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besigned for secondary and postsecondary vocational |

teachers and administrators, this resource package on energy
conservation in construction trades contains three sections of
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‘dnformation. Section I provides an instructional module (developed by
the Wisconsin Vocational studies Center) on sclar energy: the module
- is'organized into seven uaits: using solar energy, locating the sun,

solar energy systems, collection, storage, distribution, and
representative solar energy systeas for heating homes. Bach unit
generally includes obijectives, informatisn sheets, a student
.assignment sheet, and a unit test.with answer key. Section II

provides a list of instructional resource materials and organizations

and aqgencies related to solar energy. Section IIXI provides
bibliographies related tc employment impact on solar energy,
parketing potential on the growth of solar energy, and solar energy

systea desiqn.
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SPECIAL PACKAGES-USER FEEDBACK FORM
(INSTRUCTIONAL RESOURCES FOR VOCATIONAL EDUCATION)

2

To assist the National Center for Research in Vocational Fducation in
continuing to serve effectively the needs of vocationa and technical
educators, would the USER of the Special Packages resources(s) please
respond to the following questions. Your responses will help us to
determine the'kinds of resources you find most useful.

l. Please indicate your job title (e. L tcagher, administrator, counselor,
coordinator, 1o;a1 director) ‘

2. How was the Special Pdckage used?

r; Planning an instructional program

r) Developing of an instructional program

{] Operating of an instructional program

¢y Evaluating of an instructional program - e
j Other (please specify, e.g. student services) v

s -
[
.
. 4 L eet
kY

3. Rate Special Packages on the following dimensions: {(Please circle the
response which most accurately describes the publication.)

A
Very
Excellent Good * Goodk Fair Poor
A. Relevance to the occupation .
(current and representative E VG G F P
of occupational needs)
B. Ease of Adaptation
(Resources work in any E VG G » F P
instructional settiug)
A C. Availability (Resources
were easy to acquire E VG G F P
and affordable) ;
D. Reproduction quality E VG G F P
Additional Comments -

. Please fold this form in three sections with the National Center address and
postage paid permit on the outside, staple, and return.
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. . A pnmary objectxve ot the Special Packages i
-+ . - ‘Project is to assist vocational educators in s
$... - developing skills to evaluate and adapt.in-
. st.mctional Tesolirves.

"l.

The Solar Energy Imtructioml Module '
“Understanding Solar Energy Systams”

‘ . - - | . may be purchased from The Wisconsin
R I : Voeaﬂonal Studies Center, University of .
' ~ Wisconsin, Madison, 321 Education
- - . Bullding, Box 49, Madiaon, Wisconsin
THIS PACKAGE CONTAINS: - .- 88106 - o
* “Solar Energy Imtructxoml Module, FOR MORE INFORMATION CONTACT.
. Understanding Solar Energy Systems,”
developed by Educational Research, . ~ Program Information Oftice
Center, New Mexico State Univensity, o 'Nﬂgmm“gdm g:':mh in
Lu Cmcu. New Mexico. : . 1960 Kenny Road
s . . ~ Columbus, Ohio 43210
@ o MINLLIST related to existing instructional (614) 486-3655, ext. 63

Instructional Resources for Vocat:on al Education
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IN[CONSTHRUE

resources and materials in solar energy
systems, developed by The Resource and
Referral Service, Rescarch and Develop-

ment Exchme

" @ Bibliographies developed by National
Solar Heating and Cooling Infognation

, , Sponsored by:
Center related to: ™7 °  TheU.S, Office of Education

1. employment impact of solar

energy. .
‘2. marketing potential on the growth / .
of solar energy. THE: NATIONAL CENTER
3. solar energy system design. . o FOR RESEARCH N VOCATIONAL EDUCATION

THE OHIO STATE UNIVERSITY
1960 KENNY ROAD « COLUMBUS OHIO 44210
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. WHAT ARE “SPECIAL PACKAGES'? WHO CAN USE THESE PACKAGES? " .
® Instructional Re'sources related Secondary and Post-secondary 'l‘eachers
" to growing and developmg . and Vocational Education K
occupations. Administrators . '

¢ Included are Instructional Program ' :
Co:nponents, Resources Lists, :

Gecupational Information, Program
Development Guides, Curriculum
Materials, and Special Studies. "
WHAT IS THE ROLE OF THE
NATIONAL CENTER REGARDING
SPECIAL PACKAGES?
., - The three objectives of the Special
WHICH GROWING AND DEVELOPING - Packages Project are: N
OCCUPATIONS AND SPECIAL AREAS ' .
ARE RECEIVING EMPHASIS IN 19787 - e To identify and select resources to

meet the needs of vocational educators
in growing and developing occupations.
® Biomedical Ins:rumentation Technology _ -

o Ex{trepreneurship ® To disseminate selected resources.

Instructional Resources for Vocational Education

'SPECIAL PACEKAGES

. ¢ Energy Conservation in Construction ® To assist vocational educators in devel-
Trades oping skills in evaluating and adapting
. . _ instructional resources.
® Business and Office with Emphasis
in Interpersonal Skills
¢ Occupational Survival Skills _ —
® Skills for Developing and Evaluating FOR MORE INFORMATION CONTACT: ("
Curriculum and for Adapting Instruc- Pro : . \
: s s : gram Information Office ..
tional Resources to Existing Curricu- National Center for Research in Y

lum . Vocational Education
1960 Kenny Road

[}

l“

. - Columbus, Ohio 43210
- / .. (614) 486-3655, ext. 63

‘ THE NATIONAL CENTER
Sponsored by: . FOR RESEARCH grhi"vopn;om EDUCATION
The U.S. Office of Education * SR L e &




FOREWORD \

D 4

~

Vocational Education must respond to growing and developing occupations. Therefore, there is a:
need for special packages containing practicel and easily-adapted models, materials, and information
in the occupations so that secondary and post-secondary school administrators and §eachers car
respond to these occupational needs. The National Center for Research in Vocationd! Education
has identified, selected, and is disseminating instructional resources in five special packages during
1978. in addition, the National Center is giving assistance to vocational educators in using these
resources.

Energy conservation legislaticn has created a need for up-dating instructional materials for the

building trades. These materials reflect changes in the traditional techniques related to insulation,
heating and cooling, as well as introducing alternative sources of energy. Recognition is due Laurie

‘Keaton and Everett D. Edington, New Mexico State University and the Resource and Referral Ser-

vice, a part of the Research and Development Exchange, the National Center for Research in Voca-

~ tional Education, for their contributions to this energy-related special package.

The National Center is indebted to Robert S. Peterson, Texas Education Agency; Roger Haskell, -
University of Tennessee; Mary Bizabeth Milliken, University of Georgia; James Burrow, University
of Northern lowa; and Mar  Charles, Pinellas County School System, who served as consultants

-for the direction and validati. of occupational selection criteria. David D. L'Angelle supervised

the Special Packages development assisted by Jo-Ann Cherry and Janice T. Adkins.

.

‘ . , Robert E. Taylor
v ' Executive Director
’ The National Center for Raesearch
. ‘ in Vocational Education
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SPECIAL PACKAGES FOR OCCUPATIONAL SERVICE AREAS
introduction

Secondary and post-secandary vocational education teachers and administrators must respond to’
the emphases and needs of growing and developing occupations. Resource materials which can be
_used in shaping and implementing programs to meet some of these emphases and needs have been -
identified, selected, and packaged by the Special Packages Project staff of the National Center for
Research in Vocational Education. Five copnes of each Special Package are being distributed to
each state and territory. .

For 1978 emphasis was given to the following growing and developing occupatlons and special
areas: -
. Biamedical Instrumentation Technology
. - Entrepreneurship
Occupational Survival Skills
Energy Conservation in Construction Trades
Business and Office with Emphasis in Interpersonal Skills
Skills for Developing, Evaluating, and Adapting Instiuctional Resources to Existing
- Curriculum

Selection criteria for resource materials included in the 1978 Special Packages were:

Relevance to Occupational Area
. Taraet Audiences :
_Instructional Pfog\ram Design (Competency based, Modularized) ' v
Validation/E valuation Data
Reproducability - .
Cost of lmpIemmtatlon/Addptat.on
Sensitivity to the Spvc.al Needs ¢f Groups
Flexibility ‘
v - Innovativeness -
o Marketability )
Sex and Ethnic Fairness : N
Availability of the Materials

The modular format is a common characteristic of all resources being disseminated  This concept
Is evident in packaging as well as content. Three ring binders allow for a flexible packaging
arrangement and organization of instructional resources, Materials may be added, deleted, repack -
aged, or modified in accordance with tha needs of the user. The content arrangement promotes an
individualized approach in that students can proceed through the necessary modules that meet
their own training needs. At the same time, on-site training using specific modules can be provided
without disrupting the continuity of the instructional program. - For example, if training on a spe
cific kind of equipment is necessary that is not available at the s:hool; the teacher could provide
that training in an actual work environment, Finally, curriculum updating and revision can be
accomplished with minimum disruption to ne instructional program. As the occupational area
grows, the changes to the technology can be inserted into the curricujum.

10
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SECTION | I.

SECTION |1,

SECTION Iil.
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SOLAR ENERGY INSTRUCTIONAL PROGRAM

"UNDERSTANDING SOLAR ENERGY SYSTEMS”
Educational Research Center, New Mexico State University
-+ A modular program directed to vocationa! educators in the construction trade

with basic information about solar energy systems.

MINILISTS COMPILED BY THE RESOURCE AND REFERRAL SERVICE,
RESEARCH AND DEVELOPMENT EXCHANGE
— Related to resources for schoal energy needs.

OTHER RESOURCES

A.

Bibliography on EmploYment Impact of Solar Energy \
National Solar Heating and Cooling Information Center

Bibliography on Market Potential and Projections of Growth of Solér Energy
National Solar Heating and Cooling Information Center

Bibliography on Passive Solar Energy Designs and Systems
National Solar Heating and Cooling Information Center

Brochure—Films and Slides, Solar Energy for Heating and Cooling of Buildings
National Solar Heating and Cooling Information Center

Energy Conservation in Buildings
National Solar Heating and Cooling Information Center

Energy Education Materials
National Solar Heating and Cooling Information Center

List of Published Standards, Coges and Performance Criteria Relating to Solar
Heating and Cooling Applicatiofs
National Solar iHeating and Cooling Informution Center

Solar Energy Publications Available from The Government Printing Office
National Solar Heating and Cooling Information Center

Solar Retrofit Bibliography :
National Solar Heating and Cooling Information Center

Solar Standards Organizations
National Solar Heating and Cooling Information Center

L]
Sources of information on Alternative Energies
National Solar Heating and Cooling Information Center
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Colleées and Universities - United States
National Solar Heating and Cooling Informatien Center

Vocational/Technical SchoclsICOursesfSolar-Rglated
National Solar Heating and Cooling Information Centey
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* Uriderstanding Solar Energy Systems -

Laurie Keaton Everett Edington

NEW.MEXICO STATE UNIVERSITY

Merle Stephey
~ WISCONSIN VOCATIONAL STUDIES CENTER

Wisconsin Vocational Studies Center

o " University of Wisconsin-Madison
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This .report was edited ?Tom Federal research project No. 498AH6011, Grant
No. G007603862. The research reported herein was performed pursuant to a
grant with the Office of Education, U.S. Department of Health, Education
and Welfare. Contractors undertaking such projects under Government spon-~
sorship are encouraged to express freely their professional judgment .in

“ the conduct of the project. Points of view or opinitns scated do not, !
therefore, necessarily represent official Offi{ce of Education position or
policy. ’
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Preface to
- Solar Energy Instructional' Module
"Understandtng Solar Energy Systems"

b - A, . - )

In 1977 a research project was undertaken to determine manpower ueeds
in emerging energy fields in Arizona and New Mexico. It was found that one
of the fields with the greatest growth potential was in solar energy. -While
there is not a need for "new occupations' in the solar energy industry,
there is a real need for those persons in existing skill areas to be tvained
to have a basic understanding o” solar energy systems. This need cuts across
all types of occupations from sales to assembly to installation. -

This instructianal package is to help meet this need. It is designed
for programs of pos&'high school technical education and adult education
programs. It could be used in both pre-service and in-service installation
of solar energy systems but to provide a besic understanding of such Systems.

(N |

o Laurie Keaton
Everett D. Edington

* - i
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UNIT I .

P

USING SOLAR ENERGY

"UNIT OBJECTIVE

After completion 6f this unit, the student should .be able to explain

why solar energy should be developed as an energy source and describe some

characteristics of solar radiation. . This knowledge will be evidenced by

scoring 85 percent on the unit. test.,,

SPECIFIC OBJECTIVES ‘ -

Upbﬁ-completion of this unit the student will learn to

"10‘

2.
L3

4.
s,

Assoclate correct definitions with-the common terms relating
to solar energy.

Distinguish between renewable and nonrenewable energy sources.
Name some uses of -solar energy.
Identify correct statements about solar radiation.

Identify accurate statements about problems aésociated with using
solar energy.
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1.

.Terms and Definitions -

5

Btu - British thermal unit, a measure of hLeat

Biomass conversion = energy from the sun is stored through the process
of photosynthesis in plants, i.e., in organic material. Chemical
processes can be used to change ‘the organic material to simpler
forms with an accompanying rélease of energy.

Diffuse radiation - the solar radiation striking the surface of the .
earth after its direction has been -changed by reflection and
scattered by particles in the atmosphere--nondirectional rays.

Direct radiation - direct or parallel rays from the sun.

-t

Energy - the ébility to do work.

Insolation - the amount of solar radiation actually striking the
surface of the earth.

Nontencwable energy source - a substance found in nature which cannot be
replenished and which can be used to obtain energy in some form. Coal,
gas, uranium are examples of nonrenewable energy "sources.

Photovoltaic - direct convetsion of . the sun's energy to electricity.

Radiation - any object which is warmer than its surroundings transmits
heat waves (similar to light waves, but invisible) and, thus,
emits energy. Heat transfer occurspby photons.

Renewable energy source - a substance which occurs in nature and the
supply of which cannot be depleted by use.

Solar constant - the amount of solar energy striking the outer atmosphere
of the .earth varies only slightly and can be treated as a constant.

Thermal pollution - the discharge of heated waste into the natural envir-
onment at a temperature detrimental to exieting ecosystems.

Watts ~ a measure of power in the metric system (¢.g., a 25-watt lightbulb)
& ¢ .

.
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. Iuformation Sheet

Ao

Importance of Solar Energy . A
The oil embargo of 1973 brought to the attgntion of the American

people how dependent thg;United.S%ates has Qgcome on impofﬁed oil..

Sinbg that time, efforts have been made to assess the nation's energy

needs and supplies. w1th.th;s focus on the question'pf the aVailab;lity of
energy resources in this country has come an increased interest in solar
energy. ' '

Those energy sources now. used--coal, gas, and uranium--are available
only in. fixed quantities. When that quantity is used up, .there will be no
mora. For this reason, these are called nonrenewable energy sources. '
These energy’sources present problems not .only beca@sg they are nonrene;able
energy sources, but also because they create probiems. The burning of
fossil fuels pollutes the atmosphere. The waste from nuclear-fired power
pPlants preéeuts hqgards. All contribute'tq thé therqgl pollution of our

environment. Thermal pollution can result from high Lemperature exhaust
gases (e.g., air pollution from smokestacks) or fromch}gh temperature

water effluent (e.g., water pplluéion from nuclear coolants).

On the other hand, solar enefgy is a repnewable resource. In using
the sun's energy, man will not exhaust the supply. Not only is solar
energy plentiful; but also its use does not create pollution problems.

‘The sun is the original source of almost all of:the earth's energy.

Applications of Solar Energy

Man has made use of energy obtained from the sun for thousands of
years, especially to heat water and to dry food materials. Wind energy’
and geothermal energy are forms ®f solar energy. Both are used today

d directly from the sun include the generation of

for a number of purposas (e.g., pumping and heating water). Other appli-
cations of energy obtai\i

electricity through solar%thermal applications or photovoltaic cells. Also,

synthetic fuels can be obt;ined from solar energy in bio-mass conversions to
‘methanol or indirect combustion of cellulose. '

The application of solar energy considered here will be'for heating
and cooling buildings, heating of domestic hot water, and heating of water

for swimming pools.

.
=
?
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.Solar Radiatinn LI : S L . I ¢

Energy is transmi:ted from the sun to the earth by radiation. Solar

“radiation is transmitted from the sun in wavelengths, of which visible

light represents.only a amall portion. The 1ntens$ty of the radiation
reaching .the upper surface of the earth varies slightly because the sun's
output varies. Also, the distance betweén the sun and earth varies
because of the elliptical nature of the earth's orbit about the sun.

These variatiohs are considered to be so minor that the amount of
solar.tadiation reaching the outey’atqpsphere is treated as a constant.
The solar constant equals very nearly 429.2 Btu's per squﬁre‘foot per hour,
or 1,353 watts per square-meter.. it is the 1ntensik of solar radia:ioq'

'étriking a plane that is perpendicular to the sun's rays at a distance

equalling the average dis:ancg of the surface of the earthfs outer atmo—'

sphere from the sun (see Ttanséérency 1.1). S ///,
Although the amount of solar radiation striking ‘the eq_rth's outer atmo=- 7 .

.sphere ig relatively cofistant, not all of that energy actually arrives at =

the surface of the earth. Almost one-half of the energy either is-reflected

by particles in the atmosphere back into space or is absorbed by material

in the earth's atmosphere (see.Transparency 1.2). ' :

Insolation is the amount of solar radiation which actually strikes the

earth. Insolation, the solar radiation actually reaching the earth, is of
three types: direct radiation or parallel rays, diffuse radiation or non-

directional rays, and rays reflected from the ground or from building surfaces
(see Transparency 1.3). . a
.The amount of insolation available at any given point on the earth's sur-
face 1s affected by: 1) the purity of. the earth's atmosphere, 2) by'the
distance the radiation must travel through the atmosphere, and 3) by the
angle at which solar radiation strikes the earth's surface. As the radia-
tion travels through the earth's atmoéphere,.enérgy is absorbed by particles
in the atmosphere. How much is absorbed depends on the amount of water vapor,
dust particles, or other matter present in the atmosphere.
Not only do the water vapor and dust particles absorb energy but also, @ﬂ

these particles will reflec; or deflect some of the sun's rays.

4,
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Thus some of the solar -radiation is lost when the solgr rays are
reflected ‘back into space. Other rays become diffuse, or nondirec-
tional. How many rays becomé diffuse or are reflected depends upon
the purity of the atmosphere (Transparency l.3).

The distance tHe solar radiation must travel through the earth's
atmosphere affects the amount of insolation available. The distance
traveled affects how much radiation will be lost through absorption
and reflection. It also affects how much diffusion of the solar rays
will occur. L

How far ghé rays must travel through the atmosphere is determined
by the sea;on of year and time of day. If the sun is low in the sky .
(close ﬁo'the horizon), the radiation must travelia greater distance
through the atmosphere before striking the surfact.of the earth
(Transparency 1.4). )

Also, radiation is most effective if the rays strike a surface '

-perpendicular to the direction the rays are traveling. The energy

~ avallable decreases the more that the sun's ruays vary from the perpendi-

cular '(as measured by the cosine of the angle). Therefore, direct or.
parallel rays are of greater energy value than are diffuse or nondirec-
tional rays. Transparencieq 1.5 and 1.6 give a wisual representation of
the importance of the tilt of the receiving surfacé. ‘ \

The length of time radiation strikes a surface must also be considered

when discussing the amount of insolation available at any given point on the-

surface of the earth., This fact again indicates that the angle at which
radiation is striking the earth and the season of year are of great impor-
tance. These factors affect how murh insolation is available for use as

an energy source and will be discugsed in Unit 2.

Problems in Using‘Solar Ene 18y

Solar radiation 1is sufficiently diffuse that large surfaces are needed
to collect the available energy. For example, in Albuquerque, New Mexico,

one square meter (approximately 3' x 3') will supply only two percent of

5
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Ztﬁe heating needs fqr‘an average house. On the other hand, the total
solar energy striking}the roof and south Qall of the house is five to
ten times more energy than is used in an average house for all purposes!
. Solar energy is intermittent. Energy arrives only during the day-
3 light hours and during periods of cloudy weather or winter storms, more '
energy may be lost than gained. For this reason, storage or auxiliary
heating systems are essential. .
At present, solar energy systems are best suited for low tempera-
ture operation. Some work is being done to develop solar furnaces which
concentrate solar radiatioﬂ to obtain extreme high temperatures. For use
in dwellings, however, a low temperature technology'is most suitable at

present.

-
LY
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' ASSIGNMENT SHEET '
_;.' \ ‘ 4 ') . \“

Why should we develop the sun's energy as an. aCergy resource?
n\

,Explain why we can talk about the "solar cona:ant."

Tell why only about one—half of the solar rau.ation which strikes the
earth's atmosphere actually arrives at the surface of the earth.

Explain why the distance the padiation must ttavel through the earth's

atmosphere affects the amount of solar energy available at a particular
spot on the earth,

H

Name two pfoblems lnvolved in utilizing solar energy.

)
-

O



1.

UNIT TEST--USING SOLAR ENERGY

Match definitions to terms

a.

b.

Energy

Nonrenewablehgnergy source
Photovoltaic

kadiation

Direct radiation

Diffuse radiation
Insolation

Solar Constant

Renewable ‘energy source

Biomass conversion

2.

7.

8.

9.

10.

L%

Direct conversion of solar
radiation to electricity.

Solar energy striking the outer
atmpspbere of the earth varies
only slightly.

Solar energy stored in organic
material3 is released through
chemic%lﬁprocesses.

Abils.cy\\:q do work.

Transmis\iqg of heat waves from

a warmer to,a cooler surface.
1A
THe solar energy reaching the

surfuce of ‘the earth.
\

Use of the resource to obtain
energy will lead to depletxfn of

the resoutce.\a

Sun's rays are;reflected and’
scattered by particles in the

atmosphere. %

Naturally occurring source of

energ& which cannot be depleted.

Papallel rays from the sun.

i

\
\
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2. Indicate with an N those.energy sources listed below which are nonrenewable.

Mark with an R any renewable energy sources included in the list.
—_8, Coal

b, Uranium = . A

¢, Wind

__d. Gas

e, Sun

3. Name thtee applications.of solar energy.
.q\'-. & 1.
3.,

.4, 'Mark with a "T" the following statements about solar radiation which are

. © . true. Mark false statements with an "F".
\ - ~
R 3 1. All solar radiation whicii strikes the surface of the earth is direct
y radiation.
A\
Y \ : 2. The intensity of the radiation reaching the .upper surface of the
' \ {, " earth's atmosphere does not vary.
i '—._ 3. The intensity of the radiation reaching the upper surface of the earth's
! X: atmosphere varies slightly because the sun's output varies.and because
: : . _ \ - of the elliptical nature of the earth's orbit around tﬁa\sun.

- ‘4. The solar constant is computed as an average.

é i 3. Very little of the solar radiation striking the surface of the earth's
! . Atmosphere is lost by reflection or absorption.,

6. As solar radiation travels through the earth's atmosphere the rays

become more direct. -,
7. Radiation is most effective if the rays strike a parallel surface.

' : 8. The greater the distance the solar radiation must travel through the

- PSR
. g
e

em——

atmosphere, the greater will be the loss of energy through”absorption

L and reflection.

2
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5. Mark the following statemerts with a "T" if the statement is true, or

' with an ??” if the statement is false.

—1. The amount.of solar energy availlable can be calculated.
2, Large surfaces are needed to collect the.available solar energy .
3. The amount of solar'énergy“strikiné the roof and south wall of an
average house 1s less than the amount of energy normally used by

the average household.
4. Storage or auxiliary heating systems are needed because solar

. energy is not always available for collection.

L

E]
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ANSWERS_ TO ASSIGNMENT SHFETS AND UNIT I }{EST L .
™ . o : ‘

Angpers.to Assiggmént'l

ks

Answers to Assignment 2

The sun's energy is a renewable resource. Man will not .exhaust the supply.
] . .

-

-

Y

The solar energy, which is transmitted to the ga:th,;strikes the surface

of the earth's atmosphere at a relatively constant rate. There is a .
,sligbt variation only as the sun's output of energy varies, There is also
'some variation in the amount of energy received because the distance between

the sun and earth varies owing to the elliptical nature of the earth's orbit.

However, these variations are considered so minor that the amount of radia-.~

tion striking the earth's outer atmosphere can be thouéht of as a constant

&

and is called the "solar constant'.

Angwers to Assignment 3

The amount of solar radiation actually striking the surface of the earth is
far less tham the amount striking the surface of the earth's outer atmosphere.
because large amounts of the solar radiation are absorbed by particles in the
atmosphere. Also, large amounts of radiation are reflected back into space

. by. clouds or materials in thelatmosphere.
-

Answers to Assignment 4

&

As solar radiation travels through the earth's atmosphere, more radiation

1s absorbed and more rays . become diffuse.

Answers to Assignment 5

Problems associated with the use of solar energy are (1) that solar energy
is a diffuse source of energy, thus requiring large surface areas tc collect
the energy and (2) that solar energy is intermittent, thus requiring storage

and even auxiliary heating systems.

P
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‘Answers To Unit Test 2
a. N
b. N
c. R
d. N
e. R

Answers to Unit Test 3 (name three)

1..To dry fodd
‘ 2. To heat water : . \
3. To heat buildings

4. Generation of electricity

5. To obtain synthetic fuels through biomass conversions
6. To cool buildings

o

Answers To Unit Test 4 Answers to Unit Test 5

1. F 1. T
2. F 2. T
3.7 3. F
b T R
5. F
6. F M .
7. T <¥
" 8. T
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1. SOLAR CONSTANT.

THERE IS A NEARLY CONSTANT AMOUNT OF
SOLAR ENERGY STRIKING THE OUTER
ATMOSPHERE — 429 BTUPER SF PER HOUR

— AND THIS QUANTITY IS KNOWN AS THE v
SOLAR CONSTANT °

NOTE

You cannot increase the amount of solar energy
striking a collector of a given size by focusing You
may increase the collector's efficiency. or the
temperature of the working fluid

From AIA Research Corporation, Solar Dwelling Design Ccncepts, Washington, D.C.,
Government Printing Office, May 1976.
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Transparency 1.2

4. ABSORPTION AND REFLECTION.

@  NEARLY HALF THE SOLAR RADIATION ENTERING
THE EARTH'S ATMOSPHERE IS LOST THROUGH
ABSORPTION BY MATERIAL IN THE ATMOSPHERE,

OR BY\REFLECTlON FROM CLOUDS

\
\\
. From AIA Research Corporation, Solar Dwelling Design Concepts, Washington, D.C.
Government Printing Ot’flu Phy 1976.
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- Transparency 1.3

6. DIFFUSE RADIATION |
CLOUDS AND PARTICLES IN THE ATMOSPHERE
NOT ONLY REFLECT AND ABSORB SOLARENERGY., .

" BUT SCATTER IT IN ALL DIRECTIONS BECAUSE OF -
THIS. SOLAR ENERGY IS RECEIVED FROM ALL
PARTS OF THE SKY — MORE SO ON HAZY DAYS
‘THAN ON CLEAR DAYS 'SUCH RADIATION IS
CALLED DIFFUSE. AS OPPOSED TO THE NORMAL
DIRECT RADIATION

From AIA Research Corporation, Solar Dwelling Design Concepts, Washington, D.C., '
Government Printing Office, ilay 1976,
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N | 5. LENGTH OF TRAVEL THROUGH THE
| ATMOSPHERE
MORE SOLAR RADIATION IS LOST BY ABSORPTION
AT LOW SUN ANGLES BECAUSE THE LENGTH OF _
TRAVEL THROUGH THE ATMOSPHERE IS GREATLY ™
" INCREASED (THAT IS WHY YOU CAN LOOK
'DIRECTLY AT THE SUN AT SUNSET.) HIGH

\ALTITUDES HAVE MORE SOLAR RADIATION FOR
 THE SAME REASON.

From AlA Research (orp»ratian Solar FMel]Lng_Des‘hn Goncepts

iy Washington, D.C.,
Government Printing Office, May 1976,
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Transparency 1.5
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2. COSINE LAW — HORIZONTAL SURFACE

LESS SOLAR RADIATION STRIKES A GIVEN

HORIZONTAL AREA AS THE SUN GETS LOWERIN @
THE SKY THE AMOUNT CHANGES BY THE COSINE |

OF THE ANGLE, MEASURED FROM DIRECTLY
OVERHEAD |

From ALA Research Corporation, Solar Dwelling Design Concepts, Washington, D.C., ‘
Goverument Printing Office, May 1976, .
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Transparency 1.6 -
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3. COSINE LAW — TILTED SURFACE ~
- THE SAME LAW APPLIES TO A TILTED. SURFACE.
@ SUCHASASOLAR COLLECTOR BY TILTING THE
COLLECTOR SO THAT IT IS MORE NEARLY
PERPENDICULAR TO THE SUN, MORE ENER&Y
 STRIKES ITS SURFACE - -

From AILA Research Corporation, Solar Dwelling Design Concepts, Washington, D.C.,
Government Printing Office, May 1974,
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" UNIT II
LOCATING THE SUN
2

UNIT OBJECTIVE -

After completion of this unit, the student will be able to explain-the
importance of the position of the sun in relation to the earth for making
use of the sun s energy. This knowledge will be evidenced through demonstra-

. tion and by scoring 85 percent on the unit test.

SPECIFIC .OBJECTIVES ’ oo

Upon completion of this unit, the student will learn to

1. Associate correct definitions with the new terms in the unit.
' . . !
2. Identify correct statements about solar radiation and the importance

of the earth's location with respect to the sun.
3. Complete sentences referring to the sun's location in the sky.

4. Identify'true statements explaining why it is important.-to know the

location of the sun.d . . ¥

Editor's note: An introductory astronomy textbook can be a valuable source
for further explanations and additional examples of the material
in this unit. ’

20



o

. N

s
RS

\

* . ) 1 *

5

.

4

*

Terms and Definitions

Solar azimuth - the angle on a horizontal surface which measures the

Declination angle ~ the angle between the plane of the earth's rotation
. around the sun and the earth' equaturial plane in a direction

facing the sun. L .

%, a

Earth-sun line - an imaginary line between the center of the sun and the
center of the earth. :

i
i

. Equatorial plane - an 1maginaty plane through the earth's equator and
perpendicular to the north-souch axis. . -

Irradiation - exposure to radiant energ .

Latitude - the angular distance north or south from the earth's equator ,
measured through 900, '

Solar altitude - the angle of elevation of the sun above the horizon.

difference between the direction of a fixed point (e.g. true south)
and the direction of the sun.

Solar noon - that time of day when the azimuth angle is 0° » when the sun
is due south of an observer.

21
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> Information Sheet: Locating the Sun ' ; / b ‘
L e B .'r' g
|

The EBarth's Tilt

: As the earth follows its nlliptical path around the spn,//; also -i
rotates around its own axis. This axis can be defined as a %}ng drawn
through the north and south poles. The earth rotates once afound its ,/,
own axis every 24 hours (one day) and once around the sunI7Very 365.25
days (one year). /

The axis of the earth's rotation is tilted at an angle of 23, 5

This angle is calculated relative to the plane of the ‘earth's orbif
around the sun. The direction of tilt of the axis is constant, even as"
the earth rotates about its own axis and as it travels around the sun :
(sce Transparency 2.1). The constant angle of tilt means that the point ’
on the garth’s surface receiving the greatest amount of solar radiation //ﬁ;
varies. The greatest amount of radiation is received at the point on the '/;g)/
surface most perpendicular to the sun's rays (see Transparencies 1.5 and A
1.6 in Unit I). Relative to the equator, the point moves north and zouth ’_ /‘
between the Tropic of Cancer (laritude 23.5° north) and the Tropic of

Capricorn (latitude 23.5° south). What the sun "sees" ié diagrammed in
Transparency 2.2.

As the earth orbits about the sun, the tilt of the earth's axis

causes the angle between the ditrect earth-sun line and the equatorial -
plane to change. This angle, called the angle of deciination (Trans-
parency 2.3), changes according to the date Qf the year. The change in

declination determines how much sunlight will scrike a surface. Thus,
the change in declination explains varintions in the intensity of solar
radiation at different places on the earth's surface. It explains varia-

tions of the temperature at differenr times of year.

