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An Ounce of Prevention:
Residential Cooling Repairs
John Proctor
A Pacific Gas and Electric study
ofhigh cooling bill complaints in Fresno,
California, revealed that low air
conditioner Efficiency could be
remedied by informed diagnostic
and repair techniques.
any utilities must answer to three masters. Customers want reasonably priced power. Shareholders want a good return on their investment.
And regulators want sound conservation stategies. Northern California-based Pacific Gas and Electric (PG&E)
created the Appliance Doctor Pilot Project in 1990 to
answer the needs of those three constituencies. The project's goals were to reduce ,electrical peak dema~d, sa~e
energy, and provide meamngful responses to hIgh bIll
complaints.
The program hired Proctor Engineering Group
(PEGrp) to investigate the potential energy and peak
reductions made possible by repairing existing residential air conditioners and gas-fired, forced-air furnaces. 1
Previous studies had indicated that effective service of
existing air conditioners results in substantial energy savings. For example, a 1987 field study of residential air
conditioners in North Carolina found that with standard
installation and maintenance, air conditioner efficiency
had degraded by 30% to 40%.' And a 1990 PG&E project
investigating the cause of high bill complaints from heat
pump customers reve~ed that energy s~vings of 27% and
significant peak electrIcal load reductIOn were pOSSIble
from a well-controlled repair and maintenance program
which included strong quality assurance and technician
training.s

M

John Proctor is president of P~octor Engineering Group in San
Francisco and the author of many reszdentzal heatzng and woling efficiency studies.
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This flow hood placed over the return grill demonstrated
a sizable air leakage reading due mainly to a faulty duct
system.

Finding The Problems

P

G&E selected Fresno for the pilot project.because of
its weather condItions, gIVIng that locale hIgh coolmg
loads for the service area. The location features 1769
cooling degree-days and 2647 heating degree-clays annually (65°F base). Fifteen homes were selected for the
study. The majority belonged to customers with high
summer peak loading and with complaints of high utility
bills. Their average cooling use (3658 kWh) was more
than double the Fresno residential average (1650 kWh).
PEGrp tboroughly tested each home's air conditioner,
building shell, and ductwork to determine the mechanical cause of the high bill complaint. Deficiencies were
repaired and each unit retested to confirm that the repairs were effective.

Measuring The Effects of Repairs
e used submeters to record the air conditioner kWh
consumption for every 15-minute period, both before and after repairs were made. The data was analyzed
to determine the peak electrical load for each house and
to identify how the residents adjusted their thermostat
controls.
While two participants no longer used their air conditioners because they felt their bills were too high, almost
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half of the remaining sites used the off/on air conditioner
control manually, switching the air conditioner on to make

it cooler and offwhen it was cool enough.

Most Common Problems

W

e traced customer bill complaints to problems with
the distribution system, the appliance, and the
building shell. Ten of the fifteen units had been serviced
within the last two years by local contractors who failed to
identify or resolve these deficiencies. Two individuals had
service agreements with local contractors who inspected
the units twice a year. While one of these houses had the

most efficient air conditioner in the study, it also had two
disconnected supply ducts which had never been detected. Our inspection of the second unit found it to be
20% low on refrigerant at the time of the study. Because
there were no refrigerant leaks, it's possible that the
missing refrigerant was allowed to escape during the twiceyearly checkups. Table 1 provides a breakdown of all
problems identified in the study and their frequency of
occurrence.

Low Airflow: A Major Problem

L

ow airflow in all the homes averaged 350 cubic feet
per minute per ton of air conditioning (cfm/ton).
Airflow was measured in two ways, by the temperature rise
test and by the flow hood method. The temperature rise
method is based on putting a ·known amount of energy
into the air stream. This was accomplished by turning on
the furnace. The mixed supply temperature-used to
calculate the energy input-and the mixed return temperature were measured. A single calculation, based on
the heat capacity of air, determined the airflow necessary
to achieve the measured temperature rise for the known
input. It should be noted that this method may not be
appropriate outside of research activities because of time
constraints (the furnace must be on at least 20 minutes

for accurate readings) and occupants' objections to having their homes heated in the summer.

