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Executive Summary 

INTRODUCTION 

The Heat Pump Efficiency and Super Weatherization Pilot Project was initiated to address 
the problem of a high level of complaints from homeowners with heat pumps in PG&E’s 
Drum Division (near Auburn, California). 

OBJECTIVES 

There were two major components of the project.  These were to: 

(1) identify the major problems with existing residential heat pump installations; and 

(2) design a system to correct those problems. 

The objective of the identification component was to determine the range and frequency of 
problems at selected heat pump sites.  These sites were selected from a pool made up of 
customers who had complained to PG&E about high electricity bills. 

The objectives of the design component were to create a program that would: 

(1) result in improved homeowner comfort, increased efficiency of mechanical 
systems, and enhanced customer satisfaction; 

(2) save ten to twenty percent of the space heating energy for the selected customers; 

(3) be able to be implemented at a cost to PG&E of less than $400 per site; and 

(4) facilitate increased customer acceptance of high efficiency heat pumps in both 
retrofit and new construction. 

METHODOLOGY 

Fifty-one heat pumps, at forty-eight house sites, were selected by PG&E for the pilot project.  
Each of the locations was visited by a heat pump technician, who used specially designed 
forms to test, record, and repair each unit.  These forms were reviewed by the program 
manager to determine if the proper work had been done and if the desired results were 
achieved.  If the review determined that the unit needed additional work the technician 
returned to complete the assignment.  To quantify problems with the ductwork and the 
building shell, each of the sites was inspected and tested using a blower door. 
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RESULTS 

Ninety percent of the houses investigated had at least one major problem with the heat pump 
or building shell.  Solutions to these problems were demonstrated through field testing, and a 
program was designed to cost-effectively solve the majority of the problems, reducing the 
heating energy use of the selected customers by an average of 27%, while improving 
homeowner comfort.   

Problems Identified at Sites in Pilot Project 

Customer complaints of high bills and poorly operating heat pumps were due to identifiable 
problems with the heat pump, the heat pump controls, the ductwork, and the building shell.  
Seventy-three percent of the units had been previously serviced by heating contractors.  
These previous visits had not found nor solved the problems. 

Table A lists the major problems identified at the sites in the pilot project.  The program 
designed through this project would make necessary repairs to the ductwork, heat pump, and 
controls as indicated in the table. 
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Table A.  Problems Identified in Pilot Project Sites 
(48 Houses, 51 Heat Pumps) 

 Number of 
Houses with 

Problem 

Problems Solvable 
through Program 

HEAT PUMP PROBLEMS:   

Diffuse Duct Leakage > 150 cfm 33 25 
Low Air Flow 24 19 
Incorrect Charge 16 16 
Disconnected Ducts 16 14 
Refrigerant Leaks 10 10 
Recirculation Through Outside Coil 9 0 
Other Major Problems 6 5 
Auxiliary Heat On First 3 3 

CONTROL PROBLEMS:   
Manual Thermostat Setback 23 23 
“Dueling Managers” 8 8 

SHELL PROBLEMS:   

House Leakier than 0.75 ach 15 15* 
Less Than R-19 Ceiling 5 5* 
No Floor Insulation 2 2* 

 * Building shell retrofits are an optional component of the program. 

Energy Savings 

Table B demonstrates the projected energy savings, costs, and net lifecycle benefits for the 
program, including interactive effects. 
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Table B.  Projected Program Savings and Costs 
(including interactive savings effects) 

Average Heating Energy Savings  27% 

Average Cooling Energy Savings 22% 

Utility Cost $400 

Utility Net Lifecycle Benefit $459 

Participant Cost $50 to $350 

Participant Net Lifecycle Benefit $2,597 

 
 

Table C shows the heating energy savings for individual retrofit measures, taken separately 
(excluding any interactive effects), together with estimated costs and calculated net lifecycle 
benefits. 
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Table C.  Heating Energy Savings and Cost Estimates 
for Individual Retrofit Measures 

 
 

Retrofit Measure 

Average 
Heating 
Energy 
Savings 

Est. Cost 
per Site 

Percent 
Utility 

Contribu-
tion 

Net Owner 
Lifecycle 
Benefit 

Net Utility 
Lifecycle 
Benefit  

Duct and House Diagnostics  $60 100%   
Heat Pump Diagnostics  $30 100%   
Repair Disconnected Ducts 15.0% $35 100% $1,638 $562 
Repair Diffuse Duct Leaks 7.5% $150 100% $952 $147 
Install Thermostat Cutout 10.0% $100 25% $462 $82 
Correct Low Air Flow 5.6% $50 50% $312 $52 
Install Fan Off Time Delay 3.6% $50 50% $167 $23 
Repair Leaks and Correct 
Refrigerant Charge 
(approx. 30% of units) 

18.4% $200 25% $777 $215 

House Medic (alone) 15% $530 25% $1,281 $470 
House Medic (after duct repairs 
are already done) 

7.5% $430 25% $612 $194 

The net lifecycle benefit calculation would change substantially with climate and use patterns 
as well as changes that shift the costs from the utility to the participant.  Using the systems 
developed in this pilot project, estimates can be made for costs and energy savings in 
locations throughout PG&E’s service territory.  

In addition to the forty-eight houses selected for the heat pump study, eight additional sites 
were selected to study the impacts of a super weatherization program previously 
implemented by BRMC under the name “House Medic.”  This program utilizes advanced 
technology to guarantee that the house is brought to the correct air tightness and that newly 
recognized heat loss mechanisms are repaired.  The program was found to be applicable to 
this housing stock.  We have not included the House Medic weatherization in the 
recommended program, but report on its results as a sophisticated alternative to existing 
weatherization programs.  

Program Delivery 

In order to deliver cost effective service there must be control over the program delivery.  
Without new controls, the existing heating contractor infrastructure is not equipped to 
implement a program that effectively locates and repairs the problems found in the pilot.  In 
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spite of the fact that many of the sites had recent maintenance by professional personnel, 
84% of them had at least one major problem with their heat pump system.  Of the sites 
visited by technicians in the pilot project, 39% had to have return visits due to technician 
error.  These errors were only discovered through a structured system of form review, 
inspection and feedback.  Quality assurance cannot be achieved merely through technician 
training.  It can be achieved through a structured system that combines feedback to the 
technicians, multiple contractors, inspection of units, and the power to eliminate non-
compliant contractors from the program. 

RECOMMENDATIONS 

The following recommendations for a production program are grouped by scope of 
application, program design, program economics, program evaluation, implications for new 
and replacement heat pump incentive programs, and implications for major weatherization 
programs. 

Scope of Application 

a. Implement the program in all areas with high levels of Energy Cost Inquiries 
(ECI’s) by heat pump customers. 

b. Implement the program on a proactive basis to all heat pump customers that meet 
specified selection criteria for high heating energy use.   

c. Investigate using the program to address residential air conditioning systems. 

d. Investigate the applicability of the program to heat pump customers with average 
heating energy use. 

Program Design 

a. Use the least costly method of delivering the services.  Utilize well-trained 
technicians to obtain the initial data and repair the most common problems (duct 
leaks and duct restrictions) on the first visit. 

b. Utilize the higher-cost skilled heating technicians only on a fixed cost basis and 
only to accomplish the standard elements (outdoor cutout and fan time delay) and 
repairs specified as a result of the first visit. 

c. Implement solid control of the program through an experienced program manager.  
This manager should be responsible for training, certification, form review, 
feedback, inspection, monitoring, and discipline.   

d. Utilize multiple subcontractors in each area to insure that deviations from the 
program can be corrected. 
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e. Require subcontractors to handle their own logistics (scheduling of site visits, etc.) 
to meet the requirements and quality of the program. 

f. Consider offering additional services such as major weatherization and extensive 
heat pump repair, etc. on a fixed-cost basis (with a reduced incentive level) to the 
customer. 

Program Economics 

 Achieve maximum cost-effective energy savings for each site by combining PG&E 
subsidies with customer contributions.  The ideal customer contribution would 
achieve the highest possible energy savings at the lowest possible utility cost.  It is 
likely that this would result in PG&E offering the the initial visit that accomplishes 
the most cost-effective items free or nearly free.  This would overcome suspicion, 
obtain maximum participation, and insure that these measures are completed.  A 
lesser incentive could be offered for subsequent and less cost-effective items. 

Program Evaluation 

 Complete a long term before and after utility bill analysis on the homes in the pilot 
project and on any future expanded program.  Only through such analysis can the 
true effect of these programs be determined.   

New and Replacement Heat Pump Efficiency Programs  

 If incentives are considered for new heat pump installations, these installations 
should be held to strict criteria, including: 

• testing of initial air flow, COP, and duct leakage   
• accessible coil and filters 
• ductwork sealed with mastic 

Major Weatherization Programs  

 House Medic should be evaluated against actual measured savings from other 
weatherization options.  It should be tested on a larger scale with adequate crew 
training.   

SUMMARY 

The Heat Pump Efficiency and Super Weatherization Pilot Project has resulted in the design 
of a program that can reduce selected heat pump customers’ energy use by over 20%.  This 
program has the potential to significantly improve customer satisfaction with heat pump 
performance, resulting in increased electric heating customer retention. 
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I. Introduction 

A. BACKGROUND 

Building Resources Management Corporation (BRMC) was selected and contracted by 
Pacific Gas and Electric Company (PG&E) to complete a pilot heat pump efficiency and 
weatherization project in PG&E’s Drum Division, located in the area of Auburn, California.  
Because of high levels of complaints to PG&E by homeowners with heat pumps, the 
investigation focused on what could be done to improve the efficiency of residential heat 
pumps in actual field installations.  Fifty-one heat pumps were included in the pilot project to 
ensure that a variety of typical problems would be encountered. 

With input from BRMC, PG&E hired a local heating contractor to provide two experienced 
heat pump technicians for the project.  In addition, BRMC hired a local weatherization 
contractor to work under BRMC’s supervision to test duct repair and advanced air infiltration 
control measures.  PG&E scheduled the initial site visits.  Follow-up visits were scheduled 
by the contractors.  BRMC provided overall program management, including technical 
supervision, form design, form review, field inspection, infiltration testing, and reporting.  
Work began on the first house November 30, 1989. 

B. OBJECTIVES 

The two major components of the Heat Pump Efficiency and Super Weatherization Pilot 
Project were to:  (1) identify the major problems with existing residential heat pump 
installations; and  (2) design a system to correct those problems. 

The objective for the identification component was to determine the range and frequency of 
problems in heat pump houses with customer complaints to PG&E. 

The objectives of the design component were to create a system that would: 

(1) result in improved homeowner comfort, increased efficiency of mechanical 
systems, and enhanced customer satisfaction; 

(2) save ten to twenty percent of the space heating energy for the selected customers; 

(3) be able to be implemented at a cost to PG&E of less than $400 per site; and 

(4) facilitate customer acceptance of high efficiency heat pump programs for retrofit 
and new construction. 
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II. Methodology 

A. SITE SELECTION AND SCHEDULING 

The communities of Cameron Park, Lake Wildwood, Lake of the Pines and Alta Sierra were 
selected by PG&E for the pilot project.  These communities were selected because they were 
served by different heating contractors, had different histories of interaction with PG&E, and 
they had sufficient numbers of potential participants.  The potential participant pool supplied 
by PG&E consisted of customers who met two criteria: 

• were categorized as Energy Cost Inquiries (ECI’s) by PG&E between December 1, 
1988 and December 1, 1989; and 

• had an annual electricity use exceeding 14,600 kWh in that period. 

This selection criteria resulted in an original pool of 231 customers:  102 in Cameron Park, 
46 in Lake of the Pines, 38 in Alta Sierra and 45 in Lake Wildwood.   

This pool was further screened to insure that each used electricity for winter heating.  The 
criterion was that the average winter heating use exceed 30 kWh/day.  (Average winter 
heating use was calculated by subtracting the average daily use in September from the 
average daily use in December, January and February.)  Eliminating potential participants 
with inadequate data and those who failed to meet the 30 kWh/day criteria reduced the pool 
to 116 customers.   