The Sun's Position In The Sky

The solar azimuth (see trunsparency 2.4) 1s an angle on a horizontal
surface obtained by measuring the difference between true south and the
sun's direction at that moment. The azimuth is defined to be 0°
solar noon. The solar altitude is the sun'e angle of elevation above the

horizon. By knowing the solar azimuth and the solar altitude, one can state ‘

22 3 ¥
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' the position of the sun for any latitude at various times of the day.

With t?is jnformation, insolation values (see Unit I) for a given latitude
can bé.obtaiﬁed. Tables giving the altitude and azimuth angles at differ-
entfiatitu§es and for different hours of the day are available in the
ﬁgﬁRﬁE Hagﬂbook of Fundaqentalé (1972). '

The ;ggprtance of Locating the Sun .
,/ Kunowledge of the solar azimuth angle and the solar altitude angle,

i.¢., knowing where the sun will be at a specific time on a particular
ddy, can help in planning a solar dwelling. By knowing the location of the

sun at critical times, one can determine at what times hoqse suf@aces will

- be shaded during each season and the intensity of solar radiation available.

For example, during the summer months, the sun may spend a substan-
tial portion of the day to the north of an observer in the northern hemi-
sphere (see Transparency 2.5). Because the sun moves farther north in

'.the summer, south-facing windows can be shadéd”by an overhang during the
heat of the summer day. 1In this way, solar radiation is prevented from
adding to the heat of the interior during the'summer months. Yeﬁ during
the winter months, because the sun has moved.farther squth, a properly
designed overhang will not shade the south-f&cing windows. This means
the direct rays of the sun can be used as a source of energy for wa;ming
a dwelling in winter, and yet not add to summer cooling problems.

The position of the sun is important in determining how to place
collectors tp absorb a maximum amount of solar energy. A surface placed
perpendiéular to the direct rays of the sun will absorb the greatest amount
of energy from the sun. Thus, depending upon the intended use ;f the energy
collected, one may wish to tilt a solar collector so that it receives direct
rays from the sun at one time of year and not at another.

In Sunspots (1975), Steve Baer suggests a simple method for illus-
trating how much surface will be exposed to tﬁe sunlighi at a specific time.

Simply place a rod so that it extends perpendicularly from the flat surface

of a board. Keeping the rod perpendicular, tilt the board toward the sun

3
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until there is no shadow. This will be the maximum amount of sunlight
for that season and time of day. In this way one can visualize what
orientatior of 'a surface will affect the amount of exposure to the sun.

Orientation depends on the amount of irradiation desired on a specific

i
surface.

9
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ACTIVITIES--LOC@TIO&&QF SUN \\

€,
3

Activity 1

A.

. Procedure k

Materials Needed

1., Protractor

2. Paper .

3. Pencil ' T ¢
4. Model of house, showing overhang, drawn to scale. -

3. Window cutouts, to scale: '3', 4', 5%, 6' high. oi s

/
6. Table showing sslar position for your Latitude on June 21 and on.

December 21. J, . \&§§~/;,f_d—m»4w?“

1. Set protraégbr so that side of house 1  at center (90°) of prot}actor
and so tbat/;Bttom of protractor is ai ground level. ,

ﬁ;o Reading from table, mark altitude angle at 8:00 a.m. on June 21,

3. Using broken line for angle at 8:00 a.m., .draw parallel lines to side

of house, maintaining the same altitude angle. Observe where the over-

- hang stops the line, see ekample‘in Transparency'2.6. ‘ .‘ .

by Bepeab "2" and "3" for altitude angles at 10:00 a.m. and solar noon -
on June 21, Use a dgtted liue for 10:00 a.m. and a solid line for |
solar noon.,

5.- Us%né a .second model, follow the same steps for December 21.

6. Pl?ce windowsébtodts on side of house to determine placement for optimum

. &

shading.
.- ;]
What Has Been Learned?.

1. What is the effect of the overhang in shading a south-facing window?

2u.'Whatlc6uid be done in summer to avbid,overheating?

3. ‘What can be achieved by a smaller window, placed higher in the wall?

Would this inferfere with collection of solar radiation in winter?

Why? o

4, Where,w%ll the ‘sun be at 2:00'p.m. on each day?

5. This activity‘taié; only solar altitude into comnsideration. How does
the azimuth angle éffect where the sun will be?

6. How could the optimum angle for a flat-plate collector situated on the

<

roof of your bpildiﬁg be determined? See Transparency 2.7.
25 . ,
- 41



Activity 2 ' '

™~ - e

A. 'ya:erials Needed

B.

C..

l. Protractor

2. Paper

3. Pencil

4., Table showing solar position for your latitude on June 21 and on

" Decerber 21.

Procedure

1. "Establish north--outh aud east-west lines on a piece of paper.

2. With the -protractor, mark off the azimuth angles, using duc south
as 0° and counting the degrees east or west from that point, for
varions times of day. Use a table for the latitude at which ﬁou
live (see Transparency 2.8).

3.

1.

Mark off the azimuth ang}es for June 21, March 21, and December 21.

‘Vhat Has Beeh Learned?

How dves the angle at which direct solar radiatioﬁ strikes a surface
affect the anount of radiation available?

How does the above question bear upon.the.solar azimuth? ”

If the altitude ‘and azimuth points for a given date could be plotted
on a three-aimensional graph, the résult;ng line would represent the
sun's path across the sky on that date. Transparency 2.9 re, a2sents
the sun's path on December 21, March and September 21, and June 21.
How do these drawings relate io the angles you have plotted for
altitude and azimuth? |

-~
te
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~ ASSIGNMENT SHEET: LOCATING THE SUN

1. a. List two ways in which the constant tilt of the earth's axis affects

human being;.~

b. Explain'the importance of the Tropic of Cancer and the Tropic of

Capricorn.

€

4

2. What information is needed to state the position of the sun in the sky at

a specific time of any day of the year.
: ’ o’
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UNIT TEST: LOCATING THE SUN . '

Match definitions to terms.

ae

b.

Declination’ Angle ; 1, Angle indicating distance north

. 1
Azimuth or south from the earth's equatoF.

Solar Noon 2. Exposure to radiant energy.

Latitude 3. Angle between the plane of the
| earth's rotation around the sun

Solar Altitude “and the ‘earth's equatorial plane

_ Irradiation ' ' in a direction facing the sun.

Insolation 4. The amount éf solat radiation
actually striking the surface
of the earth. '

5. Angle of sun's elevation above
the horizon.

6. An angle obtained by measuring
from due south and rotating until

facing the sun.

7. The time of day when the sun is

due south of an observer.

Mark with a "T" the following statements about solar radiation which are true,

and mark with an "F" those statements which are false..

a.

P )

The earth rotates once around its own axis every 365.25 dayé.

" The axis of the earth's rotation is tilted 23.50.

The greatest amount of solar radiation is received at the point
on the surface of the earth which is most perpendicular to the
direct rays of the sun.

The tilt of the earth's axis causes the constant change in the angle
of declination.

The spot on the earth most perpendicular to theodirect rays of the
sun moves from aatitude 23.5°N to latitude 15.5°S.

Variations in hours of daylight and in seasonal temperature differences’
are explained by the constant change in the angle ogwgeclination.

)
’

4 :

$
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3. Complete the blanks ia the following sentepceé using the words listed

@

N below: ' T
) ! 1. Solar Azimuth
' 2. Insolation - . v
3. Solar Altitude
4. Solar Noon ' oo )
a. The.solar azimuth is defined to be 0° at . .
b. If one knows the (i) and (i1)
for a given latitude, (iii) values can be obtained.
ey
c., Tables are avaiyaglé which give and

. angles at different latitudes and for differenc hours of the day.
4. Place an "x" in front of the statements below which are true.

__a. It is impossible to know when house surfaces wiil be shaded.

_ ‘ . b, South-facibng windows can be of value in a solar-heated house

and still not cause cooling problems in the summer.

¢. In the northera hemisphere, during the summer, the sun can

actually be north of an observer at fértain times of the day.

\ d. Roof oveihangs are of no value in solar design.

e, Flat, surfaces which are perpendicular to the direct rays of the

sun wili collect solar energy efficiently.

29
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ANSWERS TO ASSIGNMENT SHEE&AND UNIT TEST: LOCATING THE SUN ' .

\

Answer to Assignment 1
a. The constant tilt of the earth's axis causes season changes and the

length-of the day.

b. The Tropic of Cancer is at latitude 23.5° North, and the Tropic of Capricorn
is at 23.5o South. During the year, the length of time,required for the .earth
to move around the sun, the latitudinal spotlon the earth nearest the sun
moves between these two latitudes. The latitudinal angle is equal to the con-

- stant degree of tilt of the earth's axis. L

Answer to Assipnment 2
a. Solar azimuth, solar altitude, and latitude.

Answers to Unit Test 1

. s [

b.

C.

~ d.
e.
£.

-

E B \C RS I o R T )

Answers to Unit Tesf 2
&, (".

a. F

b.

C.

d,

Co

f.

.

o

Answers to Unit Test 3

a. &
b. 1. 1 Interchangeable -
ii. 3 ©
iii. 2 ' -~
c. 1,3 ‘
Answers to Unit Test 4 4(} .

b,c,e . 30




References

[+

AIA Research Corporation. May 1976. Solar Dwelling Design Concepts. ..
Prepared for the U.S. Department of Housing and Ur@an Development,

Office of Policy Development, Office of Policy Development and Re-
search. Washington, D.C.: U.S. Government Printing Office.

Baer, Steve. 1975. Sunspots, Collected Facts and Solar Fiction. Albu-

querque, New Mexico: Zomeworks Corporation.

Balcomb, J. Douglas, James C. Hedstrom, and Hugh 8. Murray. November 1976.

Pacific Regional Soiar'ﬂeatiqg_ﬂandbook. Prepared for United States Energy
Research and Development Apministration.. Los Alamos, New Mexico: los Ala-
mos Scientific Laboratory. Available from Supenintendent of Documents, U.S.
Government Printing Office.

- Solar Energy Utilization for Heating and Cooling. 1974. (ompiled by John I.
Yellott for the American Society of Heating, Refrigerating and Air Condi—
| tioning Engineers. Washington, D.C.: U.S. Goyernment Printing Office.
" Reprinted from Chapter 59 of the 1974 Edition, Applications Volume, of the
ASHRAE Guide and Data Book series. |

31



[
N

< L - Transparency 2.1 ' " "

.o | NORTH POLE

MARCH 21 DIAGRAM OF THE EARTH 'S PATH
SPRING EQUINOX

The earth 1ts 23 5 reiative 10 the plane of o«
around the sun Soisfhices and BAUINOXES SOV
' onorthern hemisphere

DECEMBER 21
WINTER SOLSTICE

~ JUNE 21
SUMMER SOLSTICE

SEPTEMBER 21
FALL EQUINOX

From AIA Research Corporation, Solar Dwelling Design Concepts, Washington, D.C.,
vovernment Printing Office, May 1976.
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Transparency 2,2
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ARCTICCIRCLE  NORTH FOLE

TROPIC OF CANCER
tLat 235° N)

EQUATOR

TROPIC OF CAPRICORN
{Lat 23575

MARCH 21 JUNE 21 SEPTEMBER 21

From AIA Research Corporation, Solar Dwelling Design Concepts, Washington, D.C.,
Government Printing Office, May 1976.

HU ’

4

DECEMBER. 21

b1



. —

Traasparency 2,3

")

equatoris! plane

&

———
?

earth-sun line &

P Stin



o

O

ERIC

Aruitoxt provided by Eic:




“Transparency 2.5
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Transparency 2.6
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© UNIT 211
_ o
SOLA! ENERGY SYSTEMS

UNLIT OBJECTIVE

After completion of this unit, the studen’ will be able to explain the
brinciples governing the operation and name the component, parts of solar

energy systems. This knowledge will be evidenced by scdring 85 percent. on
¢ s C
the unit test. | |

-SPECIFIC OBJECTIVES

ks

‘Af;er complqtion of this unit, the student will learn to
1. fissociate correct definitions with the new terms in the unit.

2. Identify true statements referring to solar energy systems.

#
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1. Terms aad Definitions . ' .
. ( . M .
Active Solar Energy System - thermal energy is transported from the
collectors to storage and then to the distribution system in
a reguhated way, using mechanical pumps and thermal controls.

Collectur - a device for receiving solar radiation and converting it to
heat in a fluid.

Conduction - heat flows through different materials at varying rates.
Copper is an excellent conductor of heat; insulating materials are °
poor conductors. Heat transfer by conduction occurs only when two
surfaces are in direct physical contact because heat transfer 1is
caused by molecular scale vibration. :

Convection - when two surfaces, one hot, the other cold, are separated by a .
thin layer of air, moving air currents are established that carry:
heat from the hot to the cold surface. In convection, heat transfer

is by large-scale fluid motion.
. &

Distribution ~ the component in a solar energy system whereby the thermal
% energy in storage is made available at the point of use. . .

Passive Solar Energy System - heat is transported by natural means, and the
components are typically integrated into the basic design of the
dwelling, so that few, if any, mechanical devices are needed in the .
system.

Radiation - any object which is warmer than its surroundings transmits heat
waves (similar to light waves, but invisible) anu, thus, emits energy.
Heat transfer occurs by photons.

Storage - the component in a solar energy system which retains the solar ehergy
which has been collected for later usegeither at night or on cloudy
days.

System - a regularly interacting (or interdependent) group of components forming
a unified whole.
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" Information Sheet: Solar Enetgy'Systcms - )
Systems , ) | )//
A system is a regularly interacting (or interdependent) group of

components forming a unified whole. We observe systems in nature, e.g., o
the human body (a biological system), or the pond (an ecological system)“
In addition, we design systems out of physical parts. An automobile is
a physical system made :0f parts which must work together if the system
is to fulfill its design purpose (e.g.% if it is to provide transportation-
from one place to another). To understand a éystem, it is necessary to
undefstand the parts and how they function. However, it is important to -
understand not only how the parts function individually, but also, how
they function as a unified whole to accomplish the desired end. Very often,
lndividual components may function very well separately and yet not function
well at all when joined with the other components in the 'system. The parts
of a system are interdependent. How one component functions will affect how
other components function. _ | _

A solar energy system is a system designed to use solar radiation as
an energy source. The system can be used to heat or ¢éol dwellings, to heat
domestic hot water, to heat a pool, and so on. The parts or components of a
solar energy system are the collector(Unit IV), storage(Unit V), and distri-
bution (Unit VI), Transparency 3.1 represénts schematically a typical solar.
energy system, ‘Solar radiation is absorbed by the collgétor, placed in |
storage, with or without the assistance of a transport medium‘(e.g., water
or forced air) and distributed to the point of usa,

Solar energy systems are usually classified as being either éctive or

passive. In an active solar energy system, thermal (heat) energy is trans-

ported from the collectors to storage and then to the distribution system

in a regulated way using thermal controls. It is necessary to use pechanical |
devices to pump the gas or liquid transport medium from the collectors to
storgge and/or to the interior of the dwelling.

In a passive solar energy system, heat is transported by natural

means, by radiation, convection, or conduction. The components are typically

integrated into the bastic design of the dwelling--the windows, walls, floor

or celling,
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ASSIGNMENT SHEET

Y

P

¢ 3
1. Name three "systems', and expiain why you think they are systems.
\ Include a statement of the design purpose, list the components, 7
and describe very briefly what might happen if one of the components .
'sled or was changed in some way.
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UNIT TEST}( SYSTEMS

1. Match terms with definitions

Systemn
Collector
Storage

Distribution

Active Solar
Energy System

Passive Solar
Energy System

Radiation
Convection

Conductiqn

[
-
(W)

7.

Heat is collected, then trans-
ported by natural means. The

components are integrated into the

basic structure of the building.

Heat transfer caused by mole-

cular scale dibration.

The coﬁponent=of a solar energy
system which carries heat to the
point of use.

Components designedito form a
unified whole. N
Component designed to retain heat

for long'periods of time.

t

Moving air currents'carry heat

from a hot to a cold surface.

Heat waves transmit energy from
a warmer surface to cooler

surroundings.

Collected heat is transprorted
through system by pumps regu-
lated by thermal controls.

Recelves solar radiation and

converts it to heat.
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2. Check the statements which are correct concerning systems generally or

~sclar energy systems specifically.

a.

b.

A system 1is designed to fulfill a specific purpose.

Not only must the components in a system function well indivi-

.dually, but also they must function effectively within the unified

whole.

if a cog?onent functions well individually, it follows necessarily
that it will function well within a specific system. . O

Heat 1is tranqurtéd by natural means in an active solar gnergy systenm.

Convection and radiation are the only natural means of heat transfer.

o
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3 ANSWERS TO ASSIGNMENT SHEET AND dNIT II1 TEST: . SYSTEMS RN

.
Ainswer tc Agsignment 1 -

Three systems ﬁight be (A) the circulatory system of the human body;

1 . (B) an ecological system, 'such as can be seen in the life%pa}ances in smal.,

| naturally occurring pond; and (C) a motorcycie or an automobile. All are
systems because they are madé up of components whi¢h must function together if

the entire system is to function.

A. The components of the circulz‘ary system are the heart and the
arteries, vessels, and veins. The purpose of the system is to
distribute oxygen and needed nutrients té the cells in the body.

If the heart stops beating, distribution ceases. If a valve in the
heart fails to close, the blood will not be pumped; if a veir or
artery were to open or close, circulation of the blood could not

continue.

e

B, 'In a small pond, vegetation, insect 1life, and animal life function
. together to suppdrt life in the pond. Biological balances between
these components cah be very délicate. Wastes from insects and
animals provide nutrientsﬁfor the vegetation. The vegetation con-
- verts carbon dioxide into oxygen for the insects and small verte-
- brates and invertebrates. A food chain exists among these creatures
and 1f one link of the chain is destroyed all those creatures above it

may die.

C. A motorcycle has a motor, a drive assembly, and a st.:ring mechanism.
Each of these components is also a subsystem made up v: “smaller compo-
pents. The total mechanism is designed to transport a person from pnint
"A" to point "B". If the motor is not functioning or if the gears do

not shift out of neutral, transportation will not occur.

¥
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Answers to Unit Test 2

4
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a,b
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UNIT IV

COLLECTORS ’

UN1T OBJECTIVES

A

After completion of this unit, the student will be able to name the

types of and function of the collector as a component in a solar energy

\, B
system. This knowledge wiii be evidenced by scoring 85 percent on the unit

test.

SPECIFIC OBJECTIVES

Upon completion of this unit, the student will learn to

1. Associate correct definitions with the new terms in the unit.

2, Select from given statements those that accurately describe general

concepts about collectors.

3. A,
B.
4, A.

g,

Identify the d:fferent types of flat-plate collectors.

Select from a list the correct advantages and disadvantages

associated with each type of flat-plate collector.
Match terms with descriptions of concentiating collectors.
Select from a list the correct advantages and disadvantages .

associated with each type of concentrating collector.

5. Identify correct statements about passive collectors.
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1.

Terms and Definitions

Beadwall - a patented insulated window in which polystyrene beads are
blown into oi pulled out of a space between two sheets of glass or
plastic by a vacuum-driven system. .

Clerestory window - a south-facing window in the wall of a room which
rises ‘above an adjoining roof; the window can be used to admit solar
radiation.

Collector -~ a device for receiving solar radiation and converting it to
heat in a fluid. ),

Concentrating colleccor - a class of tollectors which use reflectors to
focus solar radiation on a snall area.

Fenestration - the placement, eize. and design of windows and doors in
a buillding,

Flat-plate collector - a class of collecto.s so named because of the large
surface area exposed to thez sun.:

Reat-transfer medium - a liquid or ras which absorbs heat efficiently and .
moves the hoat away {rnm the colxector to storage or to point of use.

Thermosyphoning - the pzincip.le that heated gisses and liquids rise
~naturally has been applied as a means of heat transport in passive
solar energy systems., .eat built up within a wall or roof structure
can be drawn off to heat interior spaces.

Trombewall - a tvpe of passive collector which makes use of a massive
masonry wall, pairted black and placed behind a south-facing wall of’
glass. Air trapped betwcen the wall and :he glass is heated, moves up
over the wal. and into the interior space.
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Information Sheet: Collectors *

]

2. Introduction to Collectors

The collector can be any suitable surface which will absorb the
solar radiation striking the surface (insolation), and convert it to
usable thermal energy., (Note: In a photovoltaic collector, insolation
is cu'verted directly to electricity). The thermal anergy capqured by
‘the collector is transferred to a flvid within the collector. / T
This fluid, a heat-transfer medium, 1is usually a gas or liquid which
transports the thermal energy to storage or point of use.

Specific types of collecturs to be discussed are listed below. Some
collectors can be organized and operated independent of the unit they
serve (i.e., the building). Collectors can be classified according to
wheqper they are used in active or passive solar energy systems. The '
following are usually associated with active systems:

A. Flat-Plate Collectors
. i. Open~Water Collector
. 1i. Air-Cooled Collector
iii. Liquid-Cooled Colleétor

B. Conceatrating Collectors
i. Linear Concentrating Collector

ii. Circular Concentrating Collector

A second class of collectors can be referred (7 asg passive collectors.
Passive collectors serve as integral parts of the building unit. If a passive
collector is modified, the entire design of the building would havg te be
mé&ified. Some typical collectors used in passive solar systems are south-
facing windows, greenhouses, skylights or clerestory Qindows, thermosyphoning
roof or walls, and ponds (especially roof ponds).

Certain characteristics are common to all collectors. In general, a
t}ansparent sheet or plate is used to cover the absorbinyg surface of the
collector, The absorbing surface, or absorber, is coated with a dark sub-
stance to increase absorption. Most of the solar radiation transmitted

Q!' through the glass is absorbed and converted to heat. However, once heated,

*Adapted from AIA Research Corporation, Solar Dwelling Design Concepts,
Washington, D.C., Goverament Printing Of fice, May 1976,
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vercent of Pussible Sunshine Intercepted by a Plane-Misaligned x Degrees

”3 G-
Degrees Percent
0 100.0
5 . - 99.6
10 - 98.5
15 96.5 )
20 94.0
25 : 90.6
30 86.6
35 81.9
40 76.6
45 70.7
s 50 : 64.3
: '55 : 57.4
60 . 50.0
65 ' 42.3 -
70 34.2
75 25.8
. 8C . 17.4
. 85 8.7
90 0.0

Table 4.1

{ Evidently, when orienting planes to receive sunlight, pretty close is close
\ enough. If your angle is off as much as 25 degrees,'you still are intercepting

over 90% of the possible sunlight.

Source: Steve Baer, Sunspots (Albuquerque, New Mexico: Zomeworks, Inc., 1.975)
! p. 7. Reprinted by permission of the author.

£y
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the absorber will radiate heat away from it. The purpose of the cover
plate is to reduce heat loss back to the atmosphere by convection or
radiation. The cover plate, usually made of glass or plastic, will trap
heat rédiateduby the absorbing surface. While the solar radiation reach-
ing the collector is generally in the .form of ultraviolet (short-wavelength
radiation), the heat Qh@iated from the absorbing surface is characteristi-
cally long-wavelength réﬁiation. Glass and some plastics will transmit
short-wavelength radiation but absorb long-wavelength radiation. These
characteristits of the materials explain why the heat 1s trapped in the

collector,

Active Collectors

A. Flat-Plate Collectors \
hen talking about solar collecths, most people automatically think

of a flat-plate collector. The flat-ﬁque collector is simple and is widely
used. It absorbs both diffuse and direct.radiatior. The collector can be
oriented to catch the optimum insolation at desired time and temperatures
to 250°F can be obtained. There temperatures\are well within the range
needed for heating interior spaces or domestic hot water,

The flat-plate collector works best when the collector surface 1is
perpendicular to the direct rays of the sun. The tilt should be determined
by the season of year when the most solar radiation is needed for the solar
energy system; however, the tilt need not be exact. The amount of sunshine
intercepted by a misaligned collector has been calculated (see Table 4,1).

A flat-plate collector usually consists of the following: one or two
cover plates; a dark-colored absorbing surface insulated on the back to
reduce heat loss; and a transpo§ting fluid, either air or gas, which absorbs
the heat and carries it to storage or to points of use (see Transparéncy
4.1). The type of fluid used in the flat-plate collector further defines
the type of flat-plate collector. Often the type of fluid used is determined

by other components in the system,
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i; Open-Water Collectors. Water makes a good heat transport fluid for use

in a flat-plate collector. It requ}res a smaller space for piping, and it
absorbs heat readily. In au open-collector, such as Harry Thomasoa has
developed,. the water is trickled over the absorber surface. ‘The absorber
surface is usually corrugated roofing material which is painted black.

The water is distributed across the top of the cqllectors and trickled

down the grooves where the water absorbs heat from the absorbing sugface, and
and is then:caught in a trough at..the bottom and piped to storage. With:“'
out a cover, there will be heat losses by evaporation. If a‘hlass cover

is used, to prevent evaporation, water condensation on the surface can §
reduce the efficiency of the collector. A second cover sheet minimizes f

this problem.

s

Another possibility is to place a second sheet of the corrngated
roofing over the first, leaving only a small passage for the water so that
the water will be in contact with both surfaces. Open-water collectors have .

been operated successfully in the Washington, D.C. area. In cold climates ,
f

with hard freezes, these collectors should be evaluaﬁed carefully before i

installation.

This type of collector can be constructed at the building site., A
collector which can be constructed at the building fité from easily
obtained materials will be less expensive than a factory-produced collector
which must be shipped intact to the site. If there comes a time whén demand
is sufficient to justify mass production of a standard collector type, this
saving may be reduced,

{i. Hot-Liquid Collectors. Most collectors using a liquid as the heat trans-

port medium pipe the liquid through the collector box. The pipes usually

are attached to the absorber plate, and the heat transfer is by conduction.
To increase heat transfer by conduction; greater absorber surface area must
be in direct contact with the heat transfer medium. Rectangular pipe is used
rather than round tubing, thus increasing the amount of surface contact and
effecting better heat transfer. The heated liquid is transported to storage,

where the heat is transferred to the storage medium. .
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} There are problems involved in using a liquid transport medium. If
water is used, freezing is a real’danger: and repairs can be costly.
Controls can be added.to the system to prevent freezing, but the controls
themselves can be costly. Also, leaks may occur. If solutions such
as antifreeze are used, corrosion can decrease the efficiency of the
collector. However, liquid collectors are efficient in collecting and
transporting heat. The liquids used absorb heat readily and require
relatively smaller space for piping than does air.
11i. Hot-Air Collectors. Air can be used as the transport medium, By

using air, problems associated with freezing, leaks, and corrosion are
overcome. Also, the heated air can be pumped directly into the interior
space to be heated or it can be pumped to storage.

There are problems associated with using air as the transport medium,
A much larger volume of air is needed to transport heat than is needed if
a liquid is used as the transport medium. The transfer of heat from the
absorber to air presents some péoblems in efficiency, Often, a finued
apparatus, screenwire, or some other method is needed to increase contact
of the heated surface with the air (Environmental Research Laboratory,

Reprint No. 43, Tucson, Arizona: Tucson International Alrport).

B, Concentrating Collectors

Concentrating collectors use reflectors to increase the amount of
radiation striking a small area. The target area may be either a tube or a
point which ahsorbs the thermal heat. A major problem with concentréting
collectors {s that they require direct radiation. Thus they will uot absorb
heat on a cloudy day. Also, concentrating collectors require tracking
devices to follow the sun. Another problem is that the reflecting surface
must be kept clean., To date, concentrating collectors have not been used
extensively in systems designed for interior heating of dwellings. A major
advantage of concentrating collectors is that less surface area is needed to
collect solar energy in un amount equal to that collected by a flat-plate

collector.
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1. Linear Concentrating Collectors.. Linear concentrating collectors

reflect radiation onto a pipe or tube, which is the absorber. The heat-
transport medium circulates through the absorber and is then moved to the
point:of use or to storage. Fairly accurate orjentation to the sun must be
maintained, both in an east-west and north-south direction. A 1inear"
concentrating collector is illudtrated on Transparency 4.2.

i1. Circular Concentrating Collectors. Circular concentrating collectors
are dish-shaped to focus radiation on a single point . An absorber is
located on the point. " The heat absorbed is carried to point of use or

storage by a transport fluid. Circular concentrating collectors must
track the sun to collect direct rays. However, high temperatures can be

achieved which may make their use highly desirable (see Transparency 4.3).
Y
Passive Collectors

A passive solar energy system is designed to make the greatest possible
use of natural heat transfer processes-~-conduction, convection, and radia-
tion. Usually, the heat collector and the storage areas are an integial
part of the living space, and it is impossible to entirely divorce the
two componeénts in a passive system. However, homes are now being built with
one or several combinations of the individual components. The emphasis here
will be on the collector component.

A. Fenestration

Windows admit into a room solar radiation which can then be absorbed by
surfaces withiu the building. South-facing windows are used to increase heat
gain The major drawback of south-facing windows is the enormous amount of
heat which is collected. To reduce over-heating, however, massive walls and
floors can be used to absorb and gtore the heat. How massive the walls and
floors must be can be calculated so that the mass does not become a drawback.
If the mass 1s too great, it may take up too much of the heat acquired or it
may take too long to warm up after periods of low temperature.

B. Greenhouses

Greenhouses, or the south side of & house, are also used to collect heat.
However, to avoid heat loss, some kind of insulation must be available., Bead-

walls are one possibility. A Beadwall is & pa.ented system involving a space
« Y
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between two sheets of glass or plastic. Polystyrene beads are blown into or
pulled out of the space by a vacuum-driven system. Panels of insulating

- material can also be used for insulating the greenhouse to avoid heat loss
at night or on cloudy days. A massive floor c¢f rock or masonry or a

masonry wall between the greenhouse and dwelling may be neceded to avoid
over-heating,

C. Skylights and Clerestory Windows

Skylights and clerestory windows can also be used to collect heat from
the sun. It is important to note that both may need to be insulated at
night or on cloudy days. Insulated shutters are available for this purpose.,
Windows pliced in the ceiling or high in a wall can be a problem because
the heat could be trapped near the celling. Theuﬁéét admitted thiough
skylights and clerestory windows will enter at a high point in the building.
A return air register can be placed at a point high in the room. The heat
gained from solar radiation and trapped at the ceiling can thus be circulated
to floor level. A fan placed in the duct will facilitate the circulating
process.

D. The Thermosyphoniqg:Concgpt

The thermosyphoning concept, using the walls and roof, can also collect
solar energy for use in heating interior spaces. The fact that hot gases
or liquids rise can be used to employ a natural heat transport system. If
solar-heated air, trapped in an air space within a wall or roof, is waruer
than the air in the interior of the buildiﬁg, the solar-heated air can be
drawn off through venté. If the eXterior wall 'r roof is made of glass or
plastic, much higher temperatures can he obtained and the thermosyphoning
technique will be more efficient.

A special application of the thermosyphoning technique is the Trombe
Wall. Placed behind a south-facing wall of glass is a massive masonry wall,
painted black. An air space between the window and the wall traps the heated
air, which moves up and over the wall into the room. Vents at the bottom of
the wall allow colder air from the Literior to enter the space, and as the

alr is heated {t moves up and finally re-enters the interior of the house.
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" E. Roof fonds )

Roof ponds can provide both heaﬁiﬁg and cooling of buildings. The
pond is usually placed on the roof. However, the pond can be put in the
interior of the building with the liquid, usually water, circulated to
the roof. Presently, designers are experimeuting with using pogls com=-
pletely separated from the bullding to collect and store heat. Controls
aré needad 1f roof ponds are used as collectors to maintain yhe most
comfortable temperature level within the building. ' using insulated
pahels to either cover or uncover *' pond or by filling or emptying the
pond,'heating and cooling nceds cen he scot.sfied.

When the ponds are or ‘he ¥r ., the water is usually contained in
bl~rck plastic bags. So'ie arrangements du not use a transpareunt roof
covering because then during the nif ~ ev~oration c2n be used, as well as
‘conduction and radiation, to help cocl tue wacer.

Solar ponds are most effective ir. warm, dry areas wlth cool or cold
nights. Ip warm climates,-the ponds would be covered during the day. Cool-
ing .5 thus accomplished by allowing natural radlation tc . he sky at night.
1f the water is cocled at night, then during the day time, the heat from
the building can be absorbed ty the ponds for radiation at night. II heat
is needed, the insulating panels covering the pond are removed during
the day so the water can absorb hi:at and then placed over the pond at night
to retain the solar heat collected during the day. Solar ponds are not
rffective in areas of the ~ountry with high humidity. High humidity inter-
feres with night radiation during tir~s when cooling is desired.

