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SUMMARY

The objective of this study was to estimate residential

market penetration of solar space and water heating devices ,

under varying cost assumptions , based primarily on an atti-

tudinal survey of consumers combined with probabilistic

estimates of constraining factors.

Specifically, a residential telephone survey assessed

the potential home solar market assuming alternative initial

and continuing costs to the consumer and olausible equipment

availability. The degree to which this potential would be

realized was tentatively assessed from informed opinion and

a review of other studies.

The scope of the study was limited in order to provide

results in time for possible incorporation with decision-

making covering legislative proposals. It is intended to

complement the more extensive studies based on alternative

approaches commissioned by the Government over a period of

time .

Market Penetration Estimates

The method of estimating actual market penetration was

behavioral; that is , the model consists of sequential decision

stages of the buyer , with the influence of supporting insti-

tutions considered at each stage. The first stage is having

a favorable attitude toward buying ; the second is being in

the market; the third is seeking to buy; and the fourth is

succeeding in purchase. Market penetration in a given year

was estimated by successively reducing the base of all

homeowners by the estimated percentage of potential buyers

who pass each decision stage. The residential survey results

were used for the percentage of homeowners favoring solar

iv



purchase in 1977, and this percentage was estimated for

1985. Subjective assessments were made for the percentage

reduction at successive decision stages.

First, these subjective assessments were combined with

the percentage of homeowners who favor solar if solar ener gy
costs and conventional costs were equal over the long run .

However, since the 1977 tax credit and future fuel savings

appear insufficient to offset initial costs and make solar

and conventional heating equal , market penetration was also
estimated for solar home and water heating averaging $20

more per month than conventional, and $5 more per month for

water heating alone. Market penetration estimates were also

made for savings of $20 and $5 per month .

Cumulative market penetration estimates for the most

reasonable assumption , that solar heating costs $20 per month

more over the long run ($5 more for water heating only) ,

are:

o 1.3% of all homes have a solar space and water

heating system by 1985; and

o 8.5% of homes have a retrofitted solar water

heater by 1985.

If solar and conventional heating costs are equal:

o 2.0% of all homes1 (new plus retrofit) have a

solar space and water heating system by 1985; and

o 14% of all homes1’ have a retrofitted solar water

heater by 1985.

1’To account for the uncertainty in our estimates , we calculated
the intervals within which we believe there is a 90% probability
the true value falls. The cumulative intervals are 0.5-11%
and 10-19%, respectively, for the equal—cost condition .

V
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If solar heating saves $20 per month ($5 less for water

heating only):

o 2.2% of all homes have a solar space and water

heating system by 1985; and

o 18% of homes have a retrofitted solar water

heater by 1985.

Two other investigators have also collected systematic

data on consumer receptivity to solar energy as a basis for

estimating market penetration. The population sampled and

sample sizes were similar to those of the present study.
Their results were generally consistent with those of the

present study .

Institutional Inquiry

In order to assess market penetration , it was essential

to understand the likely behavior of the institutional

segments of the solar market infrastructure . This under-

standing was achieved by a review of the available literature,

augmented by several interviews where some uncertainty

remained as to the likely behavior of certain institutions.
We concluded that there remains a high degree of uncertainty

regarding how rapidly developers and builders will install

solar space and water heating systems in speculative-built

homes and that their decisions will have a perceptible eff ect
on solar market growth. Interestingly , we encountered

no proposals for direct incentives to builders and developers.

These observations suggest a possible need to direct further

attention to this segment of the solar market infrastructure. 

~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -“--~~--~~~~~~~~~ .,~~~~~, , - .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .
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Survey Results

The telephone survey yielded completed interviews from

379 homes in New York City, Nobles County in southwestern
Minnesota , Santa Clara County in Ca l i fo rn i a ,  and Metropolitan
Washington , DC. These geographical areas represent contrast ing
economic and social contexts, and recent reports estimate
solar space or water heating is prwticable in each area and

available by 1985 or sooner. They were intended to be

representative of the U.S. except for the areas technically

least prom ising for solar energy .

The survey questioned residents about buying a home
with solar space and water heating . About two-thirds (68%)

of homeowners and renters who were potential homebuyers said
they would choose solar over conventional heating if costs were
equal over 20 year s,2 that is , if the added cost of the

solar-equipped home (downpayment , mon thly payments , etc.)
was exactly offse t over the 20 years by savings obtained by
using solar energy . If costs averaged $20 per month more
over 20 years , less than half  ( 4 4 % )  would choose solar, a
decrease of 24% from those who would choose solar if costs
were equal. If an average of $20 per month would be saved
over 20 years , f o u r — f i f t h s  ( 79% )  would choose solar, or 11%
more would choose solar than under the condition where
average costs were equal.  This part of the survey gave two
signif icant  f indings . F i r s t , of homeowners and renters who
are potential homebuyers , a substantial proportion expressed
willingness to shif t  to solar heating . Second , economic
incentives reducing total solar costs toward equal i ty  compared

2Economic studies arrive at various “ payback” in tervals ,
depending upon their assumptions and the incen t ive(s)  under
consideration . We found no “payback ” interval suitable for
this type of survey and b€havior modeling. Accordingly,  we
selected 20 years as a time period that the survey subject
would not f ind bothersome in responding to home-buying questions ,
and 10 years on water heating questions.

Vii
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to conventional energy costs over 20 years may influence a

substantial proportion of homebuyers to seek solar homes;

however , incentives which go beyond equality (e.g., relative
savings) are likely to yield smaller marginal gains beyond

that of equal cost in homebuyer will ingness to buy solar
homes.

A different approach was taken with one question in the

survey to establish the mean “indifference ” cost. Potential

homebuyers said they would be willing to pay an average of

$12 per month more for the next 20 years to have a solar home

rather than a conventional home.

In order to keep survey size within scope , only one
question referred to retrofitting homes with solar space and

water he~ - Owners of homes were asked if they would

serious -ider retrofit if the added cost were exactly

offse- ~~~~~ over 20 years , a condition which may be

less r~ a~ istic for existing homes than for new homes because

of the large ini tial cost an d short term of home improvement
loans. Half (48%) of homeowners would be willing to retrofit

under this condition .

The survey questioned homeowners about retrofitting

solar water heating. If the added cost of installing and

using a retrofit water heater is exactly offse t by savings
over a period of ten years , one-third (35%) of homeowners

said they would replace their water heater this year. An

additional one—fourth (24%) said they would replace with a

solar water heater if the old one broke down , thus , three-

fifths (59%) would be willing to buy a solar water heater

if they needed a new one and the cost over ten years was

equal. The survey also collected data for a cos t of $5 per
month more for solar water heating and for a saving of $5

per month , over the ten-year period . Lowering water heating

costs increases the percent favorable to the idea of buying
solar water heaters.

viii 
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An analysis was made of the reasons given by potential

homebuyers for and against buying a home with solar space

and water heating. The most frequent response for buying

was to conserve energy and other fuels. Economic reasons

were next most frequent both for and against. Lower utility

bills and cost savings led the reasons for. Total cost, in

which initial cost and running costs were most frequently

mentioned 1 led the reasons against. When asked which of the

reasons they gave against solar were cri tical , respondents
mentioned the newness of solar and its need to be proven ,

the need for inform ation and advice , and anticipation of

performance and maintenance problems , in addition to cost

criticality.

All respondents were asked if they were for or against

Federal financial help for installing solar units. Federal

assistance was favored by 78% while 10% said they were against

it.

The four geographical areas surveyed differed in willing-

ness to buy solar devices but the pattern was not consistent .

Residents with natural gas as their home fuel showed

greater willingness to switch to solar energy than did resi-

dents using oil, by 71% to 62% for potential buyers of solar

homes and by 54% to 33% for retrofitting space and water

heating.

Three-fourths of the residents to be sampled were sent

a three—page letter describing solar heating in the home ,

with pictures and diagrams , and listing advantages and dis-

advantages. Other residents to be sampled were given a

three—sentence description of a solar home heating system at

the beginning of their interview . All residents were inter-

viewed in the same manner. The group of respondents who had

received the letter and the respondents receiving the three-

sentence description did not d i f f e r  at all in will ingness to

ix
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buy a solar home or buy only a solar water heater. The

respondents receiviri~ the brief description were slightly

more wi l l ing  to re t rof i t  their homes with a solar space and

water heating system. The longer message did not affect

attitudes. The survey showed that most Americans are probably

already favor ably disposed and in most need of practical
help, particularly economic, performance, and experience

information. A public education and advertising strategy

emphasizing advantages and downplaying disadvantages might

backfire because such expectations might not be achieved.
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AN ATTITUDINAL STUDY OF THE HOME MARKET
FOR SOLAR DEVICES

1.0 INTRODUCTION

The general purpose of this study was to assist the

Federal Governrner~t in the choice of in itiatives to encoura ge
home owners to utilize solar energy . The specific objective

was to provide consolidated estimates of the penetration of

solar hea tin g devices into residential markets , wi th varying
financial incentives.

A review of previous studies reveals thorough analyses

of the physical technology of solar en2rgy and the economics

of the solar market. Information from current studies

brings the physical and ecororr.ic picture up to date coritin-

ually in a rapidly-changing context. Congress and the

administration have recently explored in depth alternative

economi c programs for marke t expansion of solar ener gy use .
Economic fea sibility of solar heating , in particular , has
been examined bec~ause a variety of practical devices and

systems are now in use. Conclusions about economic feasi-

bility vary widely (e.g., in cost of systems, and in rela tive
fea sibility for di f fe ren t regions of the coun try ), in part
because economic feasibility depends grea tly on two fac tors
which are very uncer tain : future cost reductions of solar
devices , and fu ture costs of al terna tive fue l s .

The other major uncertain ty on which successfu l  market
penetration of solar devices hinges is the disposition of
homeowners to opt for solar heating. Purely economic

forecasts do not account for beliefs and attitudes of consumers ,

which may turn market predictions awry. The major focus of

1



this study was to survey homeowner attitudes and dispositions

toward solar heating , given dif ferent cost levels and assuming
initial costs could be amortized over the life of the equip-

ment so no downpaymerit would be required .

The resi dent survey was supplemented by a rev iew of
findings of previous studies on the supporting institutions

whose cooperation is essential to the ra pid expansion of
solar heating . That review has been supplemented by personal

interviews with key individuals in what appear to be the

most critical institutions: utility companies , builders !

developers , and lenders.

The final task of the study was to analyze and synthe-

size new and existing information on homeowners and supporting

institutions. The synthesis is not a comprehensive review

of research , but rather an attempt to provide approximate

estimates of probable market penetration , given the current
beliefs and attitudes of prospective buyers of solar heating

devices. The results of this synthesis are presented in
the final section of the report.

2
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2.0 HOME RESIDENT STUDY

2.1 Approach

The study of residents was designed to answer the
following questions:

1. What are homeowners ’ attitudes toward the future

purchase of solar heating devices? Specifically ,

how willing are they to buy :

a. new homes with solar heating of space and

water?

b. solar heating retrofitted to their present

homes?

c. solar water heaters retrofitted to their

present homes?

