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ABSTRACT SRR AT |

Y ! A Haéhrro College, . Texas. study determined the
~quantitative and qualitative neeac'for develoring skilled manpower

for the solar industry ard secondari’y identified the (present) solar
industry sanpower pOpulatlone and tasks performed by solar technical
and- skilled workers. Results from three initial working groups

- -addressing equipment, market penetration, and skills anal ysis were.

- combined by a fourth manpower-asgessment group to (1) forecast . '
solar-trained manpower needs and 2) .determine the training required
to produce manpower capable of performing the identified tasks. Based . °
on data from available market studies, the demand for trained workers
to desiga, 3install, and maintain s¢lar. systeus will be substantial
"and will develop’ concurrently vith the demand for solar equipment.

- According to splar market projectioms, 2.4 million solar units will
be lnstalled by 1985. By that time there must be 25,000 skilled ‘
‘workers in the solar field, one-fifth trained at the technician,
level. solar technician training should.be equivalert in length and

- extent to that for heating, ventilating, and air conditioning .
technicians--approxisately a two~year program. Solar mechanics
‘training can continue to be provided by solar. industry. To meet the
demand, approximately eight schocls, each graduating fifty solar = '
. technicians a year, are needed. (”ables ‘and figures are appended.)_
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In order for-the solar industry to be successful in stimulating commercial use . v -~
of solar cnergy, it must provide for the development of manpower resources\ with ‘ s
the knowledge and-skills to install and maintain solar systems. The signifi-

cance of the demand for solar equipment and solar workers must be known before
plans can be made to- develop a curritulum to train these workers. The first -

objective of this paper is to present the)national need for manpower trained . P
in solar energy technology and report it by state. The second objective is -
to identify the solar industry manpower populations and to identify the tasks ' 4

. “that should be performed by solar technical and skilled -workers. An analysis
" of this information will provide the manpower population determindtion and
chould aid in solar manpower currlcu)um de51gn.

DESCRIPTION OF THE PROJECT - ' : _ - ‘ - : oot
ln order for the solar industry to be successful in qtlmulating commerelal use °
of solar cnergy, it must provide for the development of manpower resources with s
the knowledge and skills to install and maintain solar systems. The signifi- . ]
cance of “the demand ‘for solar equipment and solar workers nust be known beiore _ e
plans cam be mdde to develop a curriculum to train these workers., Tﬁere ehould - B
be a well founded expectation that there will exist a clear demand, for the.
training, and emplovment opportunities for the graduates of the training program.
Heretofere, there have been insufficient data available regarding the number of
solar energy workers that could be employed in this 'new and emerging field. This
paper, reports the findings of a study performed by Navarro College for the Depart-'

(§~ .ment of Encrgy to ‘determiiie the quantitative and qualitative questions for man-

e

'power in the selar-energy industry. THe objective of this project has been to

: determine the natjonal need in the United States for manpower trained in solar
energy technology and report it- by state. This ploject forecasts future mManpower,
requirements for ¢he solar industry by determining both the quantitative and

-

qualitatdve peeds for developing so]ar skilled manpower.v e
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- Secondary objectives havé included the identification of the solar industry man-
power populations and the identification of tasks that should be performed by

*solar technical and skilled workers. An analysis of this information has pro-
vided the manpower population determination and should aid in Bolar manpower

curriculum design. - ‘ . .

- ® -

The project” contract had three basic tasks: .

Task 1. Conduct a sdrvey of. solar. heating and ooolihg‘systems
: © equipmént using ERDA, NASA, and private Industry resources. .
v

h ) . .

Task 2. Review existing consumer demand studies to forecast man—

.. power requireménts. -
Task 3. Conduct a skills study to determine the types of curriculum
- : required to produce the trained manpower identified in Task
2 above. ' ' ' o

+  The final solar manpowet assessment was formulated from the results of these three .
tasks. o - o : ' . : ' o N

Three scparate working groups were formed to address these tasks: an equipment - -
group, a market penetration group, and a skills analysis group. A fourth group,
the manpower assessment group, combined the restlts from the three initial work-
ing groups to meet the overall praeject objectives, namely, ' '

-

~To produce a forvrecast gbr solar-trained manpower needs. s .