Appointments for heat pump technician visits were scheduled by two well-trained 
individuals in the Auburn office of PG&E.  They found it difficult to schedule 50 customer 
visits in spite of the fact that the program was free to participants. 

The predominant reason people stated for refusing the service was that they had switched to 
another heating fuel, generally to a pellet or wood stove.  Some of these individuals indicated 
their disdain for PG&E with comments such as “I unplugged you guys.”  A smaller group 
had electric resistance heat and the program did not apply.  A few people said, “I’m not 
interested” or “I’ve already had it fixed.”  The attitude toward PG&E expressed by Lake 
Wildwood residents was particularly negative and suspicious.   

While the selection criteria targeted customers with high heating energy use, data from one 
community indicated that the customers with the highest energy use were less likely to end 
up as participants in the program, due to reasons noted above.   

Ultimately 51 heat pumps were tested and retrofitted.  These heat pumps were in 48 houses.  
Blower door tests were run on 46 of these 48.  The houses not tested were due to scheduling 
problems with the participants.  The weatherization crew worked on the diffuse duct leakage 
in 10 of the 48 houses and 3 of these 10 had computer monitoring equipment installed for 
more detailed analysis.   
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In addition to the 48 houses above, 8 additional sites were used to test the applicability of an 
advanced “super weatherization” technique to reduce heat loss due to air leakage and air 
movement.   

B. GENERAL APPROACH 

The approach was designed to ensure that: 
1) the most prevalent problems in the test group were discovered and accurately 

documented; 
2) field tests were refined to rapidly and accurately determine and solve the problems 

found; 
3) the work that was done in the field actually accomplished its intended objective, that 

is, the heat pump and distribution system actually performed better than before the 
site work;  

4) the scope was sufficiently comprehensive that technicians could address the mix of 
problems that actually occur in the field. 

In order to accomplish these tasks.  The following system was used: 
1) The process involved initial testing, modifications, repairs and retrofits, and final 

testing. 
2) Data was recorded for every step of the process so that: 

•  the condition of the heat pump, distribution, and structure could be accurately 
analyzed; 

•  the performance of the technician could be determined;  
•  the applicability of the testing and retrofit methods could be evaluated. 

3) The detailed data was reviewed by the program manager who determined: 
• what feedback the technicians should receive; 
• whether or not the modifications were successfully completed and if a follow-up 

trip was warranted to obtain successful completion;  
• if the processes involved were accomplishing the desired results or needed to be 

streamlined or changed.   
4) The program manager gave the feedback, ordered the follow-up visit or made the 

revisions as necessary.   
5) The sites were inspected to determine if the final condition of the units was being 

accurately reported and that the modifications were in place and operating properly.   

Detailed procedure forms utilized by the technicians and inspectors are contained in 
Appendices C, D, and E. 
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C. INITIAL SITE TESTING 

The initial site testing methodology was designed to answer the following: 
1) What are the problems with the heat pump systems? 
2) What is the relative frequency of these problems? 
3) What are the building shell problems? 
4) Are high bill complaints due to high thermostat settings as previously reported? 

The initial site tests performed on the heat pump, the heat pump controls, the building shell, 
and the ductwork determined the mechanical or control cause of the Energy Cost Inquiry 
(ECI).  If these problems were present the situation was further quantified. 

An interview was also conducted with the homeowner during the initial site visit.  This 
interview assisted in determining what problems existed and their possible causes.   

The initial site tests performed by the heat pump technician are summarized below, and are 
detailed on the Efficiency Improvement Procedure Form in Appendix C. 

Heat Pump Testing 

Initial measurements taken on the heat pump included air flow, heat output, and apparent 
electrical input.  These tests allowed calculation of the heat pump efficiency (instantaneous 
apparent COP). 

The air flow measurement was performed by running only the indoor fan and strip heater.  
The watts to the strip heater, and the mixed supply, and the mixed return temperatures were 
measured.  A single calculation, based on the heat capacity of air, determined the air flow 
necessary to achieve the measured temperature rise for the measured input watts. 

The output of the compressor stage was determined at five minutes in the cycle.  With the 
compressor running and the strip heat off, the supply and return temperatures were measured.  
Knowing the air flow and the temperature increase, the output in watts was calculated.   

The apparent input wattage was determined by measuring the applied voltage and amp draw 
at a standardized time in the cycle.   

Dividing the output by the apparent input gives the instantaneous efficiency of the heat 
pump.  This efficiency is dependent on a number of parameters, including the condition of 
the heat pump, the outdoor temperature, the indoor temperature, the air flow, and the amount 
of refrigerant charge in the unit. 

Output/Apparent Input = Apparent C.O.P. 
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Control Testing 

Initial control investigation included strip heat actuation timing, occupant thermostat control 
patterns, defrost control timing, overall thermostat function, and thermostat type.   

Building Shell Testing 

Measurements of the building shell included a blower door test, with visual inspection of 
insulation levels, thermal bypasses, convective loops and wind washes. 

After repair of any catastrophic duct leaks, each of the homes was pressurized using a 
Minneapolis Blower Door.  The fan on the blower door forced air into the house until the 
inside was pressurized to 50 pascals.  At this point the air flow through the fan was 
measured.  Air flow through the fan gives the air leakage out of the house.  This procedure 
was repeated at other house pressures in order to increase the accuracy of the measurement.  
The final results were calculated on a Sharp PC 1282 Computer, using the Minneapolis 
Blower Door Computer Program.  This program corrected the air flows to an air density of 
.075 pounds per square inch. 

Eight additional houses were more intensely investigated for building shell problems.  This 
procedure is discussed in a subsequent section of this report titled “House Medic Procedure.” 

Ductwork Testing 

Leakage in the heating system ductwork was determined in three ways.  First, the heat pump 
technician visually checked for disconnected ducts and other catastrophic leaks.  The 
building shell measurements included two blower door tests:  the “whole house” test 
described above, and another with all heating supply and return registers covered with a light 
plastic film.  The plastic effectively sealed the ductwork from the house.  This second blower 
door test  measured the same leakage as the first blower door test minus the duct leaks.  
Subtracting the leakage rate of the “ducts excluded” test from the “whole house” test resulted 
in a measure of the duct leakage.   

The third measurement of the duct leakage was the “flow hood” test.  This test utilized the 
blower door to pressurize the house to 50 pascals.  All the registers were sealed except the 
largest return register.  The filter was removed from that register, and a commercial flow 
hood measured the air flow through the register, giving a measure of the duct leakage.   

Discussion of Potential Errors in Initial Site Testing 

The most critical error may result from misplacement of the thermocouple too near the strip 
heat.  When this happens the thermocouple “sees” the radiant heat and gives an elevated 
temperature reading.  Consequently a lower air flow and COP is calculated.  The problem is 
easily avoided by correct thermocouple placement.  This error is suspected when the 
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technician reports low air flow and COP, but is unable to find the cause of the air flow 
problem.  The procedure for proper thermocouple placement is part of the technician form.   

The test method of measuring the voltage and amperage of the compressor and calculating 
the apparent watts does not yield true watts.  The results cannot be used to compare to 
manufacturers’ published COP, and input ratings. However the apparent wattage is useful to 
compare the relative efficiency of one test condition over another.  This test method is easier 
to perform, and sufficiently accurate for our purpose.   

All of the blower door tests were done in the pressurization mode.  This does not produce 
any significant error in itself, but caution must be exercised in comparing these results with 
results from depressurization tests.  Pressurization testing may produce up to 15% higher 
leakage rates than Depressurization. 

The two duct leakage tests produce different results.  The subtraction method of the two 
blower door tests produces higher pressures in the ductwork than the “flow hood” test, 
resulting in higher measured leakage rates.  Both the “whole house” and the “ducts 
excluded” blower door tests measure a large amount of total leakage. The result is that even 
small percentage errors can mask the true duct leakage when the duct leakage is small.   

The “flow hood” test underestimates the actual leakage when the test register is attached to a 
restrictive duct.  This is especially true with leaky ducts.  Restrictive ductwork on the test 
register should be noted.  Having evaluated both methods during this program, we 
recommend the “flow hood” method of duct leakage testing for future implementation. 

D. FIELD RETROFIT 

The field retrofit methodology (Heating Technician Procedure, Ductwork Procedure and 
“House Medic” Procedure) was designed to answer the following: 

1) Can the technicians employed by existing heating and cooling contractors deliver a 
program that actually accomplishes heat pump efficiency improvements to near 
theoretical potential? 

2) What are key parameters, able to be easily measured in the field, that will indicate the 
efficiency of a particular heat pump and the potential savings? 

3) What is the measurable efficiency increase due to systematic retrofits? 
4) Can existing weatherization contractors’ technicians deliver a program that 

effectively diagnoses and repairs problems in the ductwork and the building shell? 
5) Can BRMC’s “House Medic” system be applied to these homes? 
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Heating Technician Procedure 

The heating technician procedure contained in Appendix C is a refinement of manufacturers’ 
testing methodology, the work of other researchers including Leon Neal (1990), and criteria 
developed from manufacturers’ data.  It is a field operational method that tests, modifies and 
verifies efficiency improvements on heat pumps.   

The initial testing of the heat pump is described in the “Heat Pump Testing” portion of this 
report.  The results of the initial test determine what modifications will be accomplished on 
each unit. 

The procedure guides the technician through the most common and easily solved problems, 
such as low air flow, to the more time-consuming and less prevalent problems, such as 
improper charge.  Once adequate airflow is obtained a simple non-intrusive test (the COP 
test) is run.  When the results are plotted against expectations the condition of the heat pump 
can be determined.  This generic system is necessary because technicians in the field do not 
have the ratings for all these heat pumps with them.  Results below expectations point to 
problems in the compressor loop of the heat pump.   

The procedure used in the pilot took four to eight hours to complete.  If the ductwork portion 
is moved from the heating technician procedure, and the heat pumps are prescreened, the 
amount of time necessary to repair a unit could be predicted with accuracy.  Most units 
would require 2 hours of technician time.  Heat pumps with refrigerant leaks would require 
up to 6 hours of repair time.   

Duct Leakage Procedure 

The duct leakage procedure contained in Appendix D is a refinement of previous work by the 
authors and the work of other researchers, including John Tooley (1989).  It tests, reduces, 
and verifies the distribution leakage of heat pump ductwork.   

Initial testing of the distribution system is described in the “Ductwork Testing” portion of 
this report. 

The procedure involves sealing the ductwork beginning with the most critical locations.  
These critical locations are disconnected ducts, returns open into the attic, crawlspace or 
walls and large leaks at the boots behind the registers.  Large leaks are termed catastrophic 
leaks.  The work progresses to other leak locations based on the probability that significant 
leaks occur there.  During the procedure insulated joints are unwrapped, sealed with mastic, 
and rewrapped.  This process is designed to eliminate catastrophic leaks and substantially 
reduce diffuse leaks.   

Repairing catastrophic duct leakage and significantly reducing diffuse leakage can be 
accomplished by a trained individual in 6 hours or less.   
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Blower Door Testing 

Blower door testing has been added to weatherization programs to insure that the work done 
actually has a significant effect on the leakage area of the structure.  The addition of 
extensive crew training and improved controls substantially improves the energy savings as 
measured by evaluations of past programs.   

The blower door measures the total leakage area of a building, but cannot distinguish 
between holes that normally have tiny, small or large pressures across them.  The result is 
that before and after blower door measurements are not predictive of the actual savings for a 
particular house.   

“House Medic” Procedure 

The “House Medic” program, developed by BRMC, is based on previous work by Proctor 
(1988) and other researchers, including Dutt (1983) and Harrje (1984).  It is a step beyond 
adding a blower door to standard air infiltration reduction programs.  The House Medic 
program is designed to direct the technicians to the leaks that have the highest pressures 
across them.  The result is that the House Medic technician usually spends 75% of the time in 
the basement and attic.  Other than a few large holes (such as missing windows and open 
fireplace chimneys), the “hot spots” are typically in the attic and basement.  These large 
holes are repaired quickly and cheaply. 

