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ABSTRACT | - e

Phase 1 of*a project in curriculum design and course
development identified and is now developing a two-year solar-
engineering curriculum'in resgonse ta the immediate need for tralined
folar nanpﬁéer as indicated by research. The student-centered ‘

Ny

- ¢urriculum’@nvolves courses flowing from device to theory,
intermixing:of support and technical courses‘gn sequencing, and
hands-on laboratory experience. Navarro College and three other
cooperating two-year colleges have developed the curriculum for sélar
-enginearing techniclans x= well as course descriptions and are ‘
developing the “proposed solar courkses. Support courses ware selected -
to provide prerequisite skills or knowledge, to satisfy requirements. ;
for asmociate degree proarams, and to assure balance between _ .
technical, laboratory courses and-mcademic preparation. The course
outline provides for an Integrated laboratory lecture format with

~ general goal statements, titled moduleés, specific performance

" objectives, and laboratory activities. The program is degigned for
high school graduates’ vho will attend college full-time and those
currently employed -desiring skill upgrading.: Instructors-will be’

- regular "college faculty and technical and vocational instructors
hired specifically to teach the tethnical solar courses. A national

- pdvisory committee provides guidance and evaluation. The remainder of

phame 1 will include completion, editing, Epinting; use, and revision

of ‘'wourse guldes and the complete curricullmw phAckage. (YLB) = .
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A PROJECT TQ. -
- i ¢ DESIGN; DEVELOP, IMBLEMENT, TEST, EVALUATE
AND DISSEMINATE AN ASSOCIATE DEGREE .
L CURRICULUM TO TRAIN o "PERMISSION TQ REPRODUCE THIS
Vs DEPARTMENTOK gL T SOLAR ENGINEERING TECHNICIANS MATERIAL HAS BEEN GRANTED GBve
 NATIONAL INSTITUTR OF ) :

ROUCATION . -

THIY DOCUMENT mMAY BREN REPRO- ’
OuUClD BXACYLY AS RECO:!VED FROM . . . - )
THE PERSYON OR GRGANIIATION ORIGIN- . o . .

AVINGIT BOINTS OF v-tw()nommoe:s . N
o o N iOT NECESSARILY RCPRE- . |

:;:"T(;: ‘sz':‘l WTion On oLy ‘ . TO THE EQUCATIONAL RESOURCES
- L DUCATION POMITION OR POLILY . INI’RODUCT ION . RS i |NFORMAT'ON TIONAL (Emc).“

In September 6f 1977 the National Science Foundation approve \Fhase Iiof a

T m—
¥ \]

mglti~phase project entitled "A Proposal to Design, Devélpp, Implemé:%xsgest,
Eyalunte and Digsseminate an Asqociate Degree Curriculum to Train Solar ﬁn;ineerw
- ing Technicians". Navarro College was designated as tha Project Center with
three other two-year colloges throughout the UniLed States named ag cooperating
Institutions. Fhrough Lhe muﬂ!i~phase concept the following phases were pro~
pqséq: (1) Phase I — Curriculum Design and Cayrse Devclppment, (2) Phase IT -
Pilot Test of Fil t Year Curriculum, a?g (3) Phase III - Pilot Test of/§ecpnd_

Year Curriculum. ' o

‘Phase I 18 now in progress and PhaSE’II 1s scheduled to begin January 1,

L

1979. Phase I ig proceeding in'n satisfaccory mannel and, to date, the two-'
year qolar Lngineerln& curriculum has been idantified and is being developed,’

laboratoty specifications have been determined ‘teacher quali[icatious have

-
3

been establishgd, student populations have been identified course reference

.materials are being completed, ;audio visual,materials are being identifiéd,

'lnbmrntory pref1ments ara being dcveloped and tha complete curriculum packaga

i1s belng assewmbled foy final development and revision for pi]ot testing

\\

The accq‘plishments attained during Phase I have been brought abouL through *

R -+

. the coonerntive efforts of the ﬂational Science Ioundation Navarro Col]cge

+ .

(th¢ grantee Institution located in Corsicana, Texas), the cdoperating insti-

ot
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tutiona of Brevard Community lege (Cocop
College (Ridgecrest,: Califorrﬁ, Dallas C
Northlnke Campus (Dallaa, lcxas), a natlon
consultants,

Phase 11 o} the Projoct, scheduled to
the Tollowing five pbjectives.

1. To perform pilot testing of the f

a, Florida), Cerro Coso Community
ounty Community College Distxiot

al advisory commi;req and special

begin Januaxy 1, 1979, will have

*

irst year of the two-year Solar *

Engincering fechnician Curriculum.

[}

2. To sccure local and state approva
3. To perform a formative evaludtion
4. To reviae‘the_course guides where
5. :To prepare the first year curricu

notion.

Research and Justification

1 of the curriculum.
of the first year curriculum.
indicated by the evaluation.

L

lum, in revised form, Tor dissemi-

I

at

Thfough research 1t has becn predicted that the solar industry in the United

States %oday stands on the bridk of VEIy r

of galar home heatipg and cooling systems

upon the availability of trained technical

maintadn splar systems. Research in the f

manpowcr does not exist today and implics
¢ .

apid develdpmcnt and commerxcialization
lhe expansion of this industry depends

-personnel who can design, install and

ield also°indicates that thig trained‘

that It could qervo ag the nqeded cata-

lyst fox a more xnpid devalopment in solar energy research ahd application ag a

1

nat{gngl ehergy source. ‘
In January of 1978 Navarro College co

hnergy (D,0.E.) enLitled Aqeesqment’of Ne

Technical and Skilled WOrkor Tﬁaining for

- S

mpleted a project for the Department of
ed. for- Developing and Tmplementing

the Solar Fnergy Industno" Accord-

ing to tho Dopartmcnt of Energy study; there will be a substantial demand-fér .

traine@ skilLed workers in the Unitad Stataes which willideveLop,concurréntly
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with tﬁé demand for solar equipment., The {mmédiate need for trained solaxr man-

3

powor'haa been indicated by rng;eﬁing the solar instal®ation projections made by

thrég prominent studies: _ .
! ' - ’
gl. f@prniversity of New Mexico Study

,///;tle THE ECONOMICS OF SOLAR HOML HEATINC by William D. i

i Schulze, Shaul  Ben-David.
\ .

Date:  July 1976.

b
P

2. The MITRE Corporation (MITRE) Study: ‘ W

Title: AN 'ECONOMIC ANALYSIS'OF SOLAR WATER AND SPACE HEATING
| T4
"DATE: quly 1977.

.«

(\ " 3.- The Solar Energy Industries Association (SEIA) Study:

| 3

Title: SOLAR MARKET CAPTURE AND MARKET PENETRATION, by =

. W
Sheldon Butt. ) ‘\

‘Date: October 1976." ~ ]

The SEIA study is the Industries own estimate bf 1ts market potential.

"~ As suth, it represents the views.of those who most directly gain or lose -

depénding on the accuracy of their parception. ’

™
»

Ihe MITRE study 1s Lhe product of the most inLense effort by DOP Lo dawe
to arrive at fenslbillty and matket penctration estimates. MIIRE esgimates
are belng used‘extensively by DOE in many other analyses

The Unlversity of New Mexico stuxy (UNM Study) forecasts the economic

feasibility of sclar energy state-by-state, by year, and by application.

~

The solar manpower forecast madc in the DOE study, as a direct fungtion .

~ >

of equipment market projections; indicates the following pattern of develpp--
ment: _ -

1. There will be at least 2.4 million solar units_instalied in the

*

o U.S. by 1985. - o | ' | \

-y

o e



2. There must be a mihimum of 25,000 skilled workers in the solar
field by 1985,
3. Four-fifths, or 20,000, dﬁ‘;he solar workers must be tréined at

the in&tallef/mechanicé level. -

-

4., One-fifth, or 5,000, of the solar workers must be trained at the
)
solar tychnician level.

[

5. Training for both the solar technician and the solgr installer/ R
me;hanic can be accompligshed =t the commé;ity college, level, the
- : solar technician'prog}am being én.aasociate degree two'yéar
curriculum, and the solax instaIIE1/mechanic progxgm being a

certificare of - cémpletion program. . ' . \x\

-

As a8 part of the DOE study, the skills required of solar workers were

identified Also, it was fdund' that solar workers can be categorizcd into two
'

A

- digtinct categorles, solar technlciana and solar installer/mechanics The solar .

-

cnginecering techn{cian ig a person who must possess knowledge and skills specific
. to solar system design, installation¥ arfd diagpostic trouble-shooting. The solar

ingtaller/mechanic, on the other hand; 1is defined as a tradesperson who has
oL - R | . +

kﬁowledge of solar systems and 1is expected to perform entry lqve\\SijESiif in~-

Fa

-\

stallation and routine maintenance.
A program tp train solar installer/mechanfcs who have no trade experience

or training would include conventional heating, ventilating, and air* condiLion—

s i i
/

ing and plumbing training, as well .as solar skill knowledge A ﬂ&ogram to

tfh@h instullar/muchanics can be conducted thrOugh a one year certificate pro-

gra!n‘ : . - . ' . S - ., . . - i’ .

