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SUMMARY

The electricity industry is in the midst of a major restructuring. No one yet knows what
the final form and regulation of the industry will be. Historically, utilities ran demand-side
management {DSM) programs as low-cost alternatives to power plants. Currently, utilities are
increasingly using DSM to retain customers, to increase market share, and to improve customer
service as ways to enhance profitability. In the future, regulated, local distribution companies
are likely to continue to deliver energy-efficiency services to customers, as will 2 host of un-
regulated energy-service companies, equipment vendors, and power marketers. These changes
in DSM-program orientation and delivery suggest that DSM in the future will be very different
from that of the past. What are the implications of these changes for the historic justifications
used by regulators to encourage utilities to run such programs?

During the past several years, more and more electric utilities have been running DSM
programs, These programs improve the efficiency with which customers use electricity and
affect the timing of that use (e.g., to shift it away from high-cost times). Utilities run such
programs for two primary reasons. One is to improve customer service. The second is to acquire
resources that, just like power plants, can meet customer energy-service needs. DSM programs
are often less expensive and environmentally cleaner than power plants. In 1994, utility DSM
programs cut potential summer peak demand by 7% and annual electricity use by 2%
nationwide.

Government officials, policy analysts, consumer groups, environmental organizations,
and others offered many reasons in the late 1970s and early 1980s to justify requirements that
electric utilities help their customers become more energy efficient:

u Defer construction of new, large, expensive, and polluting power plants.
. Reduce the adverse environmental effects of electricity production and transmission.
L Compensate for distortions in electricity prices. Retail prices, which were based on

embedded costs, were typically below avoided supply costs. Thus, the price signal bemg
sent to consumers told them to overconsume.

= Reduce dependence on foreign oil to generate electricity.

u Compensate for the absence of government programs and standards intended to improve
the efficiency of electricity use.



L] Overcome market barriers that prevent customers from adopting cost-effective energy-
efficiency practices and measures.

u Recognize that electric utilities are in a unique position and have a least-cost-planning
obligation to help their customers improve their efficiency of energy use.

Much has changed since then, These changes will affect the types of DSM programs that
utilities will operate in the late 1990s and the amounts of energy and demand reductions that
remain cost-effective. They will also affect decisions by regulatory commissions to rely on
utilities to use ratepayer funds to operate these programs.

Today’s avoided costs are much lower than those of 15 years ago because natural gas
prices are low, many utilities have excess capacity, and wholesale power markets are becoming
actively competitive. All else being equal, lower avoided costs reduce the amount of DSM that
remains cost-effective. On the other hand, advances in energy-efficiency technologies and
DSM-delivery methods suggest that, even with lower avoided costs, there remain significant
opportunities to save electricity cost-effectively. Some utilities have successfully run low-cost
DSM programs and they will, in principle, be able to continue to acquire cost-effective DSM
resources 1n the future.

Several laws and regulations have reduced the environmental effects of electricity
production. The environmental costs of electricity production and transmission that are not
internalized remain a continuing source of concern and an important justification for programs
to improve energy efficiency. Recent studies of the environmental damages associated with
electricity production show lower values than those previously developed. Whether these
estimates are more accurate than earlier ones or whether they merely reflect the substantial
uncertainties associated with quantification and monetization of environmental damages is
unclear. It 1s clear that new power plants are much cleaner than old ones and that growth in
electricity use is offsetting these technological gains for some emissions. Moreover,
governments may impose further restrictions on emissions of nitrogen oxides, small particulate
matter, and air toxics. Nevertheless, emissions of carbon dioxide (a key contributor to global
warming) are now not controlled at all; cutting carbon dioxide emissions is an important
justification for energy-efficiency programs.

Other factors affecting the need for and benefits of DSM programs include the existence
of other government and private-sector energy-efficiency efforts, changing perceptions of the
importance of market failures and market barriers to customer adoption of energy-efficiency
actions, and the role of utilities themselves. Although governrent appliance standards and
building codes have had major effects on electricity use, utility DSM programs are often a key
element in making government standards and codes work well. That is, there are important
synergistic effects between utility and government efforts to improve energy efficiency.
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Finally, debates about the appropriateness of government intervention in energy-service
markets (either directly through codes and standards or indirectly through mandates to utilities)
continue. While the scope of these debates has narrowed in recent years, they are still often
dominated by fundamental value differences about the relative merits of competition and
regulation in these markets. Clearly, neither markets nor regulators are perfect, and the
appropriate balance cannot be established by fiat but rather must be based on detailed
examination of the workings of particular markets, end uses, perceived market barriers, and
participants in these markets.