Forms and procedures utilized direct the technicians not only to the leaks with the highest 
average pressure across them, but also to convective loops and wind washes.  A convective 
loop is usually a vertical surface that has an air space inside.  Open convective loops remove 
heat from the building by allowing cold air to drop from the attic.  This cold air is then 
heated as it rises along the inner surface of the wall.  A convective loop is not detectable by 
pressurization methods unless it also communicates with a significant leak to the interior of 
the house.  Under proper conditions an infrared scanner would assist in finding these 
locations.  The House Medic does not use a scanner, but uses a form-based systematic 
approach to assist in finding these significant points of heat loss.  Many open convective 
loops are physically the same as major leakage sites (open end walls, open interior walls, 
etc.) 

Wind washes cause heat loss in the same manner as convective loops.  Heat is lost as the 
exterior surface of the drywall (or equivalent) is cooled by the movement of cool air against 
that surface.  In the case of the wind wash, this air movement is caused by wind conditions.  
The classic example of a wind wash is open crawl space vents on opposite sides of the house.  
This is sometimes accompanied by the addition of batt insulation loosely placed between the 
joists.  This provides a “wind tunnel” to funnel the movement of cold air against the bottom 
of the floor. 
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House Medic is a system designed to accomplish high production and increase the number of 
significant leaks detected.  For houses in this project the work uses four technicians for a 
total of up to 4 hours, or 16 person-hours.  Each crew can complete two houses a day. 

E. SHORT TERM MONITORING 

The short term monitoring, together with the results of the field retrofit, was designed to 
answer the following: 

1) What is the estimated efficiency reduction and electrical cost increase due to poorly 
operating mechanical systems for the selected customers? 

2) What are the estimated savings from the pilot project field retrofit work? 
3) What are the potential and achievable savings that result from a heat pump program? 

The short term monitoring provided a detailed description of parameters relevant to energy 
use and program savings.  The following items were studied: 

1) Occupants’ thermostat management; 
2) Optional thermostats; 
3) Strip heat use and controlling factors; 
4) Heat pump cycle details to determine the effect of run time on COP; 
5) Defrost cycle occurrence and energy use; 
6) The effect of reduced air flow on COP; 
7) Building balance point temperatures; 
8) Building and system parameters for a linear energy use model, to predict control 

strategy savings; 

Three houses were chosen for the short term monitoring study on the basis of geographical 
distribution and occupant willingness.  Two of the sites were in Alta Sierra and one was in 
Cameron Park.  Table D provides a summary of the sites. 
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Table D.  Short Term Monitoring Sites  

  Site  #154 Site #366 Site #482 

Location Alta Sierra Cameron Park Alta Sierra 

No. of Residents 2 adults 3 adults, 1 child 2 adults 

House Size (ft2) 2680 1779 2200 

Heat Pump Type unitary split unitary 

Heat Pump 
Capacity 

57,000 Btu/h 36,000 Btu/h  60,000 Btu/h 

 

A data acquisition system (DAS) was installed at each site.  At the end of each heat pump 
cycle, the DAS recorded the information in Table E.  The DAS also recorded the hourly data 
listed in Table F. 

In order to provide a detailed look at specific cycles the DAS was selectively set to record 
information on all data points every 12 seconds. 

 

Table E.  Data Collected Every Cycle 

Time of Day Condensor Temperature 

Supply/Return Temperature Difference Compressor kWh Usage 

Outdoor Temperature °F-minutes of Delivered Heat 

Indoor Temperature Mode of Operation 

Buffer Space Temperature Run Time of Mode 

Evaporator Temperature New Mode of Operation 
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Table F.  Hourly Data 

Time of Day Indoor Temperature 

Maximum Supply Temperature Buffer Space Temperature 

Minimum Return Temperature Compressor kWh Usage 

Outdoor Temperature °F-minutes of Delivered Heat 
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III. Results 

A. RESULTS OF INITIAL SITE TESTING 

The frequency of problems identified on the program houses are shown in  
Table G.  Ninety percent of the houses studied had at least one major problem with the heat 
pump system or the building shell.  Of the 48 houses studied in the pilot program, 33 had 2 or 
more major problems.  Only 1 house was without a heat pump, building shell, or control 
problem. 
 

Table G.  Frequency of Problems Identified (by Site) 

 Percent with Problem 

HEAT PUMP PROBLEMS:  

Diffuse Duct Leakage > 150 cfm 70% 
Low Air Flow 48% 

Dirty Coil (37%)  
Dirty Filter (18%)  
Restricted Ductwork (14%)  

Disconnected Ducts 31% 
Incorrect Charge 31% 
Refrigerant Leaks 20% 

Leak at Schrader Valve (6%)  
Leak at Previous Repairs (4%)  
Other Leaks (10%)  

Recirculation - Outside Coil 18% 
Other Major Problems 14% 
Strip Heat On First 6% 

CONTROL PROBLEMS:  

Manual Thermostat Setback 48% 
“Dueling Managers” 17% 

SHELL PROBLEMS:  

House Leakier than 0.75 ach 31% 
Less Than R-19 Ceiling 17% 
No Floor Insulation 4% 
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House and Duct Leakage 

The results of the house and duct leakage tests are detailed in Appendix I.  The house leakage 
information is summarized in Figure 1.  If the two outliers are eliminated the median air 
change rate (at 50 Pa) is 10.82. 
 

  # Units 

 
Air Changes at 50 Pa 

 
Figure 1.  House Leakage Information 
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Low Air Flow 

 The primary cause of low air flow is dirty inside coils.  Once the coil is dirty the only 
solution is to clean it.  But filter maintenance is a critical factor in the cleanliness of the coil.  
Figure 2 shows the reported filter maintainance patterns for the participants. 

  # Units 

 
Months Between Filter Changes 

 
Figure 2.  Reported Filter Maintenance Patterns 

 

 

Customer Comments 

This program involved much contact with the house occupants, many of whom were anxious 
to share their thoughts on heat pumps, energy prices, etc.  Beginning with the initial contact, 
it was surprising how many people, in their words, “hate heat pumps.”  Often when the 
technician or inspector started the interview the first statement from the participant was, 
“Well, you have to understand that I don’t care for heat pumps.”  The reasons varied, but the 
two most frequently mentioned problems were high electricity bills and poor comfort levels.  
Often, it was the combination of those two factors that created animosity toward heat pumps. 

One individual complained that his house remained cold when the temperature was below 
40°F.  The inspection revealed that his auxiliary strip heat had never been connected, despite 
the fact that he had had two previous service calls.  Two months after the strip heat was 
properly connected he was ecstatic, telling the inspector, “This works great!  I can get heat!”   
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The negative image of heat pumps is often reinforced by service people who don’t find and 
solve the problems.  Many participants reported interchanges with service personnel along 
the lines of: “I’m sorry, this heat pump is doing the best it can.  If you’d like, I can put in an 
efficient propane furnace for you.” 

B. RESULTS OF FIELD RETROFIT PROGRAM 

The major effect of the field retrofit program was to change the critical parameters of heat 
pump performance from a broad bell curve to a tighter curve centered near the optimum for 
each parameter.  As a result, there was a large efficiency improvement on the worst heat 
pumps, and lesser gain on those performing closer to their intended design.   

Restricted Air Flow 

Low air flow was the most prevalent problem discovered in the program heat pumps.  The 
effect of low air flow has been proven to be detrimental to the efficiency of fossil-fueled 
forced air furnaces (Proctor, 1984 & 1986).   

Intensive furnace cycle testing has shown fossil-fueled forced air furnace efficiency 
decreases approximately 1.2% for a 10% reduction in air flow but the problem is five times 
as great with heat pumps.  On a heat pump a 10% reduction in air flow (below the target of 
425 dry coil cfm) will increase use by 6.6%.  Figure 3 is a partial regression plot that shows 
the effect of air flow on the COP of the heat pumps studied. 

  Change in COP 

 
Fractional Change in Air Flow 

 
Figure 3.  Effect of Air Flow on COP 
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High air flow also causes problems.  If the air flow is too high, the unit performs efficiently, 
but the occupant often complains of “cold air from the registers.”  In addition high air flow 
creates higher duct pressures, which increases leakage from the ducts. 

Low air flow is not only the most common problem, but also the most likely to go 
unrepaired.  One homeowner had complained numerous times about high bills and poor heat 
delivery.  The technician found that the return duct was closed off where it ran through an 
enclosed chase to the attic.  Even with the other return partially open this heat pump was only 
getting 61% of the design air flow.  When we reported the situation to the homeowner she 
said, “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.’”  

Low air flow is likely to continue to go unrepaired, unless it is due to a clogged filter.  
Reasons for the lack of repair are: 

1) Technicians do not regularly test for airflow.  Most technicians do not know how to 
do the air flow test using the strip heaters.  Neither of the technicians involved in this 
project had ever done it before. 

2) Indoor coils are often accessible only with extreme perseverance.   
3) Technicians do not regularly work on ducts.  Most technicians concentrate either on 

repairs to the heat pump itself or on selling a replacement unit. 

The field work corrected 56% of the low air flow problems.  The initial and final distribution 
of air flows are shown in Figures 4 and 5.  For the units corrected, the resulting savings from 
this item is estimated at 5.6%.  (Savings will also occur in the cooling season.)  Savings in 
the order of 8% were predicted by the model in Krafthefer et al. 
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  # of Units 

 
Initial Air Flow % of Specified 

 
Figure 4.  Initial Air Flow Distribution 
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  # of Units 

 
Final Air Flow % of Specified 

 
Figure 5. Final Air Flow Distribution 

 
 

Improper Refrigerant Charge 

Improper charge was the second most prevalent problem discovered with these heat pumps.  
It occurred on 31% of the units. 

In the field, most heating technicians make the determination of proper refrigerant charge 
through guesswork.  One participant watching our technician ensure that the unit had the 
correct charge commented, “Bill (the technician that had been there two weeks before) didn’t 
even use gauges.  He said he didn’t find any leaks but he would ‘fill it up.’ ”  Our technician 
found that this unit had leaks at both Schrader valves and had moisture in the system.  
(Moisture in the system will cause compressor failure.) 

It is not surprising that many of these units have an incorrect charge.  When the technicians 
install and remove their gauges it is easy to let refrigerant escape.  This is especially a 
problem on units with liquid line taps.  When parts of the system are replaced or repairs are 
made hastily, brazing connections to the new part are often leaky.  Technicians often add 
refrigerant without finding the cause. 

Checking for correct refrigerant charge is a difficult task in older heat pumps.  The 
manufacturers’ charts are missing.  Subcooling and hot gas temperature were tried as generic 
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methods of determining charge.  Neither gave us the same results as the manufacturers’ 
charts.  The procedure used was to “chase the COP.”  This process consisted of adding and 
removing charge until the peak COP was determined.  In order to avoid harming the unit, it 
was done while monitoring the suction and head pressures.  This method is not foolproof.  As 
the outdoor temperature changes the peak COP can occur at different amounts of charge. 

During this project 100% of the identified refrigerant charge problems were repaired.  As a 
result the savings from this item on the 16 units improperly charged is estimated at 18.4%. 

Control Problems 

Contrary to expectations, high thermostat settings were not found to be a problem in the 
houses studied.  In fact, the thermostat settings were generally quite low.  Figure 6 
summarizes the “Normal” reported set points. 

  # of Units 

 
°F 
 

Figure 6.  Reported Thermostat Setpoints 
 

 

While the set points were not a problem, the typical control pattern was.  Sixty five percent 
of the participants used control strategies that often resulted in unnecessary strip heat use. 