-
-

Since the solar engineering technician ig = person regponsible for the

.

design of-a solnr cnergy qutmn, For overall systom check—out and trouble-~

n _shootingéln casa of the need for repair, this person is expect&d to have.

o EMC___ o e e o e [ S T - a-.h._.l...‘;..,;.. _....'._.._.. g :*‘. SRR o . R
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adequate knowledge and skills to perform solar related taska of relative
sophlatiéucion. The education necessafy for a solar techﬁiciaq exceeds that
of a typlcal tradesperson and is beyond the requirements of a solar installer/
mechanic, ' . |
As a final result of the DOE study, three recq@kfndations were made:
S ‘ 1. Thsat the develobment of solaf-tecbnidian t?éining programg begip‘
im%odiately. | : -
2. That the basic technician tréining program contain the flexibility
to accomodate local/regional variations and futuf@ developments
- in the solar(inéustry.
3. That the sélar mecpéﬁic.traiggng~programs now being.undertakenlby
solar manufacturers, distributors, and some trade unions be con-

tinued. ~ This training should also be conducted through short

courses, continuing education, programs, and certificate prograns.

A4

Bagsed on these recommendations, Navarro' College has been designing and
developing a two year curriculum ta train solar engifeering techniclans as
- " -

the, first phase df a three phase project for the National Science Foundation.

N '

L . !
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PROGRESS REPORT OF PHASE I

“Lh

. * . .
This Progreass Report describes the_actibiciee being conducted to reach

-

the basit objectives of Phase 1. The basic objective for Phase I of the NSF
‘Curriculum Development Project is to design and develop ahgwo«year asgsociate

degree "curriculum to preparé gsolar epgineering tachniclans. The specific
. - _ : o~
devclopment activities Include the following: 3

-

. 1. Design of the curriculum.
A . ot :
2. Design and specifications of courses including course descriptions

. . and outlines, objectives, and appropriste learning activities (read-

/ o ing, laboratory development, AV specifiLaLions, etc ) \ . -

-~

3. Identificacion of existimg instructiona] matérlmls.

—

Xbilosophy of Phase I

«The philosophy gdverning the deveiopment of the Solar Engineering Technictan

-

Curricuium must be student centered. The student should first be plovid@d a ?

.

global v1Lw of the job.raquirements in the career field of solar cnergy., Bagin~ N
3 * o 24
ning with the first. semester, cdurses should flow from device to theory,frather L

P

~than theory to device as-{s common in eng incering and four year science curricula.

’

It 4s tmportant that, in chuencing, Lho firgt semeater must not be fillcd with

* support tourses while the technical courses are relegatcd to later semestcrs. '
» - -\ :

LabornLory experiences are also extremely important throughout the technician ‘

v - * 4 *

-

curriculum. The student must obtiiin hands=-on experience with solar devices

. _ early 1n the pxpgram wale the cuxriCulum must be sequenced in a hanner WhLCh

v
-

_permits the student to advance tg}a 1eve1 where success: can be achigved aftar

R Héing placed in a job. - - o o - | -
“ . . . ‘ . . ) . . ]
~ - i -
A Y . i 1 )
) . N ’
¢ RN
> . L] '_\,Q .
6 . . . ~ R .
Y -y -, .
) L
’ - . :7 <
: . ' 5 . X )
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Dcfinition of Solar Engincering Technielan

N
To dcslgn an assqciats degres program to train aolar enginoering Lccknicians,

Ld

Based on an analysis of the tasks that must be

the job catcgory must be defined

performed by the individual, the Project has produced a working description of

the solar engincering technician defined in terina of the activities which must

LS

be performed. These are listed below.

Apply knowledge of scignce and mathematics extensively and render

direct technieal aasistance to sclentists and engiuneers engaged

. 3
In solar energy rescarch and experimentation..

2. Design, plan, supervise, and assist in fnstallation of both simple .
_ _ R - '
and complex solar systems and solar control systems,
3. Supervise, or carry out, the operation, maintenance, and fepair( .

-

of simplqg and complex solar systems and solar control systems.
4. Design, plan, and cestimate costs as a {ield representative or

salespexrson for a manufacturer or diétrjbutor of solar equipment.

\ «*

Prepare or interpret drawings and sketches and write specifica~ _

[t

.

tigns or procedures for work related to solar systems,

N

6. Work witg‘and communicate with both the public and other employces
B . .

regarding the entire {}eld of solar energy.

» . . N

Dcvglgpment of the Curriculum

Based on tasks aﬁaly ;1s, research, input from a Nat ional Advisory Comm:ttee

and work: perf{ormed by the Campuv Cooxdlnators and Project Dircctor, the Lw0*year

J
- ’

Solar 1ng1nccring Curricu]um has been developed as displayed in Figure 1.

FIGURE 1- CURRICULUM - soLAR ENGINEER YNG TECHNIC IAN

[}

EE§ST'SKNEngR CREDIT HOURS .. CONTACT HOURS

- ’ (Lecture-Lab Hours)

Math I 3 \ 3

Energy Science I 4 - 6 (3-3)
Introduction to Solat Encrgy- ~ A :
(Conservation and Pagsive Design) Vi ' 2

Materials and Material Handling R . 3 5 (1-4Y)
“Engincering Draving -3 3
Lducqtiou and Carcer Planning 1 ) 1
' 16 20

»
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SECOND SEMESTER ; - CREDIT HOURS - CONTACT HOURS
(S - - ‘ (Lecture-Lab Hours)

Math 11 3 ) 3
Encrgy Science I1 4 y 6 (3-3)
Collactors & Energy. Storage ‘4 6 (2-4)
HVAC o "4 6 (2-4)
Eng11sh - g - 3 3

’ / —) 18 24

THIRD SEMESTER

Applied Electrical Circuits

‘4 Instrumentation _ Y4 6 (2-4)
Sizing Dosign & Retrofit ' 4 6 (3-3)
Technical Survey of Energy ‘Sources 3 3
Introduction to Computers & . o, . Lo
Computer Programming 3 3
Introduction to Business . 3 . 3 :
. - - .0t 2
I 17 a
FOURTH SEMESTER - © | )
L SEMESTE ( | o S /
Operational Diagnosis ) 3 B 5 (2-3)
Codes, Legal, Economic, Consumerism 2 o 2 -t
General Paychology and/or _ ) : . .
Human Relations in Industry 3 ' 3 T
Non-residential Applications & K ’
Future 'lechnology ' ) : 3 oo 5 (2-3)
Technical Report Writing 2 ' 2
Solar Practicum ' 3 -5 ., . v
. N , . 13 + prac{ 17 + préc > .
Solar Coursq,Descriptions’
) N\ 4 ’ -
The solar course prsently bcing developcd by the participating:Insti-
utions ang descrtbed as follows mﬁ_ L
N R lﬁ Fnexgy Scilence I & II - THis is a two semester course which cbvers
, uthe basig physicql principlee governing tho receptian, transfer,
storage, and use - of‘solar energy. Material in thiw/éﬁurse ‘has
A ‘been drawn from sthndaqucourses,in physics, chemistry, astronoﬁy
- ) R _ > ;
! ! . e " , ~
! . . » . \ _._.l‘ ) ) ' . \
N A
\ s "
o [ 3 , . \ ) -
. ! S . -

i
4
t
<
-
L d
2t
-
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geography. aind hydro-dynamlcs. Topics covered in the first gemester
include gencral energy definiLiona, a detailcd discussion of the

"-principles of temperature, heat and thermodynamic#, and the charact-

™ f s

eristics in measurement of solar radiation. Topics covered in the
s

second semestér 1nclude hydrostatics, hydrodynamics, bagic elactrical

» [ 4

considcrations, electromagnetic(interactlons, electromagnetic waves,

- light and optics, meteorolqu, and , geography. ‘ \\

2. Introduction to Solar Energy - The student will be introduced to
- . B .
-golar energy. A general history of the use of solar énergy>will be .

given, and solar congepts such as the solar constant, locating the

sun, and ycarly changes in solar pbsition will be discussed. An

overview of collector types, ph}ﬁical procéssas of converting solar

radiation to thermal energy, a general solar vocabulafy, traditional .
and pon-traditional applications, and current economic feasibility /

[}

are some ‘of the topics that will be ecovered. The effect of encrgy ” g
congervation measures on heating and tooling loads will be explored. Ca
The Importance of designing energy efficient buildings will be .

stressed, and the uffect of different types of energy efficient
Sl = ¢

construction will be studied. Energy conservation measyres will be .
' ' ) : .. S
- $

‘related specifically to the design of solar systems. Relationships
between house design and the envirommenpt will be studied, as will
. - .

passive solar design. Upon completion of this course, the

studeg& should have an ovéfa]l view of.the total rﬂnge.of topics~ o . ¥
{ I 4

to be covered in the two year curriculum4nnd should be able to

explain the relationships betwveen conservation measures, passive
S

solar design, and the reduced size of active solar systeya‘needed

[y

; 28 a rosult of consarvation mhasures :
) _ : ; ; ‘ ‘ .

