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IN THE MATTER OF COMPETITION
IN THE PROVISION OF ELECTRIC
SERVICES THROUGHOUT THE STATE
OF ARIZONA

DOCKET NO. U-0000-94-165

COMMENTS OF TRICO
ELECTRIC COOPERATIVE, INC.

TRICO ELECTRIC COOPERATIVE, INC. (“Trico”) joins in the comments filed
pursuant to the Procedural Order of the Hearing Officer dated October 11, 1996, by
Arizona Electric Power Cooperative, Inc., Duncan Valley Electric Cooperative, Inc.,
Graham County Electric Cooperative, Inc., and Sulphur Springs Electric
Cooperative, Inc. (collectively, “AEPCO”).

GENERAL COMMENTS

The Commission by entering Decision No. 59870 on October 10, 1996
established clearly that it favored retail competition in Arizona. This should suffice.
The Commission has no legal right to adopt such rules before the Arizona
Constitution and statutes are amended to permit retail competition. In the event
that the Proposed Rules are adopted by the Commission before such amendment,
the Commission will be inviting unnecessary litigation by those who will take the
position that litigation is necessary to protect their rights. |

In the leading Arizona Supreme Court case of Corporation Commission v.

Pacific Greyhound Lines, 54 Ariz. 159, 84 94 P.2d 443 at 450 (1939), the court stated:

“Re-examining the meaning of section 3, supra
[Article XV, Section 3 of the Arizona Constitution], in the
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light of the other sections of the constitution affecting the
question, and the language and reasoning of all of our
decisions, we are of the opinion that the ‘full power to
*** make reasonable rules, regulations and orders, by
which such corporations shall be governed in the
transaction of business within the State’, qualifies and
refers only to the power given the commission by the
same section to ‘prescribe just and reasonable
classifications to be used, and just and reasonable rates and
charges to be made and collected by public service

corporation’, and that both under the direct language of

the constitution and the police power inherent in the
legislative authority, the paramount power to make all

rules and regulations governin ublic _service

corporations not specifically and expressly given to the
commission by some provision of the constitution, rests
in the legislature, and it may, therefore, either exercise
such powers directly or delegate them to the commission
upon such terms and limitations as it thinks proper. The
limitation set forth in section 6, of chapter 100, supra
[former A.R.S. §40-607 pertaining to certificates of
convenience and necessity issued to motor carriers,
repealed effective January 1, 1982], is, therefore,
constitutional. The meaning and purpose of the
limitation is clear.” (Emphasis supplied.)

The Arizona Supreme Court recognized the continued validity of Pacific
Greyhound, supra, as recently as in Corporation Commission v. State ex rel Woods,

171 Ariz. 286, 830 P.2d 807 at 814 and 815 (1992), by the following statement:

“... Pacific Greyhound has been precedent for over fifty
years. Utilities, the Commission, and countless state
officials undoubtedly have relied on that case. Although
we examine such precedent critically in light of the history
and text of the constitution, we do not readily overturn it,
especially if it is possible to resolve the questions
presented without disturbing that precedent. In the
present case, therefore, we measure the Commission’s
regulatory power by the doctrine apparently established by
Pacific Greyhound and its progeny—that the Commission
has no regulatory authority under article 15, section 3

O'CONNOR CAVANAGH MOLLOY JONES
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except that connected to its ratemaking power.”

(Emphasis supplied.)

Pursuant to Article XV, Section 6, the legislature enacted A.R.S. §§40-281, et
seq. which are the bases of the doctrine of regulated monopoly with respect to fixed
utilities in Arizona. Insofar as electric public service corporations are concerned,
these statutes are now in effect and are the bases of regulated monopoly in Arizona
at the present time. The Court of Appeals, Division One in Tonto Creek Estates v.

Corporation Commission, 177 Ariz. 49, 864 P.2d 1081, 1088 (1993), stated:

“The Constitution does not authorize the Commission
to issue public certificates of convenience and necessity ...

The Constitution permits the legislature to ‘enlarge the
powers and extend the duties of the Corporation
Commission. ..’ Ariz. Const. art. XV, § 6. In the area of
certificates of convenience and necessity the legislature
has, by statute, authorized the Commission to issue such
certificates:

Issuing certificates of convenience and necessity is far
from a plenary power of the Commission. To the
contrary, it is a legislative power delegated to the
Commission subject to restrictions as the legislature
deems appropriate. ...”

It is therefore clear that while the Commission does have plenary power with
respect to rate-making, it does not have plenary power with respect to certificates of
convenience and necessity or the effect thereof, that is, whether public service
corporations are to be regulated under the doctrine of regulated monopoly or there
is to be retail competition. The Commission has put the “cart before the horse.”
The Commission, instead of including Proposed Rule R14-2-1616 relating to legal

issues, should first determine the legal issues before adopting any rules which are

3
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presently contrary to the Constitution and statutes and adopt the proposed rules
only after the Constitution and statutes permit retail competition. Adopting rules
in anticipation of a change in the law is impermissible. Kennecott Copper Corp. v.
Industrial Commission of Arizona, 115 Ariz. 184, 564 P.2d 407 at 409 (1977).
SPECIFIC COMMENTS

1. Trico and the other cooperatives joining in AEPCO’s comments urge
that Proposed Rule R14-2-1601(1) should be amended to delete from the definition
of “Affected Utilities” each of the cooperatives set forth therein and that R14-2-
1604.H be amended to prbiride that the cooperatives file a status report with the
Commission on or before December 31, 1997, as set forth in AEPCO’s comments.

2. R14-2-1607 should be amended as follows:

A. Subsection A should be amended to read:

“The Affected Utilities shall take prudent, feasible,
cost-effective measures to mitigate Stranded Costs.”

B. Subsections D and I should be deleted.

Rule R14-2-1601(8) defines “Stranded Costs”. Subsections D and I purport to
redefine this term causing an'apparent conflict between Rules R14-2-1601 and R14-2-
1607. It is well established by the appellate courts of this state that electric public
service corporations have vested property rights protected by Article II, Section 17 of
the Arizona Constitution (and also Amendment V of the United States
Constitution). Certain provisions in subsections D and I are completely irrelevant |
to determining the extent of damage that will be suffered by electric public service |
corporations in the event these vested property rights are impaired.

3. A new Rule R14-2-1617 should be added to the Proposed Rules as

follows:

O’CONNOR CAVANAGH MOLLOY JONES
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“Duplication Prohibited.

No duplication of existing electric facilities shall be
permitted under this Article and no Certificate of
Convenience and Necessity shall be granted by the
Commission to an Electric Service Provider that will
adversely affect the rights of an Affected Utility except to
render services described in R14-2-1605 or R14-2-1606.”

4. Another new section should be added to the Proposed Rules as R14-2-
1618 as follows:

“No Impairment of Obligation of Contract.

Any provision of this Article which, if complied with
by an Affected Utility, would constitute a breach of an
existing contract by such Affected Utility which is in effect
on the date this Article is adopted, shall not apply to such
Affected Utility.”

Respectfully submitted,

O’'CONNOR CAVANAGH MOLLOY JONES

Russell E. Jones
33 N. Stone Ave., Suite 2100
P.O. Box 2268
Tucson, Arizona 85702
Attorneys for Trico Electric Cooperative, Inc.

O'CONNOR CAVANAGH MOLLOY JONES
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Original and 10 copies of the
foregoing filed this 8th day of
November, 1996, with:

Docket Control

Arizona Corporation Commission
400 West Congress, #271

Tucson, AZ 85701

Copy of the foregoing mailed this
8th day of November, 1996, to:

Chairman Renz D. Jennings
Arizona Corporation Commission
1200 West Washington

Phoenix, AZ 85007

Commissioner Marcia Weeks
Arizona Corporation Commission
1200 West Washington

Phoenix, AZ 85007

Commissioner Carl J. Kunasek '
Arizona Corporation Commission
1200 West Washington
Phoenix, AZ 85007

@({(m
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IN THE MATTER OF THE COMPETITION
IN THE PROVISION OF ELECTRIC
SERVICES THROUGHOUT THE STATE

OF ARIZONA
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Docket No./;éoooo-gﬂymﬁﬁﬂfﬁﬁ

COMMENTS OF THE CENTER FOR ENERGY AND
ECONOMIC DEVELOPMENT ON STAFF DRAFT RULES
Pursuant to Decision No. 59870 issued by the Arizona
Corporation Commission on October 10, 1996 and the Procedural
Order issued on October 11, 1996, the Center for Energy and
Economic Development ("CEED") submits these comments on proposed
rules R14-2-1601 through R14-2-1615 in the above-captioned |
docket.
CEED previously filed comments on the staff drafts of these
rules dated June 27, 1996 and September 11, 1996. In these
comments, CEED opposed the provisions for a solar portfolio
standard that appears in proposed R14-2-1609. CEED continues to
oppose these provisions for the reasons set forth in our previous
comments. For ease of reference, we are attaching and refiling
these comments herewith.
In brief, the solar resource portfolio must be rejected
because (a) to CEED's knowledge no information has been produced
concerning the cost to ratepayers and the Arizona economy that
would result from adoption of such a portfolio requirement; (b)

in fact, those costs would be very high; and (c) there is no
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economic or environmental reason that could possibly justify the
cost burdens associated with such requirement.
CEED appreciates the opportunity to submit these comments.

Dated: November 8, 1996
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- Request for Comments on ) “ITRoL

Electric Utility Restructuring ) DOCKET NO. U-0000-94-165

COMMENTS OF THE CENTER FOR ENERGY AND
ECONOMIC 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, 199s6.

CEED is a non-profit organization formed by the nation's
railroads, coal producing companies, a‘number of electric
Autilities 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. CEED's 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
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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 comﬁents 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.

II. Environmental Quality 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 natioﬁ 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. Environmental quality will

improve because the principal benefit of restructuring will be

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 Nation's Environmental Requlatory System Can and
Should be Relied on by this Commission in a
Restructured Electric Industry to Supply the Degree of
Environmental Regulation Society Deems Necessary.

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 "an adequate margin of safety," are requisite to protect

2




public health. 42 U.S.C. § 7409(b)(1). Congress has also
directed USEPA to establish secondarf 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). 1In
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, sz, carbon monoxide, suspended
particulates, ozone and lead) are called "criteria" 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. The relevant scientific literature is

reviewed, in detail, in this document in order to determine the
lowest pollution levels that lead to health effects. This
criteria document is reviewed by the Clean Air Scientific
Advisory Committee (CASAC), a group of independent experts
(generally from universities and research institutions). 1In
addition, USEPA invites public comment on the proposed air
quality standard and supporting literature. This process is
elaborate and consumes thousands of professional days over

several years. 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. § 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. § 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. State

agencies are given authority to administer the SIPs, including
permitting systems for major sources of air emissions.

Any electric generating station in Arizona is required to
obtain such an air quality permits. These permits require that
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.

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

imposes special requirements for the emissions of sulfur dioxide,




an acid rain precursor, and NO,, an ozone precursor. The Act

created a nationwide cap on emissions of sultur dioxide. Any

plant emitting sulfur dioxide must obtain emissions credits to
assure that the nationwide cap cannot be violated. Retail

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

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 "[m]arginal" areas to November
15, 2010 for "[e]xtreme" areas. 42 U.S.C. § 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. §§ 751la, 7511b, 7511f. Congress also

provided specific procedures controlling interstate transport of

ozone. 45 U.S.C. § 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. §
7651¢f.

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. § 7651c, Table A ("Phase I units"), and for
certain other units which are dry bottom wall-fired and
tangentially fired boilers ("Phase II, Group I"). 60 Fed. Reg.
18751 (Apr. 13, 1995). On January 19,A1996, USEPA proposed rules

which would implement the second phase of the Acid Rain NOx




Reduction Program. 61 Fed. Reg. 1442-1480. 1In 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." 61 Fed.
Reg. 1442 (emphasis added).

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
generation unless the environmental requlators decree that the

plant will operate in accordance with the nation's environmental

laws. The Commission can and should rely on this system of

environmental regulation as it determines whether and how to
restructure the electric utility industry.

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

The key environmenﬁal issue in connection with restructﬁring
‘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 electricity
is used. Examining emissions only at the point of generation
will yield incomplete and, we believe, inaccurate results as to
the environmental impact of electric restructuring. Examining
impacts on a "full fuel cycle" basis, in contrast, will lead to a

more realistic assessment of those impacts.




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. Lower electric

- rates as a result of restructuring will likely result in

increased éonsumption of electricity. Such increased electric
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. But there will also be a
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. 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. In the

real world, electricity competes with other types of fuels,

primarily fossil fuels, for use as energy inputs in commercial,
manufacturing and industrial processes. As the price of
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.

As is now well-documented, electricity is much more
efficient than other types of fuels in end use processes. See,
e.dg., EPRI, "Electricity for Increasing Electric Efficiency,"
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 taking into consideration the

emissions resulting from generation 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 "Sustainable Development and Cheap Electricity"
demonstrated that the key to reducing overall societal emissions
is to maintain low electric prices. It found that policies that
reduce electric prices will result in lower overall emissions.
It concluded (pp. 1-2) as to CO, ehissions, in results that apply
equally to NO,, SO, or any other kind of fossil fuel-related
emission, that:

. 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. 1In
1970 only 32% of all ICR energy consumption
was in the form of electricity.

. 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 dropped 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.

. 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.

. Despite rapidly rising coal use to support
electric and economic growth, total U.S. CO,
emissions have dropped from 4 pounds/$GNP in



1970, to about 2.7 pounds in 1991, and will
fall below 2 pounds/sGNP by 2010.

. The association of reduced co, em1s51ons/$GNP
and increasing coal consumptlon is not
coincidental -- it is causal. Reduced co,
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.

The Mills, McCarthy report went on to conclude that:

The dr1v1ng force behind improved co, efficiency
is revealed in examining the role of
electrotechnologies. As the economy has switched to
electric processes for pivotal productivity and
economic beneflts, electrotechnologles brought net
reductions in CO, ranging from 0.5 1lbs to 60 lbs of CO,
per kwhr. The economlcal 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; u51ng electrotechnologies
instead eliminates CO, emissions associated with such
burning. The net effect is fewer CoO, emissions even
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 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
"Does Price Matter?" demonstrating the benefits of low cost

electricity throughout the economy.
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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. The key is to make sure that 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 tb
take steps that will artificially increase rates and retard the
environmentally beneficial electrification of the economy. The
best environmental policy is low electric rates.
III. 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.

10




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 above today's competitive

power alternatives.

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

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. Such an ambitious
increase would cost taxpayers, consumers and/or
utilities about $203 billion (in 1995 $) in subsidies
between now and 2010.

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.

Approximately 71% of non-hydro renewable generation
serving the grid currently comes from combustion
technologies -- not wind, solar or geothermal
processes. Outside California, nearly all existing
renewable generation serving the grid comes from
combustion technologies.

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



. 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, supplying more than half
of all electricity generation in 2010, even assuming

aggressive 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

12
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Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig. 16
Tabie 1
Table 2
Table 3
Table 4
Table §
Table 6
Table 7
Table 8
Table 9
Table 10
Table 11
Table 12

O 00 ~JONL BN

Pt gt pumt et Gt e
w bW~ O

TABLE OF CONTENTS

SECTION PAGE
Execunve Summary

Inroducoon ........ et etneteeitieiiettetaaataateteeesnaaereaaaaanas 1
Background ..ottt et e e 3
The 20-year Trend: Coal, Electricity, the Economy & CO,. . 8
The Transition to an Electicity-Dominated Economy................ 12
Economic Policies to Sustain or Promote Development?............ 16
What Price Economic Development?.........cccccoiiveeiriniicnnnnanes 29

Technological Underpinnings: Externality Benefits of Electricity .35

List of Figures & Tables

Item PAGE
Energy, Electncity. GNP Growth Since World Warll ............ccoeaeenenennninnis, 7
Share of Total Electricity Generation 7
Electricity, Energy & GNP Growth .......ccccovieciniiesiisrisrensnneenssensscnnnnnnenns 10
Coal Use, CO? Emissions, and CO? EffiCienCy ...cecumveeveeeeiierennnranncienenns 11
Electricity Consumption and CO2 Efficiency : .11
Fuel Use in the ICR SELIOLS «..eevnviniiiniiieiiiirieicieireenieeeseesssnsseossressannees 14
Changes in Industrial Sector Energy Consumpion ........cccocevcceereencernnenens 14
Fuel Purchases in the ICR Sectors 15
Electricity Price Trends........... 26
Industrial Sector Electric v. Gas Price Trend ........coooeeveveeniniiienionierennnnens 26
Residential Sector Electric v. Gas Price Trend......cooveeeeincmienicrenneniinennenens 26

- Electricity & Energy Efficiency Trends......cccovvmrmevemereennieeecionncinceecnnncnnes 30
Markerplace Dependence on Fuels... ...30
C0O2 and CO2 Efficiency Trends.... 30
U.S. Carbon Dioxide Efficiency & Coal Use.....cccvcneeiiiirninniiiennnnnnninnnenne 30
Implications of Industrial Electrotechnologies.........ccoverrvemeeeenciirieeeinnnn. 39
Components of Electricity Prices.......c.cceermemreeemmenmmenirececscnecessnssssssnnnes 27
Utility FUuel COSIS....ccooiiiiiriiiniinnnnnrtetieiesienesniensensrestssssssssssssnnnennenns 18
Probable Components of Lowest Cost Electricity 19
Components of Electricity PriCeS .........ccceeerummecrnreesrniaessscerscsseereesosenenns 23
Ratio of Electricity/GNP Growth Rates......ccceereereneieieccrsoscsnnnenneenaeaieenes 24
Summary of the Impact of Lower Electricity Prices .........cccceeeeceniicncenennncs 25
Current EIA ProjeClons ........ccccceemereecssnssecsesssesenssssssssassssssssssssessscases 27
CO7 Impact per kwhr of Fuel Switching to Electrotechnologies................. 33
Natinal CO7 Impact of Fuel Switching to Electrotechnologies..........coe..e.. 34
Economic & Environmeniwal Externality Benefits 36
Overall CO2 Impact of Electrification .......ccceeveerecccrancnasensseeecncrennaoaaneces 37
Summary of impact of Lower Electricity Prices .........c.coveciccnceicernicnannnees 38




SUSTAINABLE DEVELOPMENT
&
CHEAP ELECTRICITY

EXECUTIVE SUMMARY

The economy and the environment increasingly appear to be in compedtion. This is most
striking in the electicity sector where programs around the nation are discouraging or have
discouraged electricity 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 elecmicity, such activities have all 100 often
been mistakenly interpreted to mean that overall electric use should be discoumgcd

Histoncal 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 electricity.
And while the increased use of coal is inextricably linked to low-cost electricity, the
remarkable efficiencies of the clcctricity-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 electricity is highlighted by the
following facts which illustrate the transiton to an economy dominated by electricity :

¢ 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.

« In 1970 the ICR sectors spent about $150 billion to buy fuels, and $88 billion to buy
electricity (1991%). By 1991 the panern reversed: expenditures on fuels dropped 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.

« 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.

Mills=McCarthy & Assonistes




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

«  The association of reduced CO; emissions/SGNP and increasing coal consumption i
not coincidental -- it is causal. Reduced CO; emissions are a primary consequence o‘
improved overall energy efficiency, and energy efficiency gains are a direct result ¢
electrification. Since 1970, for every single kilowatt-hour of new demand there ha:
been a pet reduction in CO» emissions of 3.6 pounds.

The driving force behind improved CO3 efficiency is revealed in examining the role o!
electrotechnologies. As the economy has switched to electric processes for pivot
productivity and economic benefits, electrotechnologies brought net reductions in C
ranging from 0.5 lbs to 60 lbs of CO2 per kwhr. The economical and ecologicali
beneficial use of kilowatts has been documented extensively. Examples are found in ev]
aspect of the economy, ranging from cooking, materials processing and metals fabrication,
ink and paint drying, to ransportation and even solid waste recycling. These activiti'
often involve burning fuels; using electrotechnclogies instead eliminates CO2 emissions
associated with such burning. The net effect is fewer CO2 emissions even taking in
account emissions from a power plant needed to produce the electricity. CO2 savings ari
form the fact that electrotechnologies are more efficient than their fuel-burning equivalcmi

Lowering the price of electricity would stimulate a classic economic response of grea
demand. It would also stmulate the use of new electrotechnologies in vast areas
industrial processing where price sensitvities are highest. This analysis finds that lowerin
electicity costs 1o an achievable national average of 5.9¢/kwhr (19918) in 2010 instcadi.
the projected 7.2¢/kwhr in 2010 (current average is 6.9¢/kwhr) would result in:

« Over $1 willion more economic activity in 2010: nearly $4000/yr more for cvl,
Arnerican citizen in that year.

» An accelerated introduction of hundreds of revolutionary, highly productive, enﬂ!j
efficient technologies, and therefore more jobs and greater U.S. competitveness. I

« A net reduction in U.S. CO; emissions of over 1.3 billion tons per year if half of 2
new electicity is coal-fired as now projected. (And nearly 1 billion tons net reduct
in total U.S. CO7 emissions even if all the new electricity were coal-fired.)

§85 | |
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SUSTAINABLE DEVELOPMENT
&
CHEAP ELECTRICITY

INTRODUCTION

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

elecmciry policy arena where utilities are frequently encouraged, or required, to avoid
practices that promote the use of electriciry.

The motives which underlie the rend towards avoiding electricity consumption seem, at
first glance, indisputably correct. Minimizing electricity use reduces fuel consumption and
the environmental impacts associated with power plants (notably coal). And minimizing
electricity consumption, a.k.a. electricity efficiency, would appear to have the twofold
economnic benefit of enhancing savings in electricity purchases, and avoiding the costly and
someumes politically painful process of building new electric power plants.

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

1 Calculation: approx. 35 tillion economy, 2.7 trillion kwhrs purchased @ avg. 7¢/kwhr. L is often

noted that the cost of building power plants is an economic burden. This may be true. but it is
trreievant since all costs associated with building and operating power plants are ultimately
included in the cost of the electricity provided; considering power plant financing as & separate
economuc problem is in effect a double counting of the economic impact of electnc growth.
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Of course, building power plants has been a painful experience for some organizatons.
Many have lean.ed 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 contracts. Some analysts
and policy makers are taking the position that building power plants should be avoided a
priori. For examiple.9 a recent Office of Management and Budget (OMB) memorandum
takes the Bonneville Power Administration to task for a plan that creates the possibility of
increased electric load.2 The OMB's interpretation of the National Energy Strategy appear:
to be that increased electricity use is not consistent with economic growth and increased
overall energy efficiency. l

Surely the nation and the economy would be berier served by policies which focus first on
economic growth while at the same time preserving the environment and improving cnerg)l
efficiency -- "sustainable development” with the emphasis on development. And, if it ums
ou; 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 l
promotes economic development will achieve energy efficiency and environmental goals
a result of increased demand for electricity.

8§88

2 Inside Energy. August 10, 1992, "OMB Hits DOE for Discouraging Gas Use.”
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BACKGROUND

Managing the us. and alleged over-use of electriciry is a central theme in many of the

current energy and environmental manifestos. Pricing elecmicity “correctly” -- i.c.,

increasing its price -- thereby reducing electricity consumption is held out as a vital part of
regulatory and utility policy in order to save energy and help the environment. Perhaps this
philosophy is best epitomnized by one recent study's ttle:

"Stabilizing Electricity 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
clectricity use are intimately linked. The logic chain that springs from this is clear:

People like economic growth, but ...
— economic growth spurs electricity consumption
— electricity growth increases fuel use at power plants

—sthe major share of electicity is made with coal
—coal emits more carbon dioxide than any other fuel

Thus with the environmental community's current pressure to address carbon dioxide
emissions because of the élobal warming theory, the question of the day appears to be:

. How does one decouple economic growth and electricity growth?”
This is the wrong question. The correct questons are:

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

electricity consumpton?”
And, secondarily, but importantly

b) "What effect would economically driven elecrricity policies have on national
energy efficiency and carbon dioxide emissions?"4

3 American Council for An Energy Efficient Economy, 1992.
4 in this analysis the environmental impact considered is carbon dioxide because of its prominence in
the current debate, and because it in fact serves as a valid general surrogate for virtually all other
emissions. With respect 10 sulfur dioxide emissions, the analysis assumes compliance with the
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The answer to question b) is found later in this analysis. First we consider the answer to I
queston a), since it is readily apparent: J.ower the price of electricity. Lowering electricity
prices is at the heart of a nascent revival of an old policy: state regulators supporting

policies that provide electric rate discounts in order to stimulate depressed local
economies.$ ’ I

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. Electricity discounts are not intended o stimulate the economy arising from the
relatively modest funds made available from the savings in reduced elecrriciry purchases. If]
is possible to confirm that such direct benefits are relatively small by calculating the effect

of a hypothetical 1¢/kwhr subsidy on all of the nation's electricily consumption. This l
would generate purchase savings equal to about 0.5% of the total economy.$

The essental economic theory behind policies to lower electric rates is rooted in two basicl
principals, one obvious, the other less so: first, lowering the price of electricity (or any
itemn) will result in increased consumnption. Second, increased electricity use creates I

increased economic growth.

The first observaton is an indisputable basic economic fact relating to elasticides of
demand. In fact the inverse of this -- increasing electricity prices to decrease consumptiorl
-- is a core goal of many environmental organizations energy plans.’

Clean Air Act. We note that the opportunities grow daily for compliance at relatively low cost via
low sulfur fuels, advanced combustion and scrubbing technologies. l

5 Ppublic Utilities Formightiv, August 1, 1992, “Electric Sales Growth and the Conservation Ethic
Connecticut DPUC has approved plans 1o stimulate electric demand and approved a “long-term
economic development raie.” The New Jersey Board of Regulaiory Commissioners approved
“economic recovery” programs which include indusmrial and commercial rate credits and even
payments to firsi-ime home payers.

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

7 Subilizing Elecmricity Production and Use: p. 43: the plan o raise electicity prices is cloaked
auspices of fully accounung for environmenta! extemnalities from power plants, and auaching s
speculative cost 10 the vanous externalities. This spproach 1o raising electricity prices creates
fundamental flaw. discussed iater in this paper. The flaw: ignored are the environmental
exiernalities arising from the use of electricity in the market
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The second statement is less well recognized. Yet, nearly six years ago the Natonal

Academy of Sciences reached a profoundly important conclusion in its study of electricity
and the economy.® '

"To foster increased productivity, policy should stimulate increased efficiency of

electnicity use, mm; the implementaton of glectotechnologies when they are

economically justified. and seek to lower the real costs of electricity supply.”
{emphasis added]

The essential reasons for the Natonal Academy of Science's (NAS) conclusion can be seen -
in the basic trends that have occurred over the decades following World War I (See Figure
1). The basic track of energy use, electricity.and the GNP growsh make it clear that
electricity must play a role in the economy morc important than_‘fthat of a simple fuel.

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

And yet, many of those who express concemn over the U.S. economy and U.S.
competigveness are the same ones who are promoting policies to increase the price of
electricity. Policies to increase electricity prices are, however, masked under the rubric of
ensuring that consumers pay for the “full” cost of electricity, or the so-called extemality
COSts.

The most prominent cnvir.onmcmal. externality currently cited and debated is that of carbon
dioxide (CO») emissions. This arises from the role of CO as the primary contributor in
the global warming theory. Policies and programs intended to address COz emissions
must confront an obvious relationship between electricity and the fuels needed to provide it.
Coal has been the dominant source of electricity for decades (see Figure 2), and in fact coal
use has now reached record levels, supplying nearly 55% of all the nation’s electrical
needs.

8  Elecmicity in Economic Growth, A Repor Prepared by the Commiuee on Electricity in Economic
Growth. Energy Enginecring Board. Commission on Engineering and Technical Sysiems. National
Research Council. Nanional Academy Press, 1986, p xvi.

9  Elecricity 10 Economuc Growth, p. xviii.

MillseMcCarthy & Amsorisus
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Because burning coal releases more carbon dioxide per unit of energy than does any other -

fuel, concems over global warming make electricity consumption a prime target. '

Accordihg to many environmentalists, electricity growth must be slowed or stopped, else

CO;, emission will rise. The market must be sent the "right” signals -- i.e., increase the

price of electricity to discourage its use, and thereby reduce the consumption of coal.

A low CO3 future, we are told. is only possible through policies that limit electricity use. l

The economic implications of such a path are ameliorated by the anemic logic of savings in

elecmicity purchases and the overall benefits of a more efficient society. Does the historic I

record, however, substantiate the worry that rising electricity use necessarily contributes to

poor overall energy efficiency and rising CO2 emissions? The answer is no, as we shall

see in the following section.

§8§ l ‘
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Figure 1
Energy, Electricity, and GNP Growth Since World War 11(10)
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Share of Total Electricity Generation(!!)
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10 Daia from Annual Energy Review, May 1991, Energy Information Administration.
11 Dawa from Annual Encrgy Review, May 1991, Energy Information Administration.
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~THE 20-YEAR TREND:
COAL, ELECTRICITY, THE ECONOMY & CO2

What does the future hold? It is the practice of many prognosticators to deal in two decade l
projections. This is a time period during which it is possible to anticipate at least the broad |
scope of mends. While intriguing information can be exwracted from the long term wends '
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. I

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

decades. ) I

Figure 3 illustrates a now familiar historic trend in which one can see that electricity and
GNP growth appear to be tightly correlated. Energy growth, on the other hand. is not
strongly ted to GNP growth. Figure 3 is one of the basic indicators supporting the
Nanonal Academy of Science’s conclusions, cited earlier, regarding the impornance of
electricity to GNP growth. '

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

analysis. . l

What economic effect would anise from a goal of lowering electricity prices -- i.e.,
an aggressive national trend towards economic development rates?12

What is the likely environmental effect, specifically the change in CO; emissions,
of a policy to stimulate electricity growth, particularly considering the dominant ro
of coal-fired generaton?

