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Before the Florida Public Service Commission 
Rebuttal Testimony of 

David A. Shell 
Docket No. 981591-EG 

Date of Filing: August 26, 1999 

Please state your name, business address, and 

occupation. 

My name is David A. Shell. My business address is One 

Energy Place, Pensacola, Florida 32520. I am employed 

by Gulf Power Company as a Residential Market 

Specialist. 

Please describe your background, job responsibilities 

and experience. 

I have a Bachelor's degree in Marketing from the 

University of West Florida. 

Gulf Power Company for 12 years during which time I 

I have been employed by 

have held positions working with residential customers; 

heating, ventilation, and air conditioning (HVAC) 

contractors; home builders; and others dealing with 

energy conservation, home comfort, and efficiency. 

During my career I have received a substantial amount 

of training including the following: heating and 

cooling system operation and diagnostics; residential 

load calculation; commercial load calculation; HVAC 

equipment selection; W A C  duct design; and W A C  
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pe-formance testing. 

wo-king with HVAC contractors to insure proper HVAC 

eqlipment sizing, selection, and operation for our 

cozvnon customers. I have often been called upon by 

th3se contractors to provide technical assistance in 

re;olving problems related to HVAC equipment 

pe cf ormance , durability , efficiency and homeowner 

coxfort. 

Spxialist I am responsible for program planning and 

iqllementation as well as support of Gulf Power 

Co:?pany's Residential Energy Consultants working with 

Gu-f's residential customers, HVAC contractors and 

bu-lders. 

th-.se groups and individuals. 

I have spent considerable time 

In my current position as Residential Market 

I regularly provide technical assistance to 

Do you have any exhibits to include with your 

te;timony? 
Ye;. I have one exhibit, Exhibit No.- (DAS-1) .This 

ex'iibit contains the following: 

1. Survev of Residential Air-to-Air Heat P u m ~  Service 

Life and Maintenance Issues referred to herein as 

the Easton study. 

A Studv of Heat Pumr, Service Life referred to 

herein as the Hiller and Loworn study. 

Presentation of a method for modeling HVAC units 

2 .  

3. 
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Have you reviewed the direct testimony and Exhibit JWM- 

1 submitted by Mr. Joseph W. McCormick on August 5, 

1999 on behalf of Peoples Gas System? 

Yes, I have. 

What is the purpose of your testimony in this docket? 

The purpose of my testimony is to provide information 

that will show that the positions taken in Mr. 

McCormick's testimony with respect to HVAC systems are 

flawed. Specifically, I find fault with Mr. McCormick's 

reliance on the HVAC service life information taken 

from the ASHRAE and ARI sources discussed in his 

testimony. It appears that he also believes \\service 

life", as presented by the ASHRAE table, to be the same 

as "useful life" or functional life. 

Please describe the terms "WAC" and "WAC system" as 

you will use them in your testimony. 

For the purposes of my testimony, the use of the term 

'HVAC" or "HVAC system" will refer to a "split system" 

central air conditioner and combustion furnace 

combination or heat pump utilizing an outdoor, air-to- 

air condenser or heat exchanger. These are, by far, 

Docket N o .  981591-EG 3 Witness: D. A .  Shell - Rebuttal 
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the most common types of systems utilized for heating 

and cooling residential dwellings in Northwest Florida. 

Would you please discuss why you disagree with Mr. 

McCormick's interpretation and application of ASHRAE 

information on HVAC service life? 

Mr. McCormick relies upon the ASHRAE table contained on 

Exhibit JWM-1, page 9 to support the use of 15 year 

W A C  service life. The ASHRAE table understates actual 

service life for W A C  systems in that time period 

because the table represents a compromise by a 

committee divided over two studies. 

- The first of these, the Easton study (referenced by 

the table), was seriously flawed and proposed a 

point estimate for heat pump service life of 12 

years. 

of W A C  dealers which queried, through telephone 

interviews, the age of units removed for any 

reason, including energy costs, remodeling, etc., 

not just those that had experienced debilitating 

mechanical failure. This inclusion of all units, 

including those removed for operating cost reasons 

during a period of rapidly increasing energy costs, 

in addition to the failure to consider units still 

in service, caused the Easton study to greatly 

The Easton study utilized simply a survey 

Docket No. 981591-EG 4 Witness: D. A. Shell - Rebuttal 
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understate useful life. It estimated the average 

age of units removed from service based on dealer 

opinions without considering the age of units still 

in service. It was replete with significant bias 

in that the data, the interview responses, were 

only as good as the information the interviewees 

encountered and how well they absorbed and 

processed it subconsciously. 

- The second, the Hiller and Loworn study (also 

referenced by the table) of 1984, provides much 

more credible data based upon actual heat pump 

installations, not opinions. This study tracked 

the history of 1,689 specific units installed in 

Alabama from 1964 to 1974 and indicates a median 

service life of approximately 20 years. In support 

of this determination, Hiller and Loworn noted two 

key elements in their conclusion. The first was 

that \\A large percentage of the original known heat 

pump sample are still in operation, with more than 

50% of the units 20 years old still in active use, 

75% of the units 15 years old, and nearly 100% for 

units 10 years old.” And second, they found that 

nearly 50% of the relatively small number of units 

that were replaced were still U J y  oDerationa1 at 

the time of replacement. They went on to say “Such 

I 
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replacements appear to have been motivated both by 

the perception of expected life, and by marketing 

and promotional efforts of dealer/contractors and 

the local utility." Pages 17 through 23 of Exhibit 

DAS-1 contain a copy of the Hiller and Loworn 

study . 

The ASHRAE table, in addition to the previous flaw 

noted, understates service life for systems in 

Northwest Florida because it provides data (flawed as 

it is) for intended application to W A C  systems in 

service nation-wide. Whereas: 

- The NW Florida climate is milder than the national 

average. 

- National average wider temperature extremes exact a 

harsher toll on compressors (including straight a/c 

compressors), solenoids, condenser coils, joints, 

fittings, outdoor electronic controls, etc. 

- W A C  systems operating in Northwest Florida can 

reasonably be expected to have a service life that 

is somewhat greater than the national average. 

The ASHRAE table also understates service life for 

systems being installed from 1985-1990, and in 2000 and 

beyond. In other words, it is out of date. 

Docket No. 981591-EG 6 Witness: D. A. Shell - Rebuttal 
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- The studies on which the table is based analyzed 

actual units manufactured between 1964 and 1974 and 

the opinions of W A C  dealers in 1985. 

- W A C  manufacturers have been continuously improving 

service life in addition to efficiency. ARI 

statements included in Mr. McCormick’s exhibit 

support this. On page 2 of Mr. McCormick’s Exhibit 

JWM-1, the ARI Q&A #5 states that “Newer units [than 

those built in the 1 9 7 0 ’ s  and 1980‘sl are expected 

to last even longer. ” 

- A reasonable estimation of the general trend in 

these improvements would indicate a 10% longer 

service life for units manufactured from 1985-1990, 

compared to the population of units used for the 

preparation of the table. 

- The general trend in these improvements would also 

indicate an even longer expected service life for 

units manufactured in 2000 and beyond compared to 

the population of units used for the preparation of 

the table. 

Would you please discuss why the ARI source should not 

be relied on for determining HVAC service life? 

The ARI Q&A #5 that references a 14 year life was not, 

according to Dave Martz, ARI Vice President of 

Docket No. 981591-EG 7 Witness: D. A .  Shell - Rebuttal 
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Administration and Statistics, recent information and 

was most likely based upon an informal survey of ARI 

members. It is ARI's own position that this equipment 

life study is old and based upon non-scientific data. 

What errors are introduced in Mr. McCormick's testimony 

by the use of "servicen life from the ASHRAE table or 

the ARI reference as the "normal useful life?" 