' . . T
-To determine the types of training required to produce manpower o
capable of performing the tasks identifijed in the task/analysis: ,
. - N P S . . e N

. ) * : : »
-Projections of Fxpected Demand for Solar Systems

Tt A . . . ' - o .
- It was the basic assumption of this project that the demand for solar manpower %. ' .
" 1s a direct function of the demand fdr--eotar equipment. The forecast of demand®:-.

: : : . \G ey s
for solar cquipment is based on"éxisting studies. .

Al

Selection of Data Base ¥

. : : -

All available market studies were_reviewed‘and.analyzed4 howeger, only 1974 or
later studies were sufficiengly current to be considered for seiection. The

‘ oquﬁtive of this process was'to obtain the best estimates of the number of j\\'
solar units to be installed nationally, regionally, and state-by-state. The \

- methodology and essumptions used in each stady were analyzed to select the
most reasonable approach to the problemy A decision was made to use three

. different studies as the basis of foredasts for the number of instailations in

- this country. o . .t
o . ‘ ‘ b .
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' These studies were as fqllows:

.

) Tﬁe University of New Mexico Study o L

Title: The Economics.gg.Solar Home Heating
Dates July 19?6 L - C -
2. The MITRE Corporation (MITRE) Study S I

Title: ﬁﬁ‘ECOnomic Analysis_g£ Solar Water and Space‘Heatiqg

Date: July 1977 = | .

v

LI

' o . : '
3. The Solar Energy IndustrieS~Association (SEIA) Study:

o /Title: Solar Market Capture and Market Penctratlon -
S By -Sheldon Butt : i B o o
v . 0. . . ) ' ° ] f
 Date: October 1976 e ot

\ . . . |
The rationale for selection of the above studies is 37/;:;lows:

The SEIA study is the indusfry s own estimate, of its market penetratlon. As such,
it represents the views of those who must directLy galn or lose depending on the
accuracy of their perceptlon _ . L. ‘

. -

\ . v N 4

The MITRE study is the product of the most intense effort by DOE to date to arrxive |
. at feasibility and market penetration estimates, MITRE estimates are being used

extensively by DOE in many other analyses.. Y

| Thé'Univer51ty of New Mexico study (UNM study) fofﬁcasts the economic feaSIbility e

of solar energy state-by-state, by year, and.by applicatlon. Due to exogenaus
variables, such as orientation and structuy¥e, freedom from obstacles, and age
of the structure, economic feasibility is not readily translated to market 7,
penetration. It was necessary, for this project, to carry out an assessment

of market penetration, incorporating the economic feasibility as determlned

by the Ui? study,

Figure 1 illustrates the major differtnces among the three studies selected _ o

.and highlights the major assumptions each study employed.  The studies produced
sevéral scenarios, each with its own assumptions. The UNM study, for example,
had scenarios for two different interest rafes and three different estimates,
of solar equipment costs. The most reasonable scenarios, in our opinion,

“were selected for presentation in the table. It should not be concluyded that

.the threc forecasts would be the same even if each of the three studies were,

based on the same set of assumptions. Different methodologies and, more impqr~
tantly, different investment criteria, cause significantly different conclusions.

