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Executive Summary
Record-breaking heat waves over the past

few summers have been accompanied by
power outages in many regions of the coun-
try. Policymakers, utility executives, and power
system planners and regulators predict that
outages and shortages will continue until
actions are taken to improve the reliability of
the nation’s electric system. Effective solutions
to our electric system reliability problems will
consider the long-term economic costs and
benefits as well as impacts on the environment
and public health.

The summer months are particularly taxing
on the electric system. Soaring temperatures
lead to increased peak demand as consumers
and businesses crank up their air conditioners
to stay cool.The greatest demand for air con-
ditioning generally occurs in the mid-after-
noon hours, coinciding with the highest
demand for other electricity uses. High tem-
peratures also negatively impact the perfor-
mance of electricity generation, transmission,
and distribution equipment, reducing the
availability of generation and transmission
capacity and increasing the likelihood of dis-
tribution system failures.As a result, the elec-
tricity system is called on to meet the highest
demand at the time when its components are
most prone to problems.

A range of solutions has been proposed to
address electric system reliability problems and
reduce the likelihood of power outages,
including constructing new power plants,
expanding the transmission and distribution
system, improving energy efficiency, and
investing in distributed generation resources
(e.g., renewables and combined heat and
power). Building additional generation, trans-
mission, and distribution capacity is very
expensive, particularly when the power is only
needed in the peak summer months. Further-
more, additional power generation imposes
costs to the environment and public health —
electricity generation is a leading source of
the air pollution that contributes global
warming and increases the incidence and

severity of asthma and other respiratory and
cardiopulmonary diseases.These environmen-
tal and health issues, along with concerns
about the disappearance of open space and
added noise, are driving community opposi-
tion to power plants and transmission line
construction across the country. In contrast,
energy efficiency and distributed power gen-
eration offer low-cost alternatives that reduce
the need for additional central station genera-
tion and distribution capacity while reducing
pollutant emissions and saving consumers and
businesses billions of dollars.

Increased peak demand is at the heart of
reliability problems, so efforts designed to
reduce peak demand are an important part of
any strategy to improve electric system relia-
bility. Since air conditioning is a leading con-
tributor to peak demand during times of
system vulnerability, improved central air con-
ditioning efficiency must be a key part of the
solution to our reliability problems. Minimum
efficiency standards are a proven method for
cost-effectively reducing energy consumption
and peak demand.As a result of current stan-
dards, the need for more than 20,000 MW of
peak generating capacity has been eliminated
in 2000 alone.Without these savings, the
additional peak demand would be further
intensifying the reliability problems the nation
is experiencing today.

This report demonstrates the additional
peak demand reductions possible from
updated efficiency standards for residential and
commercial central air conditioners.We pro-
vide estimates of the peak demand reductions,
electricity savings, cost savings, and pollutant
emissions reductions possible with adoption of
new standards effective in 2006. Estimates are
given for 2010 and 2020 at the national and
regional level and for the four most populous
states (i.e., California,Texas, New York, and
Florida). In addition, we present four case
studies illustrating the important role that
standards can play in mid- and long-term
efforts to reduce the likelihood of power out-
ages and improve electric system reliability.

APPLIANCE STANDARDS AWARENESS PROJECT2
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Findings
Our savings estimates are based on sensible
improvements to the current standards
based on the legally required criteria for
upgrades.These improvements would
require a 30% improvement in the residen-
tial central air conditioner standard as well
as set a cap on peak demand and include
technical advancements that minimize how
much product efficiency deteriorates over
time. For commercial equipment, a 20%
improvement in the standard would lead to
the greatest level of cost-effective savings.

The use of central air conditioning in
American homes has soared from 25% of
households to more than 50% of house-
holds over the past twenty years.And cen-
tral air conditioners have become
practically a standard feature in new
homes.As a result, air conditioning has had
a growing impact on peak electricity
demand and electric system reliability.

Updated central air conditioning standards
would eliminate the need for an estimated
23,850 megawatts (MW) of summer peak
generating capacity in 2010 — the equiva-
lent of the power produced by 48 large
(i.e., 500 MW) fossil-fuel power plants. In

2020, peak capacity reductions grow to
77,700 MW — the equivalent of 155 large
power plants and more than 10% of antici-
pated nationwide peak demand for the
summer of 2000.

Upgrading the standards to the level we
propose would cut peak demand in every
region of the country.The map on page 5
shows how many large power plants would
be unneeded in each region if standards are
upgraded. Peak reductions are largest in the
hottest parts of the South and Midwest
where demand for air conditioning is
highest.

Nationwide, estimated end-use electricity
savings from updated standards would total
more than 25 billion kWh in 2010, just
four years after the standards take effect.
Annual savings are projected to grow to 82
billion kWh in 2020, approximately 26%
of projected residential and commercial
electricity consumption for space cooling
and 3% of overall residential and commer-
cial energy consumption in 2020.

Consumer electricity bill savings would be
cut by an estimated $1.9 billion in 2010
and more than $6 billion in 2020.

Executive Summary

UPDATED CENTRAL AIR CONDITIONING STANDARDS WOULD:

Reduce Peak Demand: 77,700 MW in 2020

Save Electricity: 82 billion kWh in 2020

Cut Electricity Bills: $6 billion in 2020

Reduce Carbon Emissions: 15 MMT in 2020

Reduce NOX Emissions: 40,600 MT in 2020

Reduce SO2 Emissions: 208,500 MT in 2020 

Save Money: $16 billion net savings by 2020



Cumulative net savings from updated cen-
tral air conditioning standards will exceed
$7 billion for products purchased by 2010
and grow to more than $16 billion for
products purchased by 2020. For every
dollar of increased equipment purchase
price, consumers will save more than two
dollars on their electricity bills.

Updated standards would reduce carbon
emissions by more than 5 million metric
tons (MMT) in 2010. In 2020, carbon
reductions would approach 15 MMT.
Carbon dioxide is the leading contributor
to global warming.This is the equivalent of
removing more than 4 million cars from
the roads in 2010 and 12 million cars in
2020.

Improved central air conditioning standards
would reduce smog-forming nitrogen
oxide emissions by 17,500 metric tons
(MT) in 2010 and 40,600 MT in 2020.

Sulfur dioxide emissions (the main compo-
nent of acid rain) would be cut by approx-
imately 77,500 MT in 2010 and 208,500
MT in 2020. Particulate (soot) emissions
would be cut by more than 700 MT in
2010 and 2,100 MT in 2020. By reducing
these pollutants, updated standards would
help to alleviate public health problems
and environmental degradation.

Updated standards can play an important
part in improving the reliability of the
electric system. Had updated standards
taken effect in 1990, outages experienced
by customers in the Entergy service terri-
tory (i.e., Louisiana,Arkansas, Mississippi,
and Texas) in 1999 could have been
avoided, while the likelihood of outages in
Long Island and Chicago could have been
significantly reduced. In addition, updated
standards could “supply” enough power to
more than make up the shortages antici-
pated in California in 2000.

APPLIANCE STANDARDS AWARENESS PROJECT4
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LARGE POWER PLANTS AVOIDED IN 2020 BY REGION

Improved air conditioner efficiency avoids the need for new power plants.
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Introduction
As summer approaches, headlines around

the country are reporting on electric system
reliability and concerns about potential power
outages that leave consumers and businesses in
the dark (DJN 2000; Gerber 2000; Howe
2000b; Smith 2000; Stouffer 2000).Air pollu-
tion, much of it from the electric utility
industry, also becomes a regular news item
with the advent of summer as local weather
reports provide a daily air quality index and
smog and ozone alerts warn of pollution-
related health threats.These issues rank high
on the agenda of utility executives, policy-
makers, and power system planners and regu-
lators as memories and, in some cases,
repercussions of the costly and well-publicized
power outages of summer 1999 linger. Busi-
nesses, consumers, and community leaders are
also concerned about potential power outages
and air pollution levels and their implications
for business operations, public health and
safety, and the environment.

This paper explores the role that updated
efficiency standards for central air condition-
ing equipment can play in improving electric
system reliability and reducing the likelihood
of power outages.1

In determining the role of efficiency stan-
dards, we address several broader questions
about power outages:What are the causes of
summer power outages and how do outages
impact consumers and business? What actions
can be taken to reduce the likelihood of out-
ages and what are the advantages and disad-
vantages of each option? What is the potential
for economically and environmentally sound
solutions to ensure that our electric system
can continue to meet our needs for power
this summer and in the coming years?

Background
When summer heat arrives, demand for

electricity increases as consumers and busi-
nesses crank up their air conditioning to stay
cool.The highest demand for air condition-
ing generally occurs during the mid-after-

noon hours, when other electricity demands
tend to be highest. Electricity generation and
distribution resources are taxed by the added
load — and by the reduced availability of
generation and transmission capacity due to
cooling water limits and heat-related trans-
mission constraints — and may be insufficient
to meet the required power demand. Most
regions meet this peak demand through a
combination of running all available power
plants at full capacity and importing power
from neighboring regions over the transmis-
sion system.