In summary, the historic rationale for public policies to improve customer electricity use
remains unchanged—improve economic efficiency and reduce the environmental effects of
electricity production and transmission. At the same time, the role of utilities as instruments to
achieve these public-policy goals is being challenged by the likely erosion of the retail-
monopoly franchise. DSM programs, however, are in no danger of disappearing, as utilities
begin to take advantage of the strategic importance of such programs for the survival of the firm
in an increasingly competitive electricity market. However, the question is whether there 1s a
need for additional public policies to ensure that market-based outcomes reflect societal
interests. Future regulatory-commission decisions will help answer that question.

vii



CCE
DOE
DSM
EIA
EPAct
ESCO
GDP
IRP
LBNL
ORNL
PUC
RCG

T&D

LIST OF ACRONYMS

Cost of conserved electricity (¢/kWh)
U.S. Department of Energy
Demand-side management

Energy Information Administration
Energy Policy Act of 1992
Energy-service company

Gross domestic product

Integrated resource planning
Lawrence Berkeley National Laboratory
Oak Ridge National Laboratory
Public utility commission
RCG/Hagler, Bailly, Inc.

Transmission and distribution

ix



CHAPTER |

INTRODUCTION

This report examines the various reasons why electric utilities run programs to help
customers cut their electric bills. These demand-side management (DSM) programs improve
overall efficiency of electricity use and affect the timing of that use. Utilities seriously began
to run DSM programs about 15 years ago, just after the second Arab oil embargo. Are the
reasons that motivated the programs then still valid today? Are there other reasons why utilities
should make such investments in the late 1990s?

THE BASELINE: HISTORIC IMPROVEMENTS IN EFFICIENCY

During the past two decades, the United States has made tremendous strides in
improving electric-energy efficiency. Between 1960 and 1973, U S. electricity use grew at an
average rate of 7.3%/year, almost double the 4.0%/year growth in Gross Domestic Product
(GDP) [Energy Information Administration (EIA) 1993b]. Between 1973 and 1993, however,
electricity use grew at only 2.6%/year, roughly one-third its pre-1973 growth rate. And this
growth in electricity use was only slightly above the GDP growth of 2.4%/year. Based on this
very aggregate measure of electricity use per unit GDP, efficiency of electricity use roughly
doubled after 1973.

Schipper, Howarth, and Geller (1990) examined the details of U.S. energy use between
1973 and 1987. They studied changes in aggregate activity levels in the transportation,
manufacturing, commercial, and residential sectors; the composition of activities in each sector;
and the changes in energy intensity for various end uses in each sector. Their results show
substantial improvements in electric-energy efficiency. For example, the energy intensity of
electric heating in commercial buildings (kWh/fi®) dropped by 18% between 1973 and 1987.
And the efficiency of new refrigerator/freezers nearly tripled between 1973 and 1993 (Geller
and Nadel 1993). To some extent, improvements in electric-energy efficiency have been
masked at the aggregate level by the substitution of electricity for direct use of fossit fuels and
the proliferation of new electric end uses {e.g., personal computers).

These changes in energy efficiency were caused by a combination of factors, including
structural changes in the U.S. economy (especially the shift from manufacturing to services),
changes in electricity and fossil-fuel prices, development and commercialization of new energy-
efficient products and services, government energy-efficiency programs, and electric-utility
DSM programs.

In 1993, U.S. electric utilities spent $2.8 billion on DSM programs (Hadley and Hirst
1995). Utility spending on DSM programs increased dramatically between 1989 and 1993,



growing from 0.5 to 1.5% of utility operating revenues. In return for these expenditures, utility
DSM programs cut electricity use and peak demand in 1993 by 44,000 GWh and 40,000 MW,
respectively. These reductions are equivalent to 1.6% of annual electricity sales and 6.8% of
summer peak demand. The trends, as reported by utilities in early 1994, suggest continued
growth in utility DSM-program effects and little change in annual expenditures (Fig. 1). Since
preparing these estimates in early 1994, many utilities have reduced their planned DSM
expenditures and, to a lesser extent, their planned energy and demand reductions (Schweitzer
and Pye 1995),

These estimates do not include the indirect effects of utility DSM programs on
equipment markets and on state and federal efficiency standards. Improvements in fluorescent-
lamp ballasts illustrate the ability of utilities to help transform markets. Although they were not
developed until the late 1970s, electronic ballasts have already captured a 25% market share.
Other technologies with similar histories include compact fluorescent lamps and variable-speed
drives. All three technologies can thank utility DSM programs for their widespread availability.
Similarly, coordination of utility programs with federal appliance standards has yielded steady
reductions in the electricity use of new residential refrigerators. This synergistic process helped
smooth implementation of the 1990 and 1993 refrigerator and freezer standards.

U.S. electric-energy efficiency, with substantial assistance from utilities, has increased
dramatically during the past two decades. Nevertheless, analyses conducted by the Electric
Power Research Institute, Lawrence Berkeley National Laboratory (LBNL), and others show
considerable potential to further improve efficiency of electricity use. For example, a study
conducted by the Alliance to Save Energy (1991) and others identified cost-effective
opportunities to cut electricity use by 7 to 22% between 1991 and 2000, :

SHOULD UTILITIES CONTINUE TO DELIVER ENERGY EFFICIENCY?

This report examines the continuing relevance of the historic motivations for electric-
utility DSM programs, the reasons that utilities, state public utility commissions (PUCs), federal
officials, environmental groups, and others offer in support of these programs. Historic
improvements in energy efficiency, coupled with the dramatic increase in competitive pressures
facing the electricity and natural gas industries, argue for a new examination of the factors that
support such programs.

