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ELBGTRICITY.

The Next Energy Jolt?

By Kevin L. Kliesen

Nowadays, it's commonplace to associate

the phrase “energy crisis” with sky-high

petroleum and natural gas prices. But

the electricity sector is not immune from

crisis, as evidenced by the rolling black-
outs in Texas in 2005 and the blackout
that hit the upper Midwest, Northeast
and part of Canada in 2003.

Widespread electricity out-
ages usually are short and

stem from either a weather-
related cut in service or from
demand beyond the capac-

ity of utilities to produce.

This article will focus mostly on fac-
tors that have affected changes in the
demand for and supply of electricity over
time, rather than changes in quantity
demanded. The distinction, while perhaps
subtle to the noneconomist, is important.
In addition, issues related to the trans-
mission of electricity over the nation’s
electricity grid will be briefly discussed.

Because imports of electricity are negli-
gible and because electricity cannot be
feasibly stored in mass quantities like
petroleum products or other commodities,
effective transmission from the producer
to the consumer is a necessity if supplies
are to be uninterrupted.

Although the United States has
become much more energy-efficient over
time, growth in electricity capacity has
generally lagged well behind the growth of
electricity demand over the past 25 years.!
As a result, the gap—or margin—between
production capacity and consumption
during peak load periods has narrowed
significantly. With some energy econo-
mists expecting the summertime safety
margin to narrow even further in the
coming decade, what are the prospects
for electricity demand and supply over the
next several years?



Factors Affecting Demand
and Supply

As seen in Figure 1, U.S. electricity
consumption and generation have grown
at essentially the same rate over time
because it is costly to store electricity and
imports are negligible. Between 1980 and
2005, electricity generation has increased
at an average annual rate of 2.3 percent,
while electricity sales (consumption) have
increased at a 2.4 percent annual rate.?
Figure 1 also reveals that real electricity

FIGURE 1

Real Private Fixed Investment in Electrical Power Generation,
and Electricity Consumption, Generation and Real Prices
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FIGURE 2

U.S. Summer Electricity Capacity Margins
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prices paid by consumers have remained
roughly constant over time. After falling at
a1 percent annual rate from 1985 to 2000,
real electricity prices have increased at

about a 1.25 percent annual rate since 2000.

Over time, electricity consumption is
influenced by several factors other than
growth of the population. Technological
change is among the most important. In
1900, electricity provided less than 10 per-
cent of the mechanical power in American
industry. By 1930, with the widespread use

(6]

of the dynamo (electric generator), electric-
ity provided more than 75 percent of the
industry’s mechanical power.?

Since the dynamo, other general pur-
pose technologies have had far-reaching
effects on the economy. The widespread
adoption of central air conditioning
after World War II is one example. More
recently, there’s been the semiconductor.
Used in a myriad of computer, informa-
tion and communications devices, the
semiconductor seems to have spurred an
increase in the demand for electricity by
households and firms, thereby contribut-
ing to the growing gap between electricity
generating capacity and consumption.*

One of the most important uses of the
computer is to access the Internet—both
as an information source and as a conduit
of transactions between individuals and
firms and between businesses. To many
firms, a vital part of their business model
is the call center. Reportedly, one large call
center uses enough electricity to power
a city of 30,000 to 40,000 residents. With
such facilities being a key asset of firms
like Microsoft, Dell, Hewlett-Packard and
Yahoo, several high-tech firms have been
attempting to secure lower-cost sources
of electricity. These strategies include
constructing their own power supplies or
locating facilities near existing power plants
to secure favorable pricing from the utility.?

Another factor that has probably
increased the demand for electricity over
the past decade or so is the housing
boom, and in particular, the increasing
size of new homes. From 1970 to 1990,
the average new home increased in
size by nearly 39 percent, to 2,080 square
feet from 1,500 square feet.® By 2004,
the size of the average new home had
increased by an additional 13 percent to
about 2,350 square feet. With the hous-
ing boom continuing into 2005, it is con-
ceivable that the average has increased
even further. Moreover, 90 percent of
all new homes in 2004 had central air
conditioning vs. only 34 percent in 1970.
Although today’s homes and appliances
are more energy-efficient, larger houses
generally require more energy to cool and
heat than do smaller houses.

The nation’s supply of electricity
depends not only on the raw materi-
als used to produce electricity, but the
number of power plants and their capac-
ity. For an electricity-generating facility,
several years can elapse between the
planning and design stage to the opera-
tional stage. This is true for coal and,
especially, nuclear power plants. More-
over, since electrical generation facilities
have a fixed service life—that is, they
wear out or become obsolete because of
new technologies—net fixed investment
rates have to be positive over time to
meet the needs of a growing economy



and populace. The short-run dynamics
are different. During periods when the
demand for electricity increases sharply,
utilities employ unused capacity to meet
increased demand. They must do this
because it is economically unfeasible to
store large amounts of electricity.”