The power system is made up of three
major components: generation (power plants),
transmission (long distance wires) and distrib-
ution (local wires that bring power to homes
and businesses and transformers that reduce
the power to a usable voltage level). Figure 1
presents a diagram of these components and
how they work together. If the power supply
falls short of demand — in other words, if
power plants cannot produce enough electric-
ity to meet customer demands — the utility
system operator must institute measures to
prevent the system’s collapse.Typically, a utility
will institute voltage reductions and then call
on power consumers to reduce their electric
use and ask companies and governments to
voluntarily shut down. In New England dur-
ing the summer of 1999, the governors of
Massachusetts, Connecticut, and Rhode Island
shut down state government and asked many
businesses to curtail operations — sending
workers home in some cases — to help pre-
vent region-wide outages. If such voluntary
measures are inadequate, the power system
operator typically cuts off power on a rolling
basis to different parts of its service area,
resulting in “rolling blackouts.” In the summer
of 1999, Entergy, a utility serving parts of
Louisiana,Texas,Arkansas, and Mississippi,
instituted rolling blackouts across the South-
east affecting more than 500,000 customers.
And in June 2000, Pacific Gas and Electric
also resorted to rolling blackouts which cut
off power to 97,000 customers in California.

APPLIANCE STANDARDS AWARENESS PROJECT6

1In this paper, we use the term “central air conditioning” to refer to residential central air conditioners and heat
pumps and commercial packaged air conditioners and heat pumps.The U.S. Department of Energy is currently
reviewing minimum efficiency standards for these residential products and will soon begin review of standards
for these commercial products.
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More localized outages occur when distri-
bution lines are not sufficient to carry the
power load or when high temperatures nega-
tively affect the performance of power gener-
ation, transmission, and distribution
equipment. During hot weather, transmission
and distribution lines and distribution trans-
formers are more likely to fail as a result of
thermal overloading. Such localized bottle-
necks and system failures resulted in the out-
ages that hit New Jersey, the Delmarva
Peninsula, the New York City region and the
Chicago area last summer.

Power outages have serious consequences
for consumers and business.The U.S. Depart-
ment of Energy (DOE) estimates that power
outages and other fluctuations in power deliv-
ery cost nearly $30 billion a year in lost pro-
duction (EMS 2000c).The costs to industry at
large and to individual businesses are tremen-
dous:

Companies throughout the high technol-
ogy sector – including semiconductor
manufacturers, biotechnology companies,
financial and information services, and e-
commerce firms — are particularly vulner-
able to power outages. E-commerce firms
can lose millions of dollars every minute
without power (Konrad 2000).

On August 12, 1999, the Chicago Board of
Trade was unable to execute more than
$20 trillion worth of trades during a one-
hour power outage (EMS 2000c).

The same heat wave caused power outages
in Ohio that cost Honda $250,000 in pay-
roll alone (EMS 2000c).

In New York City, millions of dollars
worth of medical experiments at Columbia
University were damaged requiring
months of time and untold dollars to
recover (Romm 1999).

Individual consumers and businesses that
use computers lose unquantifiable amounts
of time and money due to data losses and
equipment damage from power outages.

Outages during hot weather also pose seri-
ous public health and safety risks. Dangerously
high temperatures that contributed to power
outages in 1999 were blamed for eight deaths
in New York City and more than 50 deaths in
Chicago (Barboza and Belluck 1999; Barstow
1999).These disasters continue a pattern of
heat waves during recent summers (Stevens
1999).Although power outages have not been
directly related to these deaths, the loss of

Staying Cool: How Energy-Efficient Air Conditioners Can Prevent Blackouts, Save Money, and Cut Pollution

FIG. 1 THE POWER SYSTEM
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power to air conditioners and fans during
such extreme conditions increases the risk for
heat-related illness and death, particularly
among the elderly and other vulnerable popu-
lations.Additional outage-related risks to pub-
lic safety include: darkened streets and
intersections from the loss of street lights and
traffic signals, and people trapped as elevators
and mass transit services are suspended.

Table 1 provides details on the causes and
impacts of recent power outages and shortages
that have occurred around the U.S.

Air Conditioning Load Growth: 
Past and Future Trends

The recent spate of power outages and
other reliability problems is related to record
levels of peak power demand. Much of this
increase in demand comes from the growing
air conditioning load in residential and com-
mercial buildings.The share of U.S. homes
with central air conditioning has increased
from 25% of households in 1981 to more
than 52% of households — for a total of more
than 52.3 million households — in 1998 (US

APPLIANCE STANDARDS AWARENESS PROJECT8

TABLE 1: RECENT POWER OUTAGES AND SHORTAGES AROUND THE U.S.

REGION UTILITY/SYSTEM DATES CUSTOMERS
AFFECTED

CAUSES

California – San
Francisco Bay area

Pacific Gas & Electric 6/14/00 97,000 Heat wave and high peak load led to rolling
blackouts

Chicago Commonwealth Edison 7/30 -
8/1/99

89,300 Heat wave and record peak load led to
distribution failures within aging system

Chicago Commonwealth Edison 8/12/99 3,188 Transformer and cable overloads cut power
to Chicago’s business district

Delmarva Peninsula Delmarva Power &
Light

7/5/99 138,000 Heat wave and record peak load coupled
with maintenance-related generation
outages led to power outages

Long Island Long Island Power
Authority

7/2 -
7/8/99

110,000 Heat wave, record peak load, and reduced
power imports led to transformer overloads,
power shortages, and voltage reductions

Mid-Atlantic (DC, 
DE, MD, NJ, PA, VA)

PJM Interconnection 7/6 and
7/19/99

n/a Heat waves and record peak load (over more
than 12 consecutive hours) led to voltage
reductions on 2 separate occasions

New England (CT, 
MA, ME, NH, RI, VT)

ISO-New England 6/7 -
6/8/99

n/a Early heat wave, near-record peak loads,
generation units out for scheduled and
unscheduled maintenance led to voluntary
shut-downs and voltage reductions

New Jersey Public Service 
Electric & Gas

7/5 -
7/8/99

20,000 Heat wave and cable/switchgear failures led
to outages

New Jersey GPU Energy 7/5 -
7/8/99

100,000 Heat wave and transformer failures caused
scheduled and unscheduled outages

New York City Consolidated Edison 7/6 -
7/7/99

68,000 Heat wave and record peak load led to
failures in aging distribution system
resulting in outages

South-Central States
(AR, LA, MI, TX)

Entergy 7/23/99 550,000 High peak load, generation deratings, and
loss of anticipated power imports forced
rolling blackouts
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Census Bureau 1999;Wenzel et al 1997).
Throughout the country, central air condi-
tioning has practically become a standard fea-
ture in new homes — 83% of single-family
homes constructed in 1998 had central air
conditioning installed at the time of construc-
tion compared with 63% in 1980 and 34% in
1970 (US Census Bureau 1999).

Air conditioning typically accounts for
more than half of household electricity con-
sumption during summer months. Nation-
wide, residential central air conditioners and
heat pumps consumed approximately 101 bil-
lion kWh of electricity in 1997, accounting
for almost 10% of residential electricity con-
sumption that year (EIA 1999b).2 Primary
energy use for air conditioning in homes
totaled 1.44 quadrillion British thermal units
(quads) in 1997 and is projected to grow to
1.8 quads in 2010 and 1.96 quads in 2020
(EIA 1999c).3

Commercial buildings also contribute to
peak power demands related to air condition-
ing. Nationwide, primary energy use for air
conditioning in commercial buildings totaled
1.19 quads in 1997 and grew to 1.46 quads in
1998, but is projected to decline to 1.33 quads
in 2010 and 1.25 quads in 2020. Much of this
decline is due to increased equipment effi-
ciency and building shell improvements
which reduce cooling load. Despite these
declines, space cooling is projected to account
for almost 7.5% of commercial energy use in
2010 and almost 6.9% in 2020 (EIA 1999c).

The growth of air conditioning load has
had a tremendous impact on peak power
demand. Historically, electricity demand in
the U.S. peaked in the winter when power
was needed in factories and cities in the
industrial north.As the economy continues to
shift towards information and service indus-
tries and as increasing numbers of businesses
and consumers have moved to the Sun Belt,
this pattern has changed. Electricity demand
in the U.S. now peaks in summer when

power is needed to provide cooling for high-
tech industries, offices, and homes. From 1989
to 1998, national summer peak demand grew
from 523,432 MW to 660,293 MW, an aver-
age annual growth
rate of more than
15,000 MW or
2.6%.This annual
growth is equiva-
lent to the addition
of 30 large (i.e.,
500 MW) power
plants each year.
Peak demand is
forecast to con-
tinue growing at an
average of approxi-
mately 13,000 MW
or 2% per year
through 2008
(NERC 2000).