"Service life", as reported by these dated industry 

sources, was the age at which 50% of the units had been 

removed from service for ~ Q Y  reason. While, in many 

instances, that reason would have been major mechanical 

failure, in many other instances the unit would have 

been replaced due to a desire on the part of the 

homeowner for lower energy costs via higher efficiency 

equipment, a need for more or less capacity due to 

remodeling or thermal envelope improvements, or even 

unexpected unit damage (as opposed to "failure") due to 

such events as lightning. Replacements due to energy 

cost concerns were particularly prevalent during the 

period relevant to the studies as this was the time 

when the energy industry was experiencing as much as 

double digit percentage increases in energy costs each 

year. In all of these instances the units were 

replaced for reasons other than an expected actuarial- 

I 
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(2. 

A. 

type failure and for reasons other than an expectation 

that the unit would be failing in the very near future. 

Mr. McCormick’s misuse or oversight of this aspect of 

the definition of service life as presented 

by the table invalidates his conclusions. 

What length of 

should be used 

Mr. McCormick? 

expected service life for an W A C  system 

in lieu of the 15-year life proposed by 

For W A C  systems manufactured during 1985-1990 and 

installed and utilized in Northwest Florida, the 20-  

year median service life found in the Hiller and 

Loworn study provides the best starting point. That 

2 0  years can be increased by 10% as noted earlier for 

the improvement in service life over time from the 

vintage of W A C  systems studied by Hiller and Loworn 

versus those produced in the late 1980’s. While the 

expected service life could be further increased for 

applications in Northwest Florida versus the climates 

considered by Hiller and Loworn, I disregarded this 

factor in order to maintain a clear element of 

conservatism with respect to this issue. The 10% 

increase for this later vintage, when applied to 20 

years, yields an expected service life of 22  years for 

units manufactured in the late 1980‘s. For W A C  

Docket No. 981591-EG 9 Witness: D. A. Shell - Rebuttal 
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systems currently being manufactured, installed, and 

utilized in Northwest Florida, the 20-year median 

service life found in the Hiller and Loworn study 

should be increased by 15% for the improvement in 

service life over time and the same nominal 5% for 

applications in Northwest Florida versus the climates 

considered by Hiller and Loworn. This total of a 20% 

increase, when applied to 20 years, yields an expected 

service life of 24 years f o r  units currently being 

manufactured. However, to be conservative in service 

life assumptions, the 22 years could be utilized f o r  

all considerations in this particular proceeding. 

How has Mr. McCormick's dependence on the ASHRAE and 

ARI service life information misguided the positions 

presented in his testimony? 

First, it is apparent that Mr. McCormick's presumption 

of a 15-year service life is the basis for his position 

that the 10 to 15 year old units targeted by Gulf's 

proposed program are effectively at the end of their 

"normal useful life." When the proper definition of 

"service life" and the much more accurate service life 

figure of 22 years are considered, his position that 

they would otherwise be replaced at the same time 

absent this program is totally without merit. In the 

Docket No. 981591-EG 10 Witness: D. A. Shell - Rebuttal 
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year 2000, the systems manufactured and installed in 

1985 would have only a 5.0% probability of failure? 

within the following 12 months, as indicated on pt.ge 24 

of Exhibit DAS-1. With a probability of short ter-m 

failure this low, customers with this vintage eqwpment 

contemplating participation in Gulf’s proposed program 

would not reasonably consider their W A C  system to be 

at or near the end of its “normal useful life.” 

Similarly, a customer with a system installed in 1 9 9 0  

would have only a 4.0% probability of system faillire 

within the following 12 months and, again, would rLot 

reasonably consider their system to be worn out. 

That’s a perspective of the two ends of the spectl-um of 

the 10-15 year age, with all unit vintages in behieen 

falling between these two probabilities. 

the continuing improvement in service life would 

continue for this program’s application in 2001, :002, 

etc., with the associated decreases in the 

probabilities of failure. Next, Mr. McCormick’s -lawed 

presumption of a 15 year useful life appears to by: the 

basis for his position that Gulf’s program analys s 

period should be limited to 15 years. This clear-y 

would not be a responsible limitation. Any progr(1m 

evaluation for Northwest Florida tnat is utilizinr new- 

unit W A C  service life as an analysis parameter i . 1  any 

NaturalIy, 

Docket N o .  981591-EG 11 Witness: D. A. Shell - R2buttal 
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fashion should, with ample conservatism, use an 

expected service life of 22 years. m y  use of a 

service life less than 22 years is being unreasonably 

conservative and any life significantly less than that, 

such as the 15 years proposed by Mr. McCormick, is 

seriously and erroneously understating the capabilities 

of today's W A C  systems operating in Northwest 

Florida's climate. 

Would you please explain the development and 

application of page 24 of Exhibit DAS-1 as referenced 

in your testimony? 

That page contains a chart which depicts the creation 

of a simple linear model that can be used to calculate 

the portion of W A C  units of a certain vintage that 

could be expected to remain functional at various ages 

or years in service. The model development began by 

taking a plot of the data from the Hiller and Loworn 

study and expanding it for a median service life of 22 

years as previously explained. That yielded the 

"Expected results" line of the chart. The "Expected 

results" line was then modeled as closely as possible, 

by the dashed straight line labeled "Modeled results". 

The depiction of the Hiller and Lovvorn based data with 

the straight lines allows simple calculations of 

Docket No. 981591-EG 12 Witness: D. A .  Shell - Rebuttal 
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expected W A C  populations and failure probabilities by 

vintage with excellent accuracy, particularly in the 

range of 10 years to 34 years of life. 

it is reasonable to expect that, for any particular 

vintage, approximately 3.8% of the original units would 

fail during each year. At any particular age for that 

vintage, the probability of a unit failing during a 12 

month period is simply the 3.8% expected to fail 

divided by the percentage of the original units still 

in service at that time. 

In that range, 

Is this model usable for unit ages less than 10 years 

o ld  o r  greater than 33 years? 

N o ,  it is not. 

straight line approximation, the "modeled results" , is 

not a close enough fit to the observed data, i.e. the 

"expected resultsN, to be useful. As an example, at 

age 34 the model would indicate a 100% probability of 

failure within the next 12 months, however, from a 

purely statistical approach that expectation is 

unreasonable. In the qualified range of 10 to 33 

years, however, the model provides an excellent match 

to observed data and the probabilities it yields are 

the best available. 

In these ranges of unit life the 

25 
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A. 

Could this same modeling method be used to determine 

the expected probabilities of failure for HVAC units if 

a 15-year service life is presumed? 

Again, the presumption of a 15-year service life or 

utilization of service life for useful life is, in and 

of itself, not at all responsible. However, if it is 

presumed, albeit erroneously, this same modeling 

approach can be used. This is done by, once again, 

setting the departure point from 100% in service point 

at 9 years, the 50% in service point at 15 years, and 

the 0% in service point at 21 years. In this case, the 

model will be reasonably accurate in the range of 10 to 

19 years. Using the same modeling process and 

calculations as before, the 12-month probability of 

failure for a 10-year old unit will be 8 . 3 % ,  and for a 

15-year old unit the probability would be 16.7%. 

Logically, for a 15-year service life the 

beginning departure point from 100% in service could be 

set at less than 9 years, e.g. 8 years, with a 

correspondingly longer time to reach 0% in service, but 

this would produce even smaller probabilities for 

failure within 12-months than the figures given above. 

Once again, we have chosen the more conservative 

approach. 

Docket No. 981591-EG 14 Witness: D. A. Shell - Rebuttal 



I 
I 

1 
I 
I 
I 
I 
I 

1 
I 
I 
I 
I 
I 

6 

7 

8 Q. 
9 

1 0  

11 

1 2  

13  A. 

1 4  

1 5  

1 6  

17 

1 8  

1 9  

2 0  Q. 

2 1  A.  

22 

23  

2 4  

2 5  

Based on my experience of actually working with 

residential customers in their considerations of the 

health of their current HVAC system, these 

probabilities would still not point to a reasonable 

conclusion that their unit was at or near the end of 

its "normal useful life." 

In your past years of field experience have you had 

occasion to observe the equipment replacement decisions 

of customers, who, having once made a significant 

change in their HVAC equipment, years later experience 

the failure of that equipment? 

