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HEAT PUMPS

Heat Pump Study: Tricks of the Trade
That Can Pump Up Efficiency

by Virginia Jenkins

Heat pumps can be highly efficient
devices for heating or cooling indoor air.
Yet all too often, poor service can result
in costly operation. A study in California
shows how the right installation,
mazintenance, and troubleshooting
techniques for the whole system can make
the heat pump a valuable part of a home.

any of you are already familiar with the sad story

of the heat pump. Its energy efficiency looks

great on paper, but once installed, it often earns
a bad reputation. In 1983 one researcher found that
residents of a retirement community disliked their heat
pumps so much that they used their kitchen ranges for
space heating. They, like many other consumers, com-
plained the heat pumps blew cold air and were noisy and
expensive.!

Two years ago, many homeowners in an area near
Auburn, Calif. were unhappy with their heat pumps. The
local utility, Pacific Gas & Electric (PG&E), received un-
usually large numbers of complaints from them of high
electricity bills and poor system operation. PG&E wanted
to know whether correctable mechanical problems were
to blame. It hired John Proctor, then of Building Resources
Management Corp., to design and implement a study to
address the heat pump customers’ complaints. The Pacific
Gas & Electric Heat Pump Efficiency and Super Weath-
erization Pilot Project? was the resuit.

The first objective of the Pilot Project was to identify the
major problems and their prevalence in the existing resi-
dential heat pump installations. The second was to design
a correction strategy that would cost PG&E $400 or less
per site. Participating homeowners would also share some

Virginia Jenkins is a free lance writer in Berkeley, Calif.
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of the costs. (See Table 1.) Project goals were improved
homeowner comfort and satisfaction, increased energy
efficiency of mechanical systems, and 10-20% space heat-
ing energy savings. By improving system operations, the
project wished to increase customer acceptance of heat
pumps in general.

Methods: Testing, Repairs, Feedback

To attain its goals, the Pilot Project employed initial
testing, system modifications, repairs and retrofits,
and final testing. The project borrowed two experienced
technicians from a local heating contractor. They re-
corded data at every step of the process. Proctor used
these data to evaluate the condition of the heat pump
system and of the house, the technician’s performance,
and the merits of the testing and retrofit methods used.
Homeowners included in the study used an average of
over 30 kWh of heating energy per winter day, high even in
this snow-blanketed Sierra climate. They all heated with
their heat pumps. These homeowners also all had high
total electricity usage (more than 14,600 kWh annually),
and had complained to PG&E about high bills between
December 1988 and December 1989. The Pilot program
included 51 heat pumps at 48 residences which were serviced
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by several different heating contractors. Work began on
the first house on November 30, 1989.

A heat pump technician visited each home, testing and
repairing. The tests determined the problems with the heat
pump and the building shell, and their frequency. The
technician measured heat-pump air flow, heat output, and
apparent electrical input (from which the coefficient of
performance (COP) was determined)?, tested the unit con-
trol cycle, and inspected insulation and ductwork. He mea-
sured house leakage with a blower door test. Homeowners
were interviewed as to their heat pump problems and possible
causes. Proctor later reviewed the data collected, and if he
determined that the unit needed additional work, the tech-
nician returmed to complete the assignment.

Many participants, in their own words, “hate heat pumps”
due to high bills, poor comfort, or especially a combination
of the two. One resident complained that his house re-
mained cold whenever the outside temperature dropped
below 40°F. Pilot project technicians found that the resi-
dent’s auxiliary strip heat had never been connected, de-
spite two previous service calls. Two months later he was
happy, exclaiming, “This works great! I can get heat!”

The Culprits

he study found that all of the houses studied had at

least one major problem. (Of course,.these were all
houses with high numbers of heat-bill-complaints.) Prob-
lems occurred in the heat pump, its controls, or the house
ductwork or shell. Seventy percent of the houses had two or
more major problems. Table 2 summarizes the problems
found. Most of these houses had high “diffuse” supply duct
leakage and return duct leakage (>150 cubic feet per
minute), or “catastrophic” duct leaks such as disconnected
ducts. Over half had low air flow to the inside coils or air

Table 2. Problems Identified in Pilot Pro_]ect Sites
) (48 Houses, 51 Heat Pumps) Sy e
Number of - Problems

Houseswn:h SoIvable through
.4+ Problem :

shell retrofits are an optional cormpe

recirculation at the outside coils. Refrigerant leaks or in-
correct charges were also very common. Control problems
included manual setbacks and “disagreeing managers,”
both of which caused excessive strip heat use. Shell problems
included substandard insulation and houses leakier than
0.75 air changes per hour (ach), derived from the Lawrence
Berkeley Laboratory air infiltration model.