9
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" The UNM, SEIA, and MITRE studies provided regionalized results, MITRE used’

" elimatological data. from sixtéen different cities that represent sixteen .
different zones. SEIA similarly selected several yegions for analysis and )
drew. conclusions for the entire country. The UNM study provided analysis
by state and by year. Since housing data are readily available by state,
it was possible to make manpower forecasts, by stdte, for this project -
based on the UNM study. o :

A ]
* . . . l

Market Penetration

The fraétioq‘of the total housing market expeccted to have solar systems
installed, when it is economically feasible to-do so, is called the market
pepetration. The yearly market penetration for hot water and-hot water/space
heating systems for both retrofit and new installations .are given in Figure .
2. The assumptions and reasoning used to arrive at these ratios are also ° :
given.. : AR ' o '

‘ . . 1 '.
The projected demand for solar equipment is substantial, based on three major
market studies -=- one produced by the MITRE' Corporation, another by the
Universify of New Mexico (UNM), and a third by the Selar Energy Industries .
Association’ (SEIA). All three studies agree that by 1985 there will be at .
least 2.4 million solar hot water/space heating units installed in the re-—
sidential sector of the United States. Figure 3 compares the projections

of solar installations by the three studies. - : . |

‘¢

Manhour Requirements for Solar Energy Systems L
The determination of manhour requirements per solar system is a key to esti-
mating the future manpower demand sfdr the solar industry. Information ob-
tained by the equipment group indicates that” the manhour requirements occum
in four phases: design time, installation time, maintenance  time, and re-
pair time. These four different times can be determined separa;eiy since
‘each is independent.” The sum of these four times is the manhour requirement
per system. ' ‘

w

»

Time Definitions

Design time consists primarily of calculating heating load requirements,
‘energy gain from insolatioen, choosing collector types. and other factors
concerning system design, The first solar system designya person performs
" will generally take longer than iubsequent designs dye to lack of experience. !
Furtheimore, the design time requirement can be reduced by formulating
tables of data used éxtensively in calculations. : '

‘ Iﬁstallation Time T

. LR o
Installation time is mainly hands-on time and requires knowledge of skigls
“from various trades. This time. depends greatlyon-the size of the system
‘being installed, which ipclhdes the collector size, storage tank;size, and
other pertineny factors., Studies of solar emergy demonstration projects
and private ‘installations-indicate that the greptest warying factor in
“installation time is the total collector area, ‘hile the time #or installing

auxiliary compomnents remains fairly constant. «

4
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_ To ensure proper determlnatxon of the times for each phase,

¢

Repair Time e . ;

Factors Used for Time Determinations | “ ' .' VL

Maintenance Time .

NaiﬁtEnancé'time depends more on the system. complexity ( whether a hot water

. only system or space heatlng and hot water comblned system) than the system

size.

AR}

& X . : ]

be

The repair time depends on the type of problem.‘héountered, which ié tqtally
unprediyctable and uncontrollable, and therefgreﬁ&guld qnly be estimated.

\

e basic infor-
mation used was as follows: . )

1. The solar energy system defined as the most "typical" syétem
uses flat-plate collectors.
2. The typical solar hot water system has 50 square feet of collec~
tor area, while the typical combined space heating and hot water
system has nearly 300 square feet of collector area. .

3. The optimum collector size for each State is determined from the
average daily insolation, weather data, and other collector q.;
. characteristics for 752 of the heating load requirements of an
' average single family housing unit.

3 ’ A .
" ‘Installdtion manuals and operational procedures from various manufacturers

- providing detailed/study of design procedures combined with the above informa-

- tion showed that the design time for each generic type of solar ‘system should

be relatively constant.- The installation time should be a direct function of
total colleéctor area-since there is little time variation in the installation
of auxiliary components. Thus, it is necessary to determine how the installa- '
tion time varies with total collector area. The maintenance time, sipilar to
design time, is relatively constant because it is related to system type
rather than total collector area or other factors. K Since it is impossible
to relate repair time with any predictable factcr, it is plausible to assume
no ‘time for repair and to remain comservative in the estimation of manpower”
requirement per solar system. Thus, the efforts in this pro;ect were directed

L)

toward dgterminlng design, inqtallation and maintenance time.