- o Y : v : T
. ro . | N | g
U o1 S & .. . e a e a e ."T—: s, . ... . S : -'—. -
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3. Collectors and Energy Stoiage - Methods of collecting solar energy

- A \

for hpm& heating and cooling will be surveyed Col]ector types . " -

v

(flnt*plata, focusing, evacuatcd tube, ctc ) will ‘be examined

in*ﬂetagl and the-~relative advanthages and disadvantages of each’

type will be discussed. ' Hands—on Expaﬁience with collector para-
D meters will be obtained. Different collector types will be examined

gide-by~gide, and collectibn efficiency comgared. The effects of

L]

™
. ‘ varyiag collector’ parameters (flow rate oricntatio? glazing,

H . L)

selcctive services, etec. )*will,be studied uging, Jample cgllectors.

\ ‘ Both liquid and air collectors will be examined and, compared and
- { ' p ',l’)
oy * the relative advantages and disadvantages will béséxplained L
-’ . : L
o - Chemical. compatability of different col]ector materlals and collector

- T ’ . o

fluids will be ciamin&d. The effect of- insulatton and different \““““ms5\

n

insulatioh types wil] be studied. & 3 J o .

* RN

) Methods of storing solar energy, includiog 1ateﬁt and sengab;e

-1 »
X 3

- T d . '
: heat stprage will be examined. The relative merits of different

L sensible heat storage media (rocks, water, cte.) will bé&meaqurea
and compaxed in the laboratory The physical construction of storage N

systems will be studied and different types of systems wi¥l be con-

e
+ ~

structed. The effects of insulation, storage shape, flow, etc. on

gtorage efficiency will be measured. Measurements will be made on a
latent heat system, and It wil& be compared with the sensible heat
~ . :.«\ ~ \}i‘ ‘ ; ) -
{\
e storage by efficicncy, storage density,.cost, etc. 'Fxotic storage:- -

g“ﬁYs}ems for pos sible use in clectrical generation will be mentioned.

W - At the conclusion of this course Lhaxstudéht shoul? be able to

select ond install the most suitable collector for.each'particular

heating or cooling problbm.' The student shog}? be ablé to explain
K v )

o ¥

the eonstructidn of coiiectOré, the purpode for each item in.a ~

cpllector nnd 1f nQQQSSary, should be ablé to build, from component

’ . . P P el e e
. LI : L. Ve ., s . X o oL e
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parts, a functional-solar collector. The student should be able to

-

- expiain different types of energy'etorége,ﬁselgct;th&ﬂ;xpe that is

most sult§ble for a specific application, and coBistruct an actual

1 ° .o . , . "‘\_ ; - _,g —

a - - -

storage systewm. : ' - ks - “

4, §;§;gg_gg§;§n and Retrofit -~ A solar installation will be examinad
v ag a complete system. The.interrelation‘of the parts of J;éysp&m

‘\ (coldectors, pumps, heat ﬂxchangers, mLo&age pipes, ducts, controls, - o

. ) = < = : . - CR2

etc. ) will be explained ' Control syﬁtews\and rious control.
strategies for heating, codling; and domestic t water will bg

studied. The 1ntegration of solarsnbparatﬁé-with-conventiOnal ;- K |  - : o
o~ auxiliary systems (furnace heaL pumps, etc. ) will be explorea
The int&gration of sysLems hardWére into the hous¢gg structure
-, . will be discussed. The si?ing'of vystem componeﬁig to nieat- a

given percentage of-heating or eooling load in a givqn location L D

. h

will be explained'ﬁnd~calculation8 will be made. Thé-components
e * ¢ -

of a solar system,\which have been studied dindividually, will be

or ' : [

combined Into a complete system. The system paYameters will be

adjusted for maximum efficiency, and the elfect of varyiﬁg paraj”

meters on the system efficlency will be measured. The effect . o x.

of diffefent COntfol'strategies on overall performance will be . o

measured.
*»

Desigﬁipgoblems kpecific’t§ retypfit inStgllations will be
exqﬁined, 'Particular agtcntion will be paid to determining
!hg suitabiiityior non—suitability”of structures for ratrofit
syg§tems, and the imporfance of proper ingulation*and genexal
.ppgrading of_struétufﬁs Igr ratrofit, “Upon completing this 
‘course thd'sihdent should be able to désign_and size a golar .

* - + - ¢

gystem that will function propefly in any area of tﬁe countxy.

" 5.
N

. x : . v : L \A \ : : I}is
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5; Operational Diagnosig J.The uge of 1nstrume ration and meaah@omenta P

-

to corrcctly set up a aolnr system will be cxplorcd. Common problens . Tf
likoly to be’ enfountered in a malfunc@ioning solar Bysgem will be
- ’ digcussedrghd Cymptoms of theae problems will be expiained Irouhléé

xhooting techn quas will be studied"and a systematic troubleshgoting
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_this course, the student 'should be able to set "up a solar system - - =

for the most efficient.operation. He or she should. be prepared to

L

maintain the system and to locatc system defects and repair thcm
£

+ 7

o 6.  Materials and Material Handling - This course will deal with the

-

', W e ' properties and handling of materialsg which are util4zed in con- , /7/’//

struction of a solar system. It will include the basics of plumb-

, ing, sheet metal workingo, calpcntry, roofing, gla?ing, concrete <

pourlng, soldering, welding; .and other related techniques. Con~
: 1
patahility of different construction materials will bc explorgd

l)‘

_and problems encountexed 1n utilizing materials wl}l be discussed. ‘e

‘Upon cod%lutiqn of this course, thc student should be able to

o /
F -

dempnstrate thé capability of handling and working with the moter-'

. \st“utilized in a, sq&: installation. - . ' e

w N . . . .
E 7.7 Non—residential Applications and Future Technologx - The application N

ﬁ? . .of solar technology for Uses oLher than home heating and‘tooling e
‘. o \

- will be.expiored. Included'will be items such as 1ndustrial process

% ¢ ' . . ’ Lx : [ i . -

PO heat, agricultural crop drying, and the conversipn of. qolar energy

N

%l e o ~into electrlcity,‘both by khe central pqwer statioﬂ%&oﬁcept ag@ by o '“l , '

ié v photovbltaic ce]ls. Although ﬂ;ny of these techniques are not-now

.. . . m~ y ¥
. ,

- ‘. 1 y_‘f, o, v s 11'" nagd o \ \ L1
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Iindinglyidespyéad applications, by the tima the curricuium is com-

pleted sohne of these techniqges may be in use. This course will ba

VY

an open-ended format and material will be added as new technolqg%es

develop, come into usg, 6r are discarded. .

Téchdigggrsdrvey df,Energy,Sourc$s - Energy supplies and demand will

be'expléred on a world wide basis. Tha supply capabilitios of'tradita

fonal .energy resources and the supply.capabilitieé of futuré'engrg&‘
- i . o -

resources will be"studieq in detail, Energy conservation and” environ--
. i ‘

mental problems will be related to the capability of meeting future

. . . . . s \

energy demands. The position of solar energy in the future mix of

energy supply resources will bé established. Upon complctlon of this

‘

“course the studanL*qhould bc ab]e to cxplain the relationshipq between

energy ‘supply and di:ijf‘jndfshould be aware 2£#§he relative role solar
energy can play in e”futuge. S { '

)

_ Economics, Codes, Lepal, Consumerism — The economic¢s of solar systems

will be-expléreq, particularky as they are affected by goVérnmental

\action. Mcthods of calculating economic costs and benefits will be

?

studied as they relate to both active énd.passiVe solax sxstemsf

Customer relations, guarantees, and conpumer protection will be explored,

and the impoxtance of maintaining credfbility with cuglomers will be
emphasized. - Solar sjstemufinancing'will e examined. This course
will have an open-ended format since the legislative actfon which -

affects_ solar economics is consthntly chénging Upon compietion of

-

this c¢oursae, the btudent should be aware of the types of governmental

i ¢

documents and aétion that will affect the future of the solar Industry

" and the importance that consumer relations will play in the future,

. Solnr Prno11CUm - This coursa will be a culmination of\the student 8 "“'_ o

~

work And will 4nvolve an on—the*job field testing of the. student’'s | B

'capabilities It will be carried out in cooperation with the solar

° .
' N : KT T : : M o ’ ~y
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+ > < Y
-ay. . ‘.' » ) i
+ , #ndustry; The atudeht will given on~the~job experience, including )

the design and involvement {n the installation of a "real. world"
Bolar.project; Based on ;he results of this project, including an
eva]ugtion from industrial represgentatives the sLudeoc g ovcrall level

of achievement will be established. A succéssfu; perﬁormance by s,

the student during the practicum project will hopefully: laad- to .
employment opportuﬁig}cs; ‘ : ' . . ' . £,
+ *—\*‘ . X : ,

Support Courae Dégcriptions v

»

The support courses in;ihe carriculum have been selected as those courses

1
o

necesgsary to provide~prerequisite skills ox knowledge to the student before

attempting solar courses, those courses necesgary to satisfy approved require-

N

-~

ments fo. associate degree programs, ‘arid those courses needed to assure bpalance

between technical, laboratdry courses and academic preparation. The detailed

listing of support courses follows: - r
P .