As previously noted, reducing electricity prices will cerainly increase demand. Seting l
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 eiectricity growth is "out of I
control.” Increasing electricity consumption, rather than decreasing it, is something of great

12. The point of this analysis is not t project future electricity prices, but to expiore the implicati
of pracuces that would drive prices down.

MillseMcCanthy & Assccues - I
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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
electricity. Coal has supplied nearly 60% of all new electricity supply over the past two
decades.!3 Coal is also projected to be the source of at least 50% of all new elecrricity
supply for the next two decades.!4

Does rising electricity and coal use inevitably mean greater CO;, emissions? Figure 4
suggest the answer is "no.”

As Figure 4 shows, coal use has risen sharply, nearly 60%, over the past 20 years. Yet,
total CO, emissions are barely 10% greater.!> And emissions of CO2/SGNP (measured in
constant 19823), perhaps the most important practical measurement, have actually declined
over 35%. In other words, the U.S. economy has expanded and CO», efficiency has
improved dramatically despite the fact that coal-fired electricity has been the primary fuel
for economic growth.

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

13 As the tabie below summarizes. over the past two decades, there has been a gross increase in
generation of 1.473 billion kwhrs collecuvely from coal. nuclear. hydro and other all sources,
offset by a net decrease of 182 billion kwhrs from natural gas and oil generation. yielding net
growth in consumpuon af 1.291 billion kwhrs. Of all sources of supply that increased. coal
accounted for $7%. Data from Annual Encrgy Review, May 1991.

Changes in Electricity Generation
(billion kwhrs)
Coal NGes Ol Nulewr Hvao  Oha Toul

1970 704 373 184 22 248 1 1523
1991 1549 264 111 613 276 10.1 2823
1991-70  +845 -109 .73 +591 +28 +9.1  +1291

14 From Annual Outlook for US. Elecric Power 1991: Projections Through 2010, July 1991.
Changes in Electricity Generation

(Quads)
Coal NGas O  Nudlewr HyvdroeOther  Toul
1990 16.06 2.93 1.3 6.14 in 1523
2010 22.6 512 1.7 6.67 6.25 2823
2010-90 +6.54  +2.8  +04 405 +2.5 +12.8

15 Other than the continued electrification of America. there have only been two large sTuctural
changes m the energy economy over the past 20 years; increased automobile efficiencies (.CA.FE).
and nuclear power. As is shown later in this analysis, these two factors together, while significant,
account for only 22% of the avoided increases in CO2 emissions over the past 20 years.
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use and decling CO2/SGNP. summarized in Figure §, is critical to considering future
projectons and policies. '

Before exploring the spegific factors creating this phenomenon, we explore first the
economic implications and opportunites in the modem elecrrified economy.

§88

Figure 3
Electricity, Energy & GNP Growth
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Figure 4
Coal Use. CO, Emissions. and CO, Efficiency
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THE TRANSITION TO AN ELECTRICITY-DOMINATED ECONOMY J

The economic cpportunides and risks associated with electricity policy and pricing are more
important today than at any time in history. This is because a critical ransidon has taken I
place during the past two decades.

As illustrated in Figure 6. for the first ame in history, the sectors driving the economy -- '
the industrial, commercial, residential (ICR) sectors -- consurned the major share of their
fuel in the form of electricity.' The crossover occurred in 1991 when 51% of all the l
primary energy consumed by the ICR sectors was used first by utilities to generate
electricity.!? l

The transiton to an electricity-dominated economy is not expected to reverse itself, even
within the context of current conventonal projections for electricity and energy growth.
According 1o the Energy Information Administation, by 2010 over 63% of the total ICR
energy will be consumed by utilities in order to provide electricity to businesses, homes
and industry.!® The speed of this ransition is apparent in the fact that in 1970 only 32% of

all ICR sector energy consumpton was in the form of electricity. This transition l
demonstrates the dominance of technologies associated with producing and using
eiecmicity. ‘ ‘ I
This transition contains a number of important implications. As the activities in the ICR
sectors become increasingly dependent on electnicity: l
. They become inherently less dependent on the availability of raw resources. A

reliable electric supply can be achieved with a very broad array of primary fuels.

16 This analysis does not mcorporate the transportation sector for two reasons. First, wmnuo‘

is largely un-electrified. and will likely remain so for the period considered in this analysis
Second. the combined industial, commercial and residential sectors are collectively larger
economically than is the wansportaticn sector. and mvolve activities that are fundamental to futare
economic growth. The Census Buresu repons

#1019), for example. that about S1 trillion of outlays are associaled with all passenger and fte
ransporuation -- significant, but only 20% of the total economy.

17 Data from Annual Encrgy Review, May 1991.
18 Dauy from Angual Quiook for US. Eleerric Power 1991: Proisctions Through 2010, July 1991. l
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. They are more effectively insulated from basic fuel price swings. This aﬁscs from
the fact that raw fuel constitutes only one share (ranging from 40% to 70%) of the
total numr:"er of components contributing to the cost of elecrricity.

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

. They can enjoy various environmental benefits due to the low or zero impact of
clecrric-based technologies -- in effect, environmental issues are transferred 1o the
supplier of electricity. As a practical maner, 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 locanons.

The energy use tends over the past 20 years which have given rise to elecmicity's

- dominance can be seen in Figure 7. While Figure 7 illustrates the industrial sector portion
of the ICR trends, it is typical of all three sectors - significant declines in the direct use of
oil, ntaural gas and coal, accompanied by large growth in electicity use. This type of trend
highlights the need to consider carefully electricity's critical role in supporting industrial
economic health. The trends point to the need for czution in developing policies that
explicitly, or implicitly, discourage electricity use.

One other way to reveal electricity's increasingly impontant 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 elecrricity (in 19918).19 By 1991 the spending pattern had
reversed. The ICR sectors’ 1991 expenditures on fuels dropped to $112 billion, while
purchases of electricity rose to $180 billion. By 2010, the disparity will grow even greater,
with over $300 billion in electricity purchases for these sectors, and $200 billion for
fuels.20 This wransition to an economy dominated by electricity use and price argues
strongly for economic policies intended to minimize the cost of electriciry.

8§88

19 Dau from Annual Energy Review, May 1991.
20 Daus from Annual OQuuook for U.S. Electric Power 1991: Proiections Through 2010, July 1991.
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F;gm 6
Fuel Use in the Industrial«Commercial+Industrial Sector
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ECONOMIC POLICIES TO SUSTAIN OR PROMOTE nsvsmmm?]

Elecrricity has now achieved a dominant role in the economy. Can economic growth be I
maintained while minimizing the electric sector's impact on the environment, especially
CO» emissions? : , I

The nowon of preserving the environment while encouraging economic growth has been
given the label "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, programs focused on
avoiding problems are rarely as economically effective as programs focused on achieving I
results.2!

The irony is that encouraging the link berween the economy and elecrricity is by its very I
nature environmentally beneficial. Given the state of the American economy, and the |
increasing need for improving 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 (EIA). EIA projects, for example. that over the

next 20 years:22

1

* the economy will grow by over $3 trillion

e the nation will require the additonal electricity output of at least 300 new power
plants (@ 500 MW)3

* yet, energy efficiency will jimprove, with a 23% energy/GNP rato decline l

21 Obviously. this is not to say that environmental goals should not be given an imporuant place in l

economic planrung. However, plans which focus first on the economy, and subseqnemly‘ seek ©
evaluate and miugate environmental impscis are by definition more likely o be economically
aggressive. .

22 Elecric Power 1991: Proscciions Through 2010, July 1991; base case projections through 2010.
23 Elecrricity consumption per SGNP is projected to decline by 5%. l
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In the next section of this report we consider the environmental aspects of development-
oriented elecmicity pricing, specifically carbon dioxide emissions. First, however, we will
explore the implications of the basic question posed at the outset:
"How does one stimulate the economic growth associated with rising clecmcny
consumption?”

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

As Figure 9 shows, the trend of the past several decades is encouraging. In real, inflation-
adjusted terms, electricity prices are lower today than they were 10 years ago.2¢ However,
that fact masks an important rend. Electricity prices were declining until the early 1970s,
when they began to nise. Figure 9 shows the movement downward to a low of about
5.3¢/kwhr nationally in early 1970s. Following the low period, a combination of increased
fuel prices and escalating capital costs served to increase the cost of electriciry to a peak of
about 8.3¢/kwhr in 1980 and 1981. Since then, prices have been falling.

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

Table 1
Components of Electricity Prices (EIA)®
(e/kwhr)
1990 2010

Capital 3.1 .23
Operating & Maintenance 2.1 2.1
Fuel L8 29
Total 6.9 7.2

24 The notable exception to this is California. where 20 years ago the average cost of electricity was the
same as the U.S. average, and where wday it is 30% higher than the national average, and twice as
high as the achievable lowest cost source of supply in Wyoming for exampie. Not only does
California spend over $5 billion annually more for electricity than if the state price reflected
national averages, but more imporiant has been the lost economic opportunity deriving from
depressed growth associated with discouraging continuing productive electrification.

25 w_&mummm July 1991; base case projections through 2010: p.
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As Tabie 1 illustrates, EIA projects the capital cost component will decline over the comin
two decades. This is expected in part because of the aging and thus amortization of the gl
existing power plants, and in part because of the low-cost option of extending the life of
older plants. This projection is also consistent with manufacturers having gained the l
necessary experience over the past two decades on how to build power plants efficiently in
the new regulatory and polidcal clirnate that emerged in the 1970s.

However, Table 1 shows that EIA expects udlity fuel costs to rise. The fuel price
components of this assumpton are shown in Table 2.

Table 2
Ulility Fuel Costs (EIA)*

(19908/million Bw) l

1990 2010
Coal 1.6 2.2
Nawral Gas 29 6.2

Fuel Qil 3.0 54

There appears to be widespread agreement that natural gas prices will rise substantially in
the coming decades.2’ The primary reason for rising natural gas prices would appear to
rooted in the economic rumult created by previous regulations (e.g., the now defunct Fuel
Use Act, restricting gas use for electricity generation) and an overall situaton where supp
and demand have not begun to get into reasonable balance.28 Also, projections show xha!
the current low cost natural gas reserves will be depleted and are projected to be replaced
higher cost domestic and imported sources.?’ i

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

26 Elecmric Power 1991: Projections Through 2010, July 1991; base case proections through 2010:

27 1992 Edition of the GRI Baseline Proection of U.S, Energy Supply and Demand so 2010, Gas
Research Insurute, April 1992.

28 The sudden 16% rise in the nation’s natural gas prices following Hurricane Andrew’s dxmpnon of'
flow from the Gulf of Mexico, was accroding the The Wall Sireet Journal “stunning”™ (August 31,

1992) vlll conunue © remforce l.he marketphne puccpuon that gas prices are volatile.
29

Research l.nsunne Apnl 1992 95% ot current gas supply comes trom low cost domesuc 0
By 2010 58% will come from existing domestic sources, and the balance will come from

substantially more expensive sources - 20% from impons (including Alaska) and 21% from
“advanced technology™ sources. I
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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
electricity prices. EIA projections show coal will supply just over 50% of all new
electricity supply through 2010.3! Despite EIA's price projection for rising oil prices, there
is lile evidence to support the contention that coal prices will rise 100.32, Long-term coal
contracts are currently available for fuel prices of $1 10 $1.50 per million Bru.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 elecricity to be cheaper in 2010
than it is today, and return to costs comparable to those of 20 years ago.

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

Table 3
Possibie Components of Lowest Cost Electricity

(e/kwhr)

avg 1990 2010 possible

Capital 3.1 23
Operating & Maintenance 2.1 21
Fuel LR L0
Total 6.9 54

Based on available coal-fired technology and coal resources, we take 5.5¢/kwhr as the
benchmark price for delivering electricity over the next two decades. The availability of
low-cost electricity will force competition among sources of supply ensuring the lowest

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

31 Naral gas is projected to supply about 22% of all new supply.

32 i has long been the case that coal and oil prices have become substantially disconnected -- except
under extreme circumstances where, for example, oil at >$40/bbl renders synfuels viable.
Similarly. natural gas and oil prices have become substantially disconnected, as was demonswrated
during Desert Storm where fluctuations in oil prices were unreflected in nanwal gas prices.

33 Wesiern Fuel Association membership price survey. See also WFA Technology Screening Analysis

"of coal combined cycle power plants.
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cost of electricity for consumers. The first threshold test for new suppliers of electricity |
should be to meet or beat the lowest cost of supply. '

The effect of reducing electricity prices will have one straightforward consequence. More l
electricity will be consumed. However, it is not the fact of greater electricity consumption
that is important. it is the extent to which more electricity is consumed productively and in
place of fucl combustion in the marketplace. The productive and environmental benefits o’
electric-based technologies are explored in the next section of this report. Here we expl

the extent to which fuel switching -- purchasing electricity instead of direct fuels, | OR'
specifically natural gas -- will be driven by lower electricity prices?‘ It is not the lower
cost of electricity per se that would encourage fuel switching. The determinant is the l
comparative cost of electricity to natural gas prices in the marketplace.

The increased use of electricity in industry, for exampie, is sorongly influenced by the ratio
of electricity to gas prices. Figure 10 illustrates the two decade history and possible fumn‘
of the electric/gas price ratio. Figure 10 shows that even if electric prices do not decline,

and rather increase slightly as ELA projects, the price advantage of electricity over natral
gas will grow rapidly. If electricity prices return to their historic levels, as proposed hcr:l
and gas prices continue their projected rise, the price advantage of electricity is accelerated.

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

Over 90% of all industrial electricity is used for electromechanical drive and electrolyuc l
separation. Only a small fraction, under 1%, is used for other direct process
applications.35 Thus there is a very large potential for increased electrification in the l

34 Considerable debate has erupied over fuel switching in the other direction: i.c., encouraging )
utilities w0 help consumers use natural gas instead of electricity. Here we do not expiore the
of such policies which are frequently based on shakey environmental justifications. Rather, we
concerned here with basic economic competitiveness issues. For a discussion regarding the ments
of regulatory-directed fuel switching. rather than market-based fuel switching, see for example "B
Highlighss § Nasional Mest D {Side M )

Switching,” Alfred Kahn. i
Completing the Picture, “June 1992, MiliseMcCarthy & Associstes.

35 ~a Conceprual Basis for Productive Electricity Use in Manufacturing,” Philip S. Schmidt,
Proceedings of the Electicity Beyond 2000 Conference, Washington D.C.. October 1, 1991. '
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industrial sector. As the price advantage of electricity over gas reaches record levels ( by
1999 under the low cost scenario here, and by 2004 under EIA projections), price factors
alone will drive fuel switching to electric processes.

The same trend is developing, and can be accelerated in the residendal sector. When the
price ratio of electricity to gas is about 3-to-1, simple electric resistance heating becomes
economically compettive with gas heat3¢ When the economic benefits of electric heat-
pumps are considered (thé only significant source of growth in the electric heating market;,
the cost benefits of elecmricity will become overwhelming. As Figure 11 illusmares, the
price rato is declining rapidly and will be below 3-to-1 within the decade. Existing heat
pumps deliver at least three umes as much heat as electricity consumed; new ground-source
or so-called geothermal heat pumps deliver at least six ime as much heat as electricity
consumed. Once consumers see increasing price advantage of electric heat, and come 1o
believe that it will continue, the shift to electric heating will accelerate 37

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

industries in the residential market. The importance of this competition for both sectors can
be seen in the following facts:

~ « Natural gas accounts of the largest share of total residential energy use. at 45% .38
* Electricity holds 32% of the total residential energy nnikct.

* Space heating consumes 65% of all residental energy consumption, with water
heatung about 15%.

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

issue.

There is little debate that lowering electricity prices, particularly in a climate of rising natural
gas prices, will stimulate greater electricity use. Before tumning in the next section to the

36 The essential calculation here is not complex since it assumes roughly equal T&D costs, and thus
assumes that once electricity is less than 1/3 the price in delivered BTU terms, the losses in
electricity generation (about 3:1) make it cost-competitive at the end-use.

;ZOfeoune muuweotuyxfmmfmmpammdmopemchely

Research btinute. April 1992, 2. 26. 77.
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environmental implicatons of such a rend, we continue here to explore the broad impact l
on the economy of reduced electric rates. '

..

In order to evaluate the macro-economic effect of lower electricity prices, three basic inputs
are required:

1) the average cost of electricity in 2010 resulting from all new supply being priced at
no more than 5.5¢/kwhr

2) the elasticity of demand: i.e., how much more electricity will be consumed because
of lower prices

3) the GNP/kwhr relationship; i.e., the effect on the GNP of incicased overall use of
electricity ¥

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

D Av 2010 price of elecrici
An esamate of a possible (rather than projected) year 2010 average cost of
clectricity can be arrived at by estimating two price components for supply in 2010;
first the cost of electricity from existing power plants, and second the cost of I
electricity from new power plants.

Rather than assume fuel prices will rise, as projected by EIA, it is possibie that I
existing trends*’ and price pressure from a low cost supplier (specifically coal) will

productive electnc-based technologies that boosts the economy. In other words, lower cost
electricity fueling such productive processes as elecic sieel making, electro-chemical processin,
and so0 on improve productivity, empioyment and profits.

40 Perhaps the most imporwant indicator of the failure of fuel price projections is the continued I

39 It is not actually the consﬁmption of electricity per se that increases the GNP. It is the greater use oj

assumpuon that oil will be more expensive in the futre than it is today. As a minimum, the Gulf
War demonstrated that even during a major war in the world's prime oil basin there can be a price
decling. This hardly points w0 price volatility. Indeed. the remendous diversity in oil supply,
increased reserves, delivery and exploration giobally have significantly eruded world oil price
sensitivity o local events. Note for example. that in 1970 OPEC accounted for 51% of world oill
production - peaking at 56% in 1973. By 1990, OPEC's share of world production dropped 1o 38%%

In addition. the literature of the past decade does not support the belief that world low-cost oil
reserves are sufficiently low 10 tax supply any time in the coming two decades. Indeed, the
appears to be the case, wherein increased energy efficiency, and increased motivation of oii

for revenue are more likely 10 sumulate price competition and lower oil prices than they are the
opposite. Insofar as the historic record is concerned., the price of oil (in constant 1988S) has
averaged $11/bbl from 1890 10 1990, seldom varying outside of a price band of $7 to $17/bbl.
Only for seven years between 1979 and 1986 did the price spike briefly. and some might say,
faully for OPEC considering the exient of workl exploration stimuiated by that event. (See p. 11,

1992 Iniemational Petroleum Encvciopedia.) l
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exert a downward pressure on other fuels. It is just as likely that average fuel costs
for uglities 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 elecricity 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 Electricity Prices from Existing Plants
(e/kwhr)
1990 __EIA 201041 Possibie
Capiial 3.1 2.3 23
Operating & Mainicnance 2.1 2.1 21
Fuel 13 29 1.8
Touwal 6.9 72 6.2

In 2010, about 70% of all the required electicity for that year would be provided by
those power plants that already exist This electricity could be supplied for about
6.2¢/kwhr as summarized in Table 4.42 The balance of the base-case for needed
electricity in 2010 would come from new power plants. As previously discussed
this could be provided for an average cost of 5.5¢/kwhr.

The blended cost of electricity from old plants (those existing in 1990) and new
plants would be a national average year 2010 cost of 5.9¢/kwhr.43

- Elasticity of O | for Elecrrici
How much more electricity would be consumed in 2010 if the average price were
an achievable 5.9¢/kwhr rather than the projected 7.2¢/kwhr.

EIA and others appear to take solace in providing tsbles illuszrating that other organization's price
projections are consistent with their own. It is entirely possible that this consistency is not an
indicator of accuracy on sny psrucular organization’s part, but rather a demonstration of pack
mentality. There was also a consensus on future electric and fuel prices reached in the early 1970s.
and it was wrong.

41 Elecric Power 1991: Projections Through 2010, July 1991; base case through 2010: p. 13

42 Elecrric Power 1991: Projecuons Through 2010, July 1991; base case projections through 2010:

total 1990 generation of 2.8 million kwhrs from existing power planis would represent about 70%
of the EIA year 2010 base-case supply of 4.1 trillion kwhrs.

43 [Note that as & minimum. such s price structure would create over $50 billion a year in savings on
clectricity purchases for the base demand projected. There would of course be additional
expendatures required for the additional electricity purchases crealed by rising demand.)
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There is an extensive body of research which has sought o accurat:ly quantify | I
demand elasticity of electricity. 4 The short-term and long-term elasticides are

usually different. In this case, we are primarily concerned with long-term '
elasticities for which there appears to be a consensus value of -1.0. In other words.l

a 10% price decrease would produce a 10 percent consumption increase (and vice
versa).43 I

.24 .

A year 2010 price of 5.9¢/kwhr represents a long term price decline of 18%. This l
translates into an 18% increase in demand, or nearly 750 billion more kwhrs

consumed in 2010 than currently projected.46 I
3 Elecrriciny/GNP lini |
What would be the macro-economic effect of 750 billion kwhrs greater electricity l
use? :

The reladonship between electricity and GNP has changed over the decades. Table
5 summarizes the broad mends. While there are clearly complex relationships I
between electric-based technologies and the industrial, commercial and residential
sector use of those technologies, at the broadest level it is possible to observe the
market economic response to using such electricity-based devices and processes. '

Table 5 : l
Ratio of Electricity/GNP Growth Rates?”
Elecmicity/GNP Growth
1947 - 1960 3l l
1960 - 1973 1.61
1973 - 1983 0.98
1983 - 1991 1.18 '
44 See for example.
») Electricity in Economic Growih, A RmﬁwwﬂnCommmﬂxmawmﬁﬂ
Growth, Energy Engineering Board, Commission on En;meenng and Technical Systems, Nati

Research Council, National Academy Press. 1986, p xvi.

b) Elscmicity in the American Economy: Agent of Technological Progress, Schurr et al, Green
Press, 1990. "

45 ibid a) p. 48. b) p. 361, 362.
46 Elecric Power 1991 Proections Through 2010, July 1991; base case projection for 2010 of 4,117
billion kwhrs.

47 Elecmicicy in Economic Growih, A Report Prepared by the Commiee on Elecricity in
Growth. Energy Engineering Board. Commission on Engineering and Technical Systems, Nationa

Research Council. National Academy Press, 1986, p 50: and 1983 1991 from EIA Mmlhly_ini
Review.
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Despite the history of stronger electricity/GNP connections, we use here instead 2
conservative linkage of 1.0, and assume further than current demand-side
management programs are succes..ful in weakening this linkage somewhat. Thus,
750 billion kwhrs of greater consumption would be associated with nearly §1
wmillion greater GNP than currently projected for 2010 (in 1991$).48 This much
additonal electricity demand represents the output of about 240 electric power
plants of 500 MW size. The overall economic issues are summarized in Table 6.

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

* Average 2010 electric cost drops 18% o0 5.9¢/kwhr
(ansing from 5.5¢/kwhr benchmark for new supply)

* GNP grows
+ S1 trillion GNP over EIA base case

* o Electric demand grows

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

» Toual electricity purchases drop
- $10 billion49

§§8

48 The current ratios suggest that the $5.6 trillion economy (19913) is supported by about 2.8 rillion
kwhrs. with an essentially 1:] linkage: i.e.. $2 of GNP for every kwhr of consumption. Because of
the national trend towards multi-billion demand-side management programs (in which the economic
requirement for electricity is reduced), we assume for the sake of argument that current DSM
programs will be sufficiently successful 1 erode the electricity/GNP ratio by 25%. in other words,
in 2010 sbout $1.50 of GNP will be associated with each kwhr of consumption.

49 Savings arise from $50 billion lower electricity purchase costs for 2010 base case consumption of
4.1 billion kwhrs. net of $40 billion to purchase additional 750 billion kwhrs creaied by elastic
response 1o low cost marginal eiectricity prices of 5.S5¢/kwhe.
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Figure 9
Average National Electricity Price Trends
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WHAT PRICE ECONOMIC DEVELOPMENT?

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.0

But if the exra 30% boost in the economy by 2010 requires 240 more S00 MW power
plants than currendy projected, what price would be paid in environmental terms?
Specifically. what impact would such an event have on total U.S. CO3 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 additonal low-cost generation were coal-fired)>!.

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

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

Table 7
Current EIA Projections

» GNP grows by $3 trillion GNP

« Overall energy efficiency 23% beaer

» Growth in electricity demand requinng 300 power plants (@ 500 MW)
« Coal supplies 50% of new electricity demand

« CO2 emissions/GNPS deciine by 25%

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

50 public Utitisies Formightly, August 1. 1992, "Elecmic Sales Growth and the Conservation Ethic.”

51 Given that current projects show coal providing 50% of all new generation, a policy encouraging
more low-cost electncity would likely find coal supplying 50% to 75% of the new demand --
especially given current price projections for nanmral gas. Here, 100% coal is suggested for
illusration purposes. ~
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According to the Electric Power Research Institute (EPRI), there are two powerful rends
that will reduce CO; emissions over the next two decades.52 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 azising from fuel switching in
the marketplace from combustion-based processes to electroprocesses.

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

In other words, electricity growth and increased coal consumption will be antended by
reduce environmental impacts in the form of lower CO, emissions - "sustainabie
development.”

The fact that increasing electricity use reduces overall CO; emissions runs counter to the
current paradigm -- increased electricity use is generally held to run counter to energy
efficiency and environmental goals. But if the historic record doesn't support this
contention, why should we believe projections that claim such an effect? The primary
measure of environmental impacts, and in particular CO, emissions, is the trend in energy
efficiency. See Figure 12.

The historic record shows increased electricity consumption is correlated with improved
overall energy efficiency -- decreasing total energy needed per SGNP. As encouraging as
this broad measure is, it understates the market realities. It is the efficiency with which
markets use fuel or electricity that is a more direct indication of trends (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 environmental 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 record shows that energy efficiency actually gets bener when electricity use
goes up. Although this phenomenon is frequently ignored, it has been extensively

52 syving Encrev and Reducing CO2 with Electricity (Estimates of Poiential), Electric Power Research
Insurute, CU-7440, Sepiember 1991.
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documented.33 The idea that using more electricity -- more kilowans -- can confer
economic and ecological benefits can be given the term “ecowatts.”

Figure 14 illustrates the implication of these recent energy efficiency trends in terms of total
U.S. CO5 emissions: the overall emissions of CO; from the U.S. economy have remained
remarkably unchanged for the past two decades. And, the most important measure of CO>
impacts, CO2 emissions per unit of economic activity -- CO2/GNPS -- has been declining.

The debate over CO; emissions has drawn attention to the role of coal in the energy mix,
but typically without recognizing the impact of coal-fired electricity on the economy and on
CO» emissions reductions. As Figure 14 illustrates, the record shows that CO, emissions
have dropped from 4 Ibs/SGNP in 1970, to about 2.7 lbs in 1991. Current projects show
that this rate will continue to decline to about 2 1bs/SGNP by 2010. Yet, for the two
decades since 1970, coal use grew by almost 450 million tons/year, and is projected to
grow another 300 million tons/year over the next two decades. (See Figure 15)

The associaton of reduced CO; emissions/SGNP and increasing coal consumption is not
coincidental -- it is causal. Reduced CO2 emissions are a primary consequence of
improved energy efficiency, and energy efficiency gains are a direct result of electrification.
Since 1970, every kilowat-hour of new demand has been associated with a net reduction in
CO; emissions of 3.6 lbs.54

33 See for example:

Ecowags: The Clean Switch, April 1991. Science Concepts. Inc.
Elecmcity and Indusmial Productivity: A Technical and Economic Perspective, P. Schmadt,

Pergamon' Press 1984.

Edison Electric Insutute. Energy Research Group, 1989.
i i -~ X

Institute, CU-7440, September 1991.

54 Two factors are commonly held as significant reasons for reductions in U.S. carbon dioxide emissions
per unit of GNP: 1) increased use of nuclear power, and 2) automobile CAFE (gas mileage) regulations.
Orher than elecrrification. these two factors are the only other substantial structural changes in the
energy economy over the past iwo decades. Since 1970, the increased use of nuclear power has
dispiaced fossil fuels (based on exisung and probable fuel mixes) with a wtal value of about 440
million tons of CO2. The wincrease in on-the-road fleet average fuel efficiency from about 14 mpg ©
over 2] mpg 15 responsible for reducing prospective CO2 emissions increases by about 400 million
tons of CO2. (The calculation is performed by considering the additional fuel use and associated
CO2 emissions if the 1990 fleet operated at the 1970 fuel efficiency.) Together, CAFE and nuclear
power eliminated nearly 1 billion wons of CO2. If the U.S. economy operated in 1990 at the 1970
CO2 efficiency. there would be about 3.6 billion tons more CO2 emined. For the sake of
conservative estimauons, it is assumed that the aggregate effect of other small factors over the past
two decades has been equal 1o the impact of CAFE standards, or nuclear power - i.c.. 10% of the net
declining CO2 emissions. Thus, electrification is held 1o be responsible for the remaining 2.6
billion tons of net CO2 reductions. Therefore, the 1.2 wrillion kwhr growth in electric demand was
associated with a 2.3 billion wn decline in CO2 emissions -- or about 3.6 lbs CO2/kwhr.

bon L)
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. Figure 12
Electricity & Energy Efficiency Trends

Figure 13
Markemplace Dependence on Fuels
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Figure 14
CO2 and CO2 Efficiency Trends>>
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35 Dau from Monthiv Energv Review, Energy information Administration. Gross fuel consumption for
each year used 1o deterune annual CO2 emissions based on: coefficients for carbon dioxide
production from fuel combustion: 1.1x10 1bs CO2/BTU of namural gas burned: 1.7x104 1bs
CO2/BTU of oil burned:; 2.2x10% 1bs CO/BTU of coal bumed
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~—TECANOLOGICAL UNDERPINKINGS: ]

EXTERNALITY BENEFITS OF ELECTRICITY

The suggestion that there is a direct causal relationship berween increased electricity use, in l

particular increased coal consumption, and decreased CO2 emissions may appear at first
heregcal. _ I

Figure 16 provides some perspectve on this phenomenon, as calculated by the Electric I
Power Research Institute (EPRI). Figure 16 illustrates the estimnated energy impact of the
cnhanced use of only five industrial electrification technologies over the next decade alone
In this scenario, industrial electricity consumption would rise by 17 billion kwhrs/year by|
AD 2000 (equal to the output of 6 large coal-fired power plants) directly because of the
greater use of the five electrotechnologies. At the same time overali energy use, includingl
that needed to generate the electricity, would decline by about 60%, the energy equivalent
of 53 million barrels of oil per year, because the electrotechnologies are so efficient l
'cofnpamd 1o the fuel processes displaced. 56

The net energy balance shown in Figure 16 is based on the replacement of direct fuel l
combuston with electricity, including the energy to make the electricity. (Not included,

but virtually always evident, are such energy benefits as reduced material waste and
reduced energy required 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 reduction in CO; emissions of 10 l
million tons/yr.57

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

56End-Use Encrgy Efficiency, EPRI. January 1991

p. 8; primary energy requirement for electric generation of 0.175 Q. net fossil fuel savings of 01‘
assumes S00 MW coal plant. 65% CF.