(For economy ’s sake , water heating alone in new homes was
not examined. It represents far less potential energy

savings in the next ten years than any 3f the above three

ac t ions . )

2. How much does willingness to buy new solar homes

and new water heaters vary with the relative
economic advantage of solar and conventional
systems? Because public disposition to buy solar
is greatly a f f ected by the need for a lar ge initial
payment (acceptable payback periods have been
assessed to be five to ten years ), we have studied
public attitudes toward solar purchases wi th no
initial payment. This avoids the sticky problem

of asking people to tell us their discount value

3



of time , which others have found very d i f f i c u l t .
A tax credit is being given this year to help
offset the downpayrnent , thus reducing one of the
major obstacles to solar purchases. If there is
insuf ficient Government f inan cial aid , our assump-
tion of no downpayment is not realistic.

3. What are the primary reasons people volunteer for

accepting or rejecting the idea of buying solar

heating devices? Which reasons for rejection are

most critical?

4. How do the answers to the above questions vary

according to the location and background of the

respondents?

5. Does basic information on solar heating affect

willingness to buy and related attitudes?

Structured telephone in terviews were used to collect
data bearing on these questions. Several days before the

interviewing began , three-fourths of the residents sampled

were mailed a letter explainin g the purpose of the study and
asking them in advance for their cooperation in the telephone
interview. The three-page letter described solar heating in
the home , including pictures and diagrams, and listed the
advantages and disadvantages of solar heating for the pro-

spective buyer. Although the study was conducted by Decisions

and Designs , Incorporated (DDI), the letter was sen t directly
from the Federal Ener gy Adminis tra tion , and is shown in

Appendix A.

The one—quarter of the sample who did not receive the

letter were interviewed in the same manner as the letter

group, except that the respondent was given a short three-

sentence description of a solar unit for home heating.

4
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2 . 2  Sample

Approximately 400 home residents were interviewed by
telephone, yielding completed interviews from 379.  In order
to obtain this f ina l  sample size , we began i n i t i a l l y  with a
list of 750 names drawn randomly from telephone books in
four specific areas of the country . Every fourth name drawn
was arbi t rar i ly  assigned to the control group and received
no letter. In a great major i ty  of the cases f a i lu re  to
complete an interview resulted from f a i l i ng  to make contact
with a responsible adul t .  The number simply unwil l ing to
cooperate was very small , and we therefore inferred that the
bias in our results due to nonresponse was probably not

large.

The sample was drawn from four geographic areas repre-

senting contra sting economic and social contexts . All four
areas were drawn from the approximately 90% of the nation

for which solar water or space hea ting has been estimated to
be economically feasible by 1985 or sooner. The areas
sampled were :

1. New York City, where both fuel  costs and solar
load are high , with varied economic and social
conditions in an urban setting. The sample was
drawn from Queens and Staten Island , where a
majority of residents are homeowners .

2. Nobles County in southwest Minnesota, a rural
farming area not near any metropolitan area , with
high fuel  costs and high solar load.

3. Santa Clara County, Ca l i forn ia,  with moderate
climate , good solar insolation , and rapid growth
so that many new homes may opt for solar heating
in init ial  construction. The sample was divided 



evenly between San Jose , a city in the middle
economic range , and Palo Alto , a more af fluent
suburb . The Palo Alto area in par t icular  is an
area of both high environmen tal concern and con-
siderable activity in solar energy development .

4. Washington, D.C. area, where economical feasi-

bility and climate are moderate. The sample was

divided between downtown D.C., a central city
area , and northern Virgin ia suburbs .

The number of completed interviews obtained from each

area were as follows : Washington 84; New York 73; Minnesota

105; California 117.

2 . 3  Survey Instrument

Interviewers local to each area were trained for approxi-

mately two hours, including practice , to use the structured

interview form shown in Appendix B (Training and Recording

Guidelines are attached at the end of the interview.) The

f ina l  form of the interview was based on tryout and revision.

The interview contained both structured alternative
questions , and open—ended questions , the latter mostly
concerning reasons for accepting or rejecting the idea of
buying solar devices. Answers to open-ended questions were

categorized and all interview data coded , key punched, and
verified. Computer analysis included intercorrelations

among key attribute and background variables and cross-
tabulations, two variables at a time . The sample was not
large enough for more detailed breakdown .

6
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2 . 4  Nat ional  Results

The key finding was that quite substantial proportions

of homeowners expressed a willingness to buy solar devices.

Of course , wil l ingness  expressed to an interviewer is a fa r
cry from the actual behavior of purchasing the device , as
will be discussed in the section on synthesis of market

penetration estimates. Nevertheless , a receptive population

of homeowners and other users is a prerequisite for rapid
commercialization . Supporting institutions such as builders

and manufac turers will do their part only if they perceive
an increasing number of homeowners to be interested in solar

heating .

2.4.]. New solar homes - Renters were not asked about

wil l ingness  to buy solar home s unless they said they were
planninq to buy a home witniri the next two years. These

constituted about 10% of the potential hornebuyers in the

sample, the rest being homeowners. About two-thirds of

potential homeowners said they woul d choose a solar home
over a conventional home if the l i fe  cycle costs were equa l
over a twenty-year period (Question No. 7). Slightly less

than half (44%) said they would buy a solar home if the

life—cycle cost averaged $20 a month more for the solar home
for the next twenty years. Economic incentives which redUce
the current ly  greater l i fe—cycle  cost of solar homes toward
equality with conventional home s may inf luence a significant

proportion of home buyers to choose solar heat ing if it is
avai lable .

However , Government economic incentives which go

beyond equali ty in twenty—year  l i f e  cycle costs are l ikely
to yield smaller gains in wil l ingness  to buy solar. The
survey found that  increasing the economic advantage of the
solar home from equal i ty  to $20 per month in savings for the
solar home would convert an additional 11% of homebuyers to
the idea of buying a solar home .

7
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These f indings are summarized in Figure 2-1,
which shows the percent of potential homebuyers who express
a willingness to buy a solar home , as a function of the
relative l i fe  cycle costs per month of solar and conventional
homes. The three small circles on the solid line curve
represent the survey results.  The curve itself is a projec-
tion of these estimates for other relative cost levels. The
current actual relative costs of solar homes probably varies
from equality to over $80 per month more for solar homes.
We have projected our estimates to $40 per month more as a
very rough approximation of average additional cost per
month for solar homes currently being sold.

Average Relative Cost of Solar per Month

$40 $20 $20
More More Equal Less

100
U,

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  -
- 90%

80 
- 
- ~~ 22—~ 

‘
~ 

credible
- 68 ) interval

-
.

‘-3 — — 
— 

—

60

~~

~ 40
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Figure 2-1. Percent of Potential Homebuyers Wi l l ing  to
Buy a Solar-Heated Home , for  D i f f e r e n t
Relative 20-Year Life-Cycle Costs of Solar
and Conventional Homes (The X is at the
mean ind i f fe rence  cost , $12 more)
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~ 
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The dashed line curves on the graph express

uncertainty regarding our estimates. Specifically , we feel

that it is highly probable (90% chance of being right) that

actual percent of homeowners favorable to the idea of buying

solar homes f a l l s  in between the dashed l ines.  The range or
interval between the dotted lines we call the “90% credible

interval. ”

The survey results do not necessarily provide

the best estimate of public attitudes toward buying solar.

Nevertheless , we have accepted the survey results as our
best estimates (the solid line ) and have not adjusted these
upwards or downwards to allow for any net overall bias , on

the assumption that error in one direction is as likely as

another. Underestimates in disposition to buy may have

occured because respondents did not fully appreciate that no
initial outlay of cash would be required . (See wording of

Questions 7, 18, and 24 in Appendix B.) On the other hand ,

this possible bias downward may be offset by comparable
- overestimates of willingness to buy , since repondents willing

to be interviewed tend to want to be agreeable and to give

answers that they think are expected , especially if they are

unsure of their feelings. These two kinds of error would

tend to offset each other.

Question No. 13 represents a different approach

to estimating willingness to buy at different relative

costs. In this question , the respondent was asked what
d i f fe rence  in cost between solar and conventional homes
would make the two about equally good buys . Two-thirds
of the potential buyers were able to understand and answer
the question sa t i s fac to r i ly .  The mean “ i nd i f f e r ence  price ”
given by those answering was about $12 more per month for
the solar home ; that is , on the average potential homebuyers
say they would be wi l l ing  to pay $12 per month more for
the next twenty years to have a solar home rather  than a

- -  
. - •

~~
-
~~~~~~~~~~~~~
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conventional home. If this indifference price is entered in

Figure 2-1 on the 50th percentile (see the point labeled X),

it suggests that our estimates of willingness to buy based

on the earlier form of question may be slightly high .

For those respondents who said they woul d buy
the solar home if the life cycle costs were equal , the mean

indifference price was about $22 per month more for the

solar home. For those who said they would buy the conven-

tional home, the mean indifference price was about $16 per

month less for the solar home.

2.4.2 Retrofit home heating — Retrofitting existing

homes to provide total home heating is generally considered

less feasible for rapid commercialization than solar heating

of new homes or than retrofitting solar water heaters. For

this reason we did not investigate willingness to retrofit

home heating under a variety of costs . We did ask home

owner s if they woul d ser iously con sider install ing solar
heating in their present homes if installation costs were

spread over the 20 years and life cycle costs were zero;

that is, the monthly cost of pay ing for installation and
maintenance was exactly balanced by monthly savings in lower

heating bills. (No downpayment was mentioned or assumed.

See Question 18 in Appendix B.) About half of the home-
owners (48%) said they would be willing to retrofit home

heating under these conditions . However, the likelihood of

zero life-cycle costs for retrofitting home heating is

ra ther small , owing to high installation costs and the short
time period of home improvement loans. Even if fossil fuel

costs rise rapidly, a significant penetration of the retro-

f it home heating market may be doubtfu l  unless the lar ge
initial cost can be amortized over a period of 20 years or

more . Thi s suggests exploring practical ways to subsume

installation costs into existing home mortgages .

10
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2 . 4 . 3  Re t rof i t  water heaters - Homeowners were even
less inclined to replace their water heaters (unless they

broke down), given zero ten-year life—cycle costs , than they

were to retrofit home heating given zero twenty-year life-

cycle costs. About 35% said they would replace their

present water heater this year with a solar water heater

under these conditions. An additional 24% said they would

be willing to do so if the old water heater broke down .

Thus, around 60% might be willing to buy a solar water

heater if they felt the need for a new water heater.

Figures 2—2 and 2—3 show the results for differ-

ent ten—year life—cycle costs of retrofitting a solar water

heater , where lower utility bills are included and thereby

reduce life-cycle costs. Figure 2-2 projects estimates for

those willing to buy in the next year regardless of the

condition of their present water heater.

Average Relative Cost of Solar per Month

$10 $5 Save
~ More More Equal $5

100

In

.~~&~ 80

~ 60
‘-.3

_~~~~~~~~~~~90%
— 

— 42 \ credible
40 

— 
— 
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Figure 2-2.  Percent of Homeowners Wil l ing to Buy Solar
Water Heaters this Year , for D i f f e r e n t  10-
Year Life—Cycle  Costs
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Figure 2-3 projects estimates given that the homeowner

feels the need to replace this water heater , either for
energy or operational reasons. As with new solar homes ,

lowering costs increases the percent favorable to the idea

of buying.

Average Relative Cost of Solar per Month

$10 $5 Save
More More Equal $5

100 -

U)

.c 80
1 90%

.
~~~~

) credible

60 _ _ _ _ _ _ _ _ _ _ _ _ _  

; interval

Figure 2—3. Percent of Homeowners Willing to Buy Solar
Water Heaters th is  Year , if a new Water
Heater were Needed , for Different 10—Year
Life—Cycle Costs

-• 
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- 2.4.4 Reasons for accepting or rejecting the idea of

solar - Among the 2/3 of potential homebuyers who expressed

a preference for solar homes , given equal life-cycle costs ,

two types of reasons were mentioned by a majori ty of respon-
dents: to conserve energy and other fuels , and cost savings

through lower utility bills. The fact that solar would

provide a clean environment was cited by 15%. No other

favorable reason was given by as many as 10%. Other reasons

mentioned by at least 5% were : interest in a new idea;
depending less on utility companies ; and the belief tha t
solar uni ts mi ght require less main tenance than others .
Reasons for and agains t buyin g new solar homes , and their
f r equen cy of mention , are shown in Table 2—1.