The flow hood method utilized a commercial flow hood
to measure the flow at each register. The flows from all
the returns and the return duct leakage were summed for
the total flow.
Our measurements showed that low airflow was the
most prevalent deficiency in air conditioner preformance

and the second most common problem overall (after
excessive duct leakage). Fully two-thirds of the units studied had low airflow. Airflow across a dry coil should be 425
to 450 cfm/ton to provide the correct level of airflow (400
cfm/ton) through the unit when the air conditioner is
running and the coil is wet.

Energy Savings Estimates

B

ased on the data collected from submetering during
this project and past studies, the anticipated energy
savings and peak reduction for individual repair measures are shown in Table 2. The predominent effect of
field repairs on the air conditioners was to bring airflow
and refrigerant charge to near their designed state. As a
result, the largest efficiency improvements occurred on
those air conditioners we found operating furthest from

their design parameters.
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This gaping disconnection in the ductwork cancels out
many of the benefits of an otherwise tightly built home.
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The principal cause of low airflow is a dirty inside coil,
and the most effective repair method is to clean it. One coil

was so dirty and wet that mold had grown on it. An air

are not usually repaired since technicians d J hot regularly work on ducts.
With belt-driven blowers, incorrectly adjusted drive pulleys

conditioning technician had visited the house recently to

are a common cause of low airflow. An effective repair mea-

diagnose the problem. He correctly diagnosed low airflow,
but rather than cleaning the coil he sold the homeowner a
higher-horsepower motor for her indoor fan.
Other causes of low airflow include clogged filters and
closed registers. At one study house, the filter had not
been changed for over a year and only two of its ten
delivery registers were fully open. Of the eight registers
that were misadjusted, four were completely closed and
four partially closed. Most air conditioning technicians
do not regularly test for airflow. Indoor coils are often
accessible only with extreme perseverance, decreasing
the likelihood that they will be examined or cleaned.
Crushed and kinked ducts, another cause of low airflow,

sure is to adjust the pulley to produce a higher blower speed.
Cleaning the coil, opening registers, and/or adjusting
the drive pulleys increased airflow by 16% in the ten
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deficient units.

Improper Refrigerant Charge

O

ver half the units (eight) had improper refrigerant
charge, with equal numbers having under- or over-

charge. The average amount of incorrect charge was 10%

for overcharge and 20% for undercharge. In the field,
most technicians make the determination of proper
refrigerant charge through guesswork. This causes the
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Duct Leakage: A Hidden Culprit

D

compressor to run longer (undercharge) or to work harder
(overcharge) as well as compressor failure and comfort
problems. Proper testing of refrigerant charge is a straightforward procedure (See" 'Superheat' Method," below).
Refri~erant leaks are.common and often go unrepaired.
One unIt under a servIce contract providing yearly visits
ha~ multiple deficiencies (including furnace problems
whIch posed a potential threat to the health of the occupants). PEGrp found three leaks in the air conditioner's
inside coil and leaks at both Schrader valves. The contractor had installed two pounds of refrigerant at the end
of June. When we inspected the unit just two months
later one and one-half pounds had escaped. This unit
clearly required replacement, but the contractor's advice
to the owner of the unit was to add refrigerant at the
beginning of every summer.

uct leakage was the most prevalent energy waste
problem, occurring in all but one of the homes
studied. PEGrp and other researchers estimate that average I~akage can be limited to 150 cfm at 50 Pa in existing
housmg stock. We found the average initial duct leakage
in the houses in our study was 419 cfm (corrected to 50 pa
pressure), more than twice the realizable level. Results of
flow hood duct leakage tests are shown in Figure 2.
Duct leakage comprised 15% of the total house leakage. However, the effect of this leakage was much larger
than the percentage implied. The highest pressure differential across leakage sites occurred at ductwork cracks
when the inside fan was on. For homes in the study, these
pressures occurred during 30% of the cooling hours.
Leaks III the supply ducts expel air that is cooled below
house air temperature. A 10% supply duct leak to the
outside is a 10% cooling capacity loss. Superheated attic
air leaking into the return system further increases the

Outdoor Temperature OF
Chart based on 400cfm/ton indoor airflow and 50% relative humidity.
Source: From "Service Procedures Weathertron Heat Pump"
.
Fig. 72().l, p. 32, The Trane Co., Pub. No. 22-8073-1.