Contractor Survey

**,

" A nationwide survey of “solar contractors was made with better than 30% response.
‘Aftor preparing the data base, a statistical analysis was performed. There
wcre some interesting results. The design time is constant for small variations .

in ‘total collector area. For a typical domestic hot water system, the design
time*is between 15 and 18 hours. The design time for space heating systems
varies greatly because all generic types were combined. (The installation
time was found to be g direct function of total collector-iyea;) For a typical’

GO h -5~ £ T
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// domestic hot" qgter system the 1nstallatiod‘t1me is approxlmdtely 64 haurs, oL )

7 while for a space heating $ystem it is between 120 and 183 honrs. -The maintes o .

'néﬁbe t ine, proved to be relatively constant for space heating systems while-, . °

it varied somewhat for hot water systems. This is dueto the variability in -~

* the maintenance data because no 51gnificant maxntcnance records have been
" kept to data..f’ ; . .

+

,

-

<€
-

It is 1mportant to note that the results obtained include the effect of .
. overllead time, learnlng curve (exp&rienced vs. non~experienced), generic
" type distinctions,- and climatological effects. It was not possible to
carry out statisqlcal analysts'by :egion because of a small- sample sxze.,f~

-
-~
-

o~

Manufacturerb and Dlstrlbutors InterV1ewq ‘ R o R o

o

! ) s |
quufacturers and distributors were ilterviewed for design, installatlon and f‘
maintcenance time. It is interesting to note, that manhour values for’ the three .
phases are consistently lower than the Valucs derived by statistical analysls.31 LT
The design time for domestit hot water systems is- nearly two hours-while the d
design time for space heating systems is 9 to 50 hours. This is_ substantially
lower because a large part of design time may be absorbed by & manufaéturer's / o :
design experts_and. computers, or distributors may Wandle the design for the - T
brand of produst they, stock. Instalfation time ranges from 60 to 100 manhours
for space heating systems. This broad range is expected because of the various
types of solar equipment produced by manufacturers. The installation time for-
domestic hot water systems is from 16 'to 244@anhours.‘ The maintenapce time : o,
is approximately 2 mdnhours per year for a hot *water system and between.7 to
10 manhours per year for A space heating system. This survey has been guite

(\

‘useful in establishing that there is a definite overhead time. ) . . | «
: /4 . : A
In additlon to these speciflc questlons regardln'\ﬁe\égn,,installation, and ) *
maintenance time for solar systems, the ‘contractors were, asked for general '’ RN

commcntstg their neced for solar-trained workers. Theée comments were helpful |
in providing project personnel with an insight into the problems facing the, i

~q

solar contractor. .. _ !

G
«

“

‘Committee of Experienced Conéultants Y S | : . )

+ o ' i .

Persons were contacted who had des1£ned and 1nstalled several systems and who ,
~are considered pioneers in the solar field. They were asked to gefine the '
time required in ecach. phase for the typdeal domestle hot water system and the

. typical hot water and space heating comblned system. ' ‘

The concensus wag that the installatlon time for a typical domestic hot water . R
system is approx ately 50 maphours ip regrofit construcﬁton‘ For a space ‘
“heating and hot water combined system, that time -is approximately 132 manhours. : (

~ For new installations these times could possibly'Be reduced by half, dependlng

. on the efficiency of the installers. - B . ..

- .- . S GO
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. The design time is approximately 5 -to 7 manhours for hot water and 20 to . .‘
.~ 30 manhours for: SpaLe heating, if.a designer has ansadequate background and -

. some gxperience in the field. The maintenance varies from system to system,

- but it is. apprdx1mately 2 manhours per year for hot water and 10 to 15 man-
hours per year for space heating. Comparing these valueiigith manufacturers'
values it seems 'that manufacturers' -suggested timeswin ald phases may not
account for overhead time and other fagtors. The varlability of the data

« . in the- statxstlcal analysis may also be axplalﬁéd in terms of dlfferlng
efficiencies of-solar 1nstallers. .