DSM programs can affect customer electricity use in various ways. The three primary
effects of such programs are (I) to improve electric-energy efficiency (i.e., reduce overall
electricity use without regard for the timing of program-induced changes); (2) to reduce
electricity demand at certain critical times (e.g., when the utility experiences system peaks); and
(3) to increase electricity consumption (e.g., through load-building programs that promote
beneficial electrification). This report focuses on energy efficiency.
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Fig. 1. Costs and effects (energy and demand red'uctions) of electric-utility DSM
programs from 1989 through 1993 and early-1994 projections to 1998,

The electricity industry, for a variety of reasons, is in the midst of a major restructuring,
The primary purpose of this restructuring is to increase economic efficiency within the industry.
Greater competition and reduced regulation are seen as the key tools to promote economic
efficiency, increase customer choices, and lower electricity prices.

These electricity-industry changes are part of a larger trend in the United States and
throughout the world. Over the past 10 to 15 years, the U.S. banking, telecommunications,
airlines, trucking, and natural gas industries have all been largely restructured. As Peter
Bradford (1994), former Chatr of the New York Public Service Commission, noted, efforts to
introduce competition into monopoly areas have produced consistent results. These results
include lower costs, higher productivity, greater customer choice, new technologies and
products, greater customer responsiveness, and, as a consequence, no wish to restore regulated
monopolies where genuine competition exists. In part, these industry-restructuring efforts are
motivated by a general belief that markets do a better job of meeting people’s needs than do
govemments.

‘Because utility DSM programs are motivated in large part by pressure from PUCs
(Schweitzer and Young 1994), restructuring the electricity industry could dramatically affect
such programs. For example, Hirst (1994) suggests that under retail wheeling, in which retail
customers would be free to choose their electricity supplier, utilities might find it difficult to
recover the costs of DSM programs from price-elastic customers. Thus, utilities may focus on
programs that are paid for by participating customers, rather than by all customers. Such
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programs will emphasize peak-demand reductions and beneficial electrification (load building)
because, unlike most energy-efficiency programs, these activities do not increase electric rates.
If state regulators can no longer mandate utility programs or provide incentives 10 utility
shareholders, utilities may then run programs that focus primarily on customer service rather
than on saving energy. Vork and Cohen (1994) suggest that retail wheeling would “greatly
diminish implementation of cost-effective DSM.” On the other hand, Cavanagh (1994) asserts
that retail wheeling is neither inevitable nor desirable and that PUCs can choose other ways to
open electric-service markets to increased competition.

These possible changes lead to important public-policy questions. To what extent would
changes in electric-industry structure and regulation reduce DSM-induced energy savings and
demand reductions? How would such changes affect the need to build new power plants,
transmission lines, and distribution systems? What would be the economic and environmental
consequences of such changes? How would less DSM affect the flexibility and diversity of
today’s electric-power system? What should state regulators do, if anything, to maintain utility
investment in DSM? Should other entities carry out such programs?

This report examines these public-policy concerns. We begin, in Chapter 2, by reviewing
the historic reasons that the federal government and state PUCs initially encouraged utilities to
offer DSM programs to their customers. We then analyze, in subsequent chapters, the relevance
of those reasons in 1995. Specifically, Chapters 3 and 4 examine the economic and
environmental benefits of DSM; first we review changes in the costs of electricity supply and
then we examine the environmental effects of electricity production and transmission. Chapter 5
focuses on the costs of DSM programs.

Chapter 6 examines the barriers to customer adoption of energy-efficiency practices and
measures, Chapter 7 discusses the status of government programs aimed at improving efficiency
of electricity use, and Chapter 8 discusses likely changes in the electricity industry and the role
of PUCs in affecting how competitive forces interact with the public interest regarding future

DSM programs. Chapter 9 summarizes the findings of this study.



CHAPTER 2

ORIGINAL REASONS FOR UTILITY DSM PROGRAMS

Although utilities began promoting customer energy efficiency after the 1973 Arab oil
embargo, initial efforts dealt primarily with generalized information campaigns, such as
advertisements and bill stuffers. Utility efforts became much stronger after passage of the 197’8‘7i
National Energy Conservation Policy Act, which created the Residential Conservation Service. !
The Service required utilities to offer onsite energy audits to their residential customers. Among ;
other things, this program encouraged utilities to create, staff, train, and maintain internal
organizations devoted to helping customers manage their electricity use. -

Government officials, policy analysts, utilities, consumer groups, environmental
organizations, and others offered many reasons in the late 1970s and early 1980s to justify state
and federal requirements that electric utilities help their customers become more energy
efficient. Environmental groups emphasized the adverse environmental effects of electricity
production and transmission. State regulators and other government officials saw DSM
programs as a way to improve overall economic efficiency by substituting low-cost DSM
measures for high-cost supply options. Utilities favored DSM programs because of their
customer-service attributes. The various reasons, which largely reflected a view that scarce
societal resources were being used inefficiently, included:

u The opportunity to defer construction of new power plants. These plants were expected
to take up to a decade to build and to be large, expensive, and polluting. In general,
utilities were planning to build primarily large coal-fired power plants at that time.

a Dependence on foreign oil to generate electricity.