Yes, I have. The vast majority of these customers, 

after having experienced the energy economies and 

enhanced comfort of a high-efficiency heat pump, choose 

to replace that heat pump with the latest and greatest 

high-efficiency heat pump at that time rather than 

revert back to their former type of equipment. 

Does that conclude your testimony? 

Y e s ,  it does. 

Docket No. 981591-EG 15 Witness: D. A. Shell - Rebuttal 



AFFIDAVIT 

STATE OF FLORIDA ) 
) 

COUNTY OF ESCAMBIA ) 
Docket No. 981591-EG 

Before me the undersigned authority, personally appeared 

David A .  Shell, who being first duly sworn, deposes and says that 

he a Residential Market Specialist of Gulf Power Company, a Maine 

Corporation, that the foregoing is true and correct to the best 

of his knowledge, information and belief. He is personally known 

to me. 

b A  A. s u  
David A. Shell 
Residential Market Specialist 

Sworn to and subscribed before me this 2 5 %  day of 

u4 us-+ , 1999. 
d 

Noedry Public, Florida at Large 
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SURVEY OF RESIDENTIAL AIRTO-AIR 
HEAT PUMP SERVICE LIFE AND 
MAINTENANCE ISSUES 
J.E. Lewis 

A telephone survey wa8 cnnducted ~ n ~ n g  a mti-I -le of 492 large HVX dealerr/aamtactors 
to elicit estimates of residential k a t  psrp repha"t age am3 other related issues. Similar 
data for unitary air conditio" and gar3 furnaces were collected to prwvide a relative 
perspective. 

p i &  appropriate data reliability for m"riee at t S n  =ti@ level ud for ttura 
geographic regions ( n o r t h 8  m t h 8  and uest). The s u z y e ~  was orrducted behreaa oeceabet 4 and 
-r 2 3 8  w5. The key -figs of the aurwq?: 

The &ale" -average estimate of e at  replacemnt for unitary air-amditiqring units 

The -le sefutian and int*rviCving WWLP &signed to pcduce d i a s e d  resulu and to 

is 12.1 years: air-carditioner c0mp-1 8.8 ysara; heat pwp umsl l0.q years; beat 
-8 8.0 m; and m w ,  16.3 y w .  

Eighty-85% percent of the dealera bZiepP that hmt pmap reliability hsr beep iaprOtrea 
wer che pest few "8 but slightly less than 50% e m t  t h e  aervice life of hcmt 
puup being installed today to be Ilisterially longcrr than tbat od the past. 

age estiumfes for heat curpps used in amtmer d h c u s s  iaa is 11.2 ycara, 

CQSt of a total m unit. 

only about w of the dealers bee life-cyde c o ~ t  aImly$i88 and the average replacement 

0 EsriPlates indicate that the i n d a I Z c d  cast of replacement aq"s is 40-459 of the 
I 

The resiidential WAC market is large, diveml and carplex .  
with various levels of energy efficieny and other per?- characteristics has added to the 
-titi* intensity and Camplexity of the market envirorrpsent. 
enviroraoentr iasues of 49uipment rep1a-t age a= inherently -lex and incrsasdngly 
inportant as cust-m face a greater variety of choices urd decisiela. 

The intreductian of new equipent 

Within such a caaplex 

X t  i s  difficult to collect accurate service life data# and feu prblishea studies are 

analysis, or the form in which the reaults am prrwcmed. There have been malar cmcerns 
about the average replaastent age of heat pmp b u a e  of the m a r b t  d e v e l ~  prttem for 
this product. 
reliability of the heat w. There are qussti~aa amcemizq the average rupZa~emerr~ agt fort 
heat 
heat pmp aenrice life going foward. 

cutceming issues of taplasenwat age urd maintenance for Widential  heat paps. 
sting similar infomatian for unitary air CmditianJrs and gas fumaoesr the stw varld 

James t. Lwia is a farnding partner of Bastan Conaultantar Inc.0 &"nt Cu'isultants, 
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A nuubu of teGhnarogical cbange8 are also a~currirrg~ &signed to 

based on actual experiencu an8 the effect that tedupological chwtg8s may have on 

A survey of WAC dealer/cantractan, was designed to dicit  estipbtes Md pe-ims -- 
starnford8 a, 

1111 



I 
1 
I 
8 
I 
4 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
11 I 

Florida Public Service Conmlsslon 

Gulf Power Company 
witness: D.A.Shel1 
Exhibit No. - (DAS-1) 
page 2 of 24 

Docket NO. 98159LEG 

prwie w i c a l  nudcet pxspecticna end indicate dealer estiamtea of 
agc~ of tm three products. (It s h l d  be noted, howeverr that the 
wm m f i c a l l y  designed and stnxxuzxd to dicit infomatiar on ka 
an air conditionera anJ gas frrrnaces waa included fer pe-ti-8 and 
na delimate as uell the data an these products.) 

approximatin9 the regional distribution of installed heat punps- Sample selytion w a s  tandam 

residential equip" was covered- 

 he primacy focus OE the study was a telephm rurwy af large 

within t h e  basic dealer size and geogrsphicdl locatiar parameters (descrihrd 

Tht objectives of the dealer 
replacement age amrages and 
tion for unitary 
rasasuresi and (3) 
related infommtion. 

qwntitative d t s  of the dealer "my, 
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- 117 annual heat punp installations, which, extended by the number of respondents, 
represented appcoximtely 8% of tota l  U.S. eat sales. 

- 165 annual gas furnace installations, which, extended by the number of resmddncs, 
represented approximacsly 4% of total U.S. sales. 

In addition to tabulations of r 3 w  data, regional ueightings were applied to most oE t k e  
questions to reflect distribution of equiprent by cwion. 
50% of the responses but represents about 51% of unitary air-conditiminq installations and 65% 
of heat pmp, inscallacions. 
responses to derive national totals. 

For example, the South represented 

"his procedure was designed to appropriately weight regional 

FINDINGS 

Replacemenr Age 

Four neasures of replacement age experience were deriwd f r m  the survey data. 
estimates of the average, mininum, and m 8 x i m  replacement age for the total unit and €of the 
replacemnt of empressors were gathered. This indicates a replacement age range, as well as 
two measures of the average: 
minir"/mximm range. 
relate t o  equipment installed in the past. 

Respondent 

the stated estimated average and the midpoint of the estimated 
These estimates are based upon dealer experiences and, therefore, 

For unitary air conditioners, the estimated average is 12.1 years and the midpoint of the 
range is 12.6 years. 
years and the midpoint of the range is 9.7 years. 
i s  10.9 yean and the midpoint of the range is 11.4 years. 
estimted average is 8.0 and the midpoint of the range is 8.4 years. 
estimated average is 16.3 years and the midpoint of the range is 17.2 years (Figure 1). 

For unitary air-conditioner cwpressors, the estimated average is 8.8 

For gas fumces, the 

For heat p n p  units, the estimted average 
For heat purrp campeessors, the 

The estimates for heat plrrp replacement age (both units and compressors) are about 90% of 

The estimates of replacement age for air conditioner and heat punp eompcasaors bear a 

the escimated age for unitary air conditioners; 

consistent relationship to escimaces for unit replacement. 
are about 70% EO 75% of the estimated unit replacemnr ages. 

Compressor replacament estimates 

In addition, the senice life expectancy used by dealer/contractors in custaner 
discussions was also analyzed. 
to Changes in equipment technologies and the possible effeccs on service life. 

This should relate to the perceptions of dealers with respect 
. 

The unit service life estimates used + dealers in customer discussions are similar to the 
estimated replacement age averages based on experiences and reflect the conservative nature of 
the WAC trade. 

- For unitary air-conditioning units, the estimated mean is 11.7 years 

- For heat ~ I K Q  unitsl the estimated m a n  is 11.2 years 

- For gas furnaces, the estimated m a n  is 15.2 years. 