Figure 1 also indicates that real,
private, fixed investment in electric-
ity generation remains below the level
seen in 1980.% In fact, fixed investment
in new electricity generation structures
has declined at a 2.9 percent annual
rate since 1980. Going forward, new
investment will be necessary to offset
retirement of existing facilities and to
meet the increased demand associated
with new technologies and increasing
population. But by how much? The
2006 Annual Energy Outlook (AEO),
published by the U.S. Energy Informa-
tion Administration (EIA), projects that
electricity consumption will increase
by 1.5 percent per year from 2005 to
2030, which is about three-quarters of a
percentage point slower than the growth
rate experienced from 1980 to 2005.
According to the EIA, this slowing stems
from increased energy efficiency and a
slower rate of population growth.

Over the past 25 years, the combina-
tion of structural changes in the econ-
omy and negative real investment rates
in electricity-producing structures have
had consequences. One consequence
was a narrowing margin between pro-
duction capability (capacity) and sum-
mertime demand (peak load). Typically,
the difference between peak-load capac-
ity and demand is the smallest during
the summer months, when homes and
businesses use their air conditioners.’
In fact, of the eight major North Ameri-
can power outages (blackouts) since 1984,
six occurred during the summer months.
Included in this list was the August 2003
blackout, which affected an estimated
50 million people in eight U.S. states and
one Canadian province."

Each year, the North American Elec-
tric Reliability Council (NERC) publishes
its Long-Term Reliability Assessment
(LTRA). This report discusses the reli-
ability of the bulk electric systems (major
electricity grids) in North America. The
industry’s summertime capacity margin
is one of the indicators that the council
monitors closely.

As seen in Figure 2, summer elec-
tricity capacity margins declined sig-
nificantly from the early 1980s to the
late 1990s. From 1985 to 1999, capacity
margins fell from nearly 26 percent to
7 percent, a development that appears
consistent with the investment trends
seen in Figure 1. Although an upswing
in fixed investment over the latter half of
the 1990s boosted capacity margins to
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Energy and Electricity in the

U.S. Economy: An Overview

he United States consumed

a little less than 100 quadril-
lion Btu of energy last year. On
a per capita basis, this amounted
to a little less than 1 million Btu
a day, an amount unchanged
since 1975.1

Petroleum is still the larg-
est source of energy (including
imports) consumed in the United
States, accounting for about
40 percent of total consumption
last year. This percentage was
nearly double that derived from
natural gas (23 percent). Electric-
ity is also an important source
of energy for the U.S. economy,
but, unlike petroleum and natural
gas, it must be produced from
other sources, like coal, nuclear
power or hydroelectric. Last year,
nuclear electric power accounted
for a little more than 8 percent
of total energy consumption, but
energy consumption derived from
coal was 23 percent.

In terms of electricity gen-
eration, fossil fuel power plants
garner the lion’s share (roughly
72 percent) of the little more
than 4 trillion kilowatt hours
of electricity produced in 2005.
The most important fuel in this
regard is coal. Coal-fired power
plants accounted for nearly
50 percent of total electricity
generation in 2005. The next
largest source of electricity gen-
eration was from nuclear power
plants (19 percent), followed by
natural-gas fired plants (18.6 per-
cent). Electricity generated from
renewable sources like hydro-
electric and wind, while signifi-
cant, accounted for only about
9 percent of the total electricity
generated in 2005.

[7]

Since 1980, electricity pro-
duced by nuclear power has
increased at a 4.6 percent annual
rate, considerably more than
that produced by natural gas
(3.1 percent), coal (2.2 percent)
and renewable sources (0.9
percent). Electricity generated
from petroleum products, such as
fuel oil, has fallen at a 3 percent
annual rate since 1980, from a
peak of about 17 percent of total
electricity production in 1977, to
3 percent of the total last year.

According to the U.S. Energy
Information Administration
(EIA), the household sector is
the largest end user of electricity.
In 2005, sales to the residential
sector accounted for 37 percent of
total electricity sales. This share
has increased only slightly since
1980, up from about 34 percent.
The commercial sector was the
next largest user (35 percent),
followed by the industrial sector
(28 percent).