The two common control problems in the heat pumps studied were: 
1) the use of setbacks 
2) “dueling managers” 
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Thermostat setbacks lead to strip heat use and increased bills.  The results from the short 
term monitoring confirmed what we had noted in our interviews.  Even people who think 
they know how to stay out of strip heat by “moving the thermostat up a few degrees at a 
time” cannot because the thermostats do not have a large enough differential between first 
stage and second stage.   

Dual (and dueling) thermostat managers were common occurrences in these houses.  Two 
adults often have different views of how the heat pump should be managed.  Usually one 
keeps turning it up (sometimes a little at a time) and the other keeps turning it all the way 
down.  This results in most of the heating energy being supplied by the strip heaters.  
Consequently heating bills increase, the “turn it down” party feels more justified in his/her 
behavior, and they both get angry with the utility for the high bills.    

Two solutions to these thermostat control problems were studied.  The first was a 
programmable digital heat pump thermostat that slowly ramps up the temperature in the early 
morning to achieve the proper indoor temperature when the occupants get up.  This will 
achieve the desired temperature without strip heat.  We found that it did not have as high an 
acceptance rate as expected.   

Some participants in the pilot project: 
1) overrode the device during the day (three known) 
2) didn’t understand how to reprogram it even though instructions were patiently given 

in both verbal and written form (two known) 
3) refused installation of the device (two) 
4) requested that it be removed—“put my old thermostat back” (one) 

The second solution was a outdoor thermostat that cutout the strip heat whenever the outdoor 
temperature was above 35 to 40°F.  This device met with higher acceptance since it was 
invisible to the participants and required no change in behavior on their part.  This device 
also provides a very good signal of compressor stage problems.  The only problems with the 
device came when the temperature dropped below 35°F and the strip heat would still not 
come on.  Neither of the three models we used were judged to be sufficiently accurate for use 
on a production program.  (We would recommend a fixed temperature device with a small 
deadband such as the Accustat™ for this application in the future.)  

Fifty-seven percent of the homes received the programmable digital thermostat.  While 94% 
of the homes had the outdoor cutout installed.  Thirty-one units that used set backs or fought 
over the controls had the cutout installed.  The savings potential for these units is 16%.  
However these cutout thermostats have shown to vary considerably in actual cutout 
temperature.  We therefore estimate the achieved savings at 8%. 
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Defrost Timers 

Defrost controls vary greatly from unit to unit, but a high percentage of these old heat pumps 
had timer-actuated defrost controls.  Each defrost cycle results in an additional load of .069 
kWh per cycle.  In the climate where these units are operating, a defrost timer setting of 90 
minutes is sufficient.  Twenty-six percent of the units with adjustable timers were set to cycle 
more frequently than 90 minutes; those timers were reset to 90 minutes.   

Recirculation Through the Outside Coil 

Builders have a strong desire to hide the heat pump.  That means tucking it away behind the 
house or in a step-back in the wall.  Sometimes a deck is built over the heat pump.  
Whenever such actions result in reducing the passage of outdoor air from the coil to the 
atmosphere, there is a reduction in efficiency.  In one case the deck trapped the cooled 
exhaust air, lowering the temperature of air to the outside coil to 10°F below ambient and 
reducing efficiency by 11%.  We were unable to convince anyone to tear down their deck for 
the sake of a lower heating bill. 

Building Shell 

In some cases insulation values were below Title 24 values.  Lack of insulation, however, 
was not the predominant building shell problem.  Excessive air infiltration and duct leakage 
were the most common shell problems in the homes studied.  The natural air changes 
calculated using the LBL model exceeded .75 ach on 31% of the homes.   

The only building shell measures tested in this pilot were the eight “House Medic” houses.  
These houses were not worked on in any other way.  The purpose was to determine if this 
technique could be applied to this housing stock.  House Medic was implemented using a 
crew previously trained in weatherization using the standard California package.  With 
feedback, the crew steadily learned how to apply the program.  As a result the ductwork 
sealing, convective loop sealing, and whole house sealing became progressively more 
effective.  This is shown in Figure 7 and Table H. 
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 Reduction in House Leakage (CFM50) 
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Figure 7. Learning Curve for House Medic 
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Table H.  Effectiveness of House Medic Weatherization 

 

Date 

Initial 
Duct 

Leakage 

(cfm) 

Final 
Duct 

Leakage 

(cfm) 

Percent 
Reduction 

in Duct 
Leakage 

Initial 
House 

Leakage 

(cfm) 

Final 
House 

Leakage 

(cfm) 

Percent 
Reduction 
in House 
Leakage 

4/16/90 260 185 29% 2813 2691 4% 

4/16/90 420 253 40% 5244 4817 8% 

4/17/90 235 133 43% 2012 1752 13% 

4/17/90 275 189 31% 4989 3918 21% 

4/18/90 215 120 44% 1800 1189 34% 

4/18/90 207 157 24% 3148 2606 17% 

4/19/90 215 77 64% 2330 1797 23% 

4/20/90 140 95 32% 2813 1661 41% 

It is clear that specially-trained crews are necessary to apply the House Medic program.  
With training and supervision, the program should achieve its standards of 40% average 
reduction in air flow through the house (at 50 Pa) and duct leakage reduction of 65% (and 
below 150 cfm).  The House Medic procedure has shown an average savings of 9.5% 
(Proctor, 1988).  The 9.5% savings was achieved without duct sealing.  When the duct 
sealing is included results indicate that a 15 to 20% savings will occur on houses of this type.  
The work can be performed by a crew of four in approximately four hours.   

Ductwork 

Duct leakage can be divided into catastrophic and diffuse leakage.  Catastrophic leakage is 
the result of disconnected ducts and return systems open into the attic or crawl space.  
Catastrophic leaks can usually be spotted by anyone willing to crawl the length of the ducts 
and remove grilles.  Thirty-one percent of the houses had catastrophic duct leaks.  The pilot 
project utilized the heat pump technicians to find and repair these leaks.   

Diffuse duct leakage is the sum of all the little leaks that occur at every joint and seam in the 
distribution system.  While each of these leaks seems inconsequential in itself, the total 
represents a very substantial loss of heating and cooling energy.  The average amount of 
leakage remaining after the catastrophic leaks were repaired by the heat pump technician was 
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249 cfm.  (To put that into perspective, the average flow through the heat pumps was 1162 
cfm.) 

  # Units 

 
Diffuse Duct Leaks (CFM50) 

 
Figure 8.  Histogram of Duct Leakage 

 

Results from the flow hood duct leakage tests are shown in Figure 8.  Even after the 
catastrophic duct leaks are fixed the diffuse leaks represent a major energy loss to the house.   

The blower door tests demonstrate that diffuse duct leakage averages 7.7% of the total house 
leakage.  This number is considerably smaller than the 18% that was found on a 40 house 
statewide sample by Berkeley Solar Group (1990),  It is also smaller than the 17% found in 
Florida (Tooley, 1989).  The 7.7% in the heat pump pilot project is for ductwork that has 
already been inspected by the heating technician and catastrophic duct leaks repaired.  The 
importance of the remaining diffuse duct leakage is much larger than the 7.7% indicates.  It 
is critical that equal size holes will produce substantially different heat loss depending on the 
pressure across the hole. 
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The highest pressure differential in the house occurs across ductwork cracks when the heat 
pump blower is on.  Pressures of 50 pascals are common for 30% or more of the heating 
period.  The estimated loss from diffuse duct leakage is shown in Table I. 

 

Table I. Losses Due to Diffuse Duct Leakage 
(average for study) 

% of Total Infiltration (Blower Off) 8% 

% of Total Infiltration (Blower On) 37% 

% of Total Infiltration (Heating  Season) 17% 

Energy Loss from Duct Leaks 912 kWh/year 

  

Ten houses were investigated to determine the difficulty and effectiveness of attempting to 
seal the diffuse leaks.  The results in Table J exhibit the same pattern of learning as seen in 
the House Medic program.  In the last houses the technicians began to achieve the levels of 
duct sealing desired.  
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Table J.  Effectiveness of Diffuse Duct Sealing  

Date Initial Leakage
(cfm) 

Final 
leakage 
(cfm) 

Sealed 

(percent) 

Technician 
Hours 

2/21/90 182 172 5% 4 

2/21/90 123 120 2% 4 

2/21/90 198 136 31% 8 

2/22/90 217 186 14% 4 

2/22/90 286 246 14% 4 

2/22/90 333 157 53% 8 

2/23/90 404 255 37% 8 

3/15/90 667 409 39% 8 

3/16/90 211 22 90% 8 

4/4/90 493 167 66% 6 

This work indicates that with proper training and feedback it is possible for four hours of 
work on the ducts to achieve a 65% reduction in diffuse duct leakage.  Work by Tooley 
(1990) in Florida produced an average reduction in duct leakage from 406 cfm to 136 cfm.  
The resulting cooling savings measured by Cummings (1990) was 18.8%.   

Savings are estimated at 15% for catastrophic leaks and 7.5% for diffuse ones. 

C. RESULTS OF SHORT TERM MONITORING PROGRAM 

The three short term monitoring sites all obtained the same treatment.  Each was monitored 
to establish the pre-test condition.  After this baseline was established they were treated the 
same as the other units.  All, however, were eventually treated for diffuse duct leakage.  
Throughout the process the data acquisition system reported on changes in use, patterns and 
temperatures. 
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Site 482 

When the first trip was made to this unit it was discovered that the strip heat had never been 
wired into operation.  The occupants burned kerosene most of the time in cold weather.  The 
strip heat was wired in and they stopped using the kerosene heaters before the pretest period 
began. 

 
SITE 482 

 
In the pretest condition, this heat pump had: 

• Severely Restricted Airflow 
• Inadequate Charge 
• A Balance Point of 40°F 

The work completed on this unit included: 
• Improved Airflow 
• Fixed Automatic Duct Dampers Open 
• Recharged 
• Installed a Outdoor Cutout on the Strip Heat 

The result was: 
• Measured Compressor Savings of  25% 
• Monitored Increase in Heating Output for Same Input  25.3% 
• No Net Reduction in Electrical Use  
 (due to house now heated and kerosene eliminated) 

Figure 9 illustrates the pattern of usage during a typical day at site #482.  Before the retrofit’ 
At 6:11 AM the occupant raised the thermostat setpoint from 60°F to 71°F.  This caused the 
heat pump to go into second stage heating—with both the compressor unit and the strip 
heaters operating.  After 72 minutes of operation the strip heater turned off, and 15 minutes 
later the compressor did as well.  At 4:53 PM a second manual thermostat adjustment 
produced a very similar pattern. 

The percentage of warm up energy provided by strip heat for the morning and afternoon 
setups are 55.5% and 56.7%, respectively.  The total percentage of the entire day’s heating 
load provided by strip heat is 38.5% for this 53°F day. 

Figure 9 also shows the heat pump operation at site #482 for a similar day after retrofit.  No 
strip heat is used. 
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Site 154 

It is often recommended that occupants turn up the temperature gradually to stay out of the 
heat strips and save money.  The occupants of site #154 understood and practiced this.  
However, they fared almost no better than Site #482. 

 
SITE 154 

 
In the pretest condition, this heat pump had: 

• Restricted Airflow 
• Inoperative Defrost 
• A Balance Point of 30°F 

The work completed on this unit included: 
• Improved Airflow 
• Repaired Defrost 
• Installed a Digital Ramp up Thermostat 
• Installed a Outdoor Cutout on the Strip Heat 

The result was: 
• Measured Compressor Savings of  11% 
• Monitored Energy Savings 12.2% 

Figure 10 shows before the retrofit, between 7:16 and 10:33 AM the occupants gradually 
adjusted their thermostat five times to raise the setpoint from 50°F to 65°F.  Even with this 
care the strip heaters operated at each adjustment.   

The percentage of warm up energy provided by strip heat for the morning  setup is 48% .  
The total percentage of the entire day’s heating load provided by strip heat is 27% for this 
42°F day. 

Figure 10 also shows the heat pump operation at site #154 for a similar day after the retrofit.  
No strip heat is used. 
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Site 366 

This unit used very little setback, but still used strip heat. 

