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ABSTRACT

Over the past decade, both govemhwnt and electric utilities have sponsored a variety of |

programs to promote the sale of central air conditioners and heat pumps with high-efficiency ratings.
Those efforts have undoubtedly resulted in significant energy savings. However, there is a growing
body of evidence that suggests that efforts to improve the manner in which equipment is installed
could have even greater impacts on actual operating efficiency, while also providing substantial non-
energy benefits such as improved comfort, reduced maintenance costs, and longer equipment life.
Concentrating on four key installation issues—equipment sizing, refrigerant charging, ensuring
adequate air flow, and sealing ducts—this report summarizes the results of dozens of studies that
both documented typical installation practices and assessed the benefits from improved practices.
The report demonstrates that improved residential electric heating, ventilating, and air conditioning
(HVAC) installation practices could save an average of 24 percent of energy use in existing homes
and 35 percent in new construction. It also demonstrates that aggressive programs to Improve
installation practices could potentially yield rnational savings on the order of 15,000 terawatt-hours
(TWhs), 40 gigawatts (GWs), and 12 million metric tons (MMT) of carbon dioxide.

INTRODUCTION

Nationwide, homes that have central air conditioners use an average of 30 percent of their
electricity for cooling. Thus, even though only about two out of every five homes in the United
States has central air conditioning,' central cooling is responsible for a larger percentage of
residential electricity consumption—11.4 percent—than any other end-use except space heating and
refrigeration.” Moreover, the relative importance of central air conditioner electricity consumption
is likely to grow over time because the percentage of homes with central cooling is growing.’ Heat
pumps are much less common than central air conditioners. However, when a heat pump is used to
both heat and cool a home it can account for more electricity consumption than all other end-uses

combined.

‘Both the government and electric utilities have sponsored a variety of programs to promote
efficient central air conditioners and heat pumps over the past decade. These efforts have focused
primarily on promoting the sale and purchase of equipment with high-efficiency ratings. Be ginning

'In 1993, 44.5 percent of all households in the United States had central air conditioning (ARI 1996, Table
29). This included homes with heat pumps. '

2 Primary and secondary space heating together accounts for 12.3 percent of total residential electricity
consumption; refrigerators account for 13.9 percent (EIA 1995).

? Saturation of central air conditioning grew from 26.2 percent to 44.5 percent between 1980 and 1993. Much
of this increase was due to very high saturations—nearly 80 percent in single-family homies in recent
years—of central cooling in new construction (ARI 1996, Tables 25 and 29).

1
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in 1992, the federal government made it illegal for any equipment manufacturer to build a central
air conditioner or heat pump with a cooling seasonal energy efficiency ratio (SEER) of less than 10.
A number of utilities have sponsored rebate, financing, and/or other types of programs to promote
the sale and purchase of central air conditioners and heat pumps with even higher SEER ratings.
More recently, the U.S. Environmental Protection Agency has begun promoting the sale of
equipment with ratings of SEER 12 or higher through its ENERGY STAR® program. Many of these
programs have been very successful, achieving market shares of 50 percent for SEER 12 equipment
(Neme et al. 1998), roughly three times the national average of 18 percent in 1997.*

Efforts to promote the sale and purchase of high-efficiency equipment are undoubtedly
saving significant amounts of electricity. However, there is a growing body of evidence that suggests
that most equipment—both standard efficiency and high efficiency—is improperly installed, with
significant adverse effects on how efficiently equipment actually works in the home. Indeed, recent
studies suggest that the manner in which equipment is installed may have much greater impact on
actual operating efficiency than whether or not it has a high-efficiency rating. Improved installation
practices also provide numerous non-energy benefits, including improved comfort in the home,
reduced maintenance costs, and longer equipment life.

The purpose of this report is to summarize what is known about key installation problems
and, based on studies that have already been conducted, quantify the potential benefits of addressing
these problems. This report addresses four key installation issues—equipment sizing, refrigerant
charging, air flow rates, and duct leakage. It should be noted that the principal focus is on cooling
energy savings. To calculate national savings potential, we have simplistically assumed that the
heating energy savings from improved installation and maintenance of heat pumps are comparable,
in percentage terms, to cooling energy savings. The issue of heat pump heating savings potential
deserves further, independent investigation and analysis.

ENERGY SAVINGS POTENTIAL BY MEASURE
Equipment Sizing

One of the most important decisions to make when selling or buying a new central air
conditioner or heat pump is the decision about how large the unit should be. There are tradeoffs
inherent in this decision. On the one hand, a homeowner wants an air conditioner to keep his or her
house cool. All other things being equal, the larger the air conditioner, the more likely it is that it will
be able to keep a house at a fixed thermostat setting (e.g., 75° Fahrenheit) under even extremely hot

* Data on national market shares for equipment rated SEER 12 or higher in 1997 were provided to ACEEE
by the Air Conditioning and Refrigeration Institute (ARI). These data include the effects of both utility and
non-utility efficiency programs. National market shares would be lower if such programs had not been

implemented. :
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outdoor temperatures. On the other hand, an air conditioner capable of meeting a house's cooling
load under the most extreme temperature 1magmable will be too big for those days when it is hot but
not record-setting hot. As aresult, it will repeatedly turn itself on and off during most of the summer.
Asnoted in a recent article on air conditioner sizing, "air conditioners are very inefficient when they
first start operation." (Proctor et al. 1995b). Thus, a very large air conditioner that is constantly
turning itself on and off will operate much less efficiently over the course of the entire summer than
a smaller unit that averages longer run times. Larger air conditioners are also more expensive, more
prone to maintenance problems, shorter lived, noisier, and less effective at removing humidity.

The Air Conditioning Contractors of America (ACCA) and the Air-Conditioning and
Refrigeration Institute (ARI) jointly developed guidelines to help contractors strike the appropriate
balance when sizing central air conditioners and heat pumps for single-family homes. These
guidelines are contained in ACCA's Manual J (the load calculation manual) and Manual S (the
sizing manual). One of the fundamental recommendations is that air conditioners should be sized
so that they are capable of keeping the house cooled to 75° Fahrenheit during 97.5 percent of the
hours of the summer (i.e., all but the 73 hottest hours of the summer).

Many observers have long believed that Manual J is very conservative in its estimation of
~ cooling loads and that air conditioners sized using Manual J will actually be able to meet cooling
loads for more than 97.5 percent of summer hours. These beliefs were confirmed by a recent study
in Arizona that suggested that air conditioners sized using Manual J are large enough to meet the
cooling needs of a home in virtually every hour of the summer (Blasnik et al. 1996). ACCA
subsequently acknowledged that Manual Jis outdated and leads to oversizing, particularly in newer
homes.’ In fact, ACCA is currently in the process of mod1fy1ng Manual J so that it better reflects the
way newer homes have been built. This updating process is expected to take a few years to complete

(EDU 1997).

Despite the significant conservatism already built into Manual J, many contractors routinely
size residential air conditioners and heat pumps much larger than it would recommend.® Indeed, as
Table 1 illustrates, 11 different studies conducted in 10 different states or regions of the country
suggest that the average central air conditioner or heat pump is oversized by about 50 percent and
nearly one ton of capacity compared to Manual J. :

It is not possible to correct equipment sizing problems without replacing the unit. That is
extremely expensive and, therefore, never done. As aresult, there are relatively few analyses of the
energy benefits that could be realized from proper sizing. One study estimates that every 1 percent
- reduction in oversizing will produce an average of 0.2 percent energy savings over the course of the

* When asked about the Arizona study results, ACCA Technicai Director Hank Rutowski remarked, “We
know that Manual J oversizes.” (EDU 1997).