1. Math I and Math II'— Many community colleges offer courses entitled - ‘

- "Technical Mathematics". These are courses designed to teach appli-

cations and are not as theoretically 6fiented)gs the regular algebra

C g N

"y and trigonometry courses. . . - . .
2 . e 7

’_ Technical Matﬁematics i, The slide rule and éalculato}, funda-

)

- mental operations of algebra, 1inear and quadratic'equations, sysfems

of equations, functions and their graphs including Lhe trigonomefric'

r £

function solutions of right triangles are studied (3*0) Credit: 3.

: Tachhical Mathematics IT. A study is made of basic vectors, »;é

N “ %

« 7 exponents and radicals, complex: numbers, qgarithms, solutions of .

oblique. triauglea -and trigonometric identitie . Prgrequisite:

“_Mathﬁma;ics Ii (3-0), Credit: 3,. i : YT
t " Q ) . . - : «
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. (anﬂ the types of discourse. (3 0). Credit: 3.

*

l
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3

English - Tha:English course ghould be o basic compositionslcourse

: ' )
dusikﬁed :ér srudenta who have had three years of high school Engliﬁh

It should cmphasize grammar and Lhe nature and atructure of the 1anguaga.'

English Composicion.I, A study of thae principlea of grammar and

composition with cmphasis on language, the machanics, of writing,

?Education&nnd Carcer Plonning -~ This a cq%lege ad justmant course and

T

‘s usually xcquired in some form or other, of all students entering

&

¥

thq collcge
Educational and Carcer Planning Requixad of all students. entering

as a {reshman. Information diucussion groups are devot@d to acquaint-

‘ “

" ing éhe students-with college and 1ts offerings and, to give individual

Btud nts an opportunity to appraise their interest and abilities.
(1~0). Credir' L.

HVAC -~ The desired course should give the student a good background in
M ' :

¥

stahdard hﬁuting and -air conditioning systems.. o -
- Central Heating and Air Conditioning. Installation of domestic_.

central heating (gas and electric) and air conditioning systemsffx

. study of theory of opergtio% of’lpw voltage control circuits,

0pexating circuits, and mechanical qystems.. Preventive maintenance .
and maintenance procedures (2- 4) Credit: 4.

Applied hlect1ical Circuits & Instrumentatiog. In some catalogues a

. h
suitable course is 1isLed under the elchronics technician curriculum

In others,- it is listed under the air conditioning curriculum
&

Basic Elcctrical CirCU1t8.. A course dealing with basic elect-

"ricity and its applicﬁtion, ,Varipus clectricﬂl devices, their importance

in elﬁ?éricai circuits, including those used in reqidcntial wiring are

"introducéd Methods of wire cormections for new and- repair service,

'.making and testing electrical circuits and the use of electrical

-~
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measuring and t&ating equipment are ﬂtudied (2-4), 'Crédigi' 4.

it

chhnical chort Wriui_g - Thia Jds 4 standard’ course in most community

colloges If enrpllment 1s'iarge anough a spacial section shouliibe
\ .

offared Ior Salax\Engine@ring Technicians.

Technical Rapdrt Writing.' Instruction in the writing of
. _

technical reports mﬁd business letters. Attention given to the
préphratibn and delivery of speeches pertaining to technical or busingss
interest. (3-0). Qredit: 3.

Computer Programming ~ The course should includa an introduction to

2

laxge computers; an introduction to minihcomputers and micro- ~-pro-

4 -

.cessors, and the use of programmable calculators. Bésic programminb

and flpw charcing should be included and at least one programming
L A

language, probably BASIC should be taught.
S Cbmputer and Calculator Techniques. A course dealing with

calculators and computers, 4~function and programmable calculators

[

serves tointroduce computer principles."Large computers are studied

in both batch and ihteractive modes utilizing BASIC language. (3<0).

Credit: 3.

& v

Intfodﬁction to Busindss ~ This 1s a standard course at most . communi ty

colleges.

.Introduction to Business. A survey of modern business activitics,

‘including a brief study of basic industries, forms of jorganization, bank-

ing, credit, problcms of management business risks, and Lhe relation of

 businass to society. (3-0) Credit' 3.

¢

Engineering Drawing ~ This s a ‘course offered by most community col1egcb.

Drnftihg Fundamentais‘ Study of basrc 8kills and techniques: of;

drafting, including 1ctLering5 1neruments and their use, applied
A EXLE

"gaometry, orthographic freehnnd and instrumeut drawing;- auxiliary views;'-
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sections and convontfona; dimensions and notes. (2-4). Credit: 3.

10.  Paychology ~ This is a standard course offered by most. community colleges.

Genaral Psychology. This coutgse Is a survey of the field of

*

psychology. Chief topic&-sthdied are the scientific methods use4 in

'_psychology, tho influence of heredity and onvironment‘ Lhe COntrol of

the‘cmotions; intelligent behavior; and the conditiong governing-learning,

gsocial behavior and the development of personality. (2-4). Credit: - 3.

11. Human Relations in Industry - This course is found under a number of

different descriptions in either thé\hgsiness or management ddpartments.

The course credits vary from two to three hours.

Business Psycholcgyf‘ Fundémeﬁtals qffhuman behavior, leadership
_ development, 'organigation relationships, social considarations, and

communication processes that affect motivatian and human behavior in

the business world. Case probleps are utilized. (3-Q). Credit: 3.
s

Development of Solsr Courses”

Each of the participating institutions has the responsibility for developiﬁg
. 13 * R . - F

.. ot \ ,
speclific courses according to a standard format designed for this project. The

J ‘
course assignments are displayed in Figure 2, along with a progress report

-

statement for each coyrsc. Dﬁring-Ocﬁobef'of'1978 all solar coursesgghould

a
-

. be ready for the final revision process.

—

. . : X - #
’ o | . L
< . o Figurehz ‘
. AR COURSE RLSPONSIBILITIF% - e
'CQllQE?nand,gQurée(s) N Progress to Datc

(July 6, 1978) -

Navarro College, ~ «

F d * ¥
" Operational Diagnosis o ‘  Complete and in revision stage
' - . B . .
[ . ] _ - . . 4 i R ‘ e i ve o i .
Ieghnicgl Survey of Energy Sources ’ Complete and in revision ge

. . IS . ot . .
. . - o N N N y
. . °
- ' - . - .
.0 . - . A
. » : . v/ N
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¢ e [ ] .
* v . /P . -
College and courscqjs{ . ' Progress to Date
. . ‘ _ (July 6, 1978)
4 - _ Noh~rbsideptin1 spplication & ~+ In developmgnt stage <
. - . ‘ 4 ' L ) ' /
’ Future Technology _ > 75% completfe A
. . $olar‘Practfgi;-\ . | In pre-devedopment stage - _ :
. ' ' - . S - \
! Dallas County Community Collepe District
(Northlhke 63mgys) o
e _ .
Energy Science I “/ > : In final development stage.
~:9076 complete o
“Energy Science IT 7 \ .. In development stage
: - 75% complete
Introduction to Solar Energy - - In developmenl stage
. Congervation & Passive Syste% 25% complete ] ’ '
Cerro Coso Community College . _ . -
p 4 Sizing Design and Retrofit In development stage
Eoe - o 50% complete
;' >Matar1als §'Matcrial Handling In developmeni{gtage
. , < .
' 25% complete —
Economics, Codes, Legal, Consumerism Intdeveibpment_stagc
« 40% complete -
Brevard Community Gollege - B 3 .«
Collectors &_Enefgy-Storage~ ¢ " In development étage'
nE 50% compleﬁev»
' CourSQ_Fcrmat . o o . ' - o o o
< . . : . /\ . . . . : -

The format for the technical curriculum course should provide for anm inte-~
grated, laborntoryllehture courge. They should hé,written,in term; of éoal

statements and™performance objectives. (Figure three represents the format .outline)

4

. " : “

. ’ o L. . ay . . . ; ~

. X . R . Y ? N - : »
. _ ) -3 M . -~
' e . . - M tH D . . I A Y
“ERIC " : - T s 1 :
h - . S : . . ~ k -

SR : SV S - VS e e A S S e . i S
Ples Wt 5 A . Lo P " v . . ' . 2 . L o T Y.‘“ T AN




X ~ -f. N g
’ : . . “ . “
Fipure 3 - COURSE FORMAT ' h . K ) . i v
. “ 1 .
) COURSE TITLE N _ - ——
— T ' ) o a2 -
oy — . » ' o ; g
SECTION: . . | - - | o
. , — , N . - ’ : ' : . ' A
“Goal”'Statements for Section (General) Y ‘ ' ‘ | .
p LY ‘ — ,
-‘ - \ -
Medules (by title) o . : : | .
1. .
2. #
3. .
4. .
7 T T T L EGTURE T T ~_ LABORATORY ACTIVITIES _ °
* = i . ) o ’ . . - . i " N
e
MODULE . #1:
¢ B , . | 7
. . .+ Materials’ and Equipment
Rgferences (by number, referred to - e -
bibliography) _ o . tor ) , |

K . ” .
. E ’ . . ‘ .
: . /.~ .
" - . B + . ) .
. . . . w
.