Solving Our Electric System 
Reliability Problems

A range of solutions has been proposed to
address electric system reliability problems and
reduce the likelihood of power outages (DOE
2000a; DOE 2000c; EMS 2000a; EMS
2000b). Options for consideration by utilities
and public policy makers can be categorized
as: 1) investments in additional supply-side
resources, such as building power generation
plants and upgrading or adding to the distrib-
ution and transmission system; or 2) invest-
ments in customer-held resources, such as
energy efficiency and customer-owned gener-
ation (e.g., renewables and combined heat and
power).An effective solution will incorporate
a combination of these options, which are dis-
cussed below.

Investments in Supply-Side Resources
At first glance, it may appear that adding

generation resources to produce the additional
power needed to meet peak demand is an

Staying Cool: How Energy-Efficient Air Conditioners Can Prevent Blackouts, Save Money, and Cut Pollution

2Represents electricity consumption of residential central air conditioners and heat pumps used in homes only.
This equipment is commonly used in small commercial buildings as well.
3Primary energy includes the energy consumed by end users as well as energy losses associated with the genera-
tion, transmission, and distribution of electricity.These losses account for approximately two -thirds of the
energy consumed in the process and actual electricity delivered to end users accounts for the remaining third.

Central air conditioning has
practically become a stan-
dard feature in new homes
— 83% of single-family
homes constructed in 1998
had central air conditioning
installed at the time of con-
struction compared with 63%
in 1980 and 34% in 1970.



obvious and straightforward way to eliminate
reliability problems. Indeed, extensive power
plant construction projects are being planned
to address anticipated capacity shortages. How-
ever, there are serious implications to wide-
spread construction of additional power plants,
transmission lines, and distribution facilities.

First, building or buying power plants and
transmission and distribution equipment is very
expensive.A conventional combustion turbine
plant used 80 hours per year (i.e., 20 hours per
week for 4 weeks) to meet peak demand has a
capital cost of approximately $1 per kWh – if
the peaking plant is needed less frequently, the
costs per kWh grow even further (RAP
1999).4 To put this cost in perspective, the aver-
age retail cost of electricity in 1998 was 8.4¢
per kWh for residential customers and 7.4¢ per
kWh for commercial customers (EIA 1999c).
In Florida, 15% of the state’s generating capac-
ity is needed less than 1% of the time to meet
peak demands (Energy Insight 1998). Signifi-
cant customer price increases could be required
to pay for the high cost of added generating
capacity which would be needed only during
brief intervals of high peak demand. Utilities in
Massachusetts and Rhode Island have filed
requests with state regulators for price hikes to
cover the costs of summer peak power —
other states are beginning to follow their lead
(Howe 2000a; Providence Journal 2000; Rivera
Brooks 2000).

In the first four months of 2000, develop-
ers have proposed construction of more than
13,000 MW of generating capacity (Wagman
2000). Ironically, the current shortage prob-
lems could soon be replaced by costly overca-
pacity in some areas. Regions such as Texas,
New England, and New York could have
excess capacity by 2004 as a result of signifi-
cant power plant construction currently
underway (Logan, Piper and Neil 2000). Even
if only a fraction of the proposed construction
projects are completed, these parts of the
country could be left with significant levels of
overcapacity.As a result, large public and pri-

vate investments will be tied up in unneeded
and unused generation facilities.

Building additional transmission and distrib-
ution capacity will also require serious capital
investments. Proposed transmission and distrib-
ution system upgrades within the New Eng-
land Power Pool totaling $100 million — to be
passed on and paid by ratepayers — are under
review by the Federal Energy Regulatory
Commission (Clemmer 2000). System
upgrades in distribution lines, transformers, and
transmission lines for distribution constrained
areas (i.e., areas where immediate investment is
needed) of the Midwest will cost an estimated
16¢ per kWh (Weston 2000). In many cases,
these enormous investments are required
because utilities have failed to invest in ongo-
ing upgrades and adequate maintenance of
transmission and distribution facilities.The
power outages in Chicago in 1999 were all dis-
tribution-related — many parts of the aging
system are beyond their life expectancy, were
not properly maintained, and were operated for
extended periods under conditions exceeding
their recommended load capacities (ICC
1999). Repairs and upgrades will cost the
regional utility, Commonwealth Edison, more
than $100 million and take as long as five or
six years to complete (Stouffer 2000).

Second, the environmental and public
health costs of additional power generation
must be considered. Electricity generation is
responsible for one-third of all U.S. emissions
of carbon dioxide, the primary gas contribut-
ing to global warming (State Department
1997). It is also a leading source of air pollu-
tants that pose threats to human health and the
environment. Power plants are the source of
64% of sulfur dioxide emissions, 33% of mer-
cury emissions, 26% of smog-forming nitrogen
oxide emissions, and 9% of primary particulate
emissions (EPA 1998).5 These pollutants have
been shown to increase the incidence and
severity of asthma and other respiratory and
cardiopulmonary diseases (ALA 1996;ALA
1997).A recent study by the Harvard School

APPLIANCE STANDARDS AWARENESS PROJECT10

4Numbers based on an analysis by the Regulatory Assistance Project assuming typical combustion turbine
plant construction cost of $400 per kW plus $80 per year of depreciation, property taxes, and other annual
carrying costs.
5Most particulates form in the atmosphere around sulfur dioxide or nitrogen oxide molecules.Thus, power
plants are a major source of the precursors that lead to elevated levels of particulate or “soot” pollution.
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of Public Health linked air pollution from two
coal-burning power plants in New England to
more than 43,000 asthma attacks and approxi-
mately 159 premature deaths each year and
found that up to 32 million people in the
Northeast could be exposed to pollution from
these facilities (HSPH 2000).

These pollutants are also responsible for a
number of severe and costly environmental
problems. Smog-forming nitrogen oxides are
damaging to plant tissues, leaving forests and
crop lands vulnerable to pests, bad weather,
and other environmental stressors. Smog-
related losses to crop lands alone are estimated
at more than a billion dollars a year (EPA
1997). Forests, lakes, and streams in the north-
eastern U.S. continue to suffer degradation
from acid rain which is formed by sulfur and
nitrogen oxide emissions. Urban skylines and
national park vistas are less visible to residents
and visitors due to the haze that results from
particulate emissions (or soot).And, finally,
fish, birds, and mammal populations are sub-
ject to illnesses and reproductive disruptions
from mercury emissions which leach into
lakes and streams.

In addition to the high economic, health,
and environmental costs of building power
plants and transmission lines, siting of these
facilities is a highly contentious issue which has
led to divisive, costly, and time-consuming bat-
tles in communities throughout the country.
Environmentalists, public health advocates, and
others are actively fighting to keep transmission
and generation facilities out of neighborhoods,
greenfields, and environmentally-sensitive
spaces. For example, in Indiana, power plant
developers have withdrawn petitions for four
plants with more than 1600 MW of generation
capacity due to stiff opposition from the public
over pollution, ground water, and aesthetic
impacts of the plants (de Rouffignac 2000a).
Furthermore, existing air quality problems can
complicate new power plant siting, particularly
in areas classified as non-attainment under fed-
eral Clean Air Act regulations.

Investments in Demand-Side 
and Customer-Based Resources

Energy efficiency, renewable energy, and dis-
tributed generation offer low-cost alternatives
that reduce the need for additional central sta-

tion generation and distribution capacity.
Improving energy efficiency reduces demand,
thereby eliminating the need for costly and
environmentally harmful investments in new
capacity.Throughout the 1990s, utility energy
efficiency programs generated annual energy
savings ranging from 20 billion kWh in 1990
to a high of 61 billion kWh in 1996 including
peak load reductions of 13,000 MW in 1990
and almost 29,000 MW in 1996 (Nadel, Kubo,
and Geller 2000).Thus, these improvements
eliminated the need for 26 large power plants
(i.e., 500 MW) in 1990 and 58 large power
plants in 1996.These savings cost utilities an
average of 3¢ per kWh or less — a fraction of
the cost of peak generating capacity or distrib-
ution and transmission upgrades. Unfortu-
nately, utilities cut spending on these end-use
efficiency programs by almost 50% between
1993 and 1998 (Nadel, Kubo, and Geller
2000). Renewed investments to increase the
purchase of efficient appliances, improve build-
ing efficiency, and build the market for efficient
products and services could reduce electricity
demand and improve system reliability.