% Note that Manual J recommends that air source heat pumps, like air conditioners, be sized to meet design
cooling loads.
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summer, suggesting the energy savings potential for correcting an average oversizing of 50 percent
is approximately 10 percent (McClain and Goldberg 1984). Others studies suggest that the savings
are smaller, more in the range of 2 to 3 percent (Blasnik et al. 1996; Proctor et al. 1997a).

Air Flow over the Indoor Coil

Air conditioners are almost universally designed to have 400 cubic feet per minute (CFM)
of air flowing across the indoor coil for every ton of cooling capacity (e.g., a 3 ton air conditioner
should have 1200 CFM of air flow).” This air flow is necessary "to achieve a balance between
sensible heat transfer and moisture removal." (Parker et al. 1997). If air flow is too high, the ability
to remove humidity from the air is compromised; if air flow is too low, the ability to cool the home
is compromised because not enough heat transfer is occurring between the air in the duct system and
the refrigerator coils. Very low air flow can lead to icing of the coils, refrigerant floodback, and even
compressor failure (Parker et al. 1997).

Over the last seven years, at least 12 different studies of air flow have been conducted. As
Table 2 shows, every one of these studies found significant air flow problems. The most common
problem is inadequate air flow. Seven studies reported (or provided data sufficient to calculate) the
percentage of air conditioner or pump systems tested that had air flow rates of less than 350 CFM
per ton, the level commonly recognized as the lower limit of acceptability These seven studies
suggest that an average of 70 percent of all homes have inadequate air flow. The average of the seven
average air flow rates reported (or for which data sufficient to calculate average air flow rates was
presented) was 327 CFM per ton or nearly 20 percent below manufacturer recommended levels. The
fact that most of these studies were of newly built homes makes these results particularly disturbing,
as average air flow rates are likely to degrade over time due to inadequate maintenance.

One of the effects of improper air flow is a degradation in equipment operating efficiency.
In recent years, three laboratory tests (one conducted by the Florida Solar Energy Center and two
conducted at Texas A&M University) have attempted to quantify the magnitude of these efficiency
losses. The FSEC study reported that "the lower evaporator air flow rates observed in (its) field
measurements....might produce a 10 percent increase in residential cooling energy use over what
would have been expected based on rated performance.” (Parker et al. 1997). The most recent Texas
A&M study also suggested that fixed orifice (i.e., capillary tube) type air conditioners, the most
- common type of central air conditioner installed in the United States, would experience a 10 percent
loss in efficiency at an air flow rate of 320 CFM per ton. One interesting finding in that work was
that the loss in efficiency for the much less commion thermal expansion valve (TXV) air conditioner
was only 2 percent at 320 CFM - per ton.

" Four hundred CFM per ton is the recommended air flow rate over a wet coil (i.e., when the cooling system
is operating). That is equivalent to approx1mately 425 to 450 CFM per ton across a dry coil (Parker et al.
1997).
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~ AsTable 2 shows, several other studies have estimated the combined impact of improper air
flow and i improper refrigerant charge, usually through sophisticated HV AC system modeling. These
studies suggest that the average efficiency loss due to both of these problems in combination is
between 12 and 32 percent.

Improper charge will typically have a greater impact on system efficiency than inadequate
air flow. There are several reasons for this. First, both too much and too little refrigerant lower the
temperature drop across the coil, increasing distribution losses for a given amount of cooling in the
home. This adverse impact is added to the adverse effect of improper charge on the equipment's
operating efficiency. Second, in some cases, increasing fan speed is the approach taken to address
inadequate air flow. In such cases, the increase in fan energy use can offset some of the efficiency
benefits of improved air flow. Finally, although correcting inadequate air flow increases sensible
capacity and efficiency, it reduces latent capacity and efficiency. Sensible capacity and efficiency
have a greater impact on energy consumption because thermostats respond to temperature, not
humidity. However, as sensible capacity is increased through higher air flow, the moisture in the
indoor air will also increase (due to reduced latent capacity). This greater humidity will offset some
of the increase in sensible capacity created by improved air flow. It is important to note that these
effects are not generally captured by lab tests of equipment efficiency. In summary, we estimate that
only about one-third of the combined impact of improper charge and improper air flow is attributable
to air flow problems. This suggests that the efficiency loss attributable to air flow problems
measured in the field is on the order of 7 percent.

Refrigerant Charge

Most air conditioners and heat pumps are shipped from the factory charged with enough
refrigerant for the compressor and a fixed length and diameter (often either 15 or 25 feet) of
refrigerant line. HVAC contractors installing new systems are required to either add or remove
refrigerant, depending on the actual lineset dimensions between the outdoor unit and indoor coil.

Manufacturers are very specific about the amount of refrigerant that their equipment is
designed to use. The right amount of refrigerant in the coils, with the right amount of air flow over
the coil, is necessary to achieve the appropriate balance between sensible heat transfer (from the air
to the coil) and humidity control. Too much refrigerant can cause floodback, slugging, and premature
compressor failure. Too little refrigerant will prevent sufficient cooling of the air passing over the
coils. Either condition lowers the efficiency of the equipment.

Over the past seven years, at least seven different studies have examined refrigerant charge.
As Table 3 shows, every one of these studies found significant deviations from manufacturer-
recommended levels. In fact, no study found even half of the systems tested to have correct levels
(i.e., within 5 percent of manufacturer recommendations) of refrigerant. On average, the studies
found that refrigerant charge was either too low or too high in approximately three-quarters of the
central air conditioners and heat pumps tested. There was no consistent pattern regarding the
charging problems. Some studies found that the majority of systems were overcharged, some found
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that the majority were undercharged, and some found some balance between overcharging and
undercharging.

As was the case with air flow problems, analyses of energy savings potential can be divided
into two categories: modeling of impacts and lab tests. In recent years, two lab tests of the effects
of refrigerant charge have been conducted at Texas A&M University. The results of both tests are
fairly consistent with each other. They suggest an efficiency loss of about 10 percent for 20 percent
overcharging of fixed orifice-type air conditioners and an efficiency loss of a little more than 20
percent for 20 percent undercharging of the same equipment. Assuming an equal distribution of
overcharging and undercharging, the average efficiency loss due to improper charge of a fixed orifice
air conditioner would be on the order of 15 percent. As was the case with air flow problems, both
lab tests also showed that the efficiency of the less common, thermal expansion valve type air
conditioners is much less sensitive to levels of refrigerant, at least within the parameters tested (i.e.,
charge within about 30 percent of manufacturer-specified levels). Assuming an equal distribution
of 20 percent overcharged and 20 percent undercharged systems, the average efficiency loss from
improper charge of a TXV system is approximately 5 percent.

As discussed above, modeling was commonly conducted to determine the combined impacts
of the air flow and charging problems found in the field. Assuming that charging problems are
roughly responsible for two-thirds of these combined impacts yields an estimated savings potential

of about 13 percent.

