, 
which is a percentage of actual sslnual generation versus annual 
potential generation based on capacity. In this regard, new coal 
plants typically achieve capacity utilization in the range of 
75-85% due to consistent fuel supply and relatively high 
availability, while LFG plants fare much worse as the result of 
unplanned outages that may average 51 weeks. Biomass agri- 
cultural waste plants may also e-xperience somewhat lower 
capacity factors due to the seasonality of certain fuel stocks. 
Non-combustion technologies such as hydroelectric, solar, and 

EXECUTIVE SUMMARY 6 - RESOURCE O*TA INTERNATIONAL INf 
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i WIND POWER Y 

The United Stotes is the world's lorgest producer of electricity gen- 
. -ernred from wind turbines, wirh instolled copoaty totaling 1,725 

megowotts os of 1995. Although more thon 90% of thot copocity 
is loated in Colifornio, utilities in six other stotes currently oper- 
ote pilot projects. The further spreod of wind power is limited 
geogmphicolly becouse the vast mojority of the country's moior 
wind systems om locotad in Colifornio ond the Gnot Ploinr 
Other limiting focton indude the intermittent nature of wind, 
which results in o rVpico1 onnuol coopacity utilization of 30%, ond 
the lond ore0 required for siting wind forms. Avion mortolity hos 
also been ated os o problem, with preliminory studies finding 
hundreds of red toil howks ond dozens of golden eogles killed in 
turbine biodes mry yeor at just one wind form in Colifornio. 
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SOURTHERMAL @ 
There are three well-developed solor-therm01 tehnologies ovoil- 

oble today that con wonder solor energy into turbine-based elec- 

tricol gsnerotion, including porobolic rrough, porobolic dish ond 

central receiver. All of these technologies rely on four system 

components: receiver, collector, converter, ond tronsportlstoroge. 

Like wind, solor thermal technologies provide intermittent ovoil- 

ability and ore limited by resource ovoilobility to the Southwest 

and Colifornio. Although 354 megowom of copoaty ore operot- 

ing in Colifornio todoy, unfovoroble energy morket economics make 

development of new projects unlikely throqh the end oi the cem 

v* 

SOLAR PHOTOVOLTAIC 
In 1994, over 400 utility sponsored Photovoltaic (Pv) sites pro- 

duced dose to 14 megowom of capocity for the grid. While most 
of these utility projects ore very smoll (less thon 0.001 megowotts) 

and non-cost-effective in comporison to troditionol generating 

technologies, industry spedolists feel hot PV ecenomia moy 
romedoy be p?shed over the threshold into morket viobility. 

This optimism is driven by the inueosing production of consumer 

Pv cells (ag., those used in watches ond mlculoton) oad a grow- 

ing demond for stondslone Pv systems in developing countries. 

Neveheless, costs cumndy remain high for centml generotioa 

from Pv technologies. The most promising om for the technology 

lies in remore opplicotions, where the cost of instolling or upgmd- 

ing distribution lines or substotions moy be more expensive thon 

instolling o Pv genemtor ot o new demond center. In odditicn to 

economic limitations, so!or Pv is limited by intermittent 

owilobility. 

GEOTHERMAL 
Four geothermol technologies ore commerdolly ovoiloble today: 

Dry Steom, Single Flosh, Double Flosh, ond Binory Cyde. Dry 

Steam extmcts notumlly occurring stwm from o well and runs it 

directly through o turbine. Flosh plonts pull hot woter from o well 

into o seporotor tank where lower pressure ollows J portion of the 

woier to 'flash' into stwm and run through o turbine. Binory 

Cycle technologies run hydrothermol fluids in one loop and o 

power fluid (isobutone or ommonio) in another. These two loops 

olign in o heot exchonger where the power fluid is voporized ond 

then run through o turbine. 