Onsite generation of power by residential,
commercial and industrial customers, known
as distributed generation, can reduce peak
loads in two ways. First, users produce elec-
tricity to meet their own needs, thereby elim-
inating demand on the utility grid.The losses
associated with electricity distribution and
transmission over long distances are also
reduced.A recent study found that distributed
generation projects could provide 690 MW of
electricity on Long Island alone — enough
energy to power more than 410,000 homes
(EMS 2000a). Second, distributed generation
resources could supply power to the broader
power system during times of peak demand,
reducing the need for the expensive peaker
plants that operate only a small portion of the
year.And, since many distributed generation
technologies rely on renewable power sources
(e.g., solar, wind, biomass, geothermal heat),
highly-efficient processes (e.g., microturbines,
combined heat and power), or clean technol-
ogy (e.g., fuel cells which produce electricity
without combustion) the environmental and
public health concerns associated with tradi-
tional power generation are minimized (Cow-
art 2000; Moskovitz 2000).

Staying Cool: How Energy-Efficient Air Conditioners Can Prevent Blackouts, Save Money, and Cut Pollution



Increased peak demand is at the heart of
reliability problems, so efficiency efforts
designed to reduce peak demand are an
important part of any strategy to improve sys-
tem reliability. Since air conditioning is a lead-
ing contributor to peak demand during times
of system vulnerability, improved central air
conditioning efficiency must be a key part of
the solution to our reliability problems.

The Case for Updated Central 
Air Conditioning Efficiency Standards

Minimum efficiency standards are a proven
method for cost-effectively reducing energy
consumption. National minimum efficiency
standards, established with passage of the
National Appliance Energy Conservation Act
of 1987 (NAECA), remove inefficient prod-
ucts from the market and ensure that effi-
ciency improvements are incorporated into all
new products. Standards already in effect will
save 1.2 quadrillion British thermal units
(quads) in 2000 – equivalent to the annual
energy use of about 6.5 million American
households (Nadel and Pye 1996).And savings
from updating the standards on products cur-
rently designated as “high priority” in the
U.S. Department of Energy’s (DOE) review
process would yield additional energy savings
of 0.7 quads in 2010 and 1.8 quads in 2020,
the energy use of approximately 3.5 million

and 9 million households
in 2010 and 2020, respec-
tively (Thorne, Kubo and
Nadel 2000). Standards
have also played an impor-
tant part in reducing peak
demand – as a result of
current standards, the need
for more than 20,000 MW

of peak generating capacity has been elimi-
nated in 2000 alone (Nadel and Pye 1996).
Without these savings, the additional peak
demand would be further intensifying the
reliability problems the nation is experiencing
today.

The current efficiency standards for resi-
dential central air conditioners and heat

pumps, set in 1987, require a minimum cool-
ing efficiency of 10 SEER (Seasonal Energy
Efficiency Ratio – a ratio of seasonal cooling
output to seasonal energy input for an average
U.S. climate) and, for heat pumps, a minimum
heating efficiency of 6.8 HSPF (Heating Sea-
son Performance Factor – a ratio of seasonal
heating output to seasonal energy input for an
average U.S. climate). For commercial pack-
aged air conditioners and heat pumps, the
minimum cooling efficiency is 8.9 EER
(Energy Efficiency Ratio – a ratio of cooling
output to energy input).6 Energy-saving inno-
vations, such as high-efficiency compressors
and improved heat exchangers, have made it
possible for manufacturers to offer products
that exceed these standards. For example, the
best residential central air conditioners on the
market today exceed the current standard by
60% to 70%, reaching SEER levels of 16 and
17. Products 30% to 40% above the current
standard are common. Updating the standards
on each of these products to account for effi-
ciency gains will reduce peak demand, save
consumers and businesses money by lowering
their electric bills, improve air quality, and
reduce carbon emissions.The following sec-
tion analyzes the savings potential of updated
standards for residential and commercial cen-
tral air conditioners and heat pumps.

Proposed Standard Level
Our analysis estimates the energy savings

and peak demand reductions possible with
adoption of new standards for residential and
commercial central air conditioning equip-
ment. Utility bill savings and pollutant emis-
sion reductions are also estimated. Because of
the structure of our power system, outages are
not experienced at the national level but,
rather, they occur at the regional, state, and
local level depending on the cause and type of
outage.Therefore, to determine how updated
national standards will help alleviate power
outages, it is important to look at energy sav-
ings and, in particular, peak demand reduc-
tions on a regional and local level.We provide
savings estimates for the U.S. as a whole and

APPLIANCE STANDARDS AWARENESS PROJECT12

68.9 EER is the current standard level for commercial packaged air conditioners and heat pumps with cooling
capacities of 65,000 to 135,000 Btu (the most common sizes).The current standards for units ranging from
135,000 to 240,000 is 8.5 EER.

Improved central air 
conditioning efficiency 
must be a key part of
the solution to our
reliability problems.
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then present estimates broken down for the
nine U.S. census divisions (see the map in the
Executive Summary for a breakdown of U.S.
census divisions) and for the four most popu-
lous states (i.e., California,Texas, New York,
and Florida).Appendix 2 contains individual
data sheets for each census division and the
four largest states, providing information on
the costs and benefits of updated air condi-
tioning standards broken down by residential
and commercial equipment.

For the purpose of our analysis, we use
proposed new standard levels based on our
estimates of sensible improvements that meet
the legislated criteria, based on DOE and
national lab analyses.7 The proposed effective
date – 2006 – assumes that DOE makes
progress based on its current schedule for
standards rulemakings, including a commit-
ment from the Secretary of Energy, Bill
Richardson, to issue an updated standard for
residential central air conditioners and heat
pumps in 2000.

Specifically, we analyze a new standard for
residential products of 13 SEER for cooling
(central air conditioners and heat pumps) and
8.0 HSPF for heating (heat pumps only) with
additional requirements for the use of thermal
expansion valves (TXVs) and an EER stan-
dard equal to the median EER value for 13
SEER equipment (i.e., 11.5 EER).This pro-
posed level represents a 30% improvement

over the current SEER standard.TXVs are a
relatively low-cost way to eliminate the effi-
ciency losses resulting from improper refriger-
ant charging and improper airflow across the
refrigerant coil.These are common installation
and maintenance problems which can reduce
equipment efficiency by more than 20%.
TXV’s are a common-sense way to make sure
consumers actually get close to the efficiency
performance the government ratings claim.
Adoption of an EER standard is important to
ensure efficient performance during hot sum-
mer conditions and, therefore, to ensure maxi-
mum energy savings during periods of peak
demand. Based on our analysis and recom-
mended changes to the DOE draft standards
analysis, this proposed level results in the min-
imum life-cycle cost of the proposed alterna-
tives (ACEEE 2000; DOE 2000b). For
commercial packaged air conditioners and
heat pumps, we propose a new standard of 11
EER for 65,000 to 135,000 Btu units and
10.8 EER for 135,000 to 240,000 Btu units,
about a 20% improvement over the current
standard.Table 2 summarizes the existing and
proposed standard levels.Appendix 1 provides
a detailed description of our methodology for
analyzing savings from these standards.

Energy and Peak Demand Savings
Nationwide, end-use electricity savings

from updated standards for central air condi-

Staying Cool: How Energy-Efficient Air Conditioners Can Prevent Blackouts, Save Money, and Cut Pollution

7NAECA instructs DOE to periodically review the existing standards and to upgrade standards where “tech-
nically feasible and economically justified.” In other words, DOE is required to upgrade efficiency standards
when product innovations make efficiency improvements affordable to manufacturers and consumers. Standards
for each residential product are scheduled for review approximately every 5 years. Standards on commercial
equipment are upgraded when the American Society for Heating, Refrigerating, and Air Conditioning
Engineers revises the model code for commercial buildings,ASHRAE 90.1.

TABLE 2: PROPOSED IMPROVEMENTS TO CENTRAL AIR CONDITIONER STANDARDS

EQUIPMENT CURRENT
STANDARD

PROPOSED NEW
STANDARD

AVERAGE
IMPROVEMENT

EFFECTIVE 
DATE

Residential central air
conditioners and heat
pumps

10 SEER
6.8 HSPF

13 SEER w/TXV and EER
8.0 HSPF

30% 2006

Commercial packaged
air conditioners and
heat pumps

8.9 EER (65-135 kBtu)
8.6 EER (135-240 kBtu)

11.0 EER (65-135 kBtu)
10.8 EER (135-240 kBtu)

20% 2006



tioning total more than 25.2 billion kWh in
2010, just 4 years after the standards take
effect.These savings are equal to 8.5% of pro-
jected residential and commercial electricity
consumption for space cooling and 0.9% of
overall residential and commercial electricity
use in 2010 (EIA 1999c).As more consumers
and businesses replace their air conditioners
with units meeting the new standards, annual
savings are projected to grow to 82.4 billion
kWh in 2020, approximately 25.8% of pro-
jected residential and commercial electricity
consumption for space cooling and 2.8% of
overall residential and commercial electricity
consumption in 2020 (EIA 1999c).