Estimates of replacement age for unitary air conditioners are similar in the North and 
West and louer in the South (Figure 2). 

which the lowest estimated average replacement age is in the Northl follated bf the South, and 
then the West. 
heating and cooling requirements, and equipmenc-prrchasing pattens amOng the regions. The 
dealer estimates in this survey seem KO be consistent with regional market characteristics as 
defined by plblished market data and our previous studies. Since the  heat pmp provides both 
cooling and heating Setvice, the number of hours and load "stress" for each mde of cperation, 
aa well as the total combination, will affect the estimated equipment service life (measured in 
years 1. 

should be heavily influenced by the cooling load and thus similar to that of unitary air 

The estimates for the electric heat pmp show a smwhat different regional pattern in 

This possibly reflects the differences in heating feqlliremencs, m i n e d  

Where cooling requirPmencs are greater than heating requirements, heat ~ I K Q  service life 
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iqxx4es a g r e a t e r  stress CXI the beat pmp heating mode than ia generally tht cabe in the other 
regions. 
axtreae w i t h  

me higher estiumted ages in ttae weet reflect a climate that is gene ' 11y lesa f to both thc wlirq and bating l d .  

Btimtes of zepla-t age for gas 

er emice 
dealer 

than in the m h .  Si= louer-to-mcdaura 
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Approximately 30% are  estimated to be replaced i n  t h e  12-to-20 year range. 

As with che unitary a i r  conditioners, i c  is b l i e v e d  that che h u v d  pactern re-ef1ecc.s. 
sacMhac d i f f s renc  equipment populations,  average Operating hours par year, and q u a l i t y  
of service. The upper end of t h e  d i s t r i b u t i o n  would a l so  include heat pumps c h a t  h3vj 
had canpressors r e p l a c 4  e a r l i e r  i n  che i r  seevice l i v e s .  

The estimted dis t r ibu t ion  for heac plmp compr~ssors  is a lso  s imi l a r  to t h a t  f o r  unitacy 
a i r  conditioners, w i t h  the dis t r ibu t ion  s h i f t e d  s l i g h t l y  tovard e a r l i e r  replacemenc age. 

Dealer estimates of t h e  heat pump uni t  replacement distrribocion suggests that over 50% of 
replacements acur  by the end of year 10. 
pnp compressor replacements occur by the  end of year  10. 

Likewise, dea le rs  estimate tba t  over 80% of heat 

The d i s t r ibu t i cn  of average replacement age estimaces for gas furnaces shws a d i s t i n c t  
rw-hunped d i s t r i b o c i m  pa t te rn  (Figure 6). 

- Less than 9% of respondents estimated average replacement age a t  10 years  or l e s s ,  
versus about 42% for a i r  conditionera and 54% f o r  heat plmpS. 

- A l m o s t  10% of estimates for gas furnaces were grea te r  than  20 years, versus l e s s  than 
1% f o r  a i r  conditioners and heat pumps. 

A l m o s t  64% of replacemenc age estimates for gas furnaces f a l l  i n  the 15-20 year period, 
w i t h  31% a t  15-16 years, 13% a t  17-18 years ,  and 20% a t  19-20 years. 

- 
As indicated e a r l i e r ,  the unit aervice l i fe  used i n  C U S C ~ C  discussions should r e f l e c r  

dea le rs '  perceptions of che expected l i fe  of equipment being i n s t a l l ed  today. 
influenced by dealers '  conaetvacism, and these values  tend t o  be gomevhat less than dealers' 
estimates of equipment life based on t h e i r  experience. The respondents indicaced t h a t  they 
considered manufacturers' estimates for expected service l i f e  hrt relied heavily on t h e i r  am 
experience w i t h  respect to the expected sorvicf l i v e s  they were will ing to d iscuss  w i t h  
NStOmetS. 

It is, b e v e t ,  

Replacement Inf luences 

Replacement decisions a r e  influenced by a broad range of factors. 
conducted by the author suggest that from 50% to 60% of sucb decis ions a r e  due to ac tua l  
failure of t h e  t o t a l  un i t  or a major (expensive) carponenc. 

O t h e r  propriecary s tud ie s  

Ocher reasons include: 

- Ant ic ipa t ia r  of probable f a i l u r e  within the  next year O r  so' based upon increasing 
service costs, dealer  suggestions, or s i n p l e  concern about t h e  age of t h e  equiprrrenc. 

- Dissac i s f ac t im  w i t h  system perPormance. 

- Hajor horrre r e e l i n g  or a l t e r a t i o n s  that increase heacing or cooling requiremncs 
beyond t h e  capaci ty  of t h e  current  system. 

- Replacerrent of both ccnqcmnts of a h a l - s e r v i c e  system ( f u m c e / a i t  conditioner) vhen 
one of t h e  cocllponenm ( a i r  condi t ioner)  f a i l s ,  par t icu lar ly  when the ocher component 
( furnace)  is believed t o  have five years or less service l i f e  remaining. 

Replacement of "live" equipment to achieve improved energy t f f i c i e n c y  and energy cos t  - 
savings. 

Typically,  larer-tc-aedium qua l i ty  appliances ("builder' ircdels) are i n s t a l l e d  i n  new 
construction. 
Servke l i f e  expectancies than higher q u a l i t y  equiprent.  
maintenance thrcughwt ics  service l i f e  can be expected to have a longer service l i f e .  
p a r t i a l a r l y  true for a i r  d i t i o n e c s  and heat pumpat where rnf r iqerant  leaks a r e  a major 
service issue. I f  r e f r ige ran t  leaks a r e  not detected, the loss of r e t r ige ran t  can leaa to 
f a i lu re s  of major cDmpanents (e.g., canpressor). 

Figure 7 sham a cocreepcual depict ion of rep lacemnt  tendencies derived from "qual i ta t ive"  
cDmnencs by t rade  Contacts and supported by the ana lys i s  o€ che dealers '  quanci ta t ive  estimates 
Of unit  and conpressor replacement ages. 
condicioners and heat punps. 

These u n i u  can genera l ly  t# expected to have higher se rv ice  costa and shorter  
A uni t  that has had proper mucine  

T h i s  is 

The f igu re  reflects the patcern for both uni tary a i r  
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- Although more than 86% of the dealocs perceived improvements in heac purrp reliability, 
SlighKly ”re than 529 believed chat che rspl’acement age will remain the  sane oc in 
fact be shorter. 

The use of incentives ta pcomote electric heaK pumps has increased, and about 63% of che 
dealsrs in the survey indicaced chac slerccric utilities ace offeriq incencives in chric acea: 
20% cash incencives, 271 rebatas (33% in the Wesc) , 233 CQ-OP advertising (31% in the  I;orrl~), 
and 17% other incentives (i.e., lowrace financing or loans repaid t h m g h  eloccric bill add- 
o m ) .  
and/or the replacement of specific types of equipment (includinq gas cguipmenc). 

In many areas, the size of che incentive is being tied to specific efficiency levels 

Naintenance Issues and Costs 

Although maintenance costs were a secondary area of the survey, heat PlW service Co9Ks 
(excluding air handler) were consistently estimated in the s u w q  to be 20% to 30% higher than 
those for unitary air conditioners and 55% to 60% higher than those for gaS furnaces. 
addition, the average per-unit first year *,mice reserve fund for heat p~mps is: 

In 

- 
- 
The survey did not attempt to decemine rates of mjor compxent failure for heat puvs 

33% higher (.$lo1 versus $75) than air conditionerst 

65% higher ($101 versus $61) than gas furnaces. 
. .  

but did ask dealer/contractors to  estimte the relative prcportiar of service calls for a 
selected list of service categories (other service activities were not investigated). 

Refrigerant leaks 19% 
Fans (blaver, uheels, relaysr 

motors, etc.) 19% 
Canprsssor mcor circuits 17% 
Def msting cun@onenys 17% 
Canpressor failure 16% 
Refrigerant canponencs 12% 

loo$ 

Dealer/conttactor estimates of the average installed cost (quiprent and labor) for a 
typical ( 3  ton) replacement canpressor in their area were S793 for unitary air conditioners and 
5880 for heat oums-. Average estimates for t h e  cost (installeal ot a rgplacement cgmpgessor as 
a percenrage ot the cost of a totally new unit ranged from 40% to 45%. 