Performance objegtives for medule ) % <’
! . : S =
_ ‘ ' 2 ‘ . >
I | o T L, LAB ACTIVITY, =
f LESSON #1: - o - LESSON #1: ‘ . i
') | . u ) . - o W 7 -;V 7 i . 7 ) /'\B . K ’\;A‘ - -»’ ™
N , T 1 .' Y ol
Performagnce objectives for _ 1 Performance objectives
lesson {1 . ] for lab activity '
S L . LAB ACTIVITY,
~ LESSON #2: ‘ ' : B . LESSON {2+ - .

Performance objectives for Tl “Perfotrmance objectives
lesson #2 B . for lab activity
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of overall perfoxmanco obJeLLivas. ‘The lessons will be 1isted nUmerically and

““The course format shéct requires the‘courac tAtle followed by a one or two

L . . EN

'papdgrnph cours&,description which includes the purposes of the course and the

goals expected to be met - by thae student upon completion of the gourse, The -

‘o

- description willialso }glatﬁ the "course being“ggéhuéged to other courses in' the

—~
A . . N
curriculum and show course_prerequfsices.' The general Information for the

F

" course will terminate with a numerical listing of the sections to be covered

¢

in the course. -Tha course ‘sections will then be expanded.
Each course secti;n will begin with the title, a general goal statemeﬁt,
and a numerical listing by titlelof.lﬁe modules in that section, From this
point thé format divides into two parallel sections, one for lecture and a second

for laboratory activitiés. The sectiohs are provided by module in numeygical

order, beginning with the title of the first module. / - )
_ S . p
Following the title of the module on the lecture.halg‘of the format sheet
is a list of reference materials-keyed numerically to each mpdule. Tﬁe-referencekﬁ

A
ey
will be very specific referring to chapters and page numbers. This will serve as

-
. -

an aid not oﬂly to the 1n°t1ucr01 of the coursc, but to the sludents as well for

E )

:furthe1 Study. The ref;genccs will be followed by a gtatement of the overall per-

ca - T .
forma?\c objectivgq the 8Ludent will be. expected to fulfill upon completion of

&

the modules.

: 4
_ ‘ Yt : '
The specific -lessons of Lhe module will begin immediately'after the statement

-

<
Rys

will be sequenced in the order best sﬁitcd for the most effective transfer of
information to the student. Each lesson will be listed by titl@, followed by a
specific performange objectiG%i or the spocified level ;f achievement the student
will! be expocted to, master. By arranging-the fOrmat,in_Eerms_Qf performance |, W ¥

ijectivog,-the student will clearly uunderstand the performance level expected.

Also, evaiuation procedures fokr- the studént can be developed and implemented

easily, instruéfﬁrs can design their inspitutional strategies.morn effcétivelj,

Sl
Sy
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- '\ 2
and instructors can hettar-evaluate the adequacy of their instrucé&onal p@ogram.

The second half of the format sheet parallels the lecture half and is d&veloped
‘ - i, -

in tandam. Firgt shown on tha laboratory side of the format sheet 1a a list of

'\ -

. mptari&ls and squipment nweded to perfg;;\\ﬁe laboratory activities for that
particular wodule: This Q&}l'ba followed by references conveniently listed
-numarically., The remaindef of the laboratory activity column will follow the

same format as t;E\lccture portion, with laboratory activities keyéd to the

’ |\
leséons and performance objectives for the laboratory activity. This format

should cnnblc the instructor to coordinate the lecture portion of the module

wilh tha laboratory experiences with little difficﬁlty. |

’.

Figure four illustrates the use of the course format for bone section

Y the course entitled "Energy Science™. y ' \
el Figure 4 )
‘~ $ 5 ) {
SAMPYE FOR CURRICULUM'DEVFLOPMTNT  FORMAT .
] 0 |
) 7
COURSE TITLE: Energy Science . N
SECTION: Thermal Science
- 4 »

Coal Statement: Upon completing this section the sLudgnt will be able to measure

L3
temperature and carry out heat-transfer calculations.

Y,
*
MODULES : )
1. Temperature
, 2. Tcmpernture measurembnt -
: 3. Heat gapagity _
4, Heat as a form of energy P B . ¢
. Heat transfer mechanismg : | : o '
6. Heat transfér properties of materials ’ N
N
a ' . A ! A , »
' \, ~ u

- . . e ¢

: A . ' : . .

o N . . \/ . . .. . B, »
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LABORATORY

LECTURE SO " R v
. . ';,\\:' ) ) )
\ MODULE 1: Tcmperaturg ‘ MODULE l:  Temperature
I - -

Referonces by “humber
‘ .

! ) 3 [

Performance Qbjectives for Module 1:

Upon completing this module the student
will be able to:

'
{ !

A
8- ’1

b.

Define tomperature
Convert from one temperature scale
to anotheor.

S

NO LABORATORY

i,
~

KRSSON l: Hcaning of Temﬂérature i

Explain kinetic enecrgy.
Define temperatpre in terms of
kinetic cnergy.

4.
b,

<

I
LESSON 1: Meaning of Temperature
/

NO LABORATORY

c. Relate the concepts of "hoLLer than" -
and "coldey than” to kinetic encrgy. .
LESSON 2:  Temperature Scales LESSON 2:  Temperature Sfales
a. Describe the "Farenheit" temperature
scale. ) o -
b. Describe the "Cq&gium" temperature
¢ scale. _ )
¢. Describe the absolute or "Kelvin" . * NO LABORATORY
temperature schle. \ .
d. Correctly convert temperature from «
one scale to -another. v Y
- 2 - AR — ' _ » -
L2 - , o
MODULE 2:  Témperature Measurement MODULE 2:  Temperature Measurément .
T ——— . s T . F]
N Materials and Eqﬁipment: ¥
PSR » -

' - B
References by number

Nad

Performance Objectives [6r Module 2:
Upon completlon of this module, the
TsLudQnt will be able to:

!

8. List the tempcratuxe measurement
devices that are 4n common usage,
b, Select the most satisfactory
temperature measuring device for
* . each sftuation,
¢, Demonstrate competendé in the pge

of temperature measuring devices.

Mercury-in-glass thermometer
Alcohol-in-glass thermomcter g& ‘
" Bimetalldc strip Lhcfmometer S

Thermistor and' associated . electrontcs’

Thermocouple and ass. eloctronics «

Optical pyrometer

Dry ice, freeczer, hot plate,
.electric, furnace

.

-

.

0 Mo RO B

L

7

/(
‘Refexences by number

-
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LECTURE

e S R s T

‘LABORATORY

ot

e

Expansion Thermometers '

o

SSON 1:

a. Deaé%ibo the1&perat§on ol n thermomecter

-that operates on the principle ¢F
expanding fluids.

b. Describe the operation of a thermdmetex

that operates on the principle of
8 bimctallic strip, - .

L

Expansion Thermometers
a. Msasure a yange of temperatures
suitable for the mercury-in-glass
tharmomataer.
b. Measure a rsnge of temperaturcs
- sultable for the alcohol-in-glass .
thermometer, .

LESSON -1:

¢c. Measure a range of temperatures
suitable for the bimetallic strip
thermometer. (

Thermistors Thermistors

JESSQ§M2: LESSON 2:
Describe the operation of a thermomecter a. Set up and calibrate the thermistor
that utilizes a thermistor as the sensing thermometer.
element. | : b. Meagure a range of temperatures
sultable fqr the thermistor
thermometer.
TN
LESSON 3: Thermocouples - LESSON 3: Thermocouples
s m,'-—-—nf:-‘-—h .
Describe the operation of a thermometer a” Set up and calibrate a thermocouple
that utilizes a thermocouple as the thermometer. " .

. sensing element. b. Measure a range of temperatures
sultable for the thermocouple
thermometer.

LESSONQ§: Optical Pyrometer _LESSON 4: Optical Pyrometer
Deacribe the operating principle of A a.. Set up and calibrate an optical

the optical pyrometer. pyrometer. - ‘
b.. Measure a range of temperatures

' - suitable for the optical pyrometer.

&

B . . —~— ot
LESSON 5: Selection of Measuring Devices LESSON 5: Sgléctiqn of Measﬁging Devices
Match the various thermometers to the \ ' ’ - . s
measurement situation to which cach is NO LAB ACTIVITY |

most suited. . v
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Student Characteristics - : < . .

and being Interested in something that sounds new, different, or existing.

Ve

"It is projected that a solar technician program will baagcally‘attrpct’thnee )

types of students. Tha firat type of student ALII solecti;he progyam becausé of

the fecling that solar cnergy is glamorous, having read about 1t 1n.thclﬁew§paﬁhr_

Careful coungeling of these students will be required:to Identify those

with a high interest but without the proper high school background ox technical,

}

aptitude to complete a technicilan level program.

a

The second type-of- student, ,and, the one for whonm this pfbgram is primarily
designed, is the high school graduate who has selected a two year, job oriented

cducational program asg being best in meeting his or her personal goals. This

. \ ’ - #
student should have adequate high school preparation and will’probably be in the

A
i

upper half of hié/her graduating class. This student will be aétending college

~on a full tﬁ@s basiz and will be expected to complete the technicidn tradning .’