L The need to reduce the adverse environmental effects of electricity production and
transmission. Electricity production was a major contributor to environmental problems,
especially air pollution.

L Distortions in electricity prices. Retail prices, based on embedded costs, were typically
below marginal costs (i.e., the cost to build and operate new power plants). Thus, the
price signal being sent to consumers told them to overconsume (1.e., underconserve). In

. addition, most consumers faced prices with no time differentiation. So consumers paid
no penalty for consuming electricity during times of system peak (when costs to the
utility were much higher than average).



n The need to overcome various market barriers that prevented customers, in all sectors
of the economy, from adopting cost-effective energy-cfficiency practices and measures.

L The absence of government programs and standards intended to improve the efficiency
of electricity use.

= The belief that electric utilities were in a unique position to help their customers improve
energy efficiency.

DEFER COSTLY UTILITY SUPPLY RESOURCES AND ADDITIONS

During the 1970s, electricity use grew at an average rate of 4.1%/year. Utilities built
larger and larger generating units during that decade, often reaching 1000 MW in size. The
average capacity of the new coal units that came online in 1974 and 1975, to illustrate, was
almost 600 MW (EJA 1993a).

Because of various environmental, financial, and safety concerns plus slower load
growth, it often took utilities a decade or more to complete construction of these large units,
especially the nuclear units. Nuclear units ordered in the mid-1960s were completed within five
or six years; units ordered in the late 1960s typically took ten years to complete (Kahn 1988).
The factors that slowed construction times also increased capital costs. Construction costs for

both coal and nuclear plants increased severai-fold during the 1970s.

Proponents of utility energy-efficiency programs argued that such programs could defer
the need to build some of these power plants. Because of the small unit size and short leadtime

for DSM programs, they were expected to provide flexibility to utilities and to reduce their
financial risks compared with the large, long-leadtime power plants they would defer.

REDUCE UTILITY RELIANCE ON OIL

Electric-utility use of oil to generate electricity increased steadily after World War 11,
from 0.4 QBtu in 1949 to 2.1 QBtu in 1970. Utility oil use exceeded 3.0 QBtu each year
between 1972 and 1980 (EIA 1993b). Between 1975 and 1980, utilities used o1l to generate
14% of their electrical output. Although utility oil use represented only 10% of the nation’s oil
consumption, concerns about oil imports and oil prices were sufficiently great that many oil-
using utilities were converting their plants to burn other fuels. Utility DSM programs were seen
as one way to help reduce utility oil use and U.S. dependence on oil imports.

MITIGATE THE ENVIRONMENTAL EFFECTS OF ELECTRICITY USE

Electric utilities are major contributors to environmental problems, especially air
pollution. Emissions from power plants account for two-thirds of U.S. SO, emissions, one-third



of NO,, and one-third of CO, emissions (Oftinger et al. 1990). Compare these air-pollution
effects with the nation’s electric bill, which amounts to about 3% of GDP.

In additton, exploration and extraction of fuels (e.g., coal mining and oil drilling), fuels
transportation, and electricity transmission cause environmental effects. Environmenta) effects
include air pollution (particulate matter, sulfur oxides, nitrogen oxides, and air toxics); water
pollution (thermal discharges, chemical and metal discharges, and fish entrainment in power-
plant intake pipes); land use; and solid-waste disposal (including nuclear-waste storage). These
emissions can affect human health and mortality, visibility, commercial crops and fisheries,
other flora and fauna, and manmade structures.

Although federal and state legislation had begun to reduce these environmental effects,
as of the late 1970s, many of these environmental costs were not included in the price of
electricity. Such unpriced effects are considered externalities, and were thought to account for
a nontrivial percentage of the direct costs of electricity. To the extent that DSM programs
reduced electricity production and deferred construction of new plants, these environmental
costs would be reduced.

ADDRESS MISMATCHES BETWEEN PRICES AND MARGINAL COSTS

Utilities typically assumed, in the late 1970s and early 1980s, that future load growth
would be rapid and that this growth would require construction of large coal and nuclear plants.
These assumptions led to forecasts of future electricity prices that were much higher than then-
current prices. For example, EIA’s (1979) forecast of the 1990 price was 33% higher than the
actual 1978 price.

This relationship between current and projected electricity prices had two implications
for DSM programs. First, to be cost-effective, utility programs had only to deliver energy
savings at a cost lower than the avoided costs estimated at that time, which were roughly
7¢/kWh (in 1987 dollars), assuming that future electricity prices reflected long-run marginal
costs. Second, the discrepancy between retail electricity prices and avoided costs (6 vs 7¢/kWh)
constituted an important market failure. Price signals were encouraging customers to
overconsume electricity and to underinvest in energy efficiency. This market failure provided
an addittonal justificatjon for utility DSM programs,

REDUCE MARKET BARRIERS TO ENERGY EFFICIENCY

Until the 1973 Arab oil embargo, energy executives, policy makers, and analysts gave
little thought to the human aspects of energy consumption. Particularly in the electric-utility
industry, where demand for electricity was doubling every decade, the focus was on expanding
capacity fast enough to keep up with demand. To the extent that people thought about electricity
use at all, it was primarily as a driver of economic growth and individual prosperity.