There are real advantages to placing the solar ponds on a flat roof.

In southern climates, L{f the roof is flat, theire is no problem about

how ¢he building is oriented with regard to the sun. In northe:n climates,
tne ponds should be covered, tilted, and piaced under a transparent cover

| for best results. The insuldcion anels can be moved wiih the aid of

fairiy simple mach’ rery and stored, perﬂaps over the garage or a patio

covering, If the pond is in direct contact with the interior space and

spreaa over the entire roof area of the dwelling space, heat is vradiated

evenly throughout the living area. y
(

ot
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‘ \ \ ASSIGNMENT SHEET: COLLECTORS

® ’ I'4 .
l. List the advantages and disadvantages of an open-water collector.

Advantaies _ Disadvantages

\ ’

2, Ifist the advantages and disadvantages of a hot-liquid collector,

( ' Advantages *  Disadvantages
3. Lis{ the advantages and disadvantages of a hot-air collector,

Advantages Disadvantages

‘ 4. List the advantages and disadvaxitages of a linear concentrating collector.

tages ' Disadvantages

5. List the advantages and disadvantages of a circular concentrating collector.

Advantages Disadvantages

61




ACTIVITIES--MAKING A COLLECTOR

Activity 1.
A. Materials Needed L B

1. Two cans witl. covers

2. Black paint

3. Four glass jars. Size is important. Each éan must f£it inside one
jar which will in turn éit inside the second jar. g

4. Thermometer

- e
B. Procedur- N

1. Paint one can black and allow paint to dry.

2, Fill both cans with water and seal..

3. Place a can inside each of the smaller jars.

4. Lay the jars on their side where the direct rays of the sun will
strike the jars.

5. -“ter approximately 20 minutes (depending on the size of the contain-
ers) read and record the water temperature in each can.

6. Repeat the activitf, but thls time, place each can and jzr inside
the second glass container and wait for approximately 20 minutes
before reading the temperature of tﬂe water.

7. Leave these "colléctors" where the direct rays from tue sun will
strike the containers for about one hour. Read and reéord the tempera-
tures again.

C. What Has Been Learned?

1.

?
“

What temperature differences were observed?

How could higher temperatures have bLeen obtained (consider using
insulation and reflectors)?

Can you explain why a difference in temperature was observed when two

glass containers were used instead of ore?

-~
4
“w oL,
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Activity 2

A. Materials Needed
1. A 2' x 4' rectangular box with sides approximately 4" high,
2. Insulation
3. Black ;aint' '
4. Transparent glass or plastic cover
5. A large quantity of cans of the saue size; beer cans or vegetable
cans would be excellent. '
6. Hole cutter
> 7. Can opener
8., Fpoxy glue or caulking material

9, Thermometers
B. Procedure

. 1. Make two 4 1/2 feet tubes by cutting off can lids and bottoms and
gluing- the cans together,

2. Remove one~half the 1id and the bottom of each can. In this way,
the movement of air through the tube will be impeded and more heat
will be absorbed. Leave the lids at each end of the tube intact.

3. Paint the one tube black. |

4. Place insulatfon in the bottom of the box.

5. Paint the surface of the insulation black.

6. Cut holes in either end of the box. Place cans in box 0 thar the
cans wili protrude slightly at each end. Caulk around -vening.

7. Cut 2-inch openings in each end of tube,

8. Place trauspareét cover over collector.

9. Tilt collector so that the flat, transparent surface is normal
(perpendicular) to the direct rays of the sun. Be sure the holes in the
tubes are not blocked.

10, After approximately 30 minutes, check the temperature of the air
entring the collector at che bottom and the air escaping at the top.

. Be careful to shade the the-mometer when taking temperature readings.

(3 8b




C. What Has Been Learned?

1. 1s there any difference in temperature between the air rising in the
tubes which were painted black and. those left unpainted?

2. Materizsls can be a serious problem in buildiﬁg collectors because the
materials must withstand high temperatures and prolonged exposure to
éolar radiation. Plastics, caulks, adhesives, and paints are of
especial importance. Where might one obtaln information about

materials?

.
{— \{.'.:\}
\ﬂ‘)
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. ; UNIT TEST:. cox.uzc;’:oas
;
4. Match definitions with the correct terms.

a., Collector

b. Heat-transfer medium

¢. Flat-plate collector
d. Concentrating collector

e. Clerestory window

f. Fenestration

Thermosyphoning

h., Beadwall

i, Trombe Wall

~
Y
-
~!
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Placement, size, and design
of windows ar.d d ors in a
building.

A means of heat transport making
use of the principle that heated

gasses and liquids rise naturally,

A type of passive collector which
usés a black masonry wall and a
glass wall with an air space in

between,

A component in a solar energy
system which receives solar
radiation and converts it to

heat.

A class of collectors which
expose a large surface area to

the sun.

A south-facing window in the wall
of a room which rises cbove an

adjoining roof.

Polystyrene beads are blown into
or pulled out of a space between
tw sheets of glass or pl-=tic by a

vacuum~driven system.

A liquid or ‘gas which absorbs
heat and moves it ‘rom the collec-

tor to storage or to point of uce,

A class of collector which reflects
ret ion and focusses it on 4

sm'l! area.
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2. Select from the statements written below those which accurately describe

general concepts about collectors and mark them with an "x".

_A. Any surface which will absorb soalr radiation and convert it to

heat can be called a collector.

B. If a surface is coated with a dark substance, it will increase the

rate of absorption of radiation.
C. Open-water collectors are a type ~f concentrating collector.

D. The transparent sheet which covers the absorbing surface of the.

collector serves mainly to keep the ai:sorbing surface clean.

E. After radiant energy is converted to heat, it is transported away

to storage or point of use in a solar energy system.
F. Heat is trapped in the_colleétor by the transparent covering.

G. Once the absorbing surface of the collector has absorbed the

radiant energy, there is no danger of heat loss.

ile A south-facing window can secve as a solar collector.

————.

3A. Flat-Plate Collectors

‘I. TIdentify the different types of flat-plate collectors by filling in
the Ulanks with the proper term.
a, Open-water collectors
b. Hot-liquid coliectors
¢, Hit—-air collectors
1. The liquid which serves as the heat-trarsport mediuwm is piped
through the collector box.
2. Alr is pumped through the cc¢'lector box.
3. The heat-transport medium, water, is trickled over the ab. .cbher

snrfade, which is usually made of a corrugated roofing material.

C'
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II.

Select from the following list, the' advantages and alsadvantages

associated with the three types of flat-plate collectors. Place

letters from the list on the appropriate lines for each type of

collector. Each letter may be used more than once.

a.
b.
C.
d.

e.

’ f .

g.
h.
i.

1.1..

Freezing

Corrosion

Heat losses through evaporation if cover is not used.
Leaking

Heat-transfer medium can be pumped directly to point of use.
Usually less expensive \

Water or other liquid is an efficient heat-transport fluid. B
If cover is used condensation may interfere with rate of absorptioﬂ?“
Because heat transfer is a problem, greater direct contact of
heat-transfer medium with absorber surface is needed.

A larger volume of the heat transfer medium must be used.

No problems with freezing.

No problems with corrosion.

No problems with leakage.

A smaller piping ysstem is needed to carry the heat-transfer medium.

A larger piping system is needed to carry the heat-transfer medium.

Open-water collector

Advantages

———— ——— - -

Disadvantages _ ' '

Hot-liquid collectory

Advantages

Disadvautages

e e et s S e pne — - L S S ——— ———————_ -
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iii. Hot-air collectors
Advantages

Disadvantages

3B. Concentrating Collectors y

I. Match terms with the appropriate description.
a. Not a collector - .
Linear concentrating collector

b.

“ €. Circular concentrgting collector

1. Radiation is reflected onto a pipe or tube through
which the heat ttanspbrt medium is circulated,
2. The radiation is focussed and reflected onto a sin
point.
3. Radiation is reflected onto a single spot on the moon.
II. Select from the following list the advantar :s and disadvantages asso-
ciated with the two types of concentrating collectors. Place letters
/ from the list on the appropriate lines for each type of collector.
5 Each letter may be used more than once,
a., Only a small area is needed to collect a large amount of
energy.
b. The collector must be oriented exactly with the sun.
c¢. Orientation with the sun must be fairly accurate.
d. Absorbs only direct radiation.
e. High temperatures may be obtair .

f. The reflecting surface must be ier.: clean.

1. Linear Concentrating Col cctor

Advantages

Disadvantages

Y]
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2. "Circular Concentrating Collector

Advantages

Disadvantages

Passive Collectors

Identify and mark with a "T?'the statements below which accurately

describe passive collectors. Mark false statements with an ",

a. South-facing windows collect only small amounts of heat.
_‘*__;. There are no drawbacks to using greenhouses as passive collectors.
___C, Recause of the natural movements of heated air, air can be used

as the heat-transport medium in passively heated dwellings.

d. Massive walls and floors of rock or mésonry have no effect on the
amount of heat which must be collected.

€. The heat admitted through skylights and clerestory windows enters
at a high point in the room and is trapped there.

f. In & Trombe Wall, vents are placed at the top éhd bottom of the wall.

8. The purpose of the vents in the Trombe Walls is to allow warm air

to enter the interior of the dwelling’'as it rises and té allow

cooler air to he moved from the interior of the dwelling to be

reheated,

h. Reof ponds are a type of passive solar collector.

1. The heat collector and the heat storage components can be entirely
separated in all passive solar energy systems.

3. Tf wi.dows are used for thermal gain, the windows must be insulated
at night.,

k. Roof ponds can only cool buildings. - . “

L. Roof ponds work best it areas with high humidity.

m. Solac ponds may be completely separated from the building.

n. If a greenhouse is used to collect heat, the windows will need to

be insulated at night and a massive floor or wall will be necded to

to absoru the heat.

69
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ANSWERS TO ASSIGNMENT SHEETS AND UNIT IV TEST: COLLECTORS i .

-
Answers to Assignment 1 ) .
”// Advantages J/ffbisadvantages
. el i
Water is a good heat transport medium Without transparent cover heat is

: on.
Collector is inexpensive lost to evaporatl

Smaller piping system is needed to carry With transparent cover, condensation

the heat-transport medium can be a problem.
\

Freezing
Corrosion
\: : Leakage
. Answers to Assignment 2
? Advantages Disadvantages
Water 1s a good heat transport medium Freezing
Smaller piping system is needed to carry - Leaking .
the heat transport medium Corrosion

Heat transfer is by conduction,
meaning that contact of heat trans-

fer medium with absorber musf be

maximized.
Answers to Assignment 3 N J
[ 4 !
/
o~ AdvaBtages _ \ Disadvantages
/ Does not freeze or corrode Larger volume of heat transport

: v

. N medium 1is needed.
ﬁijﬁdege is not a problem

ANY can be pumped dif%ctly to point aﬁ Requires large duct work.
g ° ‘
of use, . Heat transfer from absorber to air

is no% efficient.

A T ,,// ' ‘l’
-y ,
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Answers to Assignment 4

Advantages Digadvantages
Small area is needed to collect Orientation with sun must be fairly
large amounts of energy ' yccurate
High temperatures may be obtained. Absorbs only direct radiation

The reflecting surface must be kept

clean
Answers to Assignment §
Advantages Disadvantages
Small area collects large amounts of Collector must be oriented eractly
energy . with sun
High temperatures may be obtained : Absorbs only direct radiation
. : Reflecting surface must be kept clean

Answers to Unit Test 1

A, 4

B, 8 -

C. 5

D. 9 TN
e

K. 6

F.o 1

G, 2

He 7

I. 3

Answers to Unit Test 2
A, B, E, F, H
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Answer to Unit Test 3A
%

)
I. 1.

2.
3.

II. 1.

i1.

iii.

Answers to Uanit Test 3B

b
c
a

Advantages

Disadvantages

Advantages

Disadvantages

Advantages

Disadvantages

I. 1.
2.
3.
IT. 4.
if.

Answers to

Advantages

Disadvantages

Advantages

Disadvantages

Unit Test 4

o)
oy

=1

Cu
- 3

f,g,n
a,b,c,d,ﬂ'
g,n
a,b,d,1
e,k,1,m
i,3,0

a,e
c,d,f
a,e

b,d,f

Bt

L G B B B |

k.
1.

n.

Lo |
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ABSORPTION AND RERADIATION

COLLECTED HEAT -

" REFLECTION

\ INCOMING SOLAR RADIATION '

RADIATION AND CONVECTION
~ FROM ABSORBER

v

INSULATION Diagrammatic Section through Fiat-Plate Collector

{

From AIA Research Corporation, Solar Dwelling Design Concepts, Washington, D.C., Government
Printing Office, May 1976.




Linear Concentrating Collector

From AIA Research Corporation, Solar Dwelling Design Concepts, Washington, D.C.,
- Government Printing Office, May 1976.
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Circular Concentrating Collector

»
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-

FrnmlAIA Research Corporation, Solar Iwelling Design Concepts, Washington, D.C.,
Government Printing Office, Hay 1976, '
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N , STORAGE \\ - '
. UNIT OBJECTIVE B ' \\
o 'v_ After éompletion of thié unit, the student will be able E‘ name the
N types of and functionof the storage component of a solar energy system.
This knowledge will be evidenced by scoring 85 percent on the unit est.
" SPECIFIC OBJECTIVES )
After cémplétion of this unit, the student will l¢arn to \

1. Recognize correct statements referring to the stoiage component.,
J. Tdentify which statements about passive storage are true and which

are false, .
3. Select from a list the correct advantages and disadvantages asso-
. ciated with each of three types of active storage systems.
\
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1.

2.

Information Sheet * , .

The Storage Component | o~ . “ §
' Energy in the form of direct or diffuse solar radiation will not be i
available for collection and use at night or on cloudy days. If the solar, N
energy system is to be of value, the energy ‘must be collected when it is
available and stored for later use. The heat can be stored.by raising the

temperature of such substances as rocks, water, concrete, or other masonry,

Another method.now‘being investigated is to use the energy to cause changes

of stéte, such as changing hkaolid to a liquid or a gas.

The type of storage used'in a particular system may depend upon the type
of collector used for a specific building. However, cbnsiderntiogs aﬁout
storage materialé--their:cost. operation, and size--must be t:aken into

account in planning the entire solar energy system.

HeatMStorage in Passive Systems ' .
The solar radiation received from south-facing windows or transparent

panels increases the temperature of room air and surfaces exposed to the ‘ :

sun's rays. As such, the room's air and exposed surfaces (walls, floors,
furniture) are the solar storage componénts for a wirdow wall, greenhouse,
or transparent panel ﬁhich"collects the radiation. For most situatioms,
the sgdrage capacity of the air and surfaces will not be sufficient for
lohg.periods of heating demand. Additionally, in the process of "charging"
the storage, the space may become overheated and possibly extremely uncom~
fortable for the occupants. !
In order -to veduce the overheating effect, masonry surfaces such as
concrete, brick, tile, or stone on the floor or on the walls can be used‘
for their heat storage capacity, absorbing the heat during the day and
radiating it later for several hours or-more. The storage effect of a
particular floor or wall can be calculated as a function of the'specific

heat of the masonry, its volume and weight, and the expected temperature

difierences it will experience throughout the day. Too great a storage effect

in the exposed room surfaces can have a negative effect on occupant comfort

or fuel consumption if the morning "reheat" time of the materials is too

*Adapted from AIA Research Corporation, Solar Dwelling Design Concepts,
Washington, D.C., Government' Printing Office, May 1976.
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. long. However, properly designed, the thermal mass of constri

materials can play a significant role in an.infegrateg solar dwel.ing
design. ' o |
. To use the radiation stored in the air and room surfaces erfective.y,
o careful' attention must be given to minimizing the loss of heat ut alght
or when collection is not oécurripg. Insulated drapes, shutters, atid
other such devices are necessary to reduce heat loss and increase the
use of trapped heat througp windows. The room size; the window placement}
the material composition, volume, and weight; and the expected teppefature
difference will also determine the performance of the solar storage. The
exterior side of masonry walls used for thermal storage should be insulated

N

to prevent heat loss from the walls.
A more direct application of this storage ‘concept’ involves the place-

ment of a glass or transparent wall over an exposed masonzy surface, such

as in the Trombe Wall. The exposed surface serves as the collector and as

. the heat store. The collecting surface is painted a dark color and is
1ocated'aiféct1y behind the transparent surface. The heat transfer and

. spécific heat of the wall material and the expected temperature range will
determine the volume of the wall. The radiation time~lag must be accurately
calculated to assure proper heating of the space. It is sometimes necessary
to place insulation on the room’Side’of the storage wall to avoid overheating
the space. The exposed masunry storage method is frequently used in conjunc-
tion with interior and exterior vents to control the heat distribution to the
space or to another storage system.

A variation of exposing a masonry surface to solar radiatin is to expose
containers filled with water. The exposed water containers may be placed
just inside a glass south-facing wall. 'The sides of the containers facing
the transparent wall are painted black and serve as collecting surfaces.

To retain heat collected in this manner, moveable insulation should be used

to cover the south-facing wall at night. Roof ponds function in much the

same manner, collecting and stouring heat during the-@aytime. Likewise, the
. water-filled containers will reradiate heat to the sky at night during the

summer and thus can be used for cooling the building as well. Careful
79
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calculations are required to propexly size the-s:o:age capacity. Also{
! thermal controls such as interior and exterior vents may be necessary to

b

assure a proper lag-time and to avoid overheating.’'®  ° y

¢ .

3. Heat Storage in Active Systems

L) i}

Rock Storage ]
Rock storage is most often associated with flat-blate collectors. using

air as the transport medium. Pebble beds or rack piles contained in an h
___insulated storage unit have sufficient heat capacity to provide heat -for
-extended stinless periods. fhe rock storage is.heated as air'frdmmggg\jJ

‘collector is forced through the rock container by a blower. Rock“storage

will require approximately 2 1/2 timé the volume of water storage, assuming
the same temperature range. For example, a rock pile with a void space of
one-third the total volum~ can store approximately 23.Btd7cﬁbic feet/degree F.
However, rocks can bé used » store heat at temperatures above 212°F.

A convenient rock size for storing solar heat is about two' inches in . '
diameter. A decrsase in pebble size ihcreases the air flow resistance
througﬁ the storage and may affect blower and duct size and distribution
efficiency. Rock storage does not have to be in closé proximity to the

‘ collector. , However, as the distance increases, the peat transfer losses
‘between the heated air and the rocks also increases and larger air ducts
and more electrical power are generally réquired for moving air between the
collector, storage, and heated spaces.

Rock beds, while bulky, require little or no maintenance, and rock is
cheap. Hot air gives up its heat quickly to the rocks, and elaborate heat
exchangers such as are needed for liquid sjstems are not needed with air

«

and rock.

Water Storage

Water has the highest heat capacity per pound of any ordinary material.
It is also very inexpensive and therefore is an attractive storage and '
heat-transfer medium. However, it does require a large storage tank which

may be expensive. It is’ sometimes practical to crmpartmentalize the storage .

80
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tank to control'géhperaturé gradients (different teaperatures within the | ‘
storage tank) and to maintain an effiiient heat transfer, Potential disad—
vantages of water storage include. freezing, corrosion, and leakage.

Water storage tanks must be protected from freezing if located outside
the dwelling. Also, the tank must be heavily insulated to prevent loss of
the stored heat, Steel tanks are subject to corrosion unless rust and °
corrosion inhibitors are added, but then the water cannot. be used for most
hqusehold purposes.' A plastic liner would solve the rust and corrosion

- problems, but the types of plastic needed to store large quantities of

water at high temperatures are exﬁensive. Concrete is safe, durable, and
relatively inexpensive; but if a leak dogs ‘occur, ‘it is difficult to repair.
Heat is generally transferred to and from storage by a working fluid f

dirculated by an electric pump. The heated working fluid itself may be placed

dn storage or its heat transferred to the storage tank by a heat_exchangér.
The process_of heat transfer to water is more efficient than to rock, and,

) %ﬁerefore,“&ess surface for the heat exchanger is required.' Ho&ever, care

must be taken to guard against contamination of water intended for house4’~
hold ’ use by the heated working fluid. This warning applies mainly when
antifreeze or a rust inhibitor are used ig_the heat' transport medium, fcr

~ these substances may be toxic.

Systems using a liquid transport and transfer medium are better suited:
fqr use with domestic\ho; water heaters. Thus if the solar energy system e
is planned to include the use of solar energy for heating water for domestic

‘use, a liquid system may be preferred. Also, the availability of liquid

sysfem components makes liquid systems more attractive for the ;iﬁe being.
Although air systems were developed earlier than were the liquid isystems,
the latter have been used more frequently in recent years, which accounts .

for the availability of components for liquid systems.

Change-of-State Storage

Procegses which induce a change of state from a solid to a liquid when

heated can be used to store energy. The change in state permits the storage
]
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of more heat .per pound than\if the material did not change- composition.
When a material such as Glauoer 8 selt is cooled and goes+from a liquid
to solid state, it gives off this extra heat. This method, however, is
still in the experimental state. ' :
The great advantage of change—of-state storage is that it can contain
a great amount ‘of heat in a limited space qu ‘at limited weight. “Let's
say that the objective of a storage system ig to hold 200,009'§;u's at ’
100-160° F. Water systems would need 53 cubiéxfeet at 3,300 pounds, rocks

. would need 175 qubic feet at 17,500 prunds, while Glauber's salt would

require only 19 cubic feet at 1, 740 pounds. In anition,“suqh salts are
obtainable at relatively reasonable prices. _ aa ' .
Salt storage, however, has a number of major limitations. The salts

can onl: go through so many cycles before their natural state is altered

to the point whereby they lose their capapity to;su;cespfully store heat.

Tﬁere are some chemicdl additions which act to prolong the number of
cycles’ considerably, and there are some interesting expe:iments which, if

" successful, may dynamically prolong the life span. g

Although salts are economical, present costs for’ containerization and
transportation are fairly expensive. Mass production could bring these

3
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Wt 9 “ . :
a 1., A Rasement which is below ground and has concrete walls aud floor is
almost always cold., Large industrial buildings are frequently built with °

. cement walls and doncre;e floors. The interior space is often very cool or
_ o ~.even cold, .Does any of'thelmaCer;al in this unit offer an explanation as
\\ ' to why? If.éo,'ekplain. N

% © ’ . \
Gi) . 2, Why would it take large amounts of energy to heat the interior spaces
. ‘ % . : . " "
described above? : ' - °
' ' N ' ) - '
o L . ' - : '
. . | ‘.) , . . . . . .
L 3. List the advangagestandﬂdisadiantages of using rock storage. .
-8 ' ’ . ° «
4., List the advantages and disadvantages of using water atorage.
‘ .
? ~ ' e
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A.  Materials Needed

1.. A large, well-insulated ice chest (lid off)

2., A clear cover

3. Two thermometers - -
4., Props for gupporting the chest at the latitude angle

5. Five-gallon can painted black, with' rubber gasket in screw-top 1lid
6. Wire - ’ i '

7. Graph paper

B. Procedure \ , _
‘1. Place the chest on the standards with the loné axis of the chest
"pointing east-west and the open top facing sg'uth. )
2. Using the standards to suppdrt the bbx, tilt the box south at én ,
angle equal, o the latitude. ’ ' . .
3. F{}l the 5-p¢..lon can with water, Be sure t.. ‘ubber gasket, which .
.can be cut from an inner tube, is flat and ir place. Slip the ther-
mometer into a wire hoider attached at the back of the 5-gallon can,
and place the can in the chest with the thermometer at the top back
of the ¢an, i.e., out of the sun. Orient the thermometer so that
readings’cqn be taken without uncovering the box.
.4, Slip the_vinyl‘cover over the chest=-gone wire or string or tape
should be wrapped around the cover to keep it from blowing off.
5. Hang the air thermometer from a wire at the back of the case,
' again, out of the sun--in the shadow of the chest.
6a, Reaﬁ the thermometers every 2 hours throughout a 24-hour period, and

.record the readings for each thermometer.,

b. Rgad the thermometers at 8:00 a.m. and 8:00 p.m. for 7 consecutive days.

7. Plot the temperature readings for both thermometers over the 24-hour,

period. -,

C. What Hasfggggitearned? e

The sun heats the water, but the water loses heat to the surroundings. The

water temperature rises on'sunny'déys. The temperature falls during the night

NP ? é
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or during cloudy weather. On some cloudy days when the clouds are thin and

. and the sky is bright the témperature may stay ‘even or.rise slightly,

The Lox does not measure the sunshine or the culd very accurately but

,'ii does show ‘the difference and this is what is important to a solar-heated

* house.’ )
" The box is not a model of a solar-heated house. The temperature fluctu-
ates much more in the box than QP a house., . o

1. What differences are there 1n the température readings for the
two thermometers?

2. Doues the temperature inside the box fluctuate more or less than
the temperature outside the box? ° !

3.' How do the fluctuations in the two temperéturé readingé relate to
each other? "

wd
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UNIT TEST: STORAGE

Check correct statements referring to the storage component with an X.

Ce

d.

If a solar energy:eystem is.to be of value, the energy which
is collected must be available for later use.

Heat can be stored in water, rocks, and concrete, among other

possible materials.

Changing a solid to a liquid does not involve the use of eperg&..

’

The type of collector used has no effect on storage. .
3

Mark with a "T" those statements about passive storage which are true, and

identify with "F" those statements which are false.

a.

b.

C.

d.

When south-faging windows are used as the collectors, the best

' storage is the air itself and the furniture and walls.

To reduce overhéating, masonry and concrete walls and floors can

be used to store heat.

Overheating is not a problem in a passive system using south-facing

windows to collect heat.

If the mass of concrete and masonry is too great, fuel consumption

from an auiiliary heating system may g0 up.

The performance of golar storage in passive systems can be opti-

mized by proper calculation of the storage mass needed.

It's impossible to calculate the storage effect of e¢xposed room

surfaces in passive storage.

Passive solar energy'systems require that there be no windows in

the dwelling.

1f exterior masonry walls are used for their heat storage capacity,

the internal surface must be well insulated.
Water can be used as the storagé componentiin a passive energy system.
Water storage is effective for heating and cooling a dwelling.
. 7 jt)
86
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3. Select from the following list the advantages and disadvantages associated
with the three types of active storage. Place numbers from thc list on the
appropriate iines for each type of storage.arrangemeﬁt.' Each humber'may be
used more thap once. SN - Cr

. ‘1. Contains a great amount of heat in a limited space and at a limited weight.

2. Since it is most frequently used, components are readily available, o “
3. After extended use, the storage capacity is lost. '
4, Freezing is a problem. - s
5. Freezing is not a problem. ’ '
6. Corrosion is a problem,
7. Corrcsién is not a problem. S .
8. Leakage is a problem. .

'9. Leakage is not a problem.

10. . Finding an cffective,scorageocontaincr is a problem.

11. Container is not a problem. o ' .

. ] ' 12, 1t can store heat at high temperatures.

S * 13. The storage'medium is bulky. ) .
.ia. It has a high heat capacity per pound '

15. Weight is a problem.

16. Maintenance is high.

17. Maintenance is low.

18. "It is still in the experimental stages.
19. The medium is inexpensive. '

" 20. Heating of domestic water is easily integrated into the system.

‘A.  Rock Storage

Advantages

Disadvantages

B. Water Storage
Advantages
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C. Change-of—Staté Storage

L

-

Disadvantages

.

. Advantages

Disadvantages

11:
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. i » ANSWERS TO ASSIGNMENT SHEET AND UNIT TEST V: STORAGE b
3
»  Answer to Assignment 1 . . “
. Masonry surfaces and concrete absorb whatever heat is available. 1In a
basement there is no insulation between the wall and the ground, and the heat
‘ will move out into the surroun&ins dirt and thus not be available to reheat "
the interior space. Thé mass of the concrete and. masonry in an industrial
building may be so great thaf heatucannot be supplied in a sufficient quan-
tity. The heét provided, rather than heating the air, 1s absorbed by the
ﬁasonry and concrete, : : ’ .
Answer to Assignment 2 .
. It would take large amounts of energy to heat the interior spaces which
are enclosed by cement and m:sonry because the available heat will be absorbed
by these surfaces.
Answer to Assignment 3
e Rock Storage
'« Advantages o . Disadvantages
Large heat capacity . S . Bulkiness of the rocks
Can store heat at high temperatures Heaviness of the rocks’
Low maintenance | Require large space

No leakage e

Inexpensive

Used with alr, exchange is simple

Answer to Assignment 4

Water

Aarer ‘

Advantages , - Disadvantages

Highest heat capacity per pound ‘Storage tanks are expensive
_Nater is inexpensive Freezing

Heat transfvr to water is more efficient Corrosion ' .
than to rock :

Heating of domestic water is easily Leakage
integrated
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* Answers to Unit Test 1
a,b o . ,
- Answexs to Unit Test 2 '
‘a, F |
b, T
c. F )
d. T
e. T
. £, F
ge F
" h. F
i. T
o T
" Answers to Unit fést 3 .
A. Advantages 35, 7, 9, 11, 12, 17, 19
Disadvantages 13, 15 '
B. Advantages 2, 14, 19, 20
Disadvantages 4, 6, 8, 10, 15, 16
C. Advantages 1, Sf'

* &
Disadvantages 3, 6 , 8 , 10, 18

* . Answer may be omitted.
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UNIT VI

DISTRIBUTION

.o °

UNIT OBJECTIVE

After completion of this unit, the student will be able to explain
the methods available for transporting the thermal energy to the poinc of use.
This knowledge will be eyidenced by scoring 85 percent on the unit test.

SPECIF1C OBJECTIVES

After completion of this unit, the student will learn to

1. . Recognize é;rrect statements.refe;ring to the distribution component,

2. Ildentify correct statements about,distribution processes which make use
‘-of the flow of gasses. |

3. -Identify correct statements about distribution processes which make use

-

radiation,

92
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Information Sheet

-

¢

The Distributionﬁpomppnent '
Generally speaking, methods by which thermal energy from storage or

collector can be distributed to point of use are gas flow and radiation.

Within each category there are several techniques by which the distribution
of energy to occupied spaces can be accomplished. Some involve mechanical.

and electrical equipment and processes while others uiilize natural convec-

-tion and radiétion. The manner in which solar radiation is collécted and

stored will usually determine the means of distribution. For example, in
a flat-plate collector which employs air as the heat-transport medium and
a rock pile to store the heat, distribution is usually accomplished by air.

Gas Flow Distribution

-

Natural Convection ~

Natural convection is the circulatory ﬁotioniof air caused by thermal
gradients without the assistance of mechunical devices. An example of
convection is the motion ofismbke towards room lamps--the hot air generategd .
by the lamp rises because it is less dense, and.cooler alr moves in to

replace it. \
' Natural comvection is a useful means of distributing solar thermal

energy because ;; requires no mechanical og.electrical-hnput. However,

for this same reason, careful attention to design .8 required to maintain

proper control of convective distribution methods. The placement of solar

collectors, storage, interior and ex.erlor walls and oper.iings is extremnely

important for the successful operation of convective distribution.

The operation rycle of natural (onvective distribution is quite simple.
Heat from the collector or storage is supplied to the living space. This
preeess is controlled by the collector or storage design or by wall or floor
vents. As the hot air rises to displace cooler air, convection currentc

similar to those causing winds 6ccur, and the air is distributed through the

*
Adapted from AIA Resea.ch Corporation, Solar Dwelling Design Concepts,
Washington, D.C.: Government Printing Office, May 1976, pp. 30-31.
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space. The air ié cooled, becomes dense, and falls toward the floor,
where it is captured by cool air return vents, passed through the
collector and storage and once again distributed. The uycle will
continue as long as there is a temperature difference between the
collector/storage components and the room air. When the convection
heating cycle is not desired, in the summer for instance, the warmer

air may be vented to the exterior,

Forced Air

A forced air system relies on mechanical equipment and electrical
energy for the q;str{bution of thermal energy. Design for solar gystems dis
much the same as for conventional forced air systems. However, bacause

solar-produced. temperatures in storage are often relat@vely low, distri-

bution ducts and vents must be large than those used in conventional

heatiné/cooling systems. Therefore, to achieve maximum efiiciency in a

soiar system, careful attention to the design of air distribution through- ’ ‘
. out a dwelling is required.