Duct Leakige

The effectiveness of a central air conditioner or heat pump in cooling or heating a home is
a function of both the efficacy of the equipment itself and the ducts through which cool air is
delivered in the summer and warm air is delivered in the winter. The most advanced central air
conditioner or heat pump—even if properly sized and installed with the right amount of air flow and
refrigerant—will not operate efficiently if the duct system is poorly designed and installed.

There are many aspects to good duct design and installation. Perhaps the most commonly
studied is duct sealing. As Table 4 shows, there have been at least 19 studies of duct leakage and its
effects on electric HVAC efficiency during the past eight years. Every single one of these studies
has found significant levels of duct leakage to the outside of the house, with average leakage rates
ranging from 193 to 397 cubic feet per minute at 25 Pascals (CFM,,) of pressure difference between
the inside and outside of the ducts.® The average of the various study results was 270 CFM,.
Interestingly, the studies do not suggest that ducts in new homes are less leaky than ducts in existing

homes.

; CFM25 is commonly used as a metric for duct leakage because the pressures created when the air handler
of an air conditioner is on are typically close to 25 Pascals. Thus, the duct leakage measured at CFM,; is a
rough approximation of duct leakage to and from the outdoors when the air conditioning is operating.

9
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National Energy Savings Potential, ACEEE

As Table 4 shows, the potential energy savings from sealing ducts are substantial. Most
studies suggest savings potential of between 15 and 20 percent. Recent analysis suggests that some
of the older savings estimates may be too high. Nevertheless, it is probably reasonable to assume that
savings of 10 percent in existing homes and 15 percent in new homes are achievable using the
traditional duct sealing technique of hand-applying sealant to seams, holes, and other sources of
leakage. The savings potential in new homes is higher because some leaks that can be sealed at the
time the ducts are being installed will become inaccessible after construction has been completed.

Recent commercialization of a new technology for sealing leaks "from the inside" may offer
the potential for even greater savings, particularly in existing homes. The aeroseal technology blows
an aerosol of adhesive particles into the duct system (after registers are sealed and the HVAC
equipment is isolated from the duct system). With the ducts under pressure, the adhesive particles
are deposited at leakage points in the system, ultimately "closing" holes in the system.” This
technology appears capable of greater sealing than traditional duct sealing techniques. Indeed, in a
field test of 47 homes in Florida, the aeroseal technology sealed approximately 80 percent of the
leakage it encountered (Modera et al. 1996). A subsequent field test on 23 homes in six Northeastern
and Midwestern states produced similar results (Modera et al. 1997).

PEAK DEMAND SAVINGS POTENTIAL BY MEASURE

A recent study suggests that estimating peak demand impacts of efforts to improve cooling
efficiency requires analysis of the different ways in which air conditioners are being used at the time
of system peak. Virtually every utility will have at least some air conditioners operating in each of
the following four "mode of operation" categories (Peterson and Proctor 1998):

1. Constant Off—the air conditioner is off during the peak hour. This may be because a customer
is on vacation. Another possible explanation is that a customer left the home immediately prior
to the peak hour and turned the thermostats up before leaving.

2. Cycling—the air conditioner is operating during the peak hour but not continuously. This type
of operation is often related to the presence of an oversized air conditioner. Alternatively, a
customer could have moved the thermostat setting up immediately prior to the peak hour but not
far enough up to prevent the air conditioner from coming on for at least part of the hour.

3. Could Cycle—the air conditioner is running continuously during the peak hour but could begin
cycling if the cooling load on the house were reduced. The capacity of an air conditioner in this

° It is generally advisable to seal large leaks (i.e., greater than 3/8 inch across) by hand.
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group is fairly closely matched to the demand placed on it by the load on the house and the
customer's thermostat setting.'

4. Continuous On—the air conditioner is running continuously during the peak hour and would
continue to do so even if cooling loads were reduced significantly. Some air conditioners in this
group may be undersized relative to the load on the home at the time of peak. Alternatively, this
condition may be caused by a customer’s decision to turn down the thermostat immediately prior

to the peak hour.

The distribution of air conditioners across these four categories will vary from utility to
utility, depending on demographics, the time of day at which system peak occurs, and other factors.
Analysis of data from six different studies suggest that a reasonable assumption of the average
national distribution may be as follows (Peterson and Proctor 1998):

Constant Off 15 percent
Cycling 60 percent
Could Cycle - 5 percent
Continuous On 20 percent

Sizing

Downsizing of equipment, like all other efficiency measures, will not produce any peak
demand savings from units in the Constant Off mode. Small savings from units in the Cycling mode
will result from longer equipment run times. As noted above, this is the most common mode of
operation so it is most indicative of the type of savings that will be realized. Substantial peak demand
savings—equal to the reduction in unit kilowatt (kW) draw during operation—will be provided from
the last two categories. However, only about 25 percent of all households fall into these two
categories. On average, proper sizing will provide moderate levels of peak demand savings.

Air Flow

Increasing air flow to levels recommended by manufacturers will also not provide any peak
demand savings from units in the Constant Off mode. Small savings will be provided from units in
both the Cycling and Could Cycle modes of operation. Although increasing air flow will increase
the watt draw of the fan motor and compressor, it will increase capacity even more. Thus, increased
watt draw will be more than offset by decreased run time, producing small peak demand savings
from units that are or could be cycling. In contrast, units that are in the Constant On mode will, by
definition, not be able to offset increased watt draw with decreased run time. For these units,

' This does not necessarily mean that the air conditioner is properly sized for "design" conditions specified
by Manual J. :
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increasing air flow will actually increase peak hour consumption. On average, increasing system air
flow will provide very limited, if any, peak demand savings.

Refrigerant Charge

The peak demand impacts of incorrect charge depend on whether the unit is undercharged
or overcharged. The peak impacts of correcting undercharging are similar to those of correcting
inadequate air flow. Correcting undercharging increases both watt draw and capacity. However, the
capacity increases faster than watt draw. Thus, for units that are cycling or close to cycling,
correcting undercharging will provide small peak demand savings; for units that are continuously
running, correcting undercharging will actually increase peak demand. On average, correcting
undercharging will provide very little, if any, peak demand savings.

In contrast, overcharged units have a high watt draw and a low capacity. When overcharging
is corrected, watt draw decreases and capacity increases. This provides moderate peak demand
savings both when the unit is cycling and when it is running continuously, though the savings will
be a little higher if the unit is already cycling. Thus, correcting overcharging can be expected to
provide moderate demand savings on average. :

Duct Leakage

Duct sealing reduces cooling load, thereby reducing run time and peak demands from air
conditioners that are either already cycling or could be cycling. The reduction in load on a unit that
is running continuously will not affect kW draw. Because duct leakage often represents a substantial
portion of the cooling load, and most customers' air conditioners are cycling at the time of system
peak, duct sealing should provide substantial peak demand savings. Correcting return duct leakage
has more dramatic effects on peak draw than on energy use, as the magnitude of return duct leakage
1s considerably higher near peak draw times.

Summary

Table 5 provides a quick summary of the peak demand effects of each combination of
installation efficiency measure and equipment mode of operation at the time of system peak.

13
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Table 5: Peak Impacts by Equipment Operating Mode'"

Measure Equipment Operating Mode
Constant Off Cycling Could Cycle Constant On
Equipment Downsizing None Small " Large Large
Increase Air Flow None Small Very Small - Negative
Correct Undercharging | Ndne Small Very Small Negative
Correct Overcharging None Moderate Moderate Modefate
Duct Sealing None Large Moderate None

CUMULATIVE SAVINGS POTENTIAL

Interactive Effects

Thus far, this report has examined the savings potential for treating or correcting each of four
different installation problems in isolation. These estimates are summarized in Table 6 below.