57 The purpose of assuming that only coal is used for the required electricity is used for two reasons.
First, if the phenomenon works with coal. it eliminstes any justification for arbitrarily focusing
fuel type for electric growth insofar as CO2 impacts are concerned. Secondly, the price of
electricity is a significant factor in determining how much, if any, fuel switching will occur in
market. It is obvious that using nanwral gas 10 supply the electricity would provide s greater net
reduction in CO2 than using coal-fired power plants. However, this observation, while )
theoretically valid, is functionally irrelevant. As 2 practical maner, the price of elecwicity will
deterrune the viability of many industrial electrotechnologies (as discussed earlier). Over the o
run. the use of more expensive namural gas will result in more expensive electricity, thereby

. eliminating the market incentive to use the electricity -- and eliminating any potential for net l

reductions tn CO2 due 10 electrification.
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. Cheap electricity would stimulate the use of these new highly productve
technologies, accelerating turnover of new equipment, directing valuable industrial
financial resources towards equipment changes that are fundamentally productive --
but that nonetheless save energy

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

The energy and CO; savings summarized in Figure 16 do not represent a unique situation.
This phenomenon, which we term ecowatts in which economic and ecological benefits
anse derive by switching from fuels to electricity-based technologies can be illustrated for a
remarkably long list of technologies. Table 8 shows some examples from a disparate range
of represemuative elecwrotechnologies. Here net CO; emissions have been calculated for
every exua kwhr used in a fuel switching situation -- i.e. emissions eliminated by the
clecootechnology replacing a fuel technology net of the emissions associated with the

clectric power plant.
Table 8
CO» Impact per kwhr of Fuel Switching to ElectrotechnologiesS8
Activity 1bs CO9 reduction/kwhr use
Fax document . 63
Dry paint 13
Cook meat 12
Foundry sand 3
Make Steel 2
Mow lawn , 2
Heat home . 0.7
Concentrate milk 0.8

As Table 8 shows the range of impacts can be very broad. As it tuns out 3.6 lbsis the
average amount of CO; eliminated for every kwhr used over past 20 years. This macro
analysis is consistent with an average of 2.5 lbs of CO> eliminated for every kwhr which
can be derived from an EPRI evaluation of the future impact of 15 key residential,
industrial and commercial elecrotechnologies.®

58 Rebunal Tesumonvy Regarding Testimonv of Land and Waier Fund of the Rockies, Mark P. Mills,
Public Utilities Commission of the State of Colorado, Docket 91M-642-EG. April 10, 1992.
59saving Encrgy and Reducing CO2 with Elecrricity (Estimates of Potential), Elecgic Power Research

Insutute, CU-7440, Sepiember 1991.
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End Use Technology

Residential
Heat Pumps
HP Water Ho.

Commersial

info Technology
Heat Pumps
Chillers(with HP)
HP Water Hu.
Induction Griddle

Industrial

Freeze Concentration
Heat Pumps
Induction Heating
Arc Melung

Plasma Processing
UV/AR

Transportation
Transit & Freight
Elecmc Vehicles

Total

Q05 is a prominent feature in the current debate over externalities -- environmental impac
that are external to current regulated impacts . However, it is rarely the case that these
externalities are properly accounted, even though the basic definition of an externality is

-34.
Table 9
National CO2 Impact of Fuel Switching 10 ElecrrotechnologiesS0
: YEAR 2010
Increase Net Net CO2
Electricity Energy Emission
Use Savings Reduction
180.000 1.13 37
86.000 0.69 27
95.000 95-2.85 75-217
133,000 0.83 31
10.000 0.05 2
16.000 0.13 5
8.000 0.02 0
16.000 0.35 18
2.000 0.01 0
34,000 (1)-.1 4)-17
23.000 .39..48 46-56
12.000 0.04 7
14,000 0.14 6
24.000 0.12 10
10.000 0.07 6
663,000 4.82-7.02 264-438

acknowledged. For example:

"An externality is a real cost or benefit which is not considered in the
cost/benefit analysis associated with a given decision.”

(emphasis added)61

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

60 ibig.
61 Togri

w

ies, Shepard Buchanan, Public Utilities Commission

of the Suate of Colorado. Docket $1M-642-EG, p 2, line 12.

tsl
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environment occasioned or exacerbated by decisions that do not take these
costs or benefits into account.”
(emphasis-added)62

Regardiess of such definitions, the desire to include extemalities in electricity costs has
focused almost exclusively on the environmental ¢osts associated with generagng
electricity. The externality benefits have been largely ignored.

It has been a basic reality of the electrification of modemn society that the buyers of
electricity are interested in using electricity for benefits other than the simple energy-
equivalent value of kilowatt-hours; i.e., buyers are interested in benefits external 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 electricity have been the exclusive concemn of the buyer
of kilowan-hours. In fact, remarkably little anention has been paid to the profound
productvity, environmental and energy benefits of the elecrrification of society.63 Table
10 lists just a few of the kinds of benefits which accrue to users of a few commercial and
industrial elecrotechnologies. The table illustrates benefits that translate into improved
productivity and lowered costs -- but many of the benefits also have environmental
implicadons in the form of reduced waste and scrap.

62 Tegtimony of Land and Water Fund of the Rockies, Shepard Buchanan, Public Utilities Commission
of the State of Colorado, Docket 91M-642-EG, p 2. line 17.

63 A particularly good exploration of this phenomenon can be found in Elecicity in the American
Economy, Sam H. Schurr, Calvin C. Burwell, Warren D. Devine, New York, Greenwood Press, 1990.
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Table 10
Economic & Environmental Externality Benefits of Selecied
Manufacturing Elecrotechnologies®4
Electrotechnology
gy Sampling of E lity Benef;

Elecrochemical Machiring

High-Freq. Resistance

Rejected pieces dropped from 1% to 0% saving
$16,000/yr on equip. costing $174,000

Rejecied mibes dropped from 20% 10 5%

Welding of Tubes with productivity and throughput increased
UV Curing of Labels Several thousand feet of stock saved per day
and vamish cost dropped three-fold
Microwave Curing Rubber Material savings of 5%, 30% floor space savings

Plasma Steel Cutting

Shortwave Infrared Cuning 25% drop in paint costs, 99% recovery overspray
40-fold drop in floor space, S0% energy cost

Electrical Discharge Greater accuracy, scrap rate dropped from

Machining 10-20% t0 0.5%, more reliable equip.

Electric Fryers One-third the cooking energy, less waste heat

(commercial kitchens) in kitchen, 20% higher production capacity

30% drop labor cost, 100% eliminauon of scrap

Scrap rate dropped from 20% t0 10%; fewer
rejects, higher throughput

There is a remarkably wide range of important externality benefits that are not nccessarilyl
environmental, or may have indirect environmental consequences. These externalities
accrue to the purchaser of kilowatt-hours, such as improved convenience (via microwave
ovens for example), or reduced environmental compliance costs (via zero-emissions
clectrotechnologies replacing fuel-based processes), or reduced work place hazards, or
greater productvity, or reduced landfill needs.65 It makes no sense to suggest that
utilides should be held accountable for some currently unregulated externality negatives al

Public Utilities Commussion of the State of Colorado, Docket 91M-642-EG, April 10, 1992: Data

from Center for Materiais Fabrication ’

65 An electricity-driven infrared drying process can be used 10 reclaim and recycle sand at foundries.
nation's foundries currently have an annual disposal and land fill need of over 3 million wns of
conuminated sand. There are also a wide range of electricity-based processes (for shredding, de-
zincing, eic.) that can be employed to separaie and recycle solid waste thus reducing municipal l

landfill requirements.
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the power plant and not permit the same utilities 1o take credit for currently undocumented |
externality positives in the marketplace. |

Retuming to the focus of this analysis, the CO; environmental externality, it will be
important for policies to recognize the magnitude of the benefits from increased
elecrrification. The overall effect of elecrrifying more and more processes can be dramatic.
Table 11 provides an indication of the magnitude of the impact of a small, but
representanve list of such technologies.

Table 11
Overall CO2 Impact of Increased Electrificarion of Selected Activities®6

Increase . CO2 reduction
Electrification (million wons/fyr)
10 S0% of all activity
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 electrotechnologies for industrial, commercial and
residennal use. Foundries, lawns and microwave garbage, UV drying inks on printing
presses, computer-driven, and electrochemically supported automated metal parts
producton.

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

As was shown in Tabie 7, the range of net CO; reductions per kwhr of demand is broad --
from 0.5 Ibs to over 60 Ibs CO2/kwhr. EPR! data on 15 electrotechnologies provides for
an average reduction of 2.5 lbs, and national trends over the past 20 years yield 3.6 lbs
CO2/kwhr of electricity consumption. In the calculations here, the national trend is
expected to weaken slightly, but continue to yield externality benefits at least as great as that

66 Rebugal Tesumony Regarding Testimony of Land snd Waer Fund of the Rockies, Mark P. Mils,
Public Utilines Commussion of State of Colorado, Docket 91M-642-EG, April 10, 1992.
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revealed in EPRI projections. In other words, an increased use of almost 750 billion
kwhrs would result in a net decline in CO; emissions of nearly 1.3 billion tons -- this
assumnes that 50% of all the additional electricity is coal-fired.6”

(As a maner 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 CO2 savingsof just below
1 billion tons/year.68)

Table 12
Summary of the Impact of Lower Electricity Prices
(assumes 5.5¢/kwhr benchmark)

* GNP grows
+ $1 trillion GNP over base case growth of $3 trillion

¢ Electric demand grows
+ 240 more power plants (@ 500 MW) over EI1A base case of 300

* Total CO; emissions drop 1.3 billion tons over EIA base case

8§88

67 The average benefit is calculated earlier to be about 3.6 Ibs CO2kwhr
68 The CO2 benefit assuming 100% coal-fired electricity on the margin is reduced to 2.6 Ibs/kwhr.
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Figuwre 16
Energy Implications of Increased Use of Five Industrial Electrotechnologies o AD 200069
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69 The s technologies evaluated in Figure 16 are: freeze concentration, industrial heat pumps, direct arc
melting. plasma processing. and ultraviolet cwing.
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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 businesses 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 electricity provides anti-inflationary pressure, accelerates
the economy, boosts 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
recommendations 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.
[This recommendation mirrors one made by the National Academy of Sciences in its 1986 study "Blectridity in Economic Crowth.”)

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 defining facts contained in this report are:

The price of electricity is a more important economic factor than the price of oil.

s 90% of the U.S. Gross Domestic Product arises from the residential, commercial and industrial
sectors which collectively use 93.9% of all electricity, and 34% of all oil.

s 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-inflationary, 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
purchased 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 the basket as an inflationary indicator. Fractional'changes 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 other cost held constant) due to an increase in gasoline prices
of about 30¢/gallon; or an increase in gold prices of about $300; an increase in soy of $2/bushel; or an
increase of only 05¢/kWh.
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The price of electricity is trending rapidly down.

Competitive, resource, technology and market forces are all driving the price of electricity down more
rapidly than conventional 'prdjections suggest. By 2010, the average cost of electricity is likely to be
below 5¢ a kilowatt-hour compared to the conventional wisdom of over 7¢ (in 19948).

Electrotechnologies play a central role in enhancing productivity.

US. manufacturing productmty and competitiveness is in resurgence due to three primary factors, of
which only two are 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.
Electricity’s share of manufacturing energy use grew nearly 20% compared to a 5% decline in natural gas
share over the past decade.

Consumers and businesses prefer cheap electricity.

Surveys, market behavior, and economic indicators show that the price of electricity is vitally
important and that consumers and markets are making increasingly price-driven decisions. A ranking of
states with the best and worst job prospects from Fotbes magazine correlates strongly with the price of
electricity. The 12 states with the lowest priced electridity include seven of the states with the best job
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 social 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 aiso typically reduce total fuel-cycle energy use and environmental emissions.
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Introduction
“It's the economy...stupid”
Slogan from the 1992 Clinton/Core campaign headquarters.
Brief: The question is prompted by the existence and

. The forces of competition and the economy’s demand for

" electric technologies are increasingly at odds with
traditional views of the electric sector and in particular
with environmental programs which are intended to raise
the cost of electricity.

The economy of the 21st century will be dominated by
technological 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 first 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 modern
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 parst
because of the impression that innovation in electric
technology has largely ended, electricity consumption
has continued and continues to grow at a pace which
can only suggest that more electrotechnologies are being
used every day. Demand for electricity 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
control systems and 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:

“Does the price of a kilowatt-hour matter?”

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 electric
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
than those “in the trade” are beginning to pay serious
attention to the impact of these competing forces.

“The electric utility industry, one of the last
monopolies in the American economy, is bracing
for competition, a change that is likely to
eventually lower rates across the country.
Companies are scrambling to prepare by cutting
their costs, diversifying and looking for
partners.®

New York Times, August 19942

Wall Street activities provide ample evidence that
tension 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 7.65%. Over the same period
the Dow Jones Industrial average dropped just 11 points
or 03%. 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 electric-only and electric-plus-gas
utilities experienced comparable declines in their stock
values?

"The average electric utility stock has fallen
jwith] losses in the past 8 months by more than
30 percent. To put that perfermance in
perspective, if the Dow Jones industrials had

Mills eMcCarthy & Assodiates. Inc
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done as badly as the Dow utilities since last fall,
the Dow would now be about 2,540. There would
be talk about recession and national crises, and no
doubt Congress would be busy looking for
villains to blame for the fall.... The fear now as
the electric utility industry is deregulated, new
competitors will sell power for less to prime
industrial and commercial customers. That will
~force price cuts, -lower profit margins and
smaller dividends.”
New York Times, May 1994.4

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
downward pressure on the price of electricity are good.
A few analysts have taken note of this fact.

*Amid all the gloom, it is possible to lose sight of
the fact that no one is forecasting a drop in
electricity consumption. Wall Street sometimes
becomes obsessed with one side of an investment
story. When that happens, it is often wise to
buck the consensus. Now appears to be such a
time.*”

New York Times, 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
increased use of electricity and electric technologies, on
energy consumption and the environment.¢) 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 force 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
economic growth,

2 Indicators of the role of electricity in
manufacturing and competitiveness.

3 Indicators of the importance of the price of
electricity.

4 Projections for the future price of electricity.

$ Implications of cheaper electricity.
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Part 1- Overall Indicators of Electricity's Role in the Economy

Brief: L

Historic evidence shows that the comsumption of
electricity is strongly correlated with a growing economy,
a trend that it is likely to continue. The strength of this
linkage underscores the importance of the price of
electricity.

As ‘figure 1 shows, over the past two decades the
consumption of glectricity — not total energy — has
grown nearly 70% in close conjunction with the growth
in the economy (measured as Gross Domestic Product,
GDP).

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
electrotechnologies. The U.S. population has grown
about 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 expected to lag behind the simple
growth in the use of those technologies because of
normal continued improvements in electric 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,
This has lead to a profoundly important transition. The
components of the marketplace that use electricity - i,
all parts 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 electricity-dominated economy
means that the supply, reliability and price 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 fuel used
in transportation is excluded. At the national level,
historic trends in transportation technology and fuel use
have virtually nothing to do with the electric sector.?
Only 0.1% of all transportation energy is in the form of
electricity.1® Over 97% of all transportation energy is
in the form of oil.

Thus, including the use of transportation energy in
trends will serve 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 GDP.1'  Primary
economic issues are associated with the non-
transportation part of the economy, the part of the
economy that uses electricity.

Figure 1
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Figure 2
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As shown in figure 2, between 1973 and 1993, the
marketplace consumption of combustible fuels
(excluding those used in transportation) declined by
12%. Juxtaposed against the fact that marketplace
electricity use has grown 70% with the economy’s 56%

.growth, one can only conclude that, overall,

electrotechnologies are displacing fuel-based
technologies.1?

Figure 2 also illustrates the fact that there has been a
30% improvement in overall national energy efficiency
(with respect to all non-transportation activities). In
1973, 838 of non-transportation GDP was supported by
a million non-transportation Btus. By 1993, the same
million non-transportation Btus supported $75 of

GDp.M

These trends can be summarized in a different way, as
shown in figure 3. Growth in the economy and the
industrial, commercial and residential activities has
been primarily supported by growth in the use of
electricity since there has been an actual decline in the
direct use of combustible fuels. The commercial and
residential parts of the economy have grown 60% since
1973: electricity use is up almost 80% and direct
combustible fuel use down 15%. The industrial sector
has grown 70% since 1973 with an associated 45%
growth in electricity use and 12% decline in direct
combustible fuel use.’

Figure 3 Changes in the Economy vs Consumption of Fuels & Electricity 1573 - 1993
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Figure 4 Industrial+Commercial+Residential Sector Fuel Use
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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 surrogate measure of the
increased market use of electrotechnologies, this points
to the importance of identifying and understanding those
technologies — and to the importance of the price of
electricity which drives those technologies.

The sectors driving the economy — the industrial,
commercial, and residential (ICR) sectors — have evolved
from a primary dependence on combustible fuels to a
primary dependence on energy in the form of electricity
(see figure 4). The ICR sectors now consume the major
share of their fuel in the form of electricity.’® 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.}” In 1993, over 53% of
all the primary energy consumed by the ICR sectors was
used first by utilities to generate electricity.

The transition to an electricity-dominated economy is
expected to continue and accelerate. According to the
Energy Information Administration (EIA), by 2010
nearly 60% of the total ICR energy will be consumed by
utilities in order to provide electricity to businesses,
homes and industry.!® The speed of this transition is
apparent in the fact that in 1973 only 32% of all ICR
sector energy consumption was in the form of electricity.
This transition demonstrates the increasing importance
of the availability and price of electricity as an input to
the economy.

The continuation of electricity as the fuel-of-choice in
the marketplace is supported by projections from the Gas

Research Institute (GRI). According to GRI 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 electrotechnologies.!® -

Table 1

Growth in Total US. Energy Consumption
1993 - 2010

56% electricity generation®
27% transportation

17% all other applications

{Source: GRI 1954 Baseline Projections)
*«~ 80% of non-transportation energy growth is for electricity

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

The total energy required to support a dollar of GDP
has been dropping as is projected to continue to drop.
The economy is becoming more energy efficient, and thus
increasingly less dependent on the cost of fuel as an
input. At the same time, the economy has become more
dependent on electricity in terms of kwhrs consumed per
dollar of GDP. This means that the cost of electricity as
an input has become increasingly important over the
past several decades.®

Mills eMcCarthy & Assodiates, Inc.
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The bottom line:

All of the evidence summarized in this section pertaining
to the importance of electricity, and thus the price of
electricity, can be summarized in one over-riding set of
data:

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

¢ 10% of the economy uses 0.1 % of all electricity

The 10% of the economy that does not use electricity is
the transportation sector, which according to
Department of Commerce data, accounts for less than
10% of the nation’s GDP. 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.
Civen 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

and 66% of all oil consumed 2! is a carry-over from decades ago when oil was in facta
larger determinant, and electricity much less significant.
Figure 5 Total Energy and Electricity Intensity per SGDP
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Part 2 - Electricity, Productivity & Competitiveness

Brief:

Technologies that use clectncxty e!edmechno!ogus -
are the dominant form of new and emerging techuolog:es
that are driving a continuing growth in u.s.
mufadunng productivily.

* ‘Productivity : growth has always been a primary
determinant 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 emourage improvements
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 the most important factor driving
improvements in productivity. For eample:

“Technology is the engine of economic growth.
In the United States, technological advance has
been responsible for as much as two-thirds of
productivity growth since the Depression.”
Clinton Admin. technology & economic plan®

Economists typically measure technology progress in the
form of investment in new machinery and equipment.
Sxudies consistently show that machinery and equipment
investment has a strong association with economic
growth. Lawrence Summers and a colleague found ina
recent analysis that between 1960-1985, each extra
percent of GDP invested in equipment was associated
with an increase in GDP growth of one third of a
percentage point per year. No other investment factors
showed as strong an association with economic
growth.2

The relevant issue for this analysis is the extent of the
role of electric 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 electricity in the economy, the National Academy
of Sciences (NAS) reached the following principal
conclusion.

“Owr first and most important conclusion is that
electricity plays a very important role in
productivity growth.”

“To foster increased productivity, policy should
stimulate increased efficiency of electricity use,
romot j ati ri
technologies when they are ecomomically
justified, and seck to lower the regl costs of
electricity supply by removing any regulatory
impediments and developing promising
technologies to provide electricity. [emphasis

added]?¢

In previous studies we have focused on the structural
and mechanical reasons that particular electro-
technologies yield such clear benefits that the NAS so
strongly and clearly recommended a “promotion” of
electric technologies.2> In this analysis, we are focused
on the NAS recommendation that productivity can be
accelerated by policies seeking to lower the cost of
electricity. It is a simple economic maxim that redudng
the price of a commodity will lead to increased
consumption. The increased use of electricity is almost
exclusively associated with increased use of electricity-
consuming equipment %

Since declining electric rates will stimulate increased
use of electrotechnologies, it 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 the price of electricity
stimulates productivity growth in 23 of the 35 industries
and dampens productivity growth in only 12.7 These
two findings are causally linked since electricity is only
useful as a means to operate the productivity enhancing
equipment.

Other analyses have reached the same conclusion about
these linkages.

“..dong-term growth in capital (ic., plant and
equipment) has been associated with muck
sleeper increases in electric than in non electric
energy. Since changes in plant and equipment
are the main vehicle for achieving technological
improvements, clectricily’s very high rate of
growth relative lo capital signifies that
technological progress in manufacturing over
the course of the twenticth erntury has shown a
strong dffinity for energy in the form of
electricity.”

Mills McCarthy & Associates, Inc.

| .




Figure 6
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Far from being solely of historical interest, the
importance of new equipment’s role in productivity s, if
anything, becoming more important. The current
economic expansion is concentrated more heavily in
equipment investments than any other economic recovery
in recent history. Equipment purchases have accounted
for over 30% of the economic growth in this recovery

Source: Fortune

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

Figure 7
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Figure 8
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There is ample anecdotal evidence that manufacturing

firms feel more competitive, too. One national survey of
manufacturing firms found:

“Fully 90% of the survey respondents believe
they are doing a better job of meeting the
competition than they were just five years ago.
Ninety-five percent agree that they have
improved product quality significantly. 30

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 focused on the widespread adoption
of information technologies as presages of productivity
growth. In manufacturing, it is the flexibility, speed of

response, and natural adaptation to and use of
microprocessors that biases new manufacturing
processing towards an integration of electric and
information technologies3!

Not only has the economy become more 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 technologies attributable principally
to electrotechnologies. One is to identify and itemize
specific technologies. Some work has been undertaken
in this direction32 The second is to document the
relative share of eiectric and natural gas use in various
industries, since the fuel use is largely a surrogate
measure of the choice of equipment.

Figure 9
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Figure 10 Total Market Share for Fuels in the Manufacturing Sector 1980 - 1990
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Data from Electrotechnology Reference Guide, EPRI TR-101021, table 2-5

The use of electricity in manufacturing has been growing
at nearly 2 percent per year, while the use of natural gas
has been declining by about 1 percent per year since
1980. Figure 8 shows that the disparity holds across the
various types of manufacturing. Even where natural gas
use has been increasing, such as in materials fabrication,
the use of electricity has been growing twice as fast.3

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 greater share. This result arises from marketplace

choices in the types of equipment purchased and used.

Despite the clear preference of the manufacturing sector
for electricity in terms of the 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%. This suggests that there remains
significant opportunities for investment in new electric
technologies, and in all likelihood, with attendant
improvements in productivity and ecoromic growth.

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

Figure 11
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manufacturing sector energy consumption.3 Electricity
is gaining ground in that sector, with significant
implications for electric demand and fuel competition. 3
Electric price is a more important determinant in process
industries than in the other manufacturing sectors.

It is not only the absolute increase in the use of -

electricity, 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 observed in the data presented here.

A survey of manufacturing firms undertaken by the
Kansas Electric Utility Energy Research Program
provides insight as to the importance of
electrotechnologies to businesses.3é 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
interested in learning more about electrotechnologies.

This transition towards an increasingly electricity-
dominated manufacturing sector contains 2 number of
important implications. With increasing electrification,
marketplace activities:

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

s Are effectively insulated from fuel price swings
because fuel constitutes only one share (ranging
from 40% to 70%) of the total number of
components contributing to the cost of electricity.

s Achieve greater flexibility in adopting new

¢ Enjoy various environmental benefits due to the
low or zero impact of electric-based technologies
~ in effect, environmental issues are 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 ¥

A recent US. 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 facto indicators of greater
productivity), the Commerce study concluded:

“The increased application of these technologies
may act to decrease overall energy demand while
at the same time incveasing electricity demand.”
“Plants which utilize higher numbers of
advanced technologies are less energy intensive
and rely more heavily on clectricity as a fuel
source; use less energy per unit of output, but
consume a higher proportion of electricity;
plants over 30 years old are the most energy
intensive and rely most hesvily on non-
electricity."3?

There are hundreds of electrotechnologies.3® The types
of benefits arising from some representative
electrotechnologies are summarized briefly in table 2.
And an analysis of patent data suggests that a large
share, probably over 40%, of all future manufacturing

technologies because of the inherent flexibility of innovation is associated with emerging
electricity. electrotechnologies. ¥
Milis eMcCarthy & Associates, Inc.
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Table 2 Examples of Electrotechnology Production & Economic Benefits
Electrotechnology Economic Benefit : Case study example
Aluminum melting, resistance Metal losses dropped from 12 % for gas fired to under 2% for electrict!
Asphalt recycling, micowave Saves Los Angeles over $1.5 million/year$2
Clothes drying microwave Substantially lower operating cost than conventional dothes drying®?

Commerdal dishwashing, ultrasonic

Eliminated heating 500.000 gallons of pre-rinse water¥

Cooling tower ozonation .

Operating costs were reduced by almost SQ,GX)/yu.r‘s

Copper processing, electrowinning Costs are 39% lower when compared to conventional methods

Corona discharge Lower cost to treat 3000 CPM air with <100 ppmv VOCt?

Dairy processing, freeze tration A typical dairy can save $100,000 annually using freeze concentration$?
Deburring o hemical machining Production rates have resulted in annual savings of $90,50049

Bectrical discharge machining Scrap rate for dies reduced from 10-20% down to 5%5°

Blectrochemical machining Rejected pieces dropped from 1% to 0% saving $16,000/yr on equipment>!

Electromagnetic foroting

Rejection rate dropped from 10% down to 2%52

Electroreactivated carbon
Hardening, flux field concentrator

BEliminates trucking of spent carbon to reactivation site™
Energy savings of 2% due to flux field concentrator>*

Label curing, ultravidlet Several thousand i of stock saved per day and varnish cost dropped 3-fold™
Laser cutting systems Total cost per part reduced from $172 down 1o $£25
Lumber processing. microwave O1d growth hardwood trees spared, 30% stronger than natural timber>?

Metal cutting, plascna
Micowave curing of rubber

Paint spraying, supercitical COp

Scrap rate dropped from 20% to 10%; fewer rejects, higher mwghpu!s'
Savings of 5% material, 30% floor space, 0% in labor cost, 100% in ocnp”
Improved transfer efficiency from 40% to 70%, reduces VOC use®

Paint strippung, flashlamp
Painting, elecrostatic

Powdered metal coating curing, IR
Pressunzed water cutting

Aircralt paint stripping cost reduced 4-fold, toxic chemical use diminated®!
Transfer rates of 65% v3 15-40% with conventional methods &2

Case study cost per light pole dropped from $1.56 down 10 $0.8653
Reduces waste, downtime for sharpening blades elimi aé4

Shorn wave infrared curing
Toxic waste vitrification
Through heaung, resistance
UV setting of offset inks

25% drop in paint costs, 9% recovery overspray for S0% energy cost uvinp‘s

Eliminates cost of shipping contaminated soil to disposal niteb®
Cost per ton of steel reduced from $34.80 for gas down to sa.8087
Less expensive heat source, better heat transfer, 100% solid inks eliminated VOCs®8

UV/EB Curing
Wastewater treatment, UV

Welding tube. resistance

Zinc recovery from galvanized steel

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

BEliminates transportation of waste to treatment site”?
Increased throughput with a rejection rate drop from 20% t05%7!
9 million BOE, $256 million in zinc imports saved recovering 0% ofsa:pn
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Part 3 - Does price matter?
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Brief: L v

Consumers and businesses feel very strongly about the

price of electricity. Evidence of the importance of price,

not to give short shrift to public and political reaction to

utility rate increases, is found in Wall Street. Wall Street

analysts strongly favor utilities that can compete
“successfully as low-cost providers.