Forced air distrjbution for solar systems is similar to conventional -
air distribution. Asr from either the collector or storage is blown"
through ducts to the occupied épaces. The type of solar collector or
storage ic not the determining factor for selection of a forced air ducted
system: the system is adaptable to rock, water, or change—qf-state storage
components. For vock and containerized change-of-state storage, air is

.- 8imply blown through the stofage to ducts which supply the dwelling spaces.
In the case of water storage, a heat exchanger is required to transfer heat
from the liquid to air, which is distributed to dwelling spaces.

3. Radiation

Natural Radiation

Radiation occurs as a natural phenomenon. It is the direct emission of
energy by a radiation source, and occurs without the need for any intervening

substance such as air or water. All of the energy from the gun reaches the

- o
R
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‘earth by radiation'through space. Thus, radiation can take place without,
the assistance of mechanical devices. ' The radiation properties of the 5 .
emitting and absorbing surfaces, which are influenced by their temperature, "
will determine the tate of heat’ ‘flow between the two surfaces.

‘Unlike natural conyection; ‘'which is dependent-on differential air

-

temperatures‘for distributioﬁ, natural radiation,Kis dependent on differen~v,~
;tial surface temperatures. An example of natural radiation is the sun
‘warming a greenhouse on a cold day. The radiant energy is transferred
directly to the'greenhouse surfaces and is not significantly affected by ‘
the cool temperature of the surrounding air. "Natural radiation is parti-
cularly useful for collector or storage systems which are directly exposed _
to the occupied spaces. The captured energy can be emittéd by natural radia—
tion directly to the room's surface. The walls, floors, and ceiling of a
dwelling are used to collect and/or store thermal radiation. The energy

will radiate directly to a room's other cooler surfaces. - T e
Forced Radiation T !

Forced radiant distribution relies on the transfer of heat to air in the
occupied spaces by radiation and convection from circulating hot water liquid
flow chrough tubes. For cooling, the forced radiant. system is generally used
in conjunctim with a refrigeration unit which passes chilled watez through
a fan coil unit located at the point of distribution. A blower is used
to force air through the cooled fan coil unit and into occupied spaces.

The piping for the radiant system may be locatea in the ceiling, floor, °°
or along the wall in fin tube baseboard units. The only significant altera-
tion required of conventional radiant systems for use by solar systems is |
the enlargement of‘the radiations surfaces--larger fin tubes or closer spaced

celling or floor coils--because of lower temperatures from storage.

s
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UNIT TEST: DISTRIBUTION 3
Mark with'a'"T" those,g;atéments which are true, and identify with "F" - ' - .
those statements which are not true.
A. There are four general methods used for distributing the thermal
energy from storage or the collecting surface to the point of use.
B. Pumps must always be used to force a heated liquid or air through ‘
[ the distribution system in solar heating systems.
C. The heat tfansfer medium may determine the type of distribution
sysﬁem used.
D. The way {n which solar radiation is collected and stored may
determine how the thermal enérgy is distributed. - A
E. Radiatioh is the only method for distributing thermal energy. .
F. Natural methods for distributing thermal energy are convection ‘
: and radiation..
“* G. The distribution component of a solar energy system can be accom-
) plished by using mechanical equipment and processes.
" H, Natural heat transfér principles cannot be applied in distributing
' thermal energy to a house.
. "\
Indicate which of the following statements apply to natural convection and
which apply to forced air. Not all statements may apply. o
A. Natural Convection
.B. Forced Air )
1. The two surfaces must be in direct physical contact for heat transfer
-4t0 OCCUT. %,
2. When the heating cycle is not desired, the warm air can be vented
to the exterior of the building. .

120
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5.

6.

7.
8.

9..

‘Distribution is similar to tliat used in conventional heéting systems.

No mechanical or electrical input is required if the distribution sys-

tem is designed carefully.

Distribution is-controlled by>the éollector‘or storage design or

A

by wall or floor vents.

Vents and ducts must be much larger than in conventional systems |

because temperatures are relatively low.

L3

The system is adaptable to any kind of storage component.

.Distribution will oécgr only if the sun is not.-shining directly

.on the surface.

Distrib+* .on will continue as'&ong as there is a difference in

temperature between the collector/storage components and the room air.

3. Indicate which statements below refer to Forced Radiation (FR) and which
+ refer to Natural Radiation (ﬁR). . Some statements may refer to both; some

may refer to neither method of distribution,

1oL

E.

|

Radiating surfaces, such as fin tubes or ceiiing or floor coils,

must be larger than in conventional systems.

The walle, floors, and c%iling may be used not only to collect and
¢

.store the energy but also in.the distribution of the energy.

Heat flow 1s determined by differences in te%%erature of two

-surfaces.
Hot water is circulated through tubes in the floor or ceiling.

Heat flow is partially aided by air temperature differentials.
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. ~. .  ANSYERS TO UNIT TEST VI: DLSTRYBUTION

s 3

, Answers- to Unit Test 1

A, F. ¢ voos

B, F S .

c. T . L .
D. T \ \

E. F~ o .
F. T

G. T -

H, F ‘ ‘

Answers to Unit Teét 2

A. Natural Convection 2, Q&QS, 9
B. Forced Alr 3, 6, 7°

\
i

Answers to Unit Test 3

Ac . FR

N
B. NR
C. FR, NR ‘
D. FR =
E. FR
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. _ UNIT VII BN

REPRESENTATIVE SOLAR ENERGY SYSTEMS

FOR HEATING HOMES

. . UNIT OBJECTIVE

After completion of this unit, the student will be able to describe some
réepresentative solar energy systems. This knowledge will be evidenced by
scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, .the student will learn to
1, Aésociate'cofrect definitions with the new terms in the'qnit.
e 2. A. Name and desc;ibe the components ¢f a warm-air flat-plate system.
B. Identify advantages and disadvantuges of the system,
3. A. Name and describe the components of a warm-air flat-plate system.
B. Identify advantages and disadvantages of the system.
. 4. A. Name and describe.the components of a warm-water concentrating
system, .
B. Identify advantages and disadvantages of thersystem.
5. A. Name and describe the components of a warm-air passive system.
" B. Identify advantages and diéadvantages of the system.

.
.
. . ©
3
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1. Terms and Definitions

- Auxiliary energy system - in addition to the solar energy system, an additional
heating system may bé installed. These additional systems can range in
., complexity from an air-tight, woodburning stove to a gas-fired furnace.

Heat transfer medium, or heat tfansport fluid - a liquid or gas which absorbs
heat ‘efficiently and moves the heat away from the collector to storage or
ta point of use. '
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%
Information Sheet

Warm-Water Flat~-Plate System g ‘ N

Solar heating using water. as the heat transfer and storage medium is a . °*

system which 1s in common use today.- The baaic_compbnents of a typical

water system consist of a collector; storage; a sysfem of piping, pumps,

_and controls for circulating water from storage through the collector; and

a distribution network for trans“erring stored heat to the dwelling space.
The relationship of the various coﬁponenﬁs,bf.aﬁwg:m—water solar system is

| diagrammed in Transparency 7.1.

sy

Component Description and Opeération

A. Collector. The liquid-cooled flat-plate collector has a flat absorbing
surface integrated with transfe% fluid piping which collects both direct and
diffuse radiation. Energy is removed from the collector by'a liquid flowing
thtough conduits in the absorber plate. The transport fluid is pumpad to
storage, where the heat is transferred to the storage medium (water in this
case) and then returned to the collector-ﬁo absorb more heat. Generally,
théltransfer £fluid 1a circulated through the collector.only when the absorbing
surface is hotter than étorage (except in instances when snow has covered the
collector surface and. the heated transport fluid is circulated through the
collector to melt it). -

B. Storage. Storage consists of either a concrete or a steel tank
located near or beneath therbuilding (access should be provided). The tank
should be insulated to minimize heat loss. A concrete tank should be lined
with a leak-proof material capable of withstanding high storage temperatures
for extended periods without deterioration. Heat from the collector is
transferred to storage by a heat exchénge coil passing through the storage
tank., Colil length and size is dependent on expected collector operating

temperatures.

. .
Excerpt from AIA Research Corporation, Solar Dwelling Design Concepts,
Washington, D.C., Government Printing Office, May 1976, pp. 32-38,
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- or susceptible to freezing or boiling.

C. Distribution. The distribution system‘honsists of a pump and pipes
which deliver heated water to the occupied spaces. A thermostat controls

- the operation of water flow or fan coil unit use in each room or dwelling.

‘Basebodrd heaters (convectors) require careful evaluation wheua not used in

cpnjunctién with a fan coil unit. Liquid-cooled flat-plate collectors

seldom deliver water above 150°F ‘in winter operation without auxiliari energy or
rqfleéged surface focusing. For this reason most warm water distribution
systems use fan doil units or enlarged convectors. '

Energy is transported away from the collector to storage by water or a v
water-antifreeze solution. Liquid transport fluids should be carefully | .
evaluated before selection. The liquid must absorb heat readily at various
collector temperatures ‘and easily give up heat to the storage medium. Addi-
tionélly, the liQuid should not Pe corrosive to the system components, toxic,

A gaséfired cohventional boiler is integrated with the solar system to
provide an auxiliary energy supply should the solar system fail to function

or not meet the dwelling‘'s heatiny requirement. The distsibution piping is

run through the boiler where an energy boost may be supplied when temperatures

from storage are not sufficient to heat the dwelling adequately.

ADomestic hot water piping is run through tl.e central storage tank prior
to padsing through a conventional water heater. Storage heat is transferred
to the hot water'piping, thereby either eliminating the need for additional
heating or substantially reducing the energy required to raise the water to
the needed distribution temperature. The domestic water heating system may
operate independent of the space heating system. This is very useful for

summer months when space heating is not required.

Advantages of Warm-Water Flat-Plate Systems

1. They have repeatedly been proved to work well.
2. Water is a cheap and efficient heat transfer and storage medium.

3. Piping, as opposed to ductwecrk, uses little floor space, 1s easily inter-
comiected, and can be routed easily to remote places and around corners. .

bl - y ',‘,
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4. The circulation of water uses less energy than the circulation of
air with corresponding heat content.

3. Much less heat exchanger area is required than with an air system.

Disadvantages of Warm~Water Flat-Plate Systems

1. High initial gost, particularly when expensive prefabricated collectors
are employed. With the use of large areas of lower-etficiency collectors,

the total system cost may be léwered consideradbly.

2. Care must be taken to prevent the occurrence of corrosibn, scale, or
freeze-up capable of causing damage or blockage.

3. Leakage anywhere in the system can cause a considerable amount of
damage to the system and to the dwelling.

4., Contamination to the domestic hot water supply is possible if a leak
allows treated water storage to enter the domestic water system. '

Warm-Air Flat-Plate System

Warm-air systems differ from warm-water systems in that air is used to
transfer heat frca collector to storagé. The storage medium can be water,
but typically rock piles are used for warm-air systems. Heét, stored in
the rock pile, can easily be distributed to the dwelling space by a forced
air system. One ,possible arrangement of a warm-air system is diagrammed in
Transparency 7.2,

Component Description and ggerati

A. Collector. The-air cooled flat plate collector has a solid absorbing
surface and collects both direct and diffuse radiation. Energy is removed
{rom the collector by air flowing in ducts beneath the absorber plate. As
shown in the diagram, the system may be operated in four differeut modes:

1, heating storage form collector

2. heating house fﬁém collector

3. heating house from storage

4, heating house from auxiliary energy system
The four Egdes of operation are reguléted by several sets of dampérs. One
set of dampers will direct air flow from the collector into siorage or
directly into the occupied spaces while another set will regulate air flow
from storage to the occupied spaces. The dampers may be adjusted by manual

103
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or automatic controls. During modes two and three, an energy boost may
by sﬁppiied to the warm air by the auxiliary enexgy system before the air
is distributed tofthe occupied space. The amount of the energy boost is
determined by the Eemperature of the air passing through the auxiliary
heater and the amount of heat required at the point of -use., -

B.' Storage. Storage consists of rocks about two inches in diameter,
contained in a concrete bin in a basement area or underground beneath the
building. The container is insulated on the earth sides to reduce heat loss. |,
The storage capactiy should be sufficient to provide several days of winter
hqating.' '

Because the temperatures in rock storage are typically highly stratified
from inlet to outlet, the airnflow providing hgat to storage should be from
top to bottom. This insures that the tempe:athré of air returning to the
collector from the storage is as low as possible, thereby increasihg collector
| efficiency. The air flow, when removing heat from storage, should be in the .

opposite direction to insure that air returning to the rooms is as warm as
possible.

C. Distribution. The hot air distributed to the rooms comes either
directly from the collectors or from storage. The ducting r:Juired-to conduct.
the air from the collectors to storage is extensive when compared to analogous
piping requirements for liquid-cooled collec.ors. Two blowers are required

to distribute air throughout the system.

\lmopt any type of auxiliary energy system can be used in éonjunc;ion
with a solar syétem. The auxiliary system may be completely separate or
fully integrated with the solar heating/cooling system. However, in most
cases it make§¢economic sense to integrate the back-up system with the solar
system. This may mean running the distr‘bution component from heat storage
to the dccupied space through Ehe auxiliaiy. system where an energy boost may
be supplied when storage tempera:ures are low. Heat from storage may be
used in conjunctioh with a heat pump. The heat pump, a device which transfers
heat from one temperature level to another by means of an electrically driven

compressor, utilizes the solar heat available from storage to supply necessary ‘l’
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heat to the occupled space. The advantage of the heat pﬁmp/solar'system'
1ntegration’1§ the reduction of g}ectrical energy required by the heat

pump because of ‘heat supplied by solar storage. Also, the heat pdmp is
the most efficient device preaently available for extracting and trans-
ferring electricity into heat. _

Piping for the domestic hot-water 1sqr§n «hrough .the rock pile storage

bin. As a rzsult the domestic hot water is preheated before passing
through a conventional water heater, thus reducing the water heater's

energy requirement.
Advanpages of Warm=-Air Flat-Plate Systems

1. Capital cost tendsh}o be lower than g water system of the same
capacity. .

2. There is no problem with corrosion, rust, clogging or freezing.
3. Air leakage does not have the severe consequences of water leakage.

4. Domestic hot water supply is not subject to contamination by leakage
from heat storage, as in the water system.

»

Disadvantages of Warm-Air Flat-Plate Systems

1. Ductwork risers occupy usable floor space .and must be aligned _
from floor to floor.

2. Air, having a lower thermal storage capacity than water, requires
correspondingly more energy to transfer a given amount of heat from
collector to storage, and from storage to occupied spaces.

3. Air collectors and storage may need frequeut cleaning to. remove
deposits of dust (filters may solve this problem).

4. Alr systems require a much larger heat exchange surfaca than liquid
systems.

warm-Water Concentrating System

Solar gystems with concentrating collectors have not been extensively
used fotr the provision of space heating or cooling. The absence of such
equipment from the market is one major reason. In addition the high cost

and uncertain reliability of tracking or concentrating equipment in adverse
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weather conditions has been another primary reason for the limited use of
concentrating systems. However, they do offer advantages over flat-plate
collectors--primarily the generation of hiqh temperatures to operate heat

-driven cooling systems.

gRepiesentative solartsys;em three utilizes a linear conceintrating collec~

1

tor. The system is diagrammed in Transparency 7.3.

Component Description and Operation p

A. Collector. The collector is a linear concentrator with a glass-

' . enclosed pipe absorber. The collector captures only direct radiation and

is, therefore, limited to climatic reéiona with cousiderable sunshine and

direct radiation in winter. However, where applicable the linear concentra-

ting collector offers considerable economies over flat-plate collectors since

the necessary absorber area is reduced and the assembly is often simpler to
congtruct. ) ' _ o o ” N

The absorber pipe is a black metal tube within a glass enclosure under ‘
vacuum to reduce convection and radiation losses. Radiati ﬁis focuged on
the absorber by a trough-shaped reflector surrounding the iﬁbe.

B, Storage. Storage consists of a steel tank or a lined concrete block
enclosure filled with water. Again, the storage unit should be insulated to
minimize heat loss. As with most all solai“storage techniques, special
structural support will be required if the storage tank is to be located in
the dwelling. .

C. Distribution. The distribution system is by heated water to baseboard
Convectors. Heat is removed from storage by liquid-to-liquid heat exchanger.
The heated water. is pumped to baseboard convectors located throughout the
building. 1If storéﬁe 1s below a preset minimum temperature, the pump
continues to operate with a conventional oil or gas-fired furnace assist
in the liquid distribution.

As shown in the system diagram, collector fluid transport is by means

"of a pump which causes the fluid to flow through the absorber and into the

730 ‘l".
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storage heat exchanger, from which energy-is removgd'and transferrgd to
storage. The working fluid should be a heat transfer medium which has
exﬁgllent transport properties and a boiling point above the expected
operating temperature of the collector. ) -

Doméstic hot water piping is ruh through a heat exchanger in storage,
thus preheating the water, before it proceeds to a conventional water heater
which also provides storage. The water heater may’or may not supply a boost

.to the water depending on its temperature.

Advantages of Warm-Water Concentrating Systems

.. Potential for more than double the temperatures of either air
or water flat-plate collectors (particularly useful for solar
cooling). < © ‘

2. Total absorber area needed is substantially smaller than flat-
plate collectors.

3. Collector forms lend themselves to mass production techniques.
. ‘ 4. Water requires less piping and storage space than air.
‘ 5, Water 1s a cheap and efficient heat transfer and storage medium,

Disadvantages of Warm-Water Concentrating Systems

1. Capital cost of collectors at present is greater than either air
or water flat-plate collectors.

2. Concentrating collectors may present problems of operation, reflec-
ting surface durability, and structural mounting.

3. Leakage at flexible absorber connections may present possible
problems, :

4. Climatic applicability for winter space heating is limited because
'only direct radiation can be collected.

5. Warm-Air Passive System

The passive system described here is one possible concept among many.
It makes use of extensive south-facing glazing with an intermediate collec-
tion/storage wall between the glazing and the occupied space. It relies in

part on thermosyphoning. Diagrammatically, the passive system can be

represented as {llustrated in Transparehcy 7.4.
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'Comppnent Description and Operation

A. . Collector. The passive collector, made up of a massive south=~
facing wail of either concrete or masonry separated by .an air space from
an ou:ur_wall of glaqs, captures direct, ditfuse, and reflected solar
radiation. With the use of aufomatic or manually operated dampers and
vents, the system may operate in four modes.

. 1. natural ventilation-=-no colléction

2. house heating from collector

3. storage heating from collector

4. house heating from collector and storage

When no coileccion or heat distribution is required, the vents and
dampers may be opened to provide natural ventilation and removal of heat
striking the collector. The space may be heated directly from the collector
by closing the ;torage vent‘duét, thus forcing the'heated air into the
occupied space. Once sufficient heat:.has been transfgrred. to the space, ‘ ‘
the storage vent may be.opened and heated air from the collector trans-

mitted to storage. If heat is required at a later time, the‘storage vent

-

may be opened to allow stored heat to enter the occupied space.

B. Storage. The system employs several storage concepts. The exposed
masonry wall which theradiation strikes acts as a storage element. The:
warmed masonry surface transmits collected heat to the occupied space by
radiation. The second storage element is a rock pile located beneath the
occupied space. Insulation is placed between the rock pile and floor surface
to avgid overhea;}ng the space. Water or containerized salts (change-of—scgte
storage) could alSo have been used as the storage medium.

C. Distribution. Heat is distributed to the occupied spaces from the

collector or storage component. Ducting is required to transport the

heated air from the collector to storage, and a small fan may be necessary

to circulate this air. Heat is distributed to the space by convection from

the collector and/or storage, by radiation from the collector and surrounding
surfaces, and to a small degree, 'by corduction from the oollector and .

surrounding surfaces.
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Domestic water heating is not directly integrated in the solar space
heating systemn.
may be placed in the rock Pile storage to preheat the water before it
basses through a conventional electric or gas water heater.

/

Hovever, a storage tank c¢» the domestic hot water piping

Advantages of Warm-Air Passive Systems

1,

'2.

3.

A system with electrical controls can be désigned to opefahe

manually in a power failure.

Cost should be reduced through simpler technology and elimination

of a separate collector.

Collector serves rwultiple functions (i.e., can be a wall or roof).

Disadvantages of Warm-Air Passive Systems

1. May not be cost effective relative to warm air or water flat-

2.

3.

plate collector systems.

In many cases, require automatic or manual insulating devices
which are expensive and may require life style modification.

Larger unobstructed area needed to the south of the house for a
vertical passive collector than for a roof collector.

In some climates and for some passive systems, low winter sun
angles may be disturbing to the occupants.

Potential problems of occupant-privacy for passive systems with
large expanses of south-facing glass.

Potentially large nighttime thermal Josses from collector if not

properly insulated.



Activity 1

(
ACTIVITIES-~REPRESENTATIVE SOLAR ENERGY SYSTEMS FOR HEATING HOMES

-
N M o

A.

From the matrix below, choose components and a heat transport fluid for

a hypothetical ;ctive solar energy system. Anticipate possible advan-
tages or disadvantages which might be associatéd.with the system. Consider
some gystems which were not discussed in the information section of this

uﬂit .

Heat Transfer Fluid

Components Air i Liquid

3

Alr
Flat-Plate Open Hz
Liquid

0 »

Concentrating gi:::;ar

Ot OO0 0

Water
Rock

Change-of-State

Forced Liquid . .
(Radiation) ' <

Forced Air

SO S Tt -3 ODO0G R O
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AB. A system is defined as a group of componeggg fofm;ng a gﬁified-whole.
In pe;forq}ng step A, above,gdid:you f;nd that choosing one component
restricted your choice of the other components? In your own words, ex-

. plain why your choice might becomg more restricted as each component is
added. . T : SN

L 4

Activity 2 . .

A similar matrix for components of a passive system are shownlbelow.

-

et
. " Heat Transfer Medium

Components Air . Fluid

South-facing  Windows
Clerestory Windows )
Trombe Wall - .
Water Ponds ' . o _ -
Gresnhouse ’

Floor
‘Walls
Water Ponds t

AConvection
thiatign

Conduction

S C e O D T 008 B NC N MO0 R0 O

Why cannot this matrix be used in a manner similar to the matrix in Activity 1?7
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" UNIT TEST: REPRESENTATIVE SOLAR ENERGY SYSTEMS : .
1. Match terms with the correct definitions ~
' a. Heat transfer medium 1,. Supplementary heat source other * ";:'
b. Auxiliary energy system than sola;. ' o
2. A liquid or gas which absorbs helat
readily--is used to move heat away
q from the collector. .
2. A. Name and describe briefly the components of a warm-water flat-plate . '
system. ' | N ' E
i A
1.
20 . °
3. -

B. From the following list, identify some advantages (A) and disadvantagés :
(D) of a warm—watet, flat-plate system. Not all statements will be
applicable (NA).

i. Leakage could be a problem.
2. Corrosion could be a problem.
3. Can use only direct radiation.

4, Circulation of water uses less energy than the circulation of air with
the same amount of heat content.

5. Freezing is a potential problem.

6. Initial cost is high.

7. Less heat exchanger area is required than with an air system.

8. Piping takes up less space than does duct work.

9. The reflector surface must be kept clean. \\\\~_w“n

____10. Water 1is a cheap and efficient heat transfer and storage, medium. .




3.A. Name and describe briefly the comp&nents of a warm-air flat-plate
’ ‘ . system.
1.

2

|

B. From the‘follqwing }ist, identify some advantages (A) and disadvantages
(D) of a warm-a;r fiat—platé system. Not all statements will be applica-
ble (NA).

1. Leakage is not a problem.

2. Corrosior i{s not a problem. o

3. Only diréct radiation can be used. - ; '

4. The collectors and storage may need frequent cleaning.

____ 5. Cost of ehuipment tends to be lower than with a water system of the

same capacity, _ )

6. More emergy is required tn transfer heat if air is used as the heat

transport medium. |

7. Ductwo.k requires a greater amount of space than does piping for fluids

et s

8. The reflector surface must be kept clean.
9. A larger heat exchange surface is needed for air than is needed for
liquids, \ '

—10. The system does not require complic ed controls.

4.A. Name and describe briefly the components of a warm-water concentrating
- systeni,
1.

1131 7




-3

" B. From the following list, identify some advantages (A) and disadvantages

(D) of a warm-water concentrating colleitor. Not all statements will be

applicable (NA).

1. Leakage may present problems.

2. The reflector surface must be kept clean.

3. Water is a cheap and efficient heat transfer and storage medium.

4. Only direct radiation can be collected. )

5. Higher temperatures can be obtained than can be obtained with flat—
plate collectors. _ ,

6. The absorber area needed is .emaller than tiat needed with flat-plate
collectors.

7. Ductwork must be large.

8. Costs could be lower because the collector forms lend themselves to
mass production techniques.

Y. At present, concentrating collectors are more expensiva. ‘

10. In climates with many sunless days, the system may not be applicable.

5.A. Name and describe the components of a warm-air passive system.
1.
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B. From the following.list, identify some advantages (A) and disadvantages
(D) of a warm~air passive system. Not all statements will be applicable
(NA) . ‘

Automatic or manual insulaﬁing devices are expensive.

Life style may need to be modified.

Cost should be reduced through simpler technology.

Elimination of separate collector should reduce cost.

A vertical passive collector will require a larger unobstructed
area for access to the sun. | '

Ductwork is expensiﬁe and takes up a large amount of space.
Leakage may be a problem. '

May not be cost-effective relative to air- or liquid-cooled collectors.
Collector serves multiple functlons.

Large expanses of south-facing glass may cause problems about

occupant-privacy.

/29
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mzns TO UNIT TEST: REPRESENTATIVE SOLAR ENEXGY SYSTEMS .

¢

" Answers to Unit Test 1 2

<A
- B.
C.
D.
+  E.
F.
C.

JH.

F Y N R N

Answers to Unit Test 2

A. 1. Liquid-cooled flat-plate collectors have a flat abéorbing surfars to
absorb both direct and diffuse radiation, The heat transfer fluid
~~ 18 piped across the absorbing surface.

2. Hot water is sto.ed in an insulated concrete or steel tank. Heat er . v
L the collector®is transferred to storage by means of a heat exchange
coil. ' '

3. Distribution is accomplished by pumping the hot water from storage

At:hrough pipes to baseboard heaters.
AN

2. D

3. NA

b, A

5. D

6. D

7. A

8. A .

9. NA 141
10. A
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Answers to Unit Test 3

The air-cooled flat-plate collector has a solid absorbing surface

Al 1.
to collect direct and diffuse radiation. Air is pumped through the
collector.
2. The hot air is blown into the rock storage. The rocks are about 2
inches in diameter and the container is insulated. '
3. The hot air is pumped through ducts to the rooms.
B. 1. A '
2. A
3. NA
4., D
5.
6. D
7.
8. NA
9. D
10. NA
Answers to Unilt Test 4
A. 1. The linear collector captures only direct radiation, which the reflecting
surface concentrates on a glass-enclosed pipe. The pipe, usually painted
black, is the absorber. The heat transfer medium circulates through the
pipe.
2. The storage unit is a well-insulated, leak proof tank for storing hot
water.
3, Distribution is accomplished by pumping the heated wiater to baseboard

heatetrs located throughout the building.

J4-f
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B. 1. D .
2, D° Stae
3. A ' ‘
4. D
5. A
6. A
7. NA
8, A
.9,
10.
~Answers to ‘Unit Test 5
A. 1. The collector is a massive south-facing wall of masonry or concrete
separated by an air space from an outer wall of glass. It will °
capture reflected, direct, and diffuse_;adiation (a Trombe Wall).
2. ’Storage is the exposed ﬁhll. a rock pile under the floor, and other
internal surfaces which absorb heat radiated from the south wall.
3. Distribution is by convection, radiation, and conduction. Also
heated air is transported through ducts to storage and from storage
to the living space. A small fan may be needed to assist natural
means of heat transfer.
B. 1. D
2, D !
3. A
4., A
5. D
6. NA *
7. NA
8.
9. A
D 142

10.
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Transparency 7.1

-

Controls

Dis\.ibution

Living Space

-
Pump .ﬂ L—-d
]
LA
- - k A gnemgre—n———y

Storag9

Domestic Hot Water

Auxiliary
Energy Source

'rom AIA Research Corporation, Solar Dwelling Design Concepts, Washington, D.C.,
Governmer* Printing Office, May 1976,
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Schematic Diagram of Warm-Air Flat-Plate
8v\:tom

S~

e

| Living Space
Controls .
A
- (.... | l ‘
’ ; 1 Distribution l
~Domaestic § ,
Hot Water

Auxiliary
Energy Source

- Storage

From ALA Nesearch Corporation, Solar Iwelling Design Concepts, Washington, H.C.,
Government Printing Office, May 1976,
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Transparency 7.3
, _ Schematic Diagram of Warm-Wrter
% ' o ' _ Concentrating System -

Living Space

Controls
"1 . .
Il ]

. ! : Distribution

—
X 1 insulated storage tank
= |

H

Domaestic
Hot Water

Pump

ﬂé_ . oo 4 Y Auxiliary

Energy Source

Storage

ro AIA Research Corporation, Solar bwelling Design Concepts, Washington, D.C.,
Government Printing Office, May 1976.
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GLOSSARY

3

Active Solar Energy System - thermal energy is transported.from the collectors
to storage and then to the distribution system in a regulated way, using
mechanical pumps and thermal controls.

Air-Cooled Collector - a type of flat-plate collector in which air is used .

"as the heat transport . medium..
Angle of Declination - see.Declination angle,
Arigle of Incidence -~ see Incidence angle,

Beadwall - a patented insulated window in which polystyrene beads are blown .
into or pulled out-of a space between two sheets of glass or plastic by

a vacuum—driven system.

Biomass conversion - energy from the sun 1s stored through the process éf .
photosynthesis in plants, i.e., in organic material. Chemical processes
can be used to change the organic material to simpler forms with an
accompanying release of energy.

Btu - British thermal unit, a measure of heat.

Change-of-state - the physical form of matter changes from solid to liquid
to gas. For example, water can be changed to a soligd (ice) or a gas
(steam). When changes of state occur, energy is either used or

released in the process.
Y

Circular Concentrating Collector - a type of concentrating collector which is
circular in shape so that the affected solar radiation is focused on an

absorbing surface,

Clerestory Window - a south facing window i the . wall of a room which rises

above an adjoining roof; the window can be used to admit solar radiation.

Collector - the componént in a solar energy system which receives solar radiation

and converts it to heat.

Collector-tilt - the angle meastred from the horizontal at which a solar

collector is tilted to face the sun for better performance.

. Lh'\.,_
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Concentrating Collector = a class of collectors which use reflectors to focus

- solar. radiation on a small area.

Conduction - Heat flowé/through different materials at varying rates. Copper
is an excellent conductor of heat; insulating materials #“e poor conductors.
Heat transfer by conduction occurs only when two surfaces are in direct
physical contact because heat transfer is caused by molecular scale vibratiom,

Convection - when two surfaces, one hot,:}he other cold, are separated by a
thin loyer of air, moving air currents are established that carry heat from
the hot to the cold surface. In convect® 1, heat transfer is by large-scale

fluid motion.. \\ .

vl

Convection - when two surfaces, one hot, the other COlqm are separated by a
thin layer of ait, moving air currénts are established that carry heat from

the hot to the cold surface. Inhconvectiqn, heat transfer is by large~
f

5 ‘y
{ ] @

Declination angle - the angle between the plan? of the earth's rotation around

scale fluid motion.

the sun and the earth's equatorial plame ip a direction facing the sun.

Diffuse radiation - the solar radiation striking the surface of the earth after
its direction has been changed by reflection and scattered by particles in

1
3

the atmosphere--nondirectional rays.
Direct radiation - direct or panallel‘rays from the sun.,

Distribution -~ the component in a solar energy sys&gm whereby the thermal

energy in storage is made available at the point of use.

Earth-Sunline - an imaginary line betwéen the center of the sun and the center

of the earth.

Energy - the ability to do work. / g

Equatorial plane - an imaginary plane through the earth's equator and perpendicular

to the north-south axis.

! .

-
-3,
x
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Fenestration - the placement, size, and design of windows and doors in a

building. .

élat-?la:e Collector - a class of collectors so named because of the large

surface area exposed to the sun.

Heat-transport fluid - a liquid or gas which absorbs heat efficiently and moves
the heat away from the collector to storage or to point of use. Also cal}ed

heat transfer medium. .