Geothsrmol pionts have proven o high ovoilobility, reoching 

onnuol copodty utilisotion beyond 90%. However, as with the 

other noturolly occumng renewoble energy sources, geothennol is 

limited by resource owilobility. Cclifornio, Novado, Utah, ond 

Oregon possess olmost oil economicolly reroverable US. geother- 

mol reserves, olthough pockets exist in other western dotes. Of 
:he 2,709 megowotts of US. opemting mpoaty, 90% o n  lwted 



wind depend on natural forces to provide their energy and 

generation takes place primarily in the Spring when water is 
plentiful, while lower levels of generation occw in the Fall and 
Winter when water is more scarce. To some extent, utilities can 
control availability by storing water in reservoirs. Conversely, 
storage technologies for solar and wind generation are not yet 
commercially available. Utilities employ intermittent wind and 
solar generation according to seasonal and even daily statistical 
probabilities, but cannot predict availability with absolute 
certainty. Capacity utilization for these technologies falls 
below 30%. 

therefore experience lower levels of availability Hydroelectne I J  

- -  - 

_ -  

A ‘MPICAL DISPATCH PROFILE 

PEAKING PLANTS 
1 .o 

SOIJRC: RDI 1995 
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DISPATCHABILITY 
The ability to control and draw OR capacity to meet Werent 
levels of demand is central to electric utility economics. 
Throughout the day, utilities experience a relatively constant 
level of demand called “baseload” and a moderately fluctuating 
level called “intermediate.” Sharp spikes in demand are called 
“peaks” and can occur when a large number of customers 
demand power simultaneously. A typical demand peak, for 
example, occurs when everyone turns on their air conditioners 
on a hot summer afternoon. 

Utilities dispatch power plants at these different levels accord- 
ing to capability and cost. Plants assigned to baseload must be 
capable of continuously providing large amounts of electricity 
at a low operating cost, while plants assigned to intermediate 
load must be able to handle moderate fluctuations and are 
allowed a somewhat higher operating cost. Peaking plants 
must provide generation on very short notice, with less empha- 
sis placed 01: cost. Therefore, coal and nuclear plants have 
historically served as baseload plants, not only because of their 
size, reliability, and low operating costs, but also because these 
technologies work best when operated at a continuously high 
level. Natural gas and oil serve as peaking units because of 
their higher variable costs and ability to increase generation 
quickly. Intermediate units consist primarily of larger gas 
plants with lower variable costs, as well as some older coal 
plants with moderate operating costs. 
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While renewable combustion technologies and geothermal may 
fit into this scheme, a special niche must be found for intermit- 
tent technologies. Solar and wind can neither be relied upon to 
provide large amounts of continuous generation for baseload 
nor can they be called upon to provide immediate generation 
for peaking. To adapt to these resources, utilities use 
intermediate or peaking generation to m-in periods of I& 

- solar or yind generation.. In a similar vein, some biomass 
plants provide generation seasonally, displacing traditional 
baseload or intermediate capacity when agricultural waste 
fuelstocks are plentiful. 

Hydroelectric acts in the same way, with large displacements of 
cod and nuclear generation occurring in the Spring. Yet, this 
seasonal displacement of coal and nuclear plants is supported 
by the extremely low production costs of hydroelectric, while 
higher costs for solar, wind, and biomass generation provide 
little justification. 

ECONOMICS 
Production costs work in concert with capability to determine a 
plant’s position in the dispatch order. If available, the least cost 
plants run first and the highest cost plants run last. This study 
compared the levelized production costs of the various renew- 
able teclmologies, as well 8% cod and natural gas, to determine 
the competitive positioning of the technologies capable of 
providing new generating capacity. 

There are three key factors that enter into the calculation of 
the levelized costs for each competing technology: 1) the cost of 
constructing and running the plant; 2) the projected cost of the 
fuel; and 3) the capacity utilization rate. RDI relied on EPRI’s 
1993 Technicd Assessment Guide (TAG), in addition to vendor 
interviews, to determine the most likely plant designs and capi- 
tal costs available today For the cost of fossil fuels, RDI relied 
on its most recent regional fuel price forecasts as published in 
its 1995 Outlook for Coal and Competing Fuels. Capacity uti- 
lization for fossil and combustion-based ranewables plants is 
based upon the assumption that new plants will operate at the 
high end of the capacity currently attahed by the newest state- 
of-the-an power plants for each technology. The following is a 
list of designs and operating parameters used in the base case 
cost analysis for each technology. 