CDNCLUSIONS 

Determining actual service life or replacement age in the mrketplace is difficulr due to t h e  
canplexities of the market envimnment and ~ t t e  interactions of a wide range of influencing 
factors, including variations in equipment quality, installation quality, servicehainrenance 
quality and use of annual/routine preventive maintenance, annual load requirements and load 
~ x t r e m e s  (annual cperating hcues and load stresses), usage patterns, and other replacement 
influences. 

For comparative equipment quality/operating situations, heat pump m s t  neet the same 
cooling requirements as air conditioners and, in addition, must meet the heating requiremncs 
that can double the nurker of operating hours. 
ities and the technical aspects of the capability to perform both functions, raise3 questions 
of whether a heat pmi? can be expected to have an actual in-use service life equal to that of 
an air conditioner of similar quality (even with a specifically designed compressor). 

There are strong indications that heat p~np replacement age isr on average, larer than 

This, colrbined with market in-use ptaccical- 

that Of unitary air conditioners. 
similar;to, but coMistently lover (by about 10%) than, their estimates for air conditioners. 

Early replacement (of live equipment) is a significant factor in the marketplace and 

Dealer/contractor estimates of heat pnp replacement age are 

should be considered in evaluating service life benchmarks. 
reph33”t ( F i b l y  as mch as 40150%) is estimaced to  occur in the first 10 years. 

purr2, service life benchmarks. 

A significant amunt of heat plnp 

The Incidence and timing of conpressor replacement should be considered in evaluating heat 
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I 
I - Dealer astimates Indicate that a significant of rwaQmeclt occurs in 

i the fitst 10 year8e 

~olapnssot replacement repreaerate a significant cestr 4045% of the cost of a total new - 
lmit. 

1 

estimates fma a survey of this nrture tend to he c w w t w t i v e  and, given high "efficiency 
replacement" factor {that can &ft wer time), a replaemmt age range mayIbe more m n g f u l  
to use for =my purposes than a mint estimate. 

situations where range esfhmtea watld be l ~ o r p  meaningful than point estiades: 

I 

~ased upm the data f r a ~  this *let survey, the author fecdp~~ends ~he'fo~owing -s in 

I 

- 14 years for u r i t a y  air FOrrditiareto, 

- ltyearSfarhe8tprnpsr 

I l l8  
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APPENDIX 

WAC D€ALER/COP.rrRAmR QJEsrlONNAIRE 

Date Company Name 

city/Scate Phone C 

state 

Region 

Size 

Hello, I ' m  from , a national marketing research firm. We're 

doing a study of WAC equi-nt service life and service costs and I'd like to ask you a few 
questions. Some of the qwscions may deal with data that YOU don't normally collect, krt w e  
would appreciace your opinions and best estimates based an your expecience. 
responses will remain confidential, and will only be reporced in s ~ m ~ r y  €om to our clienc. 
The first couple of questiow are for classification purposes Only. 

Try to speak vith 1) Service Manager 2) Ouner/Partner 

1. Are your company's total annual sales Yes (continue) 

No (terminate) 

All individual 

over $400,000 

2. Do you do more than 10 residential 
electric heat pump installations in 
an average year? Yes (continue) 

No (terminate) 

3a. What percentage of your sales are: 

3b. What percentage of your residential 
business is: 

X Residential 

X Comercia1 

X New Construction 

Z Replacement 

X Service - 
FROM THIS POINT ON, HAVE YOUR RESPONDENTS ANSm IN TERMS OF THEIR 

RESIDENTIAL BUSINESS ONLY. 
Gas Unitary Electric - Furnaces Air Conditioners Heat Pumps 

4a. Approximately hov many 
(READ COLUKN HEADINGS) do you 
install i n  a typical year? 

FOR EACH EQUIPMENT TYPE ASK: 
(Work vertically) 

Ob. What percentage of 
were for replacement (rather 
than new construction)? x x x 

4c. Of the replacement, vhat 
vould you estimate as the 
percentage where "live" or 
e t i l l  functioning equipment 
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G83 oniury  
Furnaces Mr Conditioners 

wits replaced for energy 
effidencj (or other) 
reasons? x x 

&.I. Based on your experience, 
what would p a  estimate hss 
been tbe averege age at 
replacement (when tke totsl  
unit is repleced)? If unable 
t o  answer. sk ip  t o  M.3 Avg AVg 

o e x 5 “ h i n t ”  replacement 
ld.2, What might be a reasoaablt 

age? ( S i p  t o  4e.) - fin wia 

average only): Hax FIax 
443.3. Prompt with r-es (for 

< 10 years 
10-14 
1s-19 
20-24 
2% 

be. Based on jour expericrtct, has 
the q u a l i t y  and relisbilitf of 

been improved i n  
the last couple of pars? 

Yes (cootime) 0 
No (Goto%) 0 

4f. Do you expect thAs to lead t o  
0 setvice M e ?  

zaeresscd 0 
Decreased 0 
No CAarrge in 0 

poBEdcIIEQlTIpwEIdTIpEAsK: 
(Work vertical ly)  

sa. 

5b. 

se. 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

I 

I 

x i  
I 

! 
A* 

! 

I 

M”p 

k 

0 
0 
0 
0 
0 

0 
0 

0 
0 
0 

1’ 
0 
0 

0 
0 
0 

K 
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Gas Unitary E l e c t r i c  
Furnaces Air Conditioners Heat Pumps 

I f  unable t o  answer, prompt 
v i t h  ranges: 

0 
0 
0 
0 
0 

< 10 years  0 
107.14 0 

0 15-19 
20-24 0 
2% 0 0 

0 0 Don't know ( sk ip  t o  q. 6) 

What is t h e  source of t hese  
f a c t o r s ?  

( ) 

5d. 

0 
0 
0 
0 

0 
0 
0 
0 

Manufacturer 0 
D i s t r i b u t o r  0 ,  . 
ASHRAE Guidel ines  0 
Own expe i i ence .o r  opinioo ( ) 

What methods do'you use t o  d e t e m i n e  t h e  proper s i z i n g  of equipment? 
(Prompt only i f  necessary) 

6. 

a. Replace v i t h  comparable equipment 0 

b. Rule of thumb o r  o the r  0 

c. Hanual ca l cu la t ion  ( s t anda rd  
ACCA J Form; hea t  l o s s  survey)  0 '  

d. Computer-based program 0 

e. Use in-house computer ( ) )only .ask i f  they 
f .  Use u t i l i t y / m f r ' s  computer ( ) )use a computer- 

s e r v i c e  based program 

7. What information or methods do you u s e  when comparing a l t e r n a t i v e  systems i n  
sales p resen ta t ions  t o  prospect ive customers? [Read List] 

0 I n s t a l l e d  equipment cost o n l y  0 

annual energy c o s t s  0 
0 I n s t a l l e d  equipment and e s t i m a t e d  

0 I n s t a l l e d  equipment and e s t i m a t e d  
t o t a l  annual ope ra t ing  c o s t s  0 

0 Simple payback analysis 0 
0 L i f e  cyc le  c o s t  a n a l y s i s  0 

(Including energy, maintenance, o t h e r )  
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.Gas Unitary 
Furnaces Air Conditioners 

ASK FOR EACH EQUIPTIEKT TYPE: 

loa. Approximately what percentage of 
your t o t a l  service a c t i v i t y  
f o r  is on annual x s e r v i c e  contracts? x .  

lob.  Is t h i s  annual service cont rac t  portion: 

Increasing 0 0 
Decreasing 0 0 
Remaining about t h e  same ( -1 0 

1Oc. Approximately what percentage 
is on: . .  

Manufacturers Service Program $ . $  

Dealers Seryice Rogram $ . -  $ 

1Od. What do you estimate t h e  annual 
maintenance costs vould be fo r  a . 
t y p i c a l  i n  your area? 