Incidence Angle - the angle between the line for direct rays and a line perpen-

dicular to the irradiated surface.

Insolation - the amount of solar radiation actually striking the surface of

the earth. :

2 ‘
Irradiation - exposure to radiant energy.

-

Latitude -~ the angular distance nﬁxch or south from the earth's equator measured
through 90°. '

Linear Concentrating Collector - a type of concentrating collector, oblong in
shape, which focuses thg reflgcted radiation onto a tube through which

the transport medium is circulated.

Liquid-Cooled Collector - a type of flat-plate collector in which the liquid
used as the heat transport medium, is piped through the collector box.

Nonrenewable energy source - a substance found in nature which cannot be
replenished and which .an be used to obtain energy in some ferm. Coal,

gas, uranium are examples of nonrenewable energy sources.

Open-water collector - a type of flat-plate collector in which the heat trans-
port medium, usually water, is trickled down grooves rather than piped

through the collector.

Passive Solar Energy System - heat is transported by natural means, and the
components are typically integrated into the basic design of "the dwelling,

so that few, if any, mechanical devices are needed in the system,

125
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- Photovoltaic - direct conversion of the sun's energy to elec;;icity.'

\y/ff’

LY
Radiation - any object which is warmer than its'surroundings transmits heat
waves (similar to l.ght waves, but invisible) and, thus, emits energy.

Heat transfer occurs by photons.

Renewable energy source - a substance which occurs in nature and the supply

of which cannot be depleted by use. , .
Solar Altitude - the angle of elevation of the sﬁn above the horizon.

Solar Azimuth - the angle on a horizontal surface which measures the difference
between the direction of a fixed point (e.g., true south) and the direction

of the sun.

Solar Constant - the amount of solar energy striking the outer atmosphexe of the

earth varies only slightly and can be treated as a constant.

Solar Energy System - a grouping of parts designed to use energy from the sun.
The parts, or components, are the collector, storage, and distribution. One
or several components may themselves by sub-systems, i.e., systems within the

system.

Solar Noon - that time of day whem the azimuth angle is Oo, when the sun is due

south of an observer.

Storage -~ the component in a solar energy system whihc retains th solar energy

which has been collected for later use either at night or on cloudy days.

System - a regularly interacting (or interdependent) group of components

forming a unified whole.

D

e, :
Thermal pollution - the discharge of heated waste into the natural environment

at a femperature detrimental to existing ecosystemus.

Thermosyphoning - the principle that heated gasses and liquids rise naturally
has been applied as a means of heat transport in passive solar energy sys-
tems.  Heat built up within a wall or roof structure can be drawn off to

heat interfor spaces.
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Transmittance - the fraction'bf solar radiation which having entered a layer
" of absorbing materiq&:\flowsxtggits‘funmher boundary.

t
I3

Trombe Wall - a type of passive colledtor which makes use of a massive masonry
wall, painted black and placed behind a south~-facing wall of.glass. Alrx
trapped between tha: wall and the glass 1s heated, moves up over the
wall and,into the interior space.

!
4

Watts‘f a measure of power in the metric system ( e.g., a 25-watt light bulb).
- .

Ee}
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Transparency 1.1
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1. SOLAR CONSTANT
- THERE IS A NEARLY CONSTANT AMOUNT OF
(| SOLAR ENERGY STRIKING THE OUTER
ATMOSPHERE — 429 BTU PER SF PER'HOUR
— AND,THIS QUANTITY IS KNOWN AS THE
SOLAR CONSTANT
NOTE -

You cannot increase the amount of solar energy
striking a collector of a given size by focusing You
may 1ncrease the collector's efficiency: or the
temperature of the working fluid

‘ AIA Research Corporation, Solar Dwelling Design Concepts, Washington, D.C.,
Covernment Printing Office, Ma, 1976.
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Transparency 1.2
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4. ABSORPTION AND REFLECTION

o NEARLY HALF THE SOLAR RADIATION ENTERING
| THE EARTH.S ATMOSPHERE IS LOST THROUGH
ABSORPTION BY MATERIAL IN THE ATMOSPHERE.
OR BY REFLECTION FROM. CLOUDS.

/s

. ALA Research Corporation, Solar Dwelling Desipgn Concepts, Washington, D.C.,
Government Printin: Office, May 1976.
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Transparency 1.3

6. DIFFUSE RADIATION

| CLOUDS AND PARTICLES IN THE ATMOSPHERE

® NOT ONLY REFLECT AND ABSORB SOLAR ENERGY,

" BUT SCATTER IT IN ALL DIRECTIONS BECAUSE OF
THIS. SOLAR ENERGY IS RECEIVED FROM ALL
PARTS OF THE SKY — MORE SO ON HAZY DAYS
THAN ON CLEAR DAYS SUCH RADIATION IS
CALLED D/IFFUSE. AS OPPOSED TO THE NORMAL
DIRECT RADIATION

&\\\m\
ALA Researen Corporation, Solar iwelling Design Concepts, Washington, Do,
Coverament Printing Of fice, May 1976.
’ -
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Trangpacency.l.4 '

5 LENGTH OF TRAVELTHROUGH THE
ATMOSPHERE
MORE SOLAR RADIATION IS LOST BY ABSORPTION
AT LOW SUN ANGLES BECAUSE THE LENGTH OF
TRAVEL THROUGH THE ATMOSPHERE IS GREATLY
INCREASED (THAT IS WHY YOU CAN LOOK
DIRECTLY AT THE SUN AT SUNSET.) HIGH
ALTITUDES HAVE MORE SOLAR RADIATION FOR
THE SAME REASON -

AIA Res veh Cocporation, Solar Dwelling Design Concepts, Washington, D,C.

vernment Printing Ufticc May 1976,
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~ 2.COSINE LAW -- HORIZONTAL SURFACE
LESS SOLAR RADIATICN STRIKES A GIVEN s
¥ ~ HORIZONTAL AREA AS THE SUN GETS LOWER IN

| |[HE SKY THE AMOUNT CHANGES BY THE COSINE
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3. COSINE LAW — TILTED SURFACE

THE SAME LAW APPLIES TO A TILTED SURFACE.
SUCH AS A SOLAR COLLECTOR. BY TILTING THE,
COLLECTOR 80 THAT'IT IS MORE NEARLY
PERi-NDICULAR TO THE SUN, MORE ENERGY

STRIKES ITS SURFACE

ALA Research Corporation, $olar Dwelling Design Concepts, Washington, b.C.,

Government Printing ()?ﬁ'ge,"May 1976.
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Transpa.cy 2.1

NORTH POLE
) MARCH 21

235'TILT

-

JUNE 21
SUMMER SOLSTICE

SEPTEMBER 21
FALL EQUINOX

AIL\ Research Corporation, Solar Dwelling Design Concepts, Washington, D.C.,
Government Printing Office, May 1976,
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‘ ‘ SPRING' EQUINOX
Q &. . |
_ K
. J

DIAGRAM OF THE EARTH 'S PATH

The edrth tits 23 5° relatve 10 the plane of its orba
around the syn Sotstices dnd equinoxes shown are for
the northery’ hemisphere

/

DECEMBER 21
WINTER SOLSTICE
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‘ARCTICCIRCLE ~ NORTH POLE b

TROPIC OF GANCER |
Lat 235°N)
EQUATOR

' TROPIC OF.CAPRICORN
(Lat 235°S)

MARCH 21 ' JUNE 21 SEPTEMBER 21 | DECEMBER 21

¢
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2

"ATA Research Corﬁoration, Solar Dwelling Design Concepts, Washington, D.C.,
Government Printing Office, May 1976.
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Typical Solar Energy System

$COLLECTOR

DISTRIBUTION UNIT

ENERGY
STORAGE

ENERGY TO
HOUSE
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Transparency 4.1 e

2]

ABSORPTION AND RERADIATION COLLECTED HEAT

INCOMING SOLAR RADIATION

RADIATION AND CONVECTION
FROM ABSORBER

INSULATION Diagrammatic Section through Flat-Plate Collector

¥

AlA Research Corporation, Solar Dwelling Design Concepts, Washington, D.C.,
Government bFrinting Office, May 1976.
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Linear Concentrating Collector

cesvaro s torporation, Solar welling Design Concepts, Washinpton, D, C,

Goveriment Printing Ol fice, May 1976,
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Transparency 4.3

Circular Concentrating Collector

ALA Resvareih Corporation, solar Dwelling Design Concepts, Washington, D.C.

Covérnment Printing Off{cu, May 1976,
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Transparency 7.1
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*- . Instructional. Resource Materials

o -

on

solar Energy and the Environrﬁent

UNDERSTANDING SOLAR ENERGY SYSTEMS . |

L. Keaton and . Edington, New
Mexico State University

M. Stephey, Wisconsin Vocational
Studies Center, U/W-iadison

Jopics: !
Unit I Using Solar Energy
Unit IT Locating the Sun
Unit III Solar Energy Systems
it IV Collection
Unit V Storage
Unit VI  Distribution
Uni. VII Representative Solar

Energy Systems for
Heating Homes

Understanding solar Energy Systems is
designed as a post-secondary module,
with a general introduction to solar
energy and specific, comprehensive
units focusing on residential appli-
cations and use of solar energy. It
is useful as a general course or as a
supplerent {or real estate agents,
homeowr - s or those in the building
trades.

Features:
-Unit tests, assignments and answers
-Keyed vocabulary and glossary
~-Behavoral vbjectives
-References

-2} transpareacy masters

151 pages 1978 Ed{cvion $7.00/copy

-y

INTRODUCTION TO ENERGY

F. Posthuma, Westfield High School,
Westfield, Wisconsin

M. Stephey, Wisconsin Vocational
Studies Center, U/W-Madison

Topics:

lesson I Orientation

Lesson II Overview and Safety

Lesson III  Energy Model

Lesson 1V Energy Dilemma

Lesson V Efficiency of the Energy
Use in the U.S.

Lesson VI Conservation

Lesson VII Present Resources

Lesson VIII Pollution and tre

- pnvironment

Lesson IX Alternatjve Sources of

Energy

These lesson plans were designed by a

s%% Vocational Education teacher as a general

" secondary level introduction to energy,

its uses and its conservation., Many of
the lessons have assignments and keyed
references.

-Features:

-Explanatory background

-Glossary

-Annotatgd bibliogruphy of resources

-Behavioral objectives keved to each
lesson

~22 activity masters

-4 clwrts

19/8 Edition

114 pages $6. %/ cooy

ENVIRONMENTAL EDUCATION BIBUIOGRAPHY

R. Lambert, G.'Strey and C.
Kronetach, Wisconsin Vocational
Studies Center, U/W-Madison

Topics:
1.7 General Environmental Education-

‘Humanities, Mathematics, Physi-
cal Sciences, and Social
Sciences ’
2. General Ecology-Humanities,
Physical Sciences, Social
Sciences
Natural Resources .
Energy ‘ -
Land Use
Pollution
. Solid Wastes
Populat {on
Economic/Social/Cultural En-
vironment

O 00~ W

Along with hundreds of sc'..ces of
environmental information, this
bibliography also includes:

Wisconsin Nature
Study Centers
Audiovisual Materials
Sources

Appendix 1

Appendix 11

\
.

1
/
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1978 Edition  $3.00/copy

37 pages
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.~ ergy through buliding dasign: the 183

Conservation in Buikling Design {Cat. No. 4RC201t,
.$5.00) which describes upportunitids for conterving en-
| g¢ Energy. Con-
0. IM184, $20.00} which:
spproaches the subject of aneigy consumption in eco-

- wmlc ¢ well ss technical terms, citing financial, politi-

servation in Buildings (Cat,

arxi tax ohstacles; and the 124 page New Dasign
ncepts for Energy Conserving Buildings (Cat. No. -
4RC210, $9.95) which features 12 entries of disting-

-tion from the Energy Conscious Design student com:
_ patition held in. 1976, -

. NATIONAL SCIENCE TEACHERS
ASSOCIATION (NSTA)
1742 Connacticut Ave., N.W.
Washington, DC_ 20008

" Telephone: (202) 265-4150 -
Contact: John M. Fowler

- NSTA has many helpful energy-related materials tor
the ciassroom. Many of these could be used to generate
enengy saving ideas for schools. A new bimonthly news-
tetter, Energy and Educetion, was begun in October
1927. This nawsletter is concernad with the process
through which energy related political, sociel, economic,
and environmental issues are transtated into classroom
activities. Subscription requests for this frae newsietter
should be sent to Mary T. McGuire at ths NSTA ad-
dress. Also available from NSTA ere the Energy-Envi-
ronment Source Book ($4.00) which pravides back-
ground information for teachers; Energy-Environment
Materials Guide ($2.00), an annotated-bibliography of
materials for teachers and graded, student reading lists;
and Energy-Environment Mini-Unit Guide ($3.00), a
collection of sample student activities for grades K-12.
The publications are availabls from the NSTA affive.

Tha publicstion Award Win.iing Energy Education
Activities contains brief descriptioms of tha winning en-
tries to the NSTA Teachers Participation Contest in
Spring 1976. Ninetean NSTA Fact Sheets dn Aiternative

’ Energy Sources and aseries of /Incerdisciplinary Student/

Teacher Materials in Energy, the Environment, and the
Economy wre 8lso avsilable from ERDA Technical in.
formation Center, P.C. Box 62, Oak Ridge, TN 37830.

pon—— . —

[v——

Other resoutces on this topic may be obtained
by contacting RRS at Tha Center for Vocatiohn:
Education. Telephone: (614)486-3655

L.

The Rescurce & Reterrai Service 1 part of the
Ressacch & Development Exchange which is
sponsored by the National instituis of
Education, Washington, D.C. 20208.

THE CENTER FOR VOCATIONAL EDUCATION
THE OHIO STATE UNIVERSITY

MU Ky Moot - Qoluodms Omo 4 3210

11/9/717 JP

_schools. AA publications includé the 158 page Energy-

8

1

[y

t

-M.

RRS MINLLIST

|| scHOOL ENERGY NEEDS

- RESOURCES
"~ FOR -

'ENERGYLINE o
Envirgnmental Information Center,Inc.(EIC)

292 Madisan Avenue
New York, NY 10017

Telephone: (212) 9499482 ¢ -
. Contact: "David Smith, Director, . - -
- Information Services P

¢

EIC is one of the world's largest independent
clearinghousses for snergy and enviranmental infor-
mation sarving more than 8000 clients in 50 nations.
EIC’s database of journal articles, conference papers,
hearings, monagraphs, réports, special studies, statis-
tics, and books is continually updsted. The informs
tion is indexed, sbatracted, microfiimad, and stored
forcomputer retrieval by EIC end is scosssed through
a variety of raference products and services. The
database is online thruugh the commercial computer
retrieval vindors of Lockheed DIALQOG and SDC
rORBIT. the current yesrbook/reference series, snd
~Ensrgy index. Profilm of 3000 Faderel and state
agencies, professional and trade orgenizations, corpo-
rations, and 10,000 individuals are svailsble through
The Energy Directory, Energy Directory Update,
and NERIS {(National Energy Referra! and informa:
tion Systems) magnstic tape service:

EDUCATIONAL FACILITIES
 LABORATORIES (EFL)

850 Third Avenue .

New York, NY 10022 ™~
Talephone: (212) 751-6214
Contact: Alan Green, President

3000 Sand Hill Road

Building 1, Suite 120

Menlo Park, CA 940256
Telephone: (415) 854-2300
Contact: EFL California Office

EF L has one niajLr publication on anergy avail.
able, The Econvomy of Energy Conservation in Edu-
tional Facilities (1973, $2.00) from the New York
address. {n sddition, several reports anxi newsletters

A LY
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- Sy !
deating with planning for energy and energy conserva-
‘o uon are available, including Energy and Educational

o Facilities: Costs and Conservation andg Energy Conser-

" . wation and the Building Sheli. SchooMouseis a free

- newsletter on tfinancing, planning, designing, and renova:,
ting school facilities. : : S

.+ s EFL's California office offers the Public Schools
v Energy Conservation Service (PSECS). The PSECS will
P provide a summary report-on energy consumption for
s each sehool, a wif-help audit, and a cepital sudit that
' identities capitel modifications and cost/benefits of
these maodifications, All renorts are based on informe-
tion submitted to PSECS by an enroiiing schoo! district :
on forms provided by PSECS. The fee s $30perele- . . o
" mentary school and $50 par sacondary school,

-United States Office of Education
ENERGY AND EDUCATION C . ;
ACTION CENTER (E & EAC)

- Suita 514, Reporter's Building

300 Seventh Street, SW. . o
Washington, DC 20202 - :
Telephone: (202) 4727777

- Contact: Wilton Anderson

Tha Energy and Education Action Center will coor.
dinate all energy-relsted education activities among Fed-
eral agancies. Tha Center will serva as 3 clesringhouse on
enargy and education; give schools technica! asgistance
on snargy standards, projects and funding source3™rain
energy, environmental and related personnel at all edu-
cational Isvels; and support education pyojects through
state and local agencies, higher education institutions .
nnfl school systams, N

PLUMBING ~HEATING-COOLING
INFORMATION BUREAU (PHCIR)
35 East Wacker Drive

Chicago, IL 60601

Telephone: (312} 3727331
Contact: James E. Purnel!

An organization of over. 1200 manufacturers and
their rqpresantatives, witdlesalers, contractoss, and labor
persanrel in the plumbing-heating-cooling industry. 1t
maintains a clearinghouse for cansumer inquiries, and
publishes sducationa! materiais on the industry for can-
sumers, school builders, architects, and engineers.
PHCIB can respond to inquiries on energy and woter
consarvation,

COUNCIL OF EDUCATIONAL FACILITIES
PLANNERS, INTERNATIONAL

29 W. Woodruff Avenue

Columbus, Q4 43210

Telephone: (614) 422-1521 .
Contact: Edmond LeBlanc, Energy Diregtor

One of this orgenization’s major publications on ap-
energy is the Enargy Sourcebook for Educational Facili-
* ties. Chapters include '‘Conservation Guidelines.”*
"Energy Conscicus Design,’”’ "Cost/Benetits of Con-
servation,” ‘Programming Enorgy Management,”” and .
"Auditing Energy Manasgement.” The Council also
publishes s series calied the Educatione! Facilities
Digest. Each digest, 4-8 pages, inciudes a brief review

18y

. of a topic, followed by an extensive annotated biblio-

graphy. Two appropriate titles are Energy Conserva.

tion (ED 126 653) and Building Renavation and Mod-
ernization (€D 131 522). Coples are svaitable for $1.50 -~ °
each from the Council or on microficha from ERIC o
Document Reproduction Service, P.O. Box. 180, Arling.

ton, VA 22210, R

AMERICAN SOCIETY OF HEATING,
REFRIGERATING, AND AIR-CONDITIONIN

ENGINEERS, INC. (ASHRAE) - = 2

United Engineering Center - i o
345 East 47th Street . " o
New York, NY 10017 . ]

Telephane: {212) 644-7946
Cmtact:Niehogas A. LaCourte, Manager of
Standards

. ASHRAE is c(om‘ntly working on 8 series of publica. '

tions on Energy Conservation in Existing Buildings.

ASHRAE Standard 100.5F; Eneggy Conzervation in

Existing Buildings—~institutionsl is currently undergo-
ing a revision of the lirst draft. The second draft will be o
available in January 1978. ASHRAE Standard 100.0;":
Energy Conservation for Existing Buildings—Public
Assembly might 2lso be appropriate since it Includes
standards for larg? assembiy halls {gyms, auditoriums,
etc.). Appropriate articles appear in the ASHRAE
Journal, ' .

" AMERICAN ASSOCIATION OF SCHOOL

ADMINISTRATORS (AASA) .

1801 North Moore Street -
‘Arlington, VA 22209 '
Telephone: (703! 528-0700 ,

Contact: SharonFord, Publicationg

AASA has four publications in this area. Schoo!
Energy Crisis: Problsms and Solutions {$8.95) pub-
lished in 1977, is a comprghensive special AASA Criti-
cal Issues Report on the impact of America’s energy
crisis on schools and school budgets. It includes tips
from the field on what practitioners are doing to cope
with declining resourcss, spiraling costs, and alternative’
sources. Energy Conservation and the Scheols, ERIC
Abstract Series No. 35, a 1876 publication {$2.00), cits
24 sources in its 10 pages. To Re-Create a Schoo! Buil
ing ($10.00), is a 123 page document published in 1976
which explores the when’s, why's, and how's of retitting
wbsolete or surplus facilities to meet new enraliments,
energy, and space needs. Saving Schoolhouse Energy
contains a year-long comprehensive engineering analysis
of 10 “representative’’ elementary schools located in
various parts of the country. it also contalns some spe-
cifie suggestions for schoo! administrators an how to
make cost-effective building modifications to save
energy.

AMERICAN INSTITUTE OF
ARCHITECTS (AlA)
1735 New York Ave., N.W.
Washington, DC 20006
Telephone: (202} 785-7300
Contact: David Bullen, Executive Director for
Energy Programs

A professional society of architects which sponsors
several educational programs with schools of architec-
ture, graduate students, and elementary and secondary

i

!
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5% NATIONAL SOLAR HEATING AND COOLING INFORMATION CENTER

"1”.‘&» P. 0. 80X 1607 CALL TOLL FREE {800) 523.2929
LB ROCKVILLE. MD 20350 IN PENNSYLVANIA CALL {800 4824583
) DC 132
. oty 1st edition
BIBLIOGWW ON EMPLOYMENT IMPACT O_F SOLAR ENERGY 7 March 1978

Energy, Jobs and the' Economv...S. Laitner; Solar ige 2(9):1-’0-16‘, Sept. 1977.

Impact of Solar Energy and Conservation Technolozies on Emplovment...S. Laitner;
Critical Mass, P.0. Box 1538, Washington DC 20013, May 1976.

Jobs and Energy...R. Grossman & G. Daneker; Solar Age 2(9):8-14,,Seps. 1977.

Jobs from the Sun...‘Califomia Public Policy Center, 304 S. Broadway, Room 224,
Los Angeles CA 90013, Feb. 1978.

Occupational Impact of Solar Energy...Massachusetts. Oécupacional Information Systen,
60 William St., Wellesley Hill MA 02181, 1977, $1.50.

Solar Energz:z. Potential Powerhouse for Jobs...T. McCallion; Worklife (2).:3-6, Aug.
1976 (Worklife Magazine, 601 D. St. NW, Washington DC 20213): ®

Sirategic Inplication of Solar Enerry for Emplov~ent of Sheet Metal Workers...
Stanford Research Institute, Menlo Park Ca 94025, June 1975. (Prepared fsr
the Sheet Metal Workers International Associacion)., -

™
& Y

THE CENTER 1S OPERATED BY THE FRANKLIN INSTITUTE RESEARCH LABORATORIES FOR THE US DEPARTMENT QF
HOUSING AND URBAN DEVELOPMENT AND THE US OEPARTMENT OF ENSRGY. THIS LIST CONTAINS NAMES THAT \WERE
KNOWN TO THE CENTER AT THE TIME OF PRINTING, SINCE THE CENTER DOES NOT EVALUATE PRODUCTS OR SERVICES

THE aPPEARANCE OF NAMES ON THIS LIST DOES NOT INDICATE ENDORSEMENT, NOR DOES THE ABSENCE INDICATE

T DISAPPROVAL. PERIODIC UPDATES ARE AVAILABLE. IF YOU WISH TO 3€ LISTED, PLEASE CONTACT US.
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’* 1% NATIONAL SOLAR HEATING AND COOLING INFORMATIDN CENTER

‘0 P 0O BOX 1607 CALL TOLL FREE (800} 523-2929
ROCKVILLE, MD 20850 IN PENNSYLVANIA CALL (B0O0) 462-4883

SOLAR ENERGY MARKET POTENTUAL AND PROJECTINNS BIBLIOGRAPHY

CONVENTIONAL AND SOLAR HOME HEATING AND COOLING SYSTEMS...Predicasts Inc., 11001 Cedar
Ave., Cleveland OH 44106, Dec. 1977 Order No. 151, $535.00.

INVhblINh IN SOLAR ENERCY...Merrill Lynch. Pierce, Fenner and Smith, One Liberty
Plaza’, New York NY 10006, 1975, 8 pp.

INVESTMENT POSSIBILITY OF FINANCIAI INSTITUTIONS IN SOLAR HEATING...P. D. Twombly; -
Rept. # PR 239 756/0GA, June 1974, Availaole from NTIS -~ $4.75. (See List of Sources)

MARKET CAPTURE POTENTIAL OF SINGLE VS MULTI- STRUCTUR[ SOLAR ENERGY SPACE COND: (IONING
SYSTEMS...H. C., Peterson, Utah State University, logan, Utah 84321, Jen. 1976, 82 pp.

MARKET STATISTICS AND FORECASTS...In: Survey of the Emerging Solar Energy Industry,
by. J. A. Bereny, pp. 214-225; Solar Energy Informatlon Services, P. O. Box 204,
San Mateo CA 94401, 1977, 395 pp, $60.00.

SIMMERING SOLAR HEATING MARKET AWAITS COST-EFFECTIVE PRODUCT...Engineering News
Record 198(8)Y:20-04, 1977,

SOLAR COLLECTOR MANUFACTURING ACTIVITY, July- December 1976...Federal Energy
Administration; Rept. No, PB 266 985. Available from NTIS, $1.40. ~

SOLAR ENERCY: AN INDUSTRY IN SEARCH OF A MARKET:..Energy 1(4):12-15, 1976,

SOULAR FENERGY = A MARKETING OUTLOOK...Solar Energy Industries Association, 100!
Connecti-ut Ave NW, Washington DC 20036, Reprint, 1977, 12 pp, 52.50.

SOLAR ENERCY D A REALISTIC SOURCE OF PONFR..?huslnvss Communications Co., 171
Glenbronk Rd., Staaford CU 06906, Jan., 1977, 94 np, $525,00,

SOLAR HEATING NO PIE IN SKY FOR SPECTALTIES, . .Chemical Week 121(12):54, 56, 58, 1977,

SOLAR TMPACT ANALYSIS T AND T, toceedings of the 1977 Annual Meeting, American
Section ot the Iateroational qnl ar Enerpy Society, Orlando FL, June 6-10, 1977,
Vol b, Sections PKoand 249, Complete proceedings available from: Amer. Section,
ILES, 300 Stare RdL 0, Cape Canaveral FLO32920, $45,00, .

SULAR PidB R MARKET D RiESEARCH AND DEVELOPUUNT TRENDS, . . Frost and Sullivan, Inc,,
06 Fultoa St New York NY L0388, Rept. No. 3aB8, 1975, $500.00.

SOLAR SPACE, HOE WATLR, AND SWIMMING POOL HEATINC MARKETS. . Robert K. De La Rue
Asnociates, 'y 00 Box W00 Santa Clara CA Q‘)()S]. Feb, 1977, $250.00,

TWENTY-FOLD INCREASE PREDICTED FOR SOLAR HEATING OVER NEXT NINE YEARS...arthur

Doobivric, Ioes, Pablic Relations Dept. 25 Acorn Park, Cambridge MA 02140,

Preas Release, oo, 1976, DCLIS
i ‘ 'y 2and Fdition
v Doc, 20, 1977
Phay b A e e T R e IRy b T HESEARCH LABORATORBSFOR THE (S NEPFPARTMENT O}

MR SING AND cndpAN [ b b NN AN T U DEFARITMENT OOF ENFRGY THIS LISTCONTAING NAL: S THAT wt Rt

CRNUOWN TO b c ENTERCNT T AT O BeNTTING SINUE THE CENTEH DOES MOT EVALUATE PRODUCTS I ST HVICES

THE APPEARANCE G NAMES ON THIES CIST DOES NOTINDICATE eNDORSENVENT NOR DOES Tr. ABSENUE INDICATE
DHLAPSROYAL PLRHIOIC DEDATES sardil AVAILABLE {F YOU WISH TC BE LISTED. PILEASE CONTACH US



Related ‘Economic Publications

ANALYSIS OF POLICY OPTIONS FOR ACCELERATING COMMERCIALIZATION OF SOLAR HEATING AND .
- COOLING SYSTEMS...R. Dezdek et al; Rept. No. TID 27597, April 1977, 467 PP. .
Avallable from U. S, Depdrtment of Energy, Technical Information Center P. 0. Box
62, Oak Ridge TN 37830,

. APPLICATION OF SOLAR TECHNOLOGY TO TODAY'S hNERGY NEEDS...U. 8. Congress Office of

Technology Assessment, Washington DC 20510,, June 1977,

AN ASSLESSMENT OF SOLAR ENERGY AS A NATIONAL RESOURCE...P?. Donovan et al; NSF/NASA
Solar Energy Panel, Rept. No. NSF/RA/N-73-001, 1973, 80 pp. Available from
NT1S, Rept. No. PB 221 659, $5.00. 8.

L2

CONSUMER DEMAND ANALYSIS: SOLAR HEATING AND COOLING OF BUILDINGS. FINAL REPORT...
Energy Regearch and Development Administration Rept., No. CO0-2598-1, 1977.
dvailabice from NTIS - $8.00.

AN ECONOMIC ANALYSIS OF SOLAR WATER & SPACE HEATING...Energy Research & Development
Administration; Stock No. 060-000-00038- 7, Superintendent of Documents,:
Government Printing Office, Washington DC 20402, Nov. 1976, 26+ pp, $1.85.

ECONOMICS OF SOLAR HOME HEATING...W. D. Schulze et al: U. S. Congress Joint Economic
Committee Hearing and Study; Hearings - Stock No. 052-070-03979-5 - $.85; Study -
Stock No. 052-070-03968-0 - $1.35; Superintendent of Documents, Government
Pripting Office, washington DC 20402, March 1977.
taapt !
EVALUATING INCENTIVES FOR SOLAR HEATING...R. T. Ruegg; Rept. No. NBSIR 76-1127, Sept.
1976, Available .rom: C. Harmen, National Bureau of Standards, Washington DC 20234.. )

POTENTIAL FECONOMIC IMPACT OF SOLAR HEATED RESYDENCES IN ILLINNIS 1976-2000...D. Z.
Pogany and J. E. Dutwo :dy; Illinois Dept. of Business & Economic Development,
Hiviqinn of Energy, 222 §. College St. Springfield IL 62706, 102 pp, Sept. 1976,

SOLAR ENERGY IN AMERICA'S FUTURE: A PRELIMINARY ASSLSSMENi...Energy Research and
Development Adminstration; Stock No. 060-000-00051- 4, Superintendent of Documents,
Government Printing Office, Washington DC 20402 March 1977, 104 pp, $2.00.

SOLAR HEATING AND COOLING...J., R, Williams and C. S. Chen; In: Solar Energy for
Earth: An ATAA Asseqsmtnt. edited by H. J. Killian et al; Chapter 5. American
Inqt{tutu of Aernnau‘l(q aard Astronautics, 1290 Avenue of the Americas, New York,
NY 10019, N

SOLAR HEATING AND COOLING: AN ECONOMIC ASSESSMENT...A. F. McCGarity; National fence
Foundation: Stock No. 038-000-00300~1, Governmen Printing Office, Washingtoun DC
JOLAOL, 1976, 53 pp, $1..20.

Aditioaat Sources of 1 llf}_)__l'ﬂh’}_t’_i(.‘:!\_ . -

SULAR ENCINEFRING, December 1977 issue centains several articles and items on investing
In selar. Solar Engineering 'ublishers, Tne., 8435 N. Stemmons Freeway,
Sulte BBO, Dallas TX 75247, Monthly, $15.00/vyr.

SOLAR ENERGY STOCK LETTEK, Richard N. Liviugstone, weditor, 13 Evergicen Rd., Hampton .
NH 03487, Monthly, $60.00/vr.

NITS it fonal Technical Information Scrvice
589 Port Royal Rd.
. 1, . -
Sprinefield VA 22151 1! .
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5% NATIONAL SOLAR HEATING AND COOLING INFORMATION CENTER

6 f D. BOX 1807 ' CALL TOLL FREE (800) 523.2020
‘ ¢ ROCKVILLE. MD 20850 ' IN PENNSYLVANIA CALL (800} 482.4963
‘ . NB - C . . DC 120
. Q;BLIOGRABHY ON PASSIVE'SOLAR ENERGY DESIGNS §ND S?STEMS ‘ Jangary 1978
’ gggkghikeporte,'Proceedings; ’ '

ALTERNATIVE NATURAL ENERGY SOURCES IN BUILDING DESIGN...A. J. Davis and R. P. ' -
Schubgrt; Passive Energy Systems, P.0. Box 499, Blacksbui'g VA 24060, 1977, $7.00.