" program within a two year period. ;1 B

ﬂgi:::;;§ all of the required classes during the regular day time class periods.

A -?hé third type student is a‘person who 18 currently employed and wishes to

recedve training in a new career field. This type oflstudeﬁt will probably be

older, may have family_responsibilities, and willrlikqu find 4t impossible to

-

This student ﬁby briné into the program a wide variety of skills, many of which

N

will be applicable to the solar engineeriﬁg technician curriculum, For this

»
1)

{ : . S . : o
student,” counseling is ¢specilally important since an accurate assessment of needs

and capabilitigs must be made. It is likely ihat students in this cabegofy_

f

will be able to receive credit for various courses through challenge examinations;-

F

& t ) ‘ :
cextginly the support courses may be treated in this manner. It is unlikely

-

‘ghat studants,who are attending on a part time basis, even with credit.giﬁen -

fox onmthe*jpb trnining oY work completed will be able to c0mp1ete the curricﬁlum ‘

- in a ¥wo year period. It is also probable that, colleges may have to offer

1

specinl arrangements of the solar coursas, speCifically for part time etudents who

L
~
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-tionists who might teach "energy science" and "conservation and passive -design".

v o . .
must attend classes in the cvening or on weekends.

+

Teachor Qualifications - | L , : '

. Two types aof fnstrpctors are invelved with chcllmplemgntation of a solar

i .
B ,.’ r

&ngincqring t¢chﬁicién program. One types wlll consist of regular coll&ge'facg&ty . B

mowmbers who. are teachiné.in'science or gechnology related areas and %111 be capablé
- - .' l ., '. . 4 - m;
of teaching not.only some of the gupport courses, but some of the”solag,xeyateﬂ
- - . 4 .

courscs as well. -These instructors might #nclude Phygics and Chemistry teachef${

J(. Al
who could offer the 'cnergy sciente" course, 1awyexs ox economibts who cauld Leach“
;he ;gegal aspects and economlc aspects", industrial arts teachers who could -
¥ Co

present the "materials and material handling" course, and speciglly trained congerv-—

-

The second "type of instructor is the one who gguld be hired specifically.to

| e

teach the technical solar courses. This ;érson woulq be'feqﬁired to meet'genpral
state requirements for technical and vocation#l inatructors. These-raquireménts
ugually incléde a Eachelor's degree with two to six years of related field,expgriﬁ
ence or teachfng experience in the pechp%cal arca. It may bo somé@bat dLffd--

cult to find pergons with these qualifications to teach in thé solar engineering -

curriculum project. At the Energy chhnology,Trainiﬁg Conference, spongored by

“the Energy Rescarch and Dgvelopment Administration and the Association of American

Community and Junior Colleges, in October, 1976, the problem of'instrucko;é in
solar curriculum was approachéd and the following statement was made:

N The identification of the instructor should be approached cautiously.
égﬁﬁ%ﬁs witnessed by the college participﬁnts at the conference, being quali-
~ f{6d to teach in an allied field-is not enough. Potential instructors
need fnitially to ba interested in solar energy, and motivated sufli-
ciently to purgue self-study and e]f~gcnerating activities t8 become
proficient in a bootﬁgxap educational efforts

év

kS
0

Educntional requirements Ior a solar energy instructor might read as follows. :

-

Baccalauxeate Degroe and at 1oasr ‘three (3)° yeals oqcupationnﬂ expcrience
..in {ndustrfal or domQSC1c,air conditioning trades. Bxperience should includa
.Installation, maintenance and design of air conditioning systemsg. In- 2
. addition, candidate should have a minimum of ohe year solar related experiencc
. to includa design and installation of functioning solar systems. hxceptional

solay éxperience will be considered in lieu of the air ¢ond1tioning yoquire~" ., -7

manta: . He/she must be’ qualified o, beach solax: energy re]ated courges at’

.
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both the prnctical and theoreticnl leval in~a one yeax certificata program
or a two year degrece program, .
“f,Such organizations ag the Laagua for Innovation dn the ﬁommunity Colleg& .

L ~ - A

recognize\;hnt there 1s a lack of trained communiﬁy college facnlty‘hambers to .
l . ' b

tcach the tuchniques and skills required of personnel- 11 the solax en&rgﬁ industry.“

. e

\Thcre,gra, the League is prOQOs;ng a' concentrateﬂ’n&tionalAaffo?t tp prqyi%g

. - . . N ' V.' w « e v -
copmunity college faculty membexrs with the kndwledge and skills required to
. . . - ¢ ) - . ~

N . - [\
4 - -
\ . - ¢

. . . Q‘ ‘.._ » . ‘" . .
train or retrain individuals in the installation ¥ sQlar energy systems . This

R

RS

v

would only have a.part time Leaching load in the solatr program. Courée Joad’

as 1ndicatgd in Figuxe five. - e » .

Semester Onha - | L ex
L 28Uest .

gou sés;

* o ' o ' = .

.will aid in gstd%lishing a trained cadre of resource personnel on the commuhity B

college level who can be ysed ag instructors ‘in solar energy.programs. D e
¢ - . ) S _ . ) . X o + . . “;L;G':‘

. & . o LA . T e '
: 7 - o LY N S A B N
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Instructor Course Load

- .' .
& . . .3

As the semester course 1oqd is sched@fed fok tﬁc.;gatructor, an attempt may

-

.» . o

be made to arrange the courses in S?Ch a manngr that a.siqgle 1natructor, hired.

-l - ae

to teach in the solar tet nician program, will havc ‘a complcte and . balance load

R -

each semester. Many sch_ool~ cannot affdrd Lo employxa'qeparate idstructor w

[

~ ) - N [N
' N . ) -

balancing‘might permit more institutidns to initiate the curricnlnm. Accordingly,

L

N S
in cnszé'where other influencing fact01s are not significant conrsgs'have
: . . -2 SN

. e
been seqnencad to provide a balanced in;xructor course load for hoth scmesrers,

LN ¢

v

" , - ¢ ‘ .- ....V f e B Fig{lr"é 5
S . S Y |
T INSTRUCTOR COURSE -LOAD | . ¢
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.  Semespror Two | _Z o v o _ \ r
- . - _ CREDIT - CONTACT
.o COURSES S LEVEL HOURS - . HOURS
e . . ' o E -+ (Lecture-Lab Hours) , .
¢’Ehergy-8giéhce " F 4 _ 6 (3-3) _ o
. Colleotors & Enorgy Sterage \ ¥ ' 4 - _ 6 -(2-4) oot
- 'Opefhcional Diagnoais o s K 5 (2-3) ‘ P
‘Nor-residential Applications &»' ] ' v “
d Future Technology § - 3 _— 5 (2-3) :
" Solar Practicum . 8 2~5 o , . i
| . . . Y4 ¥ prac. .+ 22 4 prac. ;
‘F = Froshman * _ . _%‘
- § - Sophomora " ' .
. It must be recognized that some schools will empley a part tima ineructor

\
, to téacﬁ the solar related courses and will utilize either special sections or

& ’8Landard sectlons of regular couraes to satisfy some- of the curiiculum require~

ments. Thiﬂ nust be taken into considelmtion in examining Lhc Instructor's ' 1
&{ . N . R . . *

course load. 1If, for ingtance, a snhobl were to replacé the energy science coursa

<

L3

with a standard themistry or physics éourse aﬁd to have dIngtructors in the ﬁelding, s

& | | - . . L
sheet metal, - and machine §B6plareas teach.the materials and materials handling
(S $ E) -

course, an instFuctor cdhld be employed half- time to teach the solar related

s
. LY -

. ‘ courses during semester one, During semester‘two, if the energy science again : .