Table 6: Summary of Savings Potential from Four HVAC Installation Measures

Measure Energy Savings Potential Peak Demand Savings Potential
Equipment Sizing 2 to 10% Mbderate
Air Flow over the Indoor Coil 7% Very Small
Refrigerant Charge 13% Small
Duct Leakage 10 to 15% Large

It is important to note that the savings estimates for each of the four measures are not
additive. There are a number of interactive effects that must be addressed in the development of an
estimate of savings for simultaneously correcting or treating all four installation problems. The
discussion above has alluded to some of these interactions. What follows is a brief summary of some

key interactions to consider.

'! This table is adapted from a similar table presented in Peterson and Proctor (1998, p. 1.262).
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Sizing Interactions

Oversizing often masks a number of other installation problems, particularly improper charge
and significant duct leakage. Correctly sizing an air conditioner will make these other installation
problems more apparent, particularly when outdoor conditions become severe. This provides a
necessary and missing feedback mechanism to the home owner about the performance of the unit.

Downsizing an oversized air conditioner will generally make it easier to obtain proper air

flow, though care must be taken to minimize the duct surface area. It also generally decreases duct

system efficiency. Other key interactions are largely related to peak demand impacts. As air
conditioners are downsized, the fraction of units operating continuously at the time of peak increases
and the fraction that are cycling at the time of peak decreases. In general, this will reduce the peak
demand benefits of proper charging, ensuring proper air flow and reducing duct leakage.

Distribution Efficiency Interactions

The distribution efficiency is highly interactive with other installation variables. The primary
interaction occurs through the temperature change across the coil. The larger the change across the
coil the higher the distribution efficiency, all else being equal.

As noted above, when improper reﬁ*lgerant charge is corrected, the temperature change
across the coil increases. This improves the distribution efficiency at the same time that it improves
equipment efficiency. :

The savings from duct sealing and correcting inadequate air flow can be interactive in another
important way. Because of undersized return ducts, some air conditioners or heat pumps may receive
enough air flow over the coil only because the return ducts are leaky. If these ducts are sealed, at
least some of the efficiency benefits of reduced leakage may be offset by efficiency losses due to

inadequate air flow. In new construction, the answer to such problems is simple: design the duct

system so that it has adequate return capacity when the ducts are sealed. However, in existing homes,
the options may be more limited if the homeowner is not willing to pay for modifications to the duct
system. Where there are single returns, increasing return duct sizes may not be very difficult or
expensive. In other cases, return duct modifications may be more complex. -

Distribution efficiency can also be affected by equipment sizing. Reducing the size of the air

conditioner withou_t changing any other variables (total air flow, relative charge, duct leakage, duct
area, and duct insulation) would reduce the temperature change across the coil and reduce

distribution efficiency.
Air Flow and Charging Interactions

Within the range normally found on residential air conditioners, the effects of charge and air
flow are mildly dependent on each other. On a TXV unit, for example, the savings associated with
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correcting a 30 percent undercharge were approximately 12 percent when the air flow was correct
and 9 percent when the air flow was low (Proctor 1998).

Cumulative Savings Potential Adjusted for Interactive Effects

- At least four studies have attempted to develop estimates of total savings possible from
addressing all four installation issues discussed above. These studies suggest that it should be.
possible to realize average energy savings on the order of 30 to 40 percent.'? Estimates of peak
demand savings range more widely, from about 15 to 30 percent."

Most of these studies assessed savings potential from equipment installations in new
construction. The savings potential from installations in existing homes can be expected to be lower
largely because of constraints associated with the existing duct system. For example, it is usually not
possible to achieve the same level of duct leakage reductions in existing homes because portions of
the duct system are often inaccessible. It may also be very difficult to obtain the correct level of air
flow over the coil. Moreover, even when that is possible, it may require adjustments (e.g., increasing
fan speed) that offset some of the energy benefits of improved air flow. The savings possible from
addressing installation problems on a retrofit basis will be even lower than those associated with new
installations in existing homes. A service technician can do nothing about the size of the air
conditioner. Also, typical service calls do not allow the time required to properly seal ducts. Table
7 provides an estimate of the cumulative savings potential under the three scenarios discussed
here—equipment installations, a comprehensive retrofit, and a service call.

2 One report estimated 30 percent savings potential (Proctor et al. 1997a). A second estimated 33 to 37
percent (Proctor et al. 1997b). Both the third (Blasnik et al. 1996) and fourth (Neal 1998) estimated 41
percent.

'3 One report suggested 13 percent (Proctor et al. 1997b), a second 14 to 20 percent (Proctor et al. 1997a),
and the third 35 percent (Blasnik et al. 1996). Note that the 35 percent savings estimate was for a region in
which virtually all air conditioners were operating at the time of system peak and the vast majority (85
percent) were cycling. These usage patterns, which are different from most other utility peak usage patterns
that have been analyzed (Peterson and Proctor 1998), are the most conducive to substantial peak demand
reductions from improved installation practices.

16



National Energy Savings Potential, ACEEE

Table 7: Cumulative Energy and Peak Demand Savings Potential
from Addressing Typical Sizing and Installation Problems

Scenario Installation Issues ~ kWh Savings System Peak kW
Addressed Potential Savings Potential"
Equipment Installation'”  Sizing, Charge, Air 24 t0 35% 14 to 25%
' 'Flow, and Duct Leakage '
Comprehensive Retrofit Charge, Air Flow, and 24% ' 14%
Duct Leakage
Service Call : Charge and Air Flow 17% 7%

One useful way to think about the magnitude of these savings potentials is to compare them
to what would be achieved through other efficiency upgrades. For example, as one recently
published paper nicely demonstrates, the energy impacts of improving installation practices can be
effectively communicated as external adjustments to SEER ratings (Neal 1998). The energy savings
potential estimated in this paper for installations in new homes (the high end of the equipment

installation scenario savings range), for example, is comparable to the savings that would be realized

from upgrading a SEER 10 piece of equipment to a SEER 15.4.

NATIONAL SAVINGS POTENTIAL

The potential for energy and peak demand savings at the regional and national levels was
estimated for the same three scenarios discussed above—a service call scenario, a comprehensive
retrofit scenario, and a good installation practices scenario. The service call scenario includes
checking and adjusting refrigerant charge and airflow as part of a regular service call. Few
technicians currently check and adjust these parameters but with proper training, procedures, and
inducements, they could do so. The comprehensive retrofit scenario goes beyond the service call
scenario in that it also includes duct sealing. While few HVAC contractors currently do duct sealing,
many contractors could be trained to offer these services for which they would charge an additional
fee. The good installation practices scenario applies only to new equipment (new construction and

" Peak demand savings potential is estimated assuming a late afternoon or early evening peak (i.e., hour
ending 5 pm or hour ending 6 pm).

1 Equipment installations can be divided into two major categories: installations in existing homes and new
construction. The lower end of the savings potential shown here is for installations in existing homes while
the upper end is for new construction.
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replacement) and includes proper equipment sizing in addition to the practices included in the
comprehensive retrofit scenario.