Figure 1. The superheat charging chart for adjusting
refrigerant charge.
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:# of Units

SUMMARY STAllSTlCS
Number of Homes15
Mean .. 419.13
410
Median"
Standard Deviation .. 199.95
129
Minimum..
Maximum..
744

3

2

Duct Leakage (cfm~

bills of over $400 per month) had large return and supply
duct leaks. The returns were entirely accessible in the
attic, but the supplies dropped through inside walls, ran
between floors, and traversed a crawlspace only slightly
larger than the ducts themselves. The leaks in the walls
and betw'een the first and second floors were inaccessible
and could not be sealed. Two partial disconnects were
evident in the crawlspace, but repair would have required
removal and reinstallation of four duct runs.

S(JUrce:JohnProctrn

Figure 2. Results of flow hood duct leackage tests.

cooling load. Duct leakage caused an increase in the
average cooling load of approximately 25%. (Incidentally. the corresponding heating loss was 16%).
The occupants of one house reported that one register
didn't deliver any air. Our investigation showed that the
ductw"Ork was disconnected from that register and was
stretched over toward a new register in an addition. The
disconnected duct ended up not being attached to either
register, dumping its conditioned air into the attic.

John Proctor

The SWl can barely shine through the dirt build-up on this
air niter. Replace those BIters regularly!

Building Shell Deficiencies

E

xcessive air infiltration was the most common shell
problem in the homes studied. We used a blower
door to measure air infiltration, using a base of cfin50 /20 for
our calculations. The natut:al air change estimate averaged
0.68 air changes per hour (ach), well in excess of the California Energy Commission's assumed standard of 0.5 ach.
All but one unit lacked wall insulation and six had
ceiling insulation ofR-I9 or lower. This was due in part to
the age of the structures. Only one unit was built after
California's Title 24 standards were in place. Many also
had inadequate attic ventilation for the climate.

An inside coil is cleaned with a wire brush.

Effectiveness of Duct Leakage Repairs

A

fter an initial learning period during the Appliance
Doctor Project, technicians were able to eliminate
almost 60% of the measured duct leakage. With proper
training and feedback, it's possible to spend four hours of
work sealing ducts and achieve an average 65% reduction
in leakage. Work by John Tooley in Florida produced an
average reduction in duct leakage of67%.' Technicians do
not normally conduct duct repairs; however, they could
playa major role in reducing energy loss from this source.
In a number of instances, the location of the duct leak
could be determined but was inaccessible for repair. The
highest electric user in the study (with summer electric
Home Energy • May/June 1991
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A step-by-step diagnostic procedure-instead of "winging
it"-helps the seIViceperson evaluate the system and detennille the next step.
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Conclusion

T

he PG&E Appliance Doctor Pilot Project has identified a significant source of untapped electrical savings and electrical peak reduction in the use of repairs to
bring existing cooling equipment to design performance.
(Similarly, gas savings will result from the project's repair
component.) Field testing has proven that these repairs
are economically feasible and provide a substantive response to customers with high bill complaints.
PG&E is currently planning a production program
based on this study to diagnose and repair duct leakage,
low airflow, and overcharging in residential air conditioners. Three thousand homes characterized by high
cooling energy consumption will be selected for seIVice
.and repairs to air conditioning systems in 1992. The
utility will fund the tight administrative control necessary and provide a 75% rebate of the on-site costs. Table
3 summarizes the projected savings, costs, and benefits
of the program to those homes characterized by high
cooling energy use.

technician training is a worthwhile goal, this tramlllg
must be accompanied by adequate time to complete each
job properly and by feedback on the results of their work.
Unless these measures are taken, major problems are
likely to continue to go undetected and/or unrepaired. •

Notes

Importance of Program Control and
Feedback

A

common theme in all phases of this project was the
need for increased program control and feedback.
Major deficiencies in most of the homes studied had been
neither identified nor resolved. Our study concluded that
contractors do not sufficiently audit the effectiveness of
diagnostic and repair activities by technicians whose work
is not usually inspected at the site nor is their documentation reviewed. It's important that problem diagnosis and
repair measures be verified by program managers, and
that the results of repairs be documented and passed on
to technicians.
Contractors must be motivated to bring appliances up
to their full operating efficiency. In an industry based on
least cost/lowest bid incentives, there is little incentive to
invest the time needed for effective diagnosis and repair.
The expectations placed on field technicians for productivity and revenue generation create tremendous pressure to get in, do the job, and get out-fast. While
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