In April this year, the California Public Utilities
Commission (CPUC) completed a 14-month study on the
effects of an increasingly competitive environment for
electric utilities and the direction utility regulatory
policy should take. Issuance of the CPUC proposals
catalyzed strong reactions across the country in both
popular and trade press.”> The 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 proposed schedule to implement the
plan and thus galvanized much of the debate that was
already underway.”

The central goals contained in the CPUC proposals:

- create downward pressure on rates

- assist investor-owned utilities to compete in
increasingly competitive markets

- reduce administrative burdens of the present
regulatory regime

- reform utility regulations to reflect increasing
competition

Utilities are well aware of the importance of low
rates.”® Typical of many reactions is that of Pacific Gas
& Electric Co. which, in preparing for stiffer
competition, recently announced that it will continue its
19-month freeze on retail electric rates through 1995.77

Since much utility policy ends up being laced with
various environmental, social and technical ideologies,
Wall Street analysts arguably provide an ideologically
agnostic view of utility policies. For example, a
Prudential Securities evaluation of utilities identifies
the following key competitiveness indicators:”

= how cheaply a utility generates power

- whether or not cheaper nearby competitors exist

- dependence on industrial customers

- record in forging favorable, i.e., low, rate

agreements with big customers.

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 Jow-cost electricity
predominantly provided by coal-fired generation.™

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

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

The 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, low-cost and stable supplies,
coal looks tough to beat on price.

The Wall Street vote for utilities that can supply cheap
electricity is a direct reflection of the marketplace's
hunger for cheap electricity. For example, a recent
survey of commercial and industrial customers found ®
= 38% would switch electricity suppliers for a 5%
rate reduction
- 53% would switch for a 10% rate reduction.

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

The business market is not substantially different, in
terms of price sensitivity, than the residential market. A
similar survey of residential customers found that fora
5% rate reduction, the share of customers that would
switch to another utility would be:®!

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

This strong residentia! sensitivity to the cost of
electricity is in significant measure a consequence of the
share of a household’s budget that is occupied by utility
costs. For example, for families in the lowest 20%
income bracket, a2 houschold’s total utility bills are
about equal to total mortgage, taxes and maintenance
expenses. Even for the households in the top 20%
income bracket, utility bills are still nearly one-third of
combined mortgage, taxes and maintenance 82

Mills sMcCarthy & Assodates, tnc.




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 the
contrary, that people will feel good about paying more
for a product (e.g. a kilowatt-hour) because of
environmental/conservation 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 important:8

- 82% past experience with brand .

- 64% price

- 47% quality reputation

- 26% well known/well advertised

- 18% environmental record.

Many utilities are, of course, responding and have long
responded to customer concerns over price. Over 20
states have allowed utilities to offer special low rates to
large industrial customers who might otherwise seek
lower-cost self-generation® The implications of a de-
regulated and competitive environment 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 customer-controlled, three-tiered
rate structure reflecting the 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 different prices
of electricity.®

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.e,, an information
“superhighway” linking utilities and their customers.
The value of such a capability for improving electrical
service and lowering costs has lead to utilities being one
of the major 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 over costs from
such real-time information systems also serves to
accelerate the market use of electrotechnologies.3

While understandable self-interest in preserving one’s
own money is an obvious driving force for sensitivity to
electric 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.

e14-

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 businesses.
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 rates as the number two item
(workers’ compensation was the first), and attempted to
cast a positive light on New York’s high cost electricity.
His dlaim:

“According to the EEI, the highest rates charged
by NYSE&G for industrial customers works out to
about 115 cents per kwhr (as of last July 1) for a
very small user; more typical would be about 8.8
cents. Comparable rates charged by [Pennsyivania
utility] PP&L range from 7.7 to 9.9 cents.” ¥

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 prospects by state based on six key indicators: tax
structure, cost of energy, cost of labor, impact of defense
cuts, and Clinton health care proposals and export
markets. As the data earlier in this report illustrates,
the cost of electricity rather than the cost of “energy”
would be a more accurate predictor of economic health.
Nonetheless, the electricity price correlation between
states with good and bad job prospects is remarkably
strong,.

Eorbes predicted strong job growth in 23 of the 50
states.®®  The 12 states with the 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

prospects.
Table 3 - Job Prospects & Electric Rates

| Lowest Rates Highest Rates
ldaho Alaska
Louisiana California
Nevada Connecticut
Oregon Delawure
South Carolina Hawaii
Tennemes Qlinois
Wyoming Massachusetts
Kentucky” New Hampehire
Montana * New jersey
Nebraska* New York
Washington * Rhode island
West Virginia® Arizona =
* not ranked as state with best job prospect

* not ranked as state with worst job prospect

MillseMcCarthy & Associates, Inc
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_Electric Rates & Inflation
Rising inflation is one of the most feared and damaging
trends in any economy.

*Inflation steals our savings, upsets economic
calculation, punishes bond holders, and bails ou!
debtors.® 9

While no one doubts the importance of keeping inflation
under control, inflation is notoriously difficult to

predict and has all of the earmarks of soothsayers
reading entrails.

“1 get a feel for what [ think is going on based on
the information...* Fed governor in a New York
Times interview %! [emphasis added]

With inflation, the difference between cause and effect is
not only unclear but there is ailso 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 response
is for prices to rise. The chase heats up if there is a
perception that prices may rise ~ which increases prices
and heats up the chase, and so on.2 This dynamic seems
uncomfortably dependent on perceptions. If recent New
York_ Times interviews with Fed officials is any
indication, perceptions matter.

“Fed officials said they were putting greater
weight on the economic indicators ranging from

the price of gold and the output of fac!orics to
personal anecdotes. They are also paying more
gliention to human psychology: motably
investors’ ¢xpectations of inflation, an area that
has long exasperated economists who use
computer models to predict inflation.”.93
{emphasis edded]

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

Traditionally, when manufacturing capacity reaches
82.5% utilization, economists see the pressure on

demand chasing the capacity to provide goods as

inflationary. In early 1994, manufacturing capacity
utilization reached 83.5%, although most analysts did
not see inflationary pressures commensurate with this
traditional signal.®5 The reasons may well be rooted in
the failure to account for technology progress, and thus
modify the capacity “trigger point” accordingly.

It is almost certainly the case that manufacturers are
today able to operate at higher utilization levels than in
the past without 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 increased productivity of
manufacturing operations, and in particular the

Figure 12 Total Commodity Purchases®
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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 integration 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 captures 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 Keeping Inflation Low,” Wall
Street Journal, December 1, 1993. .

Despite the fascination with oil (and its unquestioned
importance in the transportation sector and
international 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
the past. In one study of 24 industries that use large
amounts of energy, their performance and costs of
product did not significantly suffer when oil prices rose
in the past. %

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

Table 4 - CRB Index List of Commodities

Meats cattle, hogs, bellies

Metals gold, silver, platinum

Imported coffee, cocoa, sugar

Misc. orange juice _

Industrials  crude oil, cotton, copper, unleaded gas,
heating oil, lumber

Crains corn, wheat, soybeans, soybean oil,
soybean meal
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whether oil or natural gas. Why then is electricity not
included in the commodities basket? The answer may be,
in part, that the traditional basket was created in the
1950s when electricity was a comparatively small

ocommodity.

The Commodity Research Bureau's index of futures
prices incorporates 21 goods, including oil, gasoline and
heating oil.%”7

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

°If commodity prices are on the upswing, can
inflation be far behind? That’s one of the key
questions bugging financial markets and
America’s Federal Reserve these days. So far
this year, the Commodity Researck Bureau’s
spot price index of industrial raw materials has
risen @ hefty 12.7%.° Business Week 9%

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

“Inflation-watchers take note: Augus! is the
critical month for determining how big the soy
crop will be. Thal's significant because the
Commodity Research Bureau’s Index of 21 major
commodities - an important barometer of
inflation — is heavily influenced by price
changes in soybeans.® Barron's 9°

Table 5 itemizes the amount of moncy the nation spends
on the various commodities included in the “basket,”
with electricity and natural gas added to the list for
comparison.'® Figure 12 shows the trends in total
purchases. Clearly electricity is the predominant
commodity, even though it is not in any basket. Figure13
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 tota] amount of money spent on commodities, but its
share of the total basket is rising.

Given the substantial role that electricity plays in the
overall economy, in productivity 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:

What happens to the price index of the commaodities
basket if electricity is made part of the equation?

Mills eMcCarthy & Assodiates, Inc
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Figure 13 Commodities Purchased!0!
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Table 5- 1991 Commodities Purchased!®

Commodity Billion §
Electricit 181
Narural CGas* 1 70
Unileaded Gasoline 58
Crude oil 50
Cattle ' 30
Comn 18
Soybean 11
Pork B 10
Sugar 7
CoHee 7
Heating Oil 7
wheat 6
Lumber 6
Cotton 5
Hogs 5
Co 4
il 3
Cocoa 1
Silver <1
Platinum 3
* not incJuded in the CRB basket

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

The commodity basket price index is substantially
altered by the inclusion of electricity as a commodity, as
shown in figure 14. The inclusion of electricity in the
pnice index alters the change in the index by over 3
percentage points in 7 of the 10 years from 1980 to 1990.

So far in 1994, the traditional commodities price index
has been rising, without an apparent 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 commodities.1%3
Some perspective on the impact of electricity in the
market basket can be acquired by looking at broad
impacts or price changes.

The large effect small changes in electric prices have on
the economy can be demonstrated in two ways. Both the
change in the total amount of money spent purchasing all
of the commodities in the basket as well as the change in
the weighted price index of the basket can be calculated
for a change in price of a single commodity in the basket.
The basket used for these comparisons includes
electricity, and the price index for the entire basket is
modified accordingly.'® Table 6 shows the effect of
doubling in the price of a number of commadities.

Table 6 - Impact of Commodity Price Changes

Double price of % increase in costof | % point increase in

Commodity total basket basket price index
Electricity 44 32
Gasoline 14 4
Soy 3 5
Gold 1 3

Doubling the price of electricity, an ‘accomplishment’
that has been effected in a few states, would have a

‘dramatically larger impact on the economy than

doubling the price of any other commodity. The total
cost of the commodities basket would increase by 4%,
compared to doubling the price of gasoline which would
raise the cost of buying ail commodities collectively by
only 14%. Similarly, the price index of the basket, the
harbinger of inflation, is moved S points by doubling soy
prices, but 32 points by doubling electricity prices.
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Another way to illustrate the relative importance of
these representative commaodities 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 on the basket.

Table 7 - Relative Importance of Commodities

<. A 10% increase in the total cost of
__purchasing commodities would arise from a:
23% rise in electric prices, ora
71% rise in gasoline prices, or a
367% rise in 30y prices, ora
1200% rise in gold prices.

A 2% point rise in the
commodities price index would arise from a:

6% rise in electric prices, or a
46% rise in gasoline prices, or a
37% rise in soy prices, or a
73% rise in gold prices.

To a significant extent, utility trading in wholesale

markets aiready 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 $18 million in the first five
months of 1994 compared to same period during the
previous year on the old system. Con Ed’s overall
trading in electricity 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 a2 day. Currently, Con Ed trades focus on

hourly, daily, weekly and monthly deals. 1%

There are signs that electricity's role as a commodity is
beginning to be recognized. The New York Mercantile
Exchange, the world’s leading market for energy-related
commodity trading, plans to introduce electricity futures
contracts in 1995. The model? Natural gas
deregulation.’® While the trading will likely 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 is sold in the western region.197
If competition drives prices in the West down by an
average of 20%, 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 11%, 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
commodities basket will be vital.

The macro-economic importance of cheap electricity’s
moderating force 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 (does not include cost value of
real assets such as land) $30 billion each year from the
nation’s savings accounts.}%

Figure 14
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Part 4 - Where is the price of electricity going?

Brief: . ,

Economic and competitive forces are increasingly
competing with social forces in the electric area. The
former forces drove electric prices down. The latter drove
prices up. Trends point to the likelihood that the cost of
electricity will drop dramatically over the next 20 years.

Social goals, exercised through the transmission line,
tend to raise electric rates. Economic and technology
forces over time tend to lower electric rates. According

to Business Week:

“Environmentalists ... have effectively used the
regulatory system to goad utililies into adopting
energy-efficiency programs and into buying
power from remewable sources. But if retail
competition is allowed, the lowest-priced
supplier would win. Environmentalists say
that’s short-sighted and ignores the public
benefits of lower consumption and diverse
supply sources,”110

This observation from Business Week underscores why
50 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
censervation programs and renewable energy projects
have been most aggressively required by public service
commissions also tend to be the same states that have the
highest clectric rates: California, Maine, and New York,
for example.

Mainc provides an instructive example of the bizarre
circumstances that have come to surround the economics
of electricity. Maine is a state that has been battered by
an economic downturn, and has seen its electric rates
soar from among the lowest in the nation to among the
highest. Bangor Hydro, one of the state's utilities, has
been engaged in a two-year battle to lower electric
rates. Two years ago, an editorial in the Bangor, Maine,
paper observed:

“The latest word out of Augusta on this rate
reduction, which could save Maine businesses
tens of thousands of dollars? The staff wants to
treal it as a rale increase, requiring expensive,
elaborate filings and, if history is any guide,
interminable and costly delays. "1

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

continues its attempt to provide competitive, i.e., 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 and proponents
of DSM and alternative energy admit that electric rates
have increased because of the programs they have
advocated.'? But the advocates of high-priced
electricity claim that the subsidized renewable energy
projects have provided direct and “indirect”
employment, and:

“The biggest gain is the significantly reduced
carbon dioxide emissions.®

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 emissions,}13
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 commerdial 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, reducing
wages etc. The second effect is a decline in consumer
purchasing power.

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

“Using an econometric model a 10% increase in
electric costs for the state lead to @ 0.23% drop in
employment, 0.27% drop in output GSP, 0.19%
drop in personal income; reduction cf over 1,700
Jjobs in employment, $75 million in outpul and
$68 million in personal income. "}

Maine actually experienced a2 30% increase in electric
costs relative to the rest of the region and nation.

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

One might argue that the trend illustrated in figure 15
means that on average the social and economic forces
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one could argue that today’s average electric rates could
have been much lower than they are. The tensions
between the forces of social engineering and competition
are going to be more powerfully engaged than in the past.
Ascertaining which forces will likely dominate requires
an eamination of the components of those forces.

There are three main components to the social
engineering agenda:
- Demand Side Management (DSM) to reduce
electricity use
- Environmental externalities to “capture”
unregulated envirorunental impacts
- Alternative energy to replace conventional fuel
and power sources.

Each of these components of the social engincering has
aspects that are laudable, achievable, and cost-effective.
It is the zealous pursuit of these programs that creates
economic problems. Here we very briefly review the
economic aspects of these three components.

Demand Side Management (DSM)

An entire industry and academic discipline has arisen
on the subject of DSM. We make no attempt here to
dwell on this subject except to note 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 8), utility management should be
and frequently is receptive to ways to minimize capital
requirements.

Figure 15 Historic Cost of Electricity
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have balanced each other out to the public’s benefit. Or, Table 8

Capital Assets Required

per Dollar of Revenue!ls
Electric Utilities $3.03
Mining $1.74
Communications $1.09
Railroads $1.68
All Manufacturing 50.92
Retail Trade $0.52

D5M programs that are fundamentally cost-effective
(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 DSM is
taken away, programs are chasing increasingly
expensive avoided costs and can be oversold
(overselling 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 Bonneville Power Authority’s DSM
program, for example, revealed typical BPA DSM
programs cost rising from an original level in the 4 to
Se/kwhr range to 7 -11¢/kwhr.}1é Such costs do not
compare favorably to a 4¢/kwhr or Jower costs of
purchasing or generating power in the Western region.

The super-efficient home refrigerator is a pre-eminent
example of overselling a DSM technology. Technologies
clearly exist that can make even the currently most
efficient home refrigerator significantly more efficient.
Advocates frequently advocate that utilities should
directly subsidize homeowners’ purchase of such

equipment. A recent issue of Consumer Reports

evaluated the field of home refrigerators, and also
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undertook a test and evaluation of the “world’s most
efficient refrigerator” delivering a withering criticism of
it on all counts: energy savings, economic viability,
practicality and sensibility.""7

As public utility commissions increase scrutiny on DSM

programs, many utilities are backing off of earlier,

. overly ambitious commitments primarily because they
" are too expensive; i.e,, they tend to raise electric rates.

Environmental Externalities

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 nonetheless, it is argued, have
both an environmental and finandiat cost 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 propose to ‘guesstimate’ the residual
cost associated with these externalities and then add
them to the cost of the electricity.’® Typically, these
quantification’s of externalities leads to penalties per
ton of emissions of $0 - $300 for sulfur oxides, $68 -
S1600 for nitrogen oxides, $1200 for volatile organic
compounds, $1200 for particulates and $6-515 for
carbon dicxide (this last of course is not a regulated
emission since it is a benign gas and not a pollutant
unlike the other pollutants which are regulated).!’® The
net overall effect of these penalties will increase the cost
of electricity from power plants with more externalities
and thereby discourage their use; i.e., sending the “right”
price signal to the market. Typically, these penalties can
add 10% to 15% to electricity rates. 1% In many cases
the externality penalty has the potential to increase
rates from low-cost coal-fired power plants up to
4¢/kwhr.12!

To support their theories, which perforce require
imaginative stretches, many externality proponents use
‘proof by association’ as a typical justification: i.e.,
they list other states where externalities have been
implemented to justify doing it in the state-de-jour. This
has the effect of promulgating a silly idea.12

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

an electrotechnology are just as real as the
environmental impacts of making the electricity to
operate the electrotechnology. A vast 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. Electric 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 marketplace. When this type of correct full fuelcycle
calculation is undertaken, one typically finds that there
is a net decline in environmental impacts associated
with most electrotechnologies. Put another way:
increased electrification typically decreases
environmental impacts, taking into account power
plants. This fact has been extensively reviewed in other
analyses.13

Table 9 summarizes the results of typical externality
calculations for some representative electrotechnologies.
The reduction in CO; and NOx are shown taking into
account national average fuel use at the power plant.
The energy savings arc shown as a percentage reduction
in the total fuelcycle compared to the fuel-based
alternative to the eiectrotechnology, and the emissions
reductions are shown in pounds of emissions eliminated
for every 1,000 kwhrs of electricity used to operate the
respective electrotechnologies instead of the non-electric
alternative.  Electric Power Research Institute
calculations shows that by 2010, the increased use of
15 representative electrotechnologies will of course
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.124

Nonetheless, advocates of environmental externalities
are not proposing to undertake proper full fuel-cycle
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 electrotechnologies. If a
ton of NOx has a value of $1,000 and a specific
electrotechnology used by a business resulted in a
power plant emitting one 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
$1,000, not penalized $1,000 for the electricity used.1®
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Table9- Examples of Fuel-Cycle Savings From

Electrotechnologies2
[ Baargy - | Reduction & 1000 kWh
Technology Sevings = COZ s NOx
Automoblie, elrctric [ 1260 1]
Cance, elactric 9% 1.7 s
Car warwwz, slectric " ne 18,170 188
Clothes drying, hest pumep 7% 2540 12
Clothes drying, micowave 5% &0 a0
- | Coid vaportzation - - 63% 1450 22
Camererreial cooling 73 € 569
Correvercial lmundry, amone ns as0 oS
Copper mreking _ 7% 520 022
Duiry processing, MVR 768 3700 [vi
Dishwashiag, ukrasonic [T} $6.940 2.1
Electric airport shuttle [ 3 1560 463 |
Electric sl “e &0 10
Electric moped s . 30 73
Blearoresctivewd asrbon bed [ 3 9,400 bolt |
Fasm chare tracsar 10% $10 180
Farm pumy % 7% 159
Fex 7 24410 N
FashBake cooking Y7 6920 s4
Forging. direct remistance % 10 03
Farging, inductioa 16% 40 (A}
Freere conorntration, dalry 4S5 a ) 1.0
Freezx concorremtion, sugar (773 2090 b X
Freeze conceatration, water 4% - % ]
Carbage disposer “e . 340 T R4
Gas-line compressar 50% . 1020 13
Cles borties N% 350 /K1
Cnll elearic e ] - 40N 4
Hest pump, grotherzal ©0% 1460 11
Heated foovties (723 2270 1S
fon blast alr ceaning (1,3 1540 (-XJ
Lrigation pump e 1,140 1.1
Ksrchen fax 20% 2380 2.6 )
Ladle prehesting electric revistance 3 1410 20
Lawn leal mrulkching, slectric vacuum T % 8.040 238
Maganine ik drytng, UV IR 1470 18
Medical wasz, electron beam [ 7 3 1m0 s
Medical waste, Medaway-1 “s 3330 a2
Medica! waste, microwasve 43 3250 4.1
Megiev tratn 5% $.360 72
Micowsve oven s 11410 13
Mower, cordens electric o 4,370 10.7
Nowe canceilation muffier ”x 5220 16245
Owvtdaor ighting va. gas light [ ] 1nno 20
Petnt curing tnfrared 8% (7 102
Palre spraying, wapercriaical CO2 13 . 8810 nz
Parbolling rice, ticrowave : “e B -~ ] 11
Puta drying, micowsve e 19.930 83
Powdered cnating cuning. R 7% 1380 17
Powdered cotting curing UV (13 2230 | 2%
Powdered plastic costing oiring IR ° “% 1,340 24
Pressure washing, ehectric ”s 10090 732
Riding lawn snower 3% L 74
Send reclamution, IR ks 250 $2
Siik-scvoen curing, ukTavialket [ 3 10,980 124
Telecomeruting ns 4550 34
Trash compactor 7e $3740 4223
Wastewatet trestrent, RO ns 350 0s
Water hester, hest pump kv, 3 m a2
Water-jet paint stripping o5 2440 291
Welding of tube, resistance % 0 [ 2}
Yarn drying, radio frequency 165 40 0]

Renewables

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:

*Large amounts of remewable energy...are
available for genmerating electricity” “most
utility planners fail to recognize the substantial
_economic benefits of adding renewable energy to
their resource mix."17

Central to the support for renewable energy
technologies is the idea that the so-called non-
renewables (coal, oil, natural gas, primarily) are
running out and we had better hurry and replace them.

Dire warnings of an impending oil shortage with
attendant escalating prices is the first refuge of ail
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 example:

“The recent decline in the rate of discovery of
new petroleum fields in this country has given
rise to the question of what we can do to meet the
demand.... Great Britain, Germany, and Japan
are making synthetic oil and gasoline. Now _fs
7 o a
S0 _that methods will be avaijlable to supply
necessary liguid fuels from American coals
(From the February 1944, Scientific American,
re-published February 1994.)

Current advocates would substitute the phrase
“renewable energy” for the phrase “American coals” in
the above quote, but the idea is not much different. The
impending oil shortfalis 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 mariet share.

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

ago.
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“Most of the remewables are still infant
technologies with big cost disadvantages."128

The renewable advocate’s approach: what if prices for
gas, coal, oil rise? Investing in renewables (which they
admit are more expensive “for now™) will provide a
hedge against this vigorously proclaimed inevitability of
rising prices for conventional energy.1?® Setting aside
*” the fact 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 reveal 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 to meet,
whether through regulatory relaxation or technology
progress? For example, early in the acid rain debate,
many feared (hoped?) that cutting SOx emissions would
cost over $2000/ton; however, the actual cost of
compliance is about $400/ton and falling rapidly.

The net effect of mandating the use of renewable energy
is simply to raise the cost of electricity.1%

“Those Altamont windmills produce power for 7
to 10 cents a kilowatt-hour, compared with 4
cents or less for conventionel fossil fuel plants.
Kenetech would be out of business were it not for
tax breaks and federal and state mandates that
haoe forced people to buy its products.... The
mandated business with Kenetech amounts to a
hidden tax that helps raise PG&E’s rates 50%
above the national average.*13!

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

s competition

s - technology

s raw fuel inputs

Unlike the social forces reviewed above, all of these

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

Competition

The demand for electricity has increased for the past
two decades, and is projected by virtually all analysts
{including those 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 effect of this rising competition
is declining prices. The central driving force in the
competitive electricity market is the fact that new
generating fadilities 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 customers 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-or-beat the cost
of cogeneration from a large General Motors facility,
which resulted in that facility leaving the system - with
the attendant revenue loss to the utility. The reality is
that it is usually more expensive to replace a lost
customer than to keep an existing one. Utilities have a
tremendous incentive in a competitive market to price
power just above incremental costs, otherwise existing
power plants become underutilized thereby raising the
cost 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
coal-fired power plants, and yet-to-be-refurbished older
fossil-fuel power plants.

The nation’s existing coal plants operate at just under
60% capacity factor. Operating these power plants at
full capability of 75% capacity factor would provide
over 450 billion more kwhr of supply, equivalent to 140
new 500 MW generating plants.1®2 The marginal cost of
this additional electricity will be substantially less than
3¢/kwhr, and may be as low as 1.5¢/kwhr.

MiliseMcCarthy & Assodates, Inc.
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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.13 Over 3,000 MW
of repowering is already proposed. About 20% of the
existing coal-fired capacity and 50% of oil and gas
capacity are over 35 years old, representing a total of
100,000 MW of generation.}35 Far from being retired,
many of these power plants can be refurbished and
“tuned up” to produce even more power than their
original design. This option is frequently the cheapest.
For example, at the end of last year San Diego Cas &
Electric rejected 15 IPP bids to proceed instead with a
repowering of one of their existing older power plants
because it was a substantially cheaper option.136

Competition to provide electricity is increasing and is
coming not just from Independent Power Producers (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 revenue should come first from areas 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 service territory is an obvious
option.

The effect 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:

“If today’s low prices persist, the economics of
lower-cost power will likely overwhelm the
regulatory stem now in place.”13%

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

regulatory outcome.

Technology Progress

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

goes down.
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Coal-fired generation is the technology which typically
involves the most extensive materials handling combined
with rigorous environmental regulations. Yet progress
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¢/kwhr.1® Because of the abundance of coal
as a resource, this economic reality sets a de facto ceiling
on competition for much of the country. Cost-effective
technologies already exist to allow coal-fired power
plants to match the low emissions characteristics of
natural gas generation.’ 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 consumers.

It has been claimed that there are no more “economies of
scale” left in the electric business to support the drop in
the cost of electricity which occurred for decades
following the advent of the electric age. This view
confuses technology progress with scale economics. In
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many cases there have been 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 progress
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 trump card for every advocate of non-combustion
technologies is to point to projections showing rising
projected fuel costs for 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 fiction.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 years later.

Figure 17 shows the U.S. Department of Energy’s 1980
projected 1990 price increases for oil, coal, natural gas
and electricity. DOE projections 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 figure
shows, not only were the projections of a decade ago

Figure 17 DOE 1980 Price Projections to 1990 vs Actual Changes
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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.1),

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 magnitude 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 current DOE projections, oil prices are
trending up.'43 By 2010 DOE's “reference case”
projects that oil will reach about $30/bbl in today’s
dollars. It is instructive to note that oil prices (in
constant 19885) have stayed between $6 and $16/bbl
for all but five years over the past century.14¢ All
indications are that major o0il producers can continue to
make a profit at $15/bbl.145 When the price of oil
finally rose over $25/bb! for several years in the late
1970s energy competition was so intense that the price
rapidly collapsed (eg., new oil exploration, the use of
supercomputers and even satellites, new extraction
technology such as horizontal drilling, etc.). Today oil
can be found readily for about $3/bbl in finding
costs.’ On top of that the proved reserves of oil - i.e.,
the amount proven to be available at current prices —
have typically been sufficient for 10 to 15 years of
consumption, and have remained at that level for 50
years. 147

«26-

Even without considering the historical, ultimately a
price ceiling for oil is established by the cost of
delivering OPEC natural 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 LNG tanker. Natural gas can be used in
many of the applications where oil is used now. That
price “kicks in” at around $20 to $25/bbl. Here OPEC
is in a strong position to supply that fuel with 40% of
the world’s proven natural gas reserves, an amount 10
times greater than U.S. reserves.!

In the electric generation business coal prices are the
principal determinant of the cost of delivered energy
since 55% 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
terms over the next two decades.!¥?

All things considered then, what is the trend for the
price of electricity? Figure 18 illustrates today’s
conventional wisdom,150

Some comfort may be extracted from figure 18 in that
electric rates are not projected to rise over the next 20
years. But given the evidence summarized in this
analysis, there are substantial reasons to believe that a
declining trend would be preferable. To 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 clectricity: capital, operations and maintenance
{O&M), fuel, and purchases from IPPs (excluding taxes
and related fees).™!

Figure 18
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Figure 19 Components of Electric Price Projection
2.5
Capital Cost
2
O & M Cost S
- 15 : S =i
; Fuel Cost
o -
-
1
0.5 — —
Purchased Power
0 - + } t -{
1990 1995 2000 2005 2010

Based on the evidence reviewed here, the projections
illustrated above seem reasonable for two of the four
components. There is no doubt that capital costs to
build and O&M 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
over the next 20 years. In fact, the evidence reviewed

here support a view that these two inputs will decline.

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 5¢ by 2010.