By the end of the 1970s, considerable social-science research had been conducted to
examine the decision-making processes that households use in selecting energy systems (.8,
new appliances and homes) and in operating existing systems. These analyses showed that
energy can be viewed as more than a commodity. The dominant theory of consumer
behavior—that consumers act rationally in assessing the costs and benefits of energy
alternatives—was deemed inadequate (Stern and Aronson 1984). Analysts used such studies
to argue that governments and utilities should help consumers improve energy efficiency.

The research that led to these disparate perspectives on energy decision making
identified various factors that inhibited people from adopting what would otherwise be cost-
effective, energy-efficiency actions (Hirst and Brown 1990).* Some of these barriers are
structural: that is, they affect conditions beyond the control of the individual. Such barriers
include:

. Distortions in electricity price caused by differences between prices based on embedded
costs and marginal costs, as well as environmental (and other) externalities not included
in prices;

n Supply infrastructure limitations, such as lack of availability of energy-efficient products

and lack of technicians trained in the installation and servicing of such products;
L Regulation that links utility earnings to increased electricity use;
u Govemnment fiscal and regulatory policies, including those that affect the cost of capital.

Other barriers are behavioral, problems that characterize the energy consumer’s decision
making. Such barriers include:

u Perceived riskiness of energy-efficiency investments (e.g., the products will not work
as well as the traditional ones they replace or the cost of home energy-efficiency

improvements will not be reflected in the subsequent sale price),

. Information gaps, the difficulty in obtaining and processing unbiased information about
ourrent electricity uses and about energy choices;

B Split incentives (e.g., neither the owner of a building nor the electric-bill-paying tenant
has an incentive to install energy-efficient measures);

u Limited access to capital.

* « .y . . .
By “otherwise,” we mean what an engineer would calculate on the basis of the incremental cost of
the energy-efficiency measure relative to the reduction in operating cost, based on assumptions concerning
the lifetime of the action and the consumer’s discount rate.

8



These barriers lead to consumer decisions that weigh capital costs much more heavily
than reductions in long-term operating costs, yielding very high implicit discount rates. The
difference in real discount rates used in making energy-efficiency investments [ranging from
20 to 100% (Train 1985)] and those used in assessing energy-supply investments (8 to 10%)
came to be called the “payback gap.” As a consequence of this payback gap, investments in
production facilities (e.g., power plants and transmission lines) were much more likely to be
made than investments in energy efficiency (e.g., insulation, clock thermostats, and high-
efficiency appliances).

COMPLEMENT OTHER POLICIES TO ENCOURAGE EFFICIENCY

During the mid- and late 1970s, the U.S. Congress passed several laws intended to
promote energy efficiency. These laws created, as examples, the Energy Extension Service, the
State Energy Conservation Program, the Institutional Conservation Program, the Residential
Conservation Service Program, and the Weatherization Assistance Program. In part because of
the funding provided by these programs, most states created state energy offices. Thus, the late
1970s saw the establishment and development of new institutions aimed at helping consumers
to improve energy efficiency.

Federal funding for energy-efficiency programs and research increased from about $100
million a year in 1975 to more than $1 billion a year in 1978, 1979, and 1980 (in 1988 dollars).
However, President Reagan, as part of an effort to reduce the size of the federal government,
cut energy-efficiency funds by about two-thirds throughout the 1980s. Thus, many programs
were stalled just as they were getting off the ground.

A critical element of the National Energy Conservation Policy Act of 1978 mentioned
earlier was a requirement for the U.S. Department of Energy (DOE) to establish residential-
appliance efficiency standards. However, another element of President Reagan’s policies led
to DOE issuing a rule for no standards for eight products in 1982. DOE was immediately sued,
and an appellate court invalidated DOE’s 1982 final rule. The first standards took effect in
1988,

USE THE STRATEGIC POSITION OF ELECTRIC UTILITIES

Motivated by the recognition that DSM was often cheaper than expanding electricity
supplies and perhaps by the cutbacks in federal funding, state PUCs began to encourage utilities
to expand their roles as institutional supporters of energy efficiency. Stimulated in part by the
federal Residential Conservation Service, which began in 1979, state energy offices and PUCs
encouraged utilities to expand their energy-efficiency programs. Both the PUCs and the utilities
saw DSM as a way to improve customer service and, thereby, to respond to customer
complaints about higher electricity prices.



Utilities seemed like a good choice for these programs (Krause and Eto 1988). Utilities,
because of the retail monopoly franchise granted by the state, have traditionally been social
agents. That is, they often conduct programs that go beyond their narrow economic interests to
serve society in general. For example, utilities frequently are active in local economic-
development efforts, provide lifeline rates for low-income customers, and offer educational
programs in local schools.