In general, the warmest and most highly
populated regions of the country will realize
the greatest savings from updated central air
conditioning standards. Regionally, projected
electricity savings in 2010 will be greatest in
the South Atlantic (8.1 billion kWh),West
South Central (5.8 billion kWh), East South
Central (2.8 billion kWh), East North Central
(2.4 billion kWh), and Pacific (1.6 billion
kWh). In 2020, projected savings grow to
26.5 billion kWh in the South Atlantic,
19.1 billion kWh in the West South Central,
9.2 billion kWh in the East South Central,
7.9 billion kWh in the East North Central,
and 5.0 billion kWh in the Pacific.To put
these numbers into perspective, a billion kWh
is enough power to meet the needs of

100,000 households. Figure 2 summarizes
electricity savings estimates in 2010 and 2020
by region.

Projected energy savings in the four most
populous states in 2010 total: 961 million
kWh in California; 3.3 billion kWh in Texas;
448 million kWh in New York; and 3.0 bil-
lion kWh in Florida. In 2020, savings will
reach: 3.1 billion kWh in California; 10.8 bil-
lion kWh in Texas; 1.5 billion kWh in New
York; and 9.9 billion kWh in Florida.

Nationwide, peak demand reductions are
projected to reach 23,853 MW in 2010 and
grow to 77,704 MW by 2020.The largest
projected reductions in peak demand in 2010
and 2020, respectively, are: 5,526 MW and
17,135 MW in the South Atlantic; 4,957 MW
and 16,173 MW in the West South Central;
3,889 MW and 12,679 MW in the East
North Central, 2,429 MW and 7,891 MW in
the East South Central, and 2,297 MW and
7,479 MW in the West North Central.Again,
to put these numbers into perspective, a large
fossil-fueled power plant might produce a
maximum output of 500 MW. Figure 3 pro-
vides estimated peak reductions by region.

Peak reductions in the four most populous
states in 2010 and 2020, respectively, total:
1,144 MW and 3,603 MW in California;
2,827 MW and 9,163 MW in Texas; 464 MW
and 1,504 MW in New York; and 2,216 MW
and 7,204 MW in Florida.

APPLIANCE STANDARDS AWARENESS PROJECT14

FIG. 2 REGIONAL ELECTRICITY SAVINGS FROM IMPROVED CAC STANDARDS
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Consumer Dollar Savings
In addition to the energy savings and peak

demand reductions, consumers and businesses
will reap tremendous economic benefits from
updated standards. Projected annual electricity
bill savings in 2010 total $1.9 billion and grow
to more than $6.0 billion in 2020. Cumulative
net savings — electricity bill savings less
increased costs of higher efficiency equipment
— total more than $7 billion by 2010 and
grow to more than $16 billion by 2020.The
benefit-cost ratio of new standards for central
air conditioning equipment is more than 2:1.
In other words, for each dollar of increased
purchase price for higher efficiency air condi-
tioners, consumers save more than two dollars
on their electricity bills.8 Figure 4 provides
electricity bill savings by region.

Pollutant Reductions
Public health and the environment will

also benefit from the pollutant reductions
associated with updated air conditioning effi-

ciency standards. Carbon emissions will be
reduced by an estimated 5.3 million metric
tons (MMT) in 2010 with reductions
approaching 15 MMT in 2020.This is the
equivalent to removing more than 4 million
cars from the roads in 2010 and approximately
12 million cars in 2020. Smog-forming nitro-
gen oxides will be reduced by more than
17,500 metric tons (MT) in 2010 and 40,600
MT in 2020. Projected reductions in sulfur
dioxide emissions are close to 77,500 MT in
2010 and more than 208,500 in 2020. Finally,
particulate emission reductions surpass 700
MT in 2010 and 2,100 MT in 2020. Figure 5
summarizes carbon, nitrogen oxide, and sulfur
dioxide emissions reductions.

Comparison to Alternate Standard Levels
When DOE issued its original analysis for

developing a new standard in November
1999, the government stated that it was con-
sidering upgrading the residential standard by
10% to 30%.As discussed above, a 30%

Staying Cool: How Energy-Efficient Air Conditioners Can Prevent Blackouts, Save Money, and Cut Pollution

FIG. 3 REGIONAL PEAK DEMAND SAVINGS FROM IMPROVED CAC STANDARDS
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8Costs are cumulative for units sold from 2006, the effective date of the standard, through 2020. Benefits are
cumulative for the lifetime of units sold through 2020.These projected net benefits are based on a projected
increase in retail costs of $337 for residential and $612 for commercial equipment. Based on prior experience,
these projected costs are probably too high, leading us to underestimate the consumer savings.The last time a
standard was set for residential central air conditioners in the 1980s, manufacturers predicted prices would
increase by $780 and the government predicted prices would increase by $360.When the standard became
effective in 1992, prices did not increase at all (ACEEE 2000; Greening et al 1996).This pattern has
proven true for other appliances as well. In a nutshell, innovation and competition have kept prices low even as
products are required to improve.



improvement to the current standard (i.e., 13
SEER) with TXV and EER requirements is
the level that meets the legal requirements to
achieve the greatest savings economically jus-
tified. Set lower, a new standard would forego
between 14% and 43% of net savings and 11%
and 40% of peak reductions by 2020. Further-
more, lower standards would result in the
emission of 1,900 to 4,900 MMT of carbon,
5,100 to 13,300 MT of nitrogen, and 27,000
to 70,000 MT of sulfur dioxide which would
be eliminated by the strongest standard justi-
fied. Figure 6 summarizes the peak reductions

and net dollar savings associated with each of
the alternate residential equipment standards
under consideration.

For commercial equipment, an alternate
standard of 10.3 EER is included in the
ASHRAE standard 90.1 published last year.
Under federal law, because this standard was
adopted by ASHRAE, it can take effect in
2004, two years earlier than an 11 EER stan-
dard. Because this standard would take effect
two years earlier, peak reductions and net
consumer savings in 2010 would be modestly
higher (i.e., 1.3% and 10%, respectively) than
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FIG. 4 REGIONAL ELECTRICITY BILL SAVINGS FROM IMPROVED CAC STANDARDS
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FIG. 5 NAT’L POLLUTANT EMISSIONS REDUCTIONS FROM IMPROVED CAC STANDARDS
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the stronger standard. However, by 2020 the
lower standard would reduce net savings by
9% ($362 million) and peak reductions by
26% (more than 3,800 MW) and result in the
emission of 864 MMT of carbon, 2,400 MT
of nitrogen oxide, 11,100 MT of sulfur diox-

ide eliminated by the stronger standard. Figure
7 summarizes the peak reductions and net
dollar savings associated with the alternate
commercial equipment standards under con-
sideration.Appendix 3 provides details on the
costs and savings for each alternative level.

Staying Cool: How Energy-Efficient Air Conditioners Can Prevent Blackouts, Save Money, and Cut Pollution

FIG. 6-1 PEAK DEMAND SAVINGS FROM ALTERNATE STANDARD LEVELS FOR RESIDENTIAL AC
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FIG. 6-2 NET DOLLAR SAVINGS FROM ALTERNATE STANDARD LEVELS FOR RESIDENTIAL AC
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Case Studies of Recent 
Power Outages 
The proposed new standards for central air
conditioning equipment will not take effect
until 2006 and, as a result, they will not
reduce the likelihood of power outages in the
immediate future. However, they are an
important part of mid- and long-term efforts
to alleviate these problems and improve
system reliability. In order to illustrate how
standards set in 2000 (and taking effect in
2006) can alleviate future problems, we look
at the impact the proposed standards would
have had in 1999 and 2000 had they taken
effect in 1990.We are not arguing that
standards at the levels proposed should have
gone into effect in 1990, but merely using
these dates to show the impact that upgraded
standards can have in the future.

For the purpose of our analysis, we
selected three utilities that experienced out-
ages and reliability problems during the sum-
mer of 1999 to serve as case studies. In each
case, we explore how the situation in 1999
might have been different had an updated air
conditioning standard been in effect.We also
present an analysis for the state of California.
Although California did not experience
power outages during 1999, many analysts
anticipate reliability problems in the state dur-
ing the summer of 2000 (CEC 1999; Stouffer

2000). In fact, these predictions proved true
on June 14th when Pacific Gas and Electric
was forced to institute rolling blackouts affect-
ing 97,000 customers in the San Francisco
area when temperatures reached more than
100 degrees in many parts of the state. In this
case, we demonstrate how peak demand
reductions from upgraded air conditioning
standards would impact demand forecasts for
summer 2000.Two of the case studies —
Commonwealth Edison in Chicago and the
Long Island Power Authority — focus on
specific portions of the utilities’ service areas
and address localized outages and reliability
issues. Because these events occurred in
largely residential portions of the utility ser-
vice territories, we analyze only the affects of
an upgraded standard for residential central air
conditioners and heat pumps.The other case
studies — Entergy and California — take a
broader view, exploring reliability problems
and concerns at a system-wide level.These
cases include analysis of savings from both res-
idential and commercial equipment.