Figure 20
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Part 5 - Implications & Recommendations

The pufpose 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
economy -

- competitive forces drive prices down

- technology progress drives prices down

- new end-use technologies are biased towards
electricity

- new technologies increase competitiveness

- cheap electricity is anti-inflationary

Can alternative energy and DSM programs survive ina
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 program that can compete 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
genuinely achieved cost-effectively. Clearly, many DSM
and alternative energy programs cannot meet this
standard.152

In any case, as discussed in this report and extensively
documented elsewhere, the energy efficiency and
environmental benefits which are the ostensibie
motivation for DSM and alternative energy programs,
are also achievable through increased electrification.
And, increased electrification is most readily stimulated
by reduced prices of electricity. In such a framework,
the energy efficiency/environmental gains are not just
“least cost” but are achieved at a maximal benefit to

society.
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8 The graph below duplicates the data shown in figure 12, with the addition of natural gas in the series. Natural gas is clearly a significant’
commodity, and its inclusion will have sonwe effect on the commaodities basket ~ but not one equal in magnitude to that of electricty. As the
purpose in this report is to gauge electricity’s impact, we have not included natural gas in any of the calculations.
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that natural gas, while arguably also a significant cornmodity, has neither the sagnitude nor the moderating effect comparable to electridity.
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104 The graph below fllustrates the annual changes in the CRB's weighted price index for the commodities tracked in the traditional CRB,

to the same basket of commodities but this time using the weighted model developed for this report. As the graph shows, the two weighting
systerns, using the same commodities, produce similar results, We developed a model for this report in order to easily indude dectridity; the

purpose of the graph below is to show that the model used produces largely the same results as the CRB model, when applied to the same
commodities.
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105 e megawatt-hour store” Regional Report, Electrical World, August 1994,
106 ~nother monopoly bites the dust.” Forbes, May 23, 1994,

107 siate Energy Data Report Consumption Estimates, DOE/EIA-0214; WSSC States include: Arizona, California, Colorado, ldaho, Montana,
Nevada, New Mexico, Oregon, Ulah, Wyoming, Washington -

— Milllon kwWn
Regica 1966 | 1987 1988 1989 1990
WSSC 432,886] 4,495, 96 474, 196 488,485 €05, 593
REST 1,946,819 2,019,770 2,114,726 2,169,543 2,217,666
us 2,379,705) 2,469,366] 2,589,522{ 2,658,028f 2,723,259
b ussc ot T n 1 100 19

108 U.S. Department of Commerce, 1993; Table 6&3: total private savings of $890 billior; Money

Statistical Abstract of the United States,
Magazine Sept 194, p. 74: $2.1 trillion in mutual funds held in US. These savings figures underestisnate total real savings,

109 in order o wTive at a justified weighting for the commodities in the basket the following method was emwployed. First, commaodity prices were
normalized to 19560 where 1980 prices = 100. Then these normalized prices were factored by how many 1980 18 quantities were represented in
the basket (a 1980 1S quantity is equivalent to how much of & commodity could be purchased in 1980 for 1 5). These values were then factored

8 second time for value added effect to the general population. This value was then factored by the population for » per capita based value.
These values were then added to obtain the dasired index.

110 “Shock Treatment for California Utilities?™ Business Week, May 9, 1954
Y11 April 17, 1992 Editorial, Bangor Daily News

112 “Energy Choices Revisited: An Examination of the Costs and Benefits of Maine's Energy Policy,” Mainewatch Institute, February 1994

Mainwatch daims that while Maine’s average electricity rate rose to 9.05¢ by 1992 compared 10 a nationa! average of 6.4 when corsidered in
1967 censtant dollars Maine electric costs dropped 3% from 1980 to 1992. They conveniently ignore that the natonal cost of elecwidty

almost four times as gwch over the same period (in the same 19873 terms). In other words, Maine energy policies caused Maine’s electridty to
become vastly less competitive compared to what happened elsewhere and could have happened in Maine.

113 Actual net carbon dioxide emissions cannot be calculated without accounting for the lost opportunities for carbon dioxide reductions associsted
with grester eiectrification. Both historic evidence, and technology-spectfic calculations show that the average tmpact of electrification is to leave
total carbon dioxide emissions unchanged, or slightly declining, Maine’s policies not only discouraged efficient electrification through punitive
pricng, but also through active discouragement of its utilities from marketing. Maine was by no means unique in this fashion.

e “Blectridity costs and Uve Maine econcary: Review and prospects,” Maine Policy Review, News & Commentary, C Colgan, U. of S. Maine.
115 Blectricity Futures Project. Edison Electric Institute, 199¢
116 ~What Does a Negawatt Really Cost? Further Thoughts and Evidence.” P. joskow, D. Marron, The Blectricity lournal, July 1993,
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117 “Tne worid's most effident refrigerator? Consumer Reports, February 1954
Consumer Reports tested the Sun Frost super-eifident refrigerator noting is “astounding™ $3015 price, about $2000 more than conventional
refrigerators. The testers observed that “it is 80 tassive that it might not 8t in an existing niche. It has no rollers or Jeveling legs, 50 you have o
use some effort to muscie it into position. The hesvily insulated door needs 3.5 inches more side cearance than an ordinary model. ... the
nfﬂg-;uo;kn‘cuonhveynhonvey-un,ndvath-whqmmundloulywvdmmfmtheSunFtuuobeumhe
than 19 cubic feet.” - :

As to energy effidency : “To justify its energy use caima, Sun Frost appears to use standards that are quite different from those tssued by the
U.S. Department of Energy and followed by the rest of the industry .. Sun Frost seported 374 kWh per year ... our wests 495 kWh/y1.* In
sddition, the temperature in the Sun Frost ‘freezer was & “balmy 23% while Consumer Reports notes “we've long used 0° as our benchmark.”

* ‘Whexi the Sun Frost was cranked down ©0 reach as close to O as it could achieve, the unit used 710 kwhr/yr compared 0 larger conventional
freezer model’s use of 825 kwhr/yr. This 115 kwhe/yr saving at 7¢/kwhr yields annual savings of $3.05 and 2 payback for the additional
capital cost of 248 years.

118 The idea of “contingent valuation™ is another externality approach to environmental protection that is not reviewed here, but that is already
coating businesses money and is unquestionably goofier than most current es 10 externalities. Here’s how it works: If conventional
sources of funds collected from corparations for environmental damage in the {orm of direct clean-up costs and regulatory fines aren’t eufficiendy
“Jast” (read “punitive”), there is the new fuzzy category called contingent valuation. A cross section of individuals are polled (o see what they
say a particular naturs! resource is worth o them persanally, say a seal in Alaska, 3 whooping crane in Texas, or a slightly different locking
sunset in Maine. The results of the poll are used to assess additional economic fines on corporations,
2w Criliches, Harvard economist, has observed that “Asking a housewife in Raleigh what a seal is worth 1 her in Alaska doesn't strike me as
sensible,” (Fresh Ammo for the Eco-Cops,” Biainess Week November 29, 1993). Nonetheless, New York State regulators have collected $12
million over the past five years from contingent valuation judgments. The total toll collected by Federal and state regulators already exceeds
$175 million (October 18, 1993 Justice Dcptﬁwl)

119 ~Minnesota Prices Externalities,” Eortnightly, May 1, 1994.

120 “Emerging Externalities.” E Palola, [ndependent Energy, November 1992

121 “A Mixed Bag" M. Brower et. al, Fortnightly, May 1. 1954

122 45 "Methods of Valuing Environmental Extemalities,” P. Chernick, E. Caverhill, Electricity loumal March 1991.

123 A CLEANER Economy, MillseMcCarthy & Assodates Inc., June 1993; Elestrotechnologies & Externalities, MillseMcCarthy & Assoclates, Inc,
October 1993; Ecowatts: The Clean Switch Sdence Concepts, Inc, April 1991; The Potential for Carbon Dioxide Reduction Through
BRecmificasion of the Commersial Sector, Energy Research Croup, Inc, May 1991.

124 Saving Encrgy and Reducing COZ with Blestrigity, Electrical Power Research nstitute, September 1991.

128 By far a simpler means to achieve this envir tal and ec jc benefit would be to permit utilities to sell cheap electricity and provide
appropriate rate discounts 10 end-users of electrotechnologies that have substantial environmental benefits. It is in principul feasibie 1o trade the
emissions “credit” that are assodated with electrotechnologies, and that such trades could be engineered or fadlitated by dectric utilities.

126 Details on calculations and case studies for the examples in the table can be found in A CLEANER Economy, MillseMcCarthy & Associates Inc. ’

127 =5 Mixed Bag" M. Brower et. al. Enrtnightly May 1, 1954

128 “The Sun shines brighter on altenative energy.” Busingas Week Novenber 8, 1993
129 .
Toid |

130 Even the mere act of regulating utilities (their rates, 38 opposed to health and safety issues) causes rates to ingease. See for example: “Estimating
the Finandal Cost of Utility Regulation” Charies Studness, Forinightly, November 1, 1993: “Under effective competition, average electric rates
charged all utility customers would be reduced by 1.06 cents, from 658 to 5.52 cents per kilowatt-hour, which would produce savings of $24.4
bilion for customers, based on 1992 usage.” And: “Yet as large as those potential savings are, they do not include the benefits that competition
would provide in spurting technological advances and broadening the range of customer choice.”

131 Mandate power,” N. Munk, Eorbes, August 1, 1994

132 Data from NERC; aalculations based on increasing CF

133 “Competitive Generation is Here,” R. Sant, Electricity Joumnal Aug/Sept. 1993,

134 Repowering..A Ready Source of New Capadity,” Energy Enginecring Vol 91, no. 1, 1954,
135 Repowering " Special Report. Elsctrical World, March 1954,

136 Repowering * Special Report, Electrical World, March 1954.

137 The disparity between [PP and traditional generstion costs prompts questions about the reasons for the disperity in the first place, espedally in
cases where the [PP is operated by the same traditional utilities and people. Quite obvivusly, one pajor difference s the finandal burden of
social and regulatory issues that are attached to utility rates. The rapid rise in depend on independent power 1s foraing a more realistic
examination of the benefits of prograaw and taxes burdening the cost of 2 kilowatt-hour.

138 “Competitive Generation is Here,” R. Sant, Eleciricity lournal Aug/Sept. 1993
139 <Zero Emission from Coal by 20107 RER Report, Fall 1991.

140 Virtually zero SOx emissions are already feasible. And, ABB has ced combustion lechnology that takes coal-fired NOx levels down to
thase of gas burners. (See for example, “Nix on NOx.” Popular Sdence, july 1994.)

41 For 2 more extensive discussion, and statistical fliustration of long-term trends showing déd.inlag historic resource prices — even as consumption
rises, see “The Reserve of Extracted R ces: The Historical Data.” Julian Simen, to-be-published N 2
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142 “Energy in transition” J. Holdren, Sept. 19%0, Sclentific American.

143 . -
DOE projections encompass & base or veference case as well as a high and low range, induding a low price projection of about $20/bbt
2010. However, the reference case, which is the one typically used byothcumlysunndbymtc(wpwpuso(yhmﬁngblorpﬁc-z
reach nearly $30/bbl by 2010. .

144 1ntemational Petroleum Encyclopedia, 1993, p. 11; only 1578 through 1984 did prices exceed this price band; the exploration boom and
subsequent price collapse was stimulated by the brief escalation in oil prices beyond £25/bbL

145 “Hisory 1s full of glants that failed to adapt,” Forbes, February 28, 1994,

. .146 Tbid; this is the reported cost for Royal Dutch Shell. Some majors still spend up 1o $9/bbl in finding costs.

- 147 1nvemational Petroleum Encyclopedia, also, “The Reserve of Extracted Resources: The Historical Data,” Julisn Simon, to-be-published Nori=
Renewable Resources,

148 “Analyzing the prospects for OPEC Countries’ natural gas exports to Eusope,” H. Dahmani, OPEC Bylletin, October 1993,

149 “Fuel Cioice for New Electric Generating Capadity into he Next Century: Coal or Natural Gas® CEED, May 194,

150 Blectridity Futures Project, Edison Electric Institute, 1994

152 Niagara Mohawk, for example, a leader in DSM prograns is revamping its programs, and substantially reducing its DSM budget. Past DSM
programs have been “succesaful in increasing net social welfare, but have had adverse impact on prices.” The utility, like many others, would
like to move away from cross subsidies. “Niagara Mohawk Changes Direction on Demand Side,” The Ouad Report, August 1958 Instead, the

utility will pursue oarket-oriented DSM; Le,, programs that can make money on their merits.

Mills sMcCarthy & Associates, Inc.
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‘never realized begin to terminate, especially in California.
Solar thermal, blomass, and geothermal will be the hardest hit,
“although some wind projects will also face difficulty. The
national implications are apparent given that over 90% of the
nation’s solar, geothermal, and wind capacxty is installed 1 in
California.

'FUTURE GENERATION MIX SCENARIOS

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 examines 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 future U.S. generation mix under three scenarios:
(1) Base Case; (2) Full 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
1979.199)
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ELECTRIC GENERATION FORECAST UNDER
THREE SCENARIOS
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scenaﬁo. Coal continues to drive the electric generation sector
as the foundation of the country’s baseload capacity at 54% and

* 53%, respectively.

Because renewable energy projects are not cost competitive, a
Full and Open Competition scenario predicts a dramatic redue-

- - 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 seeure 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 51% 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; 2) renewables and nat-
ural gas will compete directly for small to mid-sized generation
additions; and 3) coal will garner over half of all new generation,
first through increased capacity utilization at existing plants
and then through the construction of additional baseload
projects which provide reliability and economies of scale.

TECHNOLOGY REVIEW

Contrary to popular belief, electric generation technologies are
not always interchangeable, since they exhibit important
distinctions between capability, resource availability, locational
feasibility, and cost. Even within the category of renewable
energy technologies, important differences persist. Demar-
cations exist between technologies that are combustion and
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U.S. GENERATION MIX, 1994
{BASED ON UTILITY AND NON-UTIUTY GENERATION)
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Energy Choices in a Competitive Era

IN 1994, US. ELECTRIC UTILITIES GENERATED 3 trillion kilowatt hours of
electricity from a mix of energy resourees, including nuclear
power, hydroelectrie, 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 20%, natural gas 11%, 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 electricity is
projected to grow at a rate of 1.5% per year. New generating
capacity must continually be added to the nation's fleet of
power plants and choices must be made about which technolo-
gies to employ. At the same time, the electric utility industry is
undergoing a profound period of change and uncertainty as the
result of the Clean Air Act Amendments of 1990 (CAAA) and
the Energy Policy Act of 1992 (EPAct). While the CAAA are
affecting generation and fuel choices, EPAct is heralding in an
unprecedented level of competition and affecting the very
ability of some utilities to survive.

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

Meanwhile, the number of renewable energy plants under
development has slowed dramatically and iarge 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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'HON-COMBUSTION TECHNOLOGY OVERVIEW

WIND rown‘{

The United States is the world's largest producer of eledricity gen-

. .erpted from wind turbines, with instolled capacity totaling 1,725

megowotts as of 1995. Although more thah 90% of thot capacity
is located in California, utilities in six other states currently oper-
ote pilot projects. The further spread of wind power is limited
geographically because the vast majority of the country’s major
wind systems are locgted in California and the Great Ploins.
Other limiting factors indude the intermittent noture of wind,
which resuils in a typical annual copacity uilization of 30%, and
the land crea required for siting wind farms. Avion mortality has
also been dited as g problem, with preliminary studies finding
hundreds of red tail hawks and dozens of golden eagles killed in
turbine blades every year ct just one wind form in California.

SOLAR THERMAL

There are three well-developed solar-thermal technologies avail-
able today thot can tronsfer solor energy into turbine-based elec-
trical generation, incuding parabolic trough, porabolic dish and
central receiver. All of these technologies rely on four system
components: receiver, toilecior, converter, and transport/storage.
Like wind, solar thermol technoiogies provide intermittent avail-
ability ond are limited by resource availability to the Southwest
and Californic. Although 354 megowaits of copacity ore operat-
ing in Colifornia today, unfovorable energy market economics make
development of new projeds unlikely through the end of the entu-

'

SOLAR PHOTOVOLTAIC

In 1994, over 400 utility sponsored Photovoltaic (Pv) sites pro-
duced dose 1o 14 megawatts of copacity for the grid. While most
of these utility projects are very smoll (less thon 0.001 megowatts)

and non-cost-effective in comparison to traditionol generating

. technologies, industry spedialists feel that Py economics may
someday be pushed over the threshold into market viability.

This optimism is driven by the increasing production of consumer
Py cells (e.g., those used in watches and calculators) and @ grow-
ing demand for stond-clone Pv systems in developing countries.

Nevertheless, costs currently remain high for centrol generation
from Py technologies. The most promising area for the technoloc
lies in remote applications, where the cost of installing or upgrod
ing distribution lines or substations moy be more expensive thon
instolling o Pv generator ot o new demond center. In addition to
economic limitations, solar Py is limited by intermittent
availability.

TR

i
GEOTHERMAL
Four geotherma! technologies are commerdially available today:
Dry Steam, Single Flash, Double Flash, and Binory Cyde. Dry
Steam extrocts noturally occurring steam from o well ond runs it
directly through o turbine. Flash plants pull hot woter from a we
into a separator tank where lower pressure allows a portion of th
waier to “flash® into steam and run through o turbine. Binory
Cyde technologies run hydrothermol fluids in one loop ond o
power fluid (isobutane or ammonia) in another. These two loops
olign in o heot exchonger where the power fluid is vaporized anc
then run through a turbine.

Geotherma! piants have proven o high availability, reaching
annuol copocity utilization beyond 90%. However, as with the
other naturally occurring renewable energy sources, geothermal i
limited by resource ovailobility. Californic, Nevada, Utah, and
Oregon possess almost all economicaily recoverable U.S. geother-
mal reserves, oithough pockets exist in other western states. Of
the 2,700 megowatts of U.S. operating copacity, 90% are located

YEO R DATA INTERMATIONAL INC » EXECUTIVE SUMMARY
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wind depend on natural forces to provide their energy and

. therefore experience lower levels of availability. Hydroelectrie

generation takes place primarily in the Spring when water is
plentiful, while lower levels of generation occur in the Fall and
Winter when water is more scarce. To some extent, utilities can

_ control availability by storing water in reservoirs. Conversely,

A TYPICAL DISPATCH PROFILE
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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%.

DISPATCHABILITY

The ability to control and draw on capacity to meet different
levels of demand is central to electric utility economies.
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 on 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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COMBUSTION TECHNOLOGY OVERVIEW

'
LANDFILL GAS (LFG) 6

In addition to direct combustion, garbage can aiso serve as an

" alternative energy source in a gaseous form. Once o landill

betomes compacted and all aerobic bocterio (i.e., those requiring
oxygen) disappear, anaerobic bacteria begin to proliferate. Over
the course of anywhere from 10 to 100 years these badteria
produce quantities of methane and carbon dioxide ((09) goses, in
cddition 1o other trace elements, that must be vented and either
ﬂ_ared-oﬁ_or_releosed into the atmosphere. Recognizing a poten-
tial resource, a number of landfills now recover these landfill
gases (LFG) for electricity generation or resale info gas markets.
In 1991, fully two-thirds of all recovery projeas generated
electricity from 377 megowatts of capadity.

BIOMASS e

Installed U.S. generating copacity bosed on biomass fuels stood ot
7,415 megowatts in 1992, with more than 81% of that figure con-
sisting of non-utility generation from wood and lumber industry
residues. In fact, biomass is the lorgest of oll grid-(onneaéd
renewable energy sources, representing olmost half of all installed
U.S. renewable capocity (not including teaditional hydroeledric),
in many senses, biomass is hardly exotic or even an “emerging”
technology. Biomass boilers are not very different from coal boil-

ers, and the ideg of burning agricultural waste is not new.

What is radical, however, is the concept of cultivating energy creps,
ond even energy forests, for the primory purpose of fueling boil-
ers. Although the Energy Policy At of 1992 (EPAat) provides o

~1.5¢ per kilowatt hour production tax credit to the technology,

costs remain high and there are currently no plants in commerc
operation. Siting difficulties and lond requirements add to high
tosts in preventing development. One estimate holds that 12%
the country’s fermland would be required to provide 10% of thi
nation’s electricity from such power plants.

MUNICIPAL SOLID WASTE (MSW) m

The Environmental Pratection Agency {EPA) defines municipol
solid woste (MSW) as residential and non-process industrial
wastes, excluding industriol prbcess wastes, hazordous wastes,
municipal siudge, and construction or demolition woste. The
United States generates over 200 million tons of MSW every yeo
with 84% of thot volume consisting of organic material and 16%
tonsisting of incrgonic moteriol, suth as glass and metals.
Residential waste accounts for between 55% ond 65% of aanuai
volume. Just less than two-thirds of ll MSW is disposed of in
landtills, with approximately 20% rectyded ond more than 17%

incinerated.

While some ports of the public support MSW as an clternative to
landfills, others decry the environmentol impots of incinerating
gorbage. Indeed, emissions of heavy metals and other toxic ele-
ments are much higher from the 2,300 megowatts of existing MS
plonts thon from any ather combustion technolagy. Nevertheless
stricter EPA londfill regulations are increasing the cost of landiills |
with the effect of comparatively improving MSW economics.
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U.5. INSTALLED RENEWABLE ENERGY
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non-combustion, waste-derived and naturally occurring, inter-
. mittent and continuous, and land inte isive and non-intensive.
However, the renewable energy technologies considered in this
study have all developed to the point of commercial application.

CAPABILITY

" The essence of an electric generation technology may be

summed up in a characterization of its capability. Capability in
this study is defined as the ability 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, municipal 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 annual 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 experience somewhat lower
capacity factors due to the seasonality of certain fuel stocks.
Non-combustion technologies such as hydroelectric, solar, and
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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 dmounts 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 fill-in periods of low

... solar or wind 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
coal 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 hydroelectrie, 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 technologies, as well as coal 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 Technical 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 renewables plants is
based upon the assumption that new plants will operate at the
high end of the capacity currently attained by the newest state-
of-the-art 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.

RESOURCE DATA INTERNATIONAL INC * EXECUTIVE SUMMARY
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TRADITIONAL TECHNOLOGIES
¢ Pulverized coal (PC) plant with wet flue gas desulfurization

- located in the Southeast. One 400 megawatt unit burning

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

bituminous 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.

RENEWABLE 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 airfoils 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 mass 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 90%.

*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 terms
between 1983 and 1993 and coal-fired boiler capital costs follow-
ing a similar magnitude of decline, coal has been able to outpace
the gains made by renewable technologies and natural gas. At a
levelized production cost of 3.3¢ to 4.4¢ per kilowatt hour under

EXECUTIVE SUMMARY 10 * RESOURCE DATA INTERNATIONAL INC




various discount rate assumptions, state-of-the-art eoal PC boil-
ers lead the list of new generating options, followed by AFBC
coal plants at 3.9¢ to 5.2¢ pe~ kilowatt hour. Natural gas CCT
ranges in cost under these scenarios from 4.1¢ to 4.5¢.
Renewables (including their subsidies) with the most promise
include geothermal units with levelized costs ranging from 6.4¢
to 8.9¢ per kilowatt hour, wind at 5.2¢ to 8.7¢, and MSW from

- 6.9¢ to-11.9¢."

Cost estimates also varied regionally, with pulverized coal
under the Base Case discount rate assumptions ranging from
4.2¢ per kilowatt hour in New England to 3.9¢ per kilowatt
hour in the the South Atlantic. Natural gas combined cycle
plants range from 5.0¢ in the South Atlantic region to 4.0¢ in
the West South Central, and biomass from residue ranges from
9.3¢ in New England to 8.3¢ 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
growth 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 50% subsidiza-
tion of renewable energy. Under this extremely aggressive
scenario, renewables generation grows 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

" With delivered fuel pric
* dedining by 40% to 50% i
real terms from 1983 16199
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subsidies would total $203 billion (19953) between now and 2010.
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LOCATION
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 reserves 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 non-exis-
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 CASE SCENARIO
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Similarly, low levels of rainfall in the West prevent agricultural
| and lumber i< dustries from reaching the scale of such indus-
tries in the Southeast, Midwest, Upper Midwest, and Pacific
Coast, and the low heat content of biomass fuelstocks generally
prevents their economic transport beyond 50 miles. As a result,
_ biomass generating technologies are limited in the West. The
-7 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 (i.e., solar, wind, and geother-
- mal) tend to be located in remote areas. This presents a

[ problem in terms of access to the transmission and distribution

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

- mission lines ($500,000 to $1 million per mile), severely impedes

the construction of any power plant at a remote site unless it
enjoys adequate economies of scale. Most renewable energy
power plant projects do not exhibit such economies.

B Fma.lly, 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 wilderness areas.

ENVIRONMENTAL IMPACTS

The Public Utility Regulatory Policy Act (PURPA) of 1978 is
largely credited with creating the current U.S. renewable
energy industry. However, PURPA 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 landfills and
open air burning of waste. Nevertheless, all energy technolo-
gies present environmental impacts. Wind, for example,
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 aiso consumes no fue! or water, but the Pv
manufacturing process can involve hazardous chemicals that
must be disposed of. Likewise, geothermal binary system
plants create no emissions, although flash designs release
hydrochloric acid and potentially hazardous hydrogen sulfides.

- 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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burned in an uncontrolled environment, and the same may be
said »* LFG which combusts methane gases that would other-
wise have been flared or released into the atmosphere. MSW,
on the other hand, generates toxic air emissions that would
qualify as hazardous for other combustion technologies. -
Coal-fired power plants, which also employ combustion tech-

" - nologies, comply with a myriad of environmental 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 currently removes up to
95% or more of all sulfur dioxide (SO2) emissions and provides
limits on the emissions of SOo and nitrogen oxide (NOyx) from
all existing plants. Largely as the result of these laws, SOo
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, SOo emis-
sions will be reduced by 62% and NOy emissions by 33% from
the levels generated by utilities in 1980.

PUBLIC 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 agricultural 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 25¢
per month surcharge on ratepayers that the California Public
Utilities 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 1.5¢ per kilowatt tax credit to wind and

‘certain biomass technologies, as well as a 10% investment

tax credit.

Renewable energy advocates are

- ingeasingly heading to public
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States adopting externalities are also imposing a cost on the
public by increasing the local cost of electricity. Under the,

“deregulation provisions of EPAct, industrial and large commer-

electricity customers will be able to shop outside the state
fof cheaper electricity, while residential ratepayers will not. In
shoft, advocates for renewable energy technologies are increas-

.- ingly heading to public policy forums as they fail to make their

‘case in the open market.

CONCLUSION N .
On the whole, renewable energy technologies have demonstrated
a limited commercial ability to produce electricity, 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 generating
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 measure 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 technologies under current market conditions.
Solar and wind do not have the capability to replace baseload
coal plants, and biomass does not have the capacity. Few
renewable technologies are econemically 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 coal as the fuel of choice, especially for baseload
generation, well into the twenty-first century.
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S8TATE OF ARIZONA
ARIZONA CORPORATION COMMISSION

Electric Utility Restructuring ) Docket No. U-0000-94-165

COMMENTS8 OF THE CENTER FOR ENERGY AND
ECONOMIC DEVELOPMENT ON STAFF DRAFT RULES

The Center for Energy and Economic Development ("CEED")
submits these comments on the draft rules proposed by Staff in
the above-referenced docket. CEED previously submitted more
detailed comments in this docket dated June 27, 1996. CEED will
not repeat those comments here, although those comments provide
relevant input with respect to Staff's draft rules and CEED
commends those comments again to Staff. CEED's comments below

will focus on the specific draft rules.

CEED opposes R14-2-xxx9 regarding a solar portfolio standard
-and believes it should be deleted from the draft regulations. 1In
addition, CEED opposes and recommends deletion of R14-2-xxx8
regarding System Benefits Charges insofar as such charges relate
to renewable reséurces, DSM and environmental programs.
Otherwise, CEED takes no position on the draft regulations or on
industry restructuring in general.

CEED's opposition to the draft regulations indicated above

is based on three factors. First, to CEED's knowledge the

3

Arizona Corporation Commission has not heretofore required
utilities to purchase specified amounts of renewable resources.
Renewable resources, therefore, cannot be said to be a "system

benefit" provided by the current regulatory system that will be




"stranded" if the Commission moves to restructure the industry.

There is no justification for imposing a "system benefits charge"
or a solar portfolio standard to continue a "system benefit" that
is not currently being provided.

Second, to CEED's knowledge, there has been no work done to
determine the cost to ratepayers of imposing a System Benefits
Charge in favor of renewables, DSM and environmental programs and
of adopting a solar portfolio standard. There is no way;
therefore, of determining the cost-effectiveness of Staff's
proposals. As noted, Staff's proposals would create subsidies
for renewables that heretofore have not existed. It makes little
sense to adopt new regulatory requirements imposing new burdens
on ratepayers without knowing whether the supposed benefit is
worth the cost.

Moreover, the draft rules do not define the "environmental"®

programs that would be subsidized by the System Benefits Charge.

Again, if the public is going to be asked to provide a subsidy
for new programs, there should be some definition of what those
programs will be and how much they will cost.

Third, imposing new pro-renewable regulatory requirements on
the electric market cannot be squared with the deregulatory
purpose of electric restructuring. The purpose of restructuring
is to lower electric rates by promoting competition. Protecting
a segment of the electric market through subsidies and guaranteed

markets runs counter to this goal.




In this regard, CEED would note that the electric

deregulation legislation recently passed by the California
legislature provides for renewable subsidies for a four year
transition period only. 1In the past, the California legislature
has required that the California Public Utilities Commission
mandate a certain amount of renewables. Given this past mandate,
it was decided in the new legislation that publically provided
support for renewables ought not to be abandoned immediately.
However, after the four-year transition period, the use of access
charges to fund renewables will cease.

In Arizona, which has not had renewable mandates in the
past, there is no need to have such a transitional period. And
there is certainly no justification to adopt the requirements
proposed by Staff that would continue for an unlimited period of
time in the future.

In closing, CEED would note that it does not oppose so-
called "green pricing" initiatives with respect to renewables.
Indeed, restructuring, by allowing customer choice, is a perfect
vehicle in which customers can opt to select and pay for energy
provided from renewable resources. CEED suspects that in a rural
state such as Arizona there will be a demand for a variety of
distributed solar applications. CEED does not believe, however,
that ratepayers should be made to subsidize renewables.

CEED appreciates the opportunity to submit these remarks.