Bruce Davis
Openings for service lines like this can open the way for
unwanted air flow.

Hot Air Flow

Correct air flow is critical in heat pump systems. While a
10% reduction in air flow will increase fossil fuel furnace
use by 1.2%, it will increase heat pump use by about 7%—
over five times as much. In this study, low air flow was the
most prevalent heat pump problem. The primary cause of
low air flow was dirty inside coils. Correct filter cleaning
and replacement is crucial to help keep coils clean. Once
coils are dirty, however, the only option is to clean them.
Often, though, the coils were nearly inaccessible. In the
houses studied, filter maintenance patterns varied widely,
from replacing them monthly to yearly to not at all.

Low air flow was also the most likely problem to go
unrepaired. This is because service technicians do not
regularly test air flow or duct work, often because of indoor
coil inaccessibility. In one house, the technician found a
return duct closed off in the attic, which resulted in an air
flow of only 61% of design. The homeowner asked, “Why
hasn’t anyone else found this? I've had contractors and
PG&E out here for five years. All they could ever tell me was,
‘heat pumps just work that way.”” The project corrected
56% of the houses with low air flow problems, for an average
estimated heating savings of 5.6% per unit corrected.

High air flow is a problem in heat pump systems, too,
but for different reasons. With high air flow, the unit
operates efficiently, but homeowners often complain of
“cold air from the registers.” In addition, higher duct
pressures increase loss through duct leakage.
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Leon Neal
Manufacturer’s psychrometric chart—in technician’s hand,
right—is an indispensable tool for determining a heat
pump’s capacities.

A Charged Problem

Improper refrigerant charge was the second most com-
mon problem, found in 31% of the units. All 16 units were
repaired, with an estimated resulting energy savings of 18%
each. Service technicians typically guess at charge levels. One
participant commented that the previous technician “didn’t
even use gauges.” He said he didn’t find any leaks but he
would “fill it up.” This unit had leaks at both Schrader valves
and moisture in the system. Moisture or overcharge can lead
to compressor failure. Many heat pumps in this study were
older (average age was 13 years) and had no manufacturers’
refrigerant test charts which specify operative parameters at
given indoor and outdoor temperatures. Overcharge is diffi-
cult to determine in the winter without charts,

Duct Blinds

Catastrophic duct leaks (such as totally disconnected
ducts and air returns open to the attic) appeared in 31%

John Proctor
Catastrophic attic ducts leaks—easy to find, yet undiscov-
ered by service personnel—compromised efficiency in a
third of the houses studied.

of the houses. They could have been discovered by any-
one willing to crawl the length of the ducts. All cata-
strophic duct leaks were repaired.

Diffuse duct leaks, found in 70% of the houses, ac-
counted for 8% of total house leakage after the cata-
strophic leaks had been repaired. Each of these small
leaks was by itself inconsequential, but together were
much more important than the 8% figure would suggest
because of higher pressures in the ductwork,

Diffuse duct leaks accounted for 16% of total house
infiltration in the affected houses (heating season aver-
age). As a result, the total heat loss due to diffuse duct
leakage was 13% of the annual heating use. This occurred
because supply leaks dumped air, warmer than house
temperature, to the outside. (Proctor has done a study
similar to this one, on heat pump efficiency in the cooling
mode.* But supply leaks had an additional energy penalty
beyond their effect on infiltration. The Pilot Project de-
termined that, with only four hours, experienced crews
could achieve a 65% reduction in diffuse duct leaks.
Savings estimates were 15% for catastrophic leaks repaired
and 7% for diffuse leaks repaired.

Controls

PG&E first thought that the homeowners’ high ther-
mostat settings were responsible for their high electricity
bills. This study found that not to be true. These housesin
fact had low thermostat settings. Nevertheless, the ther-
mostat was a problem in most houses. In 17% of these
houses, two adults fought over the thermostat settings,
one turning the heat up while the other often turneditall
the way down. In 48% of the houses, the thermostat was
set back manually at night or when the house was empty.
In either case, the electric resistance strip heat came on
whenever the thermostat was turned back up, whether it
was actually needed or not. Monitoring data from one
house showed that the participants tried avoiding strip
heat in the manner suggested by the energy auditors.
Every morning they carefully turned up the heat only a
few degrees at a time in intervals of several minutes. Even
this conscientious technique was not successful in avoid-
ing strip heat use.