Commonwealth Edison: Chicago, Illinois

During the summer of 1999, more than
100,000 Chicago area customers of Com-
monwealth Edison (ComEd) lost power dur-
ing a series of well-publicized blackouts.
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FIG. 7-1 PEAK DEMAND SAVINGS FROM
ALTERNATE STANDARD LEVELS FOR
COMMERCIAL AC
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Three separate outages, taking place between
July 30 and August 12, were the result of fail-
ures in the utility’s aging distribution system.
The first of these outages followed an
extended heat wave during which ComEd
recorded new record peak loads on seven of
nine consecutive days. Here we focus on out-
ages in the area served by ComEd’s North-
west substation.

The Northwest substation has experienced
higher than average load growth for the city
of Chicago due to an increasing number of
commercial buildings in the area. Neverthe-
less, the area remains predominately residential
and, as a result, power demand is highest in
the late afternoon and early evening when
residents return home and turn up their air
conditioning. High peak load on the after-
noon of July 30 led to a series of cable faults
and subsequent transformer overloads which
left close to 80,000 customers in the area
without power. Restoration efforts were
undertaken over the following two days, leav-
ing thousands of customers without power
until the morning of August 1.

A series of studies on the ComEd outages,
ordered by the Illinois Commerce Commis-
sion, linked the outages to a series of distribu-
tion system failures precipitated by the
extreme temperatures, excessive age of many
distribution system components, inadequate
maintenance practices, and the longstanding
ComEd practice of loading distribution cables
and transformers over the manufacturers’ rec-
ommended levels (ICC 1999; ICC 2000).The
necessary system upgrades and equipment
repairs to address these problems are expected
to cost more than $100 million and take as
long as six years to complete (Stouffer 2000).

Given its aging distribution infrastructure,
substantial ComEd system upgrades will be
required regardless of the outages that
occurred in 1999. However, by reducing
demand on the already overtaxed system, air
conditioning standards could have eliminated
some of the pressure on the system and may
have made the outages less likely or at least
less extensive. Furthermore, standards-related
peak reductions could help alleviate reliability
problems while the necessary repairs and
upgrades are taking place.And, by reducing
peak demand throughout ComEd’s service

territory, power purchases from independently
operated peaker plants — which come with
extremely volatile prices — could be mini-
mized.

Updated standards for residential central air
conditioners, effective in 1990, could have cut
1999 peak demand in the area served by
ComEd’s Northwest substation by approxi-
mately 39 MW.This is roughly equal to the
power needed to serve 23,400 homes or 10%
of the households in the Northwest substation
service area, thereby making the outage less
likely to have occurred.An updated standard
for commercial equipment would add to
these savings.

Long Island Power Authority: 
Long Island, New York

Long Island, like much of the northeastern
U.S., experienced an extended heat wave in
early July 1999. Over the course of the heat
wave — from July 2 to July 8 — a series of
power outages left more than 110,000 electric
customers on Long Island without power,
including a peak number of outages affecting
25,000 customers on July 7. In addition to
outages, the Long Island Power Authority
(LIPA) service territory experienced a system-
wide 5% voltage reduction (ordered by the
New York Power Pool) and the utility acti-
vated its Commercial Peak Reduction Pro-
gram and appealed to large customers to
undertake voluntary measures to reduce their
energy consumption.

A number of factors contributed to the
reliability problems on Long Island. First, the
extended period of extremely high tempera-
tures, which coincided with the July 4th holi-
day weekend (and thus a large number of
vacationers on the Island), led to record peak
power demands. On July 5, a new LIPA sys-
tem peak load was set only to be broken the
following day with a new peak.The July 6
peak represented a 9.1% increase over the
peak load in 1998. Second, electricity demand
throughout LIPA’s service territory has grown
at a rapid rate of 3.5% to 4% per year as a
strong economy and 20% reductions in elec-
tricity rates have allowed many residents to
renovate, expand, and add central air condi-
tioning to their homes (de Rouffignac
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2000b).Thirdly, LIPA’s service territory is iso-
lated from the mainland, limiting access to
power from neighboring regions. During the
summer of 1999, the utility’s typical imports
were down by 430 MW because of problems
along the interconnection of the New York
and New England power pools. Finally, LIPA’s
attempts to add capacity through construction
of new generation and transmission facilities
have been hampered by strong community
opposition. For example, a coalition of public
interest groups is currently fighting approval
of a $65 million proposed transmission line.
Their opposition centers on concerns over
the economic and environmental impacts of
the transmission line and the potential for less
costly equipment and energy efficiency
investments to meet the region’s power needs
(PII 2000).

Within Long Island, the South Fork
region, which includes the towns of
Southampton and East Hampton, has experi-
enced particularly strong demand growth.As a
popular vacation destination, the South Fork
has experienced record levels of new home
construction (average annual growth rate of
10.3% in Southampton and East Hampton
from 1991 to 1999) and improvements and
upgrades to the existing housing stock.While
South Fork customers were not subjected to
power outages, this area was on the verge of
voltage collapse during the heat wave (DOE
2000a)9 The 1999 peak load for the area
reached 167 megavolts-ampere (MVA) on July
5 — 25% higher than the 1998 peak of 132
MVA and 14% higher than the forecasted
peak of 146 MVA (DOE 2000a, PII 2000).
LIPA clearly views central air conditioners as
a key factor contributing to load growth and
potential reliability problems: the utility
requires customers to notify them when they
add significant new load, including air condi-
tioners, to their homes and businesses (DOE
2000a).

Had updated standards on residential cen-
tral air conditioners and heat pumps taken
effect in 1990, peak demand in the South
Fork would have been reduced by approxi-

mately 10 MW (a little over 10 MVA) in
1999.As a result, peak demand savings from
the standard would have reduced the actual
1999 peak demand of 167 MVA by close to
6% and the amount that the actual load
exceeded the forecasted load of 146 MVA by
almost 50%. In other words, updated standards
on residential air conditioners alone would
have eliminated half of the peak load in excess
of the forecast.An updated standard on com-
mercial central air conditioners would add to
these savings by eliminating even more of the
excess load.

Entergy: South-Central U.S.

On July 23, 1999, more than 500,000 cus-
tomers of Entergy — a utility serving more
than 2.5 million customers in parts of
Louisiana,Texas,Arkansas, and Mississippi —
lost power during a series of rolling blackouts
instituted during the peak afternoon hours
from approximately 2:40 pm to 5:00 pm. In
planning for the summer peak season, Entergy
identified the need for 1,700 to 1,900 MW of
additional capacity to meet its forecasted
demand and ensure system reliability.The util-
ity expected to acquire the additional capacity
needed by returning 12 unused generating
facilities to service, making capacity purchases
through reserve-sharing arrangements with
neighboring utilities, the Tennessee Valley
Authority and PECO Energy Company, and
making short-term power purchases as needed
from a variety of other sources.

For several reasons, Entergy was not able to
acquire sufficient power from these sources to
meet peak demand on July 23. First, the actual
generating capacity of Entergy’s plants was
more than 3,000 MW below anticipated lev-
els because of forced outages and plant derat-
ings (DOE 2000a). Second, high levels of
demand throughout the southeast left inade-
quate reserves available for purchase from
neighboring utilities and other power sources.
Finally, last-minute appeals for voluntary con-
servation and attempts to arrange for short-
term power purchases were ineffective in
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securing additional power.As a result, the util-
ity was forced to resort to rolling blackouts.At
2:42 pm, Entergy began to curtail 900 MW
of load through rolling blackouts on a 20- to
30-minute cycle lasting until 5:00 pm. In
other words, customers throughout the
Entergy service territory lost power for 20 to
30 minutes at a time with some customers
experiencing more than one outage.

Updated central air conditioning standards,
effective in 1990, would have cut 1999 peak
demand in Entergy’s service territory by more
than 1,260 MW, thereby eliminating the
shortage experienced on July 23 and prevent-
ing the rolling blackouts in the region. Peak
demand reductions related to the updated
standards would grow to almost 1,400 MW in
2000.This reduction in peak demand would
make up 88% of the 1,600 MW Entergy esti-
mates it will need to meet peak demand in its
service territory in 2000 (Redman 1999).

California

While California did not experience any
of the widespread power outages of summer
1999, system-wide shortages in generation
capacity have state regulators concerned about
the potential for blackouts in 2000 and the
following years.These worries appear to be
well-founded: as a result of an early heat
wave, the California Independent System
Operator (CISO) issued a stage two emer-
gency (a situation in which operating reserves
drop below 5%) in May 2000 prompting utili-
ties to request that customers take voluntary
steps to minimize their energy consumption.
And on June 14, soaring temperatures forced
Pacific Gas and Electric to institute rolling
blackouts affecting 97,000 customers in the
San Francisco area.As a result of these events,
the Silicon Valley Manufacturing Group has
warned its 175 members to conserve energy
during heat waves to avoid the high costs that
power outages entail for high-tech firms, esti-
mated at millions of dollars per minute for e-
commerce companies (Konrad 2000).The
group has since hosted a conference on
energy supply and demand, the Silicon Valley
Energy Summit, to help its members prepare
and take action to reduce their vulnerability
to power disruptions.