PR “t

vere replaced with a chemistry or physics tourse, and the solar practicum WGTG

- A a0t

delnyed until summer, a half»Lime Angtructor would_agaiq be able to teach the
solar rclated course, While this is not a recommanded nethod - of 1ntf0ducing

: "the curriculum ifto a college program, this arrangement of couxse sequencihg

.

may again serve to permit moxe schools to being teaching the solar engineerjng

»
-

*»

technician curriculum." e S 'y | " (

] : M L . ) . »
B
K

National Advisory Ccmmittee ,} S : | B = T \'

' RN ' ’ ' LI

A National Advisory Committee . was asqembled early 1n Pbase I to provide o L _'.j

-

guidanee {or the projcct and project personnel. . This tommittee aasisted in

s g@nerating tha philogophy of Lhe cuxriculum developman phaseb provided input . -

regarding coursq?sclection and topica to be coverGQ, and 18 helping with the ,'“ T

evalutféﬁ Qf wrg;ten course materiala. B

,,.-5 "ilr o
w«
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The National Advizory éommictee was selected to include people with re-
cégnizgd cxedentials in cither solar.teéhnglogy or curriculum deVolopménp and «
. «
choired by Dr. Phil«Dianérc, Vica President for Academic Affairs, Indiana State
Univefsigy at Terra Raute. 'Dr! DiLavora is 5 phyéicist with wide aipgriancé.' |
in sclentific curriculum developmégt, hévingfsef&gd as project coordinator,

for the "Physica of Technplogy* program. The other members of the committee ‘i E

N . ¢ ' r l . 4
arc as f[ollows: '

¢ .
-

Mr. Peter Fry, Direcctor of Marketing Sbrvices, Northrup; Inc., Hutchins, »

1

Texas, vas assoclated wich the Chrysler Corporation for many years and was

<

-~ vegponsible for producing cducational materigls for training dealers and -
(A ' . ) 3 '

distriljutorg to work on-HVAC cqﬁipmént. He is now associated with one of
the established manufacturers of solar collectors. ¢ f S
Dr. David Gavenda, Professar of Physics and Education af the University

"of Texas at Austin, is a‘physicist who has long been associated with scien~ «

- -

tific curriculum development. He served ag chairman of the Nétionél Steering
B .. Committee for the "Physics of Technology" program,
Mr. Tbm'Hindqs, Director of the Instructfonal Materials Labofatory at -

Ohio State University, has extensive experiénce in the organization and deveXop-

ment of curricula of all types. : : v

P *

*

Dr.»Milc Larson, Professor of Voecational Education at Colorado State-
University, 1g the author of‘severnl books relating to the development of

technical curricula. He served as the curriculum advisor and evaluator for -

~the Solar Engincerfhg Applications Laboratory at CSU during the development

of a course on sdlar desigh and installation. . ) | ' ' ;




'16cated in Aug;iﬁ, Toxas specialising in industrial and instituglonal dnergy

the overall projeéectgand the second involved the Committee members acting as

LA

Mr. Glen Mersdith is President of Ham-Mer, an Enginesring Congulting firm -

4

-~

conservation. Hie firm has been involved in a nunber of abiar 1nstallatiohs'

-

and has &esigned the HUD demonstration project at Navarro Collaga._

r ¢

Dr. Reggle Vachon is R Profesaor of Eﬂginaering at Auburn University and = °

BT Qctual\y {nvolved 1n the design and coneruction of large scale solar projects o

L -
k3
. - K
~ . - . ~

thfoughout the United States. ‘ o ' v : - o
Dr. Gnry Vliet is a Professor of Mechanicalfﬁngineering at the University of -
’ ‘ N ] . * . ’

Taxas at Austin and is qpite'activé in the fiecld of solar engincering. He is on

the Board of the Texas Solar Energy Soclety (TX-SES) and 15 {2 member of the

. Texas Governor's panel on pnergy. . . Co

\e. " « L

"To date, two meetingssof thé National Advisory Committee have been held,
one on October 3, 1977 and a second- on July 6, 1978Y "Tho first meeting was con-

*

ducﬁed at the Ptoject Center for the purﬁdse of establishing the functions and
dutics of the Committee, obtaining initial guidance from the Committee and

planning detailﬁ_of the Project. The second mceting WaS held at the Airport

-

Marina Hotel (Dallas, Texas) for the purposes of,(l) Soliciting input from the
. C e

~e

~ Committac copcerning the Phase II Project’ Proposal, (2) Planning the role and ‘a‘

LN

function of tha Committee for Phagse II and (3) Presenting solar courses pre~
. . , . . N N
pared to date for xeview and later comment.

S

There are two distinct typeé of duties dgyeloped‘by the Committaef The ~"

’ .

first involved the Committec acting as a whole in making decisions that affect

o ) ' ‘ - *

individuals to-help the Prdjeét_Diregtor in matters relating to”their.individual

expertise, The»CQm@ittee‘as a whole established;the~égven_ﬂuties as follows.

,'v .L\‘
- e

. L,

e
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‘ag a proup and works as.individuals"._ In this_capacity-numerous commonts'were

- R N e e T R T B AU R

(N ' AU J T T S e e

.Q.-IQ. . o l'..'
1. To aasiét in ébmpieﬁing'ﬁﬁe"curricglum plan, "saleciing th@~gqurs@a
for which written materials phould‘bo deveioped,.and providing ;nﬁﬁt'
regnrdiné the’topidb to be covered in eﬁch.course{

"2, To assist in doveloping an overall detailed timétable for the project., '

§, To appreve an overakl format for written materials.

.
' ‘ ¢

© . AL - To monitor the progresa of the project and assist tha Director 1n

maintaining thp schedule to ingure that project goala are nmet. o

S. To assist in'regolving serious gpnflicts of two Eypes:
' a. Bestweendthe Diréc&br and the Natiomal Science Foundation
(que;tions of overall policy or'procedure).
" b ﬁétween the Director and the Campgs;Coordinacors (questions
of format,_sﬁ;lé:ﬂpoliéj; étc.j . ' _ “
~ 6.~ To agéist in the evéluation of the project.

7. To provide inpgt éor perighic reports t0'£he National Science Foundapioh.
A‘%ingle duty was established fok ComﬁittaeiMeMbexs acting on an individual basis .
as advisors to the Director‘b{ the Project’ - . ’ ‘ '  4

8% The Committec Membufﬁ will, on an individual basis give general

asglstance in the‘preparation of course materials. .(This will consist

&

primarily of reading and reacting to writtlen materials.)

P

. Also, the dutdes of the Committec Chairman were clearly established as follows:

{1) chair meetings of National Advisory Committee, (2) qommunicaﬁe with

Comnittee Members regarding Committee businesh, (3) serve as 1iaison between

the Project Diretctor and the Committeé, (4) aid the Project Director in

communication with. the Natdonal Science Foundation regarding Committee business,

v

(5) ddvzaa on all phases of the Project. The generxal posicion “of the Committee T
'1n relation to the Project can be summarizad by sLating,."the Committee advises

provided as described below: K R » R :
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'than an installer or “mechanic“ but less than the angiuaering student,

"Philosdphy of Phase I" on page 7 of this proﬁ&sal. .

ne " . I
. -
, L]

Thé "technician", nhﬁﬁﬂ%ablish@d by the yanpowar~Ana1yaia conductad

At Ravarro Collage, is an 1ntermediata leval worker wlth more training

The cuxriculum should be baséd on & detailad task gndi?his, and courge —

content shouxé be daterminad by knowledge ‘and skills nesded to p@rform o
the required tagks. | In addition, the raquired contant of éOme $uﬁport

ccursas should be detarmined by the background neceasary for perform—

i 3

ance of che solar tasks o _ o

) \ ' - *

The philoaophy of currichlum dasign was digcussed and is rkflacted undex

<. R

) S tea e
Laboratories and lactures should be listed separately. It is easiex

/

to ensure that the required hours are devoted to laborafory work as

¢ _ * . N
L)

well as the lecture time, if lab and lecture are listed separately.

noweve%, 1f two different people are.teaching, one teaching thellectﬁr@ | ‘
and the(éth%r teaching the lab, there nay be goma problens with‘coordinaé*
ing tﬁ; materials. The lab should be d@signed separatély but material

should be ind&uded in the teachers Suide to show the mathod in which

the lab and lecture could be combined inta aﬁ integrated course

An Important firét course is one addres;ing the fundamental physics ‘
of solar anergy. This course, while not a laboratory couxse as such,

Al 1

should immadiately introduce hirds~on experience. Thig could.be : o

~.

- accomplighed with-simple experiments pnd demonstrations{ This courde

should Include ftems such a8 radiation, absbrptioh and reflection,

heat trangfer, fluid mechanics, and a numbar of other Lheoretical _ B

topics, all of them slanted toward the solar energy field and with : . W

each concept.illustrateq.by hands—=on’ cxperience.

~
¢ . . .
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Sincg_mostgpéoplﬁ ;hink.qf solar syatemg primarily in terms of c?llectors, L ay

the collectors course could be placed in the first semaster.

The materials and fabrications_coﬂrsa should be a.first semog&er course.
This c&urse éhoulddinclude.mhnual skilia such as sﬁaat metal wqu,
soldering and_weld;ng, ags well as'éhé knowledge of ma;efialsfused in
eoia; systemé 1nc1udiﬂg cémp;tibility of materials,lcorrosion and otﬁerJ

topics of this nature.
the student to use the gkills }earnéd to build a collector.’

The course "quhnical Sﬁrvey of Energy Sources” should be placed late

in the currviculum, possibly the last semester, after the student is -

thoroughly versed in solar energy. This placement will also help

maintain the student's interest level. 1In thisﬁw&y, the relationship

of solar encrgy to other. potgptial-and avellable energy sources wiill .
be appreciated.

Included in the curriculum should be an emphasis on congervation and

the design and deyclopment of ﬁassive solar systems. The student

- should recognize the néTessity for conservation and the importance of

. o .
overall house design in minimizing the size or expense of ‘a solar °
' 3 . ' )
gystem. - ; .

The solar industry should be approached and a réquest made fdt.the
donation of equipmentnior model 1aboratory'éourses.