AN

. . T ey

‘_Iﬂgkfiﬁégntory | ': f : ' ) . :

[N

UQ1ng the times llsqéd for each task in {he %ask Invantory, values for de-
- a~ ¢ sign 1nstallat10n time ,aﬁﬂ‘mazntCnance time for typical systems were
' obtained. The installation dimes for typical domestic hot water and for .
) typical spacve heating and hof water combined systems are 46 and 127+manhours,
' respectively .’ The€se time—va ues are in-agreement with values obtained by -
statistical analysis. The d351gn times of 10 and 34 manhours for domestic
hot water and space heating?an& hot water respectively, are also §n agree- s
_ment with the results of thF statistical analysis. -The maintenande time in
this case is a little higher, than that from the statistical analysis because
- the task inventory listed {n detail all tasks required for maintedance rather.
_ ‘than only those tasks that;one would rormally expect to encounfer

! ) .
Combined Results {' ¢ - .

. ‘,’ .
Combining the results obt&ined in each of the methdlls, the final values for
manhour requlremcnts for;a typical solar system are shown in Figure 4.

-
Calcu]atlon of Hang;werAéegpirements for the Domestic Solar Energy Indus

. - / .
,-The conceptual formula ¢§eé in this project for calculating the y rly manpow

“requirements (not lncremantal) is given as follows: : - g
r . - L
i g . | |
i I X(T +T) I X T
‘ Yearly manpower = n d + ks
. N [ 1735 . 1735 ;
\ [ ¥ ' )
Where Iﬁ = Numb%&_ofﬂinstallations in year n -«
. Y . -
- T, = Hourg required toydesign typical sydtem

_ e} Y

. o \\T b Houn% requiradéko iﬁstall'typical system =
. . i j
1 o= Totﬂl number of solar systems installed to data

f{ n Avqrage maintonance time per qystem per year -

. . ) . ,
B '
L H .
/'l . j | ,
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- This project determined the expected éime required to design, install, and -

\ : ) s ‘ ’ .
\\\ . » - ~- .
\\ 4 ‘ 1 \ . . ' ,
. ' \' - . e
- . ) -~ , . -
Lo ! e - ‘ <.
" The figure 1735 represents the number of hours that the typical tradesman v

works per year according to the Bureau of Ldbor Statistics.

Hanpouer Forecasts. Based on Three Mafket Studies

Based on the three installation projections, total mgnpower demands were cal-
culated. These demands are plotted on a yearly basis in Figure 5. Calculations
using data from the SEIA study give the highest figures showing 4 need for L
approximately 80,000 practicing solar workers in the field by 1985. Using ‘?u \ 3
.data from the University of New Mexico, nearly 40,000 people will be working’

in the solar field in 1985. The most conservative calculations, using data

from the MITRE study} indicate 25,000 people will be working in the field T
in 1985. Thus, it cah be concluded from this project that, by 1985, at.least

25,000 pgople will be’ orking in the field as technicians and mechanics for “T

design, installation and maintenance of solar equipmentcin the. residential
sector of the United States. N . o '

By 1990 this tonal manpower demand increases to a minimum of 50 DGO workers,

using data from the MITRE and University of New Mexico studies. According - : ;‘
‘to the SEIA study, the manpower demand increases to 325 990 people by 1990 ‘
‘ ™~

The maupower demand using the Univer31ty of New Mexico, study as a base is
shown in Figure 6\ for space heating and domestic hot water systems and in .
" Figure 7 for domestic hot water systems.  These forecasts are by state, by
yeak, from 1978 to 1990. The incremental manpower demand is shown on the.
bottom line. This number is the Lstimate of new workers required for the - -
c rresponding year. .

_‘ . . T T 1
i ~

SKILLS ANALYSIS S | : - - . - S

. v -

maintain solar space heating and hot water systems.- For this study, At
was \found that the typical installation.;ime for a domestic hot'water system
is zg\ganhours, plus an additional 10 manhours required for design, and 2
manhouts per year for maintenance. The typical domestic space heating sys-
tem requires 125 manhour$ to install 30 manhours toldesign, and 10 manhours"j'i
per year to maintain. ‘ ) . /. 1 - '

N S ' o ;
Using a task analysis approach all tasks required for a tYPical solar system '
were listed and analyzed.