Also, electric utilities have long-standing relationships and monthly contacts (i.e., meter
reading and billing) with their customers. Utilities have excellent name recognition among their
customers and are generally regarded as sources of reliable and credible information. Utilities
are in the best position to calculate and capture the electric-system benefits of changes n
customer load shapes and levels. Utilities have detailed information about the electricity-use
patterns and trends among their customers. And utilities have access to abundant supplies of
low-cost capital.

Energy-efficiency and environmental advocates viewed utilities as uniquely qualified
to conduct DSM programs because these programs were seen as alternatives to the construction
of new power plants. Load-management programs, which focus on reducing demand at the time
of system peak, could substitute for the construction of peaking units, such as combustion
turbines. Energy-efficiency programs, which focus on reducing overall electricity use, could
substitute for coal and nuclear baseload units. DSM programs were expected to deliver savings
at costs well below those of the best supply options.

This view of DSM as a resource led, in the mid-1980s, to a new way of utility planning
called integrated resource planning (IRP). In IRP, a utility considers a wide range of supply
options and DSM programs to meet future customer energy-service needs (Cavanagh 1986;
Goldman, Hirst, and Krause 1989). Utilities, under this view of IRP, were expected to secure
a portfolio of demand and supply resources that would minimize life-cycle costs of reliable
electricity service. This concept led to utility financing of DSM measures, in which the utility
would pay some or all of the cost of the measures. Equally important, many states gave utilities
financial incentives to improve DSM-program performance. The objective of these regulatory
changes was to make the utility’s least-cost resource portfolio its most profitable.

Under the IRP paradigm, DSM was often considered an attractive resource for a variety
of reasons. The cost to acquire DSM was often lower than the cost of supply options. That is,
load-management programs cost less in $/kW than did peaking units, and energy-efficiency
programs cost less in ¢/kWh than did baseload units. In addition, DSM: programs added
diversity to a utility’s resource portfolio, making it less vulnerable to sudden changes in load
growth, fuel prices, and other factors. Finally, DSM was considered a flexible resource because,
compared to most power plants, it is added in small increments.
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CHAPTER 3

ELECTRIC-SUPPLY OPTIONS

In this chapter, we examine the continuing merits of four critical early justifications for
utility DSM programs: defer expensive sources of generation, reduce dependence on oil,
address mismatches between electricity prices and marginal costs, and reduce utility planning
uncertainties.

SUPPLY COSTS ARE LOWER TODAY

As noted above, utility and EIA forecasts around 1980 called for continued load growth
and construction of many baseload power plants. These forecasts implied substantial increases
in real electricity costs and prices (Fig. 2).

During subsequent years, load growth turned out to be slower than expected, utilities
butlt more capacity than needed, natural gas prices fell, and the performance of natural-gas-fired
combustion turbines improved. These changes led to a reversal in the relationship between
average and forecast electricity prices. The EIA forecasts made in 1986, 1989, and 1995, as
examples, showed essentially no increase in future electricity prices (Fig. 2). The latest EIA
analysis estimates that the average electricity price in the year 2000 will be 2% lower than the
1993 price and that the average price in 2010 will be only 5% higher than the 1993 price
(EIA 1995a).

Typically, today’s plans for new generating resources call for gas-fired combustion
turbines to meet peaking demands and for gas-fired combined-cycle units to meet baseload
demands. Specifically, between 1994 and 2003, utilities plan to add four times as much gas and
o1l capacity as coal capacity (EIA 1994). The average size of the planned coal units is 406 MW
(much less than the nearly 600-MW units added during the mid-1970s), and the average size
of the planned gas and oil units is 79 MW. The small unit size and short construction time for
gas-fired units add considerable flexibility to utility plans to expand generating capacity.

In addition, nonutility capacity additions between 1994 and 1996 are almost equal to
planned utility additions, 15,700 vs 17,800 MW (EIA 1994). The ability to buy power from
other utilities or from nonutility generators adds flexibility to a utility’s resource portfolio
because the purchase contract is not necessarily tied to any particular construction schedule or
plant lifetime.

As of 1993, the total (capital plus operating) cost of a combined-cycle unit plus
transmission was lower than industrial electricity prices in every region (Baxter and Hirst
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1995).* These differences gave industrial customers a strong incentive to obtain power supplies
from other sources and to promote retail wheeling.

ELECTRICITY PRICE (1987 ¢/kWh)
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Fig. 2. EIA projections of U.S. retail electricity price made in 1979, 1982, 1986,

1989, and 1995 compared with actual electricity prices. Prices expressed in
1994 dollars would be 30% higher than the 1987-dollar units shown here.

OIL DEPENDENCE IS ALSO LOWER

Utility dependence on oil fuel declined substantially during the past 15 years, reaching
3.5% of total generation during the past few years (down from its late-1970s value of 14%).
Electric utilities now account for less than 3% of national oil use, far below the late-1970s level
of 10%. Thus, the national-security concern about oil imports is much less of an electric-utility
issue than it formerly was. Transportation accounts for about two-thirds of U.S. oil use and is
therefore the primary contributor to oil imports.