Faculty requireﬁeqts for the program should be considered in develop-
ing the overall cyrricilum. In thp»curriculum gﬁide, required faculiy

comphtencie& should ba 1isted the required faculty Joads shounld be
addressed and methods by which the faculty might be hired eﬁficiently
] ¥ -,
should be discussed. !
\

The courses ghould ba modularized with all courﬁes following the samo

+
J‘

_ Iormat,_ Modules should begin with device and vork inte theory.

. co cu . ' . 3 3 R .
“ . . i . . 0y . .
o & B . . A ._‘--.':
Y L T T R T O Y

A possible geal for this course could be for%4—~\\\

<

-



During November anﬁ December. 1977, the Dirgcgor utilized individual Committees:

Mgmbers and their expertise in spetific areas. Tom Hindes helped develop a B

3 ¢, ’ .'_ . -
suggested format for the courses. Milt Lavrson provided valuable information

neaded for determining the .content of courmes that did not flow ajrecgly {rom

+

the tnsh analyoisﬁ Sevoral conversations were held with Phil DiLavoxo goncern=
ing the overall orgahization of the project. On December 7, 1977, muteriale deve~
,lopod at that point were sent to the entire Committeo for commont and 1nc1uded
the following: (1) curriculum philosophy and educational lavel (2) project
tiuotablo,-(3) course list and specific courses, (4) deparate 1abofatory

and lecture of integrated - laboratory-lecture, (5) two semester Energy Science
e : h

courscs containing basic theory, (6) Materisls Science courgse, and (7)) format

and sample formal. “" | &

& . R
Baged on comments received from the committee, the following dacisions .

vere made~ (1) the curriculum philosophy and educational level were establishéd

-

‘. .

as, contained in'the SLctions of this document entitled “Phlloqophy and "Student ‘:? -

a

Characteristics”, (2) tha project timetablc was establ shad (3) the course 1ist
and LiL]oe were approved with the understanding that modifications would ba made as

&

work progressed, (4) an integrated laboratory-lecture format was‘established,

Ll

®

(5) a two. semaster Energy Sclence course was agreed upon to contain basic infor-
wmation from chemistry, physics, geology, fluid wmechanics, etc., (6) the Matexiais
Sclence course was agreed upon, and » (7) ,the. sainple format was prepared . subject to

modificationa .as work progressed.

"t

From Januory 1, 1978 through Mafch 31,‘1978,°con§orsationﬁ were hold with
savo?al gommit;ee Members regarding various uspecf§:of the'ourriculum. Courses
were combined and modifiod_baséd on prelluinary tusk analysis completad by the
Campus Coordinators. Course titles were chgnged to reflect the modifications.

:iho format wag modificd slightb and the courses. were gequenced, In addigion to

input £rom the Committee,’ valuab]e suggostions were received during personnl

~

.‘,.\- : ' ' '
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- coﬁversaciona with'Sasumu Kargki-'birector of the Solar EnergJ(Applications e

boratory at Colorado Sta;e Univer51Cy, Chuck Barkua, Professox of Enginaﬁring,'

.

. and Donald Zillman, Assiafant‘?rofcsaor of Law at Arizona»ﬁtat@ Univensity, ‘

A

and Harb Wado, Aasociat@ Director of the Arizona Solar Energy Commission,:

At the end of March, materials were sent *to tha Advisory Committee detailing

the latest thinking on various aspects of the preject. Written responses

received and conversations with several committae members produced valuable

suggestions and overall approval. ‘ ’ : ' o

As stated previously, the Committeo had—1ts second meeting on July 6, 1978,

-

The minutes of that meeting reflecta high level of interest by Committee Members®
- ébncorning the progress of Phase I and the proposal for Mhase IL. Important

input was provided in ﬁreparation for the {inal Qriting of the Phase II proposal.

Also, much of the meeting discussions relate direétly to Phase II plapning .and

&

will be addrespsed in the next section of thig proposal. . : ‘e
0f major importancé concerning Phase I in the second meeting ﬁﬁsgthe
Committee's definition of "inslructional materfals" and the direction provided

relative to the expeétntions at the conclusion of Phase I. For- the purpose of
£ . -* . : : | \
Phasc 1, it vag determined that the development of instructional aids such as

<
audio visualsg, infoxmation sheets, 111ueration$ for classroom presentations

Voo
or other Lypeq of teaching éxr student aids was ‘not within the scope of Phase I, ¥

Rather, "instructional materfals" is defined as the course guides that 1nstructors

4

will need to pilot test the first year curriculum.

Yo, . [}

, The sgcond”meeting ended with committee members looking forward to the

next meetfhg in which course guides will be examined in detail.
. : « oN "
Timetdble fox Rem&inder of Phaqe I

N -

The activiries already oompleted in Phase I have been described earlier
in this section. The ramaining activities iqr Phasa 1 will now be ouclined . v
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" membars, and externsl consultants.

S g e i e

July 1, 1978 - Auguac 31, 19?8 : o : . : o
The first drafts of the detailed course guides are being completed in the

proper format by thie Project Director, Campua Coordinators, relaase cime faculty

Cohree-gdiQes are baeing edited by the Project Diredtor and returned to the

Campus Cpordinators for revision, where necessary. Prototype laboratory equip- ©
<t . < . /

’mpnt is being designed, and plans are being made to purchase or construct equip-

ment samples where possible. Detailed bibliographies and lists ‘of recommended

audi6-visual materials arc being keyed to solar courses.

n

As course outlinesg are révised and completed Iin Tinished draft fdrm,.they

<

-~

.are being distributed to National Advisory Committee membefs, the Natifonal

Science Foundation, an& Campus Coordinators for review and comment. *Aftcr this

-

fixst review the Project Direcctor will coordinate revisions Ior reproduction

vl s

of the finnl draft‘

September 1, 1978 -~ December 31, 1978

I

At the beginnjng of this stage the course development will have been

esgentially completcd The course guldes will have been written In the
proper format, the detailed bibliographies will have been prepared, and lists
of reconmendad audio-visual materials will have been completed. ~The solar

laboxatory equipnent needed to teach courses will also have been identified

/-
Beginning in Septembar most naw 1aboratory experimentq to be performed

" in solar courses will have been identified. " Once identified, thase new
-’ R i & :

experiments should be tested by instructors and students. As the budget

i

f

\. 31low3) equipment for tegting the experiments will be purchased, experimant

" procedure sheets bfgpared} and experiments parfétmed. This is especially

Important for f{rst year curriculum courses. ; ’ -
1 : ‘ - : \\

;Also, during this time peripd course guldes must be reviewed and- revisad S

-

in finpal form, This prqcéps wil&\;eqdiré the Dir@ctor, théfﬁgﬁgpnal Adviséry —— o

-

- e
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Conmitteo, che National Scionce'Foundationfhnd Campug Coqrdinatora to meat and

roview all Courscs which have been developcd Tn most instances tschnical '
. o ¢
consultants will be asked to review the course outlines._ Upon completion of the
- :

review proccss, the revigsed course guides will be collected by the Project

! ¢

Dixector forlfinal editing.‘ e ‘

v

By Deccmber N, 1978, the complete curriculum package intluding the curri-

-

culum dcsigo, detailed solar coursc guides, gupport course descriptions,
laboratory speaificationa, equipmenL lis;s for solar courseq, reférencgs, teacher
qunlifications and staffing patterns, audio visual‘aid ]i;ts and other relat;d

.; informatiiﬁ will be organized and detailed.

- *December 31, 1978 ~February .28, 1979 o ’ N

.\z - -—;_ _- - ] ~ - -
The end of December 1978, marks the dompletion of the 1/3 time contractual

obligaéions for the Campus Coordinators during Phase I. At this time;ﬁthe
curricuium pnckagé yil} be complete and ready.for final] editing and printing.
Final cditing will belcérried out durihg the first. two months of 1979 by the
Project Director, with the Campus Coordinators inferacting as needed on a‘
consultant basis. A final report on Phase I will be submitted to uhe'National
Sé;;ucé Foundation. “

In conciuding this progress report section of the proposal, it can'beé

ataged'that the Project is progressing as evi&enced by . the -accomplishments

5 ~

which have bgpn described.

Only two weaknesses have been defined, but these are'be;ng corrected.
The first wéakness relates to the common problem of communicatioﬁ beéqsen
and Qhong the participating ingtitutions and the National'Advisory'Committeei
Coursa ngelopmcnis ¢an ﬁé completed muéhlmoré rapidly thyrough bette? communi-
cations.: Théfsecond weakneég relates to the feeling by pérgonnel at the

Project Center and National Advisory Committec memberé that the Committee

has nocfbeen_utilized adeﬁuately. This problem 18 beding coxrectad throué% an \
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increase in the number of Advisox:y Committee meetings held throughout ‘the -

remainder of Phase I and during Phase II.

4
¢
.
A
-t
F
[
-

k™

-
'
S
4 »
¢
o
.
.
s
o~
i
O~
.
3
3
v
.C v [\
~
L
.
.
.
-
A
.
L4

v
.

.
b
.
£
'
v
-
-
7

oy

oo i )
il e s AR P A B g B AR

w o

A
I

Sl

LR

A
eV Y 4 e

o
¢ W
o

([ PO,

O ]

SRILL el

ST

vy