To estimate the impacts of these different scenarios, we constructed a simple computer
spreadsheet model that uses regional data from the 1990 and 1993 Residential Energy Consumption
Survey (RECS) compiled and published by the U.S. Department of Energy’s Energy Information
Administration (EIA 1993, 1995)." RECS includes air conditioner and heat pump saturation and
energy use data for nine different regions of the country. By comparing data from the 1990 and 1993
surveys, annual growth rates in the air conditioner stock can be calculated. Using data on air
conditioner and heat pump stock, growth rates, and energy use, our model estimates air conditioner
and heat pump energy use in 2010. We chose 2010 as our analysis frame because it is close enough
to be of interest to policy-makers and program planners but far enough away that new installation
and maintenance practices initiative could have an impact. Our estimates of 2010 energy use were
then calibrated with each other and with EIA’s 1998 Annual Energy Outlook (EIA 1997), which
required modest reductions in the growth rates for air conditioners and heat pumps.

The model then estimates energy (kilowatt-hour—kWh) savings in 2010 by multiplying air
conditioner and heat pump energy use in 2010 by the average savings achieved by each scenario and
by the estimated penetration rate over the 2000-2010 period of good installation and maintenance
services. Penetration rates were estimated based on our estimate of what could be achieved by
aggressive programs operating throughout the country. Such programs might include contractor

training, marketing of educational messages to consumers, promotion of effective contractor

certification efforts, and/or financial incentives.

For the service call scenario, we estimated that 5 percent of homes could be served in 2000
and 2001 (a two-year period to allow for program ramp-up), an additional 5 percent in 2002, etc.,
leading to 50 percent cumulative penetration in 2010. For the comprehensive retrofit scenario, we
estimated that the training required to build a duct sealing infrastructure will necessitate a longer
ramp-up period, resulting in a cumulative penetration rate of 30 percent by 2010. For the good
installation practices scenario, we estimated that programs could serve 5 percent of units installed
in 2000, 10 percent of units installed in 2001, etc., leading to an average penetration of 30 percent
of units installed throughout the 2000-2010 period (with a lower proportion served in the early years
and a higher proportion in the latter years).

National data on the coincident summer peak demand impacts of air conditioning are not
readily available. Thus, coincident peak demand impacts were estimated by multiplying regional air
conditioning energy use by ratios of air conditioning coincident peak to annual air conditioning
energy use. These ratios were developed using RECS and end-use metering data from different
regions of the country. For regions where peak demand data were not available, we extrapolated
from other regions, adjusting for climatic differences. Due to the fact that coincident peak demand

' EIA has conducted a 1996 RECS survey but data are still being analyzed and are not yet publicly available.
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estimates are based on such limited data, our savmgs estimates should be considered very
approximate.

Table 8 summarizes the results of our analysis. Additional details can be found in the
appendix—National Scenario Analyses. '

Table 8: Achievable National Energy and Peak Demand Savings
From Improved HVAC Maintenance and Installation Practices

Energy Savings Coincident Peak
Scenario (TWh) Demand Savings
(GW)
Service Call 17,600 19.6
Comprehensive Retrofit 14,950 ‘ 39.2
Good Installation Practices 14,510 41.0

It should be noted that these scenarios overlap in part and in part are independent. For
example, the service call and retrofit scenarios overlap because the retrofit scenario essentially
includes the measures addressed by service calls, though the lower projected penetration rate for the
retrofit scenario means that there are unique savings in the service call scenario. Similarly, the
retrofit and good installation practices scenarios overlap in that a portion of the savings from each
scenario are included in the other. However, these two scenarios also include unique savings. Thus,
programs designed to promote improved practices both at the time of new installations and during
maintenance or retrofit apphcatlons could produce savings la:rger than estimated for a.ny onescenario .
but less than the sum of the savings estimated for each scenario.

It should also be noted that the above figures represent an estimate of the achievable
conservation potential from these programs. The technical savings potential, which is based on 100
percent penetration of all measures, will be two to three times greater than the achievable savings

potential, depending on the scenario.'’

- ENVIRONMENTAL BENEFITS

Fossil fuel combustion associated with electricity production is widely recognized as one of
the leading contributors to several major environmental problems. Thus, end-use efficiency

'” Specifically, the technical savings potential for 2010 is 35,300 GWh, 51,900 GWh, and 62,700 GWh for
the service call, retrofit, and good installation practices scenarios respectively.
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improvements resulting from improved HV AC maintenance and installation practices will improve
environmental conditions.

We have attempted to quantify several of the key environmental benefits, focusing on the
impacts on air emissions of carbon dioxide, sulfur dioxide, and nitrogen oxides. Carbon dioxide
emissions are a critically important contributor to global warming, sulfur dioxide is the major
contributor to acid rain, and nitrogen oxides are contributors to both acid rain and ground-level
ozone (commonly known as smog). National reductions in the emissions of these pollutants that
would result from improved HVAC maintenance and installation practices were calculated based
on kWh savings from each of the three scenarios discussed above and emissions per kWh ratios for
the three pollutants. These ratios were derived from EIA’s 1998 Annual Energy Outlook (EIA 1997).
The results are presented in Table 9 below.

Table 9: U.S. Emission Reductions from
Improved HVAC Maintenance & Installation Practices'

CO, Emissions SO, Emission NOx Emission
Scenario Reductions Reductions Reductions
(MMT) (Ktons) (Ktons)
Service Call A 14.1 54 . 34
Comprehensive Retrofit 12.0 45 29
Good Installation 11.6 44 28
Practices :
CONCLUSIONS

Numerous studies from across the country conclusively demonstrate that most HVAC
systems are sized and installed incorrectly. The potential benefits of improved HV AC maintenance
and installation practices are substantial. For example, the average energy savings from improved
service calls—17 percent—are as great as the savings from upgrading equipment efficiency ratings
from the minimum level required by federal law (SEER 10) to levels promoted by EPA’s ENERGY
STAR program and numerous utilities (SEER 12). Savings potential for improved installations in new
construction—35 percent—are roughly twice what would be achieved from such equipment
efficiency improvements. Moreover, although not discussed in detail here, there are substantial

18 Reductions are based on projected 2010 emissions of 0.218 MMT of carbon per TWh (0.8 MMT of CO,
per TWh), 3.03 thousand tons of SO, per TWh, and 1.94 thousand tons of NOx per TWh. These figures are
based on the simplifying assumption that energy savings will displace coal, gas, and oil generation in
proportion to their projected contribution to the national 2010 generating mix (EIA 1997).
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non-energy benefits associated with improved HVAC equipment maintenance and installation
practices. These include improved comfort, quieter system operation, lower equipment maintenance
costs, and longer equipment life.

-Unfortunately, the barriers to improving HVAC maintenance and installation practices also
appear to be substantial. Therefore, the challenge facing government, utilities, efficiency advocates,
leaders in the HVAC industry, and others interested in this issue is to devise strategies that enable
both consumers and HVAC contractors to benefit from improving practices. An effective strategy
will require a long-term, concerted effort that builds on the successes of recent pilot studies.

21




National Energy Savings Potential, ACEEE

22



National Energy Savings Potential, ACEEE

REFERENCES

ARI [Air Conditioning and Refrigeration Institute]. 1996. 71996 Statistical Profile of the
Air-Conditioning, Refrigeration and Heating Industry. Arhngton Va.: Air Conditioning and
Refrigeration Institute (Tables 25 and 29), 35 and 39.