Dated: September 11, 1996.
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IN THE MATTER OF COMPETITION IN
THE PROVISION OF ELECTRIC SERVICES

) . DOCKET NO. U-0000-94-165
)
THROUGHOUT THE STATE OF ARIZONA. )
. )
)

COMMENTS OF THE ENVIRONMENTAL GROUP
ON THE COMMISSION’S PROPOSED RULES REGARDING
THE INTRODUCTION OF RETAIL ELECTRIC COMPETITION

November 8, 1996

The Environmental Group, comprised of the Land and Water Fund .of the Rockies (LAW
Fund), the Grand Canyon Chapter of the Sierra Club, and the Grand Canyon Trust, broadly supports
‘the movement of the Commission towards increased competition in the electric utility industry in
Arizona. Retail electricity competition has the potential to lower the costs of energy and provide
other benefits; however, depending on how it is implemented, cdmpetition could also wc;rsen the
industry’s impact» on the environment and make many electricity customers worse’off. In the
Environmental Group’s view, retail competition should be introduced only under terms and
conditions that will enhance the énvironment as well as the interests of all consumers.

In the near term, competitive electricity markets are likely to be driven by short-run price
consideratioﬂs as energy suppliers attempt to maintain or increase their market share. This short-
term focus threatens the state’s environment in at least two ways. First, it threatens investments in

renewable energy and energy efficiency. Although the state’s abundant solar energy resources hold




—

great long-term promise, photo-voltaic and solar thermal téchnologies afe capital-intensive, requiring
near-term expenditures to realize long-term environmental and risk-diversification benefits.
Moreover, even on a life-cycle basis, some renewéble technologies with great long-term potential
are currently more costly than fossil fuel alternatives. Consequently, utilities facing competition are
reluctant to invest in these resources. Utility-funded energy efficiency programs are at risk because,
although they are less expensive than alternative supply-side resources, they can raise electricity
prices in the short-run as fixed costs are spread over a reduced sales base.

Second, short-run price driven electricity markets are likely to result in increased and
extended use of the state’s and region’s older, dirtier power plants because these plants are often
cheaper to operate than newer clean plants and can be life-extended relatively inexpensively.

>These threats are particularly serious, because they come ét a time when Arizona needs to
increase investments in renewable resources and energy efficiency and reduce pollution from existing
plants if it is to meet growing electricity demahds caused by rapid population and economic growth

in an environmentally responsible way. However, these impacts are not inevitable. Indeed, with

adequate safeguards competition can improve the environment. We suggest a number of

modifications to the proposed rule to ensure that competition will enhance the environment.

THE PROPOSED RULE‘ HAS THE POTENTIAL TO ENHANCE THE ENVIRONMENT
In theory, retail competition will provide consumers with the option of purchasing energy
directly from renewable energy suppliers. Similérly, there is already a developing private energy-
service sector in which consumers can contract directly with non-utility and utility-affiliated energy
efficiency companies. We support renewable energy “green marketing” approaches and customer-

driven approaches to energy efficiency as important vehicles for increasing investments in these
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resources.

However, by themselves, these customer-driven approaches are insufficient to guarantee the
investment levels necessary for renewables and energy efficiency to meet a significant portion of the
state’s growing demand for electric energy services. Traditional market barriers, such as lack of
information, free-rider problems, and the fact that the full environmental and other benefits of
renewables and energy efficiency are not directly incorporated into electricity consumption decisions,
will limit investments in these resources.

To overcome these barriers and give renewables a fair chance to compete in electricity

markets we support the concepts of a pon-bypassable System Benefits Charge (SBC) to fund

investments in energy efficiency, renewable resources and low income energy assistance, and a
Renewables Portfolio Standard to encourage renewable resources while leveling the playing field
among energy suppliers.

It should also be the policy of the state tod ensure that competition does not increase pollution
from power plants located in Arizona. Vigorous promotion of clean power technologies, such as
energy efficiency and renewable resources will help attain this goal, but will not likely be sufficient,
especially in the short-run. Measures such as emission caps with tradable emission permits and fuel-

switching usually require capital investment that utilities may be reluctant to make in a competitive

environment. This competitive disincentive should be ameliorated through a cost recovery
mechanism such as the SBC.

In a survey performed in early 1995 for the LAW Fund by Cambridge Reports/Research
Internafional, air pollution was identified most often as the single most important environmental
problem facing Arizona. Moreover, many more Arizonans viewed the impact on the environment

as more important than either cost or dependability in evaluating options for meeting the state’s




electricity needs.!

SOLAR THERMAL AND PHOTOVOLTAIC RENEWABLE RESOURCES

Arizona has the best solar resource in the nation.’ Indeed, just 1% of the ,land area of
Arizona could supply over 17 times the state’s 1991 electricity consuniption at a 10% conversion
efficiency. (Id. at page 3). These figures are meant to be illustrative of the large solar potential of
the state. There are a variety of ways of capturing this resource.

Solar thermal systems collect the thermal energy in solar radiation for direct use in low-to
high-temperature thermal applications. High-temperature applications include the generation of
electricity using conventional steam cycle te;hhology. For electricity generation, several types of
collection systems (parabolic trough, central receiver, and parabolic dish) may be used to concentrate
and convert the solar resource. Higher temperatures result in greater thermodynamic energy
conversion efficiencies. Solar ﬁermal technology offers significant potential for meeting utility
peaking or intermediate electric power generation needs in sunny climates. |

The leading solar thermal electric technology is the parabolic trough, which focuses the
sunlight on a tube that carries a heat-absorbing fluid, usually oil. The fluid is circulated through a
boiler, where ité heat is used to boil water to steam, and the steam is routed to a turbine to generate
electricity. More than 350 MW of parabolic-trough electric generating capacity is operating in

California’s Mojave Desert, connected to the Southern California Edison Company (SCE) utility

1See Attachment 1: SURVEY RESULTS AND DEMOGRAPHIC TABLES: PREPARED FOR
THE LAND AND WATER FUND OF THE ROCKIES, Cambridge Reports/research International,
Cambridge, MA, 1995, questions 2, 17, and 18.

2 National Climatic Data Center (1992). User’s Manual -- National Solar Radiation Data Base
(1961-1990). Cited in Testimony of John Thornton, Principal Engineer, National Renewable energy
Laboratory, Docket No. U-0000-93-052, before the ACC, at page 2.
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grid. Successive iterations on the technology reduced power costs to 8-10 cents/kWh. Central-
receiver plants use a field of mirrors to focus the sun’s energy on a central receiver, which is
mounted on a tower. An experimental 10 MW central receiver power plant, Solar One, was built
and operated in Barstow, California, during the 1980’s by a government/industry team. This plant
utilized conventional water to steam generation technology. The plant has recenﬂy been upgraded
and refurbished to use a molten-salt mixture that can be supérheated and stored sb that the plant can
continue to generate power after the sun sets. The refurbishment and operation of the plant--dubbed
Solar Two--is being conducted by a collaboration of seven utilities, including Arizona Public Service,
and three other organizations.

Parabolic dishes are relatively small-scale applications of solar thermal electric technology.
A parabolic dish tracks the sun and focuses its heat on a Stiriing engine,vwhich converts the heat
energy to mechanical energy. The mechanical energy drives a turbine to generate power. Parabolic
dish systems éan generate 5-25 kW of power and are currently being tested in several Southwest
locatiqns. The latest estimates are that mature dish systems will generate power at around 7-8
pents/kWh in hybrid applications.

Photovoltaics (PV) represent possibly the most modular and flexible ren;ewable energy
technology. PV systems employ a solid-state device, or solar ce'll, to cbnvert sunlight directly into
electricity. PV cells are combined into large panels, or modules, which are used commerc;ially in
a number of remote and stand-alone applications. PV systefns operate unattended, with no fuel or
cooling requirements, and no operating emissions or noise. However, because much of the current
PV cell technology uses: crystalline semiconductor materiéls (similar to intégrated circuit chips),
production costs have been highl compared to those of conventional generation sources.

Even with higher costs, however, PV systems can offer unique advantages because they can




be strategically located to maximize savings to the utility system. For example, several utilities have

been investigating the distributed use of PV to relieve system stresses in heavily loaded distribution
areas. Also, utilities are using PV to serve remote loads and displace costly dedicated distribution
lines. Perhaps the ultirnate distributed PV application is in rooftop'systems, Which locates generation
with loads without environmental impacts such as fuel combustion emissions. Some utilities are
currently investigating rooftop systems, and several states have adopted net energy metering policies
ﬂlat encourage homeowner investment in these systems. '

The near-term market opportunity for photovoltaics is in distributed applications. A growing
body of research is being conducted on the application and valuation of distributed generation and
storage technologies to the utility power system. This is often referred to as thé distributed utility
(DU) concept. "Distributed values" refer to local area (distribution) and fegional (transmission)
benefits that are separate from traditional utility system (geﬁeration) cost determinations.. Research
is showing that at carefully selected sites, the total value of DU technologies, such as photovoltaics,
can be two to three times that of traditional avoided central station. capacity and displaced system
energy values. - -

In addition, the siting of new electric power facilities, both géneratioﬁ and transmission, is
becoming increasingly difficult. There is considerable public sentiment that opposes the lbcation of
large energy facilities at virtually any site. It may prove easier to site several small modular
generation facilities in a distributed mahner than a single large conventional facility.

PV has additional advantages. While the economies of scale of building larger generating
units have been exhausted, the economies of mass production of modular technolégies remains to be
tappéd. ‘These technologies are amenable to cost reductions based on producing millions of units;

rather than individually engineering and assembling each unit. There is also a synergistic market
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effect in that market growth supports more productive manufacturing facilities, leading to reductions

in production costs and market prices.k

All told, these solar technoldgies can produce significant benefits. Among the major benefits
are reductions in air pollution emissions associated with the generation of electricity, reduced fﬁel
price and environmental regulatory risk, and opportunities to reduce transmission and distribution
system costs by distributing small renewable resource based generators near local loads. These
benefits have been addressed at length by Arizona utilities in their Integrated Resource Plans, by
Commission Staff in the June 1996 Draft Staff Report on Resource Planning, and by the LAW Fund
witnesses in the last Integrated Resource Plan proceeding and suf)seduent rate proceedings before this
Commission.

Moreover, commercial development of the various technologies used to capture’solar energy
can provide large economic development benefits to the state. Arizona has the potential to become
a national and mwrﬂational solar industry leader simply by promoting its products and resources.
It makes economic sense to also promote utilization of these products and resources within ifs own
borders. It’ is a normal ‘business decision to utilize one’s own products and keep the economic
benefits at home. To put it more bluntly, if you own a Ford dealership, you don’t drive a Chevy.

In addition, numerous national and regional surveys have indicated that many energy
consumers want the option of purchasing all or a portion of their needs from clean energy resources.
Arizona Public Service Company’s own market research found, in a study entitled the PV Friendly
Pricing Report, that 87% of respondents indicated that continued development of renewables was
~important. In the 1995 Cambridge survey, nearly two-thirds of Aﬁzona respondent; indicated a

willingness to pay at least three dollars per month more for electricity coming from sources less



harmful to the environment.” Indeed, about one-third indicated a willingness to pay over $10 per

month.
Although restructuring can enhance environmental quality and renewable resources can

produce real benefits for Arizona, the rule as currently structured will not fully realize these gains.

COMMENTS ON SPECIFIC SECTIONS OF THE PROPOSED RULE
* More specifically, in its present form the proposed rule does not adequately address important

public interest issues related to Buy-throughs of renewable resources, System Benefits Charge (SBC)
definition and implementation, the Solar Portfolio Standard (SPS), and disclosure requirements for
energy suppliers. These items are addressed below in the order that they appear in the proposed
rule. We propose an integrated set of relatively minor changes which, in essence, clarifies system
benefits, establishes a floor for both the SBC and SPS, and begins to address certain market barrier
issues for renewables.
R14-2-1601. Definitions

The proposed rule defines "System Benefits" as "Commission-approved low income, demand
side management, environmental, renewables, and nuclear power plant decommissionin,;g programs."
We believe this definition requires several clarifications. First, the disincentive for utilities to invest
in technologies or other strategies for reduction of power plant emissions can be mitigated by
clarifying that these constitute environmental programs.

In addition, while the Environmental Group is not opposed to recovery of nuclear
decommissioning costs, inclusion of decommissioning costs as a system benefit is inconsistent with

the other system benefits identified. Moreover, as a regulatory asset, it is far more compatible with

3 1d. question 56.




stranded costs. Thus, nuclear decommissioning costs should be recovered as a stranded cost with

the remainder of the regulatory assets.

R14-2-1604. Competitive Phases

The Environmental Group strongly supports subsection E.3. regarding participation in the
competitive market éf customers producing or purchasing at least 10% of their annual conéumption
from solar resources installed in Arizona. This provision appears to be more of a market-based and
relatively painless way of encouraging utilization of the solar resource within the state. Thus, the
developing solar industry wili have a marketing tool to use to approach potential customers. To the
extent that energy consumers take advantage of this provision, the costs of solar technologies will
be offset for these early entrants by an ability to Buy lower cost energy in the compefitive market.
This occurs without piacing a burden on other energy consumers. At the same time, this "kick-start"
will help the industry to drive down the technology costs.

The Environmental Group also supports in general the "buy-through" concept identified in
subsection G. Earlier versions of the buy-through provision required Affected Utilities to permit
customers to identify electricity sources which it would obtain on behalf of the customer, and
encouraged acquisition of renewable resources. However, as presently constructed, the Affected
Utility appears to have complete discretion as to whether it will allow such transactions on its system.
This language leaves the door open for a utility to unjustly discriminate among customer classes.
.This raises the possibility of inequitable cost-shifting among customer groups. Thus, the current
language enhances vertical market power for the Affected Utilities. :

Nevertheless, we believe that buy-throughs have the potential to provide a cost-effective

method for the promotion of renewable resources. Individual or aggregated customers who desire



to utilize clean energy resburces, specifically renewables such as solar, wind, or geothermal ‘
resources, should have that opportunity. Such buy-throughs would reduce the environmental impact
of traditional electric generating resources and encourage the deVelopment of renewables, while not
burdening other consumers or suppliers. Utility lost revenue concerns may be addressed by capping
the capacity or energy available to be "bought through." We believe that the buy-through mechanism
is consistent with industry-wide movements underway in response to restructuring to develop
customer driven approaches for providing renewable energy.

Therefore, we suggest the following language changes:

G. An Affected Utility may engage in Buy-throughs with individual or
aggregated consumers.

contract for-a Buy-through effective prior to the date indicated in R14-2-
1604(A) must be approved by the Commission

R14-2-1608. System Benefits Charges

The System Benefits Charge (SBC) iS included as an element of restructuring policies and
principles to ensure that important public interests, developed and implemented in a regulated
environment, are recovered from all customers and not lost in the transition to competition.

The SBC as presently proposed appears to leave most of the details for its support and
determination to future processes. In general, the Environmental Group does not disagree with this
approach provided the SBC is adequate to fund present commitments to low income, demand side
management, environmental, and renewables. Our analysis suggests that‘several utilities are not
presently spending sufficient monies to achieve their Commission-approved renewables commitments.
For example, Tucson Electric Power is spending about $200,000 per year on renewables - far short
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of the amount required to achieve its 5 MW commitment. In addition, Arizona Public Service

Company’s present funding levels also appear inadequate to achieve its renewables cp}nmitrnent of
12 MW.

There should be no ambiguity on this issue. As present funding levels appear insufficient
to achieve the MW goals of present Commission-approved renewables programs, it should be clear
that the SBC is likely to collect more monies than are presently being collected. This shortfall may
also affect the "standard offer rates" during the transition. Thus, in our view, paragraph R14-2-
1608.A. means that for renewable resources, funding must be sufficient to achieve the megawatt
goals for the year 2000 established in Decision No. 58643. The Commission should clarify this

point in its final order regarding this rule.

R14-2-i609. Solar Portfolio Standard

The Environmental Group believes the Solar Portfolio Standard is an appropriate mechanism
for ensuring that Arizona’s enormous solar energy resource begins to provide a modest amount of
the state’s energy needs and that electricity consumers in the state realize the benefits that solar
energy can provide.

We note, however, that the one-half percent solar energy floor effective January 1, 1999, and
the one percent floor effective January 1, 2002, while important steps in the right/direction, are
modest compared to what will ultimately be needed for Arizona (and more generally the Rocky
Mountain and Désert Southwest region as a whole), to avoid serious future environmental and risk
diversification problems that will result if the region continues to rely primarily on fossil fuel-fired
resources. Indeed, to protect the region’s environment and guard against fuel ahd environmental

regulatory risk, the LAW Fund’s recent report, “How the West Can Win,” recommends that 5,000
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megawatts of new solar capacity be added to the regional resource base to meet growing electricity

needs by 2015. This report has been included as Attachment 2. Given that Arizona has the best -
solar resource in the region, we believe that a significant amount of this solar capacity should be
sited in Arizona.

The SPS has been substantially weakened from previous draft proposals in two ways. Not
. only was the standard cut m half from previous proposals, it’s very existence appears questionable
beginning in 2002. The present proposed SPS is quite modest, even based upon the current cost of
solar thermal and PV technologies. As such, it shbuld be understood that this compromise is
predicated upon the standard serving as a minimum requirement and is in addition to existing
| resource planning commitments to renewables. The Staff. of the Commission found that the 1% SPS

* When the costs of transmission and

could result in an increase of 4.5% on generation costs.
distribution are included, the impact is well below 3%.° The Staff’s calculations were based upon
‘solar power costs of 30¢ per kWh. An October 1995 National Renewable Energy Laboratory
(NREL) report found the cost of solar thermal technologies to be about 10.5¢ per kWh preséntly,

and projected to decline to 8.1¢ by 2005.5 Moreover, technology and manufacturing improvements

have reduced PV generation costs from $1.50/kWh in.1980 to a range of about 20-30 cents/kWh

4 Staff Discussion of the Proposed Rule on Electric Industry Restructuring, Docket No. U- 0000—
94-165, October 4, 1996, pages 17-26.

3 Based upon estimated transmission and distribution costs of 2¢ per kWh. The same calculation,
still using the Staff’s cost estimates for solar energy, applied to total costs (mcludlng costs likely to
be considered as stranded) result in a rate impact of less that 1.7%.

6 See Attachment 3, The True Cost of Renewables: An Analytical Response to the Coal
Industry’s Attack on Renewable Energy, National Renewable Energy Laboratory, Golden, CO, 1995.
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today.” bThe NREL report found the current cost of PV technologies to be 21.8¢ per kWh,

decreasing to 13.1¢ by 2005. These current and projected cost reductions will significantly diminish
any undue rate impact on Arizona ratepayers.

At these prices, PV is beginning to look attraétive to utilities. In fact, a consortium of
electric utilities, known as the Utility PhotoVoltaic Group (UPVG), has formed to undertake a
"market aggregation" activity for photovoltaics. By aggregating utility PV purchases, UPVG aims
to build a more sustainable market and to develop an industry mfras@cmre for further technology
and cost improvements. The PV activities of the Sacramento Municipal Utility District (SMUD)
provides a prime example of this utility effoft bearing fruit. Over the last several years, SMUD has
built up the most extensive utility PV distributed power system in the world, with over 445
installations (representing nearly 5.7 MW) ranging from small residentiai rooftop systems to large
megawatt-scale central stations. Another 800 kW of PV systems will be added in 1997, SMUD also
plans to add another 10 MW of PV systems for 1998 through 2002 through a competitive Request
for Proposals.

By spreading their system purchases over several years,' SMUD has created a sustainable and
orderly market for PV systems in their service territory. As a-result, the turn-key system costs for
residential rooftop PV systems have steadily declinec'i from $7.70/watt in 1993 to $6.23/watt m 1994,
$5.98/watt in 1995, and $5.36/watt in 1996. Analyses show that a national program to promote thé
"sustained, orderly development" bf PV in the electric power industry could significantly accelerate
the cost-effectiveness time line for PV systems for distributed utility applications. o

There is clear public support for solar renewable energy, at the very time costs appear to be

7 See Attachment 4, Profiles in Renewable Energy: Case Studies of Successful Utility-Sector
Projects, National Renewable Energy Laboratory, Golden, Colorado, 1994.
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decreasing at a substantial rate. Any premium for such clean energy resources is offset by the air
quality and economic development benefits. We therefore urge the Commission to modify subsection
R14-2-1609.B.2. sé that the 1% solar portfolio standard specified in the rule starting on January 1,
2002 is firmly established as a floor. The following language is suggested:
B.2. The Commission may ehange the solar portfolio percentage
applicable -after December 31, 2001, taking into account, among other

factors, the costs of producing solar electricity and the costs of fossil fuel for
conventional power plants.

R14-2-1613. Service Quality, Consumer Protection, Safety, and Billing Requirements

Energy consumers must have adequate information in order to properly choose among energy
suppliers. Thus, the proposed rule should include environmental disclosure requirements in the
billing subsection. As the industry moves toward a more competitive market structure, resource
decisions will shift away from regulators and utilities and be based increasingly on consumer
preferences revealed in the market. Survey data suggest that a significant number of electricity
consumers are concerned about the environmental impécts of electricity production and would prefer
that their electricity was generated using cleaner energy sources. Indeed, the 1995 Cambridge study
found that 79% of Arizona respondents believed it to be important that restrictions be placed on
purchasing electricity from sources that are more harmful to the environment, even if such power
is less expensive.® To act on these preferences and make informed consumption decisions,
electricity consumers désiring cleaner energy will need reliable information on how their electricity
- is generated.

Moreover, the Environmental Group has concerns about the impact of cost incentives in an

8 See supra footnote 1, question 81.

14




open, competitive energy supply market. One would expect energy suppliers competing in the

marketplace to strive to minimize costs. Those suppliers utilizing fossil-fuel, particularly coal,
resources will heive strong incentives to not only minimize emission control costs; but also to
vigorously oppose stricter standards and any voluntary actions which may otherwise be desirable for
Arizona and regional populations. We believe that this incentive is ameliorated through the Stranded
Cost and System Benefits aspects of the proposed rule for existing environmental costs, however the
costs of any future emission controls not presently contemplated, even if in the public interest, could
pose a threat to the competitiveness of certain power plants. In theory, the competitive market can
determine -the appropriate emission control strategy, however unless emission levels of energy
suppliers are revealed to consumers, the market will not have sufficient information to make proper
choices.

To make this information available and to ensure that the electricity puréhased is in fact
generated by the clean energy technologies ﬂiese éonsumers prefer, we urge ihe Commission to
include in subsection R14-2-1613.H. a set of disclosure rules. These rules would require that all
electricity suppliers provide on customer bills the following information: (1) the suppliers portfolio
generation mix by fuel source; (2) supplier portfolio emission rate information (pounds of air
pollutant emissions per kWh generated) for criteria pollutants and carbon dioxide and (3) to the
extent that customers have contracted for a specific resource type such as a renewable resource,
verification that their electricity is in fact being genefated by that type of resource. We suggest that
Commission require electricity suppliers to include their ‘portfolio resource mix and their average
portfolio emission rates in any marketing materials they use as well. Work underway in California

and elsewhere will likely help clarify the best approaches for ensuring fair and full disclosure, and
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for certifying clean energy technologies.’

These disclosure provisions will remove information barriers and help ensure that the market

works efficiently to deliver the electricity products that environmentally concerned consumers desire.

CONCLUSION AND RECOMMENDATION

The Environmental Group believes that the proposed rule provides a strong framework to
implement retail competition in Arizona. We recommend that the relatively few modifications and
clarifications proposed above be adopted for the reasons described. With these changes, the
proposed competitive structure will not harm and may provide opportunities to enhance air quality
and the environment in‘Arizona and throughout the Western United States. We thank the

Commission for the opportunity to present these comments. Dated this 7th day of November, 1996:

Respectfully submitted,

RICK GILLIAM, Senior Technical Advisor
Energy Project

Land and Water Fund of the Rockies

2260 Baseline Road, Suite 200

Boulder, CO 80302

Tel. 303.444.1188x218

Fax. 303.786.8054

® The California legislature has requested information on disclosure and certification by March
of 1997.
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Interviewing dates:  January 20-February 2, 1995

Arizona 18.8 percentage points
Colorado 9.8 percentage points

Overall results are based on a probability sample of 400
interviews with an adult head of household. Results are
weighted to proportionately reflect the populations of

Arizona, Colorado, Idaho, New Mexico, Utah, and Wyoming.

An equal number of men and women are included in the
sample.

+ Arizona results are based ona probability sample of 124
adult heads of household.

++ Colorado results are based on a probability samble of 112
adult heads of household.

Demographic tables for individual states may contain very small

numbers of respondents and caution should be used in drawmg
conclusions based on these data.

Attachment 1

Sample size: 400 Overall*
" 124 Arizona+
112 Colorado++
Margin of error: Overall +4.9 percentage points at midpoint of 95% confidence level
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Pew/Ogilvy Rocky Mountains -1-

1. First of all, what do you think is the single most important problem facing
this state today?

1. Overall

2. Arizona

3. Colorado

1. 2. 3.

Crime * 27% 34% 20%
Environment 18 9 28
Schools/education 7 9 5
Moral decay 4 2 6
Taxes 3.6 0
Unemployment 3 5 1
lllegal immigrants 3 5 0
Govemment and politics 3 3 3
Low wages/salaries 3 2 4
High cost of health 2 3 1
Drugs 2 2 2
Government spending 2 2 2
Poverty/starvation 2 2 2
Welfare 1 2 1
Lack of confidence/trust in government 1 2 0
Government corruption 1 1 1
Inflation 1 0 3
Economy 1 0 2
Social security problems 1 0 2
Housing costs/shortages 0 0 1
Foreign trade 0 0 1
Other 6 5 8
Don't know 7 6 9

Cambridge Reports/Research International
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Pew/Ogilvy Rocky Mountains -

2. Next, what is the single most important

state today?

1.  Overall
2. Arizona
3. Colorado

Air pollution

Car pollution

Water supply

Water pollution
Overpopulation
Recycling problems -~
Pollution

Natural resource use _
Global warming
Overregulation

Waste disposal

Lack of awareness

lllegal dumping

Nuclear waste disposal
Development
Nonenvironmental issues
Industrial pollution

Full landfills
Antienvironmentalists
Water and air pollution
Hazardous waste

Lack of government intervention
Litter

Other

No problems

Don't know

1e Reports/Research International

1.

2.

enviropmental problem facing this

3.

28% 30% 26%

12
12

- s DD WA MO

A ONOOO QO 4 a4 1

-

14

mo_;o_‘_;_;_;_;_._;_s_-.mm—xmm-wmmmto
-AA—LOOOA—*—*NNNO—*NOOO)#(DODA

11
15

pury
H




Pew/Ogilvy Rocky Mountains -3-

3. Now, what is the single most important energy problem facing this state
today? :
1. Overall
2. Arizona
3. Colorado
1. 2 3
Nuclear power issues
Anitnuclear 0% 1% 0%
Pronuclear 0 0 1
h n i

Prices are too high
Conserving water/water shortage
Need alternative to current fuels
Energy conservation
Pollution ' '
Energy costs
Rising prices
Adequate energy supply
Water pollution
Develop solar power
Mass transit
Dependence on oil
Power shortages
Wood

~ High oil/gas prices
Lack of oil resources -

- Recycling

Energy misuse
Finding good future energy source
Waste management
Lack of energy policy
Other ‘
No problems
Don't know

Cambridge Reports/Research International
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Throughout this interview, | will ask you to respond to many of my
questions by using scales from 1" to "7,” where "1" will be the lowest
possible rating and "7" will be the highest possible rating. First, | am
going to read you a list of potential threats to the overall quality of the
environment. Using any number from "1" to "7,"” where "1" means "no
threat at all” and "7" means "an extremely serious threat,” please tell me
how serious you think each problem is. ‘

No threat An extremely (Don't
atall serious threat know)
Mean 1 2 3 4 5 6 7 8

4. Air poliution which
produces smog and
unhealthy air in our._ .

cities
Overall 60 2% 2 3 7 13 22 50 1
Arizona 60 2% 2 3 8 10 23 &1 1
Colorado 60 2% 1 3 6 17 21 50 1
5. The pollution of our
rivers, lakes, and
oceans .
Overall 56 0% 4 6 12 19 19 40 O
Arizona 57 1% 4 8 8 18 15 46 0
Colorado 56 0% 3 3 16 19 24 34 1

6. Acid rain

Overall 43 8% 7 20 15 18 9 16 7
Arizona 44 10% 4 21 11 19 10 19 5
Colorado 4.1 6% 11 18 19 16 8 12 9
7. Global warming from the
greenhouse effect
Overall : 40 16% 9 16 15 16 11 13 4
Arizona 40 20% 4 15 12 20 13 14 2
Colorado 39 11% 15 17 17 12 9 12 7
8. The disposal of solid
waste in a landfill , '
Overall 52 2% 3 13 12 20 15 33 1
Arizona 55 1% 3 14 10 15 17 39 1

Colorado 50 4% 4 12 14 27 14 26 O

Cambridge Reports/Research International
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13.
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Depletion of the ozane
layer in the atmosphere
Overall
Arizona
Colorado

The storage and
disposal of nuclear
waste
Overall
Arizona
Colorado

Reduction of visibility

and damage to plant lite

in national parks and
other wilderness areas
from air pollution
Overall
Arizona
Colorado

Loss of wilderness
areas
Overall
Arizona
Colorado

Constructing dams on
free-flowing tivers
Overall
Arizona
Colorado

Mean

48
5.0
4.6

5.7
58
57

48
5.0
46

51
5.0
52

42
4.1
4.2

5
No threat
at all
1 2 3
i 3 8
13% 1 5§
11% 5 11
2% 5 5
2% 7 7
2% 4 3
5 7 8
4% 8 6
7% 6 11
7% 6 8
9% 5 8
4% & 9
9% 10 16
10% 13 14
9% 6 18

4

11

14

18
14

~ 00 ©O

An extremely (Don't
serious threat know)

5

21
20

13
10
17

>88

25
20

17

18
15

6

17
18
16

16
11
21

15
15
15

16
15
18

7

25
31
18

50
59
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o 14. Considering all the issues facing your state today, how important do you
think planning to meet the state's future electricity needs is? Would you
say itis ...?
1.  Veryimportant
2. Somewhat important
3. Not very important
4. Not at all important
5.  (Don't know)
1. 2. 3 4 5§
Overall : 66% 30 2 1 1
Arizona 65% 30 1 2 1
Colorado 67% 29 2 0 2

15. Do you think your state can best meet its future electricity needs by having
customers use existing supplies of electricity more efficiently, by
increasing the production of electricity in the area, or by purchasing
electricity from sources outside the area?