On an annual se rv ice  c o n t r a c t  $ $ 

E l e c t r i c  
Heat Pumps 

x 

0 
0 
0 

$ 

On an "as needed" service b a s i s  $ s $ 

(escrow) fund? $ $ $ 

1Oe. What would be a typ ica l  par  
u n i t  f i r s t  year serv ice  reserve  

What vould you estimate t h e  breakdown by eff ic iency l eve l  of t he  
you expect to  sell this pear? 

- AFUE Gas Furnace - SEER Electric Heat P U ~ D  

11. 

< 801 standard x c7.5 x 
8041% hi-eff ic lency X 7.5-9.0 x 
8 5 %  condensing x 9.w % 

[Relates to  Heat P u p s  ] 

12. What incentives arc being offered by: 
h e a t  pump? 

in terms of the electric 

U t i l i t y  Manufacturer 

a. Cash Y O  N O  Y O N 0  

b. Rebates Y O  N O  y o  N O  

1, Average Amount $ t 

1. Average Amount f $ 

1 
I 

d. Co-op Advertising Y O  N O  Y O  N O  

e. Other 

f .  None 
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mtsty nectriq 
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8s. In your exprience, v h t  voold p u  
estimate 8s the a m g e  -vice 

I 

life (age at replaceacnt) of o ! 

I 
eamptessor? A% ! Avg 

8b. What might be a reasonable iPfnisum/ 
mxi” replaeernent age (akip to 8c) 

Hin Ib 
I 

Max A Max - 
j 

5-7 years 0 0 
8-10 years 0 0 ! 

11-14 years 0 0 ‘ 
15-19 years 0 o i 
2ot years 0 0 ,  

If unable t o  answer, prmpt vitR rages (for Arg. only): 

I 

I 
I 

8c. Whst would you estimate as an average 
installed cost (qu1-t and labor) for 
8 replacement compressor 
(tmieal or moat c-n size in your 
arcs)? 

8d. Approximately, a t  percentage of the 
Iaarslled cost of a tot8117 Rew 

(Skip f 0  9 )  

onit would this be? 

9. In terms of pour average anuual m i c e  
calls for , vbat percentage are for: 

Fans (blades, blower w h e e l &  
capacitors, r‘efeys1 motors) 

Cemprcssor Failure 

CoarpHssor &tor Citectlts 
(c~tractors,UpaCitor~* 
relays, etc.) 

Defrosting thqnments 

Befrigvant CoBpomm~ 
(reveroiq mslre, mot- 
devke. check valves) 

Refrigerant leab 
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HI-85-10 NO. 5 

A Study of 
N.C. Loworn 
ASHRAE Member 

ABSTRACT 

Heat Pump Service Life 
C.C. Hiller, Ph.D. 
ASHRAE Member 

This paper i s  based on a study o f  heat pump se rv i ce  l i f e  (age a t  replacement). The o b j e c t i v e  
o f  t h e  study was t o  survey known heat pump owners who had i n s t a l l e d  heat pumps between 1964 
and 1974, ga ther  empi r i ca l  data t h a t  would p rov ide  responses t o  a ser ies  o f  questions 
concerning the  se rv i ce  l i f e  o f  the  known heat pump or ,  if appropr iate,  t he  successor, and 
determine the  f a c t o r s  that in f luence the replacement decision. The major f i nd ings  i nc lude  t h e  
f o l l  owing: 

1. Between 96% and 98% of  the  respondents surveyed s t i l l  had heat pumps; 

2. A l a rge  percentage o f  the o r i g i n a l  u n i t s  are s t i l l  i n  operat ion;  

3. The median age o f  replacement i s  approximately 20 years i n  Alabama. . -. 

. .  

INTROUDUCTION 

Much speculat ion has ex i s ted  i n  recent years regarding the  actual  useful  l i f e  of heat pumps, 
but no d e f i n i t i v e  work has been done t o  determine q u a n t i t a t i v e l y  t h e  actual  age a t  which heat 
pumps are t y p i c a l l y  replaced. A study(1) was i n i t i a t e d  i n  1984 t o  perform a survey o f  heat 
pump replacement l i f e  and re la ted  issues i n  Alabama. The Alabama reg ion  of t h e  country was 
selected because o f  i t s  lengthy ex er ience w i t h  heat pumps and the  existence of a t  l e a s t  one 
assured serv ice  heat pump programr2) which prov ides  a heat pump maintenance cont rac t  f o r  up 
t o  t e n  years f o r  a low monthly premium. 

Under the p a r t i c u l a r  heat pump serv ice  program addressed i n  t h i s  survey, q u a l i f y i n g  heat 
pumps are i n s t a l l e d  by l o c a l  dealers who have been c e r t i f i e d  by the  program, and upon passing 
a check f o r  conformance t o  the  program i n s t a l l a t i o n  standards, those heat pump i n s t a l l a t i o n s  
then q u a l i f y  f o r  a t e n  year maintenance con t rac t .  The program maintains .de ta i led  se rv i ce  
records dur ing the  t e n  year period, a f t e r  which, no records are kept. Maintenance i s  done 
on ly  as needed by one o f  t he  program's c e r t i f i e d  dealers. The program stresses t h e  
maintenance procedures and prac t ices  t h a t  must be fo l lowed i n  o rder  fo r  r e p a i r  o r  i n s t a l l a t i o n  
work t o  meet program standards. These standards are p r i m a r i l y  a means o f  ensuring t h a t  work 
i s  done t o  the  s ta ted  requirements o f  the  manufacturers. 

The heat pump owners contacted dur ing  t h i s  survey had heat pumps t h a t  had been under t h e  
assured service maintenance cont rac t  f o r  a f u l l  t e n  years, thus assur ing t h a t  the r e s u l t s  a re  
representa t ive  o f  c o r r e c t l y  i n s t a l l e d  heat pumps. The se rv i ce  program data base was used on ly  
f o r  t h e  purpose o f  generat ing a l i s t  o f  known heat pump i n s t a l l a t i o n s  and f o r  v e r i f y i n g  t h e  

. .  

N. C. Lovvorn, Supervisor, Resident ia l  Heat Pumps, Alabama Power Company, Birmingham, AL, and 
Carl  C. H i l l e r ,  P ro jec t  Manager, E l e c t r i c  Power Research I n s t i t u t e ,  Palo A l to ,  . C k  
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v a l i d i t y  o f  the  survey responses with respect t o  t h e  age and brand of the o r i g i n a l  heat pump. 
A f u t u r e  study i s  planned t o  co r re la te  t h e  maintenance h i s t o r y  dur ing  the  f i r s t  t en  years o f  
t h e  s p e c i f i c  heat pumps' l i v e s  w i t h  t h e i r  replacement age. 

Much usefu l  i n f o m a t i o n  on reasons fo r  heat pump replacement, f ac to rs  a f f e c t i n g  the  
replacement se lec t i on  and more was obtained i n  a d d i t i o n  t o  in fo rmat ion  on actual  replacement 
l i f e .  The s p e c i f i c  ob jec t ives  o f  t he  survey were as fo l lows:  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Determine actual  service l i f e  (age a t  replacement) d i s t r i b u t i o n  o f  heat pumps i n  
A1 abama. 

Determine the  propor t ion  o f  heat pumps i n  Alabama t h a t  are s t i l l  i n  operat ion,  as a 
f u n c t i o n  o f  i n s t a l l a t i o n  date. 

Oetermine, categor ize,  and quant i f y  t y p i c a l  reasons f o r  replacement of t he  heat pumps 
(no t  addressed i n  t h i s  paper). 

Determine, categor ize,  and q u a n t i f y  t y p i c a l  f ac to rs  a f fec t i ng  the  choice o f  t h e  
replacement heat ing system (not addressed i n  t h i s  paper). 

Determine the  var ious types o f  heat ing  systems used t o  replace those heat pumps t h a t  
have been replaced (not addressed i n  t h i s  paper). 

Determine seasonal replacement t rends  (no t  addressed i n  t h i s  paper). 

Provide breakdowns o f  t he  above in fo rmat ion  categor ized by manufacturer, year  o f  
i n s t a l l a t i o n ,  and other appropr ia te  groupings. 