Blasnik, Michael, et al. 1995a. Assessment of HVAC Installations in New Homes in Nevada Power
Company’s Service Territory. Palo Alto, Calif.: Electric Power Research Institute.

. 1995b. Assessment of HVAC Installations in New Homes in Southern California Edison’s
Service Territory. Palo Alto, Calif.: Electric Power Research Institute.’

. 1996. Assessment of HVAC Installations in New Homes in APS Service Territory. Prepared
for the Arizona Public Service Company. Palo Alto, Calif.: Electric Power Research Institute.

Cummings, James B., et al. 1990. "Impacts of Duct Leakage on Infiltration Rates, Space
Conditioning Energy Use, and Peak Electrical Demand in Florida Homes. In Proceedings of the
ACEEE 1990 Summer Study on Energy Efficiency in Buildings, 9.65-9.76. Washington, D.C.
American Council for an Energy-Efficient Economy.

EDU [Energy Design Update]. 1997. "Study Finds Unnecessary Oversizing of Air Conditioners."
Energy Design Update, February: 9.

EIA [Energy Information Administration]. 1993. Household Energy Consumption and Expenditures
1990. DOE/EIA-0321(90). Washington, D.C.: U.S. Department of Energy, Energy Information

Admmlstratwn

. 1995. Household Energy Consumption and Expenditures 1993. DOE/EIA—O321(93).
Washington, D.C.: U.S. Department of Energy, Energy Information Administration.

. 1997. Annual Energy Outlook 1998 with Projections through 2020. DOE/EIA-0383(98).
Washington, D.C.: U.S. Department of Energy, Energy Information Administration.

Farzad, Mohsen and Dennis L. O'Neal. 1993. “Inference of the Expansion Device on
Air-Conditioner System Performance Characteristics under a Range of Charging Conditions.”
ASHRAE Transactions: Research: 3-13.

Giolma, J., et al. 1985. Effects of Downsizing Residential Air Conditioners on Aggregate Peak
Demand. Prepared for Austin Electric Utility Department and American Public Power
Association. San Antonio, Tex.: Trinity University.

Hammarluhd, Jeff, et al. 1992. “Enhancing the Performance of HVAC and Distribution Systems in
Residential New Construction.” In Proceedings of the ACEEE 1992 Summer Study on Energy

23




National Energy Savings Potential, ACEEE

Efficiency in Buildings, 2.85-2.87. Washington, D.C.: American Council for an Energy-Efficient
Economy. '

James, Patrick, et al. 1997. “The Effect of Residential Equipment Capacity on Energy Use, Demand
and Run-Time.” Paper presented at the 1997 ASHRAE Winter Meeting.

Jump, David, et al. 1996. “Field Measurements of Efficiency and Duct Retrofit Effectiveness in
Residential Forced Air Distribution Systems.” In Proceedings of the ACEEE 1996 Summer Study
on Energy Efficiency in Buildings, 1.147-1.155. Washington, D.C.: American Council for an
Energy-Efficient Economy.

Katz, Arnie. 1997. “What’s Being Built Out There? Performance Tests on 100 New Homes.” Home
Energy, September/October: 29-34.

- Kemper [Kemper Management Services, Inc. and Southern Electric International]. 1994. Residential
New Construction Baseline Survey. Prepared for the Iowa Joint Utilities Task Force.

Lucas, Robert G. 1992. “Analysis of Residential Air Conditioning Equipment Using Monitored
Data.” In Proceedings of the ACEEE 1992 Summer Study on Energy Efficiency in Buildings,
2.157-2.165. Washington, D.C.: American Council for an Energy-Efficient Economy.

McClain, H. and D. Goldberg. 1984. "Benefits of Replacing Residential Central Air Conditioning
Systems." In Proceedings of the ACEEE 1984 Summer Study on Energy Efficiency in Buildings,
E.226-E.237. Washington, D.C.: American Council for an Energy-Efficient Economy.

Modera, Mark and David Jump. 1995. “Field Measurement of the Interactions between Heat Pumps
and Attic Duct Systems in Residential Buildings.” Paper Presented at the ASME International

Solar Energy Conference, March 19-24.

Modera, Mark, et al. 1996. “Residential Field Testing of an Aeroseal-Based Technology for Sealing
Ductwork.” In Proceedings of the ACEEE 1996 Summer Study on Energy Efficiency in
Buildings, 1.169-1.175. Washington, D.C.: American Council for an Energy-Efficient Economy.

. 1997. Field Testing of Aerosol-Based Sealing Technology. Berkeley, Calif.: Lawrence
Berkeley National Laboratory.

Neal, Leon. 1998. "Field Adjusted SEER (SEERFA), Residential Buildings: Technologies, Design
and Performance Analysis." In Proceedings of the ACEEE 1998 Summer Study on Energy
Efficiency in Buildings, 1.197-1.209. Washington, D.C.: American Council for an Energy-
Efficient Economy. o

Neme, Chris, et al. 1997. Southern Maryland Electric Cooperative Power Saver Home Program
Impact Evaluation. Burlington, Vt.: Vermont Energy Investment Corporation.

24



National Energy Savings Potential, ACEEE

. 1998. "Promoting High Efficiency Residential HVAC Equipment: Lessons Learned from
Leading Utility Programs." In Proceedings of the ACEEE 1998 Summer Study on Energy
Efficiency in Buildings, 2.153-2.164. Washington, D.C.: American Council for an Energy-
Efficient Economy.

Palani, Manivannan, Dennis O’Neal, and Jeff Haberl. 1992. “The Effect of Reduced Evaporator Air
Flow on the Performance of a Residential Central Air Conditioner.” In The Eighth Symposium
on Improving Building Systems in Hot and Humid Climates, 20-26. Dallas, Tex.

Palmiter, Larry and Paul W. Francisco. 1994. “Measured Efficiency of Forced-Air Distribution
Systems in 24 Homes.” In Proceedings of the ACEEE 1994 Summer Study on Energy Efficiency
in Buildings, 3.177-3.187. Washmgton D C.: American Council for an Energy-Efficient

Economy.

Parker, D.S., et al. 1997. Impact of Evapofator Coil Air Flow in Residential Air Conditioning
Systems. FSEC-PF-321-97. Florida Solar Energy Center.

Penn, Cyril. 1993. “Duct Fixing in America.” Home Energy, September/October: 50-52.

Peterson, George and John Proctor 1998. "Effects of Occupant Control, System Parameters, and
Program Measures on Residential Air Conditioner Peak Demands." In Proceedings of the
ACEEE 1998 Summer Study on Energy Efficiency in Buildings, 1.253-1.264. Washington, D.C.:
American Council for an Energy-Efficient Economy.

Proctor, John. 1991. Pacific Gas and Electric Appliance Doctor Pilot Projéct: Summer 1990
Activity. San Rafael, Calif.: Proctor Engineering Group.

. 1998. “Performance of a Reduced Peak kW Air Conditioner at High Temperatures and
Typical Field Conditions.” In Proceedings of the ACEEE 1998 Summer Study on Energy
Efficiency in Buildings, 1.265-1.274. Washington, D.C.: American Council for an Energy-
Efficient Economy. : .

Proctor, John and Ronald Pernick. 1992. “Getting It Right the Second Time: Measured Savings and
Peak Reduction from Duct and Appliance Repairs.” In Proceedings of the ACEEE 1992 Summer
Study on Energy Efficiency in Buildings, 2.217-2.224. Washington, D.C.: American Council for
an Energy-Efficient Economy.