 
SITE 366 

 
In the pretest condition, this heat pump had: 

• Strip Heat Wired to Compressor Stage 
• Refrigerant Leak 
• Inadequate Charge 

The work completed on this unit included: 
• Rewired Strip Heat to Stage Two Only 
• Repaired Leak 
• Installed Correct Charge 
• Installed a Digital Ramp up Thermostat 
• Installed a Outdoor Cutout on the Strip Heat 

The result was: 
• A Balance Point of 34°F 
• Measured Compressor Savings of  62% 
• Monitored Energy Savings of 44.2% 
 

Figure 11 shows the heat pump operation at site #366.  Before the retrofit, 40 amps of strip 
heat were wired to the first stage heating.  The system operated with many short cycles, 
usually less than 5 minutes long.  The occupants had a small child and usually kept the 
indoor temperature constant during the night and set back the temperature during the day 
when everyone was at work.  The evening setup would cause the addition of 20 amps of strip 
heat to operate as second stage heat.  After retrofit the building is heated with longer cycles 
of compressor operation and without strip heat. 
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Thermostat Control and Strip Heat Use 

The majority of strip heat use occurred because of manual adjustment of the 
thermostat by the occupant.  The use of strip heat when the outside temperature was below 
the balance temperature was almost nil.  Consequently even though how a person adjusts the 
thermostat has little influence on strip heat use, strip heat use is highly interconnected with if 
a person adjusts the thermostat  

Estimate of Energy Savings Due to Outdoor Cutout Control 

In order to predict the savings from the use of an outdoor cutout an energy use model was 
constructed.  The model uses parameters measured in the field monitoring including: load 
(kW/°F), cooldown time constant (hours), thermal mass (kWh/°F) and average solar gain 
(kW),  In addition the operation of the defrost, compressor and strip heat were determined.  
The model relies on actual field parameters thus minimizing potentially inaccurate 
assumptions. 

Weather data was obtained from BSG Software.  The hourly data file was used to simulate 
building performance in Grass Valley, CA.  (The actual data is 1962 data from Sacramento 
which was been mathematically modified to correspond to Grass Valley.) 

The daily heat pump operation was divided into four segments: Day, Cooldown, Night, and 
Warmup.  The Day and Night segments are constant indoor temperature operations with the 
heat pump just supplying the load each hour.  During the cooldown segment no energy is 
used by the heat pump and the building temperature drifts down.  The Warmup period occurs 
when the thermostat setting is again raised.  It is during the Warmup period that the majority 
of unnecessary strip heat operation occurs. 

Table K. demonstrates the savings from various cutout settings.   
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Table K.  Effect of Strip Heat Cutout 

Cutout 
Temp.  

Defrost kWh 
seasonal 

Strip 
kWh 

seasonal 

Compressor
kWh 

seasonal 

TOTAL 
kWh 

seasonal 

Energy 
Savings 

w/o 36.1 4364.2 3964.2 8364.5 base case 

35 °F 45.2 1008.3 5199.2 6252.7 25.25% 

40 °F 41.6 2229 4720.3 6990.9 16.42% 

45 °F 39 3184.5 4368.3 7591.8 9.24% 

Heat Pump Operation—Run Time vs. COP 

Figure 12 provides a detailed description of the operation of the heat pump during a cycle, 
and illustrates the effect of run time on COP.  This data was obtained with the 12 second scan 
attended mode at site #366.  The cumulative COP for the full cycle is significantly reduced 
with cycles less than 4 minutes in length. 

The data was collected with the indoor fan continuously running.  By running the indoor fan 
after the compressor has turned off, additional heat can be obtained from the warm indoor 
coil.  This will raise the effective cycle COP.  The optimal fan off delay is between two and 
three minutes, which raises the full cycle COP by about 4 percent.
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Comparison of the Operation of Various Thermostats 

At two of the sites, #154 and #366, the original two-stage mercury bulb thermostat was 
replaced with an electronic digital model.  At site #154 this increased the temperature 
differential (the difference between the on and off temperature) by 1°F.  The longer cycle is 
more efficient as long as significant overheating does not occur.  In most respects, the 
electronic thermostat operated similarly to the manual one which it replaced. 

D. SUMMARY OF ENERGY SAVINGS ESTIMATES AND COSTS 

The savings estimates and net lifetime benefits in this report are calculated using empirical 
data whenever possible.  Net lifetime benefit was calculated by Ed Mah of PG&E using the 
DSSTRATEGIST software.  The savings estimation process and benefit analysis inputs are 
described in Appendix H. 

The calculation of estimated savings for the total program can be summarized as: 
1) The savings for each individual house in the sample is calculated “in series.” i.e. the 

savings are not additive, but discounted by the savings that has occurred due to other 
program items when applicable to that house.   

2) The savings for all fifty houses in the sample is then averaged producing an 
unweighted average savings for the program. 

Overall Savings, Cost and Benefits 

Table L shows the projected energy savings, costs, and net lifecycle benefit for the program.  
Interactive effects are included.  
 

Table L.  Projected Program Savings and Costs 
(including interactive savings effects) 

Average Heating Energy Savings  27% 

Average Cooling Energy Savings 22% 

Utility Cost $400 

Utility Net Lifecycle Benefit $459 

Participant Cost $50 to $350 

Participant Net Lifecycle Benefit $2,597 
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Projected energy savings are shown in Table M for the pilot field work.  Pilot work did not 
include repairing restrictive ductwork.  Diffuse air leakage was treated on only ten houses.  
The fan time delay and the more accurate outdoor cutout control were not included.   

 
Table M  Pilot Field Work Savings   

(including interactions) 
 

 Average Heating Energy Savings 18.9% 

 Average Cooling Energy Savings 15% 
 

Itemized Savings, Costs and Benefits 

In order to plan the mix of measures included in the program it is necessary to look at the 
individual cost, savings, and benefits.  Table N indicates the heating energy savings for 
individual retrofit measures, taken separately (excluding any interactive effects).  Also 
shown are estimated labor and materials costs and the calculated net lifecycle benefit. 

Table N also exhibits the heating energy savings for the optional “House Medic” super 
weatherization modifications as a stand alone program, and without ductwork (as if it were to 
follow the designed program).  It would be feasible to use the non-duct portion of House 
Medic on houses that were identified as leaky while the initial duct testing was done.  These 
modifications are more cost effective than traditional caulk and weatherstrip programs. 
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Table N.  Heating Energy Savings and Cost Estimates 
for Individual Retrofit Measures 

 
 

Retrofit Measure 

Average 
Heating 
Energy 
Savings 

Est. Cost 
per Site 

Percent 
Utility 

Contribu-
tion 

Net Owner 
Lifecycle 
Benefit 

Net Utility 
Lifecycle 
Benefit  

Duct and House Diagnostics  $60 100%   
Heat Pump Diagnostics  $30 100%   
Repair Disconnected Ducts 15.0% $35 100% $1,638 $562 
Repair Diffuse Duct Leaks 7.5% $150 100% $952 $147 
Install Thermostat Cutout 10.0% $100 25% $462 $82 
Correct Low Air Flow 5.6% $50 50% $312 $52 
Install Fan Off Time Delay 3.6% $50 50% $167 $23 
Repair Leaks and Correct 
Refrigerant Charge 
(approx. 30% of units) 

18.4% $200 25% $777 $215 

House Medic (alone) 15% $530 25% $1,281 $470 
House Medic (after duct repairs 
are already done) 

7.5% $430 25% $612 $194 
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Cost-Benefit Analysis 

The net lifecycle benefit would change substantially with climate and use patterns.  In this 
case the kWh saved in both the heating mode and the cooling mode is substantially leveraged 
because these houses are high energy users.   

Changes that shift the costs from the utility to the participant will rapidly impact the net 
benefit to PG&E.   

The cost estimates contained in the tables are based on the following: 
• Initial visit labor at $30 per hour to do non-intrusive heat pump tests, duct leakage 

tests and duct repair.   
• Follow up visit labor by a trained heating technician at $50 per hour to wire, clean the 

coil, repair refrigerant leaks and recharge.   
• Materials at volume discounts for the parts used on most units—cutouts etc.   
• Special materials for individual heat pumps, at retail cost.   
• Time estimates for the heating technicians based on the speed of the technicians at the 

end of the pilot.   
• Time estimates for the initial test and duct technicians based on experience with 

trained furnace inspector/repair technicians. 
• Per unit training and administrative costs are not included and are very dependent on 

the scale of the program.   
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IV. Conclusions 

Energy Cost Inquiries (ECI) for the houses evaluated in this project were caused by 
identifiable problems with the heat pump, the heat pump controls, the ductwork, or the 
building shell.   

All of the houses studied (with the exception of one that did not meet the original selection 
criteria) had at least one major problem with these systems. 

For every ECI there are a number of other houses with the same problem.   

Most participants knew of neighbors that had similar complaints about their heat pumps.  
Many knew of someone who had switched heating fuels. 

“Typical” heat pump technician check-ups do not find nor solve the problems.   

Nearly every participant had tried to discover the source of the problem by calling a heating 
contractor.  In most cases the effort was in vain.  At times the technician had actually done 
damage.  When faced with a situation that they cannot fix it is common for the technician to 
blame the problem on the heat pump. 

These problems can be resolved when the technicians are trained and follow fixed 
procedures for diagnosis, repair and verification. 

The savings for the work done during the pilot met the initial savings goal for the program.  
The solutions tested in the field were successful in resolving a majority of the problems.   

Try as they might, most homeowners cannot “sneak up the heat” slow enough to stay 
out of strip heat.   

The monitored location that religiously attempted this procedure still provided 48% of their 
warm up energy with strip heat. 
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V. Recommendations 

These recommendations are grouped by scope of application, program design, program 
economics, evaluation and implications for new and replacement heat pump incentive 
programs. 

Scope 

1) The program should be proactive, seeking out customers with potential problems 
rather than just reacting to those who complain.  Many of the potential participants 
in the pilot problem had already reached a point where they were no longer willing 
to cooperate with the utility.  A proactive approach would reach those customers 
and increase goodwill before it is lost.  The best efforts should be made to provide 
the service to customers that meet a utility use profile indicating their need.  In a 
proactive program the customers may see the utility as an ally in controlling their 
energy use, rather than the cause of their high energy bills.  A proactive program 
will have the opportunity to solve the problems of individuals who will never call to 
complain, but will just switch heating fuels.  Proactive involvement allows the local 
PG&E personnel to operate from a more personal position of caring, than waiting 
for irate customers to call. 

2) Investigate the system for use on residential air conditioning systems. 

3) Investigate the applicability of this system for average heating use heat pump 
customers. 

Program Design 

1) Use the least costly method of delivering the services.  Utilize well-trained, 
technicians to obtain the initial data and repair the most common problems.  At the 
time of the initial visit, duct repair work should be performed to bring the total duct 
leakage down to less than 150 cfm, and to eliminate flow restrictions.  The final 
airflow and COP of the unit should be tested to determine if additional efficiency 
work, such as repairing refrigerant leaks, correcting charge, and cleaning the indoor 
coil is needed.  The final duct test will include a whole house measurement.   
 
The initial visit should be done by two specially trained individuals with all the 
necessary materials to do substantial duct repair.  This alone will solve almost half 
of the low airflow problems, repair 100% of the disconnected ducts, and 
significantly reduce the diffuse duct leakage problems.   

2) Utilize the higher cost skilled heating technicians on a fixed cost basis and only to 
accomplish the standard elements and repairs identified at the first visit.  Every 
home should have a visit by a specially-trained heat pump technician.  The 
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minimum visit will include installation of an accurate outdoor cutout thermostat on 
the heat strips and a relay to delay the fan off time.  Other work, including cleaning 
the indoor coil, checking and resetting charge, and refrigerant leak repair should be 
done on a fixed cost basis, with a portion of the cost rebated by PG&E.   