Those who chose a conventional over a solar home
most often mentioned costs as a reason against, solar. This

suggests they did not understand the question , or at least
ignored the condition we specified that life—cycle cost

would be equal for 20 years. It is likely that at least a

few responden ts misinterpreted this to mean monthly cost
after an initial payment. Our intent was to assume no

initial payment and the spreading of initial costs over the

20 years evenly. In any case, the results show tha t costs,
whether they are initial or long-run , are the most salient

issue in the minds of people considering the possibility of
solar-heated homes.

Other reasons men tioned by at least 1/ 4 of the
respondents rejecting solar were : concern over performance
problems or maintenance , service warranties , etc.; not

knowing enou gh about solar , or wan ting more advice before
deciding; and the belief that solar heating is too new or
different or odd looking and must be proven worthwhile

before they would accept it About 10% of the rejectors

were simply satisfied with what they have now and saw no

need to switch to solar. Another 10% judged they were too

old to be in the market for a new home , solar or not. 

~~~~~~~~~ - -~~ -



Number
of

Responses Reasons for Solar

100 Conserve energy and other fuels

92 Cost savings , lower utility bills

13 Innovative , likes new idea

12 Other

11 Depend less on util ity companies
9 Low maintenance , trouble-free

8 It is coming anyway

3 Higher resale value of home

Number
of

Responses Reasons against Solar

63 Costs, total

(12) (Initial costs)

(7) (Long-run costs)

37 Other

28 Don ’t know enou gh , need advice before buying

27 Performance problems , main tenance , warran ties
20 Too new or di f f e rent, must be proven
11 Like house I have now

9 I’m too old to buy new home
6 Unsafe
6 Climate , weather
3 Back-up heat source needed

TABLE 2-1: FREQUENCY OF REASONS GIVEN
FOR AND AGAINST BUYING A SOLAR HOME

14
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Almost all those who thought solar was too new

and must be proven also said this reason was critical , and

they would not change their min d unless it were proven to be
worthwhile. About 1/2 of those that said they needed to

know more listed thi s reason as cri tical , and about 1/3

mentioning performance problems indicated that to be a

critical requirement for char1ging their minds. Similarly,

about 1/4 of those mentioning costs described this require-
• inent as critical.

The reasons given for rejecting the idea of new

solar homes shown in Table 2—i were also given with similar

relative frequency as reasons against retrofitting space

heating or solar water heaters to their present homes. In

addition , the other objections mentioned by five or more

respondents are shown in Table 2-2.

In addition to the reasons volunteered by the

respondents for their choices , all homeowners were asked two
explicit questions concerning doubts about solar heating.

In Question #14, homeowners were asked if they fel t solar
heating was presently too new and experimental for them to
risk buying it. Fifty-three percent thought it was and 38%

thought it was not. (A much smaller percent volunteered

this reason , as shown in Table 2-1.) Over half of those who

thought it presently too risky had indicated in Question 7

that they would buy a solar borne if life-cycle costs were

equal. This may indicate that residents do no,~ yet believe

that life—cycle costs are equal , or it simply may be that,

as of ten happen s, stating the question in a different way
yields different results . On the positive side , about half

of those who said they would buy solar homes if life-cycle

costs were equal think it is not too risky right now .

15
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Home Water
Heating Heating Reason

18 4 Age or poor condition of home

13 3 Physical layout of home ; space
shortage

8 2 May leave or sell home soon

0 12 Utility costs not worth bothering
about

TABLE 2-2: NUMBER OF RESPONDENTS
GIVING MAIN REASONS AGAINST RETROFITTING
(EXCLUDING REASONS SHOWN IN TABLE 2-1)

The other direct question (#21) asked if they

felt that installing solar heating in their present homes
would demand too much of the ir own time and ef fort . About
57% of the homeowners answering this question said that it

would not be too much time and effort.

2.4.5 Renters - Renters were asked if on the whole

they f avored solar heating of home s , and 85% said yes.

2.4.6 Attitudes toward Federal incentives - All res-

pondents including ren ters an d homeowners were asked near
the end of the interview if they were for or against Federal
financial help for installing solar units (*27). About 78%

said they favored such Federal programs while 10% said they

were against them.

2.5 Results by Location and Background

The four areas sampled differed somewhat in willingness

to buy solar devices but the pattern was not consistent .

About 80% of the California sample said they were willing to

16



buy a new solar home , while in the other three locations
percentages all fell  between 60% and 6 4 % .  Willingness to
buy new solar homes was higher in suburban communities than
in urban, small town and rural communities by about the same
margin. Californians also showed a greater will ingness to
install heating systems in their present homes than horn~-
owners • in other locations , but the d i f fe rence  was less
pronounced than in the case of new homes, as shown in Table
2—3 .

In willingness to buy solar water heater s for their
present homes , New Yorkers showed the most favorable response ,
50%, with Cal ifornia at 4 1%, the D.C. area 30% , and Minnesota
23%.

Total Home Heating

Retrofit
Location New Home Retrofit Home Water Hea ter

DC 62 53 30

NY 60 45 50
MN 64 38 23
CA 80 59 41

TABLE 2-3: PERCENT WILLING TO BUY SOLAR HEATING ,
BY GEOGRAPHIC LOCATION
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The most striking difference among locations came in

response to the question as to whether installing solar

heating would demand too much of their own time and effort.

About 91% of Californians said that it would not be too much

trouble , compared to 57% for all four areas combined .

There was a regular relation between willingness to buy

new solar homes and how soon the responden t expected to be
in the market for a new home , as shown in Table 2-4. Those

expectin g to buy in the nex t two years favored solar more
than those who never expected to buy another home (84 %
versus 62%).

Residents with natural gas as their home fuel showed

more willingness to switch to solar than did residents using

oil , electric , or other fuel s, as shown in Table 2—5. This

may re f lect the general awar eness that na tural  gas wil l  soon
be in short supp ly an d prices may r ise more ra pid ly than for
other fuels. The type of structure that the respondent

lived in (single—family versus multiple-unit building)

showed no relation either to wi l l ingness to buy solar home s
or to retrofit heating in the old home.

Age of respondent was slightly related ~o willingness
to buy solar devices in tha t the youn ger were generally more
interested than the older groups . Higher-income respondents

tended to be somewhat more interested in retrofitting home
heating and water heaters , but there was no relationship

between income and interest in buying a new solar home .

2.6 Effect of Information

Those who received and rea d a letter given basic infor-
mation on solar heating generally reported more favorable

attitudes toward buying solar devices than those who were

18
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Minimum Number of Years Number Percent
Before Buy New Home of Cases Wil l ing

0—2 50 84%

3—5 39 77%

6—25  31 68%
Never 127 62%

TABLE 2-4: PERCENT WILLING TO BUY SOLAR HOME
BY HOW SOON THEY EXPECT TO BUY A NEW HOME

Total Heating Water Heater

No. New Retro- No. Percent
Type Fuel Cases Home fit Cases Willing

Gas 180 71% 54% 186 37%

Oil 63 62% 33%
Electric 10 * * 53 23%

Other 5 * * 4 *

*Too few to estimate

TABLE 2-5: PERCENT WILLING TO BUY SOLAR HEATING
BY TYPE OF FU EL USED CURRENTLY

19
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sent the letter but had not read it at the time of the

interview. This is an expected result. Some of those who

did not read it probably were not interested in solar heating.

If the entire letter group is combined , including those who

read and those who did not read the letter , results for the
letter and control groups do not differ at all in willing-

ness to buy a new solar home or a solar water heater. In

the case of r e t ro f i t t ing  home heating , the control group is
slightly more willing to retrofit than the letter group .

Perhaps the information in the letter reminded people of
more retrofitting problems than advantages.

The finding that a balanced message listing both

advantages and problems does not markedly change attitudes

is somewhat reassuring that the public is not grossly mis-

guided either for or against solar . Or else , their mis—

conceptions for and against solar cancel each other out in

the aggregate. There appears to be little reason for an

educational campaign designed to produce favorable attitudes

in that most Americans are probably already favorably dis-

posed. Furthermore , a campaign emphasizing the advantages

and downplaying disadvantages might backfire with good

reason when angry consumers discovered the disadvantages at

their own expense. A more sensible function for information
would be to provide practical help to those interested in
buying or installing solar energy devices , especially in the
areas of costs, f inancing , and performance warrant ies .

20
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3.0 INSTITUTIONAL SUPPORT

The second focus of the study concerned the beliefs and

attitudes of key persons in the supporting institutions
whose cooperation is essen tial to rapid expans ion of solar
heating. In our behavioral approach to estimating probable

market penetration , attention is directed mainly to the key

actors in the market. Home buyers and owners may be pre-

disposed toward solar heating, but real ization of this
sizeable market potential is conditional upon availability

of the institutional support. What then are the barriers

perceived and what is the probable response of the institu-

tional elements of the solar market infrastructure?

A preliminary review of the existing information identi-

fied the institutions related to the home solar market. The

institutions of interest included :

Developers and Home Builders

Lending Institutions

Utility Companies

State an d Local Governments
Solar Desi gner s, Manufactur ers , and Distributors
Archi tects
Ins tallers and Repairmen
Insurance Compani es

The preliminary review also indicated that builders/

developers, lenders , and utilities were those enabling

institutions for which additional up—to-date information was

most needed to assess behavioral attitudes. Owing to resource

limitations, the method of inquiry was to acquire and rev iew
additional recent documents and to conduct a small number of

telephone interviews and personal visits in the Washington ,

D.C. metropolitan area.

21
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The information developed in the inquiry was used in

the behavioral model described in Section 4.0, for estimating

the fraction of those seeking to buy solar-equipped homes

who will succeed. Also , our analys is of the information
resulted in four observations we believe worth noting.

First, the developer and home bui lder can have a ma jor
in f luence on the growth of the solar home market because
they will make the decision on the type of heating used in

new homes which are built for the speculative home market.

This represents a substantial number of homes. Second ,

there is an indication that the developer/builder sees the

major barrier to accelerated installation of solar heating

in new homes as his inability to obtain warranties and
guarantees on equipment and workmanship. Third , we observed

that the developer and home builder do not appear to be

offered direct incentives in any of the programs discussed

in the literature reviewed in this inquiry . Fourth , we
believe that there is greater uncertainty about when and how

the developers and builders will act than how lenders and

utilities and the other supporting institutions will act.

The developer/buil der , lending institution , and utility

company inquiries will be discussed in greater detail in the
remaining paragraphs of this section.

3.1 Developers and Builders

In recent years, developers and bu ilder s have played a
key role in the introduction of new equipment or materials

in the home. Our three supplementary interviews and our

review of the informa tion in recent studies and reports made
this point clearly.

As one executive of a ma jor Wash ington , DC area developer/

builder put it: “Look at the experience wi th cen tra l air-
conditioning. Once we offered it as a standard in our
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houses , almost overnight a luxury became what all buyers
expected. Today , only the lowest cost developments in this

area might not have it. Central air-conditioning was an

option , like fireplaces and extra baths , a few years ago--

now it is expected , and the $1,000 we include in the price

of the house gives nobody any sweat.”

From another part of the solar market infrastructure--

lenders : “ . . . as in other housing innovations , they
(lenders) identified the builder as the key figure in deter-

mining the rate of market acceptance. As one lender observed ,

electric utility companies had made it ‘in the builders

interest’ to build electric—heated homes, and builders had

constructed such homes and ‘sold ’ lenders and buyers on
them. Similarly, natural gas suppliers in his area had made

it ‘in the builder ’s interest’ to build gas-heated homes ,

and builders con structed such homes and ‘sold ’ lenders and

buyers on them.”1

Will developers and builder s play a similar role wi th
respect to solar hea ting of home s? It appears likely . The
larger developers and builders are looking and experimenting

and the innovative builders are beginning to act. A special-

ist in the Technical Services Department of the National

Association of Home Buil ders commented , “Sure it ’ s coming.
A buil der in Virgin ia Beach is now using solar heating and
hot water as a standard item in his homes. He manufactures

the equipment himself. Another builder , in Columbia , Missouri ,
offers  it as an option . And of course there are big solar
ef f or ts in Florida and Colorado. ”

1Regionai and Urban Planning Implementation , Incorpora ted ,
Home Mort9age Lending and Solar Energy, prepared for HUD
and ERDA (Cambridge , Massachusetts , February 1977).
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But all is not sweetness and light. From a Washington ,

D.C. developer: “Things are changing. We ’re feeling pressure

from consumer , government , and conservationist about energy .

We want to respond in a responsible way . Today , local

insulation is heavier than we used in New England a few

year s ago . On our own , we ’re putting in heat pumps, which

conserve on heating but not cooling costs. We ’re not being

coerced , we think its good , we want to lead , and it sells.