Proctor, John, et al. 1995a. Southern California Edison Coachella Valley Duct and HVAC Rétroﬁt
Efficiency Improvement Pilot Project (Draft). Prepared for Southern California Edison. San
Rafael, Calif.: Proctor Engineering Group.

. 1995b. "Bigger is Not Better: Sizing Air Conditioners Properly." Home Energy, May/June:
19-26.

25




National Energy Savings Potential, ACEEE

. 1997a. "Assessment of Energy Savings and kW Reduction Potential from Air Conditioner
-and Duct Improvements for New Homes in PSE&G Service Territory (Summary)." Prepared for
Public Service Electric and Gas and Vermont Energy Investment Corporation. San Rafael, Calif.:
Proctor Engineering Group.

. 1997b. Residential New Construction Pilot in Nevada Power Company Service Territory.
TR-108445. Prepared for Electric Power Research Institute. San Rafael, Calif: Proctor

Engineering Group.

Rodriguez, Angel G., et al. 1995. The Effect of Refrigerant Charge, Duct Leakage, and Evaporator
Air Flow on the High Temperature Performance of Air Conditioners and Heat Pumps. Prepared
for the Electric Power Research Institute. College Statlon Tex.: Texas A&M University,
Department of Mechanical Engineering.

Sherman, Craig and Eric Hildebrandt. 1998. “Efficient Cooling: Makmg It Happen.” Home Energy,
March/April: 35-39.

Siegel, Jeff, et al. 1996. Measured Heating System Efficiency Retrofits in Eight Manufactured
(HUD-Code) Homes. Prepared for the Electric Power Research Institute and the Eugene Water

and Electric Board. Seattle, Wash.: Ecotope.

Treidler, Burke and Mark Modera. 1996. “Thermal Performance of Residential Duct Systems in
Basements.” ASHRAE Transactions 1996. AT-96-13-1. Atlanta, Ga.: American Society of
Heating, Refrigerating, and Air-Conditioning Engineers, Inc.

VEIC/PEG [Vermont Energy Investment Corporation and Proctor Engineering -Group]. 1997.
PSE&G Baseline Survey of Residential New Construction. Burlington, Vt.: Vermont Energy
Investment Corporation and San Rafael, Calif.: Proctor Engineering Group.

Vigil, Frank. 1993. “Duke Power’s Success.” Home Energy, September/October: 45-47.

XENERGY, Inc. 1998. Direct Load Control Evaluation. Prepared for Public Service Electric and
Gas. Madison, Wisc.: XENERGY, Inc.

26



National Energy Savings Potential, ACEEE

APPENDIX: NATIONAL SCENARIO ANALYSES

27



00Z'ee 002'082 056'tvL 008°'202 gL 6°0% Iv.LOoL
059 %¥L  006'8L 181000 o0&l %0€ %¥2e 00L'0L £28¢ 0.01 %01 el G'e oyoed
0zl %¥l. 0008 8€1000 0Z¥ %0¢ %¥C 008'G 299¢ 7961 %01 v'o L) urejunopy
oLr'e %¥L  008'sh 860000 . 08g'e %0¢ %V 006'9¥% 68.¢ 125143 %CE 0L 69 lenua) yinog
08L'e %vL  000°LZ G1100°0 089°L %0¢€ %¥C ooy'ez 161G €262 %€ 80 Ve Kellep sossauus
ove'Ll %¥L  000'L8 621000 089'v %0€ %Y 000'G9 [FAR 802 %€ 9%¢ |9 onuepy ynog
06¥'c %Vl 006'tvT 69100°0 090°'L %0€ %¥T 00L'vL v68S 651 %Y'e  ¥O0 g'e sule|d usyroN
096‘c %vL  009°Cy G8L00'0  099'lL %0¢€ %¥2 000°'€Z £069 96y 1 %¥'e 60 L9 uoifiey seye jeals
0s9'c %¥t  00L'oz 21000 .080'L %0€ %Ve 000'GL 2.2S G561 %Yy VO c'e onueny sippin
[e154:] %YL 008'G €91000 - 092 %0¢ %ve 009'c 046V 8691 %Yy 20 90 puejbug menN
(MW) — sBuines” (MW O/v  esn (HMD) — oloz sBues  (UmD)  BujesH DBujooy  8jey  (Suoiiw) (SUoHi) uolbay
sbBuineg  puewaq o} enq ‘Bay 0} sBuineg  Ag uon 0813 osn "09|3 - - yimoss)  3joois 30018
jesad jeed 0LoZ Ut esn jead 0L0z  -enaduad sbeleny 0102 HUN/UMY oBeIoAY [enuuy dH €661 /Y €661
juspipuio) efeloAy  puewseq JsuwiwunNg
Jawwng Nead~ oney
(Bujjeas jonp se jjam se moy pue abieys sadoud Sapn|oui) olieuadg 00y
009'61 002°082 099°L1L 008'202 Gl 60V V1oL
0ze’lL %L 006'81 /81000 098 %08 %l 0010t €cee 0.0l %0’} > g'e oued
096 %L 000°8 8€L000  06¥ %08 %L1 008'S 299¢ 961 %0°L 0 L'l utejuno
oilz's %L 008'GH 860000 066'¢ %0S %L1 006'9¥% 68.€ veve %ZE 0L 6'9 |ejuad yinog
068'L %l 000°22 611000 066'L %0S %L1 ooy'ez 4618 €262 %»Ze 90 Ve Ao|lep D9SSBUUL )
0.9'G %L 000°L8 GZL000  0eS'S %0S %L1 000°69 A%} 80.2 %Ce 9T [ OjuUERY Yinog
ovL't %L 006'¥2 691000 0S2°L %05 %L1 00L'vi 689 v6G1 %¥'e  vO 8¢ sule|d ulsyuoN
086'Z %L 0092y 681000 096°L %0S %L1 000°eZ €069 9G¥l %¥'e G0 L9 uoibay sayetjeslin
oes’‘l %L 0oL'gz v100'0 082'L %08S %L1 000'G) cles GGGl %Yy O e onpueny aippin
oLy %L 006'S €91000 Ole %0G %L1 009'e 0.6V 8691 %Yy 20 90 puejbug meN
(M) sbuines (MW) O/V 88N (HMD) ~ 0ioz  sBuinegs  (Umd)  Bupesn DBupoon  syew  (SUoHiI)  (Suomii) uolbay
sbuineg  pueweqg 0} eng ‘Bay 01 sBuineg  Aq uop ‘09|3 osn 9913 - - ymoIn 30018 30018 :
jead ead 0L0C Ul 8sn Mead 010z  -esBuad ebessay 0102 wnum sbeseay fenuuy  dH €661 J/V €661
juappuie) ebesoay  puewsq  Jewwng
Jowwng Neod~ oney A

National Energy Savings Potential, ACEEE

(moy pue abieys sodouid sapnjoul) oLeuaDg |[BD 99IAIaG

soopoeld uohejjejsu] g asueusjulely dwngd jesHy pue Jauonipuo) Ay peaoidu) wouy
sBujAeg puewa( yead juepioulon pue ABisug jeuajod jo sisAjeuy jeuoneN