California’s problems stem from a growing
demand for power — resulting from rapid
population growth and unprecedented eco-
nomic growth over the past decade — and
the state’s reliance on electricity imports from
neighboring states throughout the Southwest
and Northwest.The CISO reports that Cali-
fornia’s population grew by 580,000 in 1999,
resulting in a total population of about 34.3
million (Konrad 2000). In the last two years,
the Sacramento Municipal Utility District
(SMUD) has connected 15,000 new homes to
the grid in its service territory alone. Neigh-
boring states in the Southwest and North-
west, which California has come to rely on
for electricity imports, are also experiencing
rapid population growth.The availability of
power exports from the Southwest is expected
to decline as load growth throughout the
region, particularly in Southern Nevada and
Mexico, outpaces load growth in California.
Air conditioning accounts for a large part of
the load growth in California. Fifty percent of
new energy demand in SMUD’s territory
comes from air conditioning, while statewide
nearly 30% of electricity use on a summer day
is used to power air conditioners (Sacramento
Bee 2000).

The CISO forecasts peak demand for the
summer of 2000 — under normal weather
conditions — will be 46,250 MW while main
line generators are expected to supply 46,360
MW. Under unusually hot summer conditions,
the peak forecast increases to 48,940 MW
while the available supply forecast drops to
45,000 MW as neighboring states use their
power to meet internal demands (Sacramento
Bee 2000).After incorporating contributions
from backup power sources, California Energy
Commission analysts anticipate shortages of as
much as 1,100 MW and estimate that an addi-
tional 1,000 MW will be needed each year to
meet the growing electricity demand (Stouffer
2000). Peak demand forecasts through 2004
continue to predict increases in peak demand
in California. Forecasted peak demand for the
CISO area reaches: 46,852 MW in 2001;
47,717 MW in 2002; 48,760 MW in 2003;
and 49,734 MW in 2004 (CEC 1999).

Updated standards for residential and com-
mercial central air conditioners and heat
pumps could reduce the need for additional
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generation capacity by substantially reducing
peak demand.Assuming that the standards
proposed in this report had been effective in
1990, peak demand reductions in California
in 2000 would total an estimated 2,300 MW,
almost 5% of forecasted peak demand, with
electricity savings of 2.5 billion kWh.These
savings would more than cover the shortages
anticipated for the summer of 2000.Air con-
ditioning standards could “supply” enough
electricity to address more than two years of
anticipated load growth.

Summary of Case Study Findings
These case studies demonstrate the role

that updated central air conditioning standards
can play in preventing or alleviating local and
regional reliability problems. By reducing the
air conditioning load on the electric system
during the hot summer months, improved
standards would relieve the stresses on genera-
tion, transmission, and distribution equipment
that contribute to power outages.The Califor-
nia and Entergy case studies illustrate how
standards can reduce the need for additional
generation capacity and minimize the risk
associated with reliance on imported power
and power purchases by lowering peak
demand. Efficiency standards “supply” the
power to meet peak demand without costly
investments in power plants or expensive —
and volatile — summer peak power pur-
chases.And, standards “supply” peak power
while reducing air pollution and avoiding the
public battles over facilities siting.At the local
level, updated efficiency standards reduce the
peak loads that tax distribution equipment,
particularly when high temperatures are stress-
ing components and negatively impacting
performance. In Chicago, standards-related
reductions in peak demand would ease the
burden on the overloaded distribution system,
reducing the likelihood of outages while the
system undergoes necessary modernization. In
Long Island, peak demand reductions would
help curb rapid demand growth and buy time
for implementation of efficiency programs
and other alternatives to investment in costly
and unpopular transmission lines.

Conclusion
Power outages and electric reliability issues

have become a major concern for utilities,
governments, businesses, and consumers.As of
June 2000, Massachusetts and Pennsylvania
had already experienced close calls and Cali-
fornia experienced power outages as unsea-
sonably high temperatures swept across the
country. By using energy more efficiently, we
can reduce the incidence of power outages
and improve the reliability of the power sys-
tem while avoiding the high economic, public
health, and environmental costs that are con-
sequences of increased power generation.
Updated standards provide a low-cost means
of ensuring sustainable, long-term reductions
in energy consumption and peak demand
burdens on the electric power system. In
addition, improved standards save consumers
and businesses billions of dollars and alleviate
the public health and environmental problems
associated with electricity generation.The
Secretary of Energy has committed to updat-
ing efficiency standards on residential and
commercial central air conditioners and heat
pumps. DOE should act on this commitment
and issue the strongest standards justified.
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Appendix 1: Methodology

Summary
Our study involves the following three

analyses:

1) Future impact of updated residential central
air conditioner and heat pump standards,

2) Future impact of updated commercial pack-
aged air conditioner and heat pump stan-
dards, and

3) Case studies on the power shortages of
Summer 1999 and expected shortages of
Summer 2000; impacts of updated residen-
tial and commercial air conditioner and
heat pump standards if updated in 1990.

For the residential and commercial analy-
ses, we calculated the impacts of updated stan-
dards in the years 2010 and 2020 for the U.S.,
each census division, and the four most popu-
lous states. For the case studies, we chose two
locales which experienced local distribution
system problems B the South Fork of Long
Island, and the area served by Commonwealth
Edison’s Northwest substation; and two sys-
tem-wide problems where growth in total
demand is exceeding the growth in genera-
tion capacity B the Entergy service region
and the State of California. Each stage of the
analyses involves multiple steps as described
below.

We obtained total end-use electricity sav-
ings from proposed new standards by multi-
plying projected annual sales figures by
per-unit electricity savings.To calculate peak
generation savings, we multiplied electric gen-
eration savings by a peak factor (kilowatt per
kilowatt-hour [kW/kWh]).The peak factor is
the average coincident power demand of the
appliance during peak periods divided by the
annual energy consumption of the appliance.
We determined the financial savings by multi-
plying forecasted electricity rates by the
energy savings, while we calculated financial
costs by multiplying the per-unit incremental
cost by the number of units sold.We derived
emission reductions by multiplying emission
factors (in pounds/kWh) to the total electric-
ity savings. For cumulative costs and savings,

we discounted to 2000 using a 6 percent real
discount rate. Cumulative costs and savings
cover the period from the effective date of the
standard to 2010 and 2020.The net present
value of savings also includes savings after
2020 for equipment sold prior to 2020.

The following provides a detailed, step-by-
step description of our methodology.

Detailed Methodology

1) Obtaining annual sales figures for each
appliance.

We used different methods for estimating
annual sales figures in each analysis due to
unavailability of census divisional data for the
commercial analysis and lack of local data for
the case studies. However, each analysis uses
the same formulas to calculate end-use elec-
tricity savings, coincidental peak savings,
financial savings, and emissions reductions,
using the estimated annual sales figures (We
calculate only the end-use electricity savings
and coincidental peak savings for the case
studies).

1-1) Residential Analysis
For the residential analysis, we estimate

central air conditioner and heat pump stock
and stock growth in each census division and
the four most populous states using the Resi-
dential Energy Consumption Surveys (RECS)
(EIA 1993; EIA 1995; EIA 1999b).We
obtained the annual sales figures using the fol-
lowing formula:

Annual sales = 
(Stock in 2006 (standard effective year) 

÷ Average equipment life 
+ Annual stock growth) 
x Sales adjustment factor

The annual stock growth is calibrated so
the national total would equal the figures used
in “Supplement to the AEO 2000” (EIA
1999d). However, we consider that DOE esti-
mates are conservative and apply a sales
adjustment factor to calibrate the 1998 sales
obtained from the above formula to match
the actual sales volume in Appliance Magazine
(1999).
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1-2) Commercial Analysis

For the commercial analysis, we obtained
1998 annual sales volume from Census
Bureau data (U.S. Census Bureau 1998).We
estimated national sales between 1998 and
2020 using the estimated growth in commer-
cial floor space in AEO 2000 (EIA 1999c).We
allocated the national sales figure to each cen-
sus division according to the portion of
cooled floor space using packaged air condi-
tioning equipment, indicated in the 1995
Commercial Buildings Energy Consumption
Survey (CBECS) (EIA 1998a).To obtain
annual sales volume for the four most popu-
lous states, we prorated the census divisional
sales figures according to the states= commer-
cial sector electricity use in 1998 (EIA
1999a).