But solar hasn ’t had enough exposure. It isn ’t a simple

system. There are a lot of disparate pieces. Nearly every

week salesmen call who say they ’ve got great stuff , but they

hesitate when I ask about guarantee. It’s available all

right , and installation is possible , but there are still a

lot of technical problems . When we can put in solar without

jeopardizing our reputation , can back up a warranty, and

service it , then buiider~ will go for it. ”

The developer and builder has several other concerns.

The size of the residential home market is pyramidal with

cost, and builders are established in a certain cost band of

the market. The addition of solar space and water heating

adds a significant amount to the cost of the house , thus a

builder can apparently find himself priced out of his normal

market. However , the economic incentives being considered

for the buyer may reduce this problem , or the builder could

build a smaller house to stay in his price range , or the

investment cost of solar equipment may be reduced . In any

even t, the early resolution of these uncertainties about
costs can be expected to make developers and builders

decisions easier.

There is concern about the developer/builder and customer

interface. What can the prospective buyer be told about

utility costs, the appearance of the home , covenants , operating

and maintenance problems? Answers to these kinds of questions

24 
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are being thought out, and there is confidence this area
will work itself out as progress is made in other areas.

There is also the question of industry standards.

Again , these are being worked out in a timely manner.

Intermediate performance-type standards have been developed

and published in the Federal Register. The Sheet Metal

Industry has published an installation standard . The area

of standards is being worked on by HUD and the American

National Standards Institute , and it does not appear to be a

significant barrier for the future. Builders recognize the

need to ensure safety and health , but they also indicate

their need for flexibility and freedom from excessive red
tape .

We encountered no proposals for direct developer or

builder incentives in our review . Also , in response to a
direct question , one very “involved” r~eve1oper responded

that he was not aware of any.

In summary , our inquiry shows that equipment reliability
and all aspects of cost are the most important uncertainties
from the developer and builder point of view. They appear
relatively confident that other concerns are being addressed

and will not cause delay . Their outlook is cautious but

optimistic.

3.2 Lending Institutions

The activities of lending institutions must be con-

sidered in any behavioral model of the solar home market.

Obviously, an inability to obtain financing for new homes or

home improvemen t with solar heating woul d hin der mark et
growth. Our inquiry shows lending institutions pose no a

priori deterrent to the borrower insofar as solar heating is
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concerned . It is a moot question whether lenders will

require more stringent thresholds on loan-to-total cost

ratio, term of loan, or interest rate , although it is likely
that there will be differences in standards and criteria for

financing.

Recent studies2’3 show that the activities of lending

institutions in the solar energy market for single—family

residences is developing along the lines experienced in the
past with other innovations . Risks are being evaluated in

much the usual manner and financing is being obtained for

solar homes today .

When an individual homeowner is to be financed , the

lender has absolute assurance that the cost of solar is

worth the going price to at least one consumer. When a
developer requests a loan , the lender has assurance the

developer has professionally evaluated both the technical
performance and marketability of the solar system . These

are normal aspects of the business and the studies indicate

that lending institutions will view solar applications with

this kind of outlook.

Of course, experien ce and the incentives which come
into being will have an effect on financing. As would be

expected at this early stage, surveys have shown that suc-
cessful borrowers have obtained loans where the loan ,  as a
percentage of the total cost of the house , was lower than

average. Also , homes tended to be in the more expensive
range , borrowers were in the upper income bracket, and the

3Federal Energy Administration , Lender Impacts Upon Energy
Conservation in Buildings, FEA/D-77/l26 (Washington , D.C.,
February , 1977).
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borrower often had an established relationship with the

lender. Successful experience with solar home heating will

tend to eliminate these kinds of differentials , increasing

the ease with which financing can be obtained even without

incentives.

As the solar market gathers impetus , lending institu-

tions are very unlikely to pose any abnormal barrier to
market growth. As in the past, credit worthiness and market-

able equity will be the criteria determining success or

failure of the loan applicant.

3.3 Utility Companies

The utility companies a~~ 1ook~d to for assured avail-
ability of energy at reasonable cost. In the coming solar

market, electric utilities must provide the power to run

parts of every solar heating system (motors and controls ,

for example), and they may be called upon to provide backup
— 

heating energy when the primary solar energy source is

insufficient. The gas utilities may also be a source of

backup energy . Our review showed that the utilities are

currently well—informed and have the analytical tools with

which to approach their problems as solar heating system

design and use progre sses to the point where the exten t of
their role is more clearly def ine d .

Although there is considerable conjecture as to the
• impact of mass solar commercialization on utility attitudes ,

there is insuf f i c i ent operational experience upon which to
base precise conclusions. As one electric utility executive

explained to us: “Solar energy over the near-term , when
physical ly  disper sed over an opera ting region , simply make s
an ignorable impact upon operations. It is a non-issue and

likely to remain such for some time .” As another executive

put it , the question is “ how to serv ice a ‘heavy applian ce
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user ’ i:~ our system ” and time to handle growth of this

market is available. The focus , then , is on the economic
.Lr~p~ -~t of solar energy on the utilities. This has received

cons iderab le attention , mostly consumer-oriented , but our
review of the capital requirements of utilities merits

a brief discussion here.

The primary techni cal concern shaping utility behav ior
toward residential use of solar energy is its impact upon

peak-to-baseload differential. If the energy required to

supplement solar units is substantial and occurs during peak

diurnal or seasonal periods, the differential worsens and

additional generating and distribution facilities could be

required. Requirements for capital then become a near-term

issue , owing to the long facility construction lead times .

However , there are counterbalancing possibilities , such as

an overall reduction in total demand due to a shift to solar ,

or char ging heat storage tanks during off-peak nighttime
hours. Uncertainties do exist, but utilities appear capable

of responding to anything but explosive demand , which appear s
to be unlikely for reasons unrelated to utility attitudes or

behavior.

Interestingly , another capital-intensive utility alter-

native evoked unsolicited and consistent comment from both

utility and lender in our small sampling. The idea of

havin g the utilities own and lea se to the consumer , or to
finance residential solar uni ts , was viewed very negatively .
It would impose an immense , unreal istic capital requirement
on the utility and involve them in a new business. Lender

comment was emphatically against the latter.

In summary,  we belie~re it is unlikely tha t activities
of electric or gas utilities will pose any harrier  to meetin g

goals for expansion of the home solar hea tin g mark et .
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3.4 Conclusions

As was observed in the discussion of developers and
- 

builders , reliability of the equipment is a prerequisite for

acceptance and it must be proved. Assuming successful

experience with home heatin g , we have encountered no percep-
tions , con cerns, or actions in the supporting institutions
which mi ght prevent timely development of the solar home
market alon g the lines experienced in the past with other

- housing innovations.

We did conclude , for purposes of our estima te of buyer
success in acqu iring solar homes , that there remains a hi gh
level of uncertainty as to how rapidly developers and builders

will install solar space and water heating systems in specu-

lative built homes. Their actions will undoubtedly have an

effect upon the rate of growth of the solar market.

In terestingly, we encountered no proposals for direct
incentives for developer s an d buil ders to install solar
space and water heating .

29
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4.0 SYNTHESIS

4.1 Behavioral Approach

In contrast to the economic models being developed

elsewhere , our method of estimating market penetration is

primarily behavioral. That is, attitudes and decisions of
key actors in the market are considered in relation to their
timing and their joint effect on sales of solar homes and

solar devices. The framework is stated in sequential decision

stages of the buyer , with influence of supporting institutions

weighed at each stage. The four major stages prerequisite

to an individual purchase are surmised to be:

o Favor solar heating . Having a favorable attitude

toward the idea of buying solar rather than con-

ventional heating is the first stage , or rather ,

condition, and must be present throughout the

other three stages. This is the variable which we

estimated from the results of the home-residential

study. We would have combined our estimates with

those of other attitude studies at this point , but

the only systematic da ta ava ilable were collected
two years ealier , as discussed in the last section

of the symthesis.

o !~~~~e buyer market. The potential customer must

consider himself currently in the market and

looking for a new home (or a new heating system ,

or a new water heater ) before he will  seriou sly
pursue a purchase. Our estimate of percent of

residents in the home-buying market are based on

number of new homes sold in relation to total

homes and a guess that each year about twi ce as

30
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many residents are in the market as the number who

actually purchase new homes. For retrofit heating

and water heaters , the estimate is based on the

life expectancy of the existing equipment or

interest generated by the energy crisis itself.

o Seek to buy solar. Of those in the market and

favorably disposed toward solar (in the abstract) ,

only a portion will actual ly  seek to buy a solar
home or device. This is partly because at the

time they replace their equipment or seek a new
home , many buyers will be preoccupied with more
fundamental personal concerns and may not consi der
energy conservation at all. Or if they do , as in

the case of a broken water heater , for examp le,
they may consider it impractical given the time

necessary to install a solar unit. In the case of

a solar home, an important factor is likely to be

whether a solar home is seriously suggested as a

possibility by the realtor , builder , or architect.
The ra te of buyers seeking to buy solar is expected
to be much higher if it is suggested by the seller
or other key agent, than if no men tion of solar
occurs. Separate estimates of likelihoods and

contingent probabilities for these two cases were
a part of our estimation of the percent who seek

to buy new solar homes. Another important set of
factors is technical feasibility of the buyer ’s own
homesite for retrofitting. Many who favor the

idea of buying solar may f ind tha t orien tation of
the house , roof slope, aesthetics , space , shading ,

or structural problems make it impractical for

their particular home.
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o Succeed in purchase. Many who seek to buy solar

home s or devices will not succeed because of
contrary circumstances. This is an especially

powerful factor with new homes. Only a tiny

f r action of homebuyers could obtain a new solar
home this year even if they wanted to , because so
few are being built. Financing is another obstacle

estimated to eliminate about half of the would-be

solar home purchasers. For retrofit heating and

water hea ters, the equipment is much more avail-
able, and could be installed in most cases , but it
is estimated that a substantial fraction wil l  not
go through with the purchase because of inadequate

performance guarantees or warranties.

For each of the four stages , an estimate was assembled

of the percent of homeowners who would pass that hurdle in

1977 and a separate estimate of each factor for the year

1985. These are shown in Table 4-1 for the assumption of

zero life-cycle cost of solar compared to conventional

heating. All estimates must be considered rough approximations ,

and those in stages 2 to 4 should be considered as preliminary

and in need of more detailed examination.

The marke t penetra tion in a given year was estimated by
successively reducing the base of all homeowners by the
estimated percent of potential buyers who pass each hurdle.
That is , the net market penetration estimate below the
bottom line is the product of the four percent estimates
above it. From the yearly penetration estimates of Table 4-1 ,

we estimated cumulative market penetration in 1985 (next to

last line) by assuming the intervening years to fall in a

gradually accelerating growth curve of sales in the intro-

ductory period of innovation. In the case of home heating ,

the most meaningful cumulative penetration is that for the

total population of homes; i.e., 1.2% + 0.8%, for a total by
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1985 of 2 . 0 % , given no greater life—cycle cost for solar
than for non-solar homes, and no greater downpayment. The

corresponding estimate of cumulative penetration by 1985 for

retrofit water heaters is 14%.

In order to assess more accur ately the degree of uncer-
tainty of these estimates for each entry in Table 4-1, we

also estimated a 90% credible interval (i.e., that interval
within which we believe there is a 90% probability the true

value falls). The credible intervals (CI) were then combined

by techniques deve loped by Brown 1 in order to provide the CI
shown at the bc :tom of Table 4-1 for net market penetration

and for 1985 cumulative market penetration . The technique

for combining CI’S is presented in Appendix C.

Tables 4-2 and 4-3 show the comparable estimates (with-

out Cl’s) of market penetration of total heating in new
homes an d retrof i t wa ter heaters , assumptions that life-
cycle costs are not equal for solar and its alternative .