The pilot program attempted two control retrofits.
About half the houses received a new digital, program-
mable thermostat with a gradual ramp-up feature. This
thermostat solved the strip heat problem, but was not well
accepted by program participants because it seemed more
complicated than their old one. Many people never
learned to operate it and instead manually overrode it.

Ninety-four percent of the houses with control prob-
lems received a thermostat cut-out which disconnected
the strip heat altogether whenever the outside tempera-
ture exceeded 40° F. Above this temperature a heat pump
alone is generally sufficient to comfortably warm a house.
In one typical case, 38% of an entire heating load was
provided by the strip heater when the outside tempera-
ture averaged 53° before the cut-out was installed. After
retrofitting, no strip heat was used on a similar day. The
cut-out system was well accepted because it was invisible to
the homeowner and required no behavioral changes.
Potential savings from this retrofit were 16% for each of the
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tor’ Engm ring Croup, suggests g
the butldmg at the circuit breakers—with the'Gwners” pe
sion of course.) Take one measurement with the fan and heat
on-i.e., set the heat pump control so that only the backup
heat and the-fan run- (BW + FW)—-and .one with the fan only
(FW). The difference between the two is the backup heat only
(BW), which will be used in the COP.calculation aswell. .

. With the air flow rate, the heat pump efficiency can now be

backup heat on, and again measure the air temperamre rise

31 houses that received it, but variability in actual cut-out
temperatures lowered estimated average real savings to 8%.

Decks and Defrosters

ther frequent heat pump problems included leaks

in the refrigerant lines, frequent defrost cycles, and
air recirculation to outside coils. Leaks had sometimes
been introduced by previous repairs. Project technicians
repaired all leaks. Time between defrost cycles was cor-
rected in all affected units (defrost cycles occurring every
90 minutes are sufficient in this climate). Air recirculation
usually was caused by the placement of the outside coils in
a restricted area, such as under a deck. In one case, the
trapped air was 10° F below the ambient temperature.
This unit’s efficiency was lowered by 11%. Not surpris-
ingly, no one could be convinced to tear down their deck
for the sake of lower heating bills.

mcasured Run the equipment in. heat. pump 1 mode, with the .

(aT), Also measure the total equtpment power drat (EW in

: This equatton subtract.s the Backu}; hcat caéacny (BWX 341)
- in order tocalculate’ the COP of the heat pump wu.hout the

. vides a good generic: chart.

- In order to make it easy, enough o use in t.he ﬁeld, a few
minor simplifications have been made in this techmque T}ns
technique assumes that: . . ¢

.. ® air pr0pernes such as denstty are. constant (agmn for our -

purposes, leavmg on backup heat makes only a mmor
d1fference), S -

all fan power is converted mto heat (some of itis actually
still in the form pressur where measurements are
'taken), iy g ] . .

o and—in the case of a.heat, pump_ added to an exrsung'-;,;_

furnace—fan power, draw of the furnace motor is t.he

"These stmphﬁcat:ons esult i rs of less than 1—2% of .
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A stmple way to' check for air mlxmg is to move the t.her- .
mometer around within r.he duct, waiting ateach posmon for
the reading to stabilize. Averaging thermometers are also

* available. The temperature should be fairly uniform....

For all the measurements, run the equrpment forat least 10

- minutes before taking readings to allow some stability. How-

ever, perfect stability is impossible unless it’s in the middle of
winter and the building heat load is equal to equipment
capacity! To ensure accuracy, double-check measurements
with any secondary means available. For example, a wattmeter
can be used to check the building meter power measurement. . -
Also, Bruce Hunn reports measuring cfim using both-a pitot -
traverse and a flow hood with some: success. Fma]ly, to avoid -
erratic readmgs, con51der ta.kmg a few measurements and ‘f'
averaging them. , : : 5 -

Overall Savings

he Pilot Project results showed that, if the full pro-

gram were to be applied to houses of this type,
homeowners could expect an average heating-energy
savings of 27%. These savings were well above the origi-
nal goal of 10-20%. The program also projected an
average cooling savings of 22%. Under the plan, the
utility would pay $400 per site, while it would regain a
calculated net life cycle benefit of $459. The program
would cost participants from $50 to $350, and would
save them an average calculated net lifecycle benefit of
$2,597. The lifetime of the duct repair work is consid-
ered 15 years. That of the heat pumps is only five years,
owing to the likelihood of replacement. Costs and sav-
ings for individual retrofits are summarized in Table 1.
Because not all the retrofits were needed in each house,
the sum of the savings for each of the individual retrofits

—a-
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added up to a higher number than the 27% average
savings for the package of retrofits.