RESOW 
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TRADITIONAL TECHNOLOGIES 
*Pulverized coal (PC) plant with wet flue gas desulftLization 
.locahd in the Southeast. One 400 megawatt unit biuning 
bituminous coal, with an annual capacity utilization of 80%. 

*Atmospheric fluidized bed combustion (AFBC) coal plant 
located anywhere in the U.S. One 200 megawatt unit burning 
b i t i o u s  coal, with an annual capacity utilization of 70%. 

*Natural gas combined cycle turbine (CCT) unit located 
anywhere in the U.S. Capacity of 225 megawatts running at 
a 65% annual capacity utilization. 

REMEWABLL TECHNOLOGIES 
*Wind variable speed 0 2  megawatt turbine located in a Class 4 
wind regime. Technology is based on the NREL Concept 1 
with control electronics and advanced design ajr€oils placed on 
a 50 meter tower. Annual capacity utilization assumed at 29%. 

*Biomass fluidized bed combustor burning wood and located in 
the West. One 50 megawatt unit operating at an annual 
capacity utilization of 70%. 

*Waste-to-energy (WTE) MSW mais burn plant located in 
the West. 40 megawatts operating at an annual capacity 
utilization of 70%. 

*Geothermal double flash plant located in the West. 1 to 25 
megawatt unit operating at an annual capacity utilization of %. 

*Solar flat plate Pv located in the West. 50 megawatt capacity. 

*Solar thermal parabolic trough located in the West. 80 
megawatt capacity operating at a 40% capacity utilization. 

Sensitivities were examined for financing assumptions, regional- 
ity and capacity factors. In the end, the analysis found that coal 
technologies are consistently the least-cost generating option. 
With delivered fuel prices declining by 40% to 50% in real tenns 
beheen 1983 and 1993 and coal-fired boiler capital costs follow- 
ing a similar magnitude of decline, coal has been able to outpace 
t!!e gains made by renewable technologies and natural gas. At a 
levelized production cost of 3.34 to 4.44 per kilowatt hour under 
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various discoat Fate a ~ ~ ~ m p t i ~ n ~ ,  State-of-the-art coal PC boil- 
ers lead the list of new generating options, followed by AFBC 
coal plants at 3.94! to 5.24 per kilowatt hour. Natural gas CCT 
ranges in cost under these scenarios from 4.14 to 4.54. 
Renewables (including their subsidies) with the most promise 
include geothermal units with levelized costs ranging from 6.44 
to 8.9e per kilowatt hour, wind at 5.2e to 8.7e, and MSW from 
6.9e to-11.9e. 

Cost estimates also varied regionally, with pulverized coal 
under the Base Case discount rate assumptions ranging f h m  
4.22 per kilomatt hour in New England to 3.94 per kilowatt 
how in the the South Atlantic. Natural gas combined cycle 
plants range from 5.04 in the South Atlantic region to 4.04 in 
the West South Central, and biomass from residue ranges from 
9.3e in New England to 8.3e in the South Atlantic. In the end, 
a general analysis of the costs and capabilities of each energy 
resource may serve to educate, but a final decision about 
energy choices cannot be made without assessing the specific 
resources and projects in question. 

In order to assess the costs associated with the anticipated 
gronth in renewable electricity generation-that is, electricity 
generated for the grid-the study examined the implications of 
both the Base Case and the Subsidy Intensification scenarios: 

The Base Case scenario projects that total non-hydro genera- 
tion from renewables will grow from 73 billion kilowatt hours 
(BkWh) in 1995 to 180 BkWh in 2010. At today’s differential 
between the levelized cost of the most competitive generation 
and the projected mix of renewables, the cumulative “above 
market” cost of this generation between 1995 and 2010 will be 
$52 billion (1995$). 

The Subsidy Intensification scenario posits a 5 0 8  subsidiza- 
tion of renewable energy. Under this extremely aggressive 
scenario, renewables generation grom from 75 BkWh in 1995 
to 450 BkWh in 2010. For comparison, this level of generation 
is roughly one-fourth of today’s coal-fired generation, three- 
fourths of today’s nuclear generation or 110% of today’s gas 
generation. Using current levelized costs as a basis of 
comparison, to achieve this level of generation the cumulative 
subsidies would total $203 billion (199%) between now and 2010. 