1. Using electricity efficiently

2. Increasing electricity production
3. Purchasing electricity from other sources
: 4. (Combination) '
5. (Other)
6. (Don't know)
1. 2 3 4 5 &
Overall 61% 18 8 5 3 5
Arizona : 57% 17 13 6 4 4
4 2 7

Colorado : 66% 19 2

16. NA

Note: NA=Not applicable; question omitted from the survey.

Cambridge Reports/Research International
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In evaluating options for meeting the state's electricity needs, there are
many priorities that need to be considered. I'd like to know which of the
following you consider most important. :

17. The jmpact on the environment of the option or its cost for all consumers?
Impact on the environment most important

1.

2. Cost most important
3. (Both equally)
4.

(Don't know)
. 2. 3 a4
Overall ‘ ) 53% 35 10 2
Arizona 50% 37 12 0
Colorado 55% 32 8 5§

18.  The dependability of the option or its impact on the environment?
1. Dependability most important ‘
Impact on the environment most important

2.
3. (Both equally)
4.

(Don't know)
. 2 3 4
Overall 34% 56 8 2
Arizona 33% 58 8 1
Colorado 35% 54 8 3
19. The cost of the option for all customers or its dependability ?
1.  Cost most important
2. Dependability most important
3. (Both equally)
4. (Don't know)
. 2 3 A
Overall 36% 55 8 1
Arizona 36% 56 7 1
Colorado 36% 53 10 1

Cambridge Reports/Research International
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Now I'm going to read you a list of things that electric companies typically
provide for their customers. While all of these may be important to you,
please tell me whether each is one of the least important services or one of
the most important services you want from your electric company. Please
use a scale from "1” to "7,” where "1" means it is "one of the Jeast
important” and "7" means it is "one of the most important” things you
want from your electric company.

One of the least One of the most (Don't
important things important things know)
Mean 1 2 3 4 5 6 7 8

20. The highest level of
service reliability
available
Overall* ‘ 59 0% 2 5 4 22 23 40 4

21. NA

22, Quick restoration of
service in an emergency
Qverall* 62 1% 0 2 6 12 2 56 1

23. Products and services
' to help customers use
electricity more
efficiently and reduce
their energy bills ,
Overall* 57 0% 1 2 12 27 23 34 O

24. Careful planning for the
future energy needs of
the area .
Overall* 61 0% 1 0 6 18 25 48 1

25.  Maintenance and
upgrading of the
distribution system
according to the
highest standards
& ' Overall* . 56 2% 1 0 13 25 24 31 2

* Partial responses only, n=199

Cambridge Reports/Research International
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26.

27.

28.

29,

30.

31.

32.

33.

34.

One of the least
important things

Mean 1 2 3

Activities and facilities
that don't harm the
environment

Overall* \ . B7 2% 1 2

Lowest costs for large
business and industrial
customers
Overall* 41 11% 5 20

Lowest costs for small
and medium business
and industrial
customers
Overall* 47 3% 4 14

Lowest costs for

residential customers

Overall* 51 4% 2 9

Safety of its operations
Overall* 62 2% 0 5§

NA
NA

Electricity that is

consistent, without

power surges or

variations in quality ,
Overall* 59 0% 4 4

NA

* Partial responses only, n=199

Cambridge Reports/Rasearch International ‘
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36.
37.

39.

NA

Have you personally taken any steps in the past year to reduce the amount

of electricity you use around your home?

1. Yes
2.  (Notsure) . .
3. No
Overall
Arizona
Colorado

Cambridge Reports/Research International

83%
90%
76%
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(If taken steps to reduce amount of electricity use, 83%/90%/

43. Specifically, what energy-saving stéps have you taken? Anything else?

76%)
42,
(Totals)
1.  Overall
2. Arizona
3. Colorado

(Energy-efficient lighting)

(Attic or wall insulation)

(Heating duct/pipe insulation)
(Vent damper on water heater)
(Caulking around windows/doors)

(Weather stripping around
windows/doors)

(Bailer-reset controls)

(Set-back/programmable
thermostats)

(Door sweeps)
(Double-/triple-glazed windows)
(Storm windows)

(Attic or roof vents)

(Replaced old hot water system)
(Replaced old heating system)’

(Replaced old air conditioning system)

(Other)
(Don't know)

44. Did your electric company provide assistance or rebates for any of these

changes? ~
' 1. Yes
2. (Not sure)
3. No
Overall*

* Partial responses only, n=179

Cambridge Reports/Research International
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49%
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45.  (If electric company did not provide assistance or

rebates for changes or if not sure, 85%) Have you ever
Participated in an energy-efficiency program sponsored by your electric

company?
1. Yes
2. - (Not sure)
3. No
‘ . 2 3
Overall* | ' 18% 3 79

* Partial responses only, n=156 . .

(Ask all respondents)

Now, as | read the following statements, I'd like to know how strongly you
agree or disagree with-each. Use any number from "1" to “7,” where "1"
means you "strongly disagree" and "7" means you "strongly agree" with
that statement.

Strongly ) Strongly (Don't
disagree ) agree know)

Mean 1 2 3 4 5 6 7 8

46. I am currently doing all |

can to use electricity
efficiently. '

Overall 56 2% 3 7 11 18 18 41 0
Arizona 58 2% 1 4 9 18 22 43 0
Colorado 54 2% 4 9 13 18 15 33 0

47, Money spent on increased
energy efficiency pays off
in lower electric bills. '

Overall 54 6% 4 6 7 20 21 34 4
Arizona 53 6% 4 6 5 2 22 33 1
Colorado 56 5 3 5 9 17 20 35 7

Cambridge Reports/Research International
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48. Increasing energy

efficiency also helps the

economy by

encouraging companies

to develop new

products and services

that save electricity.

Overall 55

Arizona 5.5
Colorado 5.5

49. . | am more aware of the
amount of electricity | -
am using in my home
than | have been in the
past.

Overall 57
Arizona 5.8
Colorado 5.5

50. Energy efficiency is a
long-term concern that
benefits everyone.

Overall 6.4
Arizona - 6.3
Colorado 6.4

51. Instead of building new
power plants,
companies should
invest in programs that
help customers use
electricity more
efficiently.
Overall 55
Arizona 55
Colorado 5.6

Cambridge Reports/Research International
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Strongly
disagree
1 2

2% 4
2% 4
1% 4

6% 3
5% 3
7% 2

2% 1
3%
0% O

-t

3% 5
4% 4
2% 6

3 4 5
6 9 23
7 8 22
5 11 24
3 7 13
5 4 9
2 11 17
1 2 10
0o 2 N
3 2 8
5 10 19
5 9 23

5 12 14

Strongly (Don't
agree know)

6 7
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21 64
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Strongly Strongly (Don't
disagree agree know)

Mean 1 2 3 4 5 6 7 8

52. My electric company is
currently doing all it can

to help customers use %

electricity efficiently. R .
Overall 40 13% 6 12 23 21 8 9 6

Arizona 40 16% 6 11 23.21 9 9 4 -
Colorado 41 10% 6 13 24 21 8 10 8

53. 1 am personally willing
to pay more formy
electricity if necessary
to finance energy-
efficiency measures that
will reduce the need for
hew power plants in the

future.
" Overall 41 17% 7 12 14 25 11 13 1
Arizona 40 20% 4 11 13 27 13 10 1
Colorado 41 14% 10 14 15 2 9 16 1
54, | am personally willing ;

to pay more for my
electricity if necessary,
if it comes from sources
that are less harmful to
the environment.

Overall 50 7% 5 9 13 21 16 29 1
Arizona 50 9% 5 6 12 22 15 30 1
Colorado 50 6% 4 12 13 21 16 27 1

Cambridge Reports/Research International
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55.  (If willing to pay more for electricity to prevent need

for new plants, 49%/50%/47%) If necessary, approximately how
much more would you be willing to pay each month in order to finance
efficiency measures that will reduce the need for new power plants in the
future?

(Nothing)

($1 orless)

($1.01to $2)

($2.01 to $3)

($3.01 to $5)

($5.01t0 $7)

($7.01t0 $10)

(Over $10/month)

(Don't know)

©ONOOAOD A

1.

Overall : 6%
Arizona 7%
Colorado 4%

7. 8. 9.

23 24 19
17 256 22
20 23 16

15
13
17

OO~ N
NWN
AW o
NO = o

56. (If willing to pay more for electricity if it comes from

less harmful sources, 66%/67%/64%) I necessary,
approximately how much more would you be willing to pay gach month if
you knew that your electricity came from sources that are less harmful to
the environment?

(Nothing)

($1 or less)

($1.01to $2)

($2.01 to0 $3)

($3.01 to $5)

($5.01t0 $7)

($7.01 to $10)

(Over $10/month)

(Don't know)

©ONOOOAEON S

1.

Overall 7%
Arizona 4%
Colorado 10%

7. 8 9.

20 33 15
21 32 18
20 35 12

OO N
Wh b o
E NN I
—
- O
-0 o
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57. Which of the following reasons for using electricity more efficiently is
most important to you?

1. To meet the area's growing enerQy needs
2. To hold down the cost of your electric bills
3. To delay the need for new power plants
4. To protect our environment
5. [Buffer]
6. (Other)
7.  (Don't know)
1. 2. 3. 4 5 6 T
Overall 7% 40 8 40 NA 2 2
Arizona 4% 43 10 40 NA 2 1
Colorado - 12% 37 7 49 NA 2 2

58. As you may know, many industries such as telephone, banking, and
airlines have been deregulated in recent years. Some people say that
deregulation has benefited consumers by encouraging competition among
businesses, giving consumers more choices, and improving service.
Other people say that deregulation has hurt consumers by reducing the
quality of the products and services they receive, creating confusion, and
raising prices. In your view, has deregulation generally helped or
generally hurt consumers?

1.  Generally helped

2. - Generally hurt

3.  (Neither, made no difference)
4. (Depends on industry)
5

(Don't know)
1. 2. 3 4 5
Overall ‘ 38% 48 5 3 7
Arizona 47% 39 5 3 6
Colorado 28% 58 4 2 8

Cambridge Reports/Research International
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Recently federal and state rulings have begun to deregulate electric
companies much the same way the telephone company was deregulated a
few years ago. One possible result of this deregulation may be
competition to provide customers with electricity. Customers might buy
electric power from somewhere else in the state, or even from another part
of the country, and your local electric company would charge a fee for
transmitting that power to your home or business. | realize this is
probably not something you have thought much about before now but,
just based on this information, I'm going to ask you a few questions about
the possible impact of such deregulation.

For each of the following, please tell me whether you think it will get - -
better, get worse, or stay about the same if electric utilities are
deregulated.

1. Get better

2. Stay the same
3. Getworse

4. {Don'tknow)

The level of service reliability available

Overall 23% 35 36 S
Arizona 27% 39 32 3
Colorado 19% 31 42 8

NA
Quick restoration of service in an emergency :

Overall 25% 32 40 3
Arizona 26% 34 37 3
Colorado 24% 30 43 3

Products and services to help customers
use electricity more efficiently and reduce
their energy bills

Overall 41% 31 24 4
Arizona 40% 33 256 2

- Colorado 4% 29 24 5

Cambridge Reports/Research International
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1. Get better
_ 2. Staythesame
: 3. Getworse
4, (Don't know)
1 2. 3. 4
63. Careful planning for the future energy needs
of the area
Overall ‘ 37% 25 34 4
Arizona , : 47% 27 22 4
Colorado 26% 23 47 4
64. Maintenance and upgrading of the
distribution system '
Overall 34% 29 29 8
Arizona i 40% 28 25 7
Colorado 27% 30 35 8
~ 65. Activities and facilities that don't harm the
environment v
Overall 32% 31 31 6
Arizona 42% 30 23 §
Colorado 22% 31 40 7
66. Costs for large business and industrial
customers '
Overall 41% 23 31 5
Arizona 44% 27 25 4
Colorado : ~ 37% 18 38 6
67. Costs for small and medium business and
industrial customers : -
Overall 28% 28 40 4
Arizona : 27% 32 37 4
Colorado 28% 25 43 4
68. Costs for residential customers
Overall 26% 22 51 2
Arizona 30% 23 45 2
Colorado 22% 21 57 1

Cambridge Reports/Research International
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72.

73.

74.
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Gét better

1.
2, Stay the same
3. Getworse
4. (Don'tknow)
1 2. 3 4
Safety of its operations
Overall 20% 39 36 5
Arizona 23% 40 32 4
Colorado 17% 37 40 6
NA
NA
Electricity that is consistent, without power
surges or variations in quality :
Overall 19% 37 37 8
Arizona ‘ 23% 36 36 5
Colorado 15% 38 37 10

Now I'm going to read another list of statements about what might happen
if the electric utility industry is deregulated or partially deregulated. As|

~ read each one, please tell me how important each would be toyou ina

deregulated environment. Use a scale from "1" to "7,” where "1" is "not at
all important” and "7" is "very important.” :

‘ Not at all Very (Don't
important important know)
Mean 1 2 3 4 5 6 7 8

NA

How important is it to
you that the current
level of support for
energy-efficient
products and services
be maintained?

Overall 59 2% 1 4 7 15 25 46 0
Arizona . 58 4% 0 6 6 15 21 47 1
Colorado 6.1 0% 2 1

8 15 29 45 0

Cambridge Reports/Research International
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Not at all Very (Don't
important important know)
Mean 1 2 3 4 5 6 7 8

75. How important is it to
you that assistance for
lower-income ®
customers who have :
trouble paying their :
electric bills be , ' .
continued?

Overall
Arizona

Colorado

53

- 83

54

7%
7%

8%

NWN

7
7
6

10 20
10 22
11 18

14
12
17

38
37
39

76. How important is it to
you that smaller
business and
residential customers
be protected from rate
increases that may
result if large industrial
customers shift their
business to other
electricity suppliers?

Overall 59 5% 2 2 5 14 23 4 1
Arizona 58 7% 2 2 6 14 17 8 0
Colorado 61 2% 1 1 3 13 30 46 3

77. How important is it to
_you that electricity
producers who are
using renewable and
alternative power have
equal access in the
electricity generation

market?
Overall 56 2% 2 5 7 2 21 3 3
Arizona 56 2% 1 7 8 25 19 36 1
Colorado - 57 1% 4 2 6 27 22 33 4

Cambridge Reports/Research International
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Not at all Very (Don't
- important important know)
Mean 1 2 3 4 5 6 7 8

78. How important is it to
you that environmental
concerns such as clean
air compliance are
maintained?
Overall ' 63 2% 0 3 8 20 63 O
Arizona 62 4% 0 4 4 5 21 61
Colorado 64 0% 1 2 1t 18 65

-0

79. How important is it to
you that your electric
company be protected
from losing money for
power plants it has built
even if the plants can -
no longer produce
electricity ata
competitive price? '
Overall 40 19% 7 11 17 21 5§ 17 3
Arizona 37 24% 9 9 14 28 3 12 2
Colorado 43 14% 6 13 19 13 8 2 4

80. NA

81. How important is it to
you that restrictions are
placed on purchasing
electricity from sources
that are more harmfut to
the environment, even if
such power is less
expensive? :
Overall 56 6% 2 5 7 19 20 40
Arizona 55 5% 4 5 6 2 18 39
Colorado 57 6% 0 4 7 17 22 42

NN N
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Not at all v.';y {Don't
important important know)

Mean 1 2 3 4 5 6 7 8

82. How important is it to
you that the
maintenance and
upgrading of the long-
distance electricity
transmission system be

ensured?

Overall 56 1% 4 5 8 26 19 35 3
Arizona ‘ 54 2% 5 7 7 22 16 36 4
Colorado 57 0% 2 2 8 20 22 33 2

83. How important is it to
you that the
maintenance and
upgrading of the local
electricity distribution
system is ensured?

Overall 58 2% 2 4 6 20 21 43 2
Arizona 56 2% 4 6 6 18 20 41 .3
Colorado 59 2% 1 2 6 2 2 4 2

84. Suppose you could choose another electric company to serve you. Please
use a scale of "1" to "7" where "1" means "definitely would choose
another company” and "7" means "definitely would stay with my current
company"” to tell me how you feel about your current electric company.:

Definitely would Definitely would
choose another stay with current (Don't
company ' company know)
Mean 1 2 3 4 5 6 7 8
Overall 53 8% 2 & 11 16 13 40 4
Arizona 53 10% 1 8 11 15 11 40 4
Colorado - 54 6% 4 2 10 18 15 40 4

Cambridge Reports/Research International
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85.

86. In considering whether or not to stay with your current electric company,
which of the following factors would be most important in making your -
decision? Which would be second most important?

1. Cost
2. Reliability of electricity supply
3. Quality of electricity supply
4. The ability to choose another supplier
5. The reputation of the supplier
6. How electricity is generated
7. (Other)
8. (Combination)
‘9. (Don't know)
1. 2. 3 4 5 6 7. 8 o
Overall '
First response 3% 31 12 3 6 10 1 0 4
Second response 30% 27 16 6 7 14 0 1 0
Arizona
First response 41% 26 10 3 4 11 -1 0 4
Second response 27% 30. 16 4 7 16 0 0 O
Colorado
First response 24% 37 13 4 7 9 1 1 4
Second response 33% 23 16 8 7 12 0 1 O

Cambridge Reports/Research International
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The next questions focus on your electric company specifically.

87. First, what is the name of your electric company?

1.  Overall
2. Arizona
3. Colorado
. 2. 3
Public Service Company of Colorado 26% 0% 55%
Salt River Project 16 31 0
Arizona Public Service Company 15 29 0
Tuscon Electric Power Company 9 18 0
General cooperative . 4 5 2
General municipal utility 3 0 7
Rural Electric Member Corporation 3 0 5
General/federal/state/district system 1 2 0
General publicly held company 1 1 2
Public Service Company of New Mexico 1 0 0
Cther 15 13- 21
- Don't know 5 1 10

88. Is your electric company publicly held-that is owned by stockholders~run
by your town or city, a COoperat_ive which is run by its members, or some
other type of organizat

Overall
Arizona’
Colorado

o0 s 0N

jion?
1.

Publicly held company
Municipal utility
Federal/state/district system

Cooperative
Cther .
(Don'tknow) _

1. 2 3. 4 5 6
53% 4 17 6 15 5
48% 1 33 5 12 1
58% 7 0 7 19 10

Cambridge Reports/Research International
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89.

90.

o1.

92.

I would like to know how you rate your electric company overall on a scale
of "1" to "7,” where "1" means "very unfavorable” and "7" means "very
favorable.” The more favorable you generally feel toward your electric
company, the higher the number you would give.

Very Very (Don't
unfavorable favorable know)
Mean 1 2 3 4 5 6 7 8
Overall 54 2% 2 8 10 22 30 25 1
Arizona 54 1% 3 9 9 27 24 27 1
Colorado 54 4% 0 8 12 17 35 24 1

I'd also like you to tell me how you feel about your electric rates. Ona
scale of "1" to "7," where "1" means "completely unfair and
unreasonable,” and “7" means "completely fair and reasonable,” how fair
and reasonable do you think your electric rates are?

Completely unfair Completely fair (Don't

and unreasonable and reasonable know)
Mean 1 2 3 4 5 6 7 8
Overall 47 3% 5 12 19 30 17 12 2
Arizona 45 3% 7 16 19 29 14 9 3
Colorado 50 3% 3 8 19 30 20 15 2

Thinking of your electric company, I'd like to know if you think it has
earned your loyalty as a customer. Please use this scale of "1"to "7,"
where "1" means it "definitely has not earned my loyaity” and "7" means it
"definitely has earned my loyalty" to tell me how you feel about your
electric company.

Definitely hasnot ~ Definitely has (Don't
earned my loyalty earned my loyalty know)
Mean 1 2 3 4 L] ] 7 8

Overall* 52 5% 3 5 13 22 20 22 1

* Partial responses only, n=199

NA

Cambridge Reports/Research International
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93. NA

Now, I'd like to ask you some questions for statistical purposes only.

95. Using a scale from "1" to "7,” where "1'"means "do not identify with at ali"
and "7" means "strongly identify with,” please tell me how much you
identify yourself with the label "environmentalist.” .

Do not identify Strongly (Don't
with at all : identify with know)
Mean 1 2 3 4 5 6 7 8
Overall 42 13% 4 11 18 34 10 9 1
Arizona 42 12% 4 15 18 30 11 8 2
Colorado 42 14% 5 6 18 38 9 9 1
96. In the past year, have you or has anyone in yohr household donated to or

been active in a group or organization working to protect the
environment?

1. Yes
2.  (Not sure)
3. No
1. 2. 3.
Overall _ 40% 3 57
Arizona 43% 2 56
Colorado 37% 5 587

Cambridge Reports/Research International




Pew/Ogilvy Rocky Mountains

103. What was the last grade you completed in school?

1.

2.
3.
4.
5.
6.
7.
8.
Overall
Arizona
Colorado
104. What is your age?
1.
2.
3.
4.
5.
6.
7.
Overall
Arizona
Colorado

Some grade school (1-8)
Some high school (9-11)
Graduated high school
Technical/ivocational school
Some coliege

Graduated college
Graduate/professional scho
(Don't know/refused)

1.

2%
1%
2%

3. A4 5.
27 5 26
25 3 28
2 7 28

NbhO N

18-25
26-35
36-45
46-55
56-65
Over 65
(Refused)

1. 2. 3. 4

4% 26 24 15
7% 25 21 15
2% 28 27 16

Cambridge Reports/Research International
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6.

25
29
20

12
10
14

7.

[\V o) 38 (o]

16
20
11
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Pew/Ogilvy Rocky Mountains

105.

106.

-30-

Would you please tell me in which of the categories | read is your {otal
household income--of everyone living in this house?

01. $0-7,999

02. $8-11,999

03. $12-14,999

04. $15-19,999

05. $20-24,999

06. $25-34,999

07. $35-49,999

08. $50-74,999

09. $75-99,999

10. $100,000 and over

11. (Refused)

12. - (Don't know)

01. 02. 03,

3%
2%
3%

04. 05. 06. 07. 08, 09. 10.

Overall 6 7 15 22 17
Arizona 7

5

Colorado

7 16
8 13

L )]

4
2
6 2 19

Please indicate which category best describes your situation. Are you
presently a paid full-time employee, a paid part-time employee, self-
employed, a student, homemaker, or retired?

01. Full-time paid employee

02. Part-time paid employee

03. Self-employed

04. Student

05. Homemaker

06. Retired

07. (Military)

08. (Not currently employed)

09. (Other)

10. (Refused)

11. (Don't know)

01. 02. 03. 04. 05. 06. 07. 08. 09. 10.

Overall 49% 8 12 2 6 21 0 1 0 2
Arizona 51% 8 4 4 6 26 0 0 0 2
Colorado 48% 9 19 0 6 15 0 1 0 1

Cambridge Reports/Research International
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Pew/Ogilvy Rocky Mountains

97. (If donated to or been active in environmental group/
organization, 40%/43%/37%) What type of environmental

-27-

activities have you been involved in?

1.  Overall
2. Arizona
3. Colorado
. 2
Donations
Recycling 13 13
Belong to groups 11 12
Plant trees - S 9
Preserve animals and habitats 8 11
Clean-up programs 4 5
Save rainforests 4 5
Can't remember 3 5
Trash pickup 3 5
Air pollution control 3 3
Clean up parks 3 2
- Clean up water 2 2
Education 2 2
Water quality 2 0
Clean up roads 1 0
Rallies 1 0
Other 5 3
98. Do you own or rent your home?
1. Own
2. Rent
3. (Live with relatives)
4. (Other) '
5. (Refused/don't know)
1. 2. 3
Overall 74% 24 0
Arizona 77% 22 0
Colorado 7% 27 0

Cambridge Reports/Research International
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3 99. Do you usually see and pay your electricity bills, does someone else in
your household usually see and pay the electricity bills, or is electricity
included in your rent? ‘

1. |see and pay bills
2. Someone else sees and pays bills
3. Included in rent
4. (Both|and someone else share duty)
5. (Don't know)
1. 2 3 4 5
Overall 7% 14 3 7 1
Arizona 79% 14 3 3 2
Colorado 7% 13 3 11 1
100. NA
101.  Which of the following do you consider yourself? :
1. White
2.  African American
3. Latino
. 4. Asian
5. Some other group
6. (Refused)
7. (Don't know)
. 2 3 a4 6. 7
Overall | 80% 3 8 1 8 0 0
Arizona 78% 2 10 0 10 0 O
Colorado 83% 4 6 2 6 0 O
102. Sex: _
1. Female
2. Male
. 2
Overall 52% 48
Arizona 51% 49
Colorado 52% 48
Cambridge Reports/Research International
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) 99. Do you usually see and pay your electricity bills, does someone else in
) your household usually see and pay the electricity bills, or is electricity
included in your rent?
1. Isee and pay bills
2. Someone else sees and pays bills
3. Included in rent
4. (Both | and someone else share duty)
5. (Don't know) '
| . 2 3 4 S
Overall 76% 14 3 7 1
Arizona 79% 14 3 3 2
Colorado ) 72% 13 3 11 1
100. NA
101.  Which of the following do you consider yourself?
1.  White
2.  African American
3. Latino
4. Asian
5. Some other group
6. (Refused)
7. . {Don't know)
. 2 4 5 6 7
Overall . 80% 3 8 1 8 0 0
Arizona 78% 2 10 0 10 0 0
Colorado 83% 4 6 2 6 0 0
102. Sex:
1. Female
2. Male
1. 2
Qverall ‘ 52% 48
Arizona 51% 49
Colorado 52% 48

Cambridge Reports/Research International
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103. What was the last grade' you completed in school?

1.

Overall
Arizona
Colorado

104. What is your age?

Overall
Arizona
Colorado

ONOoO~OD

Noog kD~

Some grade school (1-8)
Some high school (9-11)
Graduated high school
Technical/vocational school
Some college

Graduated college

Graduate/professional school

(Don't know/refused)

1 2 3 4 s
2% 6 27 5 26
1% 4 25 3 28
2% 7 29 7
18-25

26-35

36-45

46-55

56-65

Over 65

(Refused)

1. 2. 3. 4

4% 26 24 15
7% 25 21 15
2% 28 27 16

Cambridge Reports/Research International
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25
29
20

12
10
14

16
20
11
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105. Would you please tell me in which of the categories | read is your fotal
. household income-of everyone living in this house? '
. 01. $0-7,999
02. $8-11,999
03. $12-14,999
04. $15-19,999
05. $20-24,999 ‘
06. $25-34,999 ' S |
07. $35-49,999 - ‘
08. $50-74,999
09. $75-99,999
10. $100,000 and over
11. (Refused)
12. (Don't know)

_ o1. 02. 03 04 05 06. 07. 08. 09. 10. 11. 12

Overall 3% 6 4 6 7 15 22 17 5 5§ 9 0 E
Arizona 2% 7 2 7 7 16 22 16 5§ 3 11 t k
Colorado 3% 4 6 5 8 13 2 19 5 8 8 0

106. Please indicate which category best describes your situation. Are you

presently a paid full-time employee, a paid part-time employee, self- i .

employed, a student, homemaker, or retired?
01. Full-time paid employee
02. Part-time paid employee : ‘ ’
03. Self-employed
04. Student
05. Homemaker [
06. Retired '
07. (Military) . l
08. (Not currently employed)
09. (Cther)
10. (Refused) ' f
11. (Don't know)

01. 02. 03. 04 05. 06. ©07. 08. 09. 10. 11

Overall , 4% 8 12 .2 6 21 0 1 0 2 0
Arizona . 51% 8 4 4 6 26 0 0 0 2 0
Colorado 48% 9 19 0 6 15 0 1 0 1 o

Cambridge Reporis/Research International
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107. Are you registered to vote in this area, or not?

1.

2.
3.
Overall
Arizona
Colorado

108. Generally speaking, do you usually think of yourself as a Democrat, a

Yes
(Not sure)
No .

80%
78%
83%

Republican, an Independent, or something else?

1.

2
3.
4.
5

QOverall
Arizona
Colorado

109. Would you describe yourself as more of a liberal or more of a

conservative?

1.
2.
3.
4,
5.
Overall
Arizona
Colorado

Democrat
Republican
Independent

Something else

(Undecided)

Liberal

Conservative

(Moderate)
(Refused)
(Don't know)

Cambridge Repons/Résearch International

1. 2.

3.

33% 33 25
33% 37 28
33% 30 26

1. 2.

31% 54
33% 53
29% 55
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20
15

4
3
2
4
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Preface

One intended result of federal investments in renewable energy research and development (R&D)
programs is the adoption and use of renewable energy technologies in the energy marketplace.

Insights into the nature of energy markets can help to assure that the technologies being developed
are compatible with these markets.

In April 1995, the Center for Energy and Economic Development (CEED), a coal industry lobbying
group, issued a report critical of the role that renewable energy technologies can play in future power
sector markets. Both the National Renewable Energy Laboratory (NREL) and the U.S. Department
of Energy (DOE) felt that it was important to respond to the CEED report by examining its basic
assumptions regarding renewable energy and fossil-fuel-based technologies and future power markets.
This report documents the NREL analysis that refutes many of the CEED report’s key findings.

NREL’s Analytic Studies Division (ASD) supports the long-range planning of the overall federal
renewable energy R&D program, both at NREL and DOE, by conducting analyses on aspects of
energy market competition that are relevant to the present and future deployment of renewable energy
technologies. ASD reports on these efforts to DOE and NREL managers, as well as external utility
sector stakeholders, to enhance their awareness of competitive and institutional factors that may
affect the successful deployment of renewable energy technologies in the marketplace.