“But I’ve Tried Before!”

hree-quarters of the project participants had already

tried to discover the source of the poor system perfor-
mance by calling in a heating contractor or PG&E. These
service visits had not found nor repaired the above problems.
In many cases, heating technicians blamed their inability to
find problems on the heat pump itself. They often had made
such comments as, “I'm sorry, this heat pump is doing the
bestit can. If you would like, I can install an efficient propane
furnace for you.” Comments like these reinforced partici-
pants’ negative attitudes towards heat pumps.

The existing contractor infrastructure is just not
equipped to satisfactorily address many heat pump prob-
lems. This study was more successful because it used an
integrated approach to diagnosing and servicing prob-
lems. Even though the Pilot Project employed only expe-
rienced technicians, many of the tests and testing devices
used were initially unfamiliar to them. Due to technician
error, 39% of the program sites had to have return visits.
The project provided them the additional training and
feedback necessary to assure quality repairs and retrofits.

Recommendations

his study found that installed heat pumps did not per-

form up to expectations due to numerous system prob-
lems. But according to John Proctor, there is an even more
basic issue which allows the problems to remain unsolved.
“The contractor business is built on a low-bid/least~<cost
system that precludes you from spending the time to find
out what’s really wrong with the unit,” he says. “It’s economi-
cally almost impossible to do the job right. The field techni-
cians may have been trained to do the job properly ina good
school, but the workplace pressure is to do it fast and dirty.”

“It’s a major economic mistake for a customer to make
the hiring decision based on cost instead of quality. But,
of course, everybody does just that all the time, and so you
see bad work.”

Proctor suggests several steps to build up the contrac-
tor infrastructure. Contractors should have an economic
incentive for doing good work. They should use 2 system
that accomplishes the desired goals and that provides
workers with feedback and training. Technicians should
have adequate time to accomplish needed tasks. Finally,
everyone must be held accountable to the system.

In new heat pump installations Proctor recommends
that several strict criteria be employed. The measured air
flow of the system should be between 5% below and 15%
above the manufacturer’s specification. The installed En-
ergy Efficiency Ratio (EER)® or COP must be tested on site
and be within 5% of specification. Duct leakage should be
tested, and be less than 150 cfm at 50 Pa house pressure.
Ductwork must be sealed at every joint with mastic tape.
Coils and filters must be accessible for cleaning.

Bruce Davis
Clogged fan blades can result from duct leaks somewhere
between filter and fan, severely limiting heat pump efficiency.

Heat pump installers and maintenance workers can
glean some valuable information from the results of this
study alone. Installers should ensure that the outside coils
are not located under a deck or in a similar area of
restricted air flow. Similarly, inside coils must be easily
accessible for cleaning. It is crucial that the ductwork
joints are mechanically secured and sealed with mastic.
The ducts must not restrict proper air flow.

When maintaining heat pumps, itis important to clean the
coils, if necessary, as well as replace the filters. Technicians
should test the air flow and COP or EER on the units.
Personnel working on units in the winter must use the hot gas
discharge temperature method to determine charge. This
method requires the manufacturers’ charts. In the absence of
such charts, a low COP with adequate air flow should be
checked for charge by pumping down and recharging by
weight. Care must be taken when repairing refrigerant lines
to leave no leaks, and to fix any existing ones. Ductwork is an
important component of the heat pump system, which needs
to be checked along with the heat pump itself.

Technicians could clearly benefit from specific training
in heat pump installation and maintenance, as well as in
ductwork repair. This training must be accompanied by
adequate time to complete each job properly and feed-
back on the work that is done. Improved installation and
maintenance quality are essential, in order to assure that
heat pumps are effective and accepted in the field. B

Endnotes

1. Richard C. Diamond, “Energy Use Among the Low-Income El-
derly: A Closer Look,” LBL-17593, Lawrence Berkeley Labora-
tory, Applied Science Division, Univ. of Calif., Berkeley, July 1984.

2. Available from the Proctor Engineering Group, 456 Massasoit
St., Suite 102, San Francisco, CA 94110.

3.The Coefficient of Performance is the measure of instantaneous
heating or cooling efficiency under constant test conditions. It
is the number of Btus a heat pump can supply to or remove from
the conditioned space per Btu of energy consumed.

4. PG&E Appliance Doctor Pilot Project, Jan. 1991, available
from the Proctor Engineering Group, 45 Massasoit St., Suite
102, San Francisco, CA 94110.

5. The Energy Efficiency Ratio is the measure of instantaneous
cooling efficiency under constant test conditions. It is the
number of Btus a heat pump can remove from the condi-
tioned space per watt-hour of electricity consumed.
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