\\ DESIGN WITH CLIMATE...V. Olgyay; Priﬁcgton University Pfess, Princeton NJ 085&0,
1963, $28.50. - S _ . _ . :
DESIGNING AND BUILDING A'SOLAR HOME...D. Watson; Garden Way Publishingy Charlotte

VT 05445, 1977, 240 pp, $8.95. s ' o«

HOW TO USE SOLAR ENERGY.. T. Lucas; Ward Ritchie Press, 474 S. Arroyo Pkwy,
Pasadena, CA., 9110_5,_1977, $7.9_5. _ & .

"LOW-COST'ENERGY-EFFICIENT SEELTER FOR THE OWNER AND BUILDER...E. Eccli (ed);
Rodale Press, Inc., Emmaus PA 18049, 1976, 408 pp, $5.98.

PASSIVE SOLAR HEATING AND COOLING, CONFERENCE AND WORKSHOP PROCEEDINGS: Albuquerque
: NM, May 18-19, 1976, Rept. No. IA-6637-C, 1977, 355 PP. Avallable from NTIS =~

3100500 3 . v
NTIS National Technical Infornfation Service ' ' a
L . ‘ N\ 5285 Port Royal Rd.
.- . Springfield VA 22151

a .
' PASSIVE SOLAR BUILDINGS: A COMPILATION OF DATA AND RESULTS...R. P. Stromberg and
: 8. 0. ‘Woodall Rept. No. SAND 77-1204 Available from NTIS - $5.25.

PASSIVE SOLAR HEATING OF BUILDINGS...J. D. Balcomb, J. C. Hedstrom, and R. D. ~
McFarvland; Rept. No. LA-UR-77-1162, Los Alamos Scientific Laboratories, Solar
_ Energy Lata,., Mail .St9p 571, Los Alamos NM 87544. . g . o
- PASSIVE SYSTEMS and WINDOW WALLS...Proceedings of the 1977.Annual Meeting, American .
Section of the International Solar’Energy Society, Orlando FL, June 6-10, 1977,
Vol. 1, Sections 11 and 12. Complete proceedings available from: Amer. Section,

" \_ASES, P.70. Box 1316, U. S. Highway 190 West, Killeen TX 76541, $45.00.

&

RESEARCH EVALUATION OF A SYSTEM OF NATURAL ARCHITECTURT...K. Haggart; Rept. ‘No,
- PB 243 498. Avallable from NTIS - $10.50. g '

L

SOLAR ENERGY AﬁD HOUSING: DESIGN CONCEPTS...Giffels Associates, Inc.; AIA Research
Corp., Publ{catious Dept., 1735 New York Ave. NW, Washington DC 20006, 1975,
445 pp, $15.00.

SOLAR GREENHOUSE: DESIGN CONSTRUCTION AND OPERATION...R. Fisher and B Yanda:
John Muir Publication, Sante Fe NM, 1976, $6.00. >

<

10>
. THECENTER ISOPERATED BY THE FRANKLIN INSTITUTE RESEARCH LABORATORIES FOR THE US DEPARTMENT OF
HOUSING AND URBAN DEVFLOPMENT AND THE US DEPARTMENTY OF ENERGY. THIS LIST CONTAINS NAMES THAT WERE
KNOWN TO THE CENTER AT THE TIME OF PRINTING. SINCE THE CENTER DOES NOT EVALUATE PRODUCTS OR SERVICES

F TC THE APPEARANCE OF NAMES ON THIS LIST DOES NOT INDICATE ENDORSEMENT, NOR DOES THE ABSENCE INDICATE
R DISAPPROVAL. PERIODIC UPDATES ARE AVAILABLE.IF YOU WISH TO BE LISTED, PLEASE CONTACT US.
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f; 7 Books, Regorte, P:oceed;ggs (Cont'd) _" b | : C ;%é
THE SOLAR HOME BOOK. . .B.. Anderaon' Cheshire Books, Harrisville MR, 1977, $7.50. ‘I'fé

‘ THIRTY FNERGY-EFFICIENT HOUSES YOU CAN BUILD...A. “Wade and N. Ewenstein, Rodale - K
Press Emmaus, PA 18049, 1977, $10.95. | _ e
o(Atticles - Non-Technical - :

i

ADOBE: DESIGNING FOR PASSIVE SOLAR HEAT IN THE SOUTHWEST...D. Wright; Solar Age
1(7):10-15, July 1976, Solar Ag

_ ARCHITECTURE AS ENERGY...M. Villecco; Deg}gn Quarterly (103):1-36, 1977 (Complete
issue). .

CLIMATE BASED SOLAR HOUSE DESIGN: HOT AND HUMID, Charleston SC...D. V. Scully;
Sharing the Sun: Solar Technology im the Seventies, Vol. 4, pp. 23-26. (See _
List of Sources). _ _ _ ' e

" CONCRETE WALLS TO COLLECT AND HOLD HEAI...F. Trombe et al.; Salar Age 2(8):
13-19, 1977. , C o

DESIGNING, BUILDING.A TROMBE WALL...B. Arderson; Solar Age 2(8):23-28, 1977.
DIRECT SOLAR HEATING: WHY NOT JUST LET THE WINTER SUN IN THE WINDOWS?..R. W. Bliss;

Pteprint, Consumer Conference on:Solar Energy Development, Albuquerque NM,
Oct. 2-5, 1976, Donovan & Bliss, Chocorua NH 03817, 58 pp, Sept. 20, 1976. - °

. }(EATING WATER IN A BRFADBOX...A. Von Vleet; Alternative Sources of Energy ' ’
(25):21-25, April 1977. ° )
HFRE'S A-PASSIVELY HEATED AND COOLED HOUSE THAT YOU CAN AFFORD,...AND WILL WANT
.».Ancn.; Mother Earth News. (48):117-119, September 1977. -

THE ILLINOIS HOUSE...W. S. Harris et al; Shariug the Sun: Solar fechnolqurin the
Seventies, Vol. 4, pp. 30-35. (See List of Sources). I :

INDIGENOUS WOOD AND SOUTH-FACING GLASS FOR PASSIVE SOLAR GAIN TYPIFY HOMES BUILT ’ \
TO SHELTER INSTITUTE SPECS...E. TOZER Popular Science 211(3): 114-117,
September 1977. .

THE KELBAUGH HOUSE...D. Kelbaugh; Solar Age 1(7):19-23, July 1976. , S
THE LIVE-IN SOLARACOLLECTOR...B: Audersdﬁ; Solar Age 1(6):19-23, June 1976.

LOW TECHNOLOGY SOLAR HOMES THAT WORK WITH NATURE...T. Price; Popplar Science
209(6) :94-9S, Dec. 1976. -

A NON-TECHNICAL EYALUATION OF FOUR DIFFERENT CONCRETE WALL SOLAR COLLEETOﬁ
CONFIGURATIONS...B. Anderson et al; Sharing thé Sun: Solar Technology in the
Seventies, Vol. 4, pp. 15-22. (See List of Sources). ¥

A PASSIVE SOLAR HEATED HOUSE: DESIGN AND CONSTRUCTION...J. Cook and H. Wade; Sharing
the Sun: Solar Technology in the Seventies, Vol. 4, pp. 8-14. (See List of
Sources). )

11 C.
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. In Massachusetts, Maryland, Virginia & Minnesota - .
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HERE COMES THE SUN: 1874, 15 minlites, color,
for junior & senior high school - .

solar energy “goes to school” as students, teachers
& their communities find solar heating an important -
asset in helping relieve the energy . shortage, and in
the process learn how the systems work. Shows
coliectors, control centers, a solar experimental -
van, etc.

PUTTING THE SUN TO WORK: 1974, 5 minutes,
color, for junior & senior high school, college
<4 technicians :

Film explains some of the research being done in .
the solar field to reduce costs, improve efficiency,
etc. Covers collectors for home heating, power
fargs, and solar thermal powér plants.

ENERGY: THE AMERICAN EXPERIENCE: 28%
minutes, color h

ERDA's tribute to the Bicentennial produced by
Sid L. Schwartz. Covers oil, solar and geothermal
as energy sources briefly but thoroughly: -

. PROJECT SAGE: 8/ minutes, 16mm, golor, order

Documents installation of solar collectors and
appropriate piping to supply hot water to 40 apart- _
ment units at a small complex south-of Los Angeles. ™
Shows that, contrary to popular belief, the process
is very simple and a great deal of fossil fuel can be
saved by such projects.

-{Also for sale, from: Madison Films, inc., 215 E.
49th St., New York, NY 10017)

CHALLENGE OF THE FUTURE: 1875, 28 minutes,
color -

Discusses the energy situation. Shows that we are
running out of fossil fuels, and need to develop new.
sources of energy. Shows some of the research
being done by ERDA in developing new sources.
Emphasis on energy conservation.

These films are available from:

Department of Energy Film Library (frée rental)
P.O. Bux 62

Oak Ridge, Trﬂ?eao

19,
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SOLAR WATER HEATING 1964, .13 tinutes, 16mm,
color
Fnlm explains the demgn of a standard collectorfor .

~“/solar water heating and outlines the principles : %
involved. 4 . '
DESIGN FOR CLIMATE 1967. 21 minutes, 16mm, |
color ‘

Discusses how archnncts & engineers can control a {
number of natural elements, including solar heat, &
sun and sky glare. wipd, rain and noise in designing
buuldmgs with comfortable indoor climates. .
%
.'l
»
F

The toregoing films are available from:
Otfice of Counsellor (Scuentmc) (free rental)
Embassy of Australia '

- 1601 Massachusetts Avenue

. Washington, DC 20038

3

e o et Sema—mias o«
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THE AGE OF THE SUN 1974, 21 minutes, 16mm,
color ,
Fiim on use of solar energy in the U S Introduces
various methods of solar energy utilization and
explains the advantages, disadvantages and poten-

~ tials of solar energy today and in the future .
(Also available from- Glen/Kaye Films, 100 E.
21st St Brookiyn NY 11226, (212) 287-2928.
Purchase —$280. Rental--$35 and up.)

ENERGY: NEW SOURCES: film 3 of 4 part series, -+ -

20 minutes. 16mm, color, mnoOr/semor high school,
college. agult

Film covers possible usas of solar cells, solar panels
for hot water and temperature control 1n buildings.
and solar heat tor generation of electricity. Also
deals with geothermal energy and brietly covers
energy from wind. tides. burrming ttash, methane and
tharmal gracients

(Also avaitable from Churchill Films. 662 N+ -
Robertson Bivd . Los Angeles, CA 90069 Purchase
~-$250. Rental -$21) . ’

The foregomg hilms are available from:
Environmental Action ol Colorado (rental —-$21)
2239 £ Coltax

Denves, CO 80206, 1303) 320-6537 .

4
N L)
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ENERGY: HARNESSING THE SUN: 19 mmutes.
16mm, color, junior/senior high
. Introductory film on the many forms of solar energy

utilization: collectors for'heating & cooling buildings;

two basic types of solar energy collection—natural

and technological. Covers advantages and problems
associated with solar utilization. Reviews current

energy situation for fossul tuels, showing need

for solar.
‘(Also available from: Sterlmg Educational Films, )
241 E. 34th St., New York, NY 10016, '
purchase—$255) _ .

SUNBEAM SOLUTIONS: 38 minutes, 16mm, color, .
high school, college, adult produced by BBC-TV
Looks at the efforts of the past which-have become
insufficient in fulfilling present energy needs.
Explains how we are faced with the problemof
‘survival, finding and using.new forms of energy as
conventional sources run out. Points to possibilities
of solar.

(Also available from: Tnme/Lnfe Multimedia, Time &
Life Buiiding, New York, NY 10020, order no:

F1620 {film), V1341 (video), purchase—$425, (fum)
$300 (video), rental-~$40)

The foregoing are available from:
University of California

Media Extension Center "
Berkeley, CA 94720

!‘m____—

ENERGY FOR THE FUTURE: 17 minutes, 16mim,

color, senior hugh/;umor college ‘
Features aiternative energy utilization, including
geothermal facility in California, coal gasification

ptant in Chicago. Chief emphasis on solar

technologies. .
(Also available from: P.R.L.. 1822 Pickwick Avenue,
Glenview, IL 60025, rental-—$21)

Available from:

Britanica Educational Corporatnon
{Purchase---$220) ¥
1925 North Lynn St.

Arhington, VA 22209
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: ENERGY FROM THE SUN 11 minutes, 16mm,
black & white -
- Tustrates importance of lhe sun as the earth's major
~ source of energy. Explains photosynthesis as well
as discussing present & future uses of solar energy.

Available from:

3

Encyclopedia Brnahlca Educahonai Corp. . .

(Purchase—$70)
425 N. Michigan Ave - e
Chicago, IL. 60611 :
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ENERGY FOR TOMORROW: package~3 films,
8mm, 14 minutes each, sound on individual
cassettes, comes with study guides

! FILMS: ,
Energy Alternatives—overview of-alternate energy .. -
resources
. Solar Energy—overall coverage of various uses of
solar energy .

Nuclear Energy—uses of nuclear energy for power.
problems involved.

Available from:' -
Educational Materials & Equipment Co.

S Y B e tMRARRARS S A M eIew et

HOW TO MAKE A SOLAR HEATER: 20 minutes
18mm, color Y

Explains principlé of solar energy apphcatnons.
especially first generation of solar heaters. Shows
step-by-step construction of a functional solar.heater
at a cost of less than $ 100..Do-it-yourself approach
suggests a classroom project. ' N

Available rrom:

Handel Fiim Corporation (Purchase-3290)
8730 Sunset Bivg.,  °

West Hollywoud, CA 90060 -

(213) 657-8990

| L4

. (Purchase—$58, sold as package, must buy all 3)-
Attn: Dept. B ,
468 Lafayette Avenue v e .
New.Rochelie, NY 10801
B e e o —— o ]

° -

L

GIFT FROM THE SUN: 13 mmutes. t6mm, color. ’
. sound
.. About community built solar heated ana cooled
. center for environmental education in Somerset’
. - County, NJ. .

Available from: - s
+ UNITL Film Producers (Rental—$ 15)

carem e - carme

o
SOLAR ENERGY: 13% minutes, 16mm, color
Covers solar power in the past, present & future with
emphasis on solar architecture, high & low tempera-
ture conversion, ocean thermal, solar cells arnd
biomass.

Available from'

Montage Educational Films -
RO Box 38128

Moilywood. CA 90038 : -

-

* 423 W, 118th St. | )
New York, NY 10027  (212) 865-6201 o

—— iy

SOLAR T.E.A. HOME: 8 minutes, 16mm, color, sound
Covers how to build a solar home, using home built .
) _in New Hampshire by the Total Environment Action
- - - -group as an example. Home was built as part of the
. U.S. Department of Housing & Urban Development
Solar Heating & Cocling Residentiat Demonstration
« Program.

. SOLAR DESIGN: 30 minutes, 16mm, c. r, sound
i Several architects who have designed-solar homes
‘ are interviawed about their problems and experi-
ences in bui!ding,;plar homes. The Homes they
designed are shown and the solar systerns explained.

.

79@
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THE SOLAR BUILDERS: 27 minutes, 16mm, color,
S soumnd

A New Jarsay builder, a builder from Dallas TX, and
a Colorado builder are interviewed about their
experiences in building solar hoihes. The homes
they buiit, which were funded under the U.S. -
Department of Housing & Urban Development Solar
Residential Demonstration Program, are shown and
their solar systems explained

, THE DAWN OF TIME: 6 minutes, 16mm, color, sound
" General overview of the utilization of solar energy
from the boginning to now. - -

The foregoi~qg are available from:
Natiw~al Sular Heating & Coolmg Intormation.Center
(Loan unly-—-free)

PO Bon 1607 !
Rockv: i, MD 20850

L]

, Attn; Carolyn Trimarchi , -

- Instruchonal television news features for lecture

sunplemnnt & library reference (12" reel to reel or
%" cassette)
RESIDENTIAL ENERGY-CYCLE SYSTEMS: 33
h‘unutos black & white

"Sky-Therm  solar systems, the design & operatton
are descnbed. “Sundance Solar Systems™ equip-
ment is describeu particularly their domestic heat
storage projects; "Solar Research ready to install
domestic water heating kits are described along with
Annual Cycle Enérgy System componénts; an
arclutect with “Sun-Structures, Inc.” describes
-intagrated alternate energy systems designed for
-homes in Michigan '

PROJECT OUROBOROS: 25 mmutes black & white
‘Lecture of Prof Denrus Holloway. University of
Minnesota School of Architecture on results of work
done by 300 design students in the areas of solar
heating. sanitation. windmill electricity & gardening
as exprassad i two houses. Quroboros South--

a now house ulthzing enargy conservation & solar
system, Ouroboros East—solar retrotit of home

in Minnesota

»

outlines expernmental research in enexgy efficient
house desiGk methane recovery on farms, a_nd

explanps two solar proxects-solar lab and sol
demonstration house; Marelco Inc. engineering
design compény discusses looking to vegetable
matter for ¢ renewable energy resource.

The foregolng are available from
Dennis Karlistad
2330 Burano -

Sacramento, CA 95825

(415) 524-7353

d )

SOLAR ENERGY TODAY: 55 minutes. color.
television program; available in broacdcast format for

TV airing and in %" video cassette for viewing by
educational. professional & governmental organiza- -
tions—no fee

Covers present day solar energy applications &

related energy-conserving building design. Inter-

view with Fred S. Dubin, nationally recognized

expert in application of solar energy & design of
energy-conserving buildings & operating systems. "
Shows solar homes & other installations, related
materials on design, effectiveness, aesthetics of !
practical solar energy systems.

Available from:

¢ Center.for Energy Policy & Research’

New York Institute of Technology
.Old Westbury, NY 11568 °

. (516) 686-7578

mmamwnm

. e

FILM LIBRARY: library of films on conservation,
environment & ecology. Available for loan. For
information write:

National Association of Conservation Districts
1025 Clark Street

Stevens Point,.Wi 54481 (715) 341-1022
¢

197
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SOLAR HOMES:, 50 35mm color shdes with printed
nareation {price--$50), 50-frame 35mm color film-

strip with 30-minute tape cassette (price—~$25).

Shows examples of houses & buildings with: liquid
-flat-plate solar callectors, "rolibond” copper &

aluminum absorber panels, extruded plastic & rubber

solar collectors..reinforced concrete solar collector,
trickling water solar collectors, energy storage !
systoms, hot-air collectors, various types of solar )
air-conditioning systems.

Available from:

Jarnes L Ruhle & Associates

PO. Box 4301

Fullerton. CA 92631 ,

(714) 526-6120 o . ,

ey

-y -y

- - o=

BASIC SOLAR SLIDE KIT (VO1): 19 slides, 35mm

color {Purchiase —$ 19)

INustrates basic solar principles solar heat gam
through windows, tlat-plate collectors, and photo-
voltaics as well as views of famous solar homes by
Harry Thomason. Zomewnorks, Haroid Hay and the
Unmiversity of Delaware.

SOLAR COLLECTORS SLIDE KIT (V02). 19 slides.
35mm, color {Purchase--$19) e
Slides depict tiat-plate collectors from inventors :
and manutacturers. Copper. aluminum and steel .« -
products included. as well as Delaware U's air
collector and the solar sun roof sandwich by the

_ editor of Solar Energy Digest .

SOLAR BUILDINGS SLIDE KIT (VO3): 19 sltdes .
35mm; color (Purchase--$ 19) )

Shows solar heated buildings both built & planned
around the country Duplicates many of the pioneer

projects included in Basic Shde Kit, and adds ] ,
projects ke the Decade 80's Solar Home, Grassy
Brook Village and the Science Museum of Virginia 1

The furegoing are available from:
Solar Bookshop

TEAInc .
Church Hill .

Harnsville. NH 03450

.
'
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SOLAR SLIDE KIT: 1974, 21 slides, 35mm. coIOr S
(Purchase—$12) >
Describes beadwall construction, drum heat storage .
& skylid operation for a passive solar design.

Available from:
Zomeworks Corporation
PO Box 712
Albuquerque, NM 87103

!

SOLAR ENERGY. READY WHEN YOU ARE: 1977
140 slides. 35mm, color, audio cassette  ~
(Purchase—$28)

Explores variety of solar technologies readily avail-
ablte for homes, apartments, office buildings, schools
& factories. Focuses on residential & commercial
applications in different parts of the U.S.

Available from:

National Audio-Visual Center .
General Services Administratiorn
Washington, DC 20409
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SOLAR HOMES IN THE LOW COUNTRIES: 1976,
75 slides, 35mp, color, rarration on cassette
Shows construction of two homes with solar heating
& hot water systems. Both were built by Solar
Development Associates with HUD grants for the
solar systems. Homes are located in South
Carolina. Covers architecture, engineering &

cost benefits. {

Available from:

Solar Sources Corp. ,

Bankers Trust Office Park

Hilton Head, SC 29928

Attn: Ren Frutkin ~ {803) 785-8818
(Rental—$50/day, $25/day if rented 3 or 4 times)

L4
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SOLAR SLIDES. PICTURES. VIEW-GRAPHS:
variety of solir shides solar heating & cooling
apphcations. instrumentation. systems analysis. etc.
(10 categorfos), pictufes & vuew-gmphs, Available

v for duplication coqts

Available from

Dave L Christensen

University of Alabama in Huntswville
PO Box 1247 .
Huntsville. AL 35807

’

LI ) .
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SHOWCASE OF SOLAR HOMES: 40 shdes, 35mm,
audio cassette {Purchase - $40 .
Shows salar houses & test installations open to the
public in vanous parts of the U S. Houses vary In
price range. type of architecture & system. Set
inctudes both private & government funded projects, -
demonstration & test houses & universities

\
RETROFIT OF A SUBURBAN HOME: 20 shdes.,
35mm, audhio cassette (Purchase--$30)
Deascribe systems & steps invoived in the air system
designed and insailed by engineer Charles Thomsen |
n his Nebraska heme, Scnipt (on cassette) wrttten
by Thomsen -

COMMERCIAL SOLAR INSTALLATIONS: 40.sl|des
35mm, audiv cassette (Purchase ~-$40)

Shows bulldings with solar systems, inclucding motels.
warehouses, offices. high rise apartments, condo-
miniums. medical complexes. coin-op laundries &
car washes Accompanying matenals give details
on installation costs. collector & storage area.
performince & expectaed payback

\
.

> -
.

¢

6

1 - FULLCIRCLE: 40 shdes. 35mm audio cassettea *

. . .. (Pur¢chase—$128.50)

~ drawings. photos of actual solar components. Comes

. The Cooper Solar Distributing Company B

.v:é

< ay

A SOLAR GREENHQUYSE PROJECT: 19 slides,
‘35min, audio cassette (Purchase~$3C) -~
Describes various types of 3Mar greenhouses,

- details construction of ah attached solar greenhouse.

SOLAR SPEC HOMES: 40 sl:des, agmm. aud ti
cassette (Purchasé—840)

Shows variety of architectural qtyles & different solar
systems that are used. ShHows solar, homes in 3

" number of price ranges: ’

\ e

LRV IN

(Purchase—$40) N .
Reviews millennium of solgr development in.North
America. Beginning with Pueblo structures in south-
‘west, slides trace solar systems for heating &

cooling to the present. Shows examples of éarly
designs & solar homes from 193J's to present plus
view of the futuré proposed by leading architects: -
Precentation prepared & written by Donald Watson
asolar architect ‘

-The foregoing are available- from' . : .

Sétar Engineering Magazme 0
8435 N. Stemmons Freeway. Sutte ‘880
. Dallas, TX 75247 -

L

SOU\R-ED LIBRARY: 200 slides. 35mm,.color

Yo be used for educational pttrposes Covers collector
design.and performance, thermal storage & solar
terminology. ingludes calculations,’ graphs concept

wnth manual to assist in classroom presentatncn
Available from

1627 Litchfield Turnpike
Woodbndge CT 06525
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A TOUR THROUGH AMERICA'S FIRST gOLAR
ENERGY SUBDIVISION: 18 slides, 35mrq color,

- script (Purchase--$24, doscount to teachTrs
& schools)

- Shows solar houses and solar systems—what systems
and components look like, some schemahc diagrams.

Avanlable from.
‘Sennergetics

‘18621 Parthema Street
Northridge. CA 91324

n

3 )
(213) 885-0323

-
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SOLAR ARCH!TECTURE SLIDE SET 35mm
. {Purchase-$10)

Slides of eleven solar homes in Colorado. N

Mexico. Arizona and Minnesota. Photos by

Gregory Franta

-Avarlable from. '
Roarning Fork Resource Centor

PO Box 9950 :
Aspen, CO 81611 (303) 925-8885

.
'Y
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SOLAR SLIDES 35mm slides on all aspects of solar
energy--collectors. swmming pools, photovoltaics,
heating & cooling. homes, commercial butldings,
schematics. etc (Purchase—$1.00/each for non-
memburs, $.70 tor members, $5 minimum order)

Available from N

" Solar Energy Institute of Amenca
- PO Box 6068

" Washington. DC 20005

)
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ARCHITECTURE, BUILD\NG & THE SUN-THE
KAREN TERRY HOUSE: videotape geared for
students, professionals & laymen, 21 mmutes
black & white :

.-+ DoOCumentary account of conceptlon constructuon &
performance of a sophisticated “passive” project
featuring Karen Terry, builder; David Wright, |

- architect; and B. T. (Buck) Rofers,

(Also availabfe from: The Solar Bcokshop, TEA.
Church Hill, Harrisville, NH 03450, purchas%_ <$175
(%" reel), $200 (%" cassette)

SOLAR REALITY: A DIALOGUE WITH JOHN |.
YELLOTT: videotape geared for students. profes-
sionals & laymen
. Yellott, a famoug solar pioneer, talks about past
‘present & future of solar. '

The foregoing are available from:;
" Solarvision Ingc.

Box A

Hurley, NY 12443

L

' SOLAR HEATING & COOLING OF RESIDENTIAL
BUILDINGS: SIZING, INSTALLATION & OPERA-
TION OF SYSTEMS and SOLAR HEATING &
COOLING OF RESIDENTIAL BUILDINGS: DESIGN
OF SYSTEMS: videotapes (ziso available
as manuals)

- Training materials for designers & installers of solar
systems. Material developed by Colorado State U
under sponsorship of Dept. of Commerce & Nat'l

 Assn. of Home Builders.

Available fram

.National Technical Informatuon Service
5285 Pott Royal Road

Springfield, VA'22161

or

Colorado State University

Ft Collins, CO 80523

2
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SOLAR TOPICS ON COLOR VIDEO CASSETTE:
3 color video cassettes on solar energy (Purchase
- $50/each. 3 for $135) -
Cassette #1 Sheldon Butt, President. Solar Energy
Industries Assn - describes potential market for solar
- heating & arr-conditioling { 15 minutes).
Cassette #2 Joe Sherman. HUD executive, 1s inter-
viewex! by John Blake. Exec Dir . SEIA Interview »
v scovers solar demonstration program of Dept. of
. Housing and Urban Development (15 minutes).

iSigma. gives visual demonstration of proper
‘orientation of controls in a solar energy system
(9 minutes! ) ’

. A.vallab!e from - ' .

Solar Engimeenng Magazine
- 8435 N Stemmons Freeway., Suute 880
_"Dalldq .TX 75247 ’

-y

- - Py —’;-‘lt-.:-to.-—*““u--—-.

FLAT PLATE SOLAR COLLECTORS, PART | and

PART Ik (Part | -58 rmin ). {Part 11 ~58:30 min.) color
Harry McMilian Univ ot South Carolina

Description of function of vanous parts of the flat

plate collector and some typical geometries. Mathe-
matical modal presented for cotlector ethicrency, | .
and usetul gainin‘terms of pertinent variables

Sume practical considerations reviewed and several
teatures of current miadels are histed Notes included

SELEC¥IVE COATINGS & EVACUATED COL-
LECFORS. PART |I: 46 15 min . color ‘
Harolet - » Southern Methodist Yniversity
Thermal - astance ntwork described which shows
quantitatively the combined importance of selective
coatings and viacuum in controlling useful energy
produced in solar collector How vacuum aflects
losses 1s considered Post support evacuated model
shown Design equastinns that relate losses to
sSpACing prossure level, .'md temporaiure are
developed

SELECTIVE COATINGS & EVACUATED COL-
LECTORS. PART I1: 42 45 mun _ ¢color
Harold Btum & Charles Moore. Southarn Methodist

Umiversity
Selochive coating, to enhance solar eollection &
lossen heat lonses by radiabion are (hscussed by

consienng hasie vnergy etuations, the thormal
reststance mmadel and mechamisms of selectivity
Equipment to measure solar absorptivity & operating

14
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Y
temperature emissivity shown and described. Copper
on galvanized stee! selective coating prepared and
samples of coatings displayed.

SOLAR _CONCENTHATORS: 30 min.. color.
Kent Reed, Argonne Nationat Laboratory
Optical concentration of incoming solar energy
reduces active absorber area required in collector
-of a given acceptance aperture area. Potentiai

. benefits®f this reduction in thermal & photo-
voltaic collectors outlingd. Limiting relationship
between concentration & angular acceptance
presented. and implications in concentrator col-
lector design discussed. Examples of nonfocusing
& focusing collectors described.

. THERMAL STORAGE SYSTEMS: 58:30 min., color
L. Néman Connor, University of South Carolina
introduction to energy storage in solar thermal
system. Time dependent relationship between solar
‘input, delivered load. and energy storage depicted.

_Characteristics of thermal storage media and
systems fabricated using these media discussed.
Pagticular attention given to water systems, nedble
bed storage, and phase-change systems.

DESIGN & INSTALLATION OF SOLAR HEATING
& COOLING SYSTEMS, PART I: 52:25 min., color

* George L6f, Susumu Karaki, Byron Winn, Colorado ~
State University
Review of solar energy systems, discussion of
simplified design procedures, and disc.ssion of
solar system economics and installatiori procedures.

DESIGN & INSTALLATION OF SOLAR HEATING &
. COOLING SYSTEMS, PART li: 51:30 min.. color
» George Lof. Susumu Karaki, Byron Wmn Colorado
State University
Discussion of automated design procedures fcr
solar systems. the design and installation of sub-
system components. and solar system economics.

SOLAR ENERGY AND CONSUMER MARKETS:
60 minutes, black & white

. S Lampert, Univ of Southern California, Gilbert
Yanow. Caltech JPL )
Consumer oriented considerations relative to
general acceptance of solar energy as an alterna-
tive energy resource Comparative costs of systems.
legal aspects and regulations, financing problems,
and incentives. Influence of nsing tosts & avail-
abihty of oif cr natural gas compared with costs
associated with installation and use of solar
operated systems

T

.
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INSTITUTIONAL CONSIDERATIONS INVOLVING “\‘

SOLAR ENERGY_SYSTEMS: 55.45 min., black

& white . ’

S Lampert. University of Southern California;

Gilbert Yanow. Caitech JPL

Panel of experts from Industry. government and
-education discuss ramifications of various institu-

tional. societal & economic measures upon

8 development & growth of a solar energy industry.

-

Issues such as uniform standards & regulations for

. Solar energy sysiems & therr use: governmental

responsibiitios for planning & zoning; educational ,
programs for acceptance of solar as meaningful.
alternative resource .