Reflecting changes in the
structure of the economy over
the past 25 years, these last two
shares have changed rather dra-
matically. From 1980 to 2005,
the industrial sector’s share of
total annual electricity sales has
declined from 39 percent to
28 percent, while the commer-
cial sector’s share has risen to
35 percent from about 27 per-
cent. The commercial sector’s
rising share of total electric-
ity sales probably reflects the
increasing share of output pro-
duced by the services sector and
the prevalence of information
and communications technology
equipment used in the produc-
tion of those services.



an estimated 19.8 percent in 2004, long-
term projections of U.S. summer capac-
ity margins have been steadily marked
down since 2002. Currently, as seen in
Figure 2, margins by 2014 are expected
to be down to about 5 percent, which
would be below the record-low levels
seen in 1999.

Is Enough Capacity Being Built?

The Annual Energy Outlook is a com-
prehensive overview of current trends in
the supply of and demand for all types of
energy consumed and produced by U.S.
firms and households. A key aspect of
each of the annual outlooks is the EIA’s
long-run projections (typically 20 years
ahead) of U.S. domestic energy consump-
tion and generation. To see how the
industry’s energy outlook can change over
time in response to unforeseen develop-
ments, look at how the EIA’s long-run
electricity projections have changed over
time using three AEO vintages—those
from 1996, 2001 and 2006.

The EIA projected that to meet grow-
ing demand and offset the retirement
of obsolete plants, capacity additions
totaling about 252 gigawatts (exclud-
ing cogeneration) would be needed by
2015. The agency assumes that an aver-
age new plant has a capacity of 300 mega-
watts; so, this amounts to 840 new plants.
The EIA expected that about 75 percent
of the new capacity would be natural
gas-fired plants; coal-fired plants would
make up an additional 20 percent. Coal-
fired plants are usually more economical
because the price of coal on an energy-
equivalent basis is generally less than the
price of natural gas. In 1999, according
to the EIA, fuel costs represented nearly
80 percent of the total operating costs for
a 300 megawatt coal-fired plant, but
98 percent for a comparable-sized natural-

FIGURE 3
Electricity Generation Capacity Additions by Fuel Type,
2005-2030
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gas-fired generation plant."" Thus, the
industry generally builds natural gas
plants to ensure a reliable source of
energy for the relatively few hours each
day when electricity demand is high."

With capacity margins having dwin-
dled to extremely low levels in recent
years, the EIA was warning that the
country would need to build a sub-
stantial number of new power plants
over the next two decades to prevent
widespread outages during peak usage.
The EIA projected that 393 gigawatts of
new capacity would be needed over the
next 20 years, which was a 56 percent
increase from the long-term projec-
tions published five years earlier. This
total represented an increase of a little
more than 1,300 new plants. Nearly
all (approximately 92 percent) of the
additional generating capacity that was
projected to come on line by 2020 were
natural gas-fired plants. Coal-fired
generating capacity comprised most of
the remaining 8 percent of the projected
new generating capacity.

Given the magnitude of the new
generating capacity projected in the 2001
Annual Energy Outlook, it appears that
the Energy Information Administration
was surprised by the steep decline in
capacity margins in the latter part of the
1990s. However, this projection error
seems understandable given the tech-
nological innovations that occurred in
the 1990s that appear to have increased
the demand for electricity relative to the
available supply.

According to the 2006 report, the EIA
projects that U.S. electricity generating
capacity will need to increase by about
347 gigawatts between 2005 and 2030,
which is 12 percent less than its 2001
long-term projection. A little more than
half of the total capacity (54 percent) is
projected to come on line between 2021
and 2030. As seen in Figure 3, which
details the current long-run projections
in electricity generation capacity by fuel
type, there has been a sharp departure in
the fuel mix that was projected in 2001.
Recall that in 1996 and 2001, the bulk of
the new power plants to be built were
expected to be natural gas-fired. Now,
the EIA foresees that the majority of
the new power plants in the latter part
of the projection period are expected
to be coal-fired. This could reflect two
developments. First, utilities might be
building relatively more capacity for the
longer run rather than to meet peak
load demand. Second, utilities could be



expecting natural gas prices to remain
permanently higher compared with the
utilities’ previous assumption.

However, coal prices have also risen
sharply in recent years. From 1980 to
2000, the price of coal was essentially
flat in nominal terms. From 2001 to
2005, coal prices rose by about 33 per-
cent. The expected switch to coal-fired
capacity over the longer run occurs even
though the EIA has significantly raised its
estimate of the real price of coal. In 1996,
the EIA projected that real coal prices
were expected to fall by 0.5 percent per
year over the next 20 years. Currently,
EIA projects that the real price of coal will
increase by 0.3 percent per year over the
next 20 years.