The authors wish to acknowledge the support of the Office of Utility Technologies in the Office of
Energy Efficiency and Renewable Energy at DOE and to thank several external reviewers. The
~authors also thank Mary Anne Dunlap for editorial assistance. :

Approved for the
NATIONAL RENEWABLE ENERGY LABORATORY

Thomas D. Bath, Director ‘ Blair G. Swezey, Manage
Analytic Studies Division Utility Analysis Projects
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Introduction

In April 1995, the Center for Energy and
Economic Development (CEED), an umbrella
organization of pro-coal interests, released a
report entitled Energy Choices in a Competitive
Era: The Role of Renewable and Traditional
Energy Resources in America's Electric
Generation Mix. The report purports to show
that a very modest growth in the use of renewable energy in the U.S. power sector would entail
unaffordable costs for the nation’s electricity ratepayers.

. . a modest growth path of renewable
resource development would essentially cost the
nation little more than projected electricity
market costs for coal-fired generation. . . .

The National Renewable Energy Laboratory (NREL) was commissioned by the U.S. Department of
Energy (DOE) to review the assumptions contained in the report, which was prepared for CEED by
Resource Data International, Inc. (RDI). The NREL analysis finds that the conclusions of the
CEED/RDI study are based on faulty data and assumptions regarding the comparative economics of
coal and renewable energy development. After correcting these errors, NREL finds that a modest
growth path of renewable resource development would essentially cost the nation little more than
projected electricity market costs for coal-fired generation, even before considering the environmental
benefits that would accompany this development.

The True Cost of Renewables

The CEED/RDI study claims that a modest

increase in the contribution of nonhydro because renewable energy technologies
renewable energy sources, from 2% of total ;11 pecome more, not less, cost competitive,

electricity supply today to 4% in 2010, will cost  ponhydro renewables could . . . supply a

the nation $52 billion "above today's most  much larger fraction of the future power
competitive power alternatives."  NREL  market than the 4% assumed by CEED/RDI.
estimates that the extra cost of renewables
development would be $1.9 billion over 15 . ;
years, or an average of just more than $100 million annually — less than one-tenth of 1% of the total
annual revenue of the U.S. electric utility industry. In fact, the NREL analysis shows that certain
renewable energy technologies, such as geothermal and wind, are projected to become more
economic than coal during this period. ' |

Why the big difference? First, the CEED/RDI analysis relies on data that overstate the cost and
performance advantages of coal-fired plants. The NREL analysis used coal data from the Electric
Power Research Institute (EPRI), the national research and development (R&D) organization for the
electric utility industry, and from the U.S. Energy Information Administration (EIA), the statistical
arm of DOE. This change alone reduces the CEED/RDI renewables cost by $8.6 billion.
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Second, the CEED/RDI analysis employs unjustifiably high cost estimates for renewable energy
technologies and assumes no improvement in technology costs and performance throughout the 15-

_ year analysis period. This assumption is contrary to recent market experience, which has seen several

utilities contract for cost-effective renewable energy power. In addition, this assumption runs counter
to the last 15 years of history, which has witnessed dramatic improvement in renewable energy
technology costs and performance. Many energy analysts expect these improvements to continue.’
For its analysis, NREL substituted renewable energy cost data from DOE, which are more
representative of current market costs and which account for expected future technology
improvements. This substitution accounts for a further reduction of $31.6 billion from the
CEED/RDI estimate. '

Finally, the CEED/RDI analysis assumes a fixed market share for renewable energy technologies.
It does not consider comparative economics or the ability of renewable energy industries to supply
the market. The NREL analysis assumes a more orderly development path for the renewables
industries. This final difference reduces the CEED/RDI estimate by another $9.9 billion, leaving a
total "above-market" cost estimate of only $1.9 billion over the next 15 years. Furthermore, because
renewable energy technologies will become more, not less, cost competitive, nonhydro renewables

- could be reasonably expected to supply a much larger fraction of the future power market than the

4% assumed by CEED/RDL
Energy Subsidies

The CEED/RDI study implies that renewable
energy technologies can only be competitive

with massive public subsidies, stating that ... fossil fuel and nuclear equipment, the
"advocates for renewable energy technologies existing subsidy structure markedly distorts
are increasingly heading to public policy forums  the marketplace . . . away from renewables."
as they fail to make their case in the open = —Congressional Research Service

market" (page 16). |

"because the great bulk of incentives support

However, what CEED/RDI fail to note is that coal and other fossil fuels historically have been and
continue to be the recipients of massive public subsidies. A recent paper by the Congressional
Research Service (CRS) summarizes the findings of several energy subsidy studies, including a 1992
study by DOE’s EIA? These studies have consistently found that public subsidies given to fossil fuels

- far outweigh incentives available for renewables development. Indeed, CRS notes that the most

recent of these analyses found that "because the great bulk of incentives support mature fossil and
wclear equipment, the existing subsidy structure markedly distorts the marketplace for energy in a
“ection away from renewables."

recently, the federal government has contributed nearly $3 billion to the development of new
ning technologies through the Clean Coal Technology Program, while the renewable energy
is today fighting to maintain a $300 million annual federal R&D budget for all renewable
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energy technologies combined.> And RDI itself, in another recent analysis, estimates that ratepayers
nationwide will incur costs of $14.8 billion because of above-market, long-term coal contracts

between electric utilities and coal producers.*
Environmental Impacts

While CEED/RDI expend great effort to ascribe
negative environmental impacts to renewables,
they conveniently ignore the costly
environmental impacts associated with the
combustion of fossil fuels. For example, because

The prospective environmental cleanup costs
of fossil-fuel-based plants are never
considered up front when generation
investment decisions are made. . . .

of fossil-fuel-based emissions of sulfur dioxide
and nitrogen oxides, electricity ratepayers will be
required to pay $4 billion or more per year to clean up emissions under the Clean Air Act
Amendments of 1990.° The specter of additional emissions control requirements (e.g., for control

of air toxics and fine particulates, not to mention carbon dioxide), as well as environmental taxes,
potentially creates additional cost burdens.

The prospective environmental cleanup costs of fossil-fuel-based plants are never considered up front
when generation investment decisions are made; only later are ratepayers presented with these costs.

The Reliability of Renewable Energy Systems

To further discredit renewables, the CEED/RDI
report states that many renewable energy sys-
tems are inherently unreliable. In fact, using
traditional utility reliability criteria as a gauge,
the reliability of renewables projects is generally
comparable to that of conventional utility gen-
erating plants. For example, the availability of newer wind plants has improved to 95% or greater -
on average.® And photovoltaics systems are highly valued in remote applications specifically for their
high reliability compared with the reliability of diesel generation and stand-alone battery systems.

. . . the reliability of renewables projects is
generally comparable to that of conventional
utility generating plants.

CEED/RDI point to the capacity factors and dispatchability of renewable projects as reliability
issues. However, the majority of renewable technologies can operate in base load or are otherwise
dispatchable; geothermal units can have capacity factors greater than 90%. For comparison, the
average capacity factor for all operating coal-fired power plants in the United States was 60% from
1990 to 1994.7 Solar- and wind-based projects, without storage, typically have capacity factors of
20% to 30% because they operate only when the sun shines or the wind blows.

However, the plant capacity factor is not as important as whether the plant generates its predicted
output, that is, the output level upon which the economic decision to build the plant was based.
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© Also, utility plants are dispatched based on production costs, and because many renewables have low
production costs, renewables tend to be dispatched whenever the output is available to displace the
power produced from units with higher production costs.

When power from intermittent resources is not available, other generators on the system must be
called upon to supply the power. At low penetration levels, this situation is much like the normal
utility system response to load fluctuations. At higher penetration levels, a utility might have to
provide additional dispatchable capacity to compensate for both normal load fluctuations and the
output variations of intermittent generators. A recent NREL review of this topic suggests that
intermittent generation levels of at least 10% can be accommodated with no adverse system impacts.®
Already today, wind generation provides up to 7% of the system load, and has supplied about 5%
during peak hours, on the Pacific Gas and Electric system with no adverse effects.’ These intermit-
tent penetration levels are far above the contributions examined in the CEED/RDI study. In fact,
research shows that intermittent penetration levels above 10% are also entirely feasible, with any
technical limits being a function of the specific utility system characteristics.'

The Impact of Electricity Competitidn

Finally, CEED and RDI state that with "open
and direct competition" in electricity markets,
renewable energy use is likely to decline be-
cause it will be priced out of the market. On
the contrary, the renewable energy industry
welcomes truly open and fair competition as a
boon to renewables development.! This is because true competition will provide electricity
customers with the ability to choose from an expanded number of electricity suppliers offering
alternative services, ones that will include renewables. This situation is akin to shopping at a
supermarket where customers base their purchases, in part, on product differentiation and perceived
value. A large segment of the American public has consistently supported greater development of
renewable energy sources, and utility surveys are also revealing customer preferences for
renewables.> At the same time, a growing market will ensure continued improvement in the
economics of renewable energy technologies. '

. . . the renewable energy industry welcomes
truly open and fair competition as a boon to
renewables development.

However, the electric industry is just now beginning its experiment with more competitive market
structures. In addition, the existing system of energy subsidies will continue to distort energy market
decisions. To the extent that truly fair and competitive markets cannot be obtained, public policies
and regulation may still be required to assure that the public interest is factored into market outcomes.
And even in a perfectly competitive market, market failures, such as accounting for the uncosted
environmental impacts of different energy resources and assuring adequate provision of public goods,
will continue to exist. A properly functioning competitive market should provide ample development
opportunities for renewables. We won’t really know until effective market tests are performed.
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10. .
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See, for example, the discussion on renewable energy in DOE's recent National Energy Policy
Plan, which notes that "During the last 15 years, intensive work by industry and the
Department of Energy's national laboratories has steadily increased the reliability of
renewables energy systems while dramatically lowering their costs. These systems are
gradually becoming commercially competitive with conventional power sources" (Sustainable
Energy Strategy: Clean and Secure Energy for a Competitive Economy, July 1995, page 44).
An analysis of energy futures performed by Shell International notes that renewables costs
will continue to fall as production increases. Thus, the key question for renewables is not
whether costs will be lowered but "the speed at which market opportunities will appear, to
enable renewables to move down their cost curves" (E.J. Grunwald, "Energy in the Long
Term," Shell International Petroleum Co. Ltd, undated). And even the CEED/RDI report

acknowledges that "renewable energy has made important advances in lowering costs" (page
2-5).

F. Sissine, "Renewable Energy: A New National Commitment?" Congressional Research
Serv1ce January 5, 1995.

U.S. General Accounting Office, Ways to Strengthen Controls Over Clean Coal Technology
Project Costs, GAO/RCED-93-104, March 1993.

Presentation by Thomas Feiler, RDI, to the National Association of Regulatory Utility
Commissioners, July 25, 1995.

M. Hoske, “Phase 1 Compliaﬁce Plans Erﬁphasize Flexibility,” Electric Light & Power,
August 1993.

C. Weinberg, "Wind Energy and the Electric Utility Industry," Proceedings of Windpower |
‘90, American Wind Energy Association, 1990.

~ North American Electric Reliability Council, Generating Unit Statzstzcs 1990—1994 June

1995.

Y. Wan and B. Parsons, Factors Relevant to Utility Integration of Intermittent Renewable
Technologies, National Renewable Energy Laboratory, NREL/TP-463-4953, August 1993.

D. Smith and M. llyin, "Wind Energy Evaluatlon by PG&E," Proceedings of the Ninth ASME
Wind Energy Symposium, 1990.

Wan and Parsons, Op Cit.

Edwin Mansfield, in his classic microeconomics textbook (Microeconomics: Theory and
Applications, Third Edition, W.W. Norton and Company), describes the four conditions that
define the model of a perfectly competitive market:

(1) The product of any one seller must be the same as the product of any other seller;

(2) Each participant in the market, whether buyer or seller, must be so small, in relation to
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12.

the entire market, that it cannot by itself affect the market price of the product;
(3) All resources must be completely mobile; each resource must be able to enter and leave
the market, and switch from one use to another, very readily; and -

(4) Consumers, firms, and resource owners must have perfect knowledge of the relevant
economic and technologlcal data.

See, for example, B. Farhar, Trends in Public Perceptions and Preferences on Energy and
Environmental Policy, National Renewable Energy Laboratory, NREL/TP-461-4857,
February 1993 and D. Moskovitz, "‘Green Pricing’: Customer Choice Moves Beyond IRP,"
The Electricity Journal, October 1993.

Page 6




Appendix

NREL Calculation of National Renewable Energy
Deployment Costs

This appendix documents the key assumptions adopted in recalculating the costs of continued
renewables deployment as presented in the CEED/RDI report. These assumptions deal with the
cost and performance attributes of coal-fired and renewable-energy-based generation, as well as : |
the rate at which different renewable energy technologies penetrate the electricity supply market.
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The RD! Base Case

To arrive at the $52 billion cost estimate for its base case renewables deployment, RDI calculates
the difference between the levelized generation cost for a pulverized coal-fired plant, considered
to be the lowest-cost generation option, and the weighted average cost of a mix of nonhydro
renewables technologies. The renewables technologles are differentiated by those that involve
combustion processes (biomass and waste to energy [WTE]) and those that are “naturally
occurring” (geothermal, photovoltaics, solar thermal, and wind). RDI assumes that nonhydro
renewable energy generation will grow from 75 billion kWh in-1995 to 180 billion kWh in 2010
or from 2.32% to 4.49% of the total U.S. electricity generation by 2010. The annual increase
in renewable energy generation, for both combustion and noncombustion sources, is multiplied
by the RDI-calculated cost differential to obtain an annual cost difference. The sum of these
annual cost differences yields the aggregate $52 billion cost estimate (Table 1).

Although the CEED/RDI report states that the base case levelized cost for a new coal plant is
3.8¢/kWh (e.g., Table 4-1 on page 4-4), RDI assumes a levelized coal generation cost of
4.20¢/kWh for the base case calculation in its spreadsheet model (available from CEED) NREL
was able to replicate the RDI results using this higher value
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‘NREL Case #1 — Future Coal Costs

The first sensitivity that NREL examined was the very favorable assumptions that RDI adopted
for future coal generation costs. These assumptions fall into three main categories: (1) the capital
cost of a new coal-fired plant, (2) the price of coal, and (3) the capacity factor of the plant.

Coal Plant Capital Cost

RDI assumes a capital cost of $956/kW for a new 400-MW coal-fired power plant to be
constructed in the Northeast that incorporates a wet flue-gas desulfurization (FGD) system for
emissions control. RDI attributes this cost estimate to Duke/Flour Daniel. However, this cost
estimate is 20% below the cost of a new coal-fired plant adopted by the Electric Power Research
Institute (EPRI) in its Technical Assessment Guide (TAG).! The EPRI TAG is a standardized
utility industry primer that provides generic technology cost and performance data that utilities
can use to perform preliminary screening analyses of resource options. Although the TAG may
be useful for ranking different technology options for planning purposes, the cost data do not
necessarily reflect the actual utility cost of installing a power plant today. However, no new
utility-owned, coal-fired capacity has been brought into service since 1992 from which current
market cost data can be derived. Data for 1991 from RDI's own POWERdat® database yields a
cost range of from $705/kW for a 705.5-MW addition to a pre-existing coal plant (J.H.
Miller—Alabama Power Co.) to $1,781/kW for a new 349-MW plant (TNP One—Texas-New
Mexico Power Co.).?" Because of the absence of current market data for coal plants, NREL
adopted a standard TAG coal plant representation — a 300-MW pulverized coal plant with FGD
sited in the Southeast.

NREL investigated potential cost improvements for advanced coal technologies. However, an
examination of both EPRI and EIA cost estimates for advanced coal technologies found that these
technologies offer no significant cost advantage over conventional pulverized coal technology.
In fact, the projected costs of these advanced technologies would be, in most cases, significantly
higher than the conventional coal plant cost adopted for the NREL analysis.

Coal Price Projections

RDI utilizes a proprietary forecast for coal prices that is some 20% below cost projections from
other sources. NREL substituted the latest coal price forecast made by the Energy Information
Administration (EIA), the independent statistical arm of the U.S. Department of Energy (DOE) 3
Flgure 1 illustrates the differences in the RDI and EIA forecasts.

Coal Plant Capacity Factor

Finally, RDI assumes an average capacity factor of 80% for its base coal plant, which is much
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higher than the actual operating experience for the nation’s existing stock of coal generating
plants. According to the North American Electric Reliability Council, the average capacity factor
for all operating coal-fired power plants in the United States was 60% from 1990 to 1994.* The
TAG uses a 65% capacity factor as most representative of a “life-time levelized value” for new
base-load power plants, including coal.®> The NREL recalculation adopts the TAG convention of
a 65% capacity factor for the coal plant characterization. ‘

When these changes are made to the RDI coal assumptions, the levelized cost of energy from the
generic coal option is recalculated to be 5.36¢/kWh, compared to the 3.82¢/kKWh characterized
in the CEED/RDI report and the 4.20¢/kWh used by RDI in its cost spreadsheet (Table 2).° The
difference in the coal cost assumptions account for $8.6 billion of the $52 billion CEED/RDI
renewables cost estimate. The full spreadsheet recalculation is provided in Table 3. ’

1.8

1'6——-,"”“'°“'°'-'; ...... e e

-
D
}

RDI

—
o
|

1993 $/MMBtu

EIA

-
o
|

037 e e e e e e e el ]

0.6 +——~+—-~F—"-+F+—4———t+—+—t—t—+——F—+—
1993 1995 1997 1999 2001 2003 2005 2007 2009
Year .

Figure 1. RDI and EIA forecasts for delivered coal prices
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Table 2. Comparison of Pulverized Coal Plant Assumptions

Page 12

CEED/RDI NREL
Specific Technology Wet FGD Subcritical/Limestone
' . Forced Oxidation
Region Northeast Southeast
Plant Size (MW) 400 300
Total Plant Cost ($/kW) 956 1,195
Average Delivered Fuel Price ($/MMBtu) 1.16 1.46
O&M Costs
" Variable O&M (¢/kWh) 0.23 0.29
Fixed O&M ($/kW-yr) 43.48 4148
Average Annual Heat Rate (Btu/kWh) 9550 9830
Capacity Factor 80% 65%
Levelized Cost of Energy (¢/kWh). 3.82 5.36
- Source Duke Flour/Daniel EPRITAG
RDI EIA
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NREL Case #2 — Costs of Renewable Energy Technologies

The largest difference in the RDI and NREL cost estimates is due to assumptions regarding the
costs of the various renewable energy te_chnologies. Although RDI claims to have obtained “the
most current and accurate information possible” on the cost of renewable energy technologies,
NREL found that this was not the case. While RDI postulates a cost range of 6.8¢/kWh to
27.4¢/kWh for various renewables, the results of several recent utility competitive bidding
solicitations show that many different types of renewables projects have been offered in a price
range of 4.5¢/kWh to 6.0¢/kWh.” In June 1995, Northern States Power announced a winning
levelized bid price of 3.0¢/kWh for development of a 100-MW wind project.® Furthermore, RDI
assumes no future improvements in renewable energy costs from the high assumed values.

In this analysis, NREL used renewable technology costs prepared by the DOE renewable energy
technology programs.® The DOE costs incorporate expected technology and cost improvements
through the year 2010. Table 4 compares the DOE and RDI renewable technology cost figures.
We reiterate here that no cost improvements were assumed for coal-fired generation because both
EPRI and EIA generally project higher costs from advanced coal technologies.

When the more realistic renewable energy costs and projected cost improvements are combined

with the adjusted costs for future coal generation, the CEED/RDI renewables cost estimate is

reduced by another $31.6 billion. Table S provides the recalculation results for this case.
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Table 4. Comparisons of Levelized Cost Estimates for Renewable Energ

Wind

Geothermal

Biomass

PV

Solar Thermal

Waste to Energy

1995
2000

2005 -

2010

1995
2000
2005
2010

1995
2000
2005
2010

1995
2000
2005
2010

1995
2000
2005
2010

1995
2000
2005
2010

RDI Assumptions
(1993 ¢/kWh)

6.8
6.8
6.8
6.8

8.8
8.8
8.8
8.8

Page 15

Technologies

DOE Projections

(1993 ¢/kWh)

53
41
39
35

52
4.0
3.8
37

8.5
8.1
75
7.2

218
16.4
131

8.7

105
8.6
8.1
8.1

8.2
8.2
8.2
82
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NREL Case #3 — Market Penetration of Renewable Energy Technologies

The final calculation sensitivity relates to the market penetration rate of the different renewable
energy technologies. It is reasonable to assume that those technologies that are economically
competitive will penetrate the market faster than those that are only marginally cost effective.
Also, there are initial limitations on how quickly an industry can gear up to supply its product.

Keeping this in mind, NREL substituted more orderly technology penetration scenarios for the
fixed market share approach used by RDI (Tables 6 and 7). The NREL penetration assumptions
also more closely resemble the current energy and capacity contributions from renewable power
sources. Within the combustion-oriented renewable energy group, NREL changed the ratio of
biomass to WTE; NREL used 75/25 instead of RDI's 50/50. Within the “naturally occurring”
group, contributions from geothermal, wind, solar thermal, and photovoltaics (PV) more closely
follow the EIA-adopted forecast for individual renewable technologies; RDI used a fixed
37.5/37.5/12.5/12.5 market share ratio."

The change in market penetration assumptions, when combined with the coal and renewable cost
adjustments, yields a further reduction of $9.9 billion from the CEED/RDI $52 billion renewables
cost estimate (Table 8). This leaves a total cost estimate of $1.9 billion over 15 years to achieve
a doubling in the contribution of nonhydro renewable energy sources to the nation’s electricity
supply mix.
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Endnotes

10.

See Electric Power Research Institute, TAG™ Technical Assessment Guide: Electricity
Supply — 1993, EPRI TR-102276-V1R7, Volume 1: Rev. 7, June 1993.

Also in 1991, Cincinnati Gas and Electric Company brought its Zimmer plant (1426 MW)
on line at a cost of $2,286/kW. However, the Zimmer plant was a nuclear-to-coal plant
conversion and thus is not reflective of coal-only construction costs. '

U.S. Energy Information Administration, Annual Energy Outlook 1995 with Projections
to 2010, DOE/EIA-0383(95), January 1995.

- North American Electric Reliability Council, Generating Unit Statistics 1990-1994, June

1995.
Electric Power Research Institute, Op Cit, p. 2-2.
Additional differences can be noted in the O&M cost and heat rate assumptions.

These include bidding solicitations conducted by New England Power, Portland General
Electric, and the three Cahforma investor- owned utilities.

The wind energy bid price accounts for the net impact of the federal production tax credit
and a state property tax levy. National Renewable Energy Laboratory, State Renewable
Energy News, Summer 1995.

U.S. Department of Energy, Office of Utility Technologies, Renewable Energy
Technology Characterizations, 1994. The one exception is WTE technology for which
DOE cost estimates were not available; NREL used WTE plant cost data from the TAG
and RDI’s waste fuel cost data. '

U.S. Energy Information Administration, Op Cit.
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3 Severa] collaboratlve programs have been mltlated recenﬂy hetvmen the federal gov- -

(through | thé U.S. Department of Energy) and the PV manufactnnng indds: "
try to develap lover cost PV manufacturing processes. In addition, the electric uhllty

" induistry has joined with these same entities to identify current, cost-effective, utility

markets for 'V systems, thus providing a near-term market pathway for further PV- -

 cast reductions. ‘Forr example, Tdaho Power Company now has a pilot program to sup—

ply selected customers with PV systems for remote applications, incloding remote -
residénces and vacation ~homes, stock watering wells, sign lighting systems, commum-
cation relays, and cathodlc pmtectmn systems. Delamarva Power and Light—serving -
Delaware, Maryland, and Virginia—and the Sacramento Municipal Utility District
are also mstallmg PV systems as & form of demand management
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Luz Solar Eleciric Generating Systems
Liz international, Lid,

tax credit that helped the mmpan vy succeed also contributed to its
ultimate failure.

In 1984, Luz International, L4, built fis first Solar Electric Generating Sysiem (SEGS) plant and became the
world leader in solar power generation. The SEGS technology consists of modular parabolic-trough solar col-
tector systemns, which use oil as a heat transfer medivm. One unique aspect of the Luz tschnology is the use of
a natnral-gas-fired boiler or ofl heater to supplement the thermal energy from the solar ficld or to operate the
plant independenty duting evening hours. The use of natural gas is limited to 25% of total merﬂy input under
FERLC rules implementing PURPA,

Nine separatec SEGS plants have been constracted by Luz at three different sites in California’s Mojave
Desent. SEGS Lis a 13.83-MW plant with 3 hours of dedicated thermal storage and 2 natural gas superheater.
SEGS T, built in 1985, is a 30-MW plant and was the first of the SEGS plants to incorporate a natural gas-
fired backup boiler.

Five additional 30-MW plants ($88GS UI-VID), corpurating an advanced collector design and other
improvements, were constructed from 1986 to 1988, with the 30-MW size dictated by FURPA Limitations. As
Luz buili now plants, the company spent more than $22 miilion to improve the SEGS technology. With SEGS
VITT and T, Luz incarporated a third-generation coflector design with other improvements, and achieved
addirional economies of scale by moving to an $0-MW plant design when the PURPA size limitation was
temporarily raised.

1 1991, Luz ran into financial trouble, a casualty of reduced profit margins resulting [rom a number of fac-
tors, including lower fossil fucl prices, which reduced atility avoided costs, and uncerainty regarding the fed-
eral tax credit. Luz eventually filed for Chapter 7 batkrupiey, and lhe apcratmn of its axisting plants was
taken over by the lnvesior groups.

Cost and Performance

BEGS T was ing mllud o 2 wotal cost of $67 aillion (~$4,500/kW) and generates power at 244/AkWh (in 1988
real levelized dollars). The improvements incorporated into the SBGS -1 planis (~53.400/k'W) reduced
peneration oosts to abot 12¢&Wh, and the mrd-ga.nmmm technology, embodied in the 80-MW design at an
installed cost of $2.8754W, reduced power costs still further, to 8-10¢/kWh. All of the Luz plants operats
vades power purchase contracts with SCE, but the two 80-MW plants are operated under (ess lucrative con-
teacts that allow payients o vary with SUE's avelded energy costs. ‘

In addition to the direct plant costs, Luz incurred costs related to grid intercomection and power iransmission.
Although the first two project sitss were located in close proximity to existing substations with adequate
capacity, the third site required thar Luz construcer a 19.3-km (12-mile), 220-kV ransmission line-

The Luz plants arc operated 1o maximize the power contribution during SCE's peak-load period, because that
is the time of highest utility payments. The plants operate for almost 100% of the on-peak hours, 80% of the
summer mid-peak hours, and 66% of the winter mid-peak hours, On average, ooty 13% of the total SEGS
generation occurs during off-peak hours. The SEGS T1-VIJ plants have met performance expeciations within
10%, while SEGS VTIL and SEGS £X experienced initial problems caused by a new gas-fired oil heater design.
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Environmental [ssues

The SEGS plants help reduce environmental emissions. Although 25% of the SEGS generation is based on
patural gas, the plants still produce only one-founth of the cmissions from a comparably-sized fossil Tuel plant,

Because solar energy is o diffuse resonrce, the dedicated land requitement for the Luz plants is farge com-
parcd (o conventional plants.—on the order of 2 hectares/MW {5 acres/MW). However, when the full-luel-cycle
land requircments (including mining and waste disposal) of other energy resources are taken into account,
Luz plants use no more Land than conventional plants.

Cooling water requirements can also be an issue in arid areas, but have not been a problem for the SEGS
plants. SEGS T, 1L, VI and X all draw sufficient cooling water from undergronnd aquifers. SEGS II-VII
buy agueduct water from the tocal water district, Although the water quality deteriorared during the recent
Culifornia drought, the plant capacity was never limited bocause of a lack of cooling water. Dry cooling is en
option that would reduce water use by about 80% ar 2 modest increase in plant cost. ‘

Finally, the usc of oil us a thermal transfer mediom can create a potential hazard, In early 1990, the SEGS
VI plant experienced a scrics of explosions when a fire started in one of the four gas-fired oil heaters. The
fire was caused by a design flaw that has since been comrected. ’

Success Factors and Barriers

Ower its Yife, Luz raised more than one billion dollars for the SEGS projects. Luz's success during the 1980s
was largely because of the availabilliy of fedoral and state tax credits, the enactment of FURPA, the develop-
ment of Califoria’s standand-offer contracts, and the persistence of the company. However, as short-run
utility avoided costs fell in the Jare-| 280s, it became move difficult to finance new SEGS plants, and the tech~
nology cast improvements conld not keep up with falling naroral gas prices. '

Al the same time, the 2deral policies that had provided a favorable market environment for Luz in the early
and mid-1980s contributed 1o its financial collapse in 1991, Beginning in 1986, the 109 energy tax credit for
solar cnergy property was extended in a piecemeal fashion, anywhere from 9 months 1o 2 years at 2 time, cre-
ating wremendous financing uncertainty. In 1990, Luz had to bnild SEGS IX in just 7 months 1o qualify for the
tax credit, This led to sexious cost overruns thal cxveeded revenue coverage, resulting in a toss of project prof-
itability. Furthermore, the tax credit could not be applied against the alternative minimumn tax established in
the 1986 Tax Reform Act. The 10% solar tax credit waus permanently extended in the Energy Policy Act of
L1992, but this came oo late to benefit Loz,

PURPA's QF size limitation also prevented the SEGS technology from achieving the optimal size for
sconomies of scale, which is believed 1o be 150-200 MW, Alihough the PURPA size limiration was even-
tualty lifted, this change again came too late for Luz

Finally, although electric utility subsidiaries contributed nearly 50% of the total project equity, utility compa-
nies were not cligible for many of fhe incentives available i non-uiility developers. The lack of incentives for
utility investments in solar power was an important barrier to greater interest and direct participation by uwbiliz
ties in SEGS projects. '

TOTAL P.&7
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