3) Utilize a program manager responsible for the quality of the program.  This 
individual reviews the reports from the initial visit and determines follow-up work 
to be done.  Essential elements in the system include rapid written and verbal 
feedback to the technicians and inspection of sample units.  Controls must include 
suspension of contractors from the program when they fail to meet the technical, 
logistical or customer interaction requirements. 

4) Utilize multiple subcontractors in each area to insure that deviations from the 
program can be corrected. 

5) The initial contractor should schedule the site visit.  All the logistics of providing 
materials, transportation, etc. must be his/her responsibility.  The allowable 
percentage of reschedules, missed appointments and completion dates should all be 
set by the program.  

6) Consider offering additional services such as major weatherization, extensive heat 
pump repair etc. on a fixed cost, reduced incentive to the customer. 

Program Economics 

 Achieve maximum cost-effective energy savings for each site by combining PG&E 
subsidies with customer contributions.  The ideal customer contribution would achieve 
highest energy savings at the lowest possible utility cost.  It is likely that this would result in 
PG&E offering the the initial visit that accomplishes the most cost effective items free or 
nearly free.  This would overcome suspicion, obtain maximum participation and get these 
measures completed.  A lesser incentive could be offered for subsequent and less cost 
effective items. 

Evaluation 

 Complete a long term before and after utility bill analysis on the homes.  In the 
absence of evaluation, any program cannot be guaranteed to produce its potential savings. 

New and Replacement Heat Pump Efficiency Programs  

 If incentives are considered for new heat pump installations, these installations should 
be held to strict criteria.  The only insurance that the installations are installed properly is a 
test of the unit and its ductwork.  Criteria for acceptance might be: 

• The measured air flow is between 5% below and 15% above the manufacturer’s 
specification. 
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• The installed EER or COP is tested on site and is within 5% of the manufacturer’s 
specification. 

• The duct leakage is tested and is less than 150 cfm at 50 Pa house pressure.   

• The ductwork is sealed at every joint with mastic. 

• The coil and filters are accessible and easily serviced. 

• An outdoor cutout control is installed. 

Major Weatherization Programs  

 House Medic should be evaluated against actual measured savings from other 
weatherization options.  It should be tested on a larger scale with adequate crew 
training.   
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Heat Pump Service Visit 
Customer Report 

PG&E's Residential Heat Pump Efficiency Project is a service for PG&E customers 
with electric heat pumps as a primary heat source. The purpose of this service is to 
provide our customers with the most efficient electric heat available. 

The services marked below were performed on your heat pump system. A short 
explanation of how your heat pump works may help you understand the benefits 
from the service as well as prepare you for any changes in the system's operation. 

One key to lower heating bills is to use the compressor system to provide as much of 
the buildings heat as possible and to ~ use the electric resistance when absolutely 
necessary. In this way the compressor's greater efficiency will save you the most 
money. The technician has provided you with our brochure How to Live With 
Your Heat Pump. it will provide you with a thorough description of how the heat 
pump works. 

1) A new electronic programmable thermostat has been instalIed at your 
home. The thermostat alIows you to automatically change the 
temperature settings in your home for active/occupied, and 
sleeping/unoccupied periods. You can save money by programming your 
thermostat to a lower setting while away from home or asleep. The 
thermostat will automatically use the least expensive amount of heat to 
warm the residences when switching temperatures. 

2) An outdoor cutout was installed on your heat pump. The cutout prevents 
the less efficient electric resistance heaters from operating when the 
weather is warm enough that the compressor system can adequately heat 
the house. 

3) The strip heaters on your heat pump were wired to first stage heating. 
They will still operate when necessary with second stage heat. YOU MAY 
NOTICE that the air coming from the air supply registers is cooler. This is 
normal for the more efficient compressor heating cycle. 

4) A refrigerant leak has been fixed and the unit has been recharged. The 
unit should not need to be recharged again. YOU MAY NOTICE that the 
air delivery is warmer and the house heats more quickly. 

Cust Service Report vl1.3 1 Rev: 1/23/90 
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The services marked below were performed on your heat pump system. A short 
explanation of how your heat pump works may help you understand the benefits 
from the service as well as prepare you for any changes in the system's operation. 

One key to lower heating bills is to use the compressor system to provide as much of 
the buildings heat as possible and to mllx use the electric resistance when absolutely 
necessary. In this way the compressor's greater efficiency will save you the most 
money. The technician has provided you with our brochure How to Live With 
Your Heat Pump. it will provide you with a thorough description of how the heat 
pump works. 

1) A new electronic programmable thermostat has been installed at your 
home. The thermostat allows you to automatically change the 
temperature settings in your home for active/occupied, and 
sleeping/unoccupied periods. You can save money by programming your 
thermostat to a lower setting while away from home or asleep. The 
thermostat will automatically use the least expensive amount of heat to 
warm the residences when switching temperatures. 

2) An outdoor cutout was installed on your heat pump. The cutout prevents 
the less efficient electric resistance heaters from operating when the 
weather is warm enough that the compressor system can adequately heat 
the house. 

3) The strip heaters on your heat pump were wired to first stage heating. 
They will still operate when necessary with second stage heat. YOU MAY 
NOTICE that the air coming from the air supply registers is cooler. This is 
normal for the more efficient compressor heating cycle. 

4) A refrigerant leak has been fixed and the unit has been recharged. The 
unit should not need to be recharged again. YOU MAY NOnCE that the 
air delivery is warmer and the house heats more quickly. 

Cust Service Report vl1.3 1 Rev: 1/23/90 
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Appendix C 

Heat Pump Procedure Form 



5) The inside coil of the heat pump was cleaned. This increases the air flow 
and allows more heat to be delivered, resulting in increased efficiency. 
You may notice that the supply air temperature is cooler because of the 
increased flow, however, at the lower temperature a greater quantity of 
heat is now being delivered because of the increased air flow .. 

6) The ducting has been repaired and sealed. This prevents heated air from 
escaping into or entering from unheated areas. 

7) A washable filter and whistle was added. Every month the filter needs to 
be cleaned. You can vacuum the filter clean, but at least once a year you 
should clean it with water. Use your hose. If the whistle starts whistling, 
you should have cleaned your filter months ago. A clean filter allows air 
through the heat pump. No air means very little heat and very high bills. 

The service work performed today comes with a one year warranty. If you 
experience difficulties, please call: 

your service person is 

Cusl Service Report VI,.3 

Dial One 
Raymond's Heating and Cooing 

. 916/823-0114 

2 
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5) The inside coil of the heat pump was cleaned. This increases the air flow 
and allows more heat to be delivered, resulting in increased efficiency. 
You may notice that the supply air temperature is cooler because of the 
increased flow, however, at the lower temperature a greater quantity of 
heat is now being delivered because of the increased air flow •. 

6) The dueling has been repaired and sealed. This prevents heated air from 
escaping into or entering from unheated areas. 

7) A washable filter and whistle was added. Every month the filter needs to 
be cleaned. You can vacuum the fllter clean, but at least once a year you 
should clean it with water. Use your hose. If the whistle starts whistling, 
you should have cleaned your fllter months ago. A clean filter allows air 
through the heat pump. No air means very little heat and very high bills. 

The service work performed today comes with a one year warranty. If you 
experience difficulties, please call: 

your service person is 
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Rev: 1/23/90 



FORM HP 
HEAT PUMP INSPEOlQN AND TEST Homeowner _____________ _ 
Adm~ _______________________ Ci~-______________________ ~----

Zip Code _______ Home Phone _________ Work Phone ______ _ 

Number of Stories ___ ---'-______ Crawlspace? Attic? ___________ _ 

Floor Space Year Built How long has owner lived here? ___ _ 

Is there a woodstove ? ______ Fireplace? ___ How many fIres a week? ______ _ 

Number of occupants: t:.1A=d=u:::1t:::s _____ ......L::tt..:.ee=n:.:.::a:s;g!.::e=rs~ ____ g:L.;::.:;hi:::·I:.::d::..re=n=--___ _ 
Technician ________ Date ____ _ 

1. INITIAL INTERVIEW: 

Any problems with the system DURING TIlE HEATING SEASON., _____________ _ 

Any problems with the system DURING TIlE COOLING SEASON. _________ _ 

What is the approximate age of the heat pump? ____ ,yrs. 

Have you had a visit by a heat pump service technician to check your heat pump? ___ _ 
When? Who? 
What Did they do? __________________________ __ 

Who manages the thermostat? __________ Does anyone else in the house 
manage it differently? How? _______ _ 

Do you "set back" your thermostat at night or when you are away from home each day? __ _ 
Approx. T-stat settings: "Normal" Night Away from home __ _ 

Do you know where your system filter is? _____ _ 

How often do you change it? ____ _ 

Do you have any paperwork on the Heat Pump? ____ If yes could you get it for me now? 

Check and record indoor tem~erature 

HEAT PUMP INSIDE UNIT FAMILIARIZATION & PREPARATION 

2. Record from nameplate: Manufacturer _____ Model _____ _ 
3.Duct~tion~ ____________________ _ 

4. Install digital thermometer to. measure delivery and return temperatures. THIS MUST BE 
SOMEWHAT DISTANT FROM THE HEAT STRIPS. 

5. Install am clam to measure current to the heat stri s. 
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FORM HP 
HEAT PUMP INSPEOlQN AND TEST Homeowner _____________ _ 

Adm~ ________________________ Ci~--------------------________ __ 

Zip Code _______ Home Phone ___________ Work Phone ______ _ 

Number of Stories ________ Crawlspace? Attic? ________ _ 

Floor Space Year Built How long has owner lived here? ______ __ 

Is there a woodstove ? _____ Fireplace? ____ How many fires a week? ___________ __ 

Number of occupants: lAc.=d::::.u:;::.l.::::ts _____ ---Ltf=..e'-'e:....n...:ca"'gc;,.er:..:s ____ -'-g::....hi_·_ld...,;r;..:e_n ____ _ 
Technician _________ Date ____ _ 

1. INITIAL INTERVIEW: 

Any problems with the system DURING TIlE HEATING SEASON., __________________ __ 

Any problems with the system DURING 1HE COOLING SEASON. _______________ _ 

What is the approximate age of the heat pump? ____ .yrs. 

Have you had a visit by a heat pump service technician to check your heat pump? __ _ 
When? Who? 
What Did they do? ____________________________________________ __ 

Who manages the thermostat? ___________ Does anyone else in the house 
manage it differently? How? _______ _ 

Do you "set back" your thermostat at night or when you are away from home each day? ___ _ 
Approx. T-stat settings: "Normal" Night Away from home ____ _ 

Do you know where your system filter is? _____ __ 

How often do you change it? ____ _ 

Do you have any paperwork on the Heat Pump? _______ H yes could you get it for me now? 

Check and record indoor temperature 

HEAT PUMP INSIDE UNIT FAMILIARIZATION & PREPARATION 

2. Record from nameplate: Manufacturer ______ Model ______ __ 
3.Duct~tion~ _____________________________________ _ 

4. Install digital thermometer to. measure delivery and return temperatures. THIS MUST BE 
SOMEWHAT DISTANT FROM THE HEAT STRIPS. 

5. Install am clam to measure current to the heat stri s. 



THERMOSTAT INFORMATION AND FIRST CYCLE PREREAD 

6. Is the thermostat location bad enough to warrant relocation? __ H so record why 

7. Thermostat Type: Single Stage _ Two Stage, __ _ Programable HP __ _ 

8. Check thermostat: Setting __ oF Set back from_ to ----' is clock ok? __ 
anticipator settings #1 #2 __ _ 

9. Start heat pump by activating ONLY the first stage with thermostat. Check and record if there 
is current to the strip heaters. H furnace doesn't turn on, STOP! Contact 
Supervisor and tell Client. 

10. Set the thermostat down. FROM THIS POINT ON THE HEAT PUMP CAN BE CONTROLLED 
AT THE THERMOSTAT OR AT THE TERMINAL BLOCK. The next test will be on emergency 
heat (heat stri s) onI . 