28



National Energy Savings Potential, ACEEE

000°L¥ 006'2¥Z 0LG'pL 00v'6.1 vl 8lLi's IVLOL
00l'sz 005°6.1 oL’ 008°0¢glL gL~ 9gge lejoi-qng
ovo'z %Pl 009'vL 181000 095 %08 %z 008‘L £Z8¢ 001 0zl 9eZ Juoed
08/ . %vL  009'S 861000 0OE %0¢€ %ve  00L'v 299¢ ¥961 oY Gil urelunop
098'e %Yl 009'1Z 860000 0£0°C %08 %Yz  002'8Z 68.¢ yobe ¥8 059 lesus) yinog
0€z'z %¥L  006'GlL GLL000 066 %0¢ %tz  008'cl 161G £262 29 oze Aojiep eossauua )
0cL'9 %L 00l'sy GZL00'0  08.'C %0¢ %¥Z  009'8E (WAX 8012 -]k 901 opuepy ynog
ovv'z %vL  00¥'LL 691000 OVL %0E %¥Z  00€'0L ¥68G ¥6G1 ] 968 suleld weypon|
09t'y %Yl 00.'6C 681000 0SL'L %0¢ %vZ  000'91 £069 9sbl €9 269 uoibay sexe jeass
ove'z %Yl 00L'OL ¥.1000 069 %0€ %Y¥Z 0096 zles GGGI 09 85¢ onueny eIppIN
0SS %¥lL  006'S €9L00°0 0L1 %0€ %bZ  00v'Z 0.6¥ 8591 Lz 29 pueibug maN
. sewop bupsixg
006'Gt 00¥'e9 ooL‘s 009'sy 66¢ zezl 1ejo1-qng
0£2'L %SZ  006't 181000 0.2 %0¢ %SE 0092 £29¢ 0401 ze 801 oyloed
0SS %S 002 8€L00°0 0.1 %0¢ %GE  009°tL Z99¢ ¥961 L £6 utejunopy
oo8'z %S 00Z'LL 860000 012') %0€ %SE  00G'H1 698.€ yove €L zee leyuad yinog
006‘L %SZ  009'L S1L000 069 %0€ %SE 0099 1615 £262 G oLl Aelep eessauus )
0se's %S 00v'ie GZL000 018} %0¢ %SE  002°'LL LLLe 802 88l 86¢ onuepy yinos
086 %SZ  006'C 691000 O¥Z %08 %SE 0082 ¥68¢ ¥651 ol S6 sule|d uIsypoN
0eL'L %SC  006'9 S8L000 06€ %0€ %SE  00L°S £069 9Gvi £l 891 uojbay sexe jeain
080°L %S¢ 00€'V ¥.1000 092 %0€¢ %SE  00S‘C 2128 gGs51 €l 66 JjuENY SIPPIA
05z %SZ 0004 €9L000 09 %0€ %SE 009 0.6V 8591 S 61 pue|Buz maN
uonannsuoD MaN
(M) sbuires (M) D7V asn (HMD) oLoz  sbuineg (umo) Bugesy Buoo) (soool)  (soool) uoibay
sbuireg  pueweq o) eng ‘Bay oy sBuineg | Aq uop 9913 0102-0002 - - dH o
yead yead 0loZ Ul 8sn yeed 010 -ensuad obeseany pajjeisu HUN/UMY 9Besany $8jeg |enuuy
juepoulo) sbeleay puewsqg Jswwng syun jo
Jswwng jeag~ opey 010z ui
as()-'09|3

(Buwizis 12doad pue Bujjeas Jonp ‘mope pue abieys sadoud sopnjoul) opeuass uone|eISU| poos

SaohdeId uoje|jesu| '@ ddueuajuiey dwing Jesy pue Jauolipuod A1y paacsduu] wouy
sBujAeg puewe( yead juapiouio pue ABisug jenusjod Jo sisAjeuy leuoneN

29




National Energy Savings Potential, ACEEE

"S9jels Wayinos auy 1o} Aleinoned ‘papasu ale ejep feuonippy “sainjesadiwss) ubisep wis)sAs o/e uo paseq sucifal 1BUio o) pojejodesxe
aie 8say | UMY 978 [enuue Jo uoiBal Aq sejewnse SOTY PUB BIUIOHED PUE ‘HIOA MBN ‘PUBIS] apouy woy ejep puewap yead uo paseq ones sbelaaepesd ,

019 ‘100z Ul
Plos SHUN JO %01 ‘000 U! PIOS S}iun Jo uoelsuad %g sewnsse pue wes) josfold au) Aq sjewise ue S| %0 JO GJes uoneseuad ‘oueusos Lonejejsul poob Jo4 ,
018 ‘2002 A9 %01 ‘100Z Aq uonenauad %g sewnsse Ajubnos pue wesy Josfoid 8y} AQ SjRWNSS UE SI 9%0g JO B1E! uceneusd ‘SOMEUSOS JJ0I}aI pUe ||2D 92IAISS I04 ,
'IX8) BUj} Ul UOISSNOSIP UO paseq sBulres ouo9le yead pue abelsay ,

(9661 ut spun 9/e mau Jo abesoae payyBiom sajes auy) SHUN ¥ITS 20k~ Ylm paoejdes
84 pue JaA0 win} [jiM (€661 Ul 20°6 J0 ¥ITS "BAR) %00)s 21us U} ‘0L0Z AJ Jeu) joB) BU} JOJ JUNCTOE 0} %G1 PIEMUMOP pajshipe (5661 '£661) VI WOy JUNUAN ,
"UOHONUISUODD MBU 10} SBjBS SNUILL SS|es |Bj0} U0 paseq saluoy Buysixa Joj sejeg ,

‘uoibal yoes UM 300is dH pue o/e Bugsixs sy uo paseq uoibaigns
0} pajeaojle ssjeg suoibal 30@ 4o} ale ejep asay) ‘(G661 ‘£661) VIZ Ui papiodas se poysd £661-0661 Ul JING SAWIOY UC Paseq PajEwNSD UOHONJISUOD MU 10} SBIES ,
(sreak gi Auane psoejdas sjun sswinsse) G171 snjd a)es yymoiB ssLy 3O0IS £661 UO Paseq sajes jenuuy

(8661) VI3 Wwoy 0L0z ui 8sn Ayouiosie dwind B8l pUE O/ 40 }SEDSI0} VI Y)IM S|SPOUI NG SjRIqHED O pue

J8Uj0 yoes yim sjepows mau pue Juswidinbs Bugsixe Jno-sjeiqied o) %gz Aq psonpas sjel Mol “uoibal Aq paxjoei; Apotjdxa jou si joojs dwind jesy seo/e ioj ate
senbiy Vi3 %62 Aq Buikidmnuw pue (a6l ‘e661) VI3 Woyy ejep Buisn ‘pouad £661-0661 J9AO S LMOIE |Enuue Bulieinojes Aq pajeumss a1el YImoIs ,
"sdwind yeay upm sawoy Buipniou; ‘Buljood fenuso Yim SSWOoY {|B Sepnjoul UWInoD O/ UL (E66L) VI WwoHy Jo0Is ,

sasAjeuy OLBU3IG 10} STION

saojjoeld uoye|jeIsy] ' 9sueusjulely duing Jeal pue JsUORIPUOY JIY PaAcidw] wouy
sBulaeg puewa(q yead Juspioulod pue ABiaug [eualod Jo sisAjeuy jeuoneN

30