Table 4-2 shows the estimates where solar heating is assumed

to cost more and Table 4-3 shows the estimates where solar

heating is assumed to cost less. The first row in each

table (% favor solar energy) is taken directly from our

survey results for 1977, projecting estimates for 1985. The

second , third , and fourth rows were transposed directly from

Table 4—1 in the belief that these values would not vary

appreciably within the range of costs considered here.

Credible intervals were not calculated but would be qui te
similar in width to those shown in Table 4-1.

The estimated cumulative penetration by 1985 for new

homes rises only slightly (1.2 to 1.3%) with savings of $20

1Brown , R. V., Research in the Credibility of Estimates
(Boston: Harvard University Graduate School of Business

Administra tion , 1968).
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Total Heating Water Heaters

New Homes Retrofit

Population Base: All Homeowners All HOmeowners

21 21

% Favor Solar 44 49 22 31
Energy

% in Market 6 6 17 27

% Seek to Buy 36 78 24 36
Solar

% Succeed in Solar .5 10 28 54
Purchase 

____ ____ ____ ____

Net % of Market .005 .23 .25 1.6
Penetration

% Cumulative 0.8 8.5
Penetration

TABLE 4-2: ESTIMATES OF NATIONAL MARKET PENETRATION
(EXCLUDING ABOUT 10% OF THE NATION UNSUITED TO SOLAR ENERGY )

GIVEN EXTRA LIFE-CYCLE COSTS OF $20/MONTH FOR NEW HOMES
AND $5/MONTH FOR RETROFIT WATER HEATERS ,

COMPARED TO NON-SOLAR ALTERNATIVES
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Total Heatinq rater Heaters

New HOmes Retrofit

Population Base: All Homeowners All Homeowners

22 22

% Favor Solar 79 87 47 67
Heat ing

% in Market  6 6 17 27

% Seek to Buy 36 78 24 36
Solar

% Succeed in .5 10 28 54
Solar Purchase

Net % of Market .009 .41 .54 3.5
Penetration

% Cumulat ive  1.3 18
Penetration

TABLE 4-3: ESTIMATES OF NATIONAL MARKET PENETRATION
(EXCLUDING ABOUT 10% OF THE NATION UNSUITED TO SOLAR ENERGY )

GIVEN LIFE-CYCLE SAVINGS OF $20/MONTH FOR NEW HOMES
AND $5/MONTH FOR RETROFIT WATER HEATERS ,

COMPARED TO NON-SOLAR ALTERNATIVES
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per month , but drops considerably to 0 . 8 %  if solar homes

cost $20 per month more. For retrofit water heaters, a $5

per month saving increases estimated 1985 cumulative pene-
tration from 14% to 18%, while a $5 per month added cost

lowers it from 14% to 8.5%.

Although we did not collect survey data on costs grea ter
or less than zero for retrofit home heating, let us assume
that a $20/month added cost changes attitude towards retro-

fit in the same way as toward new homes. We then derive an

estimated 1985 cumulative penetration of 0.5% for retrofit

homes. Combining the 0.5% for retrofit homes with 0.8% for

new homes yields an estimated 1.3% cumulative penetration by

1985, given $20 per month added life-cycle cost for 20

years. Thus , the $20 per month cost lowers estimated pene-

tration by about one-third (from 2.0% to 1.3%).2 The corres-
ponding estimate , given a $20 per month saving, is that 2.2%

of all homes would have solar space and water heating by

1985.

4.2 Comparison with Other Studies

Several agencies have convened small groups of resi-

dential and commercial energy users to discuss solar energy .

Issues and concerns expressed at those discussions were
quite similar to those reported here. At least two other

investigators have also collected systematic data on consumer
receptivity to solar energy as a basis for estimating marke t
penetration. Both drew their samples from the population of

single—family homeowners of moderate to high affluence.

Both used sample sizes similar to those of the present

study. The results were generally consistent with those of

the present study .

2A cumulative estimate of 1.3% combined with a projected in-
ventory of 85 million homes in 1985 yields an estimate that
1.1 million homes would have solar space and water heating
by 1985.
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The earlier of the two studies was conducted in 1975 by
a Cal i fornia gas and electri c utili ty company . They foun d a
high awareness of solar ener gy in general .  At tha t time ,
respondents grossly underestimated the price of sol ar home
heating systems, a median estimate being about $2 ,500 , or

1/2 to 1/4 the current estimates of average solar home
heating system costs . Given their own economic assumptions ,

59% of the homeowners said they would be willing to buy a

new solar home and 21% said they woul d be wil l ing to retro-
fit the heating system of their present home . These esti-

mates are a little lower than the present study , perh aps
because of the two-year interval in which solar energy

applications have become more widely known . If the respon-

dents had known the actual estimated installation costs , the

difference across this two-year period might have been even

greater .

Soun d an d thorou gh studies of consumer receptivity an d
mark et penetration of solar space and water heating devices
have been conducted by Jerome Scott.3 These da ta were
collected durin g the year 1976 , and , as in the present
study , a high percentage of respondents favored some kind of

Federal f inancial  help to residents purchasi~ng solar devices;
most of these preferred a tax credit to either a low-interest

loan or a tax deduction. He found , as have others , that

when prices are stated in terms of years to pay back initial

cost, the majority state their maximum acceptable payback -

period to be less than ten years.

3Scott, Jerome , Solar Water Heating. Economic Feasibility,
Ca~ture Potential and Incentive, Final Report to National
Science Foundation , Grant No. APR 75-18330. (Newark :
Un iversity of Del aware , 1977).
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Scott obtained estimates of willingness to buy solar

devices by direct questions similar to ours , except that he

presented respondents a greater variety of economic conditions

and stated explicit assumed initial costs, alternate fuel

costs, financing conditions , and government incentives. In

a conjoint utility analysis , he asked respondents to rank

order the 32 different purchase options combining different

combinations of these variables; and then by regression

analysis , he determined the relative weight of each variable
in each respondent ’s judgments of the values for a solar

water heater (a similar study was done earlier on solar

heating of homes).

He also used the data to project demand curves for both

retrofit and new home installation of water heaters as a

funct ion  of d i f f e r e n t  i n i t i al  prices of the water  heater
($500  to $ 2 0 0 0 ) .

Us ing  the above data to estimate in i t i a l  market  pene-
tration , and estimates of the number of years required to

reach this level , he then derived estimates of market pene-

tration each year by assuming a logistic growth curve for

sales of solar water heaters. In choosing the theoretical

curve for estimating time to achieve initial and maximum

penetration , he gave careful consideration to the similarity

of solar water heaters to other new products in the heating

and air conditioning fields.

Using his expected product sales growth curve for

annual projections , Scott estimates that 3.1% of the single-

family homes will have retrofit solar water heaters by 1985 ,
if there is no tax incentive or other Federal financial

help. The estimate for 1985 (cumulative) is 10.2% with a

tax incentive of $350 applied to a $1400 solar water heater.

This is quite consistent with our own market penetratio~
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estimate of 8.5% derived by entirely different methods.

That is, converting Scott ’s economic assumptions to a ten-

year life—cycle cost (including utility bill savings) with

initial purchase distributed over that interval , gives a

cost of about $5/month if an immediate $350 tax credit is
augmented by its discount value , and $10/month with no tax

credit. Our 1985 estimate with Scott ’s $350 tax credit

($5/month cost) is about 8.5% cumulative penetration , and

with a $700 credit (zero monthly cost) about 14% cumulative

penetration by 1985 (see Tables 4-1 and 4-2). Thus, our
8.5% cumulative penetration corresponds to Scott ’s 10.2%

under similar economic assumptions. Although there appears

to be fairly close correspondence , there has to be a good
deal of coincidence in this correspondence in view of the
speculat ive na tu re  of the es t imates  and the wide u n c e r t a i n t y

ranges we attribute to our estimates.

Another major study of solar market penetration by

Arthur D. Little Company4 wa s nearin g completion concurren tly
with the present study. They project cumulative market

penetrations by 1985 of 1.1% for home and water heating , and

2.8% for hot water only (in new homes as well as retrofit),

given implementation of President Carter ’s national energy
plan , and much sma ller percentages with no Federal inter-
vention. It is not clear what cost levels for the homeowner

these two cases entail. If the estimates for the national

energy plan case are simil ar in cost level to Scott ’s $350
tax credit and our $5 per month life—cycle cost , then the
Arthur D. Little estimates of market penetration are clearly

more pessimistic than ours.

4Arthur D. Little, Solar Heating and Cooling of Buildin9s
(SHACOB) Commercialization Report, Part B: Analysis of
~irket Development, Arthur D. Little Report W-80440 (Cambridge ,
Massachusetts , August , 1977)
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Our analysis  is based on the assumption that costs are

incurred by the householders evenly over the life of the

equipment. This might be achieved by a lump-sum tax credit

covering the downpayment or by a no-downpayment loan . In

the event that, as at present, a substantial portion of the

cost is borne at installation , penetration would no doubt be

materially slowed down.
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APPENDIX A

LETTER TO RESIDENTS SAMPLED

FEDERAL ENERGY ADMINISTRATION
~~ A~~H : \ GT O \  D C  2 4 ’

June 13 , 1977

Dear C i t i zen :

Within the next two weeks,  you wil l  probably get a telephone
call asking for your views on solar energy. The U. S. Govern-
ment is taking action to help meet the future energy needs of
the country. Knowing more about the views of the ~American
people will help us do a better job of planning . Your household
has been selected as part of a small random sample with the
hope you will be willing to answer a few questions. Everything
you say will be treated as confidential and anonymous. Your
cooperation is entirely volun tar y ,  of course , and would be
greatly appreciated . The purpose of this letter is to give
you some background information prior to calling you on the tele-
phone .

Solar Energy Systems

Direct use of the sun ’s energy to provide hot water and space
heating for homes and other buildings is now practical in many
regions of the U. S. It promises to become even more econonical
as the costs of fuel continue to rise and as solar units are
mass—produced on a larger scale.

The most common solar ener gy un it , shown in the enclosed
picture , uses a solar collector on the roof and a ..torage tank
for hot water within the building. Such a system is used for
both space heating and to provide hot water. The collector is
usual ly a f lat metal plate enclosed in an insula ted case in
which water flows through tubes or channels under a glass or
clear plastic cover . The sun heats this fluid , and a pump
circulates the heated fluid from the collector to the storage
tank. From there , the heat is then distributed throughout the
home for space heating by conventional means , i.e., air ducts
or hot-water baseboard radiators. After losing its heat , the
cooler water is then circulated back to the solar collector.
A smaller system will provide for the hot water needs of the
home.

Advantages

Solar energy will probably cost less than oil and electricity
in the long run . Utility bills will then be lower in solar
homes , and resale values may be higher .

The solar heating concept is rather simple; some homeowners
install their own units , and little maintenance is expected
for properly designed systems.

42



2

World gas and oil resources are being used up rapidly, can
never be replaced , and need to be conserved . Solar energy
is a renewa ble resource .

Solar energy can help us become more self—reliant and inde-
pendent as a nation. We depend heavily now on foreign nations
for oil , and they can put great pressure on our economy and
our international policies unless we become more self-reliant
in ener gy.

Solar energy does not pollute like fossil fuels and so helps
keep the environment clean.

A home with solar heat can be less dependent on utility com-
panies , more self—sufficient.

Disadvantages or Problems

Solar heating initially costs much more than conventional
heating; but as electricity, oil and gas prices rise , the
total operating costs of solar heating remain about the same
over the lifetime of the equipment. No one knows , however ,
how fast prices of electricity , oil and gas will rise. Con-
sequently, even with such fuel savings , it may be ten to twenty
years before you have paid back the extra costs of solar heating .

New types of heating and cooling systems , which are better or
less expensive than today ’s solar units , may come along in a
few years.

If a solar home looks odd or was poorly done , it might lower
the resale value of a home rather than raise it.

Economical solar units do not provide all the space heating
needed in cold climates , and backup conventional heating would
be a required additional expense.

New buildings or nearby trees might shade the solar units and
reduce their effectiveness.

Sol ar uni ts, like any heating system , might be defective or
need maintenance . There is a question at present about the
availability of warranties and quick service.

Sola~r homes or units may not be available when or where theyare wanted . Cooperation of manufacturers , builders , utilities,
lenders , local government and other supporting agencies may be
slow at first.
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3

Thank you for reading the above information on solar energy.
It appears that solar homes can help relieve the national
ener gy crisis. However , the widespread use of solar energy
depends , f i r st of all , on how the American consumer feels about
its use. We will be calling you to learn your own views.

Sincere ly ,

Edwin A.  Kuhn
Chairman
Solar Energy Commercia l iza t ion
Task Force
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APPENDIX B

RESI DENT SURVEY QUESTIONNAIRE

C or L ~n on e  r~’~n ~er

H e l l o .  ~~ name i s  
_____  

. I ’ m c i f lin g  fo r  t i.e Federa l  Er.er~ y
Ad T. in i s t r3t ion . Tne Governmer . t is  p l a n n i n g  ways to  meet  the
f u t u r e  energy needs of the  country , and would l ike  to  snow how
Americans feel about using solur ener~y in their homes. You
were chosen as part  of a rando m samp le of h om es t : at  are be ing
surveyed on solar h e a t i ng .
‘ e would a~ prec ia te  it ve ry r ;uc h i f  we cou ld  ask  s~ neon e in  your
home a few ques t ions  about solar  heat~ ng .  Could  I t a lk  to the
head of the h cuser ~old or someone vh- o w o’ ld hel~ decide  nov .’ to
hea t  •~our r om e ?  IF S?L~~~~~~~~~ R VOL ~~EE~ S, TH~~;}~ ~iI~.:/:-~:~ ~ SKIP IC 

*
- - — - ~~~~ ri - j j  r1