1-3) Case Studies
We estimated the annual sales figure for

each case study using the following formula:

Annual sales = 
Air conditioner & heat pump Stock in 1990 ÷

Average equipment life
+ (Stock in 1999 - Stock in 1990) ) 

÷ 9yrs

To estimate air conditioner and heat pump
stock in 1990 and 1999, we used 1990 decen-
nial census data and publicly available infor-
mation by utilities and public service
commissions for the number of households,
and RECS data for saturation.

2) Calculating energy savings
We calculate electricity savings in 2010 and

2020 using the following equation:

End-use elec. savings = 
Annual sales volume 

x (Years from effective date - 0.5) 
x Per-unit elec. Savings 

x Usage adjustment factor

We subtract 0.5 from the number of effec-
tive years to account for sales throughout the
year (2010 or 2020), so the savings from units
installed during the year will be equivalent to
only half-year sales times annual savings per
unit. Only for the alternative standards for

commercial packaged air conditioners and
heat pumps (EER10.3 effective 2004), we use
the average equipment life instead of the years
from effective date, in order to avoid double-
counting the savings from replacements after
100 percent saturation.

Equipment life and per-unit energy savings
for residential equipment are from the most
recent DOE analysis for the air conditioner
standard rulemaking (DOE 1999b). For com-
mercial equipment, equipment life is from
1999 DOE BTS Core Databook (1999a) and
per-unit savings are from the 1998 New Eng-
land Energy Efficiency Partnership (NEEP)
survey of current prices (Linn 2000).We
assume that in the absence of standards, effi-
ciency levels of new equipment remain at
present levels. For residential equipment this is
a reasonable assumption as the average effi-
ciency of new equipment has been essentially
unchanged for the past several years. For com-
mercial equipment, efficiencies are increasing
but so are sales. Neither of these trends are
included in our analysis.Thus, we implicitly
assume that these factors counterbalance each
other.

The usage adjustment factor is the ratio of
annual cooling/heating energy use in the cen-
sus division/state/locale to the national aver-
age annual consumption.We apply this factor
to adjust for the differences in per unit elec-
tricity savings.We used data from RECS 1997
and CBECS 1995 for the residential and
commercial analyses, respectively (EIA 1998a;
EIA 1999b). For the case studies, we adjusted
the above factors using the difference in aver-
age size of houses between our focus locale
and census division, using data from the 1990
Census (U.S. Census Bureau 1995).

We calculate total primary energy savings
using the following equation:

Total primary energy savings = 
End-use elec. savings 

x T&D loss factor 
x Elec. generation heat rate

For electric generation heat rate, we use
10207 Btu/kWh for 2010 and 9690 Btu/kWh
for 2020 (EIA 1998b). For the T&D loss fac-
tor, we use 1.0695 for 2010 and 1.0650 for
2020 (EIA 1998b).
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Peak generation savings are calculated as:

Peak generation savings =
End-use elec. savings 

x T&D loss factor 
÷ Reserve factor 

x Peak factor

We assume a conservative 10 percent
reserve margin, thus the reserve factor in the
formula is 0.9. Historically, a reserve margin
of 20 percent has been used, but utilities have
been cutting down their margins with the
recent restructuring of the electric utility
industry.We obtained peak factors from a
review of regional data on the ratio of annual
energy use to average coincident peak
demand by end-use. For the residential analy-
sis, we use data from Neme, Proctor, and
Nadel (1999). Revised figures for Florida and
Texas come from data provided by Parker
(1999) and Brooks (1999).These data were
used for the southern states. Revised figures
for the northwest come from Eckman (2000).
For the commercial analysis we also use data
from Neme, Proctor and Nadel (1999) cover-
ing Rhode Island, New York, Indiana and
California.We use these data for Northeast,
Mid-Atlantic, and East North Central regions
as well as for our California analysis. For the
other regions we project peak factors based
on the four regions for which we have peak
factors, and based on design load and annual
full-load operating hours for commercial
cooling in cities in each region as analyzed by
Pacific Northwest National Laboratory
(PNNL 1993).

For the case studies, we used an estimated
peak factor from publicly available informa-
tion for Long Island, peak factor for the E.N.
Central region for Commonwealth Edison,
average of E.S. Central and W.S. Central data
for Entergy, and CEC data for California
(CEC 1993).

3) Calculating financial costs and savings
We calculate consumer bill savings using

the following formula:

Consumer bill savings = 
End-use elec. savings 

x Divisional forecast elec. price
x Seasonal price adjustment factor

We use forecast electricity prices for the
residential and commercial sectors by each
census division, as reported in the Supplement
to the AEO 2000 (EIA 1999d).

Net present value (NPV) is calculated as:

NPV expected investment = 
{PV(Annual sales volume 

x Per-unit incremental cost)}

NPV savings for sales = 
{PV(Installed volume x Per-unit energy savings

x Elec. price 
x Seasonal price adjustment factor)}

Present value (PV) calculations are dis-
counted to 2000 assuming a 6 percent real
discount rate and expressed in terms of 1998
dollars.The NPV of expected investment
aggregates the present value of annual invest-
ments from the effective date of each standard
through 2010 and 2020.The NPV of savings
aggregates the present value of annual utility
bill savings from the effective date of the stan-
dard through the year in which products
installed through 2010 and 2020 die out.
Essentially, these two measures give us the
cumulative costs and benefits of standard-
complying products installed through 2010 or
2020.

Per-unit incremental costs for residential
equipment were obtained from the most
recent DOE analysis for the residential air
conditioner standard rulemaking.We then
adjusted these costs to account for the impacts
of new technology (DOE 1999b), typical dis-
tributor mark-ups (DOE 1999b), historic pro-
ductivity improvements (U.S. Census Bureau
1998), and to correct an error made by DOE
on the repair costs for SEER 13 equipment.
Costs are expressed in 1998 dollars. For com-
mercial air conditioning equipment, incre-
mental costs are based on current costs as
reported in a NEEP survey (Linn 2000). For
electricity savings for space cooling, we
increase average annual electricity prices by
10 percent since savings are primarily in sum-
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mer when electricity prices are higher.This
10% adder is likely conservative; for example,
a utility in New England recently increased
summer electric rates by more than 50% due
to the rising cost of peak summer electricity
(Howe 2000a).

4) Calculating emission reductions
We calculate carbon, nitrogen oxides, sulfur

dioxide, and particulate emissions reductions
from electric products using the following
equation:

Emission reductions = 
End-use elec. savings 

x T&D loss factor
x Marginal emission factors

We use marginal emissions factors rather
than straight emissions factors from the pro-
jected generation fuel mix.This gives a more
accurate estimate of emissions reductions from
new standards. For example, coal-fired power
plants are often non-marginal C they are the
dirtiest, but also the cheapest, and will most
likely remain in operation. Projections from
the National Energy Modeling System
(NEMS) were used to develop the emissions
factors used in the analysis.We calculate emis-
sions factors as the change in total emissions
divided by the change in total generation
when moving from the NEMS base case to
an ACEEE policy case based on upgraded
appliance standards and other policies (Geller,
Bernow, and Dougherty 1999). Emissions fac-
tors through 2010 are calculated based on the
following:

For carbon, direct NEMS outputs are used
(regional emissions and regional genera-
tion).

NEMS does not report regional emissions
for particulate matter.We calculate an aver-
age national emissions factor by applying a
national emissions factor (determined by
dividing actual national emissions by fuel
by actual fuel consumption) to regional
fuel consumption. Consumption by new
coal units was tracked.

For nitrogen oxide, the NEMS version
used does not report regional emissions.
Marginal emissions factors were calculated
based on regional outputs from the refer-
ence and low growth cases of the 1999
AEO (EIA 1998b).

For sulfur dioxide, NEMS does not report
regional emissions. Marginal emissions fac-
tors were calculated based on regional out-
puts from the reference and low growth
cases of the 1999 AEO (EIA 1998b).
However, to ignore sulfur dioxide cap and
trade system effects, regional sulfur dioxide
emissions in the low demand case are
computed using the average regional emis-
sions factor from the reference case (i.e.,
emissions are calculated based on fossil
generation only; total sulfur dioxide emit-
ted divided by coal, oil, and natural gas
generation as reported by EIA 1998b).

Emissions factors beyond 2010 are calcu-
lated based on the following:

The percentage of regional fuel and elec-
tric generation savings in 2010 apply in
2020.

The emissions levels of carbon and particu-
lates are calculated based on estimated fuel
consumption.

For nitrogen oxide, marginal emissions fac-
tors are calculated based on regional out-
puts from the reference and low growth
cases of the 1999 AEO (EIA 1998b).

For sulfur dioxide, marginal emissions fac-
tors are calculated based on regional out-
puts from the reference and low growth
cases of the 1999 AEO (EIA 1998b),
except for those low growth case emissions
calculated by the same method as the 2010
emissions factors.
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Appendix 2: Regional and State Data Sheets
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