- .

. : 0
1 . . . . . .

Task InVentory

-~ d

A task inventory was prepared which listed all the major duties and associ~ o
ated tasks for the design, installation, and maintenance of a solar domestic o
hot water heating and cooling system. Three questions- were asked for each

task statement on the Task Inventory Form.

1. How many people’are required to carry out the task?

LY

2, How much’ time is required to carry out the task? ' s ) o

3~ How difficdlt is it for a person to iearn how to do the task?
b '3 ‘ ! v )

.9 © coo "
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MLearning Difficulty" was dénoted on three levels —— 1, 2, or 3, depending .
on whether the task was 1 - easy to learn; 2 - moderately difficult to learn
3 - difficult ‘to learh. , . : -
Task Analysis o . . D S , 'j>.
. . ‘ ‘ ' ' k) - b . . -
The purpose of the Task Analysis was to provide a detailed listing of t ' ’ B
steps. typically performed foy the design, installag on, and maintenange. , o :
of a solar system, so that a #olar technology curriculum could be developeg : : e

should the need for such a curriculum be established. This analysis also -
" listed tools and equipment, materials and componentd®¥ required science and ~
.mathematics and g performance objective for each of the duty statements, - x\‘\.‘

-

Assignment of.Tasks to Trades' : : . \
- .S‘
- . . , : . . ~
“Each task statement in the Tdsk Inpventory was labeled and attributed to the
tradesman who normally or traditionally might perform that task. This made |
possible the formation of two matrices (Figure 8 and Figure 9) which can be ~
used to gompare the.learning dlfflculty levels with the type of tradesman
for solar deslgn, "installation, and maintenance. - The times glven apply to
a 'system consisting of space heating plus domestlc'water heatirng. It isa
"Typical® system utilizing 300 square feet of water collecters.-

»
-

£

Trade Mntrices /

Down the left side of each matrix is listed the tradesperson who would be
expected to do the type of work for each task. Across the top are the
\"Lcarnxng Difficulty” levels as given in column 3 of the Task Inventory.
Each "level" is further broken down into Design, Installation, and Mainte—
nance (denoted by Des., Ins., and Mtn.) In Figaure 8, man-minutes are : -
listed for a flatyplate, liquid system. These times were taken directly o .
from the Task Invéntory, and are.listed on the matrix according to trades~ ¢ L
man and learning level (which {s further separated into design, installa-
. “tiont, and maintenance). The, percentages, shown in parentheses’ ig each square,
were obtained by summing all the times (Des., Ins., and Mtn.) in the square"
and d1v1d1n5 by the total job time, shown in the bottom, right hand square. :
- In Figure 9 the same data are shown for ' a flat-plate, air system ,rather '
- than liquid. Note that for the liquid system, no sheet metal man is required;
. w-however, a plumber is-still required for the air system because of the need -
for domestic hot water. (The matrices do not include time for design or
installation of the conventional auxiljiary system; otherwise the HVAC ‘and sheet
metal personnel times would be increased significantly.) For either system, L
_ . _ some interesting observations can be made. First, the "solar" skills are = . R
‘needed ajlittle more than 20% of the time. Second, the HVAC journeyman'skills . ' :
are needed 5% to 6X of the time, predominantly during the design of the system :
.-for calculations of the space heating and space cooling loads. Third, plumbing * ~
skills for,a liquid system are required- approximately 552 of the time, and B
this same percentage applies to sheet metal skills for an air system.. Last,
_electrician skills are required about 4% to 5% of the time, carpentry about
IZ, and other (di.e., the homeowncrs, general laborer, ccmmercial insulator,etc )
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skills are requzred about ,10% of the time, Of the total tlue required, approx-
imately 25% inYolves Level 1 tasks, 45% Level 2, and 30% Level 3. Also, of

the total time, approximately 20% involves design skills, 70% installatiom
skills, and 10% maintenance skills. I; nust be remembered that these figures
apply to a "typlcal" system of approximately 300 square feet of collector

area. . s . .