SOLAP HOUSE DESIGN: 4910 m:n.. color _
W Shick. S Kongzo, R. Jones, W Harris. University
of llhnois -

House designea as efficient solar collector-storage

- umteowith superansulated enclosures and south

tnple-ylazed windows presented Solar gain of
south-tacing tninle-gmzod windows analyzed and  ®
sun control by root uverhang described Costs of
super-insulation ostimated. Other ener gy savings
Lophions descrbogd '

SOLAR DEMONSTRATION PROJECTS: 60 min.,

" color
J Wilhams, Georgia Institute of Technology .
Schematic chagrams of typical solar heating and
cooling systems presented along with typical hot
witter heating systems  Several case studies shown
ranging from’small residential instaliations to large
clementary school and large community center with
iIce nnk Prosents overview,of matenal in other
taves by showing real-world apphications

The foregoing are avarable from

ITTwv

ATT Center .,

Chicaqyo. 1H¥60616

{312) 567-3460 -
{Purchase --$295, video cassette. %" video
cassettes, also available for loan) -

Also avaiiable from
Association for Mocha-Based Continuing Education

for Engineers Inc '
¢/oGeourgry Toch ¢
Atlanta GA 303232
{404} 894-3362
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i‘ X .NATIONAI. SOLAR HEATING AND COOLING INFORMATION CENTER .

m & P.0 BOX 160/ CALL TOLL ¢ REE (800) 523 2009 /
ROCKVILLE, MD 20850 : N ’ iN PENNS\ LVANIA CALL (80O} 462 ‘9&3 "; f' o {“
‘ . o i . °- e 1 104 . oo
¢ ‘ . ENERGY CONSERVATION IN BUILDINGS 2nd - eﬁitio&
o : _ . ' ,.Oct. 1977 4;2
¥ Technical N a | . | o

[y * v

; ASHRAFE. HANDBOOX OF PU&bAMENTALS.. ASHRAF PublicationQ, 345 East 47th St., New York NY 10017,
K 1977, 688 pp, $40, 00 + $2.00 handling. Chapter 20, “Design Heat Transmission Coeffiecients",

. contains a complete list of the properties, including‘R-values, of insulation and building ‘j
" materidls, - ' , e . p ‘

GUIDELINES FOR SAVING ENERGY IN EXISPING BUILDINGS...GPO, 1975; Pt. 1 =~ Stock No. 041-018- . -
~ 00079~8, 304 pp, $5.25; Pt. 2 - Stack No. 041-018-00080-1, 465 pp, $5.05. Two=-part
manual for building managers.and engineers on ways to save energy. '

MANUAL J -- LOAD CALCULATION FOR RESIDENTIAL WINTER AND SUMMER AIR CONDITIONING...National
"Environmental Systems Contractors Association, 1501 Wilson Boulevard, Arlington VA 22209,
éth edition, $7.50 (Non-Members) $4.50 (Members) Technical guide to calculating heat lo"us.

MINIMUM DESIbN STANDARDS FOR HEAT LOSS CALCULATION...U. S. Dept. of Housing and Urban Develop-
. ment, Washington DC 20410, Order No. 4940-6, 22 pp, March 1973, CGuidc v calculating the
heat transmission goefficientb of building ‘sections.

RETROFITTING EXISTING HOUSING FAR ENERGY CONSERVATION - AN ECONOMIC ANALYSIS...S. R. Peterson;
=GP0, Stock No. 003-003-01360-9, 76 pp, 1974, $1.35. Covers the economic factors of adding - :
« - insulation to existing housing.

Non~Techgical _ . . .

CITIZEN ACTION GUIDE TO ENERGY CONSERVATION...Citizens' Advisory Committee on Environmeutal
Quallity; GPO, Stock No.'040-000-00300-2, 64 pp, 1974, $1.75. Overview of the energy |
problem and various opportunities for saving energy in industry, transporation and buildings.

CONSUMERS' GUIDE TO EFFICIENT ENERGY USE IN THE HOME...Gas Appliance Manufacturers Assoc.,
1961 N. Ft Myer Dr., Arlington VA 22209, 5 pp, 1973, Free. . _
g 11 WAYS TO REDUCE ENERGY ‘CONSUMPT 10N AND INCREASFE. COMFORT IN HOUSEHOLD COOLING... Office of _
-Consumer Affairs and the National Bureau of Standards; GPO, Stock No. 003-003-00876-1, §. 40,

FNERGCY CONSERVATION: - UNDERSTANQINC AND ACTIVITIES FOR YOUNG PEOPLE...GPO, Stock No. 041-018-.
00091=7, 20 pp, $.85. Designed for junior high'school students; contains suggested
activities for increasing their awareness of energy conservation.A

THE ENERCY MISER'S MANUAL...W. I, Morrell; The Grist Mill, 90 Depot Rd., Eliot ME 03903,
' “77 pp, 1976, $1.95 + $.30 postage., Compares the insulating values of different materials
and different types of walls; covers other wdays .to save energy throbwgh site plamning.

ooy
ENERGY PRIMER...Portola Institute, 558 Santa Cruz Ave., Menlo Park CA 94025, 200 pp, 1974,
$5.50. " Section on "Architecture" contains a detailed description of building codes, .

'lhﬁ ENFRGY SAVING CUIDEBOOK...¢:. S, Springer and G. FE. Smith; Technomic Publishing Co.,
Westport CT 06880, 103 pp, '974, $8,50. Covers the basics of heating and cooling your

house; in«lud;s short section for mobile home owners., -
MU AEA LU Y Ry thee p RENK U ONSTITUTS RESH ARCH LABORATORIES FOR THE DEPARTMENT (IF
Froote cAND T D PATITMENT OF HOUSHE 16 AND URBAN DEVE LOI MENT, THE NATIONAL

CEMYTE R AN 1 ATV ORG, AN AH()Nﬁ' I NOTFNDORSE. RECOMMEND OR ATTEST TO THit
OUAT Iy ANODYCALAKIET ¢« (8 ANY OR(M\U( T OR G ctv|cg¢;o¢' COMPANIIS AND INDIVIDUALS * I ’{
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aa WAYS TO- BULLD ENERGY CONSERNATION INTO YOUR HOMES...Owens-Corning -Fiberglas Corp.. S A
{' Grandvilla OH 43023 Pub. No., §-BL-7055~A. 1975 Free. ' S

il THE FUEL SANERS...D. Scully, D. Prowler and B. Anderson, Northweat New Jersey Lommunity~Action R
* ' Program, Inc., Prospect and Marshall Sts., Phillipsburg NJ 08865, 60 pp, 1976, $3.00. Z‘I' :
no-tt-yourself :uide to winterizing the home; includes some simple solar retrofit ideas.
" HOME ENERGY HOW-T0...A. J. Hdnd,.ﬂatper & Row, New York NY 10022, 258 pp, ‘1977, $9. 95. Part.
~f*' 1 of this book cuncentrates o2 ways to ‘consgrve energy, including insulationj Part II . . -~
T coverg ways to use alternative energles, including solar. | . w0 '

E+ PR

- ‘e

: HOME ENERGY SAVER‘S WORKBOOK. . .Federal Enurgy Administration; GPO, Stock No. U41-018-00116-8,
29 pp, 1976, $.35.r Basic measures to make your home ‘more energy efficient’

THE HOMEOWNER'S KENERGY GUIDE: HOW TO BEAT THE HEATING GAME...J A, Murphy; Thomas Y. Crowell
cumpnny, New York NY 10033, 218 ppy $6¢95. Contains section on computing the cost of your
home's present heat loss versus the cost of improving its heat . rerntion..” -

~HOMEOWNLR s GUIDE TO QAVINb FNERGY...B. L. Price and J. -T. Price; Tab- Books, Blue Ridge Summit,
PA 17214, 288 pp, 1976, $5.95. JIllustrated simple methods for saving energy qnd money.

HOW TO INSULATF, HOMES FOR ELECTRIC HEATING AND AIR CONDITIONING...National'Mineral Wool ‘
Insulation Assoc., 211 E. 52nd St., New York NY 10022, 31 pp, 1974, Free. '

L4

o

<IN THE BANK...OR UP THE CHIMNEY...U S. Dept,of Hovsing and Urban Development° GPO, Stock No.
023-000-00297-3, .72 pp, 1975, i 70. Detailed guide tor the homeowner on insulating

.

\ his/her home. - ° . . 8

klhuwATT COUNTER: A COMSUMER'S GUIPE TO ENERGY CONCEPTS, “W''WTITIES, AND USES...Alternative
Sources of Fnergy, [ssue No. 19, Dec. 1975. Alternative -urces of Energy. Rt. 2, Box 90A
Milul a MN 563 1 B . - . .

_’"3

OWSCHST ENERGY-EFFICTENT SHELTER FOR THE. OWNER AND BUILDFR...E. Pccli (ed), Rodale Press,
‘ Emmaus PA 18049, 408 pp, 1976, '$5.95, Covers the basics involved in owning and building
an energyvviflvciunt home . :

MAKING THE MOST OF YOUR ENERGY DOLLARS IN HOME HEATING AND COOLING.. .M. Jacobs. and S. R.
Peterqon' Consumer, Information Center, Pueblo CO 81009, Order No. 065E, /}7 pp, 1975, $.70.

OTHER HUME AND GARBAGE: DESIGN FOR SELF SUFFICIENT LIVING...J. Lecki et!al,\Chas. Scribner's
Song, New York NY 10017, 13062-pp, 1975, $9.95. Contains extensive section on heat loss
(alculativn, Appendix bD gives the R-values of a large pumber of building materials.

* PROJECT RETRO-TECH - HOME WLATHFRI&ATION MANUAL...R. Bill et al; Available soon from GPO,
Stock No. unknown, 40 pp, 1976, Price unknown. Original Document No. FEA/D-75/457 R.
Could be used by the hompowner to survey his home energy needs. Part of the PROJECT
REPRO-TECH - INSTURCTOR'S KIT FOR HOME WEATHERIZATION COURSE which will also be available

. from GPO,

« \
'SAVE. ENERGY:  SAVE MONEY...F. Eccll and S. F. Eccli; National Center, for Community Action,-
1711 Connecticut Ave., NW, Waqhington bC 20009, 40 pp, 1974, Free, : - I

i
- H 2

oaro - fhnpvrlntvndvnt of Documents A more complete list of government publiga(ions
- Government Printing Office on Energy Conservation is availab]e from GPO. .
Washington DG 20402 Ask for SB-058. : :
Minimum Mail Order - $1.00 ' Y . ' - ' /
Add Tt toml sources of material on ‘Eneryy Conservation include State Energy Offices, local

public utiltty companies and the thional Fnergy Infodmation Center, 12th & Penna. Ave.,

Washinton DC 20461,
Q

- LY



é

- !

o

"A THERMAL MODEL FOR A SOLAR HEATED BUTLDING...M. G. Davies: Building Science L

"Articles -uNonéTeEhnical (Cont'd)

l¢3

&

. ‘ :

PASSIVE SOLAR HOME FOR NORTHERN CLIMATES...D. Marier and A. Marier; Alternative.
Sources of Energy (25):5-11, 1977;: PART TWO...Alternative Sources of Energy
(2h):21-25, 1977, (Complete set of blueprints available from: Don add Abby

xo.

Marier, Route 2, Box 74, Milaca MN 56353, $15.00). . | .
RALPH AND HOLLY TYRELA'S HOUSE...R. Tyrell; Solar Age 2(8):24-27, 1977, . ~ .
THETSELF-RKATING, SEL.F-COOLING HOUSE..,W. fhomas: Mother Earth News (10):76-79,

Ju],v“l()llo - . ’ °o. " P 4

~SOLAR AND WOOD ADUBE HOUSE...B. Colyer and W. Colyer; Wood Burn&ng Quarterly, pp. 30+

spring 1977, - _ : N

AN

SOLAR BATTERY FOR PASSIVE HEATING...E. Morgan; Popular Science 210(6): 34, 148,
June 1977, : . PR . -

THE SOLAR FAN (SOLAR INDUCED DRAFT AIR CONDITIONING SYSTEM)...R. L. Reid and A. F.

Bedinper; Sharing the Sum: Solar Technoldgy in the Seventies, Vol. &, pp. 1-7,
(See List of Sources). . ¢

THE.SOLAR WAY: PASSIVE...M. Skura; New York Times Magazine 76-77, 80, 126-127,
December 7, 1975, - .

THE SUNERGY LOUVER DRAPE - A UNIQUE PASSIVE SOLAR HEAT COLLECTOR & REFLECTOR...R.
H. Ricve; Sharing the Sun: Solar Technology in: the Seventies, Vol. 4, pp. 27-29,
(See- List of Sources), < _ ) N

: ¢ )

~1
.

Articles - Techniéal

HEATING BUILDINGS BY WINTER SUNSHINE.. .M. G. Davies: Building Science Supplement
" (Energy and Housing), pp. 53-66, 1975. ' . C
NATURAL Alﬁ,CONDITIONTNG WITH ROOF PONDS AND MOVABLE INSULATION...B. R. Hay™and
Jo 1. Yellott; ASHRAE Trans, 75(1):105-177, 1969. _ ' e

THE, THERMAL ADMITTANCE OF LAYERED WALLS...M. G. Davies; Building Science 8:207-220,
1973, -

" .
THERMAL ANALYSIS  OF A BUILDING WITH;NATQ#AL AIR;CONDITIONING...J. I. Yellott and

H. R. Hay; ASHRAE Transactions 75(1):178-188, 1969. . o s
- ?

Supplement (Energy and Housing), pp. 67-76, 1975,

3 L3

, g o ? A
Llst of Scurces % .
Shartng the Sun;  Solar Technology in the Seventies, Joint Conference of the American

Sectfon, JIuternational Solar Energy Society and the Solar Energy Society of Canada,
Winnfpeg, Manitoba, Aug. 15-10, 1976, Vol. 4, Solar Systems, Simulation, Design. !
Complete Proceedings, Individual Volumes or Papers available from Amer. Sgction,
Internatfonal Solar Energy Society, P, 0. Box 1316, U. S. Highway 190 West,

Killuvq TX 76541,
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.g.z‘i-"’" NATIUNAL SULAR HEATING AND COOLING INFDRMATIDN CENTER

1

aG¢ P 0.80X 1607 CALL TOLL FREE (800) 523,2920
'“ # ROCKVILLE, MD 20850 o . IN PENNSYLVANIA CALL (8OO} 4524583
Y S ‘ el L " DC 130 .
. S ENERGY EDUCATION MATERTALS ° ‘ lst edition
¢ ' . : March 1978
| GURRIGULMfATDS - N

AHARD-@INNING ENERGY EDUQATIGN ACTIVITIES FOR ELEMENTARY AND HIGH SCHOOL TEACHERS
..+National Scdence Teachers Associdtion..1977 Frée. Abailable from DOE-TIC.

' COMMUNITY WORKERS AND THE ENERGY THEY USE...National Science Teachers Association,
1 . (Grade Twg),-1976, Free. Available. from DOF-TIC. '

ENERGY-AND ORDER: A HIGH SCHOOL TEACHING SEQUENCE...M. Terry and P. Witt, Friends
of the Earth. 529 Commercial St., San Francisco, CA 94111, 1976. <

ENERGY. CONSERVATION FXPFRIMENTS YOU CAN DO...Thomas Alva Edison Foundation, Suite 143.
Cambridge Office Plaza, 18280 Ten Mile Rd., Southfield, MI 48075, One Copy - Free,
100 copies, $21.00.

ENERGY CONSERVATION IN THE HOME...University of Tennessee Environment Center and College

of Home Economics, (Homg/Economicq_Classes). 1977, Free. Available from DOE-TIC.

ENERGY EDUCATION ACTIVITIES FOR ELEMENTARY AND HIGH SCHOOI. TEACHERS, National Scﬁence
Teachers“Assocfation, 1977, Free. Available from DOE-TIC. .
N
ENLRGY EDUCATION MATERTALS INVLNTORY FIVE BOO\LETS...Anon., (Grades Kindergarten
through Tweive), 1976. Rept. No. PB -260-48C. Available from NTIS - $19.00.

ENERGY ENGINES AND THE INDUSTRIAL REVOLUTION...National Science Teachers Assoéiation.
(Crades 8-Y), 1976 Free. Available from DOE-TIC. .

ENERGY: SELECTED RESOURCE MA1ERIALS FOR DFVELO?I\G ENERGY hDUCATIOV/COVSERVATION PRO-
GRAMS...National Wildlife Federation, Educatxcn Servicing Section, 1412 l6th St.,
NW, ashington, DG 20036 10¢ per copy.

s ENERGY: wuo's -DOING WHAT?... A. Townsend et al.; Jational Recreation and Park Associa-
tion, Arlington VA, January 1977, Free.

THE ENERGY WE USE...National Science Teachers Association, (Grade One) 1976, Free.
Available from DOL TIC.

4

HOW A BILL BECOMES LAW TO CONSERVE ENERGY...National Science Teachetrs Association,
(Crades 9, 11, 12), 1976, Free. Available from DOE-TIC. -

LIVING WITHIN OUR MEANS...State Education Depa:strent, State University of New York,
Albany, NY 12234, (Vol, Grades K-6; Vol. 2, Grades-lgiZ).

SOLAR~Eh, Vol, 1, Elumontnfy Grades; Vol. 2, Junior High School; Vol. 3, High School;
Vol. 4, Collepge Teachers,..Solar-ED Corp., P. 0. Drawer X, Woodbridge, CT 06525,
$3.00 for each volume or $10.00 for the cor WEfte set.,

. - | ‘4

ST CEMEEROI GPERATED # e THE FHANKLIN INSTITUTE RESE ARCH JHATORILS FOR THE US DEPARTMENT OF
HOBING ARD UHBAN DEVELOPPIEHT ANDDOHE US DEPARTAIENT CF E. Y THIS LIST CONTAINS N AMES THAT WERE
@  KNOWN FO THE CENTERUAT Dt HIME OF PRINTING SINCE THE CENTEH 1208S NOT EVALUATE PRODUCTS OR SERVICES
ERJ(j THE APPEABANCE OF NAMES ON I LT DOES NOT INDICAT: E4DORSENENT, NOR DOES THE ABSTNCE INDICATE

DISAPPHOVAL PERIDOIC UPDATES ARE AVAILARLE 1P YOUWVISH TO BE LISTED, PLEASE CONTACT US

.
Y
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A TEACHER'S GUIDE FOR ENFRGY CONSERVATION..:Contact:

-l

) : o ! ' i
Jonathan Wert, Environment Center, =
University of Tennessee, South Stadium Hall Knoxville, TN 37916.

A TEACHER'S HANDBOOK ON ENERGY...Interstaté Energy Leaéérship Project, Col

orado Depart-
went of Education, 201 E. Colfax Ave., Denver, CO 80203. 6

TEACHING SOLAR ENERGY...R. Weisman, (Junior High), Solar Age 2 (9): 22-30, September
1977. ' - o ~ .

. L]
®

TRANSPORTATION AND THE CITY...National Science Teaghers Asiociatiou,'(crades 8~-9), 1976.

Available from DOE-TIC. >

YOUR ENERGY WORLD...Department of Energy, (Grades 4-6), 1977, Prée.
. DOE~TIC. ' - ;

Available from
'EDUCATIONAL KITS - '

4§

ED-U-SOL (a scaled down version of ‘a solar colle

~

ction and water heating system) Contact:
Systems Using Nature, Ltd., P. O. Box 230, Ballston. Lake, NY. 12019. : N
N | 3 - B
KWASNOSK! SOLAR ED-KIT (Cah be changed into 30.different collector configurations) Contact:
The Cooper Solar Distributing Company, 1627 Litchfield Tpke., Woodbridge CT 06525,
$395.00. : ' , ' _ b .

SOLARETTE (works on the principle of therﬁosiphoning) Contact: Solar Heat Corporation,
. 108 Summer St. Arlingto~ MA 02174, -$85.00.

ADDRESSES  *

. 2 b “;\ . .
DOE~TIC . | NTIS N
P.0. Box 62 5285 Port Royal Rd.
Oak Ridge TN 37830 Springfield VA 22151
Other bibliographies and source sheets that could be sent to educators;
Childrens & Young Adults Bibliography
Films & Slides
Solar Kit Manufacturers o
- Newsletters : ’

P
Practical and Do it Yourself ?rojects
Solar Scieuce Ttem Manufacturers

-
.
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‘Aﬁk ¥ NATIONAL SOLAR HEATING AND CODLINS lNFDRMATION CENTER

w,s. . P 0.80X 1007 ) - » CALL TOLL FREE (800) 5232920
. TP ROCKVILLE, MU, 20810 - IN PENNSYLVANIA CALL (800) 4524983
[ j ..{.:;;,..-—-'. -
o | - DC 125
List of Published 2nd edition
Standards, Codes and Performance Criteria "January 1978
. Relating to Solar Heating and 0001103 Appltcations

ASHRAI S!dndard 93~ 7~§§M11N006 FOR TESTINb THE. THERMAL PFRFORMANCE OF SOLAR COLLEC-
TORS . SHRAE, 345 East 47th Strect, New York, New York 10017 $8 3H%

ASHRAE btdndnrd 94177, METHODS OF TESTING THERMAL STORAGE DEVICES BASED ON THERMAL
PhRIORMANLE. ASHRAE, 345 East 47th Street, New York, New York 10017." $6.35%

FILORIDA SOLAR ENERGY CENTER TEST METHODS AND MINIMUM STANDARDS FOR .SOLAR COLLEC-
TORS. Florida Solar Energy Center 300 .State Rd 401, Cape Canaveral, F‘orida 32920
(November, 1976) no charge.

HEATING AND ATR CONDITIONING SYSTEMS INSTALLATION STANDARDS FOR ONE AND TWO FAMILY
_DWELLING AND MULTIFAMILY HOUSING INCLUDING SOLAR. Sheet Metal and Air Conditioning
Contractors' National Assoclation, Inc. 8224 0ld Courthouse Road, Tysons Corner,
Vienna, Virginia 22180. (Third Edition, February 1977.) $10.00 - individuals;
$6.00 - AJE firms, educatinnal institutions, public libraries, federal, state and
local government agencies and departments. » >

JINTERIM PERFORMANCE CRITERIA FOR SOLAR HEATING AND COMBINED HEATING AND COOLING

. SYSTEMS AND DWELLINGS. Prepared for the U.S. Department of Housing and Urban

Development by the National Bureau of Standards, Available from GPO. SD Catalog
No. C13.6/2:504. $1,90. : .

INTERIM PERFORMANCE CRITERIA FOR 'SOLAR HEATING AND COOLING SYSTEMS IN. COMMERCIAL
BUTLDINGS. Prepared for U.S. Energy Research and Development Administration by:
the National Bureau of Standards. NBS Report NBSIR 76-1187 (November 1976) Aggil-
able from NTIS. Order No. PB 262 114, $5.50 :

INTERMEDIATE MINIMUM PROPERTY STANDARDS SUPPLEMENT - SOLAR HEATING AND DOMESTIC HOT
WATER SYSTEMS. Prepared for the U.S, Department of Housing and Urban Development
by.-the National Bureau of Standards. (1977) Available from GPO, SD Catalog No. '
49130.2 $12.00 . e

INTERMEDIATE STANDARDS . 2 SOLAR DOMESTIC HOT WATER SYSTEMS/HUD INITIATIVF. Pre-
pared for the U.S. Department of -Housing and Urban Development by the National

. Bureau of Standards. NBS Report NBSIR 77-1272 (July 1977) Available from NTIS.
Order No. PB 271 758. $8.00

" PROVISIONAL FLAT PLATE SOLAR COLLECTOR TESTING PROCEDURES. Prepared tor the Depart-

ment of _Energy by the National Bureau of Standards. NBS Report NRSIR 77-1305

" (Qctober 1977)  Available from NTIS. Order No. PB 272 500. $5.25

UNIFORM SOLAR ENERGY CODE. International Association of Plumbing and Mechanical
Offtcials, 5032 Alhambra Ave., Los Angeles,. California 90032. $6.00

*Both ASHRAL Standard 93-77 and 94-77 are available together at a price of $10.35

20y
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M. 'CALL TOLL FREE {800} mzm
« IN PENNSYLVANIA CALL (B00) 46244583 .
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* The £ollowlng publicationa may be
'j obtained by writmg to:

Superintendenc of Docﬁments - '
U.S. Government Printing Office
Washington, DC 120402

BUYING SOLAR
GPO Stock No. 041-018-00120-4 $1 85 '

DEMAND ANALYSIS, SOLAR HEATING "AND
COOLING OF BUILDINGS

. GPD Stuck No. 038-000-00207-4 $2.45°
.. AN ECONOMIC ANALYSIS OF SOLAR WATER

‘* AND SPACE HEATING

' GPO Stock No. 060-000-00038-7 $1. 85

(MITRE Corporation Report)

6.

7.

8.

9.

wll Toxt Provided by ERIC

-;ECONOHILS_QF SOLAR HOME HEATING
.GPQ Stock No. 052-020-03968—0 $1.35 .

ENERGY USE AND CLIMATE - POSSIBLE
" EFFECTS OF USING SOLAR ENERGY IN-

» STEAD OF "STORED" ENERGY

"‘GPO Stock No. 038-090<Q0240-6 $1.35

FUELS FROM BIOMASS PROGRAM - PROGRAM
AND PROJECT STATUS
GRO-Stock No. 060-000-00029-8 $1 10

A GUIDE TO FEDERAL PROGRAMS OF
POSSIBLE ASSISTANCE TO THE SOLAR
ENERGY COMMUNITY ~
‘GPO Stock No. 052-070-04080-7 $4.00

Q .

HOME MORTGAGE LENDING AND SOLAR
ENERGY
GPO Stock No. 023-000-00387-2 $1.40

HOURLY SOLAR RADIATION DATA FOR
VERTICAL AND HORIZONTAL SURFACES ON
AVERAGE DAYS IN THE UNITED STATES
AND CANADA

GPO Stock No. 003-003-01698-5 $4.65

‘Make all checks payable to:’

-SQLAR'ENERGY PUBLICATIONS AVAILABLE FROM THE,GOVFkNMENT@?RINTING OFFICE .

pc 123 %
2nd edition -
Jan. 1978

.‘e N

Superim:endent of Documents

Please note that the minimum mail
purcpaae order is $1.00 ’

. 10,

. 11,

12.

13.

14.

15.

16.

17.

“¢

-
IN THE BANK OR UP THE CHIMNEY .
GPO Stock No. 023-000-00297-3 $1.70

INTERMEDIATE MINIMUM PROPERTY STAN~-
DARDS FOR"SOLAR HEATING AND DOMESTIC'
HUT WATER SYSTEMS

GPO Order No. 4930.2 $12.00

AN INTRODUCTION TO SOLCOST

‘GPO Stock No. 0607000-00080-8_31.15

NATIONAL PROGRAM FOR. SOLAR HEATING )

-AND COOLING OF BUILDINGS

GPO Stock No. -052-003-00043-3 §1.55

NATIONAL PROGRAM FOR SOLAR HEATING ..
AND COOLING OF BUILDINGS: PROJECT '
DATA SUMMARIES, Vol. 1-~COMMERCIAL
AND RESIDENTIAL DOMONSTRATIONS ,
GPO Stock No. 060-000-00012-3 $2.35

NATIONAL PROGRAM FOR SOLAR HEATING
AND COOLING OF BUILDINGS: PROJECT

- DATA SUMMARIES,. Vol. 2--DEMONSTRATION

SUPPORT
GPO Stock No. 060-~000-00042=-5 $1.25

NATIONAL PROGRAM FOR SOLAR HEATING
AND COOLING OF BUILDINGS: PROJECT
DATA SUMMARIES, Vol. 3~-RESEARCH
AND DEVELOPMENT

GPO Stock No. 060-000-00018-2 $1. 90

NATIONAL PROGRAM PLAN FOR RESEARCH .
AND DEVELOPMENT IN SOLAR HEATING
AND COOLING--INTERIM REPORT

© GPO_Stock No. 060-000-00063-3 $2.,70

2'. ) .

THE CENTER IS OPERATED 8Y THE FRANKLIN INSTITUTE RESEARCH:LABORATOR!ES FOR THF US DEPARTMENT OF
HOUSING AND URBAN DEVELOPMENT AND THE US DEPARTMENT OF ENERGY. THIS LIST CONTAINS NAMES THAT WERE
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- PHOTOVOLTAILC CONVERSION PROGRAM, 28, SOLAR HEATING AND COOLING DEMONSTRA-

SUMMARY REPORT TION PROGRAM: A DESCRIPTIVE SUMMARY
GPO Stock No. 060-000-00041-7 $1.70 OF HUD CYCLE 3 SOLAR RESIDENTIAL 5
4 ~ PROJECTS, SUMMER 1977 | i
e 19. .SOLAR DWELLING DESIGN CONCEPTS - GPO Stock No. 023-000-00418-6 R
. © " GPO Stack No. 023-080-00334-1 $2.30 Price Unknown ~ ° . -
% 20. SOLAR ENERGY AS A NATIONAL ENERGY " 29, SOLAR. HEATING AND COOLING OF RESIDEN- .
| RESOURCE ' TIAL BUILDINGS: DESIGN OF SYSTEMS .,
s - GPO Stock No. 038-000-00164=7 $1.50 | GPO Stock No. 003-011-00084-4 $8.25  °
21. SCIAR ENERGY ENVIRO&HENTAL AND 30. SOLAR HEATING AND COOLING OF RESIDEN- ;\.

RESOURCE ASSESSMENT PROGRAM SUMMARY TIAL BUILDINGS: SIZING INSTALLATION
S AND OPERATION OF SYSTEMS

REPORT -
GPO Stock No. 070-000-00014-0 $1.15 ! GPO Stock No, 003-011-00085-2 $7.00
. ACT :
22, SOLAR ENERGY FOR ARGICULTURE AND |, 31. SOLAR HEATING AND DEHONSTRATI°NEVELOP_
INDUSTRIAL PROCESS HEAT : OF 1974, TO PROVIDE FOR EARLY D v
MENT AND COMMERCIAL DEMONSTRATION OF

GPO Stock No. 060:000-00079-4 $2.30 = ypcuNoLOGY OF SOLAR HEATING AND COM-

RPYS ING,
23, SOLAR ENERGY FOR SPACE HEATING _ : §§§§EM§°LAR HEATING AND' COOL

AND HOT WATER . ' -003- 7 .25
GPO Stock No. 060-000-0006-9 $ 35 a0 Stock, or022-003-90696-7 §

.32, SOLAR PROGRAM ASSESSMENT: ENVIRON--

2. :0:2§L¥:¥§2§vlisggggég:Ts FUTURE, ‘" MENTAL FACTORS. SOLAR HEATING AND

GPO Stock No, 060-000-00051-4 $2.00 . COOLING OF BUILDINGS P
. GPO Stock No. 060-000-00060-3 $2.20- .
25. SOLAR ENERGY UTILIZATION FOR HEATING _ f

AND COOLING - 33, SOLAR THERMAL ENERGY CONVERSION

GPO Stock No. 038-000-00188-4 $.70 ' PROGRAM SUMMARY g

GPO ‘Stock No. 060-000-00040~9°$1.90
26, SOLAR HEATING 'AND COOLING: AN’ ~ o
ECONOMIC ASSESSMENT 34, SOLCOST: SOLAR HOT WATER HANDBOOK
GPO Stock No. 038-000-00300-3 $1.20° ° GPO Stock No. 060-000-00091-3 $1.15
27, SOLAR HEATING AND COOLING DEMONSTRA- '
"™ TION: A DESCRIPTIVE SUMMARY OF HUD |
' SOLAR RESIDENTIAL DEMONSTRATIONS, - - )
CYCLE 2, FALL 1976
GPO Stock No. 023-000-00389-9 $2.35
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SOLAR RETROFIT BIBLIOGRAFAY January 1978

‘e

‘.

BUILD YOUR OWN SOLAR WATER HEATER...Florida Conservation Foundation, Inc., 935

Q

Orange Ave., Winter Park=FL 32789, 1976, 25p0, $4. 00._

BUY WISE LUIDP TO SOLAR HLAT...F _Hickok; P. O. Box 40082, st Petersburg FL 33743,
1976, 121pp, $9.00.

ECONOMY OF A RETROFIT SOLAR.SYSTEM.a.b. M. Schreyer; (Rept. No. Y-2098), Union
Carbide, Oak Ridge TN, Available from NTIS, $3.50 (See List of Sources).

" ENERGY CONSERVATION AND SOLAR RETROFITT.NG FOR EXISTING BUILDINGS IN OREGON: AN ‘

ARCHITECTURAL DESIGN CLASS PROJECT...J. Reynolds; University of Oregon, School of
Architecture and Allied Arts, Eugene Or 94003, 1975, $3.00. :

THE FUFL SAV&RS" A KIT OF SOLAR IDEAS FOR EXISTING HOMES...D. Scully et al; North-
west New Jereey Community Action Program, Prospect and Marshall Sts.,. Phillipsbutg
N, 08865 1976, 60pp, $3.00 + $.25 Postage.

HOME IMPROVEMENTS FOR CONSERVATION AND SOLAR ENERGY...F. Hickok; Hour House, P. O.
Box 40082 St. Petersburg FL 33743, 1977, $6.80.