*These combined-cycle costs are based on a real discount rate of 5%, roughly equal to today’s utility
cost of capital. Discount rates in a competitive electric-gencration industry are likely to be much higher to
reflect the greater risk to investors. However, even if the discount rate triples to 15%, the total cost of a
combined-cycle unit is only 25% higher than with a 5% discount rate. This nonlinearity occurs because
operating costs account for roughly two-thirds of the total cost of a combined-cycle unit.
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MARGINAL COSTS ARE NOW LOWER THAN ELECTRICITY PRICES _

The substantial reductions in electricity prices (in part stimulated by declines in natural
gas prices and improvements in combustion-turbine performance) during the past decade led
to a reversal in the prior relationship between prices and marginal costs. Thus, one reason for
utility DSM programs in the late 1970s—that the prices consumers faced encouraged them to
underinvest in energy efficiency—is now gone. Indeed, current prices, because they generally
exceed marginal costs, encourage consumers to overinvest in energy efficiency. However, the
effects of price signals on consumer behavior are often distorted by various market barriers, as

discussed in Chapter 6.

Given the excess capacity that exists today in many regions, short-term avoided costs
are often close to the operating costs of existing power plants (on the order of 2.0 to 2.5¢/kWh).
Nationwide, operating costs were lower by 3.5% in 1994 than in 1993 (Knutson 1995),
probably a consequence of low gas prices and increasing competition. High reserve margins
may persist for many years as utilities increasingly offer real-time pricing options to their
customers. These options effectively substitute economics (through the price-elasticity effect)
for engineering (high reserve margins), which may allow reserve margins to fall with no loss
in system reliability. On the other hand, increasing competition may lead to early retirement of
some nuclear and fossil units whose variable costs exceed those of the regional wholesale

market.

As capacity margins decrease, avoided costs will rise to the full cost of a combined-cycle
unit (Fig. 3). Overall, these avoided costs are much lower than the 10¢/kWh (1993 dollars)
typically assumed ten years earlier. To be cost-effective, a DSM program must defiver savings
at less than 3¢/kWh, based on the assumed avoided costs shown in Fig. 3. Ten years ago, that .
program needed only to be cheaper than 10¢/kWh.

TODAY’S SUPPLY SYSTEM IS MORE FLEXIBLE AND RESILIENT

Today’s capacity additions are environmentally cleaner, smaller in size, inherently more
flexible, and take less time to build than the options of 15 years ago. Utilities can build
combustion turbines in three or four years. Later, as demand increases, they can add a heat-
recovery steam generator to convert the simple-cycle unit to a larger, more efficient combined-
cycle unit. If gas prices were to increase dramatically, utilities could probably switch to coal
with a coal gasifier. Natural gas is also a much cleaner fuel than coal. To illustrate, the
emissions of CO, from a gas-fired plant are about half those from a coal-fired plant. And new
coal-fired units are much cleaner, on average, than existing coal units. Thus, on virtually all
counts, today’s supply additions are better than those of a decade ago.

But utilities have more options than those identified above. Utilities can repower existing
plants to increase capacity and to extend plant lifetime, and they can purchase power from
others. For example, the electric utilities in Maryland plan to rely on purchases from other
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utilities and from nonutility generators for almost 60% of their supply needs between 1994 and
2008 (Maryland Public Service Commission 1994). Thus, the flexibility and diversity benefits
of DSM, which were substantial a decade ago, are now much reduced.

AVOIDED COST (1993 ¢/kWh)
MID-1980s ESTIMAT
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Fig. 3. Schematic showing avoided supply costs as estimated today and a decade
ago. The 1995 estimate assumes that no new capacity is needed until around
2000 and that there are no transmission constraints.

SUMMARY

The direct economics of utility supply are dramatically different from what they were
10 to 15 years ago. Because many regions have excess generating capacity, avoided costs for
the next few years are likely to be quite low, only slightly above the variable operating cost of
power plants. In the midterm, avoided costs are expected to remain below today’s prices,
because of advances in gas-combustion technologies and low gas prices. Increasing competition
in power-supply markets will likely suppress prices further as the inefficiencies associated with
a regulated monopoly are weeded out. Growing competition among power suppliers and
technological advances are reducing the financial and construction risks that utilities today face
relative to those they formerly faced when building large, baseload power plants. Because of
these dramatic changes, the economic, diversity, and flexibility benefits of utility DSM
programs are generally less today than they were in the past. On the other hand, if natural gas
prices increase dramatically. or if environmental constraints take new forms of regulation or
taxation, supply costs could increase, which would make DSM a more attractive resource.
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CHAPTER 4

ENVIRONMENTAL EXTERNALITIES

Many of the important environmental impacts of electricity were historically not part of
utility resource-planning and operating decisions. Several factors have changed during the past
10 to 15 years that might affect the environmental benefits of utility DSM programs. First,
recent federal and state laws further limit allowable emissions of various pollutants from power
plants and transmission lines. Second, utilities, vendors, and DOE have developed improved
technologies that reduce these adverse environmental effects. Third, our understanding of the
damages caused by these emissions has improved. Fourth, the threat of global warming
(especially carbon dioxide emissions) is much clearer now. Finally, our understanding of the
effects of DSM programs on utility emissions has increased.

Utility emissions of the major air pollutants per kWh of production decreased during the
past several years (Fig. 4). On the other hand, total emissions of NO, and CO, grew because
of increased electricity consumption (EIA 1993b and 1994).

TOTAL EMISSIONS (1985=1) EMISSIONS/kWh (1985=1)

0.9 ' ' . 0.5
1985 1986 1987 1988 1989 1990 1991 1992 1993

Fig. 4. Electric-utility emissions of air pollutants from 1985 through 1993. The top
curves show emissions per kWh generated, and the bottom curves show

total emissions.
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SOME POLLUTION COSTS HAVE BEEN INTERNALIZED

Perhaps the most significant recent environmental legislation to affect electric utilities
is the 1990 Clean Air Act Amendments. Title [V of this act limits national emissions of SO,
in the year 2000 (capped at 8.9 million tons/year) to about half its 1990 value. A key innovative
feature of this national limit is the creation of SO, allowances. The holder of each allowance
is permitted to emit one ton of SO, from its facilities. These allowances can be bought and sold,
_ thus encouraging utilities to seek the least-cost ways to meet the national cap. Today, these
- allowances typically sell for less than $200/ton, far below estimates made a few years ago
(Nadel et al. 1994).

In addition to federal legislation, many state PUCs require electric utilities to consider
environmental externalities in their resource-planning processes. As of March 1994, 29 states
plus the District of Columbia required such consideration (Fang and Galen 1994). Seven of
these states (California, Massachusetts,* Minnesota, Nevada, New York, Oregon, and
Wisconsin) require utility use of monetized values for various emissions (e.g., Wisconsin’s
specification of $15/ton of CO, emitted). States that require use of environmental externalities
generally do not require their use in assessing the continued operation and retirement of existing’
power plants, This is an important limitation because the environmental damages from existing
plants are typically two to three times as much as those from new plants (Koomey 1990).

The monetized values used by these states for each pollutant vary enormously. To
illustrate, the values for NO, range from $69/ton (the Bonneville Power Administration
estimate for the east side of the Cascade mountains) up to $31,600/ton (the California PUC
estimate for southern California). In part, these estimates vary because the damages caused by
some pollutants are quite site-specific (e.g., they depend on population density in the local area
and on the particulars of local flora and fauna). In part, these estimates vary because they are
based on different methods, in particular the cost-of-contro! vs damage-function approaches.
And they vary because the underlying science is insufficient.

_ Largely because of limitations in early approaches to estimating environmental damages,
two major studies were begun in 1991. One study, conducted at Oak Ridge National Laboratory
(ORNL), was sponsored by the Department of Energy and the Commission of the European
Communities (Lee 1995a). The second, conducted by RCG/Hagler, Bailly (RCG), was
sponsored by several government and utility groups in New York (Rowe et al. 1995).

*The Massachusetts Supreme Judicial Court in December 1994 struck down the Massachusetts
environmental-externality requircments, finding that the Department of Public Utilities exceeded its authority
in this area. However, the court endorsed state authority to consider projected costs associated with future
environmental taxes or regulation. Recent decisions from the Federal Energy Regulatory Commission also
appear to limit state ability to impose environmental-externality requirements on utility-resource decisions.
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These two studies suggest that the environmental externalities associated with electricity
production at new power plants may be less than was previously thought. For example, ORNL
results show that the fuel-cycle externalities for a coal plant located in the Southeast total
0.12¢/kWh. The RCG estimates of the environmental damages from coal-fired power plants
located in rural, upstate New York range from 0.08¢/kWh to 0.26¢/kWh (Rowe et al. 1995).

The PUC estimates cited above are typically a factor of ten higher than the ORNL and
RCG values (Table 1). Even the RCG numbers for plants sited in New York City (where
damages would be unusually high because of the very high population concentration) are much
lower than those implied by the monetized externalities adopted by various PUCs.

Table 1., Alternative estimates of environmental externalities exclusive of global
climate change from new electric power plants (1992-mills/kWh)
Pulverized coal Combined-cycle gas
ORNL study
Tennessee 1.4 0.2
New Mexico 0.7 0.0
RCG/Hagler, Bailly study
Upstate, rural New York 2.6 0.2
New York City 4.3 1.7
Earlier estimates
Nevada 19.0 55
New York 11.2 6.9
Oregon 13.9 2.8

Sources: Fang and Galen (1994); Koomey (1990); Lee (1995a); and Rowe et al. (1995).

Caverhill and Chernick (1995) believe that the RCG study “leaves out entire classes of
effects and estimates only a portion of other effects.” As examples, they estimate the damages
from small particulate matter (PM,;) and from mercury and other air toxics as orders of
magnitude higher than the RCG estimates. The lead authors of the RCG and ORNL studies
~ agree that many externalities were not included in their studies. However, those pollutants were
excluded because of insufficient scientific evidence concerning their effects or the belief that
the environmental effects from these pollutants are de minimis. The lead authors believe that
they neither over- nor underestimated the effects for the pollutants studied. They also note that
many experts partictpate