. : ¢ .
Concluéions Drawn From Matrices , . ' O o

- An analvs1s of th'e tasks for desxgn, installation, and malntenance for a typ-
ical solar system reveals that the solar tasks accounted for approximately

20% of the total task time. The remaining 80% of the tasks could be performed
by solar-trdined conventional tradesmen.. The heating, ventilating, aund air
conditioning (HVAC) journeyman skills are neceded five to six percent of the
time, and gre atrributablé “mostly to design' of the system, Plumbing skills

for a liquid system arée required approximately fifty-five percent of the time,
and tliis same percentage applies to sheet metal skills for an air system.
Lastly, electricjan skills are required about four to five percent of the time,
carpentry about one perceut and otﬁ!x skills about two percent of the time.
Using degree of difficulty and background knowledge required as the criteria,
the solar tasks could be d1v1ded int'o two categories.. Two types of solar i\
workers were defined from the two categories of solar tasks the solar
mechanic and ‘the solar technician. . » | L - *
The solar mechanic is defined as a conventional tradesman with knowledge of
solar systems. This person is. expected to perform entry level tasks of in-
stallation and routine maintepance. ‘ '
The solar tasks to be performed by the solar mechanic are to: ’

. ]
.

Mount each collector.

Check norma?‘positions of motorized valves and‘dampers.

— Monitor flowrates and Lemperature dlfferentlals ;g test
¥ system operation. _ . ‘ !

‘These solar mechanic tasks represent two pe¥cent of the total design 1installa-
tion, and maintenance time for a typical solar energy system -
The solar technician has knowledge and skills specific tq solar syst.em design,‘
installation, and diagnostic troubleshooting. Specifically, his/her solar’
duties and tasks are to: ‘

- deléulate hot water load. ‘ B

~ Choose collcctor type. : /

~10+* . T CGO
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- Calculate solar gain on unit area basis.

- Determine maximum available collector area. o Ny

-  Determine optimum coliector area.

'~ Check out the system powered components.’ o .

- Calibrate and test SOiar-temperature'diffe:ential controls.

~ Design fluid flow systens.

. = Test systewm operational modes.

Y

-

.
¢

. The educational background needed by the solar "mechanic" to enable hin/her
to learn the required solar tasks

(s as follows:
"A high scheol education,

~ 1.
2. Experience primarily in plumblng (for llquid systems) or in sheet
metal (for air systems). ' -
Therefore, the educational background for the solar "mechanic" is nearly -

idLntlcai to that of “the practlcing plumber or sheet’ metal tradesman.

-

The educational preparation to enable the solar "technicianﬁ to. perform the re-
quired tasks “includes the follow1n° :

1.

!
A high-school education,'

r . )
... Basic mathematicsy.

Basic physics,

Basic computer programming,

‘Basie h2at~transfer theory,

Basic fluid flow theory,

Drafting/blueprint reading,”

-

Sun/earth. relat ionships and other environmentallproﬁlems;~

Basic engineering technology.

!

.The education necessary for a solar
man, and is beyond the high school level.
~in plumbing, sheet metal, or heating, ventilating, and air cgedifioning cannot
be easily upgraded to perform the tasks of the solar technician, which amount
to approx1nat&1y 204 of the totai time required . to produre a sdlar energy system

’

C e
.

r

"technicidn' exceeds that of a typical trades-

The conventlonally trained tradesman
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. The techniciﬁn 'S tasks require debign skills and thus demand scientific and

mathematlcal knowled5e. -

- . \_‘,,_4,_. : . T Y

Solar Technician Demand T e - LT

¢ .- .
sxncg 20% of the tasks performed on solar systems-are at the teChnician level,