~~~~~ ____________________________

IF ::c: ~~~~~~~ ~ R~-~~:~~L ~~~~~~ ~~ (II ,~~) :  
_______________

ip ~:F~~~ E;: i~~:c- ::, ~~~~~~~~~ :o~ p2~~~~~~p~-~ ~~~~ :~s:~: ‘:e wcu d
aDp r e o i at e  i t  ‘;ery rr.’~cti if we Co~~id as~ you a few ;ue~ tic~:s on
thi s topic.

* Your unswers ~‘:ill be c o n f i d en t i a l  and arcr.y~:.ous. (OK’? )

i~~2-:~ R ~~CUP: SKIP TO IcLXT F~CiE~
cc:::~o: c~ c~~ ~E~D ~ iE s~ ~~~Y B~LC~

Su..~ .~~Y

Before I ask any ques t ions , I ’d  l ike to t e l l  you wh at  we mean
by solar  b e a tin g  in  the home . post  so lur  c o l l e c t o r s  are f l a t
panels , usua l~~ on the  roof of ~ne huildir~~. e sun sh:r~in~
in t o  these co l lec tors  heats  a fluid , whicn can t~rov ide  part  of
the  heat fo r  t he  none . Cr a smal le r  uni t car. ~e used jus t  as
a hot w a t e r  h e st e r .  O .K . ’:

Dec i sions  and Lesi~~ns Inc .
Solar He3t~~~~ -

Telephone Ir.terview
June , 19??
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Note: Numbe rs in parentheses indicate percentage of respondents
answering each question who gave each answer .

1. (Ii i)IC~ TE GROUP)

D Letter  (70)
z Contro l  SKIP TO #3(30)

2. Did you Ret a chance to  read the  l e tt e r  from the Federal
Ener~ y Ad~ ± n i st r a t i o n  t e l l i ng  about solar h e a t i n g  in r~oxne s?

Yes (S9)

2 ~ o READ SUEI.~~RY O~ FhCI T P~ 3E (4 1)

3. Do you own or rent your present  home?

~~~~ 

‘ Own SKIP IC ~ 6(67)

2 sent (33)

4 . Do you expect- to  buy a home in the next  2 years , or wi l l
you prob ab ly  be r eu t in g  then ’?

‘ Buy SKIP IC ~7 (2 5)

D 2 Pent (
~
.Z)
~~~~r 

..~.SK ONL.Y * 
~UESTIOi S (5. 2? , 29. ~:;L)

3D cn ’t know~~(l4)

5. Do you fa’~cr solar heatin~ of homes~ based on what  you kricv.’ now?

Yes (88) .~ Do1Y t know (7)
2 ~~O (3) ~ Dep ends (2)

6. Do you think ‘iou mi ght buy a d i f f e r e n t  home at ax~y t im e  in
the f utu r e ?  ( IF YE S : )  How many years from now mi ght be the Soonest
you w ou l d  ~uy a d i f f e r e n t  home?

0 _____ 
years. (44) ~~~ ever  (56)

2. Suppose you were shopping fo r  a d i f f e r e n t  home and found 2
home s you l iked equal ly  we ll s one w i th  solar hea t ing  and the other
with the same type of heatin~ you now have. One th ing a f f e c t i n g
your choice m i g h t  be cos ts .  The solar equipment would cost more
to buy, but in the loni run your heatinR bills mi ght he lower.
Let ’ s suppose tha t  consider i ng equi pment , loan in te res t , hea t i ng
b i l l s , and a l l  other  costs , the 2 homes break even ex ac tly,
so that you would pay the same amount every month for the next
20 years . In thi s case , would you p robably  buy the solar home
or the other one?

~~~~ 

• Solar (68) 3DOfl’t know (14)

z ~ on—solar  4Depends (6)
(12)

- — . —  I. ’

- - “ I  ~~~~~ -
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8. What would be the  main thi ngs a f f e c t i n g  your decision?
~FI~~ L~CH ANS .’.ER : Are there  any other  reasons? LP TO 3 J~~~~S.~In~~ S

En
I [ ~1IF SOL~P I~ ~~~7,  SKIP TO ~~ 12

9. (IF NON—SOL ~ R IN 
~~~7) So at thi s time you would not c:.oose me

solar nome.  Now I ’d  l ike  you to  take  a mi nu te  to  t:h n~ aLuu:
what mi~~ht change your mind  in the fu tu r e . Sup ;o se  tnc-  f a c t s
change d , so tha t  the reasons you just told me no lcn~ er ano~ i ed .
Would you then choose a solar home? In o ther  wor~is , w:.at facts
or feelings of yours would have to  change be fo re  you would  cnan~eyour mind? ( IF  ~~~~~~~~~ ~ O~H .1U CK? i~. G .  ~/::~o. C-~ ~~~~~ h_~~ )

HI
En

IC. (IF :;c: ;—scL~p IN ~t7) If these thi r~ s chanced (?.hi~~~ ~~~~ 
—

~t~~~S u ~~~~~~S ) ,  w~u1d y o u  tn en  ~ro ’oahly  cn oose  4 h e  so~~ r none, cr
w o u l d  you st i l l  p r o b u b l y  choose  th e  r .cn—s o . .~~ ’

i E o l ar  (54)

0 i ’cn— solar (13)

3 Don ’: ~no~~5~ ~~~~~hat doubts nirht you Still nave ’.
4 L e : eno ds ( 7 )  J —

ri_i . 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ED
11. (No:;~scL~R I1 ?~~ Goi ng bac~ to solar neatin~ as it is to~ a’:.
supoo se  the  solar  hone would cost $20 a month  less tn a n  tn e  o~ :.er
one , for the next 20 years.- Would you buy the solar home or hE-
other  one?