METHODOLOGY 

A 25-item quest ionnaire was developed t o  c o l l e c t  i n fo rma t ion  on heat pumps t h a t  had been under 
a maintenance cont rac t  f o r  t en  years i n  Alabama. The p a r t i c i p a n t s  were d iv ided i n t o  th ree  
groups according t o  when they  en tered  t h e  maintenance cont rac t  program. The t h r e e  groups 
were: 

Group I: k a t  pumps i n s t a l l e d  between March 1964 and May 14, 1967. 

Group 2: Heat pumps under maintenance con t rac t  i n s t a l l e d  between May 15, 1967 and 
Decembr 31, 1971. 

Group 3: Heat pumps under maintenance con t rac t  i n s t a l l e d  between January 1, 1972 and 
A p r i l  18, 1974. 

The dates of the th ree  groups correspond t o  dates o f  changes i n  the heat pump serv ice  
program. These groups were p r o p o r t i o n a l l y  sampled and owners in te rv iewed by telephone t o  
p rov ide  t h e  data f o r  the study. 

This sec t i on  contains a d iscuss ion  o f  t h e  methods used i n  conducting the  study. The 
discussion includes sample design, ins t rumenta t ion ,  data c o l l e c t i o n  procedures, and methods o f  
data analysis.  

Sample 

The heat pump service program under d i scuss ion  has been able t o  develop d e t a i l e d  t r a c k i n g  
records t h a t  could be used t o  v a l i d a t e  data generated through a f i e l d  survey. These records, 
wh i l e  not inc luded herein, i nc lude  h i s t o r i e s  of .the heat pumps, heat pump u n i t  i d e n t i f i c a t i o n  
i n f o m a t i o n ,  warranty data, and serv ice  in fo rmat ion .  

The universe f o r  t h i s  study was de f ined as heat pumps covered f o r  a f u l l  t e n  years by the  
assured se rv i ce  program. The extremely l o n g  replacement l i v e s  o f  t he  heat pumps o f  t h i s  study 
showed t h a t  use of the .  above universe d i d  no t  b i a s  the  r e s u l t s  i n  any s i g n i f i c a n t  way. A 
t o t a l  o f  5,963 heat pump i n s t a l l a t i o n s  were i d e n t i f i e d  and these were subsequently d i v i d e d  
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i n t o  the three groups prev ious ly  mentioned. This s t r a t i f i c a t i o n  process a l loca ted  597 names 
t o  Group 1; 3,443 names t o  Group 2; and 1,923 names t o  Group 3. Each of these three groups 
was f u r t h e r  s t r a t i f i e d  i n t o  s i x  geographic regions w i t h i n  Alabama. 

To assure a h igh  l e v e l  o f  randanness and avoid the problem of p e r i o d i c i t y ,  the homeowners 
names i n  a l l  subgroups were reordered. More spec i f i ca l l y ,  the l i s t i n g  of names was changed 
from the o r i g i n a l  f o n a t  t o  one t h a t  alphabetized them. 

The sampling procedure adopted. f o r  t h i s  study was the s t r a t i f i e d  sampling technique. 
This method se lected fran every stratum a randan sample propor t ionate t o  t h e  s ize  o f  t h e  
stratum. For Group 1, i t  
was decided t h a t  a census (a sampling o f  100%) should be attempted because o f  the  small number 
o f  u n i t s  i n  the universe. For Group 2, i t  was decided t h a t  a sample of 1,000 would prov ide a 
sa fe ty  fac to r  o f  20 t o  1. I n  other  words, i f  a survey r e s u l t  shows 20X, the  odds a r e  20 t o  1 
t h a t  t h i s  r e s u l t  i s  accurate w i t h i n  2.6 points .  ..a census probably would cane out between 
17.4% and 22.6%. For Group 3, a sample s ize of 400 was selected. 

D i f f e ren t  sample'sizes were selected f o r  each of the three groups. 

Survey Quest ionnai re 

I n  order t o  ca r ry  out t he  research goals as wel l  as c o l l e c t  o ther  re levant  in fo rmat ion ,  a 
ques t ionna i re  was developed. The survey was s t ruc tu red  as a general heat ing  and c o o l i n g  
s tudy,  and the  pa r t i c i pan ts  and sponsors were not i d e n t i f i e d  t o  the homeowner i n  order t o  
a v o i d  b ias ing  o f  the responses. (1) 

Data C o l l e c t i o n  Procedure 

Data for t h i s  study were co l lec ted '  from the sample through telephone in terv iews.  The 
survey instrument was subjected t o  a series o f  pre-survey t e s t s  u n t i l  i t  was determined t h a t  
n o  major  f laws existed. The responses t o  .these pre-survey t e s t s  provided valuable i n fo rma t ion  
on t h e  f i n a l  wording o f  several questions. 

Survey . 
Because the  owners of 

some heat pumps had changed, attempts t o  l oca te  the  new owners were made us ing addresses. 
T h i s  resu l ted  i n  telephone c a l l s  t o  3,211 owners, of which there were 151 re fusa ls  and 1,010 
who could not be reached. There were 2,050 canpleted surveys; and 1,689 which were i d e n t i f i e d  
a s  v a l i d  by passing v e r i f i c a t i o n  and e d i t  rou t ines  t o  check fo r  survey s e l f  consistency and 
agreement w i th  the heat pump serv ice  program data base information. The survey was performed 
by an independent f i r m  normally engaged i n  market studies. 

- 
On June 13, 1984, the  actual  telephone ' in te rv iewing  cmmenced. 

Data Analys is  Procedure 

P r i o r  t o  data analys is ,  each in te rv iew  form was ed i ted  t o  assure t h a t  the  c o r r e c t  
procedure had been followed. A t  t h i s  t i m e ,  coded in fo rmat ion  was entered on the  fonn, which 
would l a t e r  be used t o  v e r i f y  t he  v a l i d i t y  and r e l i a b i l i t y  of the  i n fo rma t ion  being 
co l l ec ted .  The next step o f  the  process was t o  keypunch the  in fo rmat ion  f o r  f u r t h e r  
processing. Several computer rou t ines  were used t o  i d e n t i f y  in te rv iewer  e r ro rs ,  i n t e r n a l  
incons is tenc ies ,  and make ccmparisons w i t h  acceptance standards. Once an i n t e r v i e w  passed a1 1 
o f  these va l i da t i on  checks, i t  became. a pa r t  o f  the data bank. A l l  re jec ted  in te rv iews were 
checked t o  determine whether the problem could be resolved: Any in te rv iews i d e n t i f i e d  as 
unresolvable (353) were replaced w i t h  a new v a l i d  in terv iew.  

OVERALL SERVICE LIFE DISTRIBUTION 

F igure  1 shows the serv ice  l i f e  d i s t r i b u t i o n  based on an analys is  o f  the  data. The 1 a c t u a r i a l  d i s t r i b u t i o n  curve(!) i s  the  appropr ia te curve t o  use i n  p ro jec t i ng  the  expected 
l i f e  of any generic heat pump. The curve i n  Figure 1 . i ~  of great  s ign i f i cance,  s ince  i t  
i n d i c a t e s  tha t  t he  median serv ice  l i f e  (age when 50% of t he  heat pumps a r e  s t i l l  i n  operat ion,  
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and 50% have been replaced) o f  heat pumps i n  Alabama i s  approximately 20 years, as opposed t o  
t h e  more comnonly he ld  b e l i e f  o f  14-15 years f o r  a i r - c o n d i t i o n i n g  systems and even less f o r  
heat pump systems. Furthermore, a t  age 15, approximately 75% of a l l  heat pumps surveyed are  
s t i l l  i n  a c t i v e  use. 