LOCATlON 
Different regions of the United States are endowed with differ- 
ent energy resources. The West enjoys ample solar radiation, 
wind, and geothermal resources, while the East enjoys abun- 
dant biomass resources. Natural gas and oil are concentrated 
in the Gulf of Mexico and Alaska, and coal resexves are situated 
in the Appalachians in the East, the Illinois Basin in the 
Midwest, and the various coal basins of the Mountain region 
and Southwest. However, while coal, oil, and natural gas can be 
transported both physically and economically to other parts of 
the country, renewables generally cannot. 

The fact that 90% of the nation's current solar, wind, and 
geothermal generation resides in California is no surprise when 
looking at a map of where those resources are located. In fact, 
the potential for harnessing any of these resources outside of 
California and other parts of the West is limited or none&- 
tent. While utilities in Vermont, New York, Minnesota, and 
Colorado may be planning wind demonstration projects, the 
capacity additions that they might realize will be relatively 
insignificant and pale beside the wind farms of California 

REGIONAL LEVELIZED COSTS, BASE C A S E  SCENARIO 
C I KLYH 
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Similarly, low levels of rainfall in the West prevent agricultural 
and 'umber i;r'dustries kom reaching the scale of such indus- 
tries in the Southeast, Midwest, Upper Midwest, and pacific 
Coast, and the low heat content of biomass fuelstocks g e n d y  
prevents their economic transport beyond 50 miles. As a result, 
biomass generating technologies are limited in the West. The 
same follows for MSW and LFG generating technologies, which 
must be located near a metropolitan area or landfill. By com- 
parison, coal is distributed to 47 of the 50 states for conversion 
into electricity. 

A more specific locational issue relating to renewable energy is 
the fact that non-waste resources (Le., solar, wind, and geother- 
mal) tend to belocated in remote areas. This presents a 
problem in terms of access to the transmission and dishiution 
system, also called the "grid." The grid takes electricity 
generated at the plant and carries it to demand areas. Along 
the way, some electricity is lost on the lines, and these so-called 

US. NQN-COMBUSTION RENEWABU 
ENERGY RESOURCES AND COAL RUERV 
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COMPARISON OF EMISSIONS FROM 
VINTAGt COAL 8 GAS TECHNOLOGIES 

1 NOI EMISSIONS 

“line losses” increase with distance and the load on the grid. 
This fact, plus the considerable expense of building new trans- 

. mission lines C$dOO,OOO to $1 nillion per mile), severely impedes 
the constructio~ of any p e r  plant at a remote site unless it 
enjoys adeqwte economies of scale. Most renewable energy 
power plant projectq do not exhibit such economies. 

Finally, the large areas required by some renewable technolo- 
gies also serve to further limit location. To supply just 10% of 
the nation’s electricity demand with biomass generation, the 
U.S. would be required to plant more than 12% of all farmland 
with energy crops, such as hybrid poplars. For wind, one esti- 
mate calculates that 25 square miles would be required for a 50 
megawatt farm. Likewise, solar thermal projects require 
roughly one-third square mile for each megawatt of produced 
electricity. Geothermal plants, however, require very little land, 
but are often located in wilderr.ess areas. 

LWIROHMEMTAL IMPACTS 
The Public Utility Regulatory Policy Act (PURPA) of 1978 is 
largely credited with creating the current U.S. renewable 
energy industzy However, PURP-4 originally intended to 
diversify the national generation mix for reasons of energy 
security, while renewable technologies are being pursued today 
because of their perceived environmental benefits. 