HEAT PUMP OUTSIDE UNIT FAMILIARIZATION ok PREPARATION 

11. Locate outdoor dial thermometer to read temperature of air into the unit. 

12. Is the unit installed in a location that will cause air to recirculate through the outside coil?_ 

13. H the homeowner reports that a service technician recently put added to the charge, check for 
leaks now. 

14. Record from nameplate: Manufacturer ____ Model _____ _ 

15. Look up the rated heating delivery and EER ___ _ 

16. Convert heating delivery to tons (btu) /12,000 = Tons 

17. Locate where you will read the voltage to the compressor. 

INITIAL OPERATION - AIR FLOW TEST PREREAD 

NOTE TIlAT THESE TWO TESTS ARE TIMED - IT IS ESSENTIAL TIlAT THE READINGS BE 
TAKEN AT THE TIME SPECIFIED. 

19. Start the heat pump in the emergency heat mode and start your watch to measure times. 

20. At EXACTLY 5 minutes record the first return temperature __ _ 

21. Measure and record the Amps on both legs I and Volts to the heat 
strips. Remove the amp-clamp and voltmeter. Prepare to take them to the outside unit 

22. At EXACTLY 10 minutes record the supply temp then the return temp __ 
Disable the heat stri s. Remove our am am and volt meter and take to com ressor. 
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THERMOSTAT INFORMATION AND FIRST CYCLE PREREAD 

6. Is the thermostat location bad enough to warrant relocation? __ If so record why 

7. Thermostat Type: Single Stage _ Two Stage. __ _ Programable HP __ _ 

8. Check thermostat: Setting __ oF Set back from __ to ------' is dock ok? __ 
anticipator settings #1 #2 __ _ 

9. Start heat pump by activating ONLY the first stage with thermostat. Check and record if there 
is current to the strip heaters. If furnace doesn't turn on, STOP! Contact 
Supervisor and tell Client. 

10. Set the thermostat down. FROM THIS POINT ON THE HEAT PUMP CAN BE CONTROLLED 
AT THE THERMOSTAT OR AT THE TERMINAL BLOCK. The next test will be on emergency 
heat (heat stri s) onI . 

HEAT PUMP OUTSIDE UNIT FAMILIARIZATION ok PREPARATION 

11. Locate outdoor dial thermometer to read temperature of air into the unit. 

12. Is the unit installed in a location that will cause air to recirculate through the outside coil?_ 

13. If the homeowner reports that a service technician recently put added to the charge, check for 
leaks now. 

14. Record from nameplate: Manufacturer ____ Model _____ _ 

15. Look up the rated heating delivery and EER ___ _ 

16. Convert heating delivery to tons (btu) /12,000 = Tons 

17. Locate where you will read the voltage to the compressor. 

INITIAL OPERATION - AIR FLOW TEST PREREAD 

NOTE TIlAT THESE TWO TESTS ARE TIMED - IT IS ESSENTIAL TIlAT THE READINGS BE 
TAKEN AT THE TIME SPECIFIED. 

19. Start the heat pump in the emergency heat mode and start your watch to measure times. 

20. At EXACTLY 5 minutes record the first return temperature __ _ 

21. Measure and record the Amps on both legs I and Volts to the heat 
strips. Remove the amp-clamp and voltmeter. Prepare to take them to the outside unit 

22. At EXACn Y 10 minutes record the supply temp then the return temp __ 
Disable the heat stri s. Remove our am am and volt meter and take to com ressor. 



EFFIaENCY AND OVERCHARGE TESTS PREREAD 

23. Switch to compressor only heating and restart your stop watch. 

24. Install the amp-clamp to measure the compressor current. 

25. At EXACTLY 5 minutes record the supply temp then the return temp _ 

26. At EXACTLY 7 minutes measure and record the Amps on both legs I to the 
compressor. 

27. Record the Watts from the watt meter or Watts from house meter test., __ 

28. Measure and record the Volts ___ to the compressor. 

29. Record the outdoor air tem erature from the outside thermometer 

ACID AND MOISTURE TESTS 

po. Perform the Carrier 'TOTAL TEST" and record the results Acid, Moisture. 

CALCULATIONS 

31. AIRFLOW 
Strip Heater Amps. X ____ Volts = ___ _ Watts 
Air Flow ( Watts I 1':1 T) X 3.16 = ____ CFM 

Air Flow / Nom. Ton CFM I Tons ____ = ___ CFM/Ton 

Result should be 425 to 450 per ton. If it is substantially less we must find the restriction and/ or 

increase the blower speed. 

32. OUTPUT 
( Strip Watts 1 ___ 1':1 TStrip) X ___ 1':1 TComp. = ____ Watts 

33. APPARENT INPUT 
Compressor ___ Amps. X ____ Volts = __ _ Watts 

34. ACTUAL INPUT 

Watts from house or portable watt meter ____ Watts 

35. COEFFICIENT OF PERFORMANCE 
___ OUTPUT I __ _ ACTUAL INPUT = C.O.P. 
Result is plotted on the COP Graph. It should be above the minimum line for a heat pump with 

the same EER rating or EER 7.8. If it is less, we must find if the unit is under or over charged. 

Use the manufacturers method for determining correct charge if it is available otherwise adjust 

char e to maximum COP, while checkin our head and suction ressures. 
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EFFICIENCY AND OVERCHARGE TESTS PREREAD 

23. Switch to compressor only heating and restart your stop watch. 

24. Install the amp-damp to measure the compressor current. 

25. At EXACny 5 minutes record the supply temp then the return temp_ 

26. At EXACTLY 7 minutes measure and record the Amps on both legs I to the 
compressor. 

27. Record the Watts from the watt meter or Watts from house meter test., __ 

28. Measure and record the Volts to the compressor. 

29. Record the outdoor air tern erature from the outside thermometer 

ACID AND MOISTURE TESTS 

'30. Perform the Carrier "TOTAL TEST" and record the results Acid, Moisture. 

CALCULATIONS 

31. AIRFLOW 
Strip Heater ___ Amps. X ___ Volts :::: __ _ Watts 
Air Flow ( Watts I .1 T) X 3.16 :::: ____ CFM 

Air Flow / Nom. Ton CFM I Tons :::: CFM/Ton 

Result should be 425 to 450 per ton. If it is substantially less we must find the restriction and/or 
increase the blower speed. 

32. OUTPUT 
( Strip Watts I ___ .1 T Strip) X ___ .1 T Compo = ____ Watts 

33. APPARENT INPUT 
Compressor ___ Amps. X ____ Volts :::: __ _ Watts 

34. ACTUAL INPUT 

Watts from house or portable watt meter ___ Watts 

35. COEFFICIENT OF PERFORMANCE 
___ OUTPUT I __ _ ACTUAL INPUT :::: C.O.P. 

Result is plotted on the COP Graph. It should be above the minimum line for a heat pump with 
the same EER rating or EER 7.8. If it is less, we must find if the unit is under or over charged. 

Use the manufacturers method for determining correct charge if it is available otherwise adjust 

char e to maximum COP, while checkin our head and suction ressures. 



REPAIRS AND ADJUSTMENTS 

36. Are there any refrigerant leaks? If so repair, evacuate and recharge with the precise charge. 
~rdl~tionofallieaks. __________________________ __ 

37. If there is moisture or acid in the system, Inform the homeowner, Evacuate and purge the 
system, saving the refrigerant for recycling. Then recharge with the precise charge. 

38. If COP is less than specified on COP graph, determine if unit is under or overcharged and 
charge to correct charge. 

39. If AIRFLOW is less than 400 cfm. remove restrictions and increase blower speed to achieve ove] 
400 cfm. Record all work done . 

40. Visually inspect evaporator coil record cleanliness and clean. ____________ _ 

41. Inspect filter and record condition. Clean or replace the filter 

42. Visually inspect blower record cleanliness and clean if dirty 
43. Oil circulation blower and motor., __________________ _ 

44. If Defrost cycle has an initiation timer and it is adjustable and it is set at less than 90 minutes 
reset it to 90 minutes and record 

DUCTWORK 

45. Visually inspect the air return system from living space. Remove every grill, use a flashlight 
and mirror, Record all leaks into walls, attics and crawlspaces. ___________ _ 

Repair leaks ____________________________________________ __ 

46. Visually inspect the air supply system from living space. Remove every grill, use a flashlight 
and mirror, Record all leaks, be very alert for disconnected ducts near the boot. ________ _ 

Repairleaks ___________________________________________ __ 

47. Visually inspect all the ductwork by walking/crawling the length of it. Repair any disconnects 
or su~stantialleaks. ____________________ --------------

CONTROLS 

a pump ramp up I",,',Wt: 
install a new liP thermostat and record---:-________________________ _ 
Check out the function of your installation. 

49. Install an outdoor thermostat to cut out the strip heaters when the temperature is above 35°P. 
Be sure the probe is sensing the outdoor temperature and will not be in the sunlight. The cut 
out should not effect the control of heat. Record all work done'--________ _ 
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REPAIRS AND ADJUSTMENTS 

36. Are there any refrigerant leaks? U so repair, evacuate and recharge with the precise charge. 
~rdl~tionofallieaks~ __________________________________________ __ 

37. U there is moisture or acid in the system, Inform the homeowner, Evacuate and purge the 
system, saving the refrigerant for recycling. Then recharge with the precise charge. 

38. U COP is less than specified on COP graph, determine if unit is under or overcharged and 
charge to correct charge. 

39. U AIRFLOW is less than 400 cfm. remove restrictions and increase blower speed to achieve ove 
400 cfm. Record all work done, ______________________ _ 

40. Visually inspect evaporator coil record cleanliness and clean. ________ ' 

41. Inspect filter and record condition. Clean or replace the filter 

42. Visually inspect blower record cleanliness and clean if dirty 
43. Oil circulation blower and motor., ________________ _ 

44. U Defrost cycle has an initiation timer and it is adjustable and it is set at less than 90 minutes 
reset it to 90 minutes and record 

DUCTWORK 

45. Visually inspect the air return system from living space. Remove every grill, use a flashlight 
and mirror, Record all leaks into walls, attics and crawlspaces. __________ _ 

Repair leaks ___________________________ _ 

46. Visually inspect the air supply system from living space. Remove every grill, use a flashlight 
and mirror, Record all leaks, be very alert for disconnected ducts near the boot. _____ __ 

Repair~aks __________________________________________________ __ 

47. Visually inspect all the ductwork by walking/crawling the length of it. Repair any disconnects 
or su~stantialleaks.---------------_----------

CONTROLS 

pump ramp up 
install a new HP thermostat and record,-:-__________________ _ 
Check out the function of your installation. 

Install an outdoor thermostat to cut out the strip heaters when the temperature is above 35°F. 
Be sure the probe is sensing the outdoor temperature and will not be in the sunlight. The cut 
out should not effect the control of heat. Record all work done, ______ _ 



FINAL TESTS - AIR FLOW TEST PREREAD 

NOTE lHAT 1HESE TWO TESTS ARE TIMED - IT IS ESSENTIAL lHAT THE READINGS BE 
TAKEN AT THE TIME SPECIFIED. ALWAYS PERFORM THIS TEST UNLESS NO Duer 
SEALING, COIL, FILTER OR BLOWER CLEANING HAS BEEN DONE 

SO. Reconnect the strip heaters. Start the heat pump in the emergency heat mode and start your 
watch to measure times. 