" the demand for solak techﬂicians-will comprise approximately onefifth of the - ,,“1-
"total manpower requlreMent. Thus, the demand for: ‘salar technlcians willbe =
at least 5000 in.1985, and’ nearly 105000 in 1990, according to calculatioms- = = .'
Based on 'the MITRE report., Based on the University of s New Mexico and the- ~° .
SEIA studies, the demand is 8000 and 22,000 selar technicians, respectiVely, RS
“:in +1985, and grows to 12,000 and 65,000 in 1990 These trends for solar tech-

c‘ans are dzsplayed in Flgure 10. ¥ . Vo S o _ o )\. ﬂ‘
Thé reglonal manpower demand by state for solar technicians basedron che UNM S

s!udy is shown in Eagure 1., - , N ‘”fﬂ‘

3 o 3 : ‘ .
To’ ‘supply the requlred number of solar technicians and mechanics at a steady
rate, a minimum of 4000 workers mM¥st be trained every-year to fulfill the .-
inerement in demand until 1985. Of these 4000 worker's, at lTeast 800 must be
trained at the solar teclinician level every year. In the years from 1985 to
1990, the yearly rate of supply must be increased to nearly 6220 total workers
including at leas; 1200 solar techn1c1ans. :

CONCLUSIDNS C - ? S .
. . :

A substantial demand for trained 'skilled workers to de31gn, install, and main—

. tain solar systems will develop concurrently wi‘h the demand for solar- equip-

ment. According to the three solar market projections used, therc will be at

least 2.4 million solar units installed by 1985. Acci§:ingly, by that year

there must be a minimum of 25,000 skilled workers in  solar field.  One-
fifth of these workers musL bc trained at the technlc n level. . -

Sblar teehnician training will be equivalent in length anﬂ extent to that for z

. HVAC technicians, approximately a two year program. ‘There is no need for as

- To meet the demand for solar workers, approximately 80 schools, each graduatipg

cogprehensive or as lengthy a training for workers in the solar mechanic
"class. Most. solar mechanic training is being done and will be done by the
solar industry manufacturers, distributors, and dealers, and through ‘short -
courses and’ ¢continuing education. - However, there is a need for an educational
training program for solar mechanics if the’ individual does not have previous
knowledge and training in HVAC and/or plumbing.

. 80 solar technicians per year, will be needed between 1978 and 1985. “To fill"
the yearly demand for technicians between 1985 and 1990,,40 @ddltional schools
will be required. The regional development of these SChools should lelow
the regmonal demand for installations. - : N
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‘Regional feasibilit
- mand. Selar space
-, Canadian border sta
the nation between
-states will show in
systems are forccas
withqut space heati

" trend for implement

water necds are mor
 RECOMMENDATIONS -

Recommend.:

1. That the solar mechanic training programs now being undertaken

by solar manufactur
This training 'shoul

y of solar systems will determine regional manpower de-
heating will became‘gconomically feasible among the '
tes in the extreme northeast and north-central parts of
1978 and 1980.  BetweerX 1980 and 1985, the middle belt |
creasing feasibility. As expec%ﬂj, far fewer space heating
t for the southern sun belt staPes. Solar water heating
ng-becomes feasible in a moxe scattered manner. r The
ation varies with insolation and electric rates since hot
e uniform tham space heating needs, i ' ‘- ey

< . ! '

! ’
i R - <

~
]

» : . ~-'

ers, distributors, and some trade unions be continued.
d also’ be conducted through short courses, continuing

education programs, and certificate programs.

2. That the d
immediately. |
) 3. That the b
- to accommodate loca
industry. '

_ L _ o S
evelopment of solar technician fraining programs begin

» [

3

asig techniciéﬁutraihing program contain the flexibility.

l/reglonal variations and future developments in the solar _
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 DEMAND FOR SOLAR TECHNICIANS BY YEAR,
COMPARISON OF THREE STUDIES |
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