Changes in public policy also can
affect generating capacity in the long
run. For example, in response to the tax
incentives that were incorporated into
the Energy Policy Act of 2005 (EPACT),
additional generating capacity from
nuclear and renewable energy sources is
expected to be built. By 2030, as shown
in Figure 3, six gigawatts of nuclear and
about 27 gigawatts of renewable energy
facilities are expected to be operating.

Other Concerns

In its 2006 Summer Assessment issued
in May, NERC had warned that the gap
between expected demand and available
supply was going to be “tighter than last
summer across much of North America.”
But in a subsequent report issued in
August, the agency noted that the power
system performed “quite well” during
the July heat waves in the United States.
NERC also said in its May assessment
that reduced coal deliveries to electric
power generators from the Powder River
Basin in Wyoming and southeastern
Montana were a concern. This devel-
opment, which is more of a short-run
disturbance, stemmed from damage to
rail lines in 2005 that arose from flooding
and a train derailment. Although some
utilities in the Midwest and Southwest
have warned of the possibility of roll-
ing blackouts due to short coal supplies,
through May 2006 the EIA reported that
total U.S. coal stocks held at electric
utilities were up by 11 percent from a
year earlier.”

In addition to longer-run concerns
about capacity margins, NERC has
warned that transmission capacity will
begin to be a pressing issue going for-
ward. The agency noted as much in its
2005 Long-Term Reliability Assessment:

North American transmission systems
are expected to meet reliability require-
ments in the near term. However,
as customer demand increases and

transmission systems experience
increased power transfers, portions
of these systems will be operated at
or near their reliability limits more of
the time (Page 5).

From 1989 to 2004, a little more than
14,000 high-voltage transmission circuit
miles were added in the United States,
which amounted to an increase of
0.6 percent per year. This increase was
about one quarter of the roughly
2.25 percent annualized growth in
electricity consumption over this period.
Although the August 2003 blackout
task force noted that no major electric-
ity transmission circuit projects have
occurred over the past 10 to 15 years,
eroding the system’s reliability, NERC
nonetheless reports that actual circuit
miles have exceeded projections for each
year from 2000 to 2005. NERC projects
that about 10,000 miles of high-volt-
age transmission lines will be added
between 2005 and 2014. While signifi-
cant, this is still a growth rate of only
0.6 percent per year. Moreover, this
growth still lags the projected 1.75 per-
cent annual growth of electricity sales
over this period, according to the EIA.

Summary

Since 1980, growth in the consump-
tion of electricity has outpaced the
growth in investment in new generating
facilities. As a result, peak-capacity
margins dwindled to extremely low levels
in the latter part of the 1990s, and, while
they have recently rebounded, some
energy economists expect even smaller
margins by 2014. Still, the industry is
expected to add a considerable amount
of coal-fired generation capacity over the
next 20 years and, partly in response to
the Energy Policy Act of 2005, a sig-
nificant amount of new capacity from
nuclear and renewable energy sources.
These projections, though, are based on a
sizable slowing in the growth of electric-
ity consumption that was seen from 1980
to 2005. Finally, some economists are
concerned that industry is not adding
enough to its capacity to deliver electricity
over bulk transmission lines, potentially
increasing the risk of supply disruptions.

Kevin L. Kliesen is an economist at the Federal
Reserve Bank of St. Louis. Joshua A. Byrge provided
research assistance.
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ENDNOTES

1 The total amount of energy used to pro-
duce $1 of real final goods and services
(GDP) has declined from a little more
than 19,500 Btu in 1949 to about 9,000
Btu in 2005.

Since 1980, real GDP has increased at
an average annual rate of 3.1 percent.

3 See Kliesen and Wheelock (2001).

4 See Anderson (2001).

See Delaney and Smith (2006).

6 See National Association of Homebuild-
ers (2006).

Imports of electricity, mostly from
Canada, are another potential source.
However, the total amount imported in
2004 was only 0.8 percent of total net
generation.

[N}

o

~

8 The dollar value of new construction of
electrical generating facilities.

9 Capacity margin is measured as the differ-
ence between capacity at summer peak
load and the summer non-coincident
peak load, divided by the former and
multiplied by 100.

10 See U.S.-Canada Power System Outage
Task Force (2004).

11 See 2001 Annual Energy Outlook, p. 74.
12 See 2006 Annual Energy Outlook, p. 77.
13 See Hornaday (2006).

14 British Thermal Units is the U.S.
measure of product’s energy content.
According to an online encyclopedia,
“a pound (0.454 kilogram) of good
coal when burned should yield 14,000
to 15,000 Btu; a pound of gasoline or
other fuel oil, approximately 19,000
Btu.” See www.answers.com/topic/
british-thermal-unit.
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