51. At EXACTLY 1 minute record the first return temperature __ _ 

52. At EXACTLY 5 minutes record the heat rise __ _ 

53. At EXACTLY 5 minutes and 15 seconds record the second return temperature __ _ 
Disable the heat stri s. 

FINAL EFFICIENCY AND OVERCHARGE TESTS PREREAD 

54. Switch to compressor only heating and restart your stop watch. 

55. Install the amp-clamp to measure the compressor current. 

56. At EXACTLY 5 minutes record the heat rise __ _ 

57. At EXACTLY 7 minutes measure and record the Amps on both legs I to the 
compressor. 

58. Record the Watts from the watt meter or Watts from house meter test. __ 

59. Measure and record the Volts to the compressor. 

60. Record the outdoor air tern erature from the outside thermometer 

FINAL CALCULATIONS 

61. AIRFLOW 

Air Flow ( Strip Watts I ~ T) X 3.16 = CFM 
Air Flow / Nom. Ton CFM I Tons = ___ CFM/Ton 

62. OUTPUT 
( Strip Watts I ~ T Strip) X ~ T Compo = ____ Watts 

63. APPARENT INPUT 
Compressor ___ Amps. X ____ Volts = __ _ Watts 

64. ACTUAL INPUT 

Watts from house or portable watt meter ___ Watts 

65. COEFFICIENT OF PERFORMANCE 
___ OUTPUT I ACTUAL INPUT = C.O.P. 
Result is plotted on the same COP Graph as used earlier. Use this to explain to the homeowner 

what ou have accom lished. 
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F'n'JAL TESI'S - AIR FLOW TEST PREREAD 

NOTE mAT lHESE TWO TESTS ARE TIMED - IT IS ESSENTIAL mAT THE READINGS BE 
TAKEN AT THE TIME SPECIFIED. ALWAYS PERFORM TInS TEST UNLESS NO Duer 
SEALING, COIL, FILTER OR BLOWER CLEANING HAS BEEN DONE 

SO. Reconnect the strip heaters. Start the heat pump in the emergency heat mode and start your 
watch to measure times. 

51. At EXACTLY 1 minute record the first return temperature __ _ 

52. At EXACTLY 5 minutes record the heat rise __ _ 

53. At EXACTLY 5 minutes and 15 seconds record the second return temperature __ _ 
Disable the heat stri . 

F'n'JAL EFFICIENCY AND OVERCHARGE TESIS PREREAD 

54. Switch to compressor only heating and restart your stop watch. 

55. Install the amp-clamp to measure the compressor current. 

56. At EXACTLY 5 minutes record the heat rise __ _ 

57. At EXACTLY 7 minutes measure and record the Amps on both legs I to the 
compressor. 

58. Record the Watts from the watt meter or Watts from house meter test. __ 

59. Measure and record the Volts, ___ to the compressor. 

60. Record the outdoor air tem erature from the outside thennometer 

FINAL CALCULA TlONS 

61. AIRFLOW 
Air Flow ( Strip Watts I __ ~ T) X 3.16 = ____ CFM 

Air Flow I Nom. Ton CFM I Tons ____ = ___ CFM/Ton 

62. OUTPUT 
( Strip Watts I ___ ~ T Strip) X ___ ~ T Compo = ____ Watts 

63. APPARENT INPUT 
Compressor ___ Amps. X ____ Volts = __ _ Watts 

64. AcruAL INPUT 
Watts from house or portable watt meter ___ Watts 

65. COEFFICIENT OF PERFORMANCE 
___ OUTPUT I ACTUAL INPUT = CO.P. 
Result is plotted on the same COP Graph as used earlier. Use this to explain to the homeowner 
what ou have accom lished. 



WORK DONE ON COMPRESSOR UNIT AND EFFECT PREREAD 
WorkDone~ ________________________________________________________ _ 

EFFICIENCY AND OVERCHARGE TESTS PREREAD 

66. REDO AIR FLOW TEST if you have changed the airflow and record results below. 

67. Start compressor only heating and restart your stop watch. 

68. Install the amp-damp to measure the compressor current. 

69. At EXAcn Y 5 minutes record the heat rise __ _ 

70. At EXACTLY 5 minutes record the supply temp then the return temp __ 

71. At EXACTLY 7 minutes measure and record the Amps on both legs I to the 
compressor. 

72. Record the Watts from the watt meter or Watts from house meter test., __ _ 

73. Measure and record the Volts to the compressor. 

74. Record the outdoor air tern erature from the outside thermometer 

CALCULATIONS 

75. AIRFLOW 

Air Flow ( Strip Watts I ~ T) X 3.16 = CFM 
Air Flow / Nom. Ton CFM I Tons = ____ CFM/Ton 

76.0UlPUT 
( Strip Watts I ~ T Strip) X ~ T Compo = _____ Watts 

77. APPARENT INPUT 
Compressor ____ Amps. X ______ Volts = ___ _ Watts 

78. ACTUAL INPUT Watts from house or portable watt meter ____ Watts 
79. COEFFICIENT OF PERFORMANCE 

OUTPUT I ACTUAL INPUT = CO.P. 
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WORK DONE ON COMPRFSSOR UNIT AND EFFECT PREREAD 
WorkDone, ______________________________________________________ ___ 

EFFICIENCY AND OVERCHARGE TESTS PREREAD 

66. REDO AIR FLOW TEST if you have changed the airflow and recor results below. 

67. Start compressor only heating and restart your stop watch. 

68. Install the amp-damp to measure the compressor current. 

69. At EXACTLY 5 minutes record the heat rise ____ _ 

70. At EXACTLY 5 minutes record the supply temp then the return temp __ _ 

71. At EXACTLY 7 minutes measure and record the Amps on both legs I to the 
compressor. 

72. Record the Watts from the watt meter or Watts from house meter test. __ __ 

73. Measure and record the Volts, ______ to the compressor. 

74. Record the outdoor air tem erature from the outside thermometer 

CALCULATIONS 

75. AIRFLOW 
Air Flow ( Strip Watts I d T) X 3.16 = CFM 
Air Flow / Nom. Ton CFM I Tons = _____ CFM/Ton 

76. OUTPUT 
( Strip Watts I d TStrip) X d TComp. = _______ Watts 

77. APPARENT INPUT 
Compressor ___ Amps. X _---,_ Volts = __ _ Watts 

78. ACTUAL INPUT Watts from house or portable watt meter ____ Watts 

79. COEFFICIENT OF PERFORMANCE 
OUTPUT I ACTUAL INPUT = CO.P. 
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Duct Repair Procedure Forms 
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Appendix D 

Duct Repair Procedure Forms 



DUCT WORK FORM 
pUCTWORK INFORMATION Homeowner ______________ _ 
Addr~s _________________________ Ci~ ____________________________ ___ 

Zip Code __________ Home Phone _________ Work Phone _________ __ 

Inspector _________ Date 

Are there any portions of the house that either get too much or too little heat? _______ _ 

Check and record indoor temperature 

INITIAL BLOWER DOOR TEST 

1. Install the blower door to pr~surize the house. 

2. Close all windows and exterior doors. Be sure to close fireplace and wood stove dampers. 

3. Do the first three blower door tests. Have the homeowner help you find all the registers. 

4. Check and record all the data on the Duct Leakage Test Form. This includes a gu~s at the wind 
speed, and the number of inches of insulation in the walls, ceiling and floor.. Sheil ding factor is 
normall 1.0, If the house is sed without trees it is 1.2, If it is behind other buildin s it is .9. 

DUCT WORK FAMILIARIZATION & PREPARATION 

5. Duct Location~ ____________________ _ 

6. Is ductwork rigid or flex? Is duct work insulated? __ _ 

7. AS YOU PROCEED RECORD ANY UNUSUAL RESTRICTIONS OR DISCONNECTS OF THE 
DUCTWORK. __________________________ _ 

DUCT SEALING AND RESTRICTION REMOVAL 

8. Remove all fiberglass wrap from joints. 

9. Seal the joints. 

10. Reinsulate the joints. 

11. If flex duct use the duct ti~ to eliminate leaka e. 

FINAL TEST 

112. Do the final blower door t~t. If leakage is not less than 50 CFM, find and repair the leaks. 
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DUCT WORK FORM 
DUCT WORK INFORMATION Homeowner ________________________ _ 
Addr~s __________________________ Ci~ ______________________________ __ 

Zip Code _______ Home Phone ______________ Work Phone _____ __ 

Inspector Date 

Are there any portions of the house that either get too much or too little heat? _______ _ 

Check and record indoor temperature 

INITIAL BLOWER DOOR TEST 

1. Install the blower door to pr~surize the house. 

2. Close all windows and exterior doors. Be sure to close fireplace and wood stove dampers. 

3. Do the first three blower door tests. Have the homeowner help you find all the registers. 

4. Check and record all the data on the Duct Leakage Test Form. This includes a gu~s at the wind 
speed, and the number of inches of insulation in the walls, ceiling and floor.. Sheilding factor is 
normall 1.0, If the house is sed without trees it is 1.2, If it is behind other buildin s it is .9. 

DUCT WORK FAMILIARIZATION & PREPARATION 

5. Duct Location~ ________________________________________ _ 

6. Is ductwork rigid or flex? Is duct work insulated? ____ _ 

7. AS YOU PROCEED RECORD ANY UNUSUAL RESTRICTIONS OR DISCONNECfS OF THE 
DUCT WORK. ____________________________________________________ _ 

DUCT SEALING AND RESTRICTION REMOVAL 

8. Remove all fiberglass wrap from joints. 

9. Seal the joints. 

10. Reinsulate the joints. 

11. If flex duct use the duct ti~ to eliminate leaka e. 

FINAL TEST 

112. Do the final blower door t~t. If leakage is not less than 50 CFM, find and repair the leaks. 



LEAKAGE TEST 
CUENT 
Stories (1-3) 
Wind? (0-30) 
Floor R Value 
Wall R Value 

_____ Oate 
Inside OF __ _ 

-----OutsideOF __ _ 
_____ Ceiling R __ _ 

Shielding(.9-1.2) _____ Inspector __ _ 

Test #1 
House Pressurized • vents open 

House pa. Fan pa Plate/Holes plugged 

Test #2 
House Pressurized . vents closed 

House pa. Fan pa. Plate/Holes plugged 

Test #3 
House Pressurized • one vent open 

House pa. Flow Hood Reading 

Final Test (#4) 
House Pressurized • one vent open 

House pa. Flow Hood Reading 

BE SURE TO PUT THE BUILDING PLAN ON BACK 
OONT FORGET TO NOTE AVERAGE CEILING HEIGHT 
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HP INSPECTION FORM 
HEATPVMP INSPECIION Homeowner _____________ _ 
Addr~ ________________________ Ci~----------------______________ _ 

Zip Code Home Phone _________ Work Phone __________ _ 

Inspector Date 

Have you noticed any changes since the technician was here? ____________ _ 

What did the technician do? --------------------------------------------
Did they explain how to manage the thermostat and how to be sure you don't use the heat smps? ____________________________________ _ 

Check and record indoor temp~rature 

HEAT PUMP INSIDE UNIT FAMILIARIZATION & PREPARATION 

1. Install digital thermometer to measure delivery and return temperatures. THIS MUST BE 
SOMEWHAT DISTANT FROM THE HEAT STRIPS. Put where the technician put theirs if it is 
appropriate. If the location was wrong record why. ____________ __ 

2. Install am -clam to measure current to the heat stri s. 

HEAT PUMP OUTSIDE UNIT FAMILIARIZATION & PREPARATION 

3. Locate outdoor dial thermometer to read temperature of air into the unit. 

4. Is the unit installed in a location that will cause air to recirculate through the outside coil?_ 
If so record what the cause is. Take Pictures _________________ _ 

5. Locate where you will read the voltage to the compressor. 

6. Locate where you will put the amp-clamp to measure current to the compressor. 

7. Install the watt meter if ou have it. 

OPERA nON - AIR FLOW TEST PREREAD 

NOTE THAT THESE TWO TESTS ARE TIMED - IT IS ESSENTIAL THAT THE READINGS BE 
TAKEN AT THE TIME SPECIFIED. 

8. Start the heat pump in the emergency heat mode and start your watch to measure times. 

9. At EXACTLY 5 minutes record the first return temperature ___ _ 

10. Measure and record the Amps on both legs I and Volts to the heat 
strips. Remove the amp-clamp and voltmeter. Prepare to take them to the outside unit 
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