0 ‘ Solar  (44) 3 Don ’t k now (2 5) 

~:on— so1a~~0) 4~~~p~~~’~~( 12)

12. (IF S0i,~S~ 11 ,~7) Suppose that the sol’jr home would cc’~~t ~i
a month  more t h a n  th e  other  one , f o r  th e  n ex t  SD y ear s .  ‘ ;cu l o
you prob:~b ly  buy the solar  n ome or t .~e c~ her  one?

O s Solar  (49) iD o n ’t k now ( 15)
2 N o n — s o l d r(21) 4 Dep ends ( 1S) -

‘

13. Bow much  would  the  di f f e r en c e  in mont ngly ccs 4. have a be
to make th e  2 houses about equa l ly  a tt r ac t i v e  to you ’?

____ S______ per month Then , i f  t he  solar  h om e co s t  3
El fl per month (more/ l e s s  CIR~ .LE 01 n,) than t h e  o~ner home~the 2 homes wou ld  be about e q u a l l y  ~ood buys , fo r  you’?

(IF N O , I~~J U T  ~ Ui~TIL ~~U~~ )

48 
-

~

‘

~ 
‘
~“ ‘T 

~~~

‘

L- -~~~~~~~~~ ~~~~~~~~~

- - - — - — .—‘--- -‘ —- ~~~~~~~~~ — — -



— - - --‘ --- --— - ‘~~~~~~~~ - -- --—-~~~~~~ ‘--~~-~~~~~ --- .--

4

l~ 4- . Do you f ee l  t h at  solar  heating is presently too new and
experi menta l  f o r  you to  r isk buy ing it?

O
s Yes (53) Other (9)

2 N 0  (38)

REN .i’i~RS: SKI? TO ~27

15. What type of s t ruc tu re  do you l ive in?(RE ~t~ ~~~~~~~~~~~~~~~~~~

On e — f a n .b o ’~se (83) ~ ~ ondoni ni um (2)
2 Duplex (6) 5 ~,‘obile h om e (3)
3Townhouse/r owh ouse  (5) 6Ot f le r  (1)

16. What type  of f u e l  does your home use fo r  h en t i n~: the  rooms?
Gas (70) 4 Heat  pump(0)

O 2 Oil (24)  ~ Other  (2)
3Electri c (4)

1?. ~bout now mu ch is your monthly b :li fo r  (~~Y~~ IF FI~~ -~~C . E ?

ri I 3 avera~ e u~ r no. OR 5 summer ~..ontnsL_J over the year ‘ -S______ vn. e~r ~on

CR ~~~____  
PER _______ (c

~

:h

~~ 

:::.~. PLllCL~
18.Another possibi l i ty is to i n s t a l l  a so la r  uni t in  your p r e sen t
home to  provide part  of the  home heating. Suopose the cost of in-
stalling such a solar u n i t  was spread over 20 years  and mo:e OCStS
were equal t o your savings in lower heatin~ bills. Would you serioully —

consider  i nst a l l i r~ solar  h e at i ng  in  your  present  :iome?

O 
I Yes SKIP -20 ~ 22 (48) 3 Don ’ t know (11)

~ N o (31) ~ Depends (10)

19. 7Jhat would be the main reasons you nin~.t not? ~FI~I~ ~~ll;
Are there  any otrier  r e a son s ? ( U~ ~C 3

M I
En
Efl

20. If the f a c t o r s  you ju s t  named were cn a n eo so tney v ;ere no
longer obs tac les , would  you then i n s t a l l  solar  ii.  mis Lone ,
or would you s t i l l  probab ly  not do i t?

O i Would (41) ~Don ’ t know (21) 
-

2 Would not 4De~ ends (20)
T19)

‘ V f~~ r -
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9e tt~~~21. Do you feel that  A~~~~v~ .-e~~ solar h e a t i ng  ins ta l led  in your

present home would demand too much of your own t i m e  and e ffo r t
to make i t  wor thwhi le , or is tha t  not an imp or t an t  reason?

‘ Yes , demand  too much (27)

0 2No , not a reason (S6)

~ Other (16)

22. Does you r water heater use electri city or gas , or acme ncr
fuel?

O
s Elec t r ic(2 1)  3Don ’t know (1)
2 Gas (74) ~ Oth er (4 )

23. How old is it? ROU&H LSTIi~~~E OK
En _____ years  (93) q q D o n ’ i~ ~~~~~~~~~~~ (7)

24. In man y c i t ies , solar  wa t e r  heat e r s  are now beino sold a~mdi n s t a l l ed  in  ordi nary  hones  hea t ed  by o ther  f u e l s .  Suro ose  tr.e
cost of i ns t al l i no  a solar  w a t e r  h e a t e r  in  :zour Lon e e x a c t l y
equa ll ed  your savi n~ s in lower u t i l i t y  b i l l s  f o r  t h e  next 10 years.
Would you seri ously consider installing a sol .r w at e r  h e a te r
this ye ar, or not? (IF i’~C ~EJ~UCE F~ES~~~ C-0~ OK: ‘-nat if your
old water heat er hro~ e down and had to be retlacel’?)

/ Yes (35) ~ Don ’ t know (11)

r-i 2Yes only if present (24) rCtLer (3)
L_J one needed replacinc~

3No~~~~ can you tell me why you probably wculd xiot? !~F~~~ .~~ -n:
(28) Are tnere any ot- ner reasons? U~ ll.~ 3 3..~

EEl 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Efl ________________________________

H I  ____________________________

25. (IF i~O ‘IC 24) Suppose a solar w a t e r  ne a t e r  would  cost ~5 a
month less than another  r:i n d .  ‘.‘~‘ould ,.‘ou tn en  se r ious ly co n s i ne r
buyi ng the so la r  w a t e r  nes te r , or no t?

O 
, Yes (36) 9Don ’ t know (14)
2 N o (31) ~ Det~ends~~9)

26. (fl YES TO 24) Suppose a solar wate r  h e a t e r  w s u ld  cost  5~ a
month more than ano~. he r k i n d .  “oul~I you then  seriously csns~ ~erbuyi ng the solar water  h ea t er , or not?

O ~ Yes (45) 3 D T n h t know (11)

2 No(31) ‘tDepends (14)
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27. The Federal Government is thi nking of offerinar, ncne-o .vn~ rsfinancial help to install solar units. Tax credits , or lcv.—
interest  loans , f o r  e x a m p l e .  Are you f o r  or a~~ inso e Ccv~-r n —
merit doing this?

s F o r ( f a v o r )  ~ Don ’ t know (6)
0 2 Against  (78) 

~Depend s  (6)
(10)

28. For those intere sted in solar water heaters , or s ol ar  nc:.e
hea t ing ,  the Federa l  Energy Admi n i s t ra t i on w ould .  l~~r~C ~:u e n c c u r _ e
you to pursue i t  fu r the r  t o  the  extent  you are iro crested.
I’ m going to  ask a coup le of ques t ions  anout  your  d ec ree  of
in terest . ~‘eel f ree  to  say yes or no to  each .

a. Are you willing to have your name put on a nsilL~~ list
for more information on solar enerc;y from the 0o~~~r:s~~n:~

U ‘Yes (70) 2 No (29 ) ~ Other (1)

b. Are you willing to talk to a GoveroLment reLrecentao ’:e
at a public meeting niace sometime In  tn~ next : r ~m ~~~~~~~~ one
advantages and dI.sadvano a res of sc1~ r en er~y c-n yo~ r

‘ I  
Yes (39) Deperods(16)

No (45)

c . Would you be i n t e r e st e d  in  t a l K i n o  t o  ~~iecn e  or
leases e i the r  solar  w a t e r  h ea t e r s  or so lar  n e a c e d

/ Yes (20) i Water  h e at e r s  (1) r D o n ’ t ~-n o w (7)
2 No(69) ~ Home heatin~ (0) ~ Other 

(4)

*29. Finally , a few questions tc help ~s descri ne cur sa lle of
homes.

U a.How many persons l ive in  our  home?_____

b . Wnat was the 1as~ grade or level you comrl~ oeI in

/ N one  to  7( 1) ~ Some colleg  or t ra  ~e scno o  (29 )
2 ~—l1 (16) SOolle e grad (26)

3 H . S .gr a d  (29)

c. In which ac- e a-roup  are y ou? i~~~D ~~ lY .~ll

0 sU n d e r  40 (44) 2 40— 60 (38) R Over 60 (18)
d. Is toe to ta l  income  of your  l iou sen o ld  nor c  or l e s s
than  $10 ,000 per year?  ( IF L~C1~~:) yore tnan .llC , l l 0.

U I Under  10 ,000 (28 )2 lC , i00—20,000 (42) 3 Over 20 ,000 (30)
e. Do you live in (REi~i ~~~ V~ERS )~

U ‘ City (53) 2 Suburb (21) i Rmall town (15) # ~ural are a(12)

E~1): Thank you very much for your cooperation. We really
ap~ reciate your help .
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CO1..P~~ TE Thx~ PC~ LO\wl0G ~~ E~D CF IN TE ~ VIE~

Sex : I ~~ (53)2F(47)

[ Town or Ci t y :  
___________________

1 1  U ]  Respondent  serial  ~ o . (~ 2~l i~F I~ i3OX )

Dat e (~~~l~~h D~ Y OF i. ON TL 10 BOX)

____  

Int e rviewer ’ s in i t ia l s_______

(JO 2E NJ~E SHEEL, INCLU1.)ING S~HI~L NULBER
CROSS S~ RI~~ NU i~ OFF NU~., s~ h LIST
IN SF~0T 0O~ P~ ET~ ?±~OTOOOL FCR ERRORS , O1.~~ISS 1ONS , ~ 0i Ibi~~~I~

‘r /
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So lar Hea t i ng  Study

NOTES FOR ::::ERvIEc-~ hs
Initial phone contact

The mai n t h ing  is to get to talk to toe nenso- n vho w: cli act
make decisi ons about buying heatine systems , or at least someo ne
~~io would he lp decide , e.g. the spouse ~no pays utility b:lis an:
shares in budget decisions. If the person who ar.s ’.er s doesn ’ t
normally live at that address but owns a hcme so-me~ here Or . mesame general  area , you caio in t e rv Ie w  him about  h i s ( h er~ cxn  none .
In thi s case ask what t o~vr. nis own hom e is in ~ note on r.7.

The purr cse  of toe study is to ~ t o b j e c t i v e  e s t im a t e s  of what
percent of vari ous segnenos of the American ponulatior. wcul i
out fo r  solar hest in~ , an d ff  not , why not . One res~:lt s w:li
be used by ~~~ tc ad.vtse uoneress wroi le me latter as oe~ :oer st:ng
energy legislation thi s summer. If you should chance unon a
citizen who is an~~j and demands to  know v-no is r e a n on s ib l e ,
feel free to let him contact Dr. Jeffrey lilsteiro, IL~, Feãen aBuildir~~, “ashingtcn D.C. (202) 566—9641. °/e are emllcyei by
Decisions ~ioi esigns Inc., a private research c on r a n y in
M clean.  ‘Tir~ inia. ;vroo has a contract wi th  A n c  d.c t h e  s t u iy .

Every ~ th  n o n e  on toe sam~ le Lst should have a ~~~ besi de it ,
meaning they are in toe Control l.rou~ and recc-i~iei no et er
in acvance tell:ne t n e m  ac -c -u t  sc~~ar he~~t :n~~. Onese peor  ~e c~ nbe calied inmemiately. The rest should not be c a ll e d  un t i l  ~ days
after the letter was malled .

To preserve anonymity, th e f ron t race wI l l  be torn ,  o f f  and
des t royed  as soon as we nave processed.~~.e data. rus ar.y info:—
matior. i de r~t i f y i r i~ a person ’ s phone ~~~ , name Cr address s~~ouli
be or-. the front ~aee , while any iroformat-:on to be included in
the study should be on ano the r  page .

We would like to get at least 1JO oomlle :ed intervic’ s from coon
of toe four  een er~ l are as ( “ .T as h in~ tcn , N~~’-: Ycr~o , yo n n e s o t a ,
J o s e) .  ~7e hope 2 or 3 c a llb ac k s  to  n o n — a r . s ’.’:eni n~ p L c - n e c -  c:li
be enough to get tn a t  qu o t a .  P ease  cali b a c k  more  i f  n e c e s s ar y
to get tha t  number .  On the  o ther  hand , i f  2 cal i bac- : s c o m e
you more t h a n  enough , wrap i t  un when  you have  used  up all t h e
in te rv iew form s  sen t to your  are a , even of you have a few r.~nesl e f t  over .  Re—use  f o r m s  which  ab o r t e d  on the front :0-ace (b e f o r e
usable dat a c o l l e ct e d . )

If a chi ld a ns ”e r s , i t  nay save  t i m e  t o  a oi: for me faor.e :
or “head  o± ~ o n e  r . ou s en o l i”  if  o? d ’~r c r o i l i .

- 
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Keefl ing records

~Ve would l ike a record. on t he  s am n le  nc-one l ist  of wn a t  bap:er .e-.d
as fo l lows : If an int e r v i e w  was conlleoed., p lease ent er one
inform ation calle d. for on n.7 and inc~e i io o e p re— ex amine  the
int erview protocol  to  see that writing is 1e~ i~~ e and. to elabo-
ra te  from recal l  any cry~ oic phrases troat cther’.-ise ::izht moo
be in te l l ible  to the  scorers .

As noted on p .~~, for a com p leted interview enter on toe name
list (just below the name) the serial number you assizn , and
your i nit i a l s .  Assi gn ser ia l  numbers f r o m  the b l o c k  of’ numb ers
given you and cross off  each number as you use i t  to  avoi d
dup lica te number errors . ~~~~~~~~~ - ~~~~~~~ ‘~ - -‘ - -~~~

- c ~~~~~ “ -

If you ca l l  a number  and get no answer  or no in : e n vie .~ we ~cslilike the  f o l l o win g  information below the roame orc sanp ,e l i s t :
The reason you got no i nt e r v i e w , c-nd y our  in it i al s . 1~se toe
code below r ath e r  tn an  wri t i ng  c-ut r e a s o n s , i f  e as t er :

Ni yo answer
N2 Wrong number  or no longer  l ives  :r .ere
N 3 Un~~~i1ine t o  coop e rat e
:~ :;o koow1e-i~ eab le  adul i  avalla’ble ( ar r ~ r n e  ca baof : ’~
N 5 I n t e r v i ewe r  ju iced  resr oodent  in o o n t e c e n o
NO In t e r vi e w  i n t e r r u p t e d  ( c o m p l e t e  l at er  if ’  c-os :i l lc

If  t h e  pe r son  who answers  says you s n o u l i  t a l ro  ~ o ::r. J on e s ,
e n t e r  ~ r. Jones  in the space ~f t e r  paragr . 2 on d’cnt :a~~e ,
t ry  to  a r ran ge  a good t i m e  to call back  t o  reach ~ r. Jones .
and code ” Y — ’ on the  samnie  ~~st , f o r  exam: le .

On the  inte rv ie ’v  f o r m , paees  2—6 , i gnore  the  boxes , just circ e
the  answer gd -zen , or w r i t e  i t  i n .  .-~ft e r  some ~j u e c - t i on s  th e r e
is a sol id l ine where  comment s can be r e c o rde d  even onouc r .  n on e
are asked f o r  ( e .~c - .  ~ 5. :~ll , ~Ll2 , etc~~. lie pur : c~~e is to  r e c o rd
i n t e r e s ti o r  c o m n en t s ( n ot  ver ’:oti:5~ which ni onc add flavor c -c-
interpreting the results , even t h o u gh  not  ana~~’:ei nsant :o i - e y .

Last , but not  l eas t , each day record c-he  numb er  of hours ‘,vcrr:ed ,
and wnen f i n osn e c  gi ve t o  y o u r  are a su me rv : s c r  a o n ~ ‘vo on y o u r
name and a d d r e s s  -~toere your check sho ’;ld be m a i l e d .

Ersnchdno secuence

Pract i c e  t h e  j n t e r o r j a ’,v on each  o t h e r  or f r i e n d s  b e f o r e  c o l i e c c i: .-
d a t a , to  get f am i l i a r  ‘.w l tL  both content c-nd se :er.c-e. Proc :~ :o c-
or s k i n n i ng  i t e m s  is  m e a n t  t o  c -m o o t  ~ce in t er ’ .’ie”: t o  t n ~
~r ouos :  L et t e r  C -r o a r  -is. C o c tr o l  C -m a o ;  r en c - e r s  vs .  c- ocr .
t h o s e  who .‘;cald ‘::. ‘ mc c l i  n-” b u i  colic’ un: s u- l e r  c - c r c
condit :  Q O S .

Ren te rs  who don ’ ~ p lan t o  buy ic-i c -n e ne’ -:t 2 y e a rs  ~e ’ d y  ..€ sc I o n 0
5, 2~~, 29 and HO D , f r o m  ~u c - s c - i c o  4 or.. T a x ~es ~b c ut  5 n o n .  t o m : .
All  r ent e r s  ski p ~ l5—26 because those i t e m s  conoern onstall: icc
uni ts  in the  present  oc2 e  • ‘~‘ne n - o n e s - c - f  r in t e rv i e w  t a k e s  a b o u t  1~ m i r .
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Spec i f ic  I tems 
-

#8 Or. t}is and all other open—end questions , we are interested
in f e e l in g s , doubts and other subjective factors , as we l l  as
factual resscns . Examples: “Too new” , “I just don ’t know en:-ocon
about i t  ye: ” , “It’ s a hassle ” , “Likes feeling of not beine
dependent on cc-s co.” , etc.

#9 The purpose is to get at their priorities , i.e. are there
reasons so inrortant that unless those conditions were met
they wou l d n ot choose solar , whi le other reasons are less
critical . The note, “IF ~ Urd~TITIH S . . . ” means how ouch woul d
that have to be changed be fo re  they would con sider  solar , e . g .
if one reason is “it only heats part of what I need in vri,nter” ,
find out w~ at % on o r e  heat solar wo .ld have to prcv:de to
change their minds—— perhaps no amount would . If a reason is
cost -~e eec- at the exact amount in  Items ~ ll and ~ l3, so i t
aoesn ’t need to be pursued ir. ~9. If no one reason  by :~~se_ f’ _ rc ~~could be chanced en cuch to convert  them to choos ing  solar ,
ask if all 3 ( o r  ho: :ever nancy they  cave)  were chance-i , wouli
that chanre their mi nds .  ~ 10 i s  sim~~ly to summar ize  the
pe rhaps  comnlex  i nt er ch an c~ e in ~ 9, and by read ine  back the:r
c o n d i t i on s , cor . f i rm t h e i r  answer , and tick up aioer:ooaghts
about lingering doubts .

#11, 12 ?~ 13 The nurs-ose here is to find out how ouch more cr
less so la r  heati rlc-  woul i  have  to cos t per ncnc -L in o rde r  t r
the 2 hcme~ to be about ec’sai lv cood ba-is for t h en .  The c ue s : i on
fo llo ’~’ing t h e i r  ana’~er in  ~ 13 is to  c o n f i r m  there  ‘.V~~S no
mi xup in  t~ e noc--obers and the  d ir e c t i on  of t h e  d i f f e r en c e .

FT’ , 10 , 24 If t h e y  wan t  more  de ta i l on wh at  cost s -~e mean , say
all cost s , m n c l ’c d i n c  th a  p u r c h a s e  cos t , mai n t e n a n c e  cos t s ,
~~~~eres: , t a x e s , i n f l a t i o n  di scount  f a c t o r s , or c-nyc -nm-: d l i e
t h ey  mich:  ::.ink o f .  Same w it h  savings , t ho ur a  lower  n e c - t i c
b i l l s  is  t h e  o n ly  o b v i o u s  sav i ng .