Analysis o f  t h e  heat pump service program maintenance records has shown t h a t  on t h e  
average, a reasonable f r a c t i o n  o f  the heat mps w i l l  have requ i red  serv ic ing  a t  l eas t  once 
du r ing  t h e  f i r s t  t e n  years o f  operation.(!y The curve i n  Figure I i s  hence even. more 
s i g n i f i c a n t  because i t  conclusively shows t h a t  heat pumps i n  Alabama have very long serv ice  
l i v e s  desp i te  t h e  p r o b a b i l i t y  t h a t  by age 20, a number of t h e  ,heat pumps w i l l  have had 
serv ic ing ,  some major. I n  other words, compressor f a i l u r e  o r  o ther  major serv ic ing  c l e a r l y  
does no t  mandate e a r l y  ret l rement of t he  unit. If such major se rv i c ing  i s  c o r r e c t l y  

. performed, the  u n i t  should continue t o  operate s a t i s f a c t o r i l y  f o r  an extended per iod o f  time. 

SERVICE LIFE FOR VARIEMANUFACTURERS 

Figures 2 th rough 7 show the  service l i f e  d i s t r i b u t i o n s  fo r  manufacturers A, B, C, D, E, 
and (as a s i n g l e  group) F through V. Once again, t he  a c t u a r i a l  curves shown are the  
appropr ia te  curves t o  examine f o r  p red ic t i ng  t h e  expected p r o b a b i l i t y  of su rv i va l  o f  any g iven 
heat pump f o r  t h e  respec t ive  manufacturers. 

The f i g u r e s  show tha t :  

-- Manufacturer 6's heat pumps have the  longes t  serv ice  l i f e  with, on the  average, 
approximately 62% o f  the un i t s  expected t o  be i n  opera t ion  a t  age 20, and a median 
se rv i ce  l i f e  notably i n  excess o f  20 years. 

-- Manufacturer A's and 0 ' s  heat pumps have canparable se rv i ce  l i f e ,  w i t h  approximately 
5 2 4 3 %  o f  the  u n i t s  expected t o  be i n  opera t ion  a t  age 20, and a median service l i f e  
s l i g h t l y  i n  excess o f  20 years. 

-- Manufacturer C I S  heat pumps have s l i g h t l y  sho r te r  se rv i ce  l i f e ,  w i t h  approximately 
45% expected t o  be i n  operat ion a t  age 20, and a median serv ice  l i f e  o f  approximately 
19.5 years. 

-- Manufacturer E's heat pumps are few and the  curve i s  not r e l i a b l e ,  but the  observed 
behavior i s  cons is ten t  with the  o ther  heat pumps discussed above. 

-- Manufacturers F-V, as a group, have t h e  sho r tes t  expected serv ice  l i f e ,  w i t h  a median 
s e r v i c e  l i f e  o f  approximately 16years .  Note, however, t h a t  there  were l ess  than 173 
o f  t h e  var ious  brands F through V i n  t o t a l  i n  t h e  e n t i r e  survey sample, which i s  why 
they  were lumped i n t o  a s ing le  group. 

These d i s t r i b u t i o n s  are estimated from data pooled Over d i f f e r e n t  years o f  i n s t a l  l a t i o n  
f o r  each manufacturer. However, the  poo l ing  i s  acceptable because year o f  i n s t a l l a t i o n  does 
no t  appear t o  a f f e c t  serv ice  l i f e .  This i s  p a r t l y  due t o  the fac t  t h a t  market and other sales 
promotion a c t i v i t i e s  were found t o  have a major in f luence on the  decis ion t o  replace un i ts .  

The a c t u a r i a l  curves f o r  manufacturers 6 and E a re  f l a t  a t  h igher ages. This i s  a r e s u l t  
o f  the small numbers of heat pumps of  those manufacturers a t  h igher ages, none o f  which 
f a i l e d ,  and of t h e  weight ing given t o  age a t  replacement i n  t h e  ac tua r ia l  method o f  analysis.  
For a l a r g e r  sample of such heat pumps, the  curves would decrease a t  h igher ages. 

. ~. 

. 

EFFECT OF REPLACING ONLY WHEN A HEAT PUMP FAILS 

Since i t  was found t h a t  s l i g h t l y  l e s s  than h a l f  o f  t he  heat pumps replaced were s t i l l  
opera t iona l  when removed fran service, i t  was thought  use fu l  t o  est imate the service l i f e  
d i s t r i b u t i o n  t h a t  would r e s u l t  i f  a l l  heat pumps had been replaced only a t  t ime o f  f a i l u r e .  
Figure 8 shows both  the  observed ac tua r ia l  d i s t r i b u t i o n  (from Figure  1) o f  serv ice  l i f e ,  and 
t h e  speculated a c t u a r i a l  p ro jec t i on  o f  se rv i ce  l i f e  assuming u n i t s  were on ly  replaced a t  t ime  
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o f  f a i l u r e .  As expected, the  median heat pump se rv i ce  l i f e ,  if replacement were done only a t  
t ime o f  f a i l u r e ,  i s  considerably longer than the  20  years observed i n  t h i s  study, which serves 
t o  poi  n t  ou t  t h e  impact o f  homeowner pe r c e p t i  ons on the  rep1 acement deci  s i  on, and the  
in f luence that market ing and incen t i ve  programs can have on such decisions. 

CONCLUSIONS 

1. 

2. 

3. 

4. 

5. 

6. 

A t o t a l  of 96.4% o f  t h e  respondents surveyed were i d e n t i f i e d  as s t i l l  having heat pumps. 
another 1.6% repor ted l y  have other forms of e l e c t r i c  heat ing (possible r e p o r t i n g  e r r o r  - 
they  cou ld  a1 so have been heat pumps). 

A l a rge  percentage o f  the o r i g i n a l  known heat pump sample are s t i l l  i n  operation, w i t h  
more t h a n  50% o f  the  u n i t s  20 years o l d  s t i l l  i n  a c t i v e  use, 75% of the  u n i t s  15  years 
o ld ,  and near l y  100% f o r  u n i t s  10 years old. 

The median age t o  replacement (age a t  which 50% o f  t he  u n i t s  have been removed from 
service and 50% s t i l l  remain i n  serv ice)  i n  Alabama i s  approximately 20 years. 

The observed range o f  median replacement l i f e  was from 16 years t o  notably i n  excess o f  20 
years, w i t h  the  overwhelming ma jo r i t y  o f  the  surveys favor ing  the  longer l i v e s .  

There were no convincing d i f fe rences  i n  se rv i ce  l i f e  between younger and o l d e r  un i ts ,  due 
i n  la rge  measure t o  the  types o f  f a c t o r s  t h a t  were found t o  impact t h e  replacement 
decis ion.  

S l i g h t l y  l e s s  than 50% o f  the  r e l a t i v e l y  small  number o f  u n i t s  t h a t  were replaced were 
s t i l l  f u l l y  opera t iona l  a t  t he  t ime o f  replacement. Such replacements appear t o  have been 
mot ivated both by the  percept ion o f  expected l i f e ,  and by marketing and pranot ional  
e f f o r t s  o f  dealer/contractors and the  l o c a l  u t i l i t y .  

This survey has revealed t h a t  heat pump se rv i ce  l i f e  i n  Alabama i s  cons iderab ly  b e t t e r  
than a l l  values prev ious ly  publ ished by others. Furthermore, the  r e s u l t s  o f  t h i s  survey 
prov ide  conclusive evidence tha t ,  i f  p roper l y  performed, major se rv i c ing  o f  heat pumps does 
not appreciably degrade heat pump serv ice  l i f e .  Moreover, age o f  the  heat pump u n i t  a lone 
need no t  be a determining f a c t o r  i n  making a replacement decision. 
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Derivation of HVAC Units in Service vs. Age 
and Probability of Failure vs. Age 
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Years in Service 

Model of probability of failure within 12 months: 

Example: In year 10, 96.15 percent of units are still in service (a). 
In year 11,92.31 percent of units are still in service (b). 
In year 10, the probability of a unit failing within 12 months = 

(96.15 - 92.3 1)/96.15 * 100% = 4.0% 

In year 15, the probability of a unit failing within 12 months = 

(76.92 - 73.07)/76.92 * 100% = 5.0% 

In year 22, the probability of a unit failing within 12 months = 

(50.0 - 46.15)/50.0 * 100% = 7.7% 
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