Wind, solar, and geothermal present little, if any, emissions, and 
biomass, MSW, and LFG provide an alternative to landfiils and 
open air burning of waste. Nevertheless, all energy technolo- 
gies present environmental impacts. Wind, for e-uample, 
consumes no fuel or water and gives off no emissions. However, 
it does present visual and noise pollution and kills a significant 
number of birds, particularly raptors, that fly into turbine 
blades. Solar Pv ais0 consumes no he! or water, but the Pv 
manufacturing process can involve hazardous chemicals that 
must be disposed oE Likewise, geothermal binary system 
plants create no emissions, although flash designs release 
hydrochloric acid and potentially hazardous hydrogen sulfides. 
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Combustion technologies cover a range of environmental 
impacts depending on the fuel combusted. The combustion of 
agricultural waste tends to be relatively benign, given that 
agricultural prunings and lumber residues would otherwise be 
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States adopting externalities are also imposing a cost on the 
public by increasing the local cost of electricity. Under the 
dereNation provisions of EPAct, industrial and large comer -  

f f cheaper electricity, while residential ratepayers will not. In 
shoe, advocates for renewable energy technologies are increas- 
ingly heading to public policy forums as they fail to make their 
case in the open market. 

electricity customers will be able to shop outside the state 

CONCLUSION 
On the whole, renewable energy technologies have demonstrated 
a limited commercial ability to produce e1ectriciQ some with 
environmental impacts that balance positively against waste 
disposal alternatives. Certain technologies in certain situations 
can hold their own in today’s competitive marketplace. In most 
cases, however, the lower costs of traditional genera*&g 
technologies have outpaced the gains made by renewables, 
and some sectors of the renewables industry face contraction 
rather than expansion. 

‘. 
This study demonstrates the capabilities and limitations of 
renewable energy technologies and provides a meaure of 
reasonable expectation for their continued application. All 
represent niche technologies that can work in specific 
situations, while none offer a means to replace traditional 
generating tec.hologies under current market conditions. 
Soiar and wind do not have the capability to replace baseload 
coal plants, and biomass does not have the capacity. Few 
renewable technoiogies are economically competitive. 

Meanwhile, reductions in hydroelectric capacity, due to new 
reservoir management regulations, and nuclear capacity, 
because of plant retirements, leave coal as the primary base- 
load energy resource capable of meeting the nation’s growing 
energy demand. In that regard, continued favorable economics 
and dramatically improving environmental controls promise to 
reinforce cod as tile fuel of choice, especially for baseload 
generation, well into the twenty-first century. 
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burned in an uncontrolled environment, and the same may be 
said of LFG which combusts methane gases that would other- 
wise have been flared or released into the atmosphere. M W ,  
on the other hand, generates toxic air emissions that would 
qual@ as hazardous for other combustion technologies. - 

Coal-fired power plants, which also employ combustion tech- 
nologies; comply with a myriad of envikonmental regulations 
covering water, land, and air use. The most conspicuous of 
these is the Clean Air Act of 1970 and its amendments in 1977 
and 1990. That legislation requires all new coal plants to 
employ smokestack technology that cmently removes up to 
95% or more of all sulfur dioxide (S02) emissions and provides 
limits on the emissions of SO2 and nitrogen oxide (NOx) from 
all existing plants. Largely as the result of these lam, SO2 
emissions in 1993 were lower than those in 1971, despite a 
doubling of coal-fired electricity generation over that period. 
When the CAAA take full effect in the year 2000, SO2 emis- 
sions will be reduced by 62% and NOx emissions by 33% from 
the levels generated by utilities in 1980. 

PUBSIC POLICY SUPPORT 
Acknowledging capability, dispatchability, economic, and loca- 
tion limitations, state and federal legislatures and regulatory 
bodies continue to support renewable energy technologies, 
partly as a measure of prudence in developing the energy 
resources of their region, but mostly because of their environ- 
mental appeal. Proponents cite the public benefits from the 
development of wind, solar, and geothermal resources, as well 
as the controlled combustion of agricdturd and lumber waste 
in place of open burn. 

However, such support comes at a cost. The California Biomass 
Energy Alliance, anticipating certain economic failure of its 
industry in an era of increasing competition, has proposed a 25e 
per month surcharge on ratepayers that the California Public 
Utiiities Commission may consider in order to subsidize bio- 
mass plants. Southern California Edison calculated a cost of 
$560 million that would result from the state's latest round of 
renewable energy mandates (which were subsequently ruled 
out by the Federal Energy Regulatory Commission). In addi- 
tion, EPAct provides a 1.5e per kilowatt tax credit to wind and 
certain biomass technologies, as well as a 10% investment 
tax credit. 
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