HOW TO BUILD A SOLAR HhATER N Lucas, Ward Ritchie Press, Pasadena CA 91103, 1975,
236pp, $.95, .
- ¥
NO HEAT, NO RFNT AN URBAN SOLAR. & CONSERVATION MANUAL...The Energy Task Force,
519 E. 118t., New York NY 10009 1977, Free:

RETROFIT SOLAR WATER HEATING SYSTEM FOR URBAN BUILDINGS...D. C. Larson et al,
Proceedings of the 2nd Southeastern Conference on Application of Solar Energy
Baton Rouge, LA, April 19, 1976, Rept. No. CONF-760423, Available from NTIS,
$12.59.

RETROFITTING A RESIDENCE FOR SOLAR HEATING »ND COULING: THE DESIGN AND CONSTRUCTION
OF THE SYSTEM...J. E. Hill and T. E. Richmeyer; NBS Tech. Note 892, SD Catalog
No. C13.46:8%9", Superintendent of Documents, U. S Government Printing Office,
Washington DC 20402, 1975, 9Spp. 31.70.

RETRWITTING EXISTING HOUSES FOR ENERGY CONSERVATION: AN ECONOMIC ANALYSIS...S. R.
- Peterson; SD Catalog No. C13.29:2/64, Superintendent of Documents, U.S. Government
Printing Office, Washington DC 20402 1974, 69pp, $1.35.

SIMPLF HOME ﬁHATING SYSTEM: WHAT CAN BE DONE NOW... G. E. Bu§h; (Rept. No. UCRL-77875),
July 7& 1976, NTIS, Springfield VA 22151, $3.50 (See List of Sources).

SOLAR FOR YOUR PRESENT HOME...C. S. Barﬁﬁby et al. Prepared for the California
Fneryy Commission, 1111 Howe Ave. Sacramento, CA 95825, 1977, $4.00.

THE CELNTERIS OPERATED BY THE FRANKLIN INSTITUTE RESEARCH LABORATBRIES‘ FOR THE US DEPARTMENT OF
HOUSING AND UHBAN DEVELOPMENT AND THE US DEPARTMENT OF ENERGY  THIS LIST CONTAINS NAMES THAT WERE
KNOWN TO THE NENTER AT THE TIME OF PRINTING SINCE THE CENTER QOEQ NOT EVALUATE PRODUCTS OR SERVICES
THE APPEARANCE OF NAMES ON THIS L!ST DOES NOT INDICATE ENDORSEMENT  NOR DOES THE ABSENCE INDICATE
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Books, Repoﬂ;s and Proceedings (cont'd) ;.%".‘;ﬁﬂ - o ' _ ' .
SOLAR HOME. BOOK...B: Anderson anﬁ'M. Riordan! Cheahixe Books, Harrisvilré NH 03450. 4
]976, 2,97PPo $7 500 . \(\ }! .--_ .. N I+ BN 4 . e

“ SOLAR PRIMER ONE...B. Carlson; SOLARC, Whittier A 90607 101pp, $8.75. E .

SOLUTIONS TO PROBLEMS OF ,A “RETROFIT" SOLAR SYSTEM...D. H. Leepet; Proceedings - . ‘
'of the 2nd_Southeastern Conference on Application of Solar Energy, Baton Rouge,
_LA, April 19, 1976, Reg;.,No. CONF=-760423, Available from NTIS, $12.50.

YOU'R HOME'S SOLAR PQTﬁNTIAL...I. Spetgang arid M. Wells; Edmund Scientific Co.,
Barrington NJ, 1976, 60ppy $9.95. ' . , , -

Articles - Non-Technical

a

. ENGINEER BUII.DS OWN RETROFIT FOR TYPICAL NEBRASKA HQME...Anon., Solar Engineeriqg
1(7):14-15, 1976. - i _ . .

a .

JUERGEN AND MARY HABER'S nous_s...‘J. Haber; Solar Age 1(12):24-2_7, 34, ‘Dec. 1976.

PROJECT SUNSHOWER: SAN JOSE STATE UNIVERéITY DORMITORY RETROFIT TO SOLAR-ASSISTED
' WATER HEATING...D. W. Aitkens; Sharing the Sun: Solar Technology in the Seventies, . i
Vol. 4, pp. 105-127 (Se¢ List of Sources), S ' e

d 3 . -

RESTDENTIAL. SOLAR HEATING RETROFIT TN THE UREAN ENVIRONEMENT...N. Liot et al: Sharing .
‘the Sun: Solar Technology in the Seventies, Vol. 4, pp. 36-52 (See List of Source).

RETROFIT = A MAJOR SOLAR OPPORTUNITY...J. I. Yen;ott- Solar Age 2(35-18-23; 1977. :

RPTRUPIT blllINb INTO THF BUqINEGS (ARCHITECTS BECOME SCLAR MANUPACTURERS)...R E. N o
Koehler; Solar an 2(3):15-17, 1977.

RETROFIT: PROBLEMS ANYONE?...Solar Age 2(3):12—1Q. 1977. . ' o

A RETROFIT SOLAR HEATING SYSTEM CONSTRUCTED WITH SALVAGE AND READILY- AVAIL.APLE COMPO-
NENTS DESIGNED FOR SELF-INSTALLATION BY LOW INCOME FAMILIES.:..R. Clark et alj _—
Sharlqg_uhe Sun: Solar chhnology in the Seventies, Vol. 4, pp. 105-12i (‘ae List

of Sources). .
'A? : ' K 8
RETR()I"F}'S FOR DOMESTIC HOT WATER SYSTEMS.. Solar Engineering 1(7):14—15. Sept. 1976. : .

SOLAR ENF JY RI'.TR()FIT FOR EXISTING BUILDINGS...F. H Btidges and R. E. Hopper, Jr.;
ASHRAL fransactions 82(1):835-847, 1976, . ‘

S et

SULAR RETROFIT IN A LARGE INSTITUTIONAL BUILDINGS: AN ECONOMIC ANALYSIS...A. .-
Khan and H. A. Simon; ASHRAE Journal 19(2):32-37, 1977. .

-

SOLAR RETROFIT FOR MULTIPLE DWELLINGS...M. Madder; Solat Heating and Cooling 1(3):
14-19, Nov./Dec. 1976,

v

SOME PROBLEMS ENCOUNTERED IN RETROFIT INSTALLATIONS...T. Grayson; Solar Engineering ‘
1(7):16~-17, Sept. 1976, ' '
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%}ttéles - Technical

: 'FNERLX CONSFRVATION THROUGH RESIDENTIAL SOLAR RETROFIT...S A. Mumma and J. Dziola;

Sharing the Sun. Solar Technolqu in the Seventies, Vol. 4, pp. 67~91 ¢See List
of Sources) ' ' . ‘ :

i

HYBRID SIMULATION OF SOLAR HVAC SYSTEM FOR HOUSE RETROFIT DESIGN...R. J. Schlesinger;
Proceedings of the Workshop on Solar Collectors for Hea.i -ang and Cooling of Build-
ings, New York NY, Nov. 21, 1974, pp. 298~ 305. Rept. No. PB 243 908 (whole pro-
ceedings), NTIS, Springfield VA 22151 (See List of Soutces) N .

-

SOLAR. ENhRCY DESIGN FOR EXISTING BUILDINGS,..F. S. Dubin, ASHRAE Journal 17(11): 53-55,
Nov. 1975. :

- SOLAR RETROFIT OF A HOME IN GRANTON, ONTARIO...D. E. F.“Thompsoﬁ and R. K. Swartman;

Sharing the Sun: Solar Technology in the Seventiés, Vol. 4, pp. 92-103 (See List
of Saurces). ‘ . ) . e

L]

List of Sources

NTIS NATIONAL TECHNICAL INFORMATION SERVICE, 5285 Port Royal Rd.. Springfield VA
22151.

Sharing the Sun: Solar Technology in the Seventies, Joint Conference of the American
Section, International Solar Energy Society and the Solar Energy Society of Canada,
Winnipeg, Manitoba, Aug. 15-20, 1976, Vol. 4, Solar Systems, Simulation, Design.
Complete Proceedings or Invididual Papers available from American Section, Inter-
mational Solar Energy Society, 300 State Rd. 401, Cape Canaveral FL 32920.

o
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’ o I SOLAR STANDARDS ORGANIZATIONS

2 '

\l ° b ) . . .
A number.of ofganizations are involved in solar standards. Some have developed

standards for the materials that go into the manufacture of collectors and other.

components; others for. the testing of the collectors and storage; and still others

for installing the systéms “in houses and commercial buildings.

Ehate +1}
S

- .
9 ’ N «

s
¥

i . * Standards are distinguished from codes in that standards are usually of a voluntary
. nature, whereas codes are legally enforceable in the jurisdictions that adopt them.:
/| Standards, although voluntary, are usually followed by manufacturers and installers to

provide ‘a more saleable product or service; to meet the rejuests of a general clientele
j . who are standards-conscious; or to comply with the requirements-of those giving grants
’ such as HUD and\DOE. or guaranteeing loans such as HUD, FHA, FmHA, -and VA, o
/ / b ] .
ANSI American National Standards Institute Coordinates activities of other ¢
* 1430 Broadway ) standaxds-making organizations.
New York, NY 10018 ) . ) S
Tel: (212)-354-3300
ARI - Alr-Conditioning & Refrigeration Institute Formed ARIF (Air-Cénditioning &
* 1815 North Fort Myer Drive - Refrigeration Institute Joundation)
: o Arlington, VA 22209 « for developing procedur for certi-~
. . : Tel: (703).-524‘-8800 : . fying collectors under NBS contract.
-SEIA Solar Faergy Industries Asgoéiation E Formed SEREF {Solar Energy Research
Suite 800 | ; | and Education Foundation) for '
. 1001 Connecticut Ave., NW i administering the above certifica-
o Waslt. DC 20036 tion program under contract to DOE.
. Tel: (202)~293-2981 ' .
, : .
*”ASHRAE‘ American Society of Heating, Refrigerdtion, Developed methods of teéting solar
- and Air-Conditioning Engineers ) .collectors and thermal storage,
345 East 47th St. . ASHRAE 93-77 & 94-77. '
New York, NY 10017 ,
Tel: (212)-644-7853 . '
AST™  American Society for Testing & Materials Developed perﬂ%rmance tests for
1916 Race St. : naterigls and components.
. Phila., PA 19103 ) ' - ¢, ' .
Tel: (215)-299-5476 '
NBS Nattonal Bureau of Standards - - Government laboratories which ini-
' Bldp, 225-A-114 - tiate standards and testing proce-
Wash, he 207234 dures such as'interim performance
® Tel: (202)-921-3285 ‘ criteria for DOE and intermediate
- , minimum property standard fox HUD.
. 2 : ,:‘.) '
THE CENTER IS OPERATIORY TH[»-: FHANKLIN INSTITUIE RESEARCH LABORATORIES FOR THE US DEPARTMENT OF )
HOUSING ANDY UHBAN DEVELOPMERT AND THE US DEPARTMENT OF ENFRGY. THIS LIST CONTAINS NAMES THAT WF AL
¢ KNOWN TO THE CENTER AT THE TIME OF PRINTING, SINGE THE CENTLR DOES NOT EVALUATE PRODUCTS OR SERVICES

LS
EMC THI APPEARANCE OF NAMLS ON THIS LIST DOES NQT INDICATE ENDORSEMENT, NOR DOFS THE ARSENCE INDICATE
DISAPPROVAL. PERIODIC UPDATES AHE AVAILABLE. ’Fa YOU WISH TO BE LISTED, FLEASE CONTACT US.




" ASME

 SMACNA

IAPMO;

pct2y

Ist edition
February 1978

* 345 East 47th St.

¢

. Underwriters Lnboratories, Inc. )

207 East Ohio St. [
Chicago, IL 60611 . ‘
Tel: (312)-642-6969 . | .
American Society of Mechanical Engineers
United Engineering Center T
New York, NY 10017 . .
Tel: (212)-6464-7722 : ¢

Sheet Metal & Air-Conditioning Contractors
National Association, Inc.
8224 01d Courthouse Rd. - :

* Tyson's Corner

Vienna, VA 22180

~ Tel: (703790-9890

ﬂinternational Association of Plumbing &
Mechanical Officials

5032 Alhambra Ave. - °

Los Angeles, CA - 90032

Tel: (213)-223-1471

21!)

'Developing temperature and pres-

1s drafring safery srandards for ‘
collectors.

>

P
sure standards for piping and \
pressure vessels. :

Developed installation standards
for air_collectors.

Issued Uniform Solar Energy Code
which has been adopted by several
Jurisdictions as a plumbing code
for installing liquid collec.ors.,

n .
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NATlDNAI. SGI.AR HEATING AND COOLING lNFORMATION CENTER

P 0. BOX 1607 . CALL TOLL FREE {800) 523-2929 o 5
. ROCKWLLE MD 20850 . . . B 1N PENNSYLVANIA CALL (80O} 462.4983 ) e
| | .. e L

R ' - C ' ) . 4th edition’
e ' . 7 SOURCES OF INFORMATION ON ALTERNATIVE ENERGIES - May 1978 - -
ﬁi’Aqggg (U ' Center for Energy and Mineral Resources i

. Governors State University _ . Texas A & M University : .

7 Park Forest South, IL 60466 College Station, TX 77843 D
";\.‘(312) 534-5000 ¥ - (713) 845-8025 g
-~ « glves news about energy alternatives, appro- . free information on energy consnrvation

priate technology, and people in the Midwest; and alternative technologies.n C .
A . .
g;a?;: ne:zlei;;:itu:iz;;: for individuals. Center for Energy PiliAy and Research
_ " New York Institute of Technolcgy .

Alternative Energy Association of American 0ld Westbury, NY 11568 -

- P,0O, Box 26507 ' ' . (516) 686-7744

~ Albuquerque, NM 87125 ' . ' . free energy information. ‘o

. (505) 873-2084

. prints bimonthly newsletter, Alternative , g;z;zggihugtted for Reqponsible Ener31

Energy Newq; membership $10/yr. . Des Moines, IA 50311 | . ﬂ.?

'Alternative Energy Resources . membership including newsletter, SO

435 Stapleton Building : - ¢ $10/yr., and up. ...

Bi1lings, MT 59101 ' o Ecotqpe Group

" (406) 259-1958 ' 2332 E. Madison

.vr!nts newsletter, AERQ Sun-Tj,meg member- Seattle, WA 98112
sh#p, $10/yr. ) - ' (206) 322-3753 .
: Altvrhatlve Tochnulogies Asgociation : ' + Information on biogas, solar green-.:
- P.0.  Box 20571 ) ' : houses and agriculture; please send
Indianapolis, IN 46220 stamped, self-addressed envelope.
+ prints bi-monthly newsletter, $3/yr.; Energy Information Center"
membership, (including’ newsletter) $10/yr. 215 Freemont, 6th floor

American Undegground-Space Association y San Francisco, CA 94105
. Thomas C. Atchison, Executive Director ' + free DTO'E' literature; includes

Dept. of Civil and Mineral Engineering ¢ insulation, wind, photovoltaic, {

University of Minnesota : etc., information.

. Minneapolis, MN 55455 Environmental Ao#ion Reprint Service

(612) 376-5580 .- (EARS)

.+ prints journal, Underground Space, 2239 East Colfax
membership $30/yr, = Denver, CO 80206

American Wind Encrgy Association ) - catalog available. 50¢

%468 CR 31 _ ; : _ Geothermal Resources Council

Bristol, IN 46507 ' Box 1033

(219) 848-4360 . Davis, CA 95616

-+ prints Wind Power Digest,. $6/yr , member- (916) 758-2360
ship (lngludinpwnewsletter and Wind Power . free and low cost informat103 on ’
Digest), $25/yr. geothermal energy; membership $25/vr.

WRERATEO BY THE FRANKLIN INSTITUTE RESEARCH LABURATORIES FOR THE DEPARTMENT OF
ENERGY AND THE DEPARTMENT OF HOUSING AND UJRBAN DEVELOPMENT, THE NATIONAL
CEMTER AND THE ABOVE ORGANIZATIONS 0O NOT ENDORSE. RECOMMEND OR ATTEST TO THE
Q QUALIT Y AND CAPABILITY OF ANY PRODUCTS OR SERVICES OF COMPANIES AND INDIVIDUALS

ERIC . ¢4y | )

\.




', ‘Cleveland, OH 464135

ilmwls Resvarch Center .
“NASA-MS 49-S ‘ '
: 21000 Brookpark Road’ .

3 (216) 633-4000
e photnvoltait 1nformation.

= Midwest Energy Alternacivea (MEAl ,
- P.0, Box 83202 . '
-+ Linedln, NE 68501 o

-7 (602) 4773101 < i

. membership, .$10 .and up.

4

- The_National Ceuter for Appropriate
* Technology -
. P.0. Box 3838

" Butte, MT 59701 .

- (406) 723-6533 ) ‘ )

' f. information applicable to the needs of

- people. with low incomes.

'Thu National Center for Community Action
. Network Servige Energy

1711 Lonneeti¢ut Ave.. N.W.

Washington, DC 20009

"o information on general energy conserva-

t ion measures.

" National Energy Information Center

- Federal Bullding ,

© 12th Street and Pennsylvania Avenue, NW

Washington, DC ’0661

(202) 566-9820

. free FEA and ERDA information, includes
windy photovoltaic, etc. information.

Photovoltaic Project

Massachusetts Institute of Technology
Tincoln Laboratory

Bix 73

Lex{ngton, MA 02173

. free photovoltaic information.

Photovoltale Systems Definition Project
" Division 5719 _

Sandia Laboratories

Albuquerque, NM 87115

. free photovoltaic information.

Note:
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Service for Ene_g¥:00nservation in

Architecture (SECA)

Boston Architectural Center

320 Newbury St. ‘ ) .

Boston, MA 02115

(617) 267-7772

. functions as a within-industry clear-
inhouge of, information on insulation,

building codes and alternative.tech-

nologies, membership,_ $25/yr., anq up.

Total Environmeqtal Action (TEA)
Church Hill °

Harrisville, NH 013450

(603) 827-3374 _ -
. workshops; books. .

U.S. Department of Agriculture.
Office of Communications :

“Publi#htions Office

Washington, DC 20250

(202) 447-8611

. prints Solar Grain Drying: Progress
and Potential and Solar Heating for
Milking Parlors. S

. U.S. Department of Agriculture

Agricultural Research Service

Northeasteru Region

Agricultural Research Center West

Beltsville, MD 20705 .

. prints Solar Enezgy Utilization: A
Bibliographic Guide.

Wind Energy Society of America

1700 East Walnut Street

Pasadena, CA 91106

(213) 443~

. membership\ (including newsletter),
$20/yr. N

Wood Energy Institute

L4

LY

Box 1, Fiddlers Green

Waitsfield, VI 05673

(802) 496-2508

. prints newsletter, membership,
$15/yr.

Also contact your state's energy office for general energy information.
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" ALTERNAT IVESOURCES OF ENERGY. Alternative Sources of Energy, Inc.,. Route 2, Box 90A, -
Milaca, MN 56353, Quarterly, $10.00/yr. Combination of articles, columns and fea- _
tures on~many aspects of energy’alternatives; serves as a clearinghouse for exchange - A
of tdeas and technologies. ' -

Y

¢
°

CO-EVOLUTION QUARTERLY. POINT, Box 428, Sausalito, CA 94965, $8.00/yr. Continuation
% of the Whole Earth Catalogs; contains essays and reviews of publications and ser-
vices fn the tleld of alternative lifestyles. ' :

THE MOTHER EARTh NEWS. The Mother Earth News, Inc., 105 Stoney Mcuntain Road, Hender-
sonville, NC 28739, Bi-monthly, $10.00/yr. Down-to-earth descriptions of peoples’
experiences with alternative lifestyles, ecology and energy; source for what is-
happening in energy at the grass roots level; source for books.

RAIN: -Journal -of Appropriate Technology, 2270 NW Irving, Portland, OR 97210, 10 issues,

. $10.00/yr., or less. Information access and reference service for people developing’,

more satisfying living patterns that increase local self-reliance and press less
heavily on our limited resources. '

-

. WOODBURNING QUARTERLY.
MN 55420, $5.00/yr.

Features articles on'using wood as fuel and on related sources of energy.

Divis}on of fnvestment?narities, 8009 34th Avenue S, Minneapolis,

X
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-
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% A/‘i NATIDNAL SOI.AR HEATING AND COOLING INFORMATION CENTER

. 0. 80X 1807
ROCKVILLE, MD 20880

4‘.v

CALL TOLL FREE (B00) 523.2029
N PENNSYLVANIA CALL (D00 m«n -

OOLL!GES & UNIVERSITIES =~ UNITED STATES

of solar or solar-related study.

 The following 1ist of schools reptresents those we are aware of which offer some aspect
Details of the courses and facilities available may

be obtained by writing directly to the schools ltlted,

/

ALABAMA

School of Engineering
AUBURN UNIVERSITY
Auburn, AL 36830 '
A;ta: Prof. R. 1. V.Chon

UNIVERSITY OF ALABAMA
P.0. Box 1247
Huntsville, AL 35807

- ARIZONA

College of Architecture
ARIZONA STATE UNIVERSITY
Tenpe, AZ 85281 -

School of Engineering
ARIZONA STATE UNIVERSITY

_ Tempe, AZ 85281

College of Engineering & Technology
NORTHERN ARIZONA UNIVERSITY
Flagstaff, AZ 86001 "y

"Attn: Dr. B, W, Davis

NORTHLAND PIONEER COLLEGE
Administrative Offices
1400 N. Eighth Avenue
Holbrook, AZ 86025

UNIVERSITY OF ARIZONA

Tucson, AZ 85721

Attn: Dr. Robert Carlile
Chon.~ESE Option Committee
Dept. of Electrical Engineering
College of Engineering
Engineering Building #20

ARKANSAS

Dept. of Engineering Science
UNIVERSITY OF ARKANSAS

209 Engineering Building
Fayetteville, AR 72701

S

fe

~ CALIFORNIA STATE UNIVERSITY

CALIFORNIA | :

Department of Engineering v

- CALIFORNIA INSTITUTE OF TECHNOLOGY
.Pasadena, CA 91103 :

Depurtument of Physics a
CALIFORNIA POLYTECHNIC STATE UNIVERSITY
San Luis Obispo, CA" 93407

School of Natural Sciences
CALIFORNIA STATE COLLEGE

5500 State College Parkway
San Bernardino, CA Q?407

School of Engineering

CALIFORNIA STATE POLYTECHNIC UNIVERSITY
3801 West Temple Avenue o
Pomona, CA 91768

CALIFORNIA STATE UNIVERSITY, CHICO
Chico, CA 95929 '

Department of Mechanical Engineering
CALIFORNIA STATE UNIVERSITY
Fullerton, CA 92634 .

Physical Sciences Department
CALIFORNIA ‘STATE COLLEGE, STANISLAUS
Turlock, CA 952380

CALIFORNIA STATE UNIVERSITY
Long Beach, CA

Attn: Dr. Boyd A. Davis
Director of Acaégmic Planning

School of Engineering
CALIFORNIA STATE UNIVERSITY
5151 State University Drive
Los Angelas, CA 90032

Department of Engineering

18111 Nordoff Street
Northridge, CA 91330

THE CENTER 1S OPERATED BY THE FRANKLIN INSTITUTE RESEARCH LABORATORIES FOR THE US DEPARTMENT OF
HOUSING AND URBAN DEVELOPMENT AND THE US DEPARTMENT OF ENERGY. THIS LIST CONTAINS NAMES THAT WERE
KNOWN TO THE CENTER AT THE TIME OF PRINTING SINCE THE CENTER DOES NOT EVALUATE PRODUCTS OR SERVICES

THE APPEARANCE OF NAMES ON THIS LIST DOES NOT INDICATE ENDORSEMENT , NOR DOES THE ABSENCE INDICATE

OISAPPROVAL. PERIODI UPDATES ARE AVAILABLE. IF YOU WISH TO BE LISTED, PLEASE CONTACT US -
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CALIFORNIA (Continued)
Industrial -Technical Department
CHAFFEY COMMUNITY COLLEGE

5885 Haven Avenue

"Alta Loma, OA 91701

Attn: Dean of Ocoupotionol Sorviooo

Civil/Mechafiical Engineering Technology
COGSWELL GOLLEGE

600 Stockton Street

Sou Francisco, CA 94108

nopt. of Eugineering & Technology

. COLLEGE OF THE DESERT

43-500 Monterey Avenue ' ' ]
Palw Desert, CA 92260 : '

COLLEGE OF MARIN B

. Kentfield, CA 94904

COLLEGE OF THE REDWOODS

AT T eIl e e Y QT Y e Tl o a Tk ehe e e ey

HE TS ou e U
aa ; .

105 ANGEL!S PI!RCE COLLEGE
6201 Winnetks Avenue . C
Woodland Hills, CA 91371 -

Continuing Education

'MIRACOSTA COLLEGE

One Barnard Drive
Oceanside, CA 92054

Engineering Department
MT. SAN JACINTO COLLEGE
21400 Highway 79 |
San Jscinto, CA 923823

Doportmont of Energy Science
NORTHROP UNIVERSITY '
1155 W. Arbor Vitae Street

- Inglewood, CA 90306

Eureks, CA 95501 = ‘ "

- Natural Science Department

COLLEGE OF THE SISKIYOUS
oJ0 College Avenue
Weed, CA 96084 .

: Dept. of Environmental Design

CONSUMNES RIVER COLLEGE
8401 Center Parkway
Sacramento, CA 95823 .

Bioiogical Science Department :
DIABLO VALLEY COLLEGE ‘

32] Colf Clud Road

Pleasant Hill, CA 94523

FULLERTON COLLEGE _ .
321 E. Chapman Avenue e
Fullerton, CA 92635

Physics Department

GROSSMONT COLLEGE

8800 Grossmont College Drive
El Cajon, CA 92020

Departunent of Engineering
fUMBOLDT STATE UNIVERSITY
Arcata, CA 95521 -

Physical Science Department
LAKE TAHOE COMMUNITY COLLEGE
2659 Lake Tahoe Blvd.

P.0. Box 14445

South Lake Tahoe, CA 95702

Technology Division

ORANGE COAST -COLLEGE
2701 Fairvies Road ,
Costa Mesa, CA 92626

Science Department
OXNARD COLLEGE' ° T
P.o. BOX 1600 - T
Oxnard, CA 93032

Dept. of Engineering & Teohnologv
PASADENA CITY COLLEGE

1570 E. Colorado Blvd.

Pasadena, CA 91106

SAN DIEGO CITY COLLEGE

. Adr-Conditioning & Refrigération Dept.
b

12th & Russ Streets
San Diego, CA

SAN DIEGO MESA COLLEGE
7250 Mesa College Drive.
San Diego, CA 92111

School of Science

SAN FRANCISCO STATE UNIVERSITY
1600 Holloway Avenue

San Francisco, CA 94132

Physics Department

SAN JOAQUIN DELTA COLLEGE b

5151 Pacific Avenue
Stockton, CA 95207

Solar Technology Department
SAN JOSE CITY COLLEGE
'2100 Moor Park Avenue
San Jose, CA 95128

a"\ .
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QQ&IPOINIA (Conttnuld) : ' " ... UNIVERSITY OF CALIFORNIA
_ ,'lnvtronhootol ltudioo : . Santa Cruz, CA 95064 -
*luildinz U . S " College of Arts & Sciences
" San Jose, CA 95192 S -t .UNIVERSITY OF REDLANDS
Attoz Progran Infomc:lon Redlands, CA 92373
SI!!RA COHHUNITY COLLEGE ’ . ‘Natural Science Department '
5000 Rocklin Road - ~ UNIVERSITY OF SAN TRANCISCO
oo b Rocklin. CA 95677 . ' San Francisco, CA 94117

-'M:tn. Dead ‘of !Ioc/t:croer Ed. :
' » Mechanical Engineering Dcpt. .

SOLAR TECHNICIAN TRAINING PROGRAM ) UNIVERSITY OF SANTA CLARA
1322 Y0" Street . “ . Santa Clara, CA 950.,3
Sacranento, CA 95814 - . ' oy, K
Attn: JoAnn Trujillo . .- " School of Architecture & Fine Arts,
Program Coordinator h UNIVERSITY OF SOUTHERN CALIFORNIA  °
‘ : ' ~ University Park - =
~ 8$olar Heating Technician Skills . Los Angeles, CA 90007
Training Program T * _
SONOMA “STATE COLLEGE C - “COLORADO
1801 East Cotati Avenue . COLLEGE OF SOLAR TECHNOLOGY
- Rohnert Park, CA 94928 P.0. Box 397
"Atto: Gayla Mote - | Co - Nederland, CO 80466
.Schoel of Enginsering - COLORADO SCHOOL OF MINES
STANFORD UNIVERSITY : Department of Physics
. Stanford, CA 94305 ‘ Gdlden, CO 80401
. . Energy & Resources Program COLORADO STATE UNIVERSITY.
o UNIVERSITY OF CALIFORNIA ° Fort Collins, CO 80522
Room 100, Bldg. T-4 Attn: Dr. S. Karaki :
Berkeley, CA 94720 ' Solar Energy Applications Laboratory
UNIVERSITY \OF CALIFORNIA, DAVIS COLORADO TECHNICAL COLLEGE
Davis, CA 95616 . -655 Elkton Drive
Atta: College‘of Engineering Colorsdo Springs, CO 80907
or Div. of Envigonmental Studies Attn: Dr. Tom Forster
. School of Eng. & Applied Science o COMMUNITY COLLEGE OF DENVER, NORTH CAMPUS, -
e - UNIVERSITY OF CALIFORNIA 1001 East 62nd Avenue
Los Angeles, CA 90024 ) Denver, CO 80216
Continuing Education in Eng'g & DOMESTIC TECHNOLOGY INSTITUTE
Mathematics . " Box 2043
, UCLA - Extersion : Evergreen, CO 80439
10995 Le Conte Avenue .- '
Los Angeles, CA 90024 - UNIVERSITY OF COLORADO
Boulder, CO 80309
Energy Center ' ~ Attn: Department of Engineering
UNIVERSITY OF CALIFORNIA
La Jolla, CA 92037 UNIVERSITY OF COLORADO
" Coloradu, Springs, CO 80907
College of Natural & Agricultural . Attn: Dept. of Energy Sciences
. Sciences '
: . UNIVERSITY OF CALIFORNIA UNIVERSITY OF COLORADO
<« BRiverside, CA 9252} Gragmor Road
' : Celorado Springs, CO 80907 ’
i ' » @ Attn: Dave Patterson, Div. of Continuing Ed.

o " 222
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" UNVERSITY OF COLORADO Al D!NVER Hechlnical !ugtnecrin; Dcpar:nen: :
1100 1ath Street - _ .College of Engineering _

B ipenver, €0 nozoz T " 'UNIV!&SITY OF “IDAHO ot
; : Cok _ . Moscow, ID 83843 .
"o CONNECTICUT . . _ S .
. Special Programs - - ' , JLLINOIS
“"HARTFORD ‘GRADUATE CENTER ‘BRADLEY UNIVERSITY
wE278 Windsor Street T Department of ‘Mechanical Engineering
. Bartford, €T 06120 . . Peoria, IL. 61606
A:tu: nomld 3. Florek e '

~?ﬁi - Dept. of Air-Conditioning & Refrigerotion
T Hichnnicll Engineering Departument 11INCOLN TRAIL JUNIOR COLLEGE K
UNIVERSITY OF CONNECTICUT ) Rural Route 3 . T 5

Storzs, CT 06268 . | . :Robinnon. L 62454 3
Office of Non-Credit Extension. 1 o * SANGAMON STATE. UNIVERSITY :
Box U=-56K - Shepherd Road .
UNIVERSITY OF CONNECTICUT - - Springfield, IL 62708 |

- Storrs, CT 06268 - Attn. Al Casella, Physical Sciences ?rogram
Division of Special Studies ° UNIVERSITY OF CHICAGQ
UNIVERSITY OF NEW HAVEN ) | 1100 E. 58th Street E
West Haven._cr,.06516 Chicago, IL 60637 E

Attn: Chairman, Dcparcment of Physics
YALE UNIVERSITY

School of Forestry & Environ. S:udies ©_ UNIVERSITY OF ILLINOIS=CHICAGO CIRCLE
. Mew Haven, CT 06511 - _ LT Departunent of Architecture ‘
_ : Chicago, IL 60680 - '
- DELAWARE )
‘ "Ingtitute of Enersy Conversion ~ WILLIAM RAINEY RