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PREFACE

As the Nation takes steps to deveiob alternative energy
sources, it is important to recognize the possible barriers to
the development and use of these sources. (mz of ths barriers
may be a shortage of technical and skilled workers, reflecting
a National shortage in specific occupations, an industry short-
age of personnel trained in the particular skille of that in-
dustry, or geogreihic regional and local problems. By providing
information on estimated future personnel reQuirenents, Q basis
is established for initiating or deferring programs or actions

affecting the Suppiy of trained workers,

Toward providing information on future manpower needs,

the ﬁepartment of Energy, through the Manpower Assessment Pr
gram, is supporting a numbér of studies deaiing with current
and projected employment and occupational compositzon of the
work force which will be needed for the development of new and

emerging energy technologies.

We wish t¢ acknowledge the assistance and support of
others in the conduct of this study: Arthur W. Sal—zman,
consultant to the Department of Energy; Sheldon H. Butt,
larly, the organizations and individuals who responded to the
lengthy and detailed survey questionnaires and provided the

basic deta for this study.

Norman Seltzer, Chief

Manpower Assessment Program

g



TABLE OF CONTENTS

Page
SUMMARY AND HIGHLIGHTS ..:..icicecclecescacoe  ‘femeveseosacees 1
INTRODUCTION c:ciiceiecncneaceccoinoiiasomees 0 20  caneceeceaes 7
OBJECTIVES -ecevcevencnnnnacnannes eeveeaeeaa. fei e e meacbeeeas 8
SCOPE cvvivecccccccnanaeconnns e 9
RESEARCH £TPROACH cuvvvncivenenemcosorssoname 400 iecesecocencen 13
Deve _oming the QueStionn'aireé P I |
Pretesring and Revising the Questionna=si S .... ..cceeeeceeen- 14
Develzping the Univemse List o::zecaici.i.  ..ao.. Ceerecetaeen 15
Seiéc:ﬁng the §émpie .............................. ceeiee: 18
Condncting the SUIVES :iiieciii-vicecese meeecvneen e is
RESULTS :iciciciiieeecoasmenssonssommanscoa:  seiieeiiveseeennaans 23
Description of Establishments ......... e e teeeeaaeea 24
Solar Employment in Establiskments .... . ...: . .eveeneeons 34
Occupations and Skills Required .......-cnveceeel ccneaccannn. 43
Characteristics of Solar Empioyées tee  ceeiavbemmeieeeseesise. 53
Hours Worked By Empioyéés ............... e+ ctes iececaacecoes 55
Education and Training Needs of EmpiDyees .«.. ... iciveveenennn. 57
_ I:lm'pioyment i’rojectiohs e eectctescea. cate cismimmiievisiecsess 65
CONCLJSIONS AND RECOMMENDATIONS .ccoecev-... _ eseectecaceecnean 73
CONClUSIONS ceveecvencccsoccnasosssann teecerecneaaaecss 73
RecOmmendations ........eeeececcaenns. cemiiaeiiiieeneiis Th
APPENDIX A
SURVEY QUESTIONNAIRES, SCREENING FORM AND LOW: - FiTEES ..ee.e..... A-1
APPENDIX E
RESPONSE RATE, ESTABLISHMENT POPULATION, A e eeeeeeiiieeens B-1
NONRESPONSE BIAS
APPENDIX C
DETATLED TABULATIONS ..c.cuceieccociociaan. © e ieesnsecnenannaes c-1
APBENDIX D
METHODOLOGY USED TO FORMULATE MAWPOWER PROZTZT NS .sssse-sessssssz D1



TABLE 1

TABLE
TABLE
TABLE

TABLE 1

TABLE
. TABLE

TABLE

TABLE

15.
16.

17.

18.

TABLE OF CONTENTS (Cont'd.)

LIST OF TASLES

SAMPLING PLAN FOR EMPLOYEE SELECTION, 1978 ......

GEOGRAFSIICA= E“TON OF RESPONDENT +vvveeneeennes
ESTASLISHSEN™= 1978

“TYPE OF ORGANTZTTDNS ENGAGED IN SOLAR ........-.-

ACTIVITIES. 1978
“NDUSTRIAL (C.ASST=ICA:..” - JF ESTABLISEMENTS, 1978
TYPE OF SOL& EWNSRGT TECENOLOGY, 1978 ...........
TYPE OF SOLAR EXERGY ¥ IEL, 1978 cuvrvurnro-uanen
TYPE OF SOLAR ENERGY % ORE BY PRIMARY - ...... cieen
TYPE OF SCGLAS =NFR- , 978
AND DEVELOSFSST, -78
DERCENTAGE OF SULAK. WORK IN RED cocvececenccnnees
BY TYPE OF OREANTTATIOR, 1978

ooooooo

AVERAGE PERCENT ¥ SUPPCRT RECEIVED FROM DIFFERENT .....

SOURCES FOR FIRANCING SOLAR ACTIVITIES BY TYPE
OF SOLAR ENERE:, 1978

ANTICIPATED CHANGE IN COMMERCIAL SOLAR SALES, 1978 .....

ESTABLISHMENT STZE, 1978 evineevnencarencoroncass

PERCENT SOLAR EMPLOTMENT, 1978 «vvveevvenennenens
PFRCENTAGE SCLAR EMPLOYMENT BY ..icceceiciciieens
ESTABLISHMEXT SIZE, 1978

ESTABLISHMENT SIZE BY TYPE OF SOLAR WORK, 1978 ...:.....

PERCENTAGE OF SOLAR WORK IN R&D BY .........
ESTABLISHMENT SIZE, 1978

OCCUPATIONAL =CSTRIBUTION OF EMPLOYMENT IN SOLAR .

ACTIVITIES, 2EPORTED AND ESTIMATED NUMBERS AND
PERCENTAGES, 1978. BASED ON 518 REPORTING
ESTABLISHMEXTS

REPORTED AND =STIMATED EMPLOYMENT IN DIFFERENT .....::::

TYPES OF SCiax ENERGY, 1978

ooooooo

39
40

A
-



TABLE DF CORTENTS (Cont'd.)

LIST OF TzE=S (Cact'd.)

Page
TABLE 19. OCCUPATIONAL DISTRIBUTION OF EMPLOYMENT PBR ............ 48
LARGE AND SMALL EMPLOTE®= =NGAGED IN SCZAR
SPACE HEATING AND COOLIEE&S&ATER BEATING. 1978.
3ASED ON 117 LARGE EMPLC==RS (GREATER TEAN
-0 EMPLOYEES) AND 225 S&I1 EMPLOYERS (<3 OR
“EWER EMPLOYEES) .
TABLE 20. DTSFICULT TO HIRE OCCUPATNS, 1978 «veec weveeeneeemnnn 49
ZASED ON 518 REPORTING “STTARLISHMENTS
ABLE 21. OCCUPATIONAL DISTRIBUTINS OF ADDTITIONAL SESAR ...cce.... 51
JOBS, 1978. BASED ON 3I%: REPORTING
ESTABLISHMENTS
TABLE 22. TOTAL EMPLOYMENT, SOLAR EM=TOYMENT, AND .__............. 52
ADDITIONAL SOLAR JOBS EY GEOGRAPHIC
REGION, 1978
TABLE 23. NEW SKILLS AND KNOWLEDGE NEEDED TO .ccce.-viviiiieieea-s 54
PERFORM SOLAR JOBS, 1978
TABLE 24. <RELATIONSHIP BEIWEEN CURRENT OCCUPATION 4MD ............ 56

PREVIOUS OCCUPATION OF RESPONDENT
EMPLOYEES, 1978

TABLE 25. AVERAGE HOURS WORKED IN SOLAR IN WEEK OF ............... 58

JUNE 11-17, 1978, BY EMPLOYEES ENGAGED IN
SOLAR R&D WORK BY TYPE OF SOLAR ENERGY

TABLE 26. PRIMARY SOLAR WORK ACTIVITIES OF RESPONDENT .:..::..::.::. 59
EMPLOYEES BY CURRENT OCCUPATION, 1978
(PERCENT OF RESPONDENTS)

TABLE 27. HIGHEST LEVEL OF FORMAL EDUCATION OF RESPONDENT ........ 60
EMPLOYEES BY CURRENT OCCUPATION, 1978
(PERCENT OF RESPONDENTS)

TABLE 28. MAJOR FIELD OF STUDY OF RESPONDENT EMPLOYEES BY ........ 61
CURRENT OCCUPATION, 1978 (PERCENT OF
RESPONDENTS)

TABLE 29. SPECIAL SKILLS AND KNOWLEDGE REQUIRED BY ..... Ceeeineas 63

EMPLOYEES BY CURRENT OCCUPATION, 1978
(PERCENT OF RESPONDENTS)




TABLE 31.

TABLE 33.

TABLE 34.

FIGURE 1.

TAZLE CF CONTERTS (Co—'d.)

ZIST OF TABLES (C==='d:)

ADDITIONAL EFHICATION AND TRAINING NEEDED BY
EMPLOYEES = CURRENT OCCUPATION, 1978
(PERCENT (=~ RESPONDENTS)

PRIMARY SOURCE GF SPECIAL SKIZIS AND KNOWLEDGE --.e-..-. 66
AS REPORTEL. BY EMPLOYEES, 19738

SUBSECT MATTE= aND AVERAGE DORKZON OF THE FOUR
MOST FEEQUENTZY TAKEN TRATNINC PROGRAMS OR
COURSES AS ®=P0ORTED BY EMPLOYZES, 1978

PROVIDERS OF SOLAR ENERGY PROGRAMS OR COURSES
AS REPORTED 3Y SMPLOYEES, 1378
EQUIVALEN: SGLAR EMPLOYMENT, 1978

LIST OF FIGUEES

STANDARD FETERal REGIONS .....

\



SOLAR ENERGY EMPLOYMENT AND
REQUIREMENTS, 1978 - 1985

SUMMARY AND HIGHLIGHTS

This study describes the characteristics of establishments

the study included all types of solar emergy technologies and applica-
tions (space heating and cooling, water heating, industrial process heat,
thermal power, ocean thermal conversion, photovoitaic conversion, wind
conversion and biomass conversion), and all phases of work (research and
development; manufacturing, marketing and distribution, and inetallation
and maintenance).

The data for the study were collected by a mail survey of
employers engaged in solar emergy activities. Questionnaires were sent
to over 2800 establishments. Over 50 percent of those contacted
responded. Detailed information was provided by 563 employers engaged in
solar energy work. These employers reported the type of organization,
industrial classification of their establishment, principal solar products
and services, types of 'solar energy technologies involved, total
employment and Solar employment, occupations of those working in solar,
number of additional solar jobs anticipated, new solar job specialities,
sources of solar funding, and anticipated future commercial solar sales.

The survey responses, undeliverable mail and follow-up telephone
calls indicated that there is frequent entry and exit of firms in this
infant industry. It is estimated that approximately 2000 establishments
(both public and private) weré engaged in solar energy activities in 1978.
Approximately three out of every four of these establishments were
primarily working in solar space and water heating. Most establishments,



however, were inv~lved in many different types of solar emergy and in
many different phases of solar work. Over 60 percent of the respondent
establislments categorized themselves as private industry or businéss.
The states with the most solar establishments were Califormia (16 percent
(4 percent), and Texas (4 percent).

Approximately 31 percent of the respondent establishments were
involved in the manufacture of solar collectors or other solar products.
About 23 percent provided research and development services, and 18
percent provided architectural and engineering services. Twelve percent
of the respondent establishments were engaged in installation and 16
percent provided other solar-related services.

The establishments engaged in solar work tended to be small in
size. Forty percent had 10 or fewer employees. Only 20 percent had over
400 employees. These larger establishments, however, employed 40 percent
solar work varied inversely with the size of the establishmeat. That is,
establishments with 20 or fewer employees had over 80 percent of their
employees engaged in solar work. In contrast, establishments with more
than 400 employées had less than 1 percent of their employees engaged in
solar work. 7 7 -

Establishment size was also related to the type of solar work
performed. Imstallation, architectural and engineering services, and
miscellaneous services were performed mainly by small organizationms,
ing work was performed by both large and small establichments. Approxi-
mately 75 percent of the solar work of large establishments was in R&D.

The total estimated number of persons working in solar in 1978
was 22,500. This figure represents all employees, both full and part-
time. This figure was broken down by occupation and activity. Engineers
comprised the largest occupational group among persons engaged in R&D
activities. Unskilled workers made up the largest occupational group in
commercial activities, and skilled workers made up the largest occupational
group in installation. Engineers comprised the largest occupational

group overall. The number of persons working in solar R&D was slightly




greater than the number working in solar commercial and installation
activities. éixty—fivé percent of all persons were employed in
establishments primarily engaged in solar space and water heating.

Employers were asked to eztimate the number of additiomal solar
jobs which their establishment would add By 1981. The anticipated gain
in solar employment was estimated to be 90 percent. The largest gains
were anticipated for skilled workers and technicians in the fields of
manufacturing and construction.

The most difficult to hire solar occupations included engineérs,
atmospheric scientists, systems researchers, and college instructors. The
least difficult to hire solar occupations were clerical, skilled and
unskilled workers.

One of the objectives of the study was to identify new job
speciaiiciés in the solar area. Only one out of every four employers
thought their professional, technical or skilled craft employees performed
tasks that were substantially different from those traditionally performed
in nomsolar jobs. Where new skills were identified, special solar design,
analysis and installation skills were most frequently mentioned by employers.
anaiysis of new solar systems, and for persons trained in inStéiiing these
systems. However, these employees must be capable of performing tradi-
tional ass well as purely solar work:

A methodology for projecting short and mid-term Eutute employ-
ment was deveioped. The méthodoiogy is based on data provided By émpioyérs
and employees, on projected Federal R&D funding, and on solar energy
penetration models. The methodology was constrained by the unwillingness
of empioyers to providé financial data on ﬁ&b funding or commercial
solar sales. The lack of actual dollar figures required the use of
certain assumptions about R&D productivity. Also, labor coefficients for
production and installation of solar systems had to be estimated from
sources other than the survey responses.

Using the methodology that was developed, solar emplcyment in

1981 and by 144 percent by 1983. Commercial solar employment (for those

11



technologies which are currently commercialized) is projected to increase
from 1978 levels by 137 percent by 1981 and by 203 percent by 1983. Overall
the number of persons engaged in solar emergy work is projected to double
by 1981, and nearly triple by 1983.

A mail survey of nearly 500 employees working in solar emergy
was also conducted by sampling employees within the respondent establishments.
Employees were asked to describe their solar work, the numbéer of hours worked,
their education and training, and speciéi skills needed in their job:

The number of hours worked in solar and nomsolar activities are
important indicators of manpower utilization:. About half of the personms
working in the field were only working part-tlme in solar-related work. Thus,
the existing manpower pool was underutilized. The average number of hours
speat in solar-related work activities during the week of June 11 - 17,

1978 (an arbitrarily chosen period) was approximately 30 hours. The percent-
age of time spent on solar-related work was high for manufacturlng employees
and low for employees engaged in installation and maintenance activities.

Nearly 90 percent of the respondent employees felt that their
job required special skills and knowledge. The primary source of these

soecial skills was formal training (44 percent of respondents), practical
experience (41 percent), and self-study (15 percent). A majority of the
employees had not completed any formal training programs or courses in
solar emergy. This was true of persons working in R&D as well as persoms
working in installation and maintenance. Nearly 60 percent of the formal
solar emergy courses taken were provided by colleges and universities. The
average duration was between 20 and 40 hours. Most employees felt that they
needed more education and training for their work im solar, but not
necessarily restricted to solar areas.

Five reéoﬁﬁeﬁ&étioﬁs ere preSénted. ?eriodic sﬁfveys of estaBiish—

employment and occupational trends. Solar energy employees should be
identified in national occupational surveys to provide a more exact determina-
tion of the number and characteristics of persons engaged in solar energy

work. Information concerning the supply of solar emergy manpower should be



requirements for the production and installation of different types of
commercially available solar energy systems should be obtained to assist
in manpower projections. finéiiy, improved régionai and state projections
of future solar emplovment should be developed to assist regional, state,

and local agencies in their planning activities.



Interest in solar energy applications has a history of peaks and

* development probably exceeds onme billion dollars a year. It is expected
to reach several billion dollars soon when solar devices are more widely
marketed.

The growing emphasis on solar energy applications implies future
demands for a variety of manpower skills and capabilities, including
research and development skills, analysis and design skills, manufactur-
ing skills, and installation and maintenancé skills. Many of these skills
and capabilities may be available in.adequate numbers through normal
reallocation of manpower resulting from private sector market forces
(e.g., job openings, différential wage rates, and investment decisions).
considerable advanced planning and public sector support, particularly
where rapid development and implementation of néw technologies is expected.
Information about needed skills and capabilities, provided through
manpower surveys and forecasting, aids in the formulation of government
educational support, manpower training, and other programs. Manpower
surveys and forecasting are especially important when anticipated man-
power shortagéslor surpluses could act as a constraint on Federal policies
or programs.

With regard to solar energy manpower, the concern is two-fold.

First, the development and application of solar energy may create
additional employment opportunities. This could be particularly true if
the installation of solar space and water heating systems in homes and
businesses were more labor intensive than conventional systems. However,
the additional employment opportunities may require new skills or a
different mix of skills than is currently possessed by the workforce.

Second, a lack of adequately trained manpower could constrain the



development and acceptance of solar energy as zn alternativé enérgy
source. For exampie, improperly installed and maintained solar units

conld lead to public reluctance to acquire such unitse
OBJECTIVES

The basic purposes of this study were (a) to provide a descrip-
tion of the present status of the solar energy area in terms of manpower,
and (b) to develop and apply a methodology for projecting manpower
requirements in solar enérgy.

Encompassed within thesz two overall purposes are the following
ijéctiveS:

® Identification and des«ription of employers

(private and public) engaged in solar and solar-
related activities

® Colléction of employment data by occupation

® Dofinition of mew occupational specialties
and changes in traditional occupations

® Analysis of the educati>n and experience of
those employed in solar and solar-related areas

® Projection of short-term and mid-term solar
employment by occupation, and a developmént of a

methodology for formulating future projectious.

LY
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SCOPE

The objectives Tequired data concerning hotl. employers and
employees engaged in solar-related activities. All types of emplcvers (e:.g.,
manufacturers, installers, R&D organizatioms, public utilities, educa-
tional institutions, etc.) were included. The study focused on professional,
technical, and skilled craft occupations.

The following “ypes of solar emergy were sncluded in the study:

® Srace heating and cooling: The transmission and

storage of solar thermal emergy using solar
collectors, some transmission medium, and storage
facilities. Includes passive and active resi-
dential or commercial solar heating or cooling
of human, plant or animal shelters.

e Solar water heating: The transmission and storage

heat exchangers, and some transmission medium.
Includes passive and active residential or
commercial solar water heating and swimming pool
heating.

e Industrial process heat: The transmission of

solar thermal energy for various industrial
applications using solar collectors and some
transmission medium. Includes crop dryers.

® Thermal power: The use of concentrating solar

collectors, heat absorbers, boilers, and heat
exchangers, etc., to generate electricity.
Includes irrigation systems.

® Ocean thermal conversion: The generation of

electricity by use of the temperature difference

between surface and deep water.

()
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® DPhotovoltaic conversion: The generation of électri-

city by aiiowing suniight to fall upon two dissimilar
substances in what is commonly called a solar cell.

e Wind conversion: The genération of energy through

the use of machines consisting of revolving blades
or airfoils.

® Biomass conversion: The cultivation and chemical

processing (via fermentation, pyrolysis, or
combustion) of terrestrial or aquatic plants for
the purpose of creating direct emergy, fuels, or
chemical feedstocks.

related energy work:

® Research and Development: Theoretical or

experimental investigations directed toward the
acquisition of new or fuller scientific knowledge
of the subject studied, or systematic éﬁﬁliééfﬁéh
of scientific knowledge directed toward the
creation of new or substantially improved
equipment, processes, procedures, and techniques
in any area of solar emergy; or prototype design
and engineering of solar energy hardware compon-
ents and/or systems.

® Manufacturing: The mechanical or chemical

transformation of materials into components
designed specifically for application in a solar
energy system; aiso, the éSSembiy of solar
components znd other materials into solar energy

systems.

b
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the déﬁand for a proéuct, promoting the product,
transporting the product and selling the product.

Installation and Maintenance: Specialized

activities, such as plumbing, electrical wiring,

metal and glass working, etc., required to

emplace or prepare solar energy components and/or
systems for actual operation; also, specializéd repair
services required to locate or correct failures in
componénts and/or solar emergy systesm.

Other Commercial Activities: Customer design,

product testing and quaiity controi, enginééring

and consulting services to licensees. experimental

work needed for patent litigatiom, etc.



RESEARCH APPROACH

To meet the objectives of the study, the research effort was
structured into five tasks: (a) developing the survey questionnaires,
(b) pretesting and revising the questionnaires, (c) developing the
universe list, (d) selecting the sample, and (e) conducting the survey.

Each of these tasks is described below.

Developing the Questionnaires

One questionnaire and a screening form were developed for estab-
lishménts involved in any type or phase of solar energy work. A second
questionnaire was developed for professional, technical and skilled
workers, who were engaged in solar energy activities, and who were
employed by the establishments.

The purpose of the émployer questionnaize was to collect detailed
irformation on the following:

® Type of organization

® Industrial classification

® Types of solar enmergy that organization was
involved in

® Principal solar products and services
® Total employment and solar émployment
® Solar employment by occupation

® Number of additional solar jobs

® New solar job specialties

® Sources of solar funding

® Anticipated percentage change in future
commercial solar sales.




The primary purpose of the screening form was to determine if
an establishment was engaged in solar emergy activities, and if so, to
determine the type of solar energy, the number of employees and the
establishment's willingness = respond to the more detailed establishment
questionnaire. Basically - sz 2 screening form was also used as a
follow-up to nonrespondent s _shments.

The purpose of th yee “orm was to collect information on
the foiiowing:

e Age and sex

e Years employed in solar work
o Previous and current occupation
e Hours worked per week in solar and nonsolar activities
e Type and phase of solar work

e Major ield of study
e Special solar related skills or knowledge required
in the job
e TFormal training or education in solar energy
e Certification or liCensing
e Relation of work to education and training
e Additional education and training needed.
Drafts of the questionnaires were prepared by Battelle and
reviewed with Department of Energy personnel. Each questionnaire went

through several revisions as information needs were refined.

Pretesting and Revising the Questionnaires

After the draft questionnaires were prepared, a pretest was
undertaken. The pretest was aimed at verifying such factors as the
following:

e That the instructioms for completing the questionnaires

were clear

e That the questions were understood by the respondent

oD
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® That the information or data were available
° That response categories were complete, mutually exclusive
and unambiguous

® That the time and effort required to complete the

questionnaires were not excessive:

The pretest was conducted with nine solar energy establishments
and nine employees =ngaged in Solar related work. The establishments
represented a wide range of size and type of organization. The establish—
ments included large manufacturers, small manufacturers, small architectural
and engineering firms, educational institutions, and R&D organizations. One
employee in each establishment answered the employee questionnaire.

Personal interviews were conducted with each respondent following
completion of the questiomnaire. The respondent was questioned concerning
any problems or difficulties experienced in completing the form. The
comments did indicate the need for some additional clarifications and
definitions.

The establishment respondents indicated that information con-
cerning sales doilars was generally considered proprietary and would not
be furnished. This finding required modification of the projection
methodology, as well as the employer questiomnaire.

Following a review of the pretest results and comments, the
questionnaires were revised as appropriare. The final questionnaires and
the screening form are included in Appemtix A, together with the cover
letters which were used.

Developing the Universe List

The universe listing of establisiments was compiled from a number
of sources. The primary sources are listed below.
° Battelle-Columbns, List of ™Establishments Funded by
ERDA" 1977.
e Battelle-Columbus, List of "Federally Funded Research and
Development Cénters" 1977.

e "Deskbook Directory of Solar Product Manufacturers”
Solar Engineering, December 1977.




16

e "Education Directory, 1975-76 Colleges and Universities"
Podolsky, A. and Smith, C.R., National Center for Education
Statistics, U.S. Government Printing Office, Washington,
b.c., 1976. - Used for addresses only.

e ERDA, List of "Active Prime Contracts in the Solar Energy
Program" 1977.

e TFTEA, List of "Federal Energy Administration Contract
Activities" 1977.

e "New Products”, McPhillips, M., Solar Age, February, 1978,
42-43:

e "Informal Directory of the Organizations and People

Involved in the Solar Heating of Buildings"; 3rd Edition,

Shurcliff, W.A., Cambridge, Mass., June, 1977.

. Solar Age Catalog Solar Vision, Inc., Port Jervis,
N.Y., 1977.

e "Solar Collectorfﬁanufacturing Activity, july throngh
December 1976" Federal Energy Administration, Washington,
D.C., April, 1977.

° VSolar,Directorf" Ann Arbor Science Publishers, Inmc.,
Ann Arbor, Michigan, 1975.

° Solar Energy Directory Centerline Corporation,
Phoenix, Arizona, 1976.

e "Solar Industry Index" Solar Energy Industries
Association, Washington, D.C., 1977.
Federally funded com-ract research centers were included, as
well as R&D laBoratories o; Federal agencies; bther fé&éia1 governﬁent

included.
The sources did mot always provide information concerning the

type of organization (manufacturer, installer, R&D laboratory, etc. ), size
of organizztion, nor the type of solar energy involved. Such information
would have been desirable zs a basis for stratification. The list was
stratified by Standard Federal Region (see Figure 1), by state within
region, and then alphabetically by establishment name within each state.

The universe list was carefully scanned to remove duplicate
names, to correct spelling; etc. Contact names ﬁere iﬁéluded if available.
Twenty-eight establishments were subsequently added during the conduct of
the survey, Bringing the total to 2849 establishments.

The entire list was stored on computer tape for later processing,
and printing of mailing labels.

22
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The universe list of establishments was divided into two groups
in order to reduce costs associated with follow-up. Group 1 had extensive
follow-up by mail and telephome. Group 2 received mo follow-up. Group 1
consisted of a one-third systematic random sample drawn from the strati=
fied list, obtained by choosing a random starting point and selecting
every third establishment. This procedure yielded an initial sample of
940 establishments in Group 1. During the course of the survey, 28
additional establishments were identified (often By SuggeStions from
Group 1 (to, speed up contact procedures) to bring the total number of
establishments in the Group 1 sample to 968. The remaining 188l estab-
lishments-were designated as Group -2.

Employees working in solar energy were sampled within each
respondent organtzation. The selection was made By the establishment
following instructions furnished by Battelle (see Instructions for
Distribution of Materials in Appendix A). The sample size was based on
the total number of solar employees reported by the establishment.

Table 1 presents the plan for sample size selection. A sample of
approximately ten percent of employees engaged in solar work was
requested, with a minimum of one and & maximum of ten employees. Few

establishments had as many as 100 solar energy employees.

Conducting the Survey

The Group 1 and Group 2 establishment samples were treated
differently during the conduct of the survey: Group 1 establishments
were maiie& the empioyer questionnaire. togéthér with copies of the cover
letters from the Department of Energy and the Solar Energy Industries
Association (see Appendix A). Mail returned as undeliverable was Checked,
and a directory search was initiated for a correct or better address.

- Then, the questionnaire and cover letters wére resent.



TABLE 1. SAMPLING PLAN FOR EMPLOYEE SELECTION, 1978

_Number of Solar Enmergy . L
- Eiployees in Establishment — _ .Sample Size
1-14 | 1
15-24 2
25-34 3
35-44 4
45-54 5
55-64 6
65-74 7
75-84 8
85-94 9
95 and above 10

.
e
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ments differed significantiy from respondent establishments tfsms of

purpose Qf} his

geographic region, type of establishment, whether they were engaged in
solar energy work, type of solar energy work engaged in, total number of

empioYees and number of empioyées working in solar. The establishments

listing.
When Group 1 employer QueStionnaires were returned, the appropriate
number of employee questionnaires to be sent was determined, based on the
number of employees engaged in solar energy work (see Table 1); The package
of empioyee forms,'cover ietters, and return enveiopes was sent to the
contact pérson at each responding establishment. This person was asked to
distribute the empioyee questionnaires to a random sample of employees
working in solar energy. To obtain a random sample, the contact person
was réquésted to list the names of the establishment's solar energy
employees alphabetically, or use an already existing listing (such as
a payroll list). The ordinal positions on the list to be given employee
forms were randomiy selected By Battellé and sent to the empioyer; it

is not known how reliably this procedure was followed by the establishments.
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It should be noted that other than an establishment code number,
the employee questionnaires had no identifying information This, plus
direct return of the forms to Battells, ensured confidentiality of the
employee responses.

Group 2 establishments were mailed the short screening form.
Respondents who indicated they would be willing to complete the more
detailed questionnaire were sent empio?er Questionnairés, and the appropriate
number of employee forms. (The screening form provided the information
necessary to determine the number of employee questionnaires to send.) No
further attempts were made to contact respondénté and nonrespondents in

Croup 2.
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RESELTS

A total of 1314 establishment responses v.eré received, repre-
senting 46 percent of the establishments in the sampling frame, and 51
percent of the establishments contacted. qf the 1314 establishments, 285
(22 percent) reported they were not engaged in any type of solar work. A
total of 466 establishments (35 percent) completed only the short screening
form, and 563 establishments (43 percent) completed the long employer
questionnaire. Some respondents did not answer évery question in the
employer questionnaire. An analysis of the response rate is presented in
Appendix B.

An estimate of the number ~f establishments in the sampling
frame engaged in solar emergy work as derived (see Appendix B). Thé two-
standard error estimaté of the number of establishments engaged in solar
energy work in 1978 was 1867 * 65. This estimate was used to compute the
estimated total employment in solar enmergy in subsequent analyses.

Respondent establishments were compared to the sample of 91
nonrespondents in terms of type of orgénization, geographic location,
type of solar energy, total employment, and solar employment. In general,
the results of these analyses were negative, indicating little or no
differencé between respondent and nonrespondent establishments.

A comparison of Group 1 and Group 2 respondent establishments
disclosed no reliable differences between Eﬁé two groups in terms of type
type of solar energy that organization was involved in, number of different
types of solar enmergy, percent solar R&D work, total employment, solar
employment, percent Solar employment, and type of solar work. Thus, the
method of contact and extent of follow-up did not make a difference in the
kind or size of responding establishments. Based on these findings, the
two groups were combined in ~ubsequent analyses.

The anaines of possibie nonresponse bias are described more

fully in Appendix B.
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The study results aré presented below in seven sections: Des-
cription of Establishments, Solar Employment in Establishments, Occupa-
tions and Skills Required, Characteristics of Solar Employees, Hours
Worked by Employees, Education and Training Needs of Employees, and
EmpiOYment Projections. Add{tiéﬁéi tables of results are presented in

Appendix C.

Description of Establishments

A total of 563 employer questiomnaires were received from establish-
ments engag.d in solar activities. The geographic distribution of establish-
ments is stown in Table 2. The five states with the most solar establishments
were California (16 percent of total respondents), New York (8 percent),
Massachusetts (7 percent), Colorado (4 percent), and Texas (4 percent).

Table 3 presents the distribution of respondents in térms of type
of organization. Most establishments were categorized as private industries
or businesses. Federal government organizations included only Federal
laboratories éngaged in solar or solar related erergy work. Federally
financed Contract Research Centers were included with nonprofit organizatioms.
Public Utilities inéiuded public or privately-owned gas and/or electric
companies, but not telephone companies.

Table 4 presents the primary activities (Standard Industrial
Classification) of the overall organization of the responding establishments.
Establishments engaged in solar emergy work represented many different
industrial sectors. Approximately 40 percent of the establishments came
from the service sector, and approximately 30 percent came from the durable
goods manufécturing sector.

Table 5 presents the percentage of establishments working with
different types of solar emergy techmologies and applications. Since
respondents could indicate as many types as appropriate, the percentages
in the first column of Table 5 exceed 100 percent. Nearly 83 percent of
the establishments were engaged in some form of work with solar space heat=
ing and cooling:. Eighty percent were engaged in work related to solar water
heating. Seventy-two percent of the establishments were involved in work
in both space heating and cooling and water heating. For this reason,

these two types were often combined in the analyses that follow.

29
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TABLE 2. GEOGRAPHICAL REGION OF ,
RESPONDENT ESTABLISHMENTS, 1978

Federal Percent of

Region Respondents
(N=563)
1 13.7
1I 11.2
111 12.6
v 9.2
v 12.8
VI 7.3
VII 3.6
VIII 6.2
Ix 20.4
X 3.6
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TABLE 3. TYPE OF ORGANIZATIONS ENGAGED IN SOLAR ACTIVITIES, 1978

— — Percent of Ressondents
Type of Organmization (N=558)
Private Industry 61.1
Construction Contractor 8.2
Public Utility 6.6
Federal Government 1.6
State or Local Government 5.9
Nonprofit Organization 7.0
Educational Institution 8.6
Other 0.9

31
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TABLE 4. INDUSTRIAL CLASSIFICATION OF ESTABLISHMENTS, 1978

Percent of

- Standard Industrial Respondents
_ Industry - Classification Code _ {N=555)
Durable Goods Manufacturing 29.3
Lumber and Wood Products 24 0.5
Stone, Clay and Glass Products 32 1.1
Primary Metal Industries 33 1.1
Fabricated Metal Products 34 6.8
Machinery, Except Electrical 35 1.3
Electric and Electronic Equipment 36 4.7
Transportation Equipment _ 37 0.4
Instruments and Related Products 38 1.3
Miscellaneous Manufacturing 39 2.2
Solar Products* —_ 9.9
Construction 8.3
General Building Contractors 15 4.3
3pecial Trade Contractors 17 4.0
Nondurable Goods Manufacturing 2.8
Food and Kindred Products 20 0.2
Apparel and Other Textiles 23 0.2
Chemicals and Allied Products 28 0.9
Petroleum and- Coal Products 29 0.4
Rubber and Plastic Products 30 1.1
Mining . 10-14 0.2
Transportation and Public Utilities 40-49 7.6
Wholesale or Retail Trade 50-59 6.3
Finance, Insurance and Real Estate 60~67 0.2
Services 40.7
Personal Services 72 0.2
Business Services : 73 0.5
Educational Services o 82 10.8
Engineering and Architectural Services 891 16.8
Research Services 7391, 892 9.7
Other Services - 2.7
Public Administration 91-97 4.9

*Fifty-five establishments identified their primary activity as the manufacturing
of solar products.
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TABLE 5. TYPE OF SOLAR ENERGY TECHNOLOGY, 1978

Percentage of

Percentage of  Respondents
Respondents Primarily Engaged
N o Engaged in Each in Each Type
Type of Soclar Energy Type* (N=549) — - (N=482)
Space Heating and Cooling 82.7 48.3
Water Heating 80.1 28.5
Industrial Process Heat 37.5 1.9
Thermal Power 18.8 2.7
Ocean Thermal Conversion 9.5 2.7
Photovoltaic Conversion 26.6 6.2
Wind Conversion 24.8 3.1
Biomass Conversion 17.9 2.7
Other 8.4 3.7

* The sum of the percentages exceeds 100 since respondents could check ail
types that apply.

33
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Not shown in the table is the percentage of establishments
indicating work in more than one type of solar energy. Seventeen percent
of the establishments indicated they were working in only onme type of
solar energy. Twenty-nine percent indicated two types, and twenty-five
percent indicated three types. Twenty-nine percent of the establishments
indicated four or more types. It is clear that many solar establishments
were working with many different types of solar emergy, rather than
speciaiizing at this time.

Establishments also indicated thé oné type of solar enmergy in
which the greatest number of employees worked. The results are shown in
the second coiumn of Table 5. Nearly haif the respondents were primarily
engaged in work related to solar space heating and cooling.

Table 6 presents a classification of the type of solar work
engaged in by the respondents. This classification was based on the prin-
cipal solar products and services provi&ed By the establishment and its
standard industrial classification. More establishments were engaged in
providing R&D services than any other category of work. The percentage
of respondents providing different solar-related products or services

is presented in Appendix Table C~1.

solar energy and type of solar work are préSented in Appendix Tables c-2
and C-3. Crosstabulations of type of industry by primary type of solar
energy and type of solar work are presented in Appendix Tables C-4 and C-5.

Table 7 shows the type of work involved for each type of solar
energy. Space heating and cooling and water heating involved a wide
variety of different types of work. For other types of solar emergy, the
iargést percentage of establishments were providing R&D services,
reflecting the fact that these types were not as commercialized as space
heating and cooling and water heating.

Table 8 presents the distribution of réépondents in terms of the
percentage of solar work in research and development activities. Over 30
percent of the establishments had over 95 percent of their solar work in
R&D. Anothér 30 percent had iéss than i5 percent of their solar work in
R&D. The overall average percent solar work in R&D was 49 percent. As

shown in Table 9, most construction contractors and private industrial

34
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TABLE 6. TYPE OF SOLAR ENERGY WORK, 1978

- o Percent of Respondents
Type of Solar Enmergy Work— p—— (N=546)
Manufacturing, flat plate collectors 13.4
Manufacturing, other products 17.4
Installation 12.3
R&D Services 22.7
Architectural and Engineering Services 18.1

16.1

Other Services

35
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PERCENTAGE OF SOLAR WORK IN

RESEARCH AND DEVELOPMENT, 1978

Percent Solar

Percent of

R&D Work Respondents
(N=544)
0- 4.9 13.6

5- 14.9 17.3 .
15= 24.9 10.3
25- 34.9 7.7
35- 44.9 2.2
45- 54.9 8.1
55- 64.9 1.1
65~ 74.9 1.5
75- 84.9 3.9
80- 94.9 3.7
95-100 30.7
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TABLE 9. PERCENTAGE OF SOLAR WORK IN RED
BY TYPE OF ORGANIZATION, 1978

Type of Organization

o Smteor
Private  Construction Public  Federal  local ~ MNomprofit  Educational

Percent Solar Industry Contractor Utility Covernment CGovernment Organization Tastitution Other
R&D Work N1 — X PN Z..N._I._Z_J_L N TN . Zu
107 or Jess o4 % S L o5 1 b s Wy 2 54 0 00 13T
111 to 491 9 %6 1 Be 3 830 0.0 3 W) 2 S 1 210 00
501 to 891 % 161 7 5.6 6 167 2 22 3 W0 6 162 1 21 2667
907 or more 0 079 1 L7 L6k 6 667 6 607 2 TR0 6 %58 0 00
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establishments performéd a low percentage of their solar work in R&D.
Public utilities, governmental agencies, nonprofit organizations and
educational institutions tended to perform a high percentage of their
solar work in R&D. Crosstabulations of percentage of solar work in R&D
by type of industry, primary type of solar enmergy and type of solar work
are presented in Appendix Tables C-6 through C-8.

Table 10 presents the source of funds used to finance solar
activities: The three typées of solar energy whiqh were funded over 50
percent from commercial sources were space heating and cooling, water
h-ating, and industrial process heat. The only type which was funded
over 50 percent from federal R&D Sources was ocean thermal conversion.

Establishments with commercial sales were asked to estimate
the percentage change in commercial solar sales between the base year of
1978 and 1979, 1981, and 1983. The results are presented in Table 11. The
majority of respondents (upwards of 85 percent) anticipated increased
commercial solar sales. A small per:entage of respondents anticipated no
change, and an even smaller percentage anticipated a decrease. The overall
average percent change anticipated in 1979 (inciuding both increases and
decreases) was +81.7 percent. The overall average percent change antici-
pated in 1981 was +134.0 percent, and the overall average percent change
anticipated in 1983 was +193.5 percent. It skould be noted that these
estimates were not used to develop future solar employment projections,

aithough they agree closely with the commercial projections.

Solar Employment in Establishments

The total employment reported by the respondent establishments
was 485,162 with a mean of 885 employees per establishment and a standard
deviation of 2337.2. Total réportéd solar empioyment was 6,é57 with a mean
of 12 solar employees per establishment and a standard deviation of 23.3.
Table 12 presents the distribution of total employment among respondents.

Noté should be taken of the iarge number of very small establishments engaged
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TABLE 11. ANTICIPATED CHANGE IN COMMERCIAL SOLAR SALES, 1978

L o | ) Average Perc
Direction _ Number Percent of Change Antic
Year -of Chanige—— -— - of Réspondents Respondents (Relative to
Increase 263 85.. +98.3
1979 No Change 37 12,0 0.0
Decrease 9 2.9 o - _:683
Increase 267 89.0 +151.5
1981 No Change 28 9,3 0.0
_ Decrease 5 1.7 -51.0
Increase 253 86.9 $223.7
1983 No Change 34 11.7 0.0
Decrease b ) 1.b - -_72_5_




TABLE 12. ESTABLISHMENT SIZE, 1978

Percent of Responcients

Total Employment (N=548)
1-2 9.3
3-5 12.6
6 - 10 15.3
11-20 13.0
21 - 40 9.7
41 - 100 11.5
101 - 400 9.1
401 = 3000 10.2
< Greater than 3000 9.3
435
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Table 15'presents t

services, and other services were pérforméd mainly by small establishments
large establishments (more than 400 employees). Manufacturing work was
performed by both large and small establishments.

Table 16 presents the relationship between percentage of solar
work in R&D and size of establishment: Smail establishments tended to perform
only a small percentage of their solar work in R&D activities, whereas
large establishments performed most of their solar work in R&D. Further

energy are presented in Appendix Table C-9. Crosstabulations of percentage
solar employment by type of organization, type of industry, primary type of
solar eénergy, type of solar work, and percentage of solar work in R&D are
presented in Appendix Tables C-10 through C-14.

The estimated number of persons working in solar in 1978 was
22,500. This figure represents all employees both full and part-time,
direct and support, working in solar. This estimate was based on solar
employment data supplied by the 518 éstablishments which answered the
occupational distribution question. These 518 establishments represented
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TABLE 13. PERCENT SOLAR EMPLOYMENT, 1978

Percent of Respondents

Percent Solar Employwent __ _ _  (N=541)
Less than 4% 26.8
5% - 242 22.2
25% - 49% 10.0
50% - 99% 12.2
100% 28.8

(,.
*
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TIBLE 16, PERCENTACE SILABRLONENT BY ESTADLISHENT S1z¢, 1978

Total Exployaéat
Percent Solar By 3-5 610 1120 2140 41-100 101400 4013000
Eaployment ¥ 7 N §—N ¢ - N1 -1 -1 N !
batm@ 0 00 000 000 0 00 356 10261 ez 58
58 to 248 000 115 5 60 BBI ORES MR 6w b1
258 to 438 000 7103 RMS wwd nBI 691 120 000
508 to 91 S5 98 1006 B3 D6 238 S RL 120 000
1008 G266 WD 6wy 3 SE b6 120 00
foul 01000 (01000 ©I0.0 01000 200 & IL5 (91000 551000

0 o 48




TABLE 15, ESTABLISHMENT SIZE BY TYPE OF SOLAR WORK, 1978

Type of Solar Hork

Hanufacturing  Menufacturing . S
HlatPlate  Other WD g Otner
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estimated to have been engaged in solar energy activities in 1978. To
obtain the estimated number of persons working in solar, the reported number
of solar empioyeés was divided By .2775 and rovaded to the nearest 10C
employees. The 95 percent confidence interval (two standard errors) of this

estimate is approximately + 3.5 percent (+ 800 persons).

QOccupations and Skills Required

The OCCupationai distribution of solar employment is shown in
Table 17 for R&D activities, commercial activities (excluding
installation), and installation activities. The reported number of
employees is présented for the more frequeﬁtiy mentioned occupations,
based on 518 establishments which answered the OCCUpationai distribution
question. Data on the less frequently mentioned occupations are presented
in Appendix Table C-15. The large number of "other" within each occupa-
tional group (in Appéndix Table C-~15) indicates that empioyers had diffiCUity
specifying more than the general occupational group for many employees.
For example, empioyers could not identify the specific occupation fcr one-
third of their engineers, %40 percent of the scientists, one-half of the
technicians and 55 percent of their skilled craft and operative employees.
Generally, job classifications used in industry bear an imperfect relation-
ship to occupational fields.

As shown in Table 17, mechanical engineers were the most
frequéntiy reportéd occupation. Engineers made up the largest occupa-
tional group in R&D activities. Skilled craft and operativé workers
and unskilled workers made up the largest occupational groups in
commercial activities (éxciuding inStaiiation), and skiile& craft and
operative workers made up the largest occupational group in installation
activities. The specific occupations involved in installation included
mechanical enginéérs; piumBérs and pipe fitters; carpenters; heating,
ventilating and air conditioning workers; and sheet metal workers and

tinsmiths.

yi‘s



TABLE 17, 0CCUPATIONAL DISTRIBUTION OF EXPLOYHFNT 1N SOLAX ACTIVITIES, REPORIED.4ND____
ESTIMATED NUMRERS AND PERCENTAGRS, 1978, BASED ON 518 REPORTING FSTAR SRR

A _ Comerclal
_Meseatch and Dévélcpaent (except Instaliation)

7 7 Reported Estimated Reported " Estimated Reported _ Est}_u_mted

Gccapation I S ) T I e
Englneers 1398 & 5,200 4o 18 1,600 35 15 30 6,900
Agricultural 8 )| 2 b 0 - b
Chemical % 2 28 1 0 - 1
Civil ' .26 1 4 b 1 b b
Electrical/Electronic 1 1 35 1 5 1 5
Nechanteal M 15 181 7 3 9 1
Netallorglcal/Materials 55 2 5 b 2 1 1
(thet 482 14 185 8 16 4 11
Sclentists W oon o Lm %1 W 6 2 B L0
Blologists 2 1 1 b 0 - b
Chemlsts . . % 1 § b 1 b 1
Computeét Specialists .48 1 6 b 2 1 1
Physicists : m 3 18 1 3 l 1
Other %9 ] A 1 0 - &

Other Professionals @ W 1,800 L L o % 3,20
Architects. . _ n 2 115 5 b 2 3
College/University Teachers k) 1 3 b 0 - !
Econondsts % 1 b 31 L
Hanagers/Adninistrators 127 4 80 2 1 ] }
Marketing Speclalists 2 1 67 ] 1 ) l
Operat {ons/Systems Researchers 2 1 9 b 2 i 1
Other 176 5 98 4 & 1 b

Technicians i % 1,800 118 1 600 1 ] 2,50
Chemical 2 1 2 b 0 - b
Electrical/Electronic 112 3 2 1 3 1 2
Nechanical 98 ] 46 2 10 | 2
Other 23 8 105 4 8 2 b

Skilled Crafts and Operatives 38 1M [ I R R m o« # o 3,90
Catpenters 9 b 10 b J] ] a1
HOAL Workets 8 b 18 1 2 3 81
Machinists 12 b 14 1 3 1 by b
Mechanics % 1 1) 1 4 1 4 1
Plusbers/Pipe Fitters 5 b n 2 2 8 1
Sheetmetal Workers /Tinsmiths 9 b L 1 n 5 5 1
Welders/Flame-Cutters 12 b i b 6 2 pL] b
Others 157 5 518 2 52 14 7 12

Clerical and Unskilled ) 9 L0 n 02,600 0 U ue 18 4,000

No Occupation Given 8 2 - U ! - 0 - - mw o2 -

Total,; ALl Occupations W10 150 e 100 800 | Fg M0 L | 25 10 2,50

3 Detail may not add to subtotal due to rounding/Total mry not add to L00Z due to rounding. 5 :

b Less than 0,51,
e;r'i ;¢ tncludes allocation of "No Nccupation Given” category/Detadl miy h6t add to total due to rounding.
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Overall, the numbér of employees working in solar R&D was
greater than the number working in solar commercial and iistallation
activities combined. This finding points up an important characteristic
of emplcyment in thé solar energy area - a large percentage of employment
was in R&D work.

Further examination of Table 17 discloses that the percentage
of ther professionals” remained fairly constant (between 10 percent and
15 percent) in research and development activities, commercial activities

and installation activities, whereas the percentages of the other occupa-

tional groups fluctuated among the different activities. The réported
occupational distributions appeared to reflect the type of work currently
performed in the different activities. Thus, commercial activities, which
includé manufacturing, involved large numbers of engineers, machine
operatives and unskilled workers. 1In the future, the mix of occupations
is likely to change as different solar techrologies become commercialized,
and as moré standardization and automation occur in manufacturing and
installation activities.

Table 18 presents the reported and estimated number of solar

employees by each type of solar energy. Most employees (65 percent) were

working in establishménts primarily engaged in space heating and cooling/
water heating. Establishments primarily engaged in space heating and
cooling/water heating reported more employees in commercial activities
than in R&D activities. This finding reflects the level of commerciali-
zation of solar space heating and solar water heating. A« these
technologies become more commercialized, employment will, of course,
shift to commercial activitiés. In addition, the occupational mix will
change. Occupational dlstributions of sclar emplovment for establish-
ments primarily engaged in space heating and cooling/water heating,
industrial process heat, photovoltaic conversion, and all other types of
solar energy combined are presented in Appendix Tables C-16 through C-19.
Since large and small employers could have differént jobs
available, a comparison of the occupational distributions of relativeély
larger employers in the solar energy field (those with more than 40

total employees) and smaller employers (thosé with 40 or fewer employees)

ERIC

Aruitoxt provided by Eic:



TABLE 18, REPORTED AND ESTIMATED EVPLOYVENT IN DIFFERENT TYPES OF SOLAR ENERGY, 1978

9'?:

Number of - i © Comercial ]
Rstabiishments Research and Development (IncludingnlnStallation) Total
. Primériiy R d L - , S E"_"“_“&
Type of Engaged in eporte ) Estlmﬁted RepQrted . Est1g§ted Reported P stlmage
Solar Energy  that Type T s T YL N
Space heating & cooling/ | | - o _—
water heating 346 1576 453 6800 |20 729 T0 (3,598 515 14,100
fndustrial process heat § 4 12 20 25 0.9 100 6 L1 30
Thernal power 12 13 bl 60 501 d g 2.4 60
deemn thermal comversion 13 0 29 400 ) ¢ 4 03 16 400
Photovoltaic conversion 8 69 18.4 2,700 g7 154 1,700 [1,066 17,0 4,400
Wind conversion 15 731 5.6 1,000 o 2.2 200 290 47 1,200
Bionass conversion 12 98 5.4 %0 11 04 d 199 32 80
Other 16 9 L7 - 5L - % .l -
Missing 68 s 165 - w53 - g1 104 -
Total 518 348 100012500 (2,775 100.019,00 |62 100.0 22,500

|

b Includes 2llocation of "Missing" and "other" Categories/

¢ Less than 0.05%:
d Less than 50,

ERIC

IToxt Provided by ERI

Total. may not add to 1007 due to rounding,

Detail mey not add to total dué to rounding,
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was made. Only establishments primarily involved in space heating and
cooling or water heating were inciuded in this comparison. (The other
types of solar energy weré represented by too Ffew establishments.)

Table 19 presents the comparison. The major difference in the
distributions was that large employers had a lower percentage of employeec
in the other professional group. This difference may reflect an economy
of scale, in that management and administrative personnel are required
regardless of organizatiomal size, but proportionally fewer are required
in large organizationst The difference could also be due to the
predominant R&D nature of the work of large establishments.

Table 20 presents the occupations reportéd as difficult to hire.
Engineers were most often reported as difficult to hire, followed by
‘other professionals.” Since the occupations differed in frequency with
which they were reported, a direct comparison among occupations required
adjusting the frequency of report-of-difficult-to-hire by the frequency
of report-of-occupation. A difficulty ratio was computed by dividing
the frequency of report-of-difficult-to-hiré by the frequency of report- of-
occupation. A ratio of 1.000 would mean that every time the occupation
was reported, it was also reported as difficult to hire. Using the
difficulty ratio, the occupations for which the establishments were having
systems researchers, and college/university teachers. Difficulty tended
to be low among skilled craft and operative jobs, and among clerical and
unskilled jobs. Apparently, employers were mot having much difficulty
finding suitably skilled persons in these occupational groups.

Tables 17 and 20, taken together, suggest that the required
skill level for many jobs in solar is iow and that employees in these
jobs do not need a great deal of special training in solar energy to
perform their work.  This is partly due to the inclusion of support
personnel (ciéricai, administrative) in the employment data which was
collected. Neverthéless, many of the direct personnel fall into semi-
skilled and unskilled labor catégories. These jobs generally require
little or no special training prior to employment and require a minimum

of on-the-job training. The supply of manpower to fill these categories

58



TABLE 19. QCCUPATIONAL DISTRIBUTION OF EMPLOYMENT FOR LARGE AND
SMALL EMPLOYERS ENGAGED IN SOLAR SPACE HEATING AND
COOLING/VATER HEATING, 1978. BASED ON 117 LRGE E¥PLOYERS
(GREATER THAN 40 EMPLOYEES) AND 225 SMALL EMPLOYERS

(40 OR FEWER EVPLOYEES)

Research and Development Commercial . Total -
Large Eaplojers ~ Reported Reported , Reported ]
Occupational Growp—- N A N 4 S
Engineers 508 4.7 180 18.8 688 32.9
Scientists 121 11.2 13 1.4 140 6.7
Other Professionals 150 13.2 96 10.0 246 11.7
Technicians 120 10.6 69 1.2 189 9.0
Skilled Crafts and N | o | .
Operatives 10 62 m 2l /A EL
Clerical and Unskilled . o . -
Workers 122 107 374 3.0 496 3.7
No Occupation Given ¥ 3.4 1 1.5 33 2.5
Total, All Groups L1136 - 100.0 958 100.0 2,09 100.0
Spall Employers
Occupational Growp - —1| - - — —
Engineers 148 3%.5 150 15,7 298 2.5
Scientists k! 1.7 18 1.9 51 3.7
Other Professionals 109 25,4 191 20:0 300 2.7
Technicians b 10.3 85 8.9 129 9.3
Skilled Crafts and _ , o
Operatives 45 10,5 286 29.9 31 23.9
Clerical and Unskilled ) B o
Workers 37 8.6 218 2.8 255 18.4
¥o fecipation Given 13 3.0 § 8 2 15
Total, ALl Growps — L. 49 100.0 0% 1000 - 1,385 1000

bt/
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TABLE 20. DIFFICULT TO HIRE OCCUPATIONS, 1978:

BASED ON 518 REPORTING ESTABLISHMENTS

Reported Frequency of Percent of Difficulty
Occupation Difficult to Hire Reports™ Ratio
Engineers 130 41.4 <239
Agricultural 3 1.0 .300
Architectural 4 1.3 .286
Chemical 4 1.3 .143
Civil ) 3 1.0 .200
Electrical/Eléctronic 16 5.1 .200
Mechanical 50 15.9 .256
Metallurgical/Materials '3 1.0 .111
" Other 47 15.0 2270
Scientists 32 ~10.2 .168
Atmospheric 4 1.3 .571
Biologists 0 0.0 . 000
Chemists 3 1.0 ;120
Computer Specialists 7 2.2 .14
Physicists 4 1.3 .118
Other 14 4.5 .189
Other Professionals 67 21.3 :170
Architects 16 5.1 .222
College/University Teachers 5 1.6 .357
Economists 2 0.6 .077
Manageérs/Administrators 15 4.8 .136
Marketing Specialists 13 4.1 .260
Operations/Systems Researchers 6 1.9 .545
Other 10 3.2 .090
Technicians _38 12:1 .175
Chemical 1 0.3 .125
Draftsmen 5 1.6 .294
Electrical/Electronic 7 2.2 .184
Mechanical 9 2.9 .150
Other 16 5.1 .170
Skilied €rafts and Operatives _39 12.4 :142
Carpenters 1 0.3 .042
HVAC Workers 3 1.0 .158
Machinists 1 0.3 .071
Mechanics o 3 1.0 .176
Plumbers/Pipe Fitters 5 1.6 143
Sheetmetal Workers/Tinsmiths 4 1.3 .182
Welders/Flame Cutters 2 0.6 154
Others 20 6.4 <154
Clerical and Unskilled 2 -0.6 .011
No Cccupation Given _6 1.9 .375
Total, all occupations 314 100.0 .173

*Detail may not add to subtotal due to fodﬁdiﬁé/TéEél may not add to 100 percent due to
rounding.
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is therefore more eiastic. Thus, employers have little difficulty hiring
for these occupationai groups.

Table 21 presents the occupational distribution of additional
solar jobs anticipated by employers by 1981. The largest increases
(both absolute and proportional) were expected in skilled craft and
with the 1978 occupational distribution Suggests that, by 1981, the
percentage of engineers and scientists in the solar workforce will
decrease while the percgntage of skilled crafts and operatives will
increase. This shift would be consistent with increased commercialization
of solar space heating and water heating technologies. |

Table 22 presents the reported and estimated solar employwent
and anticipated additional solar jobs by geographic region. Solar
erployment was highest in Regioms IX and III, and anticipated additional
employment was highest in Regions IX and I. The largest proportionai
increases were expected in Regions VII and VI. (See Figure 1 for the
definitions of regionms.)

Reportéd solar employment and anticipated additional Solar
jobs are reported for each type of organization, type of industry and
type of solar work in Appendix Tables C-20 through C-22. The largest
proportional increases were anticipated in the fields of manufacturing
and installation.

One of the objectives of the study was to identify new job
their professional, technical, or skilled craft employees performed tasks
which were substantially different from those traditionally performed in
similar, nonsolar jobs. The percentage of respondents who thought that
solar tasks were substantially different from those traditionally
performed was not significantly different among the different types of
solar energy, different sizes of establishments, or different types of
solar work at the 5 percent level of confidence. This finding indicates
that employers, regardless of the type of solar energy the organization
was involved with, the size of the establishment or the type of work
engaged in, generally regarded the jobs in solar as comparable to

nonsolar jobs in terms of the skills required to pérform the job.
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TABLE 21. OCCUPATIONAL DISTRIBUTION OF ADDITIONAL SOLAR
JOBS, 1978: BASED ON 518 REPORTING ESTABLISHMENTS

Reported Estimated Anticipated

Number of Number of Percent
L - Additional . Additionai . Change.
Occupational Group Solar Jobs %% Solar Johsb  (1978-1981)
Engineers 1,138 21.1 4,200 + 60.1
Scientists 322 6.0 1,200 + 60.9
Other Professionals 665 12.3 2,500 +76.0
Technicians 644 11.9 2,400 + 93.2
Skilled Crafts and Operatives 1,517 28:1 5,600 +143.5
Clerical and Unskilled Workers 968 17.9 3,600 + 87.8
No Occupation Given 143 2.6 - -
Total, All Groups 5,397 100.0 19,400 + 86.4

a Total may not ad’ to 100%Z due to rounding.
b Includes allocation of "No Occupation Given" category/Detail may not add to total
due to rounding.

m |
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8312 22, TOTAL PLOTAENT, SOLAR EYPLOTVENT, AND ADDITIONG
SOLAR JUBS BY GEOCRAPHIC REGION, 1978

Reported - D
Reported Reported Number of Estimated Anticipated
il Solar Gsthated  Addftioosl  Nwberof  Percentage
I 39,448 818 2,900 850 3,100 +105.0
11 47,5% 698 2,500 546 2,000 +78.2
ifi 139,09 1,041 3,100 810 2,900 S I
N
v 31,397 570 3,100 620 1,500 + 13
v 74,382 859 3,100 41 1,700 +54.8
i 23,53 256 900 28 1,000 HIL.7
i 907 120 400 144 500 +120.0
Vit 1,13 511 1,500 3% " 1,400 ¥ 95.9
IX 100, 660 1,373 4,900 1,617 5,100 $03.2
X 17,009 111 400 50 200 +45.0
Tota] 485,162 6,257 22,500 5,307 19,400 +86.3 B
ERIC _ el T \
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A minority of respondents felt, however, that new or substantiallv
different tasks were being performed by some of their solar emplovees.
Table 23 presents a classification of the areas in which new skills and
knowledge were required to perform these tasks. Special solar design,
analysis, and installation skills were most frequently mentioned by respondents.
New combinations of traditional skills were also mentioned. Based on the
persons trained in the design and analysis of solar units, and for persons
trained in installation of solar units: However, no new occupations unique
to solar energy emerged as a result of this question, and a majority of
respondents (iﬁéiﬁ&iﬁé a majority of installers) did not regard the tasks
performed as substantially different from traditional tasks. It appears that
employees must be capable of pérforming traditional as well as purely solar

work.

Characteristics of Solar Emplovees

A total of 483 employee questionnaires was received from 359
different establishments. The charactéeristics of the employee respondents
were compared with occupational and solar work information supplied by the
establishments. These comparisons indicated that the "other professional”
occupational category was greatly overrepresented among the employee
respondents, and the "skilled crafts and operatives" and "clerical and
unskilled workers" categories were underrepresented.The type and phase of
solar energy work reported agreed fairly well with the employment distribu-
tion provided by employers:

Employéé respondents, however, overrepresented educational institutions
and large establishments (over 400 employées). Thus, it does pot appear
that thé employee respondents constituted a representative samplé of emplovees
working in solar emergy. For this reason and because of the small number
of questionnaires returned, caution should be used in interpreting the

information obtained from the employee questionnaire.
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TABLE 23. NEW SKILLS AND KNOWLEDGE NEEDED
TO PERFORM SOLAR JOBS, 1978

Percent of

- : Respondents
Skiil or Knowledge Area S _ (N=140)
Analysis Skills 32.1
Design Skills 41.4
Manufacturing Skills 15.7
Marketing Skills 5.0
Installation Skilis 31.4
Systems Operation and Troubleshooting o
Skills 12.9
Skill in Conducting R&D in Specific o
Types of Solar ETmergy 17.9
New Combination of Skills 9.3
Other 26.4
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Respondent employee characteristics are presented in Appendix
Tables C-23 +hrough C=31. Over 60 percent of the respondents were under
40 years old (Tatle C-27). Ninety percent were malé. Respondents had
been émployed in solar-related work am average of only 3.7 years with a
standard deviation of 3.6 years. This finding indicates the recent
growth of the solar eanergy field and shows that many persons aré new
or journeyman licensing. Oniy 18.3 percent reported licensing related
to their solar work.

Table 24 shows the relationship between current and previous
occupations. For most gnpioYéés, the current occupations category in
solar was the same as the occupztional category before working in solar.

Those employees whose current occupational category was "other prefessional”
showed the greatest diversity of previous occupations. Twenty percent of

those employees came from engineering.

Hours Worked by Empioyees

The number of nours worked inm solar activities and in nonsolar
activities are important indicators of manpower utilization. Many persons
working in the field were only working part-time in solar-related work.
The mean number of hours spent in solar-related work actitivies during
deviation of 16.5 hours. The mean number of hours spent in nonsolar work
activities during the same period was 13.4 hours per week with a stardard
deviation of 16.1 hours. The mean *otal hours worked during the period
was 43.2 hours per week with a standard deviation of 9.8 hours. Approximately
6 percent of the 449 respondents worked less thap 40 hours per week.

Approximately & percent of the respondents did not work in
solar activities during the period (due to vacatioms or work variatiom),
whereas 48 percent spent all their time (but sometimes less than 40
hours per week) in solar work. Since over half of the respondants worked
less than full-time on solar activities, the existing manpower pooi

was clearly underutilized.




TABLE Z4.

RELATIONSHIP BETVEEN CURRENT
OCCUPATION AND PREVIOUS OCCUPATION
OF RESPONDENT EVPLOYEES, 1978

Current Occupation

- ~ Othee Skilled Cra

S N Engineer  Scientist  Professional  Technician  and Operati
Previous Occupation N 7 N % N 1 N 7 N ]
Engineer 13 739 0 0.0 39 20.4 39,4 3 10.7
Scientist 5 33 31 7.5 12 6.3 1 3.1 0 0.0
Other Professional 9 5.9 2 50 100 52.9 3 9.4 3 107
Technician 1 07 0 0.0 3 L6 19 59.4 1 3.6
% 1led Craft and | - . - -
Operative 2 1.3 0 0.0 5 2.6 1 3.1 17 60.7
Student/None 23 15.0 7 17.5 31 16.2 5 15.6 4 14.3

Intal

153 100.0

40 2000 191 100.0 32 100.0

28 100.0
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The hours worked in solar (13 433 hours) represented 69 percent
of the total hours worked durino the perlod (19 456 hours). The total
hours worked in the period represented 486.4 full-time equivalent employees.
The hours worked in solar represented on:” 335.8 full-time equivalent
employees {out of 449 respondents).

The percentage of hours spent in solar work varied significantly
with the type of solar energy, phase of solar work, type of organization,
industry category of the establishment, type of solar work of the
establishiment, and size of the establishment. The data are presented in
Appendix Tables C-32 through C-37. Table 25 presents the average hours
worked in solar by employées engaged in solar R&D work for each type of
solar energy. These data were used to derive R&D employment coefficients
in terms of labor hours per dollar of solar R&D funding.

3

Education and Training Needs of Employees

Table 26 presents the primary work activity reported by employees
in each occupational group. It can be seen that a majority of engineers,
scientists, and technicians worked primarily in R&D. Skilled crafts and
machine operatives worked mainly in manufacturing and installation. These
work activities and occupations naturally réquired different kinds and
amounts of educatioﬁ and tiéiﬁiﬁg. Table 27 pLeSents the educationai
major field of study. Engineers generally possessed a baccalaureate or
higher level degree in engineering, although there were a few nondegreed
persons who, because of training and on-the-job experience, qualified as
engineers. A majority of scientists pussessed a doctoral ievel degree in
the phyeicéi mathematicai, or Eiéiogical sciencés. ﬁost pefSOEEel in the
percent of this group had their degree in engireering:. In terms of
percentage with an advanced degree, the'other professionals"group also
rescmbled the engineers. Technicians, skilled crafts, and machine

operatives tended to have a hign school level education or some college:



TABLE 25. AVERAGE HOURS WORKED IN SOLAR IN WEEK OF
JUNE 11-17,1978 BY EMPLOYEES ENGAGED IN
SOLAR R&D WORK BY TYPE OF SOLAR ENERGY

L 7 Average
- ) ) Number of }}gurs
Type of solar energy Employeeés — - _ . Worked
Space Heating and Cooling 74 28.3
Water Heating . 11 34.7
Industrial Process Heat 8 26.6
Thermal Power 15 35:1
Ocean Thermal Conversion 12 22.4
Photovoltaic Conversion 30 32.3
Wind Conversion 9 21.2
Biomass Conversion 6 19.2
Other 9 39.8

~J
ot |




TABLE 26, PRIMARY SOLAR WORK ACTIVITIES OF RESPONDENT EMPLOYERS BY

CURRENT OCCUPATION, 1978 (PERCENT OF RESPONDENTS)

éurrent Occupation

T
- Englneers Sclentists Professionals  Technicians Crafts

Py Sl Hork Activity (el2) () MBS ()

Research and Developaent 4.2 8.9 0. 51,5 19.0

Manufacturing 5.3 0.0 il 1.1 0.9

iﬁrkEting and DlStrIbutIon 10.8 2.8 19.3 91 4.8

Instal lat on and Naintenancé 5.0 0.0 6.9 9.1 .3

Other Comerctal Activities 83 1.4 6.2 6. 0.0 6.

we

13.3 5.6 2.8 o100 15,2

ERIC

Full Tt Provided by ERIC.
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Al 17, HCHST LEVL OF FORAL, EOCATIO O REFODET BPLOCES
B CIRRENT OCCUPATION, 1978 (PERCET OF RESPONDENTS)

Current Occupation

_ Other - Skilled
o L Engineers Scientlsts Professionals Techniclans Crafts
fighest Level of-Forsal-Education (e134) (d2)- - —(Nel%6) (Na37) (¥3l) -
High school or tess 1.} 0.0 2.0 13.5 38.7
Sone college 1.2 0.0 1 0.2 (L9
Kssoelate or technical degree 3.2 0.0 2.6 18.9 0.0
BB, degee 0.3 19.0 6.4 1.6 16.]
HAJHS. degree 0.0 2.2 S 2.7 1.2
M0, EAD., WD, depree 149 5.8 1.8 0.0 w2




TABLE 28,

HAIOR PIELD OF STUDY OF RESPONDENT ENPLOYEES BY
CURRENT OCCUPATION, 1978 (PERCENT OF RESPONDENTS)

o ~ Other Skilled

S Englneers  Sclentists  Professonals  Technicians Crafts
Mator Fleld of Study {Ns155)— (Ns42) (N=195) (Ne37) - ——(Na30) -
Engnecr ing B0.6 08 3.9 16.2 6.7
ﬂiys‘icai §ciénc‘é/iat’i1énat'ids/iﬁology 6.5 90;5 122 10,3 10.0
Other baccalaureate or professtonal fields 6.5 08 40.3 18,9 20,0
Flelds of study below the baccalaureate 6.5 0.0 36 %.1 63.3
level I

" 4

[ 4
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Employees were asked about the need for special education and
and the source of any spéciai education and training. 'Approximateiy 88
percént of the respondents felt that their job required special skills or
knowledge. This finding does not necessarily contradict their employer's
perception that most professionai, technical and skilled craft employees
working in solar energy did not perform tasks which are substantially
different from those traditionally performed. The jobs may require special
skills and knowledge which are not unique to solar energy work. Table 29
presents the speciai skiii; and knowiedge areas required for the job as
reported by employees in each current occupational group. Many of the
special skills and knowledge required were not unigie to solar emergy, but
rather represented traditional subject matzer areas being applied to solar
energy problems.

Respondents reported that an average of 19 percent of their work
time in soiar was spent on activities requiring more education and train-
ing than they had (Appendix Table C-38).

Table 30 presents the areas of special skill and knowledge in
which empioyees felt chéy needed additional éducation and training.

Since only 61 percent reported needing more educarion and training, this
table is based on fewer cases than Table 29. About 50 percent of those
needing more education and training identified anaiysis, design and
evaluation of systems as the subject area needed. Approximately 25 per-
cent reported needing additional educatior and training in the area of
mechanical engineéring, theromodynamics, and hydrodynamics. These same
areas were among the most frequently reportcd areas required for the job
it is interesting to wotée in Table 29 that many skill and
knowledge areas were required by all (or nearly all) occupationms.
Likewise, additional education and training in many of the same areas was
néédéd By all (or neariy all) occupations (Table 30). However, the
tion, consiuering the differences in work activity and educational level

previously described.

-}
!



TABLE 29. SPECLAL SKILLS AND KNOWLEDGE REQUERED BY EMPLOYEES BY CURRENT OCCUPATION, 1978
(PERCENT OF RESPONLENTS)

Current Occupotion

o Otk Skilled

- o Engineers Sciéntists Professionals Technicians Crafts

Skill and Knovledge Ares (N=137) - (Na3]) (N=172) (N=29) (N=22)
Knovledge of solar energy applications, . . .

technology and market 8.0 ©1S 18.0 6.9 2.7

Analysis, design and evaluation of systems 40.1 10.8 21.9 20.7 136

Knowledge of anufacturing techaiques 2.9 2.1 2.9 0.0 0.0

iﬁbﬂitdgc of ﬁiiﬂﬂg goverament prograss,
policies, standards and lavs regarding

solar enetgy 15 0.0 5.2 0.0 0.0
Economics, economic analysis and , o o
assessment 2.2 5.4 0.4 0.0 0.0

inwid(é.of émﬁnttic’m mnagesent,
contracting, installation snd

saintenance : 10.9 0.0 15.7 %.5 63.6 16.9
Marketiog and salés skills 2.9 0.0 9.3 10:3 0.0 5:8
Nechanical eagiveering, thermodynamics . | -

and hydrodynanics .2 32,4 29.1 6.0 2:3 3.5
Other engloe ring 55.5 22.0 2.5 20,7 18.2 3.3
Physics and .ptics | 1.7 0.2 9.9 10.3 i 13.4
Nanagesent 29.9 8.1 2.5 20.7 6.5 2.7
Social science, other professional 0.0 2.1 4.7 34 6.5 2.8
Other sclence (cheststry, mathematics, B B |

oceanography, systeas) 5.8 2.1 18.6 3.4 13.6 11.6

Comuntcation and réseacch skills,
wiscellaneous abilities and - - -
formlized training 2.2 8.1 %.3 21.6 45.5 28,5

—




TABLE 30. ADDITIONAL EDUCATION AND TRAINING NEEDED BY EMPLOYEES BY CURRENT OCCUPATION, 1978
(PERCENT OF RESPONDENTS)

Current-Occupation

. o _ Other L Skilled
S Engineers Scientists Professionals Technicians Crafts
Skill and Knoledge Area— -~ —— (a6} (W)~ DN1d) (N20) —— - - (20)
Knowledge of salar energy applications, . . . . .
technology and market 1.0 0.0 16.3 10.0 25.0
Aalysis, design and evalustion of systess  59.4 23.8 6.3 50,0 20,0
Knovledge of manufacturing techniqués 1.0 0.0 0.0 0.0 0.0
Knovledge of existing governsent programs,
policies, standards and laws regarding . . o L .
solar energy 2,1 0.0 3.4 0.0 0.0
Economics, econoaic analysis and . o . . _
assessment 5.2 14,3 9.3 0.0 5.0
Knowledge of construction panagement,
contracting, installation and . . . . . .
maintenance 11.5 0.0 10.¢ 3.0 15.0 10.5
Marketing and sales skills 6.2 0.0 3.9 X 0.0 3.1
Mechanical engineering, thermodynamics - o
and hydrodynamics 25.0 1.2 24,0 20.0 20,0 U8
Othér engineering 16.7 3.1 109 400 10.0 1.1
Physics and optics 2.1 28.6 3.9 20.0 5.0 6.3
Managenent 1:6 28.6 1.1 20.0 20.0 18.2
Social sclence, other professional 0.0 0.0 3.1 0.0 50 L7

Other science (chemtstry, mathematics, N . o ) |
oceanogtaphy, systess) 6.2 0.0 4.7 0.0 10.0 4.9
Communication and research skills,

niscellaneous abilities and o - o . . L
formalized trairing 12,5 19.0 14,0 10.0 5.0 13.6

—

-.\1_
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knowledge réquiréd By the job. Formal training and praCtiCai experience
were the most frequently identified sources.

completed any formal ciassroom training programs or courses in solar
energy. Less than half of the respondents working in R&D, manufacturing,
mari:eting and aiéfiiﬁﬁfiéﬁ, and installation and maintenance had completed
any formai solar programs or courses (Appéndix Table C—3§).

Tabulations of the percentage of respondents who felt that their
jobs required special skills or knowledge, and the percentage of respond-
ents who compieted formal solar training progfams by phase of solar work,
type of solar energy, industrial category of estabiishment, and type of
solar work of establishment are presented in Appendix Tables C-39
through C-42.

Those respondents who reported that their job required special
training programs than those who did not feel that their job required
special skills or knowledge. The relationship was significant beyond the
5 percent level of confidence (Appendix Table C-43).

Table 32 preésents the most fréquéntiy taken Subjects and their
average duration. Most courses averaged Between 20 and 40 hours. Appendix
Table £-44 presents the subject matter and average duration of all reported
solar training programs and courses. Table 33 indicatés that 58 percent of

these courses were provided by coiieges or universitities.

ﬁmpioyment %rojections

An objective of the study was to develop and apply a methodology
for projécting future émpioyment in solar energy. Two separare projéction
methods were developed; one for forecasting R&D solar employment, and one
for forecasting commercial solar employment: Both methods were used to
project solar empioYmént for three years (to iééi) and five years

(to 1983). The projecion methods and results are presented in Appendix D.

-\I;
.



TABLE 31. PRIMARY SOURCE OF SPECIAL SKILLS AND KNOWLEDGE
AS REPORTED BY EMPLOYEES, 1978

Percent of

) Respondents

- _Source S T _ (N=393) _
Self study 14.8
Practical experience _ 7 41.2
Formal trainicg 44.0
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TABLE 32. SUBJECT MATTER AND AVERAGE DURATION OF THE FOUR
MOST FREQUENTLY TAKEN TRAINING PROGRAMS OR
COURSES AS REPORTED BY EMPLOYEES, 1978

Number of Training S
. - Programs or Average Duration
Subject Matter Coursés Taken — in Hours — —
Solar Emergy, general 154 19.9
Space ﬁeating and Cooiing 40 29.9
Solar System Design 27 23.8
Thermodynamics/Heat Transfer 16 37.9

S0
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TABLE 33. PROVIDERS OF SOLAR ENERGY PROCRAMS OR COURSES
AS REPORTED BY EMPLOYEES , 1978

N Percent of Courses Taken
Provider S - (N=355)
Empioyer 6.5
Vocational or Trade School 4.2
College or University 57.7
Professional or Technical Society 16.1
Government 4.8
Manufacturer 5.1
Other 5.6
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The projections of R&D solar emplovment were based on projected

éxpenditures which were féderaiiy financed (as reported in Table 10).
Each type of solar energy was treated separately. In dériving the projections§
it was assumed that R&D employee productivity will remain comstant through
1983, and that R&D productivity is not related to establishment size.
Further aSSumptions were made with regard to the rate of decline in Federal
involvement in R&D financing for each type of solar energy.

The projections of commercial solar employment werc. based on labor

coefficients, defined in terms of labor-hours per unit of installed solar

equipment. Only solar space heating and cooling, water heating, and
industrial process heat wers assumed to produce significant commercial
empioyment By 1983. The emPICYér survey did not providé information
necessary to compute the commerical labor coefficients because companies
considared sales data to be proprietary information. Estimates of the

labor coefficiénts for production and installation of solar units were

obtained from 2 small sample of companies. The available estimates of labor
coefficients, as well as the estimates obtained and used in this study,
are highly variable from company to company. The changing proportions of
different types of collectors and concentrators used and productivity
clizuiges were estimated to iééj. Projections of commercial solar éQuipment
sales were obtained from puBiished sources. These sales forecasts were
applied to the estimated labor coefficients to obtain the proiections of
commercial solar empioyment.

Table 34 presents thé projectéd changes in solar émpioyment
for R&D and commercial activities. Full-time equivalent R&D employment
ig nrojected to increase by 74 percent by 1981 znd by 144 percent By 1983.
Commercial solar employment is projected to increasé by 137 percent by 1981
and by 20” percent by 1983. The commercial employment projections agree
cioseiy with che average anticipated gains in commercial soiar sales
reported by employers for 1981 (134 percent) and 1983 (194 percent)-
projected to double By 1981 and nearly tripie By 1983, based on projections
of recent trends in Federal R§D funding and commercial solar sales. The

overall projected increase by 1981 (102 percent) is slightly larger than



Table 7. PROECTED CRANGES IN FULL-TTNE BQUIVALENT SOLAR RPLOTVENT, 1978

FIE M Percentage TR Percéntage
Employment Employment ~ Change Enployment Change

Activity 1978 1981 1978 - 1981 1983 1978 - 1983
RED 9,111 15,852 2.0 2225 144,
Commercial 7,29 17 287% 136.9 22, 100* 03,2
Total 16,407 3,134 102,0 44,365 170:4

*Based on recent trends.
R Y S W R0 T B S kb
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the percentage of additional solar jobs anticipated by employers by 1981
(86 percent). Employer forecasts of additional jobs appear more conser-—
vative than their forecasts of additional solar saiés._ This difference
may be due to the employers' expectation of utilizing more of the time of
current empioyees in solar work, or of using the existing production and
installation capabiiity more efficiéntiy. Either aiternative woulé resuit
in fewer additional employees compared to increased sales.

The projections in Table 34, based as they are on many assump-
tions and limited data; should be regarded with caution. The projéctions
can not anticipate technological breakthroughs in production and installation

techniques, improvements in system cost-effectiveness, changes in incentives

to purchasé solar units, or major shifts in Federal funding of soiar R&D.
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Solar energy is a relatively new and developing energy field.
Approximately 2,000 establishments (both private and public) are engaged
in solar energy activities: About 70 percent of these establishments are
private industry and construction contractors. Most of the establishments
are small. Approximately 60 percent have 40 or fewer employees. Many
establishments have only recently been formed. No single industrial
classification dominates the field.
of solar energy. Approximately 75 percent of the establishments are
primarily engaged in work in space heating and cooling and water heating.
Any one establishment, however, is frequently involved in many different
types of soiar energy and in many different phases of solar work. Approxi-

mately half of all solar work currentiy is research aud developmeént work,
and approximately half of all solar employment is in research and developme:ut
activities:

Small establishrments tend to be nearly 100 percent imvolved in
solar energy work, whereas large establishments tend to have only a small
percentage of their employees working in solar. Solar installation and
architectural and engineering services are performed mainly by small
organizations, and solar R&D is performud m2inly by large organizations.

It is estimated that about 22,500 employees were engaged in svlar
energy work (direct and indirect) in 1978. Not all employees worked full
time in solar energy. The average hours spent on solar-related work, as
reported by a sampie of empioyees, was approximately 30 hours per week.

The most frequenrly reported occupation in solar R&D activities -
is mechanical engineering. Approximatel- 40 percent cf all employees én-
gaged in R&D are enginéers. The most frequéntiy reportei occupation in
solar installation activities is plumbing/pipe fitting. Iearly half of all
unskilled workers comprise over half of all employees engaged in orher

solar commercial activities.

o

o
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cerning solar energy technology, the application of traditional skills to
solar energy work, and combinations of traditional skills. However, new
occupational specialties are rarely reporred, and most employees must
be capable of performing traditional as well as purely solar work.

The most difficult to hire solar occupations include engineers,
atmosgheric scientists, operations/systews researchers, and college/

university teichers: The least difficult to hire solar occupations

‘include clerical, unskilled, and skilled workers.

Full-time equivalent employment in solar R&D is projected to
of solar R&D funding. Full-time equivalent commercial solar employment
(direct labor for production A<l installation) is projected tc increase
137 percent by 1981 and 203 percent by 1983, based on recent trends pro-
jections of commércial solar equipment sales. Overall, full-time equiva-
lent empioyment is projected to double by 1981 and increase by 170 percent

by 1983.

Recommendations

A series of five recommendations are briefly presented below.

Recomme:-ation 1

It is recommended that the Department of Energy conduct or
support periodic surveys of establishments engaged in solar enmergy activities
to determine employmert and occupaticual distcibutions. The current study
provides baseline information on employment amd occupations. Much detailed
information was obtained. Future surveys shou’d not require the same amount
of detail, and the reporting burden will trerefore be less. The cur ‘ent sur-
vey should be updated every 2-3 years, based on the anticipated growth in
émpioyment-

ments engaged in solar energy activities. Because solar energy is such a

e
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new field, establishments are entering and leaving the field at a high rate.
The current list, therefore, should be updated periodically. It would also
be helpful if additional idéntifying information such as establishment
size, type of solar energy, and type of solar work (manufacturing,
installation, education, R&D) were available on all establishments in

the 1ist. The additional information w<ould be used in contactiag repre-

sentative samples or special sampleés of establishment$, and in evaluating

the representativeness of respondents.

The current study provides a system for collecting and r=zportins
data concerning solar energy manpower. Methods for improving the response
of emplovers and employees should be developed. A larger, more representa-
tive sample of employeés should be obtained.

Recommendstion 2

It is recormended tiat solar energy employees be identified in
existing occupaticrnal surveys, such as tl'e National Sample of Scientists
and Engineers, sponSOred by thée Nati: .al Science Foundation, the National
Industry-Occupation Employment Sample, conducted by the Bureau of Labor
Statistics, and other post—censal survéyé.* Thic can be accomplished by
incorporating various energy identification questions into the surveys.

The solar ensrgy questions should identify the type of Solar énergy tech-
nology or application and the phase of solar energy wotk of the individual.
This procedure would permit a more exact determination of the nurmber and

characteristics of persons engaged in solar energy work.

Recommendation 3

It is recommended that the Department of Energy obtain information
concerning solar énerg- manpower suppiy. The current survev provided esti-

mates and projections of employment: Comparable information on supply is

* Uader DOE support, scientists and engineers engaged in energy-related
work are currently identified in the Nationai Science Foundation surveys

ot scientists and engineers and new science and engineering entrants.

Qo
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needed to form a complete assessmént of solar energy manpower. Information
should be solicited from colleges and universities, technical institutes,
vocationzl secondary schools, company or union :-aining programs, and any
other sources of solar energy manpower. The information solicited shouild

estimates of 1abor requirements for production and installation of different
types of solar ené-gv systems (primarily active solar space and water heat-
ing systems). Although the technology ir this field is constantly changing,
there is a critical need for morée reliable and complete estimates from which
manpower réquirements can be derived. Rather than rely on industry esti-
mates, a detailed process analysis should be cor.uucted for different types

of installa:.ons and different climates. Thé number and occupational distri-
bution of labor (direct and support) raquired should be determined. Labor

rates and required levels of experience should also be investigated.

Recommencation 5

1t :s recomménded that the Department of Energy obtain improved
regional and state projections of future solar energy manpower and occu-
pational needs. The current projections have been made on & national basis:
In this form r=:ir utility is limited to aggregated, macro-economic and
national pol::i- analyses. These data would be more useful to all levels of
government il ihey could be disaggregated by state. Most inquiries for
;nformétion concérning future employment in solar energy will be couched in

§tate or regional terms.

oy
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APPENDIX A

SURVEY QUESTIONNAIRES, SCREENING FORM
AND COVER LETTERS




DOE Cover Letter for Employer Questiomnaire

Depar:ment of Energy
Washington, D.C. 20545

Dear Sir/Madam:

The United States Department of Energy (DOE) has initiated a study to
asgsess the present employment and utilization of solar energy manpower

and to produce a methodology for estimating future manpower requirements

in the solar energy field: We want to assure that the development of

solar technologies can proceed without constraints caused by —anpower

problems. Your participation in this survey will be of great assistance
in establishing a data base for determining future needs for qualified
personnel.

DOE has requested Battelle's Columbus Laboratories; a private, not-for-

profit research institute, to conduct this solar energy manpower assess-—

ment. The enclosed questionnaire is designed to gather the information

needed to characterize present manpower utilization in solar and solar
related energy areas and to project and characterize future manpower
needs. Participation in thé survey is voluntary; however, your coopera-
tion in completing and returning this questionnaire will be of great

usefulness in planning for the orderly development of the solar energy

field: If y are not the appropriate person within your organization

to complete this questionnaire, please give this material to the

appropriate person.

Your response to the Questionnairé,wiii Be,combinéd,with,those of othér
reporting organizations. Information furnished by individual organiza-
tions will not be reported or disclosed. Averages and other statistical

measures will be used to characterize manpower requirements in solar

energy: Your organization s responses to the questionnaire will be kept

in complete confidence by Battelle and identifying information will not be

released to DOE or any other party.

Please return the compietéd ques:ionnaire within two weeks. A stamped
return énvelope is enclosed for your convenience. Return of the question-

naire will give Battelle's Cclumbus Laboratories consent to use the

information which you have provided only for the purposes and under the

conditions described above.

1f you have aay questions about the atud] or the questionnaire please call

Ms. Sandy Newman at Battelle Laboratories, collect, (€14) 424-=5646.
Thank you for your cooperation.

Sincerely,

Lawrzuce G.
Jirector _
Office of Educati.:n, Business

and Labor Affairs

— A - T i — U"' e MMl - - - - o - S im e -l sl




| Letier of Endovsemeat
Sent with Bnployer Questromncires.

SOUR ENERGY INDUSTRIES ASSOCUATION  Sute =72 H0I07 Tommece

Dear Sir or Madam:

" Working under a contract with the Department of Energy, the
Battelle Columbus Laboratories are conducting a survey of the present
status of manpower within the industry and future manpower require-
ments. The results of this survey should help in formulation of man-
power training policies and assist in guiding them in directions which
will be most advantageous to our industry.

~ Accordingly, I urge you to invest the time needed to respond
fully to the enclosed questionnaire.

Cordially,

S. H. BUTT, President =
/ere Solar Energy Industries Association
enc.




F  ap— " OMB No. 38-5-77-003
%Bane'ie , Apprc;v:j Expires

Columbus Laboratories June 30, 1979

SOLAR ENERGY MANPOWER SURVEY
EMPLOYER FORM

The information coliected on this form will be held ip strict confidence ard wiil be
used for statistical purposes only. The information wil! only be released in 3 form which
does no! identify information about any particular crganization. Your voluntary coopera-
tion is needed to make the results of this survey comgrehensive, accurate and timely.
Please return this questionnaire within 2 weeks. The enclosed return envelope requires

no postage.

1. Please make any corrections o “™'s label.

¢C 1-6
1—cc?7

IN COMPLETING THIS FORM, PLEASE CIRCLE THE APPROPRIATE RESPONSE
UNLESS INSTRUCTED OTHERWISE.

2. Do you wish to receive a report on the ﬁndmg; of this survey?
Circle the appropriate response. 1. Yes 2. No cc8

3. SCOPE OF SURVEY

bata should bé providéd for a sin'gie estabﬁshment defined as an administrativéiy
independent unit, together with any subdivisions, which may be physically
separate but are admlmstratlvely dependent upon the establishment.

For the purposes of this survey, an establishment is considere . to be in solar or
solar related energy work if it is engaged in any of the activities listed in the
definitions on page 8. On this basis —

Were any employees of this establishment engaged in solar or solar related energy
activities during the pay period which included April 12, 1978? Circle the appro-

priate response. 1: Yes 2. No: cc 9
If you circled ‘Yes’ piease coﬁif)iété the remainder of the questionnaire.

If you circled ‘No’ please return this questionnaire to avoid further correspondence.
Thank you for your cooperation.

)

<
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4. TYPE OF ORGANIZATION
Which of the folowing best describes your establishment? Circle one answer only.
1. Privatz industry or business (excluding construction contraciing).

Construction contractor.

Federal government, ) S .

Sate or local sovernment (excluding educatioral tstitutions).

5. Private, nonprofit organization (excluding educational institutions).

Rl

6. Educational institutions.

7. Other (specify): -

5. PRIMARY ACTIVITY

particular establishment.

Code Production and Manufacturing Code
01  Agriculture, forestry and fishing 30
02 Mining )
03  General building contracting 31
04  Special trade contracting 32
05 Manufacture of food and kindred

_ _products 33
06 Tobacco manufacturing 34
07 Textile millpxoaﬁétré . 35
68 Manufacture of apparel and textile 36
. products 37
09  Manufacture of lumber and wood 38
~ products o 39
10 Manufacture of furniture and fixtures
11 Manufacture of pr  *nd allied 40
B products -

12 Manufacture of ci..uucals and allied

- products , -

13 Manufactare of petroleum and coal

) products N -

14  Manufacture of rubber and plastic

B products o -

15  Manufacture of leather and leather

] products ] o

16  Manufacture of stone, clay and glass
products

17  Primary metals manufacturing

18  Eabricated metal products manufacturing

19  Manufacture of mzchinery, except
electrical o

20  Manufacture of electric and electronic

N equipment 7

21 Manufacture of transportation equipment

22 Manufacture of instruments and relatzd

- éi@f]uéts B
23 Other manufacturing (specify)

Examine the list of products and services presented bélow. What is the most important product
or sérvice provided by your organization? If your establishment is pars of a larger organization,

circle the code number which best describes the primary activity of the larger overall organiza-
tion. Otherwise, circle the code number which best describes the primary activity of your

LIST OF PRODUETS AND SERVICES FOR
SELECTING PRIMARY ACTIVITY

Services

Transportation, communication and
public utility

Whnolesale or retail trade

Financeﬁ,;iﬁéii’riiiéé and real estate

_ services

Personal services

Business services

Educational services ]

Engineerirg and architectural services

Research services S

Public administration, including
regulation B

Other services (specify)

Yo X
Gy



. SOLAR PRODUCTS OR SERVICES

6:1 Which of the following types of solar energy a'ppiy to your éstablishiﬁeﬁt"

(The diffzrent t ypes of solar energy are defined on page 8:) Place a check
mark (/) next to all that apply.

TYPES OF SOLAR EVERGY

Spacé He'atin'g and Coolmg Photovoltaic Conversion

131 — '8
Water Heating =~ |- ;s| _Wind Conversior: '
industrial Process Heat .s|  Biomass Conversion 36
Thermal Power - Other (specify)

16 -—_ 21

Ocean Thermal Conversion 1ol ——

6.2 When you have completed Item 6 1, place a cxrcle around the chef‘k mark ( @
establishment has the greatest number cf employees. (This shOuld typify your
establishment’s solar activity.) Only circle one check mark.

6.3 Briefly describe the two principal solar related products or services which you
sell oi provide. Please use descrxptxve or generic words (such as flat plate
collecters) rather than trade names.

6.4 What percentage of your organization’s work in solar energy is in solar research
and development and what percentage is in commercial solar activities? (See
definitions on page 8.) Your znswer to this question should add up to 100%

Research 2nd bevclo'pmént cc 30-32
Commercial Activities éc 33-35
Total 7 100%

ce 22-23

c€ 24-26

cc 27-29



7. EMPLOYMENT SUMMARY

Data should be provided for a single establishment and should relate te the payroll

period which included *oril 12, 1978.

7.1 Total Employment. What is the total number of employecs in your
establishment? (include all personnel whether or not engaged in ]
solar related energy activities) . . . . . . . . . . . . . . . ’L ec 36-39

7.2 Total E@ioyment in Solar or Solar Related Energy Actmtxes. of
the total number of employees reported abuve, how many were . —
working in solar or solar related energy activities? . . . . . . . cc 4043

8. NEW JOB SPECIALITIES

él Do your proféssionai, teci’xm:cai, or skilled craft empioyces, working in solar

performed?
Circlz the appropriate response. 1. Yes 2. No cc 44

8.2 If you responded “Yes” tc Item 8.1, briefly describe each new job in terms
of the new tasks which are required to perform these solar energy jobs.
Your description should reference the type of sclar energy involved in the
new or different jobs, and the new skills or knowledge required.

DESCRIPTION OF THE NEW TASKS REQUIRED TO PERFORM SOLAR
ENERGY JOBS |
JOB 1 S o -
-] cC 4546
JOB 2
cc 47-48
JOB 3
cc 49-50
JOB 4 B B -
cc sn-si
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9. OCCUPATIONAL EMPLGYMENT IN SOLAR OR SOLAR RELATED ENERGY
ACTIVITIES
(As of payrol! period which included April 12, 1978.)

From tlhe list of occupational titles on pzge 9, select the closest occupational titles
which describe your professional, techmnical, and skilled craft employees who are

working in solar or solar related energy. Enter occupational titles in Column 1.

Then for each occupational title, enter the number of employees in your estab-
iishment in Column 2 who primarily work in solar research and development and
in Column 3 the number of those who primarily work in commercial solar
q<:tmru:s (Do not count an employee In more than one occupation or in more
than one phase of work.)

"'hen in Column 4 place a check mark (/) in the row of each occupation listed
in Column | where your establishment is currently having dlfﬁculty in hinng
gualified personnel to fii budgeted solar related vacancies. Finally in Column S,

enter the estimated number of auhnonauobs which your establishment will add
over the next 3 vears, for sach occupation which you listed in Column 1.

) @ T

o NUMBERS IN NUMBER OF
OCCUPATIONAL RESEARCH NUMEERS IN CHECK IF ADDITIONAL
TITLES AND COMMERCIAL DIFFICULT Joss Dup 1-6
(From P2ge 9) DEVELOPMENT ACT IVITII:S TO HIRE 978-1°8l -z 7
8-9 i8-13 14—1 l[ 18 ! 19-21
1
- Jl — 1 cc22-35
" cc 36—49
J[ | e 50-63
- .- . " R Dup 1%
. : 5465 56-69 70-73|| 73| 75-77 | 3-cc?
B |
Jl J ees-21
-
L _ i LA i cc22-35
l c¢c 35-49
cc 50-63
Dup 1—06
6465 66—69 70—73 - 73 75-77 | 4-cc?

All Other Employees in l

Solar or Solar Related il

Activities (un;k:ﬂed :

clerical, etc.) s:uJ 12-15 16 17-19
' -

The 2otal of these iwo columns should
equal the number of employees reported
in Question 7.2 .

G
- (Jvf__ai.;'.;_i;ﬁf - ‘.ﬁ—‘ e maka




— -

10. SOURCE QF FUNDS USED TO FINANCE SOLAR ACTIVITIES

For each type of solar energy work in which your éstablishment is éngaged, indicate the percentage of support received
from each of the sources shown in the colurins. The sum of each row in which you make an ent-= should add p to
100%. The different types of solar energy are defined on page 8.

SOURCE OF FUNDS USED TO FINANCE SOLAR ACTIITIES

e
£8
A%y
S9¥,
RN
e8¢
§§6
TYPES OF SOLAR ENERGY P éi'
E’ace heatingand cooling ¢, 0l e
Waser heating
Indusiria process heat

Thermal power

Ocean theimal conversion _ ]
L()czntma OTVeIsIo 68170 | 7113 1314

Photovoltaic conversion

Wind conversion

Biomass conversion

Other (specify) _

" ERIC

IToxt Provided by ERI
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11. FUTURE COMMIERCIAL SOLAR SALES

What percentag: incucase or decrease in commercial solar sales (e.‘cludmg research
and development) do vou anticipate & 1579, 1981, and 1983? If your establish-
! ment currently has commercial sales =nter the anticipated percentage change from
: 1978 in your establishment’s commmezznal solar sales for each of tire requeeszed
years. Use 1973 as a base for each yemr. Use your establishment’s usuall annual
el oenod and estimate thc T erceantage change in constant 1978 dollars tLe., do
not allow for miiation). Indicate 2 percentage increase with a plus sign £+) and a
perceniage decoease with a ininus sign -). If your establishment does ot have
com:aercial saes, emter NA (not a- :licahie) in each box:

ANTICIPATED PERCENTAGE CHANGE
IN COMMERC L SOLAR SALES
FF .4 1978

!

HANK 70U FO+ YGIR COOPERATION
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DEFINITIONS

Types of Solar Energy

Spece heating: amk zwoling: the mnsmission and storage of solar thermal energy usmzsnlz sollectars,

soame trapsmmssemsr medium, and storage facilities. Includes passive and active residesstial = ommercial
sokar heating or=aling of human, plant or animal shelters.

Solar water heasiss: the transmission and storage | of solar thexﬁenergy usmg solar c:dledm, nen ex-

chamgers, and smme= transmissio—medium. Includes passive and active residential or cmme=cial soiar

wamer heating an€ swimming poci heating.

Industyial process iwest: the transesission of solar thermal energy for various industrial applxations using

salar collectorsamrzsome transmssion medium. includes crop dryers.

Thirma power: tE==mse of conu:n::anngniar collectors, heat absorbers, boilers, an heat exchangers,
ear., & penerate ===ctricity. lncindes mmmtion systems.

cean_shermal cmversion:  the generation of elecrricity by v of the temperature difference between
surface and co==r war.

ﬁotoﬂtm;c conversiom: the generatme of eiectncxty by allowing sonlight to Zall upon two dissimilar
substances in wim: i= commonly ciie= 2 solar cell.

Wimd convessior: 1he generation ¢ -=m=zv through the use of maz=ine< cons: ting of revolvmg blades
or smrfoils.

Biem COTIVersion culnvam::a:z creemical processmg (vxa r-:::ntat:on pyrm, or ccmbus-
tion), of terrestra o =guatic plan-c—=r— the purpose of creating ce== energy, fuels, or chemical
feedistocks.

Phases of Soi=ramd Solar-Related Enexe Work

Research and Deesfepment: throreticai o7 Zxperimema investigations directed toward the acquisition
of ne~w or folle—stiemtific knowledg:.- of the snbject stud’ed, or syse=matic apphcanon of scxennﬁc

knovédge dn==cltoward the creation of ==w or substa .ually ‘mmmoved equipment, procese

procedures, am—eechniques in any area of sogar energy; or prototye=design and eng.neering of solar
energy hardwar—ssmponents and/Gr systemx..

Cemmercial Ploms

Mawpfacturing: tz= mechamical or chemica: cransformation of maeerials ito components designed
;pr:xﬁcalh for azrphcanon in a solar enerzy system; also, the assembly of solar components and

aumer matewials into solar energy systems.

lubtand Distribution: the process of =stimating the demanc for a product; promoting the
proiuct, Tzansporting the product and sedizmg the product.

Imssaliation and Maintenance: specialized activities, such as plumbmg, electncal wmng, metal and

RIESS work:ng, etc., reqim:ed to emplace or prepare solar energy components and/or sysicms for

actual operation; also specxahzed repair services required to locate or correct failures in com-
poments and/or solar energy systems.

@y Commercial Activities: customer design, routine product testing and quality control, engi-
==ring and consulting services to licensees, experimental work needed for patent litigaiicn, etc.

99




LIST OF OCCUPATIONS

ENGINEERS — Persons engaged in engi-
neering work which requires at least a
bachelor’s degree, or its equivalen: in edu-

cation and experier.c

Agricultural Engineers

Arclutectural Engineers

Civil Engineers

Electrical and Electronic Engineers
Industrial Engineers

Mechamcal Engineers

Meta.lurglcal and Materials Engineers
Other Engmeers = specify

TECHNICIANS — Persons engaged in rech-
nical work in science or engineering. which
requires scitie post-high school training,
but less man a tichelor’s degree,

Agncultural and Biological Technicians
Chemical Techzicians

Electncal and Electronic Engmeermg
Industrial Engineering T=chnicians
Mathematical Technicians

Mechanical Engineering Tec.hmmans
0ther Tec;mxcxa.,s — specify

SCIENTISTS — Persons engaged in
scientific work which requires at least
a bachelor’s degiee, or its equivalent in
education and experience.

Agricultural Scientists
Atmospheric Scientists and Meteoro]og,sts
Biological Scientists

Chemists

Computer Specialists

Earth Specialists

Marine Scientists and Oceanographers
Mathematicizns and Statisticians
Physicists and Astronomers

Other Scientists — specify

OTHER PROFESSIONALS — Persons en-

gaged in work, other than science and engi-

neering, which requires at least a bachelor’s

degree, or its equivalent in education and

experience.

Architects

Economists

Operations and Systems Reséarchers and
A.nalysts

Urban and Regional Planners

College and University Teachers — specxfy
subject

Construction Managers

Managers of Scientists, Engmeers and
Technicians 7 7

Other Professional Occupations = specify

SKILLED CRAFTS AND OPERATIVES —
Persons engaged in the operaticn f indus-
trial equipment, or in a craft or manual
occupation, which requires a high degree of
manual dexteriry and independent judgment.

Asbestos and Insuiation Workers

Air-Conditioning. Heating and Refrigera-
tion Workers

Boilermakers

Carpenters

Cement and Conc-zte Finishers

Electricians

Glaziers 7 o

Heat Treaters, Annealers. and Temperers

Heaters. Metal

Machinists

Mechanics

Metal Molders

Metal Platers

Optmans and Leéns Grinders and Polishers

Pattern and Model Makers

Plumbers and Pipe Fitters

Precision Machine Operatives

Riveters and Fasteners

Rollers and Finishers. Metal

Roofers and Slaters 7

Sheetmetal Workers and Tinsmiths

Solderers

Structural Metal Craftsmen

Tool and Die Makers

Welders and Flame-Cutters

Other Craft and Operative Occupations -
specify

R
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Battelle Cover Lemta Group 1

Employers Explaining Employee Questionnzire émle

Dear Sir or szam:

Thank you -a:'you* response to Battell- s Sola-

I am pleased that you have supported === efZcr

lishment data. At the completion of —== stud"

with the results of the survey, and a T=por: - -

solar energy manpower requirements.

I am solxcxtxng your further support to obrais

characteristics of persons working in the soi-

in this phase of Battelle's study will be Zo .

Columbus taboratories

505 King Avenue
Columbus. Ohio 33201
Telephone «613) 323321
Telex 233454

.eTEY i=apower Survev

—=z% vo—r time and estab-

atz2 = will provide you

==~ indicate projected

m =2 detziled dara on the
T eue"gv Zield. Your role

ta szmple oz employeee

who wzll receive a survey form on their woTk ama gpxper*ance, and to forward

the enclosed material to the person or persors

Empioyer Form you completed employee résponseés v

more, nu where in our report will replies ZrTom ¥

with your organmizationm.

Employees selected are to send their forms &
you will not be responsible for gatherinjg ac
the event that forms zre not returned by émt
tribute follow-up letters to the employvees s+

Instructions for sampling emplovees and disz<ix
along with the appropriate number of Survg» v

reviewing the 1nstructions vou will lend vou
study. Thank you in advance for your assis:

Sincerely,

Bk

Girard W. Levy
Project Director

GL:ke

10z

ERIC

Aruitoxt provided by Eic:

sels2Clec.. As with the

-

177 iz anonymous. Further-

ur =clovees be associated

to 3atteiie, therefore,

ai4g any materia’. In
we ask that you dls—

_a.\nzzzrials are eaclosed
@n I nope that after

_zmued support to this



Instructions for the Distribution of Employee Questiormaives

== number of solar ener:y employees of your establishment was reported

= be - In order to insure a random sampling of thesé cmployees,
-—=2ase follow :=e simple procedu=e balow.

1. List tze names of your solar emergy employees alphatazically,

€ an already existing l-srimg of these employees (such 2s a payroll

o< us
iist, department/division merme—=hip -oll, badge number list, etc.).

2. Select _ employess im— t'.2 1ist. These employees should

correspond to the following toss—ions in Tha list:

3. Distribute one package of materials to each employeéz selected.
Instructions for completing auc réturning thé forms directly to Battella
are enclosed in the package.

receiving the materials, the ssmzre above is provided for that purpose.

For your own information, plezse keep a listing of pwisons
Do not give zmployees names to <attelle, or mark them on the forms.
4. TForms are to be fillec out and returned to Battelle within tws
weeks.

THANK YOU FTR YOUR COOPERATION.

Note: The number of employees was =mzlected according to the sampling
ptan shown in Table I. The ordina Sositions in the list were randomly
selected.

|y
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TIE Zover Letter —or Bmloyee Guestiommaize

/

Department of Energy

Washington. D.C. 20545

Deigr Sir/Madam:

Th- Grited States Department of Emergy (DDE) has begun a study to o
descr=be the jobs in the solar energy field, and to anticipate future job

neegs. We want to make sure that eémough adequately traimed people will

be zsmilabie to develop and useé solar emergy to its full potential:

DC: has asked Battelle's Columbus Laboratories (a not-for-profit research
i =itute) to conduct this study. They have prepared scme questions

: st your present job and your training. Answering the questions is

w -untary. Because you work in a solar emergy job, your answering and

-~ <rning the questionnaire will be of great help to us.-

Your answers will be kept in complete confidence. They will not be shown

—a your employer or any other party. Your amnswers will be combined with

—ose of other employees. Your name will not appeax in any report.

Please return the completed questionnaire as soon as possible, but within
3 weeks at the latest. A stamped return emnvelope is enclosed for your use.
Return of the completed questionnaire gives permission for use of the
answers only for the purposes and under the conditions which have been
described.

If you have any difficulty understanding or answering the questions,
call Ms. Sandy Newman at Battelle Laboraztories, collect, (614) 424-5646.

Thank you for ycur cooperation.

Sincerely,

Lawrencé G.(Stewart
Director =
Office of Education, 3Business

and Labor Affairs

1
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BT attolla OMB No. 38-5-77-003
{Batielle Approval Expires
June 30, 1979

Columbus Laboratories

EMPLOYEE FORM

The information collected on this for: will be held in stri=: confidence and will be used
for statistical purposes only. The im--mation will only be released in a form which does
not identify information about any particrdar person. ¥our voluntary cooperation is
needed to make the results of thic survey comprehensive, accurate and timely. Please

return this questionnaire within 2 wmesks. The return envelope requires nc postage.

IN COMPLETING THIS FORM. PLEASE CIRCLE YOUR ANSWER UNLESS cc1-7
INSTRUCTED OTHERWISE. . 1—cc 8
1. Is any portion of your curr=nt work in solar or salar related energy?
(See definitions on page 8.
Circle your answer. 1. Yes 2. No cc9
If you circled ‘Yes’, 'piease.:ompiété the remaind= of the q'uéstionnairé.
If you circled ‘No’, please zeturss this questionnzi== so that our records will be

complete. Thank you for your cooperation.

2. How old zre you (ir: years as of vour most recent birthday)?
Fill in your age in the box . . . . . [:' l cc 10-11

3. Sex: Circle your answer. 1. Male 2. Female 12

4. What is the total number of years that you have been empiOYed in solar or
solar related energy work? Fill in the number of years in the box. _———— ce 13-14

What was your occupation before working in solar energy? Write your response
in the space provided. Please be as specific as possible (for example, electrical
engineer rather than just engineer). If you were a student, write in “student”:
If you had no occupation, write in *‘none”.

W

e - cc15-16
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6. From the list of occupatxons below select the one which best describes your
current occupatxon, and circle the code number: If your occupation is not listed
choose the closest “other” category and circle the code number. Be sure to
choose the occupation that you are currently working in, even though it may be
different from the occupation which you were trained for.

PROFESSIONAL AND TECHNICAL OCCUPATIONS
Code Code
01 Amcultural engineers 20 Architects
N2  Architectural engineers 21  Economists ]
03 Civil engineers 22  Operations and systems researchers
04 Bectrical and electronic engineers o and analysts
05 Industrial engineers 23 Urban and regional planners
06 Mechanical engineers 24  College and university teachers
07 Metzlhggxgl engireers ) (solar energy related subjects)
08 Other engineers 25  Construction managers
o 26  Managers of scientists; engineers,
10  Agricultural scientists and technicians
11  Atmospheric scientists and 27  Other professiona} occupations
meteorologists 3 N
12 Biological scientists 30  Agricultural and biologicz’
13 Chemists - technicians
14 Computer specialists 31  Chemical technicians
15 Earth scientists 32 Electrical and electronic engineering
16 Marine scientists and technicians
océanographers 33  Industrial engineering technicians
17 Mathematicians and statisticians 34  Mathematical engineering technicians
18 Physicists and astronomers 35  Mechanical engineering technicians
19  Other scientists 36  Other technicians
SKILLED CRAFT AND OPERATIVE OCCUPATIONS
50 Asbestos and insulation workers 63  Opticians, and lens grinders and
51  Air-conditioning, heating and _polishers
~ refrigeration workers 64  Pattern and model makers
52 Boilermakers 65  Plumbers and pipe fitters
53 Carpenters _ 66  Precision machine operatives
54 Cement and concréte finishers 67  Riveters and fasteners
55  Hectricians 63  Rollers and finishers, metal
56 Glaziers 69  Roofers and slaters
57  Heat treaters, annealers, and 70  Sheetmetal workers and tinsmiths
__temperers 71 Solderers
58 Heaters, metal 72 Structural metal craftsmen
59  Machinists 73 Tool and die makers
60 Mechanics 74  Welders and flamecutters
61 Metal molders 75 Other craft and operative
62 Metal platers occupations cc 17-18

105
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7. Of your total work activities for your solar energy employer during the week of
June 11-17, 1978 indicate the number of hours that you spent in solar or solar
related work activities, and the number of hours that you spent in nonsolar work

activities.
Hours Worked ir:
_ the Week of
- June 11-17, 1978
Solar or solar related activities cc 19-20
- TOTAL < 23-24

8. Place a check (/) in the box or boxes whick represent your present work activities
in solar or solar related energy. You may check as many as apply to your work.
Then circle the check ( ) that represents the cne area in which you spend most
of ycur time. (Only one check should be circled.)

&
K2
&
&/
s
&
Q o
> B~
S s
L S |
s/ &/ F
-~ § )
K 2 x
S/S/E
¥ /X /T
_Space heatingand cooling | .| .
Water heating o ¢ 31-36
Industﬁai process heaj b . | cc 37-42
Thermal power cc 43-48
Ocean thermal conversion GE 4954
Photovoltaic conversion - - | ecss—-é0
Wind conversion cc 61-66
Biomass conversion N cc 67-72
Other (specify) cc 73-78
i o _ . €c79-80
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9. What is the highest level of formal education that you have completed?
Clrcle only one answer.

o v 1

Less than high school
High school diploma or equivalent
Some college, but no degree

Associate or technical degree
Backelor’s degree

Masier’s degree

Ph.D., Ed.D., M:D.

Other (specify) _ —

10.

Indicate your major field of study for your hxghest level of education by circling
the number in the list below. If your major field of study is not listed, choose
the closest other category (30, 60 or 61) and explain beiow. If you have not

pamcxpated in a formal educational program beyond the hxgh school level, circle

70 below.
Fields of Study Leading to Bachelor's or Higher Degres
01 Blolog:al and agncmtural science 20  Architecture and architectural
02 Atmospheric science and meteorology ~ engineering
03  Chemistry 21  Civil engineering
04  Physics and astronomy 22  Electrical and electronic engineering
05 Earth science 23  Industrial engineering
06 Oceanography and marine science 24  Mechanical engineering
07 Mathematics, statistics, and 25 Metallurgical and materials
computer science engineering
10 Education 30 Other (specify) __ — -
11 Management and business —— —
12 Arts ard humanities
13 Health and medical science
14  Social and behavioral science
15 Economics
16  Urban and regional planning
Fields of Study and Occupational Training
Below_the Bachelor’s Degree
40 Computer programming and data 50 Biological and agricuitural technology
N _processing S1  Chemical technology
41 Drafting and design 52  Physical sciénce iechnology
42  Air-conditioning, heating and §3  Statistical and computational
_refrigeration technology technology
43  Civil engineering technology o )
44  Flectrical and electronic technology 60 Formal skilled craft and operative
45 Industrial engineering technology training and study (specify)
46  Mechanical engineering technology )
47 Metallurgical and materials 61 O!her (specify) S
technology

70  Not applicable - no post hxgh school
training

107
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11

knowledge?

Circie your answer. 1. Yes 2. No

If yau answered ‘Yes’, i)riefiy list these skills or icnowiédgés.

If your answer to Item 11 was ‘Yes’, circle the number of the most important
source of these special skills or knowledges.
1. Self study
2. Practical experience on the job
3. Formal trzining programs or courses
(e,-gz’,?WE’;?Y?f sponsored courses;
college courses, professional scciety
sponsored courses)

13.

Have you compietéd any formal classroom training programs or courses in solar

or solar related energy?

Circle your 2nswer. 1. Yes 2. No

e 12

¢ 13-14
cc 15-16

cc17-18

cc 19

cc 20



course by placing a check (V) in the appropriate column:

WHO CONDUCTED

THE COURSE?

(Check One For
Each Course)

TITLE OF TRAINING PROGRAM OR COURSE

- - i 21-22 | 23-24 —— cc 2§
B 26-27 | 28-=29|] cc 30

_ o 31-32 | 33-34 4 cc 35
[ _ 36-37] 38-39 cc 40

. 41-42 | 4344 1 . |ec as
- 46-47 | 48-49 cc 50

o s1-52 | 53_s4 — _Jecss

— — 56—57 | 58-59 1— lcceo




16. If your answer to question 15 was ‘Yes’, brieﬂy describe the proféssionai certifi-
cation or journeyman licensing which you have that is related to the work you
do in solar energy:
I - _ cc 62-63
17. What percent (to the nearest 10%) of your work time in solar or solar related
energy do you estimate is spent in:
Work in which you feel you need more education and
training than you have. o 1 - ¢z 6466
Work well suited to your education and
training. c< 67-69
Work requiring less education and training than
you have. ' cc 70-72
Your answer to this question should add - -
up to 100% . TOTAL 100%
18. if you feei ypiu 7qge§7more gcﬁilggaﬁtﬁirqpfgd p;aiﬁnfiﬁq’gr for your work in soiar energy,
please describe the desired subject matter in detail:
cc 73-74

THANK YOU FOR YOUR COOPERATION

|y
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g
DEFINITIONS

Types of Solar Energy

Space heating and cooling: the transmission and storage of solar Ehemul energy using solar collectors, some

transmission medium, and storage facilities. Includes passive and active residential or commercial solar
heating or cooling of human, plant or animal shelters.

Solar water heating: the transmission and storage of solar thermal energy using solar collectors, heat ex-

changers, and some transmission medium. Includes passive and active residential or commercial solar

water heating and swimming pool heating.

Industrial process heat: the transmission of solar thermal energy for various industrial applications using

solar collectors and some transmission medium. Includes crop dryers.

Thermal power: the use of concentrating solar collectors, heat absorbers, boilers, and heat exchangers, etc.,
to generate electricity. Includes irrigation systems.

Ocean thermal conversion: the generation of electricity by use of the temperature difference between
surface and deep water:

substances in what is commonly called a solar cell.

Wind conversior.: the generation of energy through the use of machines consisting of revolving blades or
airfoils.

Biomass conversion: the cultivation and chemical processing (via fermentation, pyrolysis, or combustion)

of terrestrial or aquatic plants for the purpose of creating direct energy, fuels, or chemical feedstocks.

Phases of Solar and Solar-Related Energy Work

Research and Development: theoretical or experimental investigations directed toward the acquisition of
new o fuller scientific knowledge of the subject studied, or systematic application of scientific knowledge
directed toward the creation of new or substantially improved equipment, processes, procedures, and

techniques in any area of solar energy; or prototype design and engineering of solar energy hardwar:
components and/or systems.

Manufacturing: the miechanical or chemical transformation of materials into components designed

specifically for application in a solar energy system; also, the assembly of solar components and other
materials into solar energy systems.
Marketing and Distribution: the process of eéstimating the demand for a product; promoting the product,

transporting the product and selling the product.

Installation and Maintenance: specialized activities, such as plumbing, electrical wiring, metal and glass
working, etc., required to emplace or prepare solar energy components and/or systems for actual

operation; also, specialized repair services required to locate or correct failures in components and/or
solar energy systenis.

Other Commercial Activities: customer design, routine product testing and quality control, engineering

and consulting services to licensees, experimental work needed for patent litigation, etc.

111




Sereening Questionnaire

=<DBatielle
Columbus Laboratories
50 King Avenue
Columbus; Ohio 43201_
Telephone (614) 3224424
Telex 24-5454

Dear Sir or Madame:

The United States Department of Energy tDOE) is planning to conduct a survey

of employment in the field of solar emergy. If your organization is engaged
in work in any field of solar energy (including space heating and cooling,
solar water heating, industrial process heat, thermal power, ocean thermal
conversion,fphotovoltaic conversion, wind conversion, or biomass conyersion)
we would like you to participate in the survey. In order for us to know
whether or not your organization's participation is appropriate, would you
please answer five simple questions on the reverse side of this letter, and

return it to us as soon as possible’

If you agree to participate, you will be provided with the results of the
survey, and a report which will indicate projected manpower requirements
in industry, as well as in each area of solar energy.

If your organization is not engaged in vork in any field of solar energy,

jJust check here[:::] » and return this letter to us in the envelope provided.

You need not complete the questions on the reverse side, and no further

contact will be made. It is important for us to receive a response from

each organization contacted in order to avoid further unnecessary contacts.

Answering the questions,is voluntary, hogever, your cooperation is important
in planning and conducting the survey. Responses to the questions will be
combined with those of other respondents. Information furnished by individual

organizations will be kept in strict confidence, and identifying information

will not be reported or disclosed.

Return of this questionnaire gives us consent to use the information provided
only for the purposes and under the conditions described above. A stamped
return envelope is enclosed for your convenience.

Thank you for your cooperation.

Sincerely,




. (cc 1-6)

i. Which of the following types of solar energy apply to your organization? (See

the attached definitions:) Place a check mark (¥) next to all that apply.

Space Heating and Cooling. . « « & + - -
Solar Water Heating. . . . « « - « ¢ & «
Industrial Process Heat. « . . « ¢ o o =«
Thermal POWEIL. . « o ¢ o o « o o o = o o
Ocean Thermal Conversion « . « -« « « «

(ce 7)

Photovoltaic Conversion. « « « + « + - -
Wind Conversion- « « « « « ¢ ¢ ¢ ¢ « o &
Biomass Conversion . . « - . . « « « «

Other (specify) I

] (cc iS)
If your organization is not engaged in work in any type of solar energy,
ghgggiﬁegei:::]. ‘You need not complete the remaining questions and
further contact will not be made.
2. What is the total number of employees in your establishment? (Include

all personnel whether or not engaged in solar or solar related energy
BCtIvIties). « « « o o o o o o e e 4 e o s s e e e e e 4 e oo e e .
- ] ] o (cc 16-19)
3. Of the total number of employees reported above, how many are working
. in solar or solar related energy activites?. . . . « ¢ ¢ o o o s o o
(ec 20-23)

! zation's work and jobs in solar energy which might take 30-45 minutes of your
time? (cc 24)

4. .Would you be willing to answer a more detailed questionnaire about your organi-

Yes —
No
5. If you are not the appropriate person in your organization §§”§§§§§gtifor,more )
devailed information, to whom should the more detailed questionnaire be addressed?

7N7 A 7M’ E _ . —

TITLE _ —

ADDRESS____- _ == _

CITY, STATE, ZIP CODE o : N

AREA CODE, PHONE NO. ()  —

THANK YOU FOR _YOUR COOPERATION




Solar Energy Definitions Sent with Screen@ggﬁ?brm

DEFINITIONS

iypés of Solar Energy

Space heating and cooling: the transmission and storage of solar thermal

energy using sqlar collectors, some transmlssion medium, and storage .
faci11t1es. Includes passive and active residential or commercial solar

heating or coollng of human, plant or animal shelters.

Solar water heating: thé transmission and storage of solar thermal energy

using solar collectors, heat exchangers, and some transmission medium:

Includes passive and active residential or commercial solar water heating
and swimming pool heating.

Industrial process heat: the transmission of solar chermal energy for various

industrial applicatlons using solar collectors and somé transmission medium.
Includes crop dryers.

Thermal power: the use of concentrating solar collectors, heat absorbers,

boilers, and heat exchangers, etc. to generate etectricity. Includes
irrigation systems:

Ocear thermal conversion: the generation of electricity by use of the

temperature difference between surface and deep water.

Photovoltaic conversion: the genmeration of electricity by allowing sunlight
to fall upon two dissimiliar substances in what is commonly called a
solar cell.

Wind conversion- the generatlon of energy through the use of machines con-
sisting of revolving biades or airfoils.

Biomass conversinn the cultivation and chemical processing (via fermentation,
pyrolysis; or combusion) of terrestrial or aquatic plants for the purpose of

creating direct energy, fuels, or chemical feedstocks.
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Aruitoxt provided by Eic:

B&ttette vaer zetter tageroup,z

{3 Batielle

Columbus taboratories
505 ng Avzage
Columbus. Ohio 43201
Telephone (614) 324-6424
Telex 24-5454

Bnployee Questzonnazres

Dear Sitc or Madam:

Thank you for resronding to our initial iaquiry concerning solar or solar
related erergy. At that time you indicated a willingness to complete a
more detailed questionnaire. The ernclosed questiornaire is designed to

gather the informsticn needed to characcerize present manpowar utilization

in solar and soiar related energy areéas snd to proiect and characterize

future manpowar needs. Participacion in the survey 13 volunrary; however,

your cocperatica in completirng and returning this questionnair2 will be cof

great Lsefulness in plarniag for the orderly devaiopmen: of the solar
energy field.

Your response to tae qaestiopnaire will be combized with tnose of otner

reporting organizacions Information furnished v individual organiza-
tions will not be rep orted or disclosed. Averag=s and other statisticai

messures will be used to characterize manpower requirements in solar

erergy. Your organization's résponses to the questionnraire wiil be kep:

in complete confidence by Battelle and identifying informazica will not
be relzased to DCE or any other party.

Please return thé ccmpleted questionnmaire within twe weeks. A stamped
return envelope is enclosea for your convenience. Return of the quastioa-
nairs will give Battalia's Columbus Ladboratories ccasent to use the infcrma-
tion which you have provided only for the purposes and under the conditions

describead zpove.

I am solicitirg your further supoort to obtain more detailed data com the
charazteristics of parsons working in the solar energy field. Your role

in this phase of the study will be to select a sarcple of cmployees who will
receire a survey form on thelr work and experience, znd to forward the
enclosed matarial to the persom or perscns s=2lecrec. &s wxth the Erxplover

Foru ennlased cmp‘oree respanaes will bé anonymocus. zur:hermore, 70 wnere

in our report will repiies from your employees be associated with your
organization.

Employees selected are to send “heir forms directlr t> 3atrelle: therefore,
you will not Le respomsitle for gathering and returaing any material. Ia
the eveat that forms are not resturned by enployess, we ask “hat vou distri-

bute foilow-up letters to the employees seiected.

b
Q!



inStructipns,for Sampiing empipyeesrand distributing materiais are enciosed
along with the appropriate number of survey packages. I hope that after
reviewing the instructions you will lend your continued support to this
study.

If you have any questions about the 3tudy or the questionnaire, please

call Ms. Sandy Newman at Battelle . bor=tories, collect, (614) 424-5646.
Thank you again for your cooperat:

Sincéreiy,

Girard W. Levy
Project Director

GL:kc



8 A £ Battelle

Colombus Laboratories
505 King Avenue
Columbus. Ohio 43201
Telephone 1613 424.7313
Telex 24-5354

Dear Sir or Madam:

Thé ﬁnité& States ﬁepartment of Enéré§ (DOE) has initiated a survey to
Battelle Columbus Laboratories is conducting the survey for DOE. Several
weeks ago you were sent a questionnaire requesting information on your
activities in solar or solar related energy. The information sought

is needed to describe the current and future manpower needs in the solar
energy field:

The number of organizations involved in this field is small, and it is

therefore important that we obtain your input, which has not arrived at

this writing. Even if your organization is not involved in solar or

solar related energy activities, it is essential for us to have that
information.

Would you please take Just a few minutes to complete and return the

enclosed questionnaire (a2 duplicate of the original questionnaire)?

A business reply envelope is enclosed for your convenience. If this

request for information shouid be directed to angtner”gerson in your

organization, please forward this letter and form to him/her. All
responses will be kept confidential.

If you hawve any questions concerning this study or completion of the
questionnmaire, please call collect: Ms. Sandy Newman (614) 424-5646.
Thank you for your cooperation.

Sincerely,

Fiud W

Qirérd ﬁ,,tévy
Project Director

GL:kc
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APPENDIX B

RESPONSE RATE, ESTABLISHMENT POPULATION,
AND NONRESPONSE BIAS

This appendix contains additional details on the survey response
rate, estimation of thé establishment population, and analyses of possible

nonresponse bias:

ﬁesponse iate

The sampling frame for establishments comsisted of 2849
employers. This number was reduced by 292 establishments due to mail
returned undeliverable and no current telephone listings for resend or
telephone contact. A total of 1230 establishments did not respond to the
mail survey. Thirtéen establishments responded, but refused to provide
A total of 1314 establishment responses was received, representing 46
percent of the establishments in the sampling frame, and 51 percent of
the establishments contacted;. Of the 1314 respondents, 285 reported they
were not engaged in any type of solar energy work. A total of 466 estab-
lishments completed the short screenming form omly, and 563 completed the
longer employer questionnaire. It should be noted that some respondents
did not answer every question in the questionnaire.

Table B-1 presents a complete analysis of the response rate,
including a breakdown for Group 1 and Group 2. An overall response rate
of approximately 64fpercent was achieved for the Group 1 establishment
sample.

A total of 1254 employee questionnaires was sent to establishments
(see Table B-1). Seven establishments refused to distribute a total of 20
employee forms. Other establishments were never sent employee forms because
of missing information on number of solar employeesy and still other establish-
ments may have failed to distribute forms without informing Battelle. A total

of 483 employee questionnaires was returned, representing approximately

| oy
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38 percent of the forms sent. Of the employee questionnaires returned,
2 employees were not engaged in solar or solar related enmeryy work
activities. '

Also shown in Table B-1 is thé response rate for the Group 1

nonrespondent follow-up sample of establishments.

Estimates of the Establishment Population

The estimated number of establishments in the sampling frame
was computed based on the 2557 presumed contacts out of the 2849 establish-
ment names in the sampling frame. The one standard error estimate is
2557 + 16 establishments. Not all of these establishments were engaged in
solar energy work. An estimate of the number of éstablishments engaged in
solar energy work was obtained by using the proportion of Group 1 noure-
spondents found to be engaged in solar energy work (.67) and applying this
proportion to the establishmeénts in the sampling frame which had not
supplied any information concerning whether or not they were engaged in
solar energy work (1139). The number of establishments known to be engaged
in solar energy work based on their response to the questionnaires and tele-
phone calls (1103) was then added to the estimaté. The two-standard error
estimaté for the number of establishments in the sampling frame engaged in
solar energy work in 1978 is 1867 + 65. This estimate was used to compute

the estimated total employment in solar emergy in subsequent analyses.

Three types of analyses were conducted to detect possible non-
response bias. In general, the results of these analyses were negative,
establishments.

The first analysis involved a comparison of respondent and all
nonrespondent establishments in terms of geograpkic distribution. Table B-2
presents the geographic distribution of all establishménts in the sampling
frame. The distribution of respondents and nonrespondents was not statis-

tically different at the 5 percent level of confidence.
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TABLE B-2. GEOGRAPHICAL DISTRIBUITON OF
ESTABLISHMENTS, 1978

,,,,,,,,,,, : _Total
I ~ Respondent Nonrespondent Sampling
Fedeéral Establishments Establishments Frame
Region _ - N yA . N 4 N -2
1 77 13.7 323 14.1 - 400 14.0
i1 63 11.2 246 10.8 309 10.8
mr Tt e 268 13.0 369 13.0
v 52 9.2 277 12.1 329 11.5
v 72 12.8 255 11.2 327 11.5
vi : 41 7.3 159 7.0 200 7.0
vII 20 3.6 73 3.2 93 3.3
VIII 35 6.2 145 6.3 180 6.3
IX 115 20.4 450 19.7 565 19.8
X 17 3.0 60 2.6 7 2.7
Total 563 100:0 2286 100.0 2849 100.0

%% = 5.13, df = 9, p > .05
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The second analysis invélved a comparison of respondents with
the sample of nonrespondents contacted by telephone in terms of type of
organization, geographic region, type of solar emergy, total employmént,
solar employment, and percentage of solar employment. No statistically
significant differences at the 5 percént level of confidence were found
betweer. respondents and the sample of nonrespondents in terms of type of
organization, or geographic region.

Table B-3 presents the means and standard deviations for the
respondents and the nonrespondent sample for total employment, solar
employment and percént solar employment. No significant differences in
means were forad at the 5 percent levél of confidence.

A significant difference between respondents and the sample of
nonrespondents was found for the types of solar energy in which the
establishmeats worked. Table B=4 présents a comparison between respondents
and the nonrespondent sample in terms of types of solar energy. Respondents
indicated that they were engaged in work in space heating and cooling, water
heating, and industrial process heat more frequently than nonrespondents.
Respondents were engaged in the "other" category of Solar emergy types less
frequently than nonrespondents. In addition, nonrespondent establishments
reported fewer different types of solar energy. These differences can be
attributed to the contact procedure and necessary format differencés in the
question for the two groups. The respondents checked all the types of solar
energy applicable to their establishmént on a printed questionnaire. They
were also supplied with definitions. The nonrespondents were read the list
of types of solar energy over the phone and indicated those applicable.
Nonrespondents may have listened to the 1ist and responded only to the pri-
mary type of solar energy they were engaged in. The difference in number of
types reported may completely explain the differences in type of solar energy
work engaged in.

The third analysis involved a comparison of Group 1 and Group 2
respondents in terms of type of organization, geographic region, industry
group, percent solar R&D work, total employment, solar employment, percent
solar employment, and type of solar work. Théré were no significant differ-
ences at the 5 percent level of confidence between the two groups on any of
theése variables. Thus, the method of contact and extent of follow up did

not make a difference in the kind or size of responding establishments.



TABLE B-3. COMPARISONS BETW$ENWRE$PQNPENT§”Aﬁb
NONRESPONDENTS ON EMPLOYMENT VARIABLES, 1978

Variable - . ___Respondents Nor»éspondents
Totai ﬁmpioyment 7
Mean 885.3 646.9"
Standard Deviation 2337.2 1821.4
Number of Establishments 548 55
Solar Employment
o *
Mean 1.6 22.9
Standard Deviation 27.4 60.9
Number of Establishments 550 57
Percent Solar Employment
I - - . . %k
Mean 43.0 48.6
Standard Deviation 41.5 44.1
Number of Establishments 541 55

% Differences between means were not significant at the 5 percent
level of confidence.

-

126




TABLE B-4. COMPARISONS BETWEEN RESPONDENTS AND NONRESPONDENTS
ON TYPES OF SOLAR ENERGY APPLICABLE TO ESTABLISHMENT, 1978

f{espondé.nts 4 Nonrééponciénts
(N=549) (N=57)

Type of Solar fmergy N _ z Nz
Space Heating and Cooling 4sh 82.7 35 61.4"
Water Heating 440 80.1 33 57.9%
Industrial Process Heat 206 37.5 6 10.5
Thermal Power 103 18.8 10 17:5
Ocean Thermal Conversion 52 9.5 6 10.5
Photovoltaic Conversion 146 26.6 9 15.8
Wind Conversion 136 24.8 8 1l4.0
Biomass Comversion 98 17.9 7 12.3
Other 46 8.4 15 26.3"
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Based on these results, the two groups were combined in all

subsequent analyses.
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TABLE C-1. PRINCIPAL SCLAR RELATED PRODUCTS

AND SERVICES PROVIDED BY RESPONDENTS, 1978

Products/Services - _

Space Heating and Cooling

Space heating and cooling, general
Solar heating and cooling systems
Water heating systems

Solar assisted heat pumps

Solar driven heat pumps
Water ﬁeating .,

Water heating, gemeral
Résidential water heating systems
Industrial Process Heat

Industriat process heat, general
Thermal ?ower

Thermal power, general

Stirling cycle power systems

Ocean Thermal Conversion
Eurbines 7777777

Beat exchangers for OTEC

Photovoltaic Conversion

Photovoltaic conversion, general
Integrated photovoltaic power systems
Photovoltaic concéntrator systems
Wind Conversion

Wind convérsion, general

WECS rotor blades
Vertical axis wind turbines

Wind turbine generators
Biomass Conversion

Biomass convérsion; generéi

Fireplace heat extractor grates
Anaerobic digestion systems = =
Solar wood heating and cooling systems
Total Energy éyStem

Total energy system, genmeral




TABLE C-1. (Continued)

Products/Services _ Percent of Respondents (N=547)
Collectors

Collectors, general

Flat plate collectors, air type

Flat plate collectors, liquid type

Flat plate collectors, both types or unspecified
Concentrating collectors

Non-imaging concentrating collectors

Swimming pool collectors

Heliostats

Evacuated tube collectors
Collectors other

OO0 OHHONSMWO
L] L] . e . [ L] .

o
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Colleztor Components

Collector components, general
Absorbers, liquid

Absorbers, air
Manifolds/headers

Insulation

Covers

Coatings

Controls o

Heat transfer fluids

OO0 OHOOOHFHO
. iy
WViLds s N B W

Heat Exchangers

Heat exchangers, general 0.7
Alr 1.6
water/air 0.2
0.2

Heat pire systems
Controls and Indicators

Temperature controls 1.3
Control equipment 1.1
Pump controller package units 0.7
Control systems 1.8
0.9
0.5

Solar tracking/measuring devices
Electronic sensors

Circulating Pumps o
Circulating pumps, generél c.5




c-3
TABLE C-1. (Continued)

Products/Services Percent of Respondents (N=547)

Energy Storage Systems
Solar storage/distribution systems 0.2
Chemical storage cycles 0.2
Storage tanks 1.1
Thermal storage 0.2
Rock storage 0.4
Other Products
Solar water purifiers

0
Solar powered radios and charge boxes 0
0
0

Black/white venetian blinds

Solar energy conversion systems
Services .
Contractuailgrant,support and administration
Research and development

Architectural and engineering
Active design

N

W S iS00 U1 D OV
.

Passive design
Installation
Distribution/marketing
Information/publications
Education/training

Other services

.
0 HWIHNSNNOOKWL




TABLE C-2. TYPE OF ORGANIZATION ENGAGED TN SOLAR ENERCY
51 PAISARY TYPE OF SOLAR ENERCY, 197

P, At e e 8 — i | ® i St by S g3 24 D e 6 e 4§ 1 Y S A G e, S S —

s o ———

B mim T e —— b e

Pednaty Type of Solar Energy

Space _ Idustedal  Ocean - | o

eating Water  Process  Thermal  Thermal  Photovoltalc _ Wind  Blomass

and Cooling  lNeatlng  lheat Power  Conversion  Conversion  Conversfon  Conversion  Other
Typgof_ Qrganfzatibn R I N1 N2 L S
Private Industry W6 8.2 % 686 5 56 8 65 10 %69 2337 9 0.0 31 8 dik
Construction Contractor 24 106 20 7.3 1 11 1 17 0 00 133 0 00 1 77?2 1l
Publlc Deflity OS2 5109 0 00 3Bl 000 000 3 om0 000 0 00
Federal Covernment 2009 000 0 00 1 11 000 133 1 67 000 0 00
State or local _
Covernment 12 5.2 § 58 0 00 0 00 0 0.0 0 0.0 0 0.0 2154 0 0.0
oprofl Ocganlzatton 16 68 4 29 1 W10 00 LT 133 0 00 2154 5 204
fheatbonal Tsttreedon 11 LA S %6 2 M2 0 00 2154 483 2 B3 5 BS 2 ILL
(eher 2009 107 0 00 0 00 0 00 000 0 00 0 00 L 56
Total BLO100.0 171000 91000 131000 13000 01000 15 2006 131000 18 100.0

e A e ———
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TABLE C-3. T OF ORGAVIZATION EVGAGED 1V SOLR
ENERGY BY TYPE OF SOLAR WORK, 1978

iype of éoiér otk

Vanufacturing  Momufacturing B Architectural

Flat Plate  Other R andngincering  Other
o Collectors Products Installation  Services Services Services
Type of Organization N.¢ N Y N N N4 g
Private Tndustry 73 100.0 % 95,9 % BE N W6 8589 2
Construction Contractor 0 0.0 0 0.0 i 6.2 0 0.0 0 0.0 bobS
Publie Utility 0 0.0 0 0.0 000 5 05 3 30 6 6.8
Pederal Goverment 0 0.0 0 0.0 0 0.0 § 4l 1 10 N
State or Local o o Lo S o S

Government 0 0.0 0 0.0 0 0.0 § 4.9 2 20 2 B.0¢

Nonprofit Organization 0 0:0 0 0.0 0 0.0 19 156 551 13 148
Bducational Institution 0 0.0 0 0.0 0 0.0 ¥ 2.5 330 b 6.8
Other 0 0.0 1 11 000 1 08 000 213
Total 73 100.0 95 100,0 F100.0 12 1000 91000 881000




THBLE C~,  RDUSTRIAL CLASSFTcATIN OF ESTABLISNEN:

BY BRINARY TYPE OF SOLAR EARGY, 1978

Prinaty Type of Solar Eneegy

S o Industelal (_Jc’éa_n L o
leating — Water  Process  Thergal Therasl — Photovoltate Wind Momass
ad Cooling  Heatdng  Heat Pover  Converston  Convérsion Conversion Converstpn Other
bty I RN S S N T O
Hanufacturing 029 50 %8 i L& 53 10 1 %) b0 2154 3.9
Constructton L N A TR TR T L N I N S B Y
kOﬂdurii)id (wody - S - -
Manufacturing 0 & 7 53 2 mp i 83 0 0.0 3167 0 00 000 o g
Transportatloa; Conmini-
cations and Public - o - S
Utilities B 65 16 1.8 o 0.0 3 250 0 0.0 133 32,0 0 00 0 00
Wholesale or Retaf] S o . ,
Trade BS6 v os o 00 0 00 ¢ gy 0 0.0 0 0.0 0 00 1 5
et Svlees B 10 1 51 1 gy g o R T ST S B S
Englnesring and
Architectura] L o -
Servicey 003 10 g ) L1 2 16 5 185 2 67 0 00 3 g7 0 00
Research Secvices T N U U BT Dy g RS B T,
Other Servles ind
Public Adnln{- o 7 B o ; o o
stratlon B 65 9 66 0 o0 0 00 | 99 1 33 0 00 354 2 11
Tota} BLOLO 16 100 9 1m0 12 10 D00 Mg 15 1000 D100 B 10,0
_A'a

9-+=D!
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TANLE (5. INDUSTRLG CHASSIFICATON OF ESTRLISHIETS
BY TVPE OF SOLAR WORK, 1978

Typé of Solar Work
Hanufacturing  Yanufacturing S Aciteetal |
Flat Plate  Other M)  and Engloeering  Other

o Collectors Products Installation  Services Services Setvices
_Infustry 1 N4 S D . .
Durable Goods o s o S

Manofacturing 66 90.4 1 191 g 13.4 P08 0 0.0 1 Ll
Construction 0 0.0 0 0.0 B2 0 0.0 0 00 0 0.0
Nondurable Goods : | |

Yanufacturing 7 9.6 19 20.9 0 0.0 218 0 0:0 0 0.0
, o 0
Transportation, 4

Communication and o o o o o )

Public Utilities 0 0.0 0 0.0 1 1) 8 0.8 I 30 7 8.0
Wholesale or Retail ; | o - o

Trade 0 0.0 0 0.0 L6.0 0 0.0 2 20 20 33,0
Bducational Services 0 0.0 0 0.0 0 00 B B35 g 9 1.6
Englneericg and o o o o o

Architectural Services 0 0.0 0 0.0 8 119 1 68 8 8.8 0 0.0
Research Services 0 0.0 0 0.0 0 0.0 W358 5 5.1 5 5.7
Other Servicssand o S o

Public Administration 0 0.0 0 0.0 0 0.0 11 69 1 3.0 2 30,7
Total 13 100.0 91 100.0 G100 1B 1000 g9y %8 1000
T 144
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THBLE . RRCENTACE OF SOLAR YORK N R4D BY TADISTRLL
CLASSIFICATION OF ESTABLISHMENT, 1978

Industry
o Tonspertatien, S L
Durable Nondurable  (omunication  Wholesalé Englneering and Other Services
Goods Goods od ot Educatfonal Archltectural  Research  and Public
Percent Solar  Manufacturing Construction Manufacturiug Bublic Utilities Retall Trade Services  Sevices  Serviees Adwindzteation
RED Work | 1 i1 N1 N1 N1 N1 - N 1 N1 -

108 or less WS W8 TB9 4 %8 M6 3 S0 Mo 0 00 7189
112 to 498 S04 BB T8 313 98T & 61 % W/E 2 %1 2 S
501 to 831 109 SHL 159 sWs 123 58I LI I 51
%2 or more B0l 122 6wz BBI 129 B0 BWS 83 36

100 100 1000 1000 01000 N000 %100 371000

144
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TBLE (-7, PERCENTACE OP SOLAR WORK IN RED BY

DRIMARY TUPE OF SOLIR ENERGY, 197
i‘rimrv iypc of %lar Enerﬂ

Seee Idwerll 0 Qe
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RED Hork IR
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THRLE -9, ESPBLISBAENT ST2E Y FRDMARY U0 i SOLAR ENERGY, 1978

B P T I e L i e+ et b i M 0w

i’rim 'i'ypc’ of Saiar Encrgy
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T4BLE C-10, PERCENTAGE SOLAR EXPLOVAENT BY TYPE OF RGANIZATLON, 1978

Type of Orga-ization

Z L)

S © Saeor
N Private Coostroction Pobtic  Pederal  Local  Nomprofit Bducational
Percent Solar Tdustry  Contractor  Otility Coverment Covernment Organization Institotion Other
Employpent N T N TN T NS U e = I o
Less than b TR TR R I I U L S A
59 to 2 G0 w7 1L 1Ll ou e B oRs 7 oaEl B
251 to 491 5 onel ml 1 L8 2 ma o265 3 &L 1 120 0
501 10 90 B oW s f4 000 0 00 2 65 3 Bl & B2 RD
1001 w1l B W9 128 0 00 0 00 b 108 2 k0 0

Total W0O1000 & 1000 36 100.0

o100 3100 ¥ 100 45 1000 & 1000
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THLE C-11.  PERCEVTAGE SOLAR BPLOMENT 5Y INDUSTRLK, CLASSLFICATION OF ESTABLISHARNT, 1978

tidustry

Transbbftétibh, L e .

Dursble Nondurable  Comunication  Wholesale _ Engineeriogand  Gther Services
_ Goods ~ Coods ad  or  Educatlonal Architectural Research and Public
Percent Solar  Manufacturing Construction Hanifacturlng Pblic Utilitles Retail Teade Services  Services  Secvices Adnindstration
Eaployment N1 R N1 Nl N1 N1 I
st 91 53 T R TR R L
1 to 22 Wi 0@ e 2k 11 owme nse BRI BRI g
28 to 491 § 62 0o 3L TR B R R
S0 to 99 e R A S N Y S 8 KOO DU N LR
Lot QL B%l G4 L %ess 1ms o nmI $WT 2
Total Wm0 mm0 G0N0 B0 HL0 BING NILD 100

149 100.0

-




THLE C-L2: PERCENTACE SOLIR BOLOENT BY PN TIZE OF St ENERCY. 1978

- o s & iy

Prtary Type of Solat Enprey
Space. o Indestrfal  Qem 7
leating  Water  Process  Theral  Thersal  Photovelfaic ¥ind Blonass
and Gollng  Heating Nt Pover  Comversion  Comversion  Comersion  Comerslon  Other

remsuielmad 1 W1 W1yt v j gy W1y opo

Less than 1 WOBS BBE S K6 6 %S5 62 B4 T W) G 2w

10 1 9L BT I BY 3g1 swS 4ma 1 6 g3my 6 s

251 to 4} : DO 10015 1 Wl g o1 000 3T 3 W0 900 1 63 fl!

508 to 9% MO B2 0 06 0 00 000 AW3 0 00 2UA 4 2 ;

10 B NS SUO 0 00 v 2wk kB3 6 B 14 ) g

Total 6100 BOIND 900 MmO BINO  B00 15 W0 Bimg I iong
15




TABLE C-13. PERCENTAGE SOLAR EMPLOTMENT BY TYPE OF SOLAR WORK, 1078

Tyse of Solar lork

Manufacturing  Mamufacturing Architectural

Plat Plate Other RéD and Engincering  Other
Percent Solar Collectors Products Installation  Services Services Services
Eqploynent Nl . I o N
Less than 4] 1 19.7 0 3.0 306 6 SLT 11 18209
58 to 247 b 8.5 13 14.3 300 % B8 % uE W19
251 to 401 5 1.0 § 8.8 B2N0 6 51 BBE 5 58
501 to 99 10 161 15 165 Dsé 188 BB WLE

1

100 % 50.7 25 0.5 %00 10 85 BNS BRI G

Total 1 100.0 o1 100.0 B 1000 M8 1000 51000 8 100.0

An
il
0
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TABLE C-14. PERCENTAGE SOLAR EMPLOYMENT BY
PERCENTAGE OF SOLAR WORK IN R&D, 1978

Percent Solar R&D Work

Percent Solar

Employment lpi or less 117 - 492 50% to 89% 90% or more

N )4 ___. N 4 —N )4 N z
Less than 4% 26 16.0 12 11.2 20 25.0 81 45.8
5% to 24% 30 18.5 15 14.0 13 16.2 56  31.6
25% to 49% 19 11.7 16 15.0 ¢ 7.5 13 7.3
50% to 99% 22 13.6 15 14.0 16  20.0 11 6.2
100% 65  40.1 49  45.8 25  31.3 16 9.0
Total 162 100.0 107 100.0 80  100.0 177  100.0




TBLE C-15: OCCTPATIONAL DISTRIBUTION OF EMPLOYMENT IN SOLAR ACTIVITIES —~
DETATL ON INFREQUENTLY MENTIONED OCCUPATIONS, 1978
BASED ON 518 REPORTING ESTABLISHMENTS

Research  Comercial N
~and (except _  Reported
Development  Installation)  Installation Frequency of
o Reported Reported Reported Difficult
_ (ceupation N B to Bire
Engtneers |
Architectural 10 | /
Industrial 15 9 0
Unspeci fisd 457 169 14 4
Scientists . )
Agricultural 14 0 0 0
Atmospheric 15 1 0 !
Barth 3 0 0 ]
Marlne 1 1 0 0
Mathenaticians b 1 0 0
Unspecified 200 18 0 13
Other Professionals ) |
Muinistrative 16 2 0 2
Urban Planners 14 2 0 0
Unspecified 146 76 § 8
Techn1c1ans )
Agricultural 3 0 0 0
Draftsman 12 9 3 5
Industrial 2 4 0 1
Mathematical 1 0 J L
©  Unspecified 245 92 5 15

L=



TABLE C-is. (Continued)

Research Commercial B
and (except N Reported
Development  Installation)  Installation  Frequency o
Reported Reported Reported Difficult
_ Occupation N N N to Hire
Skilled Crafts and
peratives
Asbestos and _ | _
Insulation Workers 1 2 / 1
Cement Finishers ¢ 0 2 0
Electricians 6 14 2 1
Clagiers q z’- 0 0
Heat Treaters 0 4 0 0
Metal Molders 1 4 0 0
Metal Platers 2 10 0 2
Opticians 6 b 1 2
Pattern Makers 0 1 0 0
Precision Machine
Operatives 3 1 0 1
Riveters 2 9 2 0
Rollers 1 5 1 0
Roofers o 0 ) 0
Solderers 5 20 2 0
Structural Metal - ,
~ Craftsmen 2 13 0 0
Tool and Die _ ) ) i
Makers 1 8 1 0

FRICified 127 419 3 13



TABLE C-16.  QCCUPATIONAL DISTRIBUTION OF EPLOVENT 1N SOLAR
SPACE HEATING AND COOLING/WATER HEATENG, 1978.
BASED ON 346 ESTABLISHMENTS

7Research and Deveigpmentff o Cbmmerciairr~r~mf~~—f?;ﬁf?;;;@ffngotai S
Reported ~ Estimated | Reported Estimated | Reported Bstimated
Occupational Croup N y % N £ W N 7 ¥
Engineers 3 K 2,50 WU 1L L0928 3,700
Scientists 161 0. 6 3 2 100 193 5700
Other Professionals 260 6 1,000 288 1 1,000 548 15 2,000
Tectniclans 5100 60 16 8 0 w9 Lu
: 0
Skilled Crafts and _ o ‘ &
Operat ives 115 1 400 586 29 2,100 701 19 2,500
Clerical and Unskilled o B o . . L . . o
Workers 160 10 600 592 Y 2,200 Y, A 2,800
Yo Occupation Given 52 3 - 2 ] - % 2 -
Total, At Groups 1,576 100 5,700 2,02 100 7,30 3,5 100 13,000

a Total may not add to 1007 due to roumding.

b Includes allocation of "o Occupation Civen" category/Detaii may not add to total due to rounding,



TABLE C-17. QCCUPATIONAL DISTRIBUTION OF ENPLOYYENT
I SOLAR INDUSTRIAL PROCESS HEAT, 1978,
BASED ON § ESTABLISHUENTS

T ———

| Research and Development. Comercial

Reporte¢ ~ stinated | Reported  Estinated Estinated
Occupational Group R -ﬁb—-— I Yo L
Engineers 2% 59 100 11 b ¢ 100
Scientists g 20 ¢ 1 § c ¢
Other Professionals 3 7 c b % ¢ ¢
Technicians 3 7 c 4 16 c ¢
0
S : |
Skilled Crafts and , , , 7 | B
Operatives 1 2 ¢ 1 4 ¢ 2 3 ¢
Cigricai and Unskilled _ | ) | _ _ ]
Workers 2 5 ¢ 2 8 ¢ 4 b ¢
No Occupation Given 0 0 - 0 0 - 0 0 -
Total, AlL Groups i 100 100 5100 100 6 100 200
a Total may not add to 1001 due to rounding.
b Includes allocation of "No Occupation Given" category/Detail may not add to total due to rounding.
¢ Less than 50. |
5
KN

ERIC
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TABLE C-18. OCCUPATIONAL DISTRIZUTION OF EMPLOVAENT
IN PHOTOVOLTAIC CONVERSION, 1978,

BASED ON 28 ESTABLISRHENTS
Research and Development | . . . (omerclal otal
Reported  Estinated | Reported Estinated Estinated
teopatioul Grog__ | x R AP
agineers M B 8 noou 1,000
Scientists 0 50 16 T 50
Other Professionals i § 200 % 6 100 300
Technictans S B | 19 100 600
Skilled Crafts and | - N , , 0
Operatives 63 10 200 169 40 600 800 N
Cigricai and ﬁnSkiiiéd _ _ B N - . -
Vorkers 0 6100 60 50 6 % 600
No Occupation Given 4 ] - 0 0 - b 0 ~
Total, ALl Groups 99100 2,30 @0 L0 [ 1066 100 380

& Total nay not add to 1008 due to rounding,

b Includes allocation of "o Occupation Sivén" catégory/Detadl may not add to total due to roundiag,

{59
ERIC

Aruitoxt provided by Eic:



L

otal o
) Estimated
_Occupatic o .
Engineers! 37 2,100
Scientists i Fo
Other Profess{ona ”Wr Ak / 16 900
Technicians ‘ g MUk R | ‘ , 13 700
e il it | ! 0
Skilled Crafts and 7 ,, R LB |
Operatives 59 520 SR R 122 5 40 N
Clerical and Unskilled _ . | o . .
Workers 113 9 400 67 22 200 180 12 700
No Occupation Given 30 2 - 2 1 - 32 2 -
Total, AL Croups 126 100 45400 o 10 L0 | LS 10 5,50
a Total may not add to 1002 due to romding:
b Includes allocation of "No Occupation Given" category/Detail may not add to total due to rounding.
¢ Less than 50.
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o 4‘\'\-4_;\'\: ¥ A ) by
_Type of Organizatidh

Private induStry
Construction Contractor
Public Utility

Federal Government

State or Local
Government

Nonprofit Organization
Educational Institution
Other

Total

4 4 01 /.
4 m m--

1,851

127
171
217
142
383
510

7

3,408

I}

! 3

2,425
205
38

17

177
419

526

6,181

5,368

f—
s.\}
Cw



TABLE c-21. SOLAR EMPLOYMENT AND ADDITIONAL SOLAR JOBS BY INDUSTRY, 1978

Reported

Reported Number Reported W?éﬁdfted
Number Employed Total Number of

o ~ Employed in Solar. Solar Additional
Industry - In Solar R&D _ Commercial Employmént —— Solar Jobs
Durable Goous o o L
Manufacturing 1,018 1,733 2,751 3,180
Construction 69 205 274 395
Non=Durable Goods -~ N N
Manufacturing - 291 72 363 317
Transportation,

Communication,

and Public B - L -
Utilities 190 49 _ 239 62
Wholesale or Retail o - - ) o
Trade - - 23 139 162 158
Educational o B - -
Services 532 53 585 203
Enginéering and

Architectural B o o

Services 259 393 652 379
Research Services 899 65 964 596
Sther Services and - | .
Public Administration 167 43 210 71
Total 3,448 2,752 6,200 5,261

_ , P —— 74




\

\\Nf\
\\‘

N .,
_TYPE—fofsola =2

44 i\,- v

ﬁanufac;uring, Flat A 1.4 RA ! 4 7 ! )
Plate Collectors 212 531 743 1,273
Manufacturing, Other - o o
Products 913 1,142 2,055 1,978
Installation 152 359 511 635
R&D Services 1,437 93 1,530 819
Architectural and B o N o
Engineering Services 339 373 712 368
ther Services 211 . 252 463 200
Total 3,264 2,750 6,014 5,273




Cc=26

TABLE C-23. PREVIOUS AND CURRENT OCCUPATIONS OF
RESPONDENT EMPLOYEES, 1978

~ Occupation 7
Before Working Current
in Solar Occupation
— (N=468) (N=465)

Engineers 3%.4 33.3
Agricultural 0.4 0.9

Architectural 0.4 0.6

Chemical 3.0 0:4

Civil 0.6 0.0

Eléctrical/Electronic 6.2 4.1

Mechanical 17.5 19.4

MetallurglcallMaterlals 0.4 0.6

Other 5.8 7.3

Scientists 10.5 5:0
Atmospheric 0.9 0.6

Biologists 1.7 0.2

Chemists 2.1 1.7

Computer Specialists 0.9 1.1

Physicists 3.8 3.7

Other 1.1 1.7

Other Professionals 24.8 42.4
Architects 3.6 4.7

College/University Teachers 4.3 3.4

Economists 0.4 0:4

Wanagers/kdmlnistrators 5.8 15.5

Marketing Specialists 3.8 0.0

Operations/Systems Researchers 0.9 3.7

Other 6.0 14.6

Technicians 5.1 8.0
Drafting 1.1 0.2

Electrical/Electronic 1.1 2.4

Mechanical 0.6 1.7

Other 2.4 3.7

Skilled Crafts and Operatives 5.3 6.9
clerical and Unskilled 3.2 0.2
Student /None 16.7 0.2




Water healllE W TR

Industrial process heat 3:0
Thermal powexr 5.0
Ocean thermal conversion 3.9
Photovoltaic conversion 71.0
Wind conversion 3.9
Biomass conversion 1.0

e
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Marketing and ,
distribntion 13.3

Installation and
mainténance 7.2
Other commercial
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THLE -1, PRHRY SLAK WORK ACTVETIES OF RESPODENT BLOEE
B V8 OF SOLAR G, 191

Type of olar Bnergy
o et G | |
N Space Heating Water  Process  Thermal Therma)  Photowoltalc  Wid  Blomsss
Prisary Solar ad Coollog  Heartog  Meat . Power Comverslon Convetsfor  Conversfon Comversion  (Othet.
ork AcL.dly S R U T U T T TN A I A I S A
Reapareh and Dovelomeont I I R L YRV R B B % B % B R X
Hanufacturing 953 00 L4l o000 000 250 000 000 LSO
- 0
Marketing and ,I,,
Dlstrlbution DU WY 2B LS 000 3y L0002 ¥
inStai;ation and :
Nafntenance 066 DB 000 000 00 125 12 000 000
it Coercll o o S
Actlvitles W&l S 000 000 000 1S LY O000 1S
e B2 909 0 B0 1 S6 TN3 125 Ll LMY 1N
Total L1000 701000 102000 181000 14000 01000 141000 71000 17100.0
.
Q N 16‘.!
ERIC™)
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TABLE C-27. AGE DISTRIBUTION OF RESPONDENT EMPLOYEES, 1978

Percent of

Respondents
Age - (N=480)
20-24 8.8
25-29 19.6
30-34 15.8
35-39 16.5
40-44 11.5
45-49 8.8
50-54 10.0
55 and up 9.2
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TABLE C-28. HIGHEST LEVEL OF FORMAL EDUCATION
OF RESPONDENT EMPLOYEES, 1978

fercent of

o Respondents
Highest Educational Ievel (N=479)
Less than high school 0.2
High school or equivalent 4.8
Some coiiege 10.5
Associate or technical .
degree 3.5
Bachelor's degree 7.6
Master's degree 26.1
Ph.D., Ed.D., or M.D. 16.7
Other : 0.4
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TABLE C-29. MAJOR FIELD OF STUDY OF
RESPONDENT EMPLOYEES, 1978

Percent of

- Respondents
Major Field - - (N=477)
Engineering 48:2
Physicai Science/ o
Mathematics/Biology 16.8
Other baccalaureate or N

professional fields 22.9
Fields of study below L

the baccalaureate level 12.2

.'-4
-




THIEC-H. GRS LOVEL OF RWA BOATION O~~~
RESRAOENT EPLOYEES Y TYOE OF SOLR BNERY, 19

Type of Solar Eaergy
o hdwtrlal oo - .

o fhace Caatlog  Warer  Process Ternal  Therul  Potowltsfe W Mowm

Highest Leve] of ad Coollog  Heatlng  Heat Pover  Cowversion  Comversion  Conversiog (onversfon  Othe:
forial Ediication - 1 ¥ 1 Nl oy T S O = B
High School Diplons o o R |

Less E35 B 0 00 000 000 125 1M 000 3y
Son Callge B4 LWE 0 M 000 VM0 60 0 M o g 21
Asmcﬁte or Technical o o , | L

Degree R A A R I Y I Y R O L U TR ST S
Bahelor's Deggsa WAS 0B 303 IHT 6@y WBO N0 2% 3 g
Naster's Dege WS WAL SES B WG bms 1D ] SRR TR
thd., 5D, K, WG 48 9IRS WBE BUS Be 490 b
Totil M) IO LIMO WIND NINO W00 0.0 7100 17100
Q 190
Ave oo e I -

€



TLE C-31;  EIGHEST LEVEL OF RORMAL EDUCATION OF )
RESHONDENT ENPLOVEES 3Y PHASE OF SOLAR WORK,, 197%

Phase of Solir Work

Research Mark.cing  Installatfon  Other
S ad and and Comercial
Highest Level of Developuent  Mamufacturing  Distribution  Maintenance  Activities  (Other
Fornal Bdueation — ¥ G o Nk o I
high School Diploaz B o -
or Less 5 28 5 11,2 § 8.3 3115 I &3 1 L9
Sone College 66 10 %S 5 104 5192 143 4 14
Associate or o o o I
Technical Degree 3.3 1 34 3 6.3 2 1 1 &3 1 13w
lachelor's Deg ¢ 9 28.2 1 W1 %00 13 13 %S 26 8]
Master's Degree 50 27.6 6 0.7 10 208 5190 § %1 1455
MO, 0, KD, 5 3L 0 0.0 2 42 0 00 1 &3 8 18
Totzl B0 1000 @00 261000 23100.0 5 100.0




TABLE C-32.  PERCENTACE OF FOIRS SPENT 1N SOLAR WORK BY
RESPONDENT EMPLOYEES BY TYPE OF SOLAR ENERCY, 1978

Type of Sohr fnergy
. o . Idustrdal . e |
Percent Spece Heating  Water  Process  Théral  Thersal  Photovoltafc  Wisd . Bomass
Hours Worked and Cooling  Heating  Heat Pover  Cooversion  Conversion  Conversion  Comversin  Other
i Solar Ny ' N1 F -+ --§ 31 N 1
Less than SO % %5 0156 2182 163 4B S12 86 STM4 S 24
a1 - 991 ¥us M6 L% 4B0 3Bl MBS ST 0 00 4 DS
1002 SIAR WS 5455 11688 6l R 53 $ K. 286 8 4L
Total 161000 6100 10000 161000 131000 381000 141000 71000 17 100.0

SEe



TBLE (-33.  PERCEVIAGE OF HOURS SPBNT IN SOLAR WORKBY
RESPONDENT EXPLOTEES 31 PHASE OF SCLAR WORK, 1973

Percent
Hours Norked
in Solar

Phase of Solar Work

Research farketing  Tostallatin  Other
and and and Comercial

Developuent  Mamfactoring  Distribution  Yalntenance  Activities  Other

I A Y W I g e e T

Less than 507
50 = 994
1001

Total

i1 2.6 L 13.8 10 2.7 11 4.3 11418 15 29.4
51293 3 10,3 15 %1 6 3.1 3.0 8 15

8 4.1 2 759 19 32 9 346 9 %1 B %90
W
174 100.0 29 100.0 4 100.0 26 100.0 131000 5i100.0°

19



TALE -3, RRCEMTCE OF OSSP N SOAR WRKBY
RSHOOENT BXPARES B TPE OF URGLATIN, 1918

Type-of rgantestion
. AT I
Percent Private  Conetraction  Publde Peeral Loeal  Nomproflt Beation]

burs orked ~ Idustry  Cotnactor Gelllty  Govemaemt  Govenbnt  Ombmtln bewiea O
ST ol N S IS SO 6 SN N SN B S N S s

— A —— it
-

s 0BT TR BHS TG4 G0 RR3 s (g

S04 TR6 bBE TRE 000 bR BU N

1! IS S I S R NV R VA S TRY L
|

Total WD NUGD BN W A0 B0 own W




TLE G-+, ERRNIE WS 901 0§ S g 31 FESHORN e
U AU, L LATION OF Bty 60

.

lodatry |
- Other
N Eng_ineering Services
S ol e, Vsl 0 @ g bkl
Peccent Bt ooy ol Camaition or Reta!]  Educational Archirectura] Rearch  Adnind-
bous Sorke b oaelinl Gutncrton Mazurlyy g Ueilitles  Trade  Serviess  Seryies Services  stratlon
In Solat = BN R L bE ! vt wroyg
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TBLE C-%. PRI RORS SPANT ¥ S0k T

ENPLOYEES BY TOPE OF 002 WORK - (LIS, 1678

I}_"'\}e Of S0. - "'O:i

Manufacturing  Menufacturing weealt. ¢ Architectwral  Other

Percent Mlat Plate  Other leveloper:  anc Engineering  Services
Bours forked  (ollectors  Products  Installation e Services |
dnSla ¥ 3N N Yo b b

Less than S0 B 1.8 B3y 10303 { ik 059 19N

508 - 9] YR R I A R T

1008 7 60,0 T2 13 0.4 S AR

Tt 5100 TIN0 R 100 00 S0 e L
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TABLE (-37. DERCENTACE BOURS SPENT ii SRLAR WORK B
RESYONDENT EMPLOYEES RY SSTE&LISHMENT S12¢. 198

e -

Grester

o ored X S D | Y X" T W S R o
b sl . 0 S T I T I N L R T I
w25 KW TBY s LB s DX BWS k%6 17l
5« w31 PLSO2KD 9 BE N4 280 R0 B4l 0w
0 W 1R Bed BED 9B BN BRS %R 1w
ol B WIS SN0 BIND BN I W0 B0 Bk
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T="E C-38. SUITABILITY OF EDUCATION AND TRAINING
TO SOLAR WORK ACTIVITIES AS REPORTED
BY EMPLOYEES, 1978

Mean Percent of Time
I Spent in Category
Category - (N=467) -
work requiring more -
education and training 18.9
Work well suited to level -
of education and training 61.2
Work requiring ieéé education o
and training 19.9

y = :} '}



TABLE (-39, NUMBER AND PERCENTAGE OF RESPONDENT B{PLOYEES WHO FELT THAT THEIR JOBS

REQUIRED SPECLAL SKILLS (R KNOVLEDGE, AND WHO CONPLETED FORMAL SOLAR
TRATNTNG PROGRAS, BY PHASE OF SOLAR WORK, 1978

__ Phase of Solar ork .
Research Marketing  Installatln  Other
- a _ and and (mercial
Developoent  Yamfactoring  Mtribotion  Mafatenarce  Activitles  Other
= s N 1N LN PN

Specta! Skills or o L
kaowledge Required LA/ A X I R VR I O I T Y

0
Foraal Solar Training B I VIR P T VA L I (O A
Progens Completed

201 1




THLE C0. MR D PERCENE OFRESPONDNT EPLOVES 0 FELTTUT LR
JOBS REQDLRED SPECTAL SKLLS Ok KNMLEDGE, 1D WO CRPLETED ORAL
SOLIR TALHIC PROCRAS BY TYE OF SOLSR ENERY 1978

'T

o Iedustefl  em .

Space Heating  Water  Process  Therml Thermal  Photowoltaic Wind Bionass

ond Cooling  Heatfng  Heat .  Power Cooverslon  Convesion Conversion Conversion  Other
N2 N 1 8N 1 N1-8 1 N 2——% 1 ¥t 1

pectal S or | | L
Kigwledge Required 32 89.4 61 810 10 909 16 %1 1329 N s 1w 11000 14 82.4

o Training

B ot B9 B WL 2z WD 34 M0 3L 1 M6 3 D6




TALE L RGER A FECMACE O RESHMDET L0651 FEL T TR
REQUIRED SPECIAL SKILLS OR KNOWLEDGE, AND WHO CMPLETED FORKAL SOLAR
TRAINING PROCRALS, BY INDUSTRIAL CATECORY OF ESTABLISIMENT, 1978

Industry -

W Other

S L Englneering Services

Lo Noodurable  Tramgportation, Whelegale .. . ad and Publle
Durable Good Goods (omunications  or Retall  Educatfonal Architectural Research Adaini-

hanfacturtg Construction Masofacturing and Publte Utilities  Trade  Sevices  Services  Servlees atration
o ¥l Wl b4t N 1 N1 N1 N §y

Secal Sllsr o o

ouledge Reglred % B2 R B0 1 B3 B9 WD %NS GBS 0N B o
i
il
N

bl Qlat Tl L
ogens Copleted 2 B5 180 388 LI S N MU VAN U X (¥
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TABLE C-43. RELATIONSHIP BETWEEN EMPLOYEES WHOSE JOBS
REQUIRE SPECIAL SKILLS AND KNOWLEDGE AND
COMPLETION OF FORMAL SOLAR TRAINING PROGRAMS,
1978

Special Skills or
Knowledge Required
Formal Solar Training ~ Yes ~ No )
__Programs Completed N A N %
Yes 164 39.0 13 23.6
No 257 61.0 42 76.4
Total 421 100.0 55 100.0

%% = 4.887, df = 1, p < .05

0o
=
)




TABLE C-44. SUBJECT MATTER, FREQUENCY, AND AVERAGE
DURATION OF SOLAR TRAINING PROGRAMS AND
COURSES AS REPORTED BY EMPLOYEES, 1978

Numbér of Training Average
o Programs or Duration

Subject Matter Courses Taken . _ —in Hours
Solar energy, general 154 19.9
Space heating and cooling 40 29.9
Water heating 3 40.3
Industrial process heat 1 1.0
Thermal power 3 43.7
Photovoltaic conversion 7 26.3
Wind conversion 3 35.3
Biomass conversion 1 99+
Coliectors 7 39.7
Solar construction 6 9.7
Solar system design 27 23.8
Solar energy materials 1 50.0
Sales 4 47.5
Management 1 %
Economics 2 25.0
Installatlon 2 12.0
Physics 9 30.7
Physical chemistry 1 45.0
Biochemistry 1 45.0
Radiation 5 52.0
Fluid mechanics 2 72.0
Thermodynamics/héat transfer 16 37.9
Process éngineering 1 45.0
Boundary layer theory 1 45.0
Microclimatology/building climatology 3 43.0
Environmental engineering 2 34.5
Computer aided design 1 - *
Thermal processes 11 23.2
Meteorological area specializacion 1 60.0
Atmospheric sciences 2 69.5
Mathematics 1 95+
Microcomputer simulation 1 %
Dynamics of systems (controls) 1 48.0
Energy management 3 3.0
Solar distributor 1 20.0
Energy analysis 1 16.0
Solar energy conversion 1 80.0
Power plant design 2 99+
Other 11 31.8
Unknown subjéct matter 16 6.7

* No hours given
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METHODOLOGY USED TO FORMULATE MANPOWER FROJECTIONS

The solar energy manpower Projections were based in part on data
provided by both employer and employee surveys. Two separaté methods were
used for forecasting R&D and commercial solar energy manpower needs. It
is in the déveiéﬁﬁéﬁt of the employment coefficients that the two forecasting
methods differed. For R&D employment coefficients, R&D expenditurés were
defined as a measure of R&D output, and R&D funding was assumed to be equivalent
to expenditures. The two words will therefore be used interchangeably in the
following text. The R&D emnloyment coefficients thus represent iéBBi—hours*
per dollar of R&D funding: The commercial coefficients were defined in terms
of labor-hours Per unit of imstailed solar energy equipment. Only thé solar
space heating and cooling, water heating, and industrial Process heat (IPH)
techniques were assumed to produce significant commercial output since the

MITRE forecasts (see below) projected a significant number of installations
by 1985 for only these techniques. The methods for comp=ting the R&D and
commercial employment coefficients discussed below treat each type of solar
energy separately,

R&D Empioyment Coefficients

This section discusses the methcd used to derive the R&D coefficients
and presents the numerical resmits. Two assumptions about R&D labor pro-
ductivity are implicit in the method msed to derive the labor coefficients:

e There is go productivity differential in R&D

between large and small organizations.
® R&D employee productivity stays constant over time.

* The employment (manpower) coefficients utilize labor-hours rather than
number of employees in order to adjust for part-time employees. The =
employment of part-time people is reported in labor-hours per year. These

labor-hours are used to create the coefficients. To convert the number

of labor-hours required to produce a given amount of output into full-time

equivalent employees, the number of labor-hours is divided by the number

of labor-hours worked in a year by a full-time employed person. This con-

version procedure and its underlying assumptions will be elaborated below.
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The procedure for deriving the coefficients is as follows:

First, a method was developed to determine total R&D expenditure,
because of industry disclosuré probléms. Question 10 of the employer survey
questionnaire provided the percentage of funding réceived from each source
of funding (Federal funding of R&D, other R&D funding, and commercial activity
funding, and other funding) for each type of solar energy. The'"other funding"
category was eliminated and the percentages normalized to sum to 100 percent
for each respondent. A weighted sum over all respondents of solar emergy
funding percentages by source was then computed. The appropriate weights
for this summation are tha ratios of individual respondents' total receipts
of funds from each source to the total funding from that source over all
respondents. Since these dollar receipts were unknown, solar energy employment
was used as a proxy for solar emergy funding. (This implies the acsumption of
no productivity differential between large and small organizations.)

The summation éQuations are:

ZF, = I, %4F,. * (E,./T. £..)
ZF, xJ %z 1 ( iJ/xJ IJ)
/0. = . 90.. % (. /¥ Eid
ZOi Zj ZOij (nij/ij Eij)
#C; = I %, ; * E';V;E';
i 2J ij ( iJ/EJ iJ)

and the resulting aggregate funding equation is

ZF,

i + AOi + ZC, = 1007

i
where i = type of solar energy
j = respondent

%F = percept of solar activity funds coming from the
Federal government for R&D purposes

%0 = percent of solar activity funds coming from aii
other sources for R&D purposes )

% = percent of solar activity funds going to commercial

activities

E = solar energy employment.

12%)
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See Table D-1 for these percentages.

The proportion 7?, represented of the total /F + /O (call this
proportion P -- see Table D'Z) was applied to the dollar value of Federal
solar energy fundiﬁg obtained from the Federal government to estimate a

total dollar funding of Solar energy R&D for 1978:

Ti = Fi/Pi
where
Ti = total 1978 R&D dollar funding
F. = Federal R&D dollar funding
bi = the proportion the Federal R&D funding is of

total R&D funding.
These results are presented in Table D-3.

Next, the total number of R&D employment labor-hours for 1978 were
calculated. The employee survey provided estimates ~. the average employee
labor-hours per week spent on solar energy R&D by primary type of solar energy
(Table 25). These were averaged and multlplIEd by 50 to glve the labor~hours
per year (for 1978) for an individual employee. The labor-hours per
year was mult1p11ed by the number of employees and the result divided by
the 1978 solar energy R&T funding to create the coefficients showing the

number of employment labor-hours per dollar of R&D fundlng
TLHR.. = (ALHR, * 50 * NER,)/RD,
i i i i
where
i = type of solar energy

TLHR, = annual R&D employment labor-hours per dollar

* of R&D funds
ALHR, = average employee labor-hours per week spent on solar
energy R&D
NERi = number of employees in solar R&D
RDi = total annual solar R&D funds.

The coefficients are shown in Table D-4. These coefficients, though computed
using the 1978 survey data, were assumed to rémain constant over time (R&D

productivity does not change over time).

oo
1Y
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TABLE D-1. SOLAR ENERGY EXPENDITURE PERCENTAGES BY

TYPE OF ACTIVITY AND SOURCE OF FUNDS, 1978

%F 20 . %C
o B R&D Expenditures o B o
_R&D Expenditures ‘Non- ] Solar Commercial

Federally Financed Federally Financed —  Expenditures

Space Heating and Cooling,

and Water Heating 37.7 16.7 45.6
Agricuiturg and IPH 47.4 13.1 39.4
Thermal Power 68.7 15.7 15.6
Ocean Thermai 86.9 9.6 3.5
Photovoltaics 60.5 12.6 26.9
Wind 64.2 23.1 12.6
Biomass 67.5 17.8 14.7

“ v
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TABLE D-2. PERCENTAGES OF SOLAR R&D FUNDING BY SOURCE, 1978

Py __ foo-R,
Federal % of Non-Federal % of
— . — R&D Funding — R&D Funding
Space Heating and Cooling 7
and Water Heating 69 31
Agriculture and IPH 78 22
Ocean Thermal 81 19
Photovoltaics 83 17
Wind 74 26
Biomass 79 21

21
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TABLE D-3. 1978 SOLAR R&D FUNDING

Federal 1978 1978 Federal Total 1978
Solar R&D Funding Funding as % of Solar R&D Funding
(Thousand 1978 $§) Solar R&D Total  (Thousand 1978 $)

Space Heating and Cooling

and Water Heating 99,365 69 144,007
Agriculture and IPH 10,632 78 13,631
Photovoltaics 78,204 83 94,222
Other: 210,949 261,213

Thermal Power 106,418 81 131,380

Wind 37,517 74 50,699

Ocean Thermal 36,802 90 40,891

Biomass 30,212 79 38,243

Total 399,150 513,073
z?leS




TABLE D-G. R&D EYPLOVMENT CORFFICIENTS

Average Weekly Solar Amnual Solar  Number of  Total 1078 Total 1978 Solar Amnual Solar RED
RGD Hours Per R4 Hours Per Employees Solar RGD Hours  R6D Fundng  Labor Hrs./$
—- Employee, 1978 Employee, 1978 —for 1978*  (Thousands) (Thbdéand 1978 §) of R&D Funding

Space,Hé&tinQﬁénd
Cooling and Water

Z—Q

Beating 2.2 1440 6,800 9,928 164,007 06894
Agricuituré and , B o e
IPH 26.6 1330 200 266 13,631 01951
Photovoltaics 3.3 1615 2,700 63605 0 94 046128
it 11 W 2 38 wm e
Thernal Pover 3.1 1755 00 1,08 131,380 00601
Wind 1.2 1060 LD 1,060 50,699 02081
Ocean 24 1120 0 448 0,801 01096
Bowass 19.2 90 O 3,0 02008
Tota | R B S

* Includes allocation of solar emploecs vhere the prinary type of solar energy was "Missing" or "Other”,

ERIC

IToxt Provided by ERIC
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In order to determine future labor needs in solar R&D, total R&D
financing had to bé forecasted. One way of doing this is to forecast the
federal component, and determine the trend for the proportion of R&D funding
financed by the Federal government. Federal involvement in R&D activities
for a new industry follows a distinct pattern which can be related to the
commercial maturity of the industry. The pattern formed by the proportion
of R&D funding which is federally supported traces a descending S-shaped
(ogive) curve, with the point of infléction occurring at about 65-70% federal

involvemént in R&D financing:
100% ™~

Percent

Financing 00~ /0%
of R&D

5-10%

Time

Abové the 65-70% level, the fed=ral goveramént is heavily involved in the
financing of RaD activitiss, in iarge part because these activities cannot

yet justify themselves economically. Federal involvément slowly drops off

as the activity gradually enfers the commercialization stage and increases
economic inducements within the privaté sectof. When the activity reaches

the stage of economic feasibiiity, usuaiiy after federal invoivement in
financing has reached the 65-~70% level, federal support drops off dramatically.
This judgmental conclusion is based on observations of trends in commercialized

forms of solar energy.
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close to $1 billion (éboui $950 million) in 1979 dollars by 1983 (Figure 2, and
Table D-3). 1In the 1978 constant dollars used in this study, this is approxi-
mately $880 miliion. These forecasts were based on Department of Energy
historical data on total :aderal expenditures for solar R&D by type of

solar energy for 1975-1979 and preliminary projections for 1980. These

past, current, and projected Féderal R&D expenditures were deflated to con-
stant dollars using the R&D defilator series devéloped at Battelle for its
annual R&D expenditure forecasts.  This series has been rebased so that the
deflator for 1978 equals 100. The forecasting method was a combination of
graphic and judgemental methods. Forecasts of funding for some of the types
were purely judgémental. Others were graphic extrapolations of past data

(see Figure 2).

The data on Federal funding of solar energy R&D by type of solar
energy were supplied by DOE and included funding by other Federal agen-
cies. Funding data réported by the National Science Foundation (NSF)*%
were only for DOE, and did not break solar funding down by type of solar
energy. The NSF solar totals for 1977, 1978 and 1979 are lower than those
shown in Table D=5, but do not include solar funding by other agencies.

The récommended funding was raised by Congress, and final action was still
pending at the énd of 1978 when the NSF report was prepared. The 1979
DOE solar obligations were considérably higher than estimated in the NSF
report. Recent data provided by NSF*** indicate that the 1980 DOE solar
budget is about 652 million dollars, which is within 2 percent of the

640 million dollars used in Table D-5.

* These deflators, deyglobéa”Bi Dr. W. Halder Fisher, are published as
Table 4 in Fisher, Dr: W. Halder, Probable Levels of R&D Expenditures
in 1979: Forecast and Analysis (Columbus: Battelle Columbus

Laboratories, December 19,8), p. 14.

** National Science Foundation. An Analysis of Federal R&D Funding by
Function. Fiscal Years 1969-1979. NSF 78-320. National Science
Foundaticn, Washington, D.C., 1978, p. 24.

***Natiopal Seience Foundation. Science Resources Studies Highlights:
NSF 79-319. National Science Foundation, Washington, D.C.
November 16, 1979, p. 3.
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TABLE D-5. FEDERAL FUNDING OF SOLAR ENERGY ReD
BY YEAR AND TYPE OF SOLAR ENERGY

(Oct.=Sept.)  (Oct.-Sept.) o Forecast
_ . 1975 1976 977 198 19 1980t 1983

(Thousands Current §)

Space and Water Heating

and Cooling 20,176 40,325 G 9% 101,08 100,000
Sgriculture and IP% 1,588 4,637 07 10,63 1L,601 55,000
Solar Elec.: Thermal Power 10,315 21,509 82,169 106,418 102,763 141,000
Photovoltaics 11,19% 23,900 62,016 78,206 121,90 138,000
Wind 1,312 15,875 2,50 3,507 62,515 77,000
Ocean Thernal 3,05 1,174 1,50 3,800 39,26 42,000
Biomass 2,003 3,938 21,793 _30;212  85;509 . 67,000
Total 309,150 496,582 640,000 953,000

(Thousands 1978 §)

Space and Water Heating

and Cooling 2,878 41,251 99,012 99,35 93,631 92,687 120,000
Agriculturé and TPH 1,95 5,361 3,805 10,63 1075 50,998 65,000
Solar Elec.: Thermal Power 12,119 24,895 89,053 106,418 95,248 130,689 192,000
Photovoltaics 13,805 27,662 6,010 78,206 113,061 16,465 236,000
Wind 9,016 18,374 26,65 37,517 51,943 71,359 100,000
Ocezn Thernal 3,767 8,303 15,91 3,800 %,%8 38,929 6,000
Bionass 2,40 69 1619 002 5L 60 10d,000

Total 68,613 138,725 328,493

399,150 458,614 591,197 883,000

a 1980 forecasted DOE budget only, in 1979 dollars.

b Cut from oriinal funding lével requést (including support Services) of §153 milliou,

Q
ERIC 00z
e 00z

TT—a:
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Battelle also projected thé trend of federal solar R&D support
as a proportion of total solar R&D support, reproduced in Table D-6.

The last vear of 100% federal R&D support for each solar energy
type was estimated to be as Follows:

Space Heating & Cooling and

Water Heating 1970
Agriculture and IPH 1973
Thermal Power 1970
Ocean Thermal 1973
Photovoltaics 1970
Wind 1970 (50%)
Biomass 1973 (90%).

The 1978 percentages of federal SUpport are reproduced in Table D-7 referenced
abové. Both space héating and cooling and water heating were assumed to
have reached the inflection point on the above S-shaped cutve by 1978 (the
inflection point represents 65-70% federal support). Agriculture and IPH
will reach this point by 1980; thermal power, by 1983. Ail othér solar types
will still be above this point by 1983. The S-shaped curve was fit to the
above data for each solar type, and the 1981 and 1983 federal funding percen-
tages extrapolated along it:

These forecasts of federal solar R&D funding, plus the projections
of the federal support proportion of the total solar R&D funding were used
to determine the total amount of future solar R&D funding. The R&D employ-
ment coéfficients (which remain constant over time since R&D productivity
is assumed not to change) were applied to the projected total R&D funding
levels to obtain the forecasts of solar energy R&D labor needs in terms of
full-time equivalent employees (asSuﬁiﬁg a work-year of 2000 labor-hours).
Table D-7 shows these labor projections. Finally, theseé employment projections

of R&D employment from Table 17. These results are reported in Table D-8.
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TABLE D-6. PROJECTED SOLAR R&D FUNDING

Federal Percent _Total
. Funding Federal i Funding .
———SS (Millions 1978 $) Funding (Millions 1978 $)
1981
Space Heating and Cocling o - )
and Water Heating 102 58 176
Agriculture and IPH 56 64 88
Photovoltaics 176 75 235
Other: 356 497
Thermal Power 151 72 210
Wind g1 66 123
Ocean Thermal 48 83 58
Biomass 76 72 106
Total 690 996
Space Heating and Cooling o -
and Water Heating 120 51 240
Agriculture and IPH 65 55 118
Photovoltaics 236 69 342
Other: 462 699
Thermal Power 192 65 295
Wind 100 61 164
Ocean Thermal : 66 78 85
Biomass 104 67 155
Total 883 1399




TABLE D-7. PROJECTED SOLAR R&D EMPLCYMENT REQUIREMENTS

Annual Solar R&D Projected Solar Projected Solar Projected FTE

Labo;,ﬁrs./Dqllar ___R&D Funding R&D Labor Hrs: Employees

of R&D Funding (Millions 1978 $§) (Thous. Hours) (Thousands)

1981
Space Heating and

Cooling and Water - , )

Heating .0689% 176 12,133 6.1
Agricuiture and - L - -

IPH .01951 38 1,717 .9
Photovoltaics 104628 235 10,876 5:4
Other .01404 _ 497 6,978 3.5
Total 996 31,704 15.9

1983
Space Heating and

Cooling and Water , B , 7 )

Heating .06894 240 16,546 8.3
Agriculture and L o ,

IPH .01951 118 2,302 1.2

actovoltaics . 04628 342 15,828 7.9
Other -01404 699 9,814 4.9
Total 1,399 44,490 223
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TABLE D-8. OCCUPATIONAL DISTRIBUTION FOR PROJECTED SOLAR
R&D EMPLOYMENT (THOUSANDS OF FULL-TIME
EQUIVALENT EMPLOYEES)

‘Space Heating  Agriculture and
and Cooling Plus Industrial :
Water Heating Process Heat Photovoltaics Other
1981
Total Projected FTE _
Employment 6.1 .9 5.4 3.5
Engineers 2.5 A 2.2 1.4
Scientists .8 .1 .7 .5
Other Professionals .9 .1 .8 5
Technicians .9 .1 .8 .5
skilled Crafts and | |
Operatives 24 .1 A .2
Clerica} and Un- , , ,
rkilled Workers .6 .1 .5 : .3
1983
Tgtai Projected FTE o
Employment 8.3 L2 7.9 4.9
Engineers 3.4 4 3.2 2.0
Scientists 1.1 .2 1.1 .7
Other Professionals 1.2 2 1.1 .7
Technicians 1.2 .2 1.1 .7
Skilled Crafts and
Operatives .6 .1 .5 .3
Cierical and bn-
5

skilled Workers .8 .1 .7 .

223
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Commercial Employment Coefficients

Thé commercial analys1s involved only the actual solar system -
collector or concentrator - itself not any of the ancillary components.*
The respondents varied as to whether thev manufactured in-house some or
all of the basic components of the actual system. The problems this variation
incurred will be touched on below in the discussion of the results. Only
the direct labor iavolved in production and installation of the system was
considered. For swimming pools, the average panel size was 40 square feet;
for space heating and cooling and domestic hot water, the size range was
15-20 square feet. A typical comcentrator module ranged from 480-660
square feet.

The employer and employee surveys did not provide all the informa-
tion necessary to compute the commercial manpower coefficients for space
heating and cooling, water heating, and industrial procéss heat (IPH)
because businesses consider the needed sales data to be proprietary infor-
mation. Therefore, as an alternative procedure, Battelle surveyed a selected
small sampie of compénieé (3 for water heating, inciuding swimminé ﬁool

aspects of commercial solar activity to determine present levels of and
future changes in employment labor-hours requirements per unit of output.
The survey respondents requested that their company names not be disclosed
in order to protect proprietary production information. In fact, other
companies refused to respond, citing their fear of disclosure of such infor-
mation, which could quickly lead fo a loss of competitive position in an
infant industry such as the solar energy industry.

Battelle also solicited information on employment requirements
and future productivity changes from its own solar energy engineers. In

addition, installation labor requirements for space heatlng and coo11ng

and domestic hot water heatlng were avallable from Building7Construction

345. Estimates of manufacturing and installation labor requirements for new

* The one exceptlon 1s for domest1c hot water heatlng systems, the in-

stallation of which includes installation of a storage tank.

ERIC 0

Aruitoxt provided by Eic:
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installations were also obtained from reports of the Solar Energv Research
used to determine the employment coefficients representing labor-hours per
square foot of collector surface for each commercial solar industryv, and
projections of how these coefficients will change in five years.

The labor-hours/square foot réquirements specified by the indivi-
dual respondents were averaged together. Table D-9 gives the 1978 labor

trators. Information on non-tracking, evacuated tube co:centrators was not
provided, since they are so rew that no respondents cculd be found who were
willing to disclose any production information. The proportions of various
types of collectors and concentrators used for swimming pool Beating,

domestic hot water heating, and space heéating and cooling were obtained from

Solar Collector Manufacturing Activity, July 1977 Through Jume 1978, U.S.

Department of Energy, Energy Information Administration, February 1979, p. 12,
Table 5: 1978 January through June. Evacuated tube concentrators are inciuded
in this table and were considered to have the same labor requirements as
parabolic trough concentrators. The proportions of collectors and concentrators
used for industrial process heat came from Battelle solar engineers; since this

category was not separately identified in the DOE table.

The proportions used were:

Low Temperature Médium,iémperaturé 7
Collectors Collectors Concentrators
_ Swimming Pool 947 6% -
- Domestic Hot Water 6% 91% 3%
Space Heating and Cooling 5% 81% 15%
IPH - 15% 85%

*Mason, Bert. 7Labor,,ﬁanpowér and fraining Requirements. SERI/PR-53-073,
Solar Energy Research Institute, Golden, Colorado, September 1978.
Tables 1 and 3.

MBSOn,fB;,errris, é., and Burns, B. Solar Energy Commercialization and
the Labor Market. SERI/TP-53-123, Solar Energy Research Institute, Golden,
Colorado, December 1978. Table 2:

Q Zéi?j
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bl 0-9. 1978 COMMERCIAL DIRECT LABOR REQUIREMENTS BY
TYPE OF COLLECTOR/CONCENTRATOR (LABOR-HOURS/
SOUARE FOOT)

LO,‘T’, Medium
Temperature Temperaturé .
o Collector———  Collector Concentrator
.025 .15 .33
.055 .65 .22
.080 .80 .55




ments weré averaged together, since sales projections for these two
solar energy end uses were not avaiiabie separately. The weights were
based on sales markeét share projeétioﬁ§ obtained from the Solar Energy

Industries Association (SEIA), The Solar Future-1978, Tables 3 and 5.

These are:

1978 1981 1983
Domestic Hot Water 24.6% 27.6% 35.1%
Space Heating & Cooling 75.4% 72.4% 64.9%

Finally, productivity changes were anticipated by both our respon-
dents and Battelle engineers in production, though not in installation. These
changes are:

Low temperature collectors: no change

Medium temperature collectors: 30% reduction in labor

Concéntrators: 50% reduction in labor.:

Table D-10 gives current and projectéd labor coéfficients by solar end-use as
obtained using the above proportions of collection and concentrator applica-
tions. 1981 values were obtained through linear interpolation. As stated
above, installation for domestic hot water heating inciudes instaiiation of

a storage tank. Installation of a concentrator includes sité work as well as
the actual equipment installation. Again, these coefficients represent
direct labor oniy for production and 1nstallatlon. Table D—ll dispiays

the Battelle current labor coefficients along with their SERI report countér-
parts for new systems from SERI Tables 1 and 3. Problems with these coeffi-
cients will be discussed in the néxt section.

Projections of commercial solar equipment sales for domestic hot
water heating plus space heating and cooling, and industrial process heat

* The sales associated here with space heating and cooling actually involve

systems which include domestic hot water heating But these were considered

appropriate as indications of the market shace of space heatlng and cooling.

Q ‘ 233




PRTPTREARTET T sdidming Pool Heating

Production .03 .03 .03
Installation .09 .09
Total .12 12 12

DomeStic Hot Water

Production .15 .13 211
Installation .82 .82 .82
Total 97 195 03
Sggcegﬂeating and Cooiing
Production .17 14 .12
Installation <60 .60 - 60
Total .77 .74 72
Domestic Hot Water and Space Heating and Cooling
Production 15 .13 L1
Installation 77 .77 77
Total .92 .90 .88
Industrial Process Heat
Production .30 .22 ' .18
Installation .28 -28 .28
Total .58 .50 246

* These coefficients are an average of domestic hot watér and space heating
and cooling weighted by market shares (see text).

o -
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O

Public Policy

L Battelle SERI Mitre — - Center
Domestic Hot Water
éroduction .15 _2? .é8 .25
Installation .82 .79 .60 .80
Domestic Hot Water and Space Heating
Produc;ion .iS: .27 .48 .15
Installaticn .77 1.07 .32

Navarr»y

;o
.42

* Battelle's coefficients represent Domestic Hot Water, Space Heating and Cooling.

* &

ERIC

Aruitoxt provided by Eic:

Average of four data collection methods.
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D-31

Lactly, these studies do not; and in fact can not, anticipate

both changing production techniques and the resulting changes in occupational

requlrements over-time. Only a thorough englneerlng study can overcome the

above def1c1enc1es in the estimation techniques that have been used.
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