~ 2d The m a i n  p u n r o s e  here  is t o  cet a sort -c-- f ch eck  on v-’o et o e m
t h ey  are r o s I l y  in c r e a c - e d  in  solar , or were  j u s t  s~ y m n c -  so
c-c be p o l i t e  earlier. “Je sdll o-robably f ol low  toi s up by
a c t u a ll - -’ a r ra n r :n c  f o r  n c - d i m es , c o n t a c t s  ~~ th C-ov ’t or sa les
r e o -r e s en t u t i v e s , e t c . .  t h o uch p lans fo r  t ha t  are not  f in a l .
In  ?~~c , i ’  he-7 Sc - -.- t n e y  ‘- ‘d l i  a-~ranee i t  i f  t n ey  ic , i rc-o I~-’:nc-
“do n ’ t c al l  me , $ Ii ca l l  yc c ’ , c i r c le  “No ” .

Gene ra  I

The ;UeS i-cm s r.e co root cc read exact ly verbatim , but stic~:close to  t h a t  as f e e l s  c o m f o r t a b l e , and be c a r e f u l  roo t t o
soa n f  as t h o ut h  y o u  are tush i n~ solar  h e a t i n - ~ ( c m  toe cp : c s i :e )
e it h e r  by y o u r  w cr d i n e  cc’ t one  ~i’ vo o ce

- - — — -  

~~~~~~

- 
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APPENDIX C

CREDIBLE INTERVAL

The DDI project team has on file notes underlying the

basis for each quantitative estimate underlying the marke t
penetration projections. Following is a table of 90% credible

intervals for the parameters in Table 4-1 of the text:

New Homes Retrofit Heating Water Heating

‘77 ‘85 ‘77 ‘85 ‘77 ‘85

1 53—78 35—90 35—65 20—80 25—50 20—80
2 4—8 4—10 1—9 5—46 12—25 19—39
3 18—58 40—92 12—62 10—90 13—43 20—60
4 .3—. 7 2—47 1—26 10—80 20—38 39—69

Net Penetration

.0034—.016% .12—1.0% •0044— .059% .054—1.0% .2— .9t 1.2—6%

Cumulative

.46—3.1% .079—8 .1% 10.3—19%

The total and cumulative credible intervals in the last two
lines are derived from the component credible intervals

using theory and formu las given in Chapter 9 of Brown1 (an
assumption of independence and log-symmetry is made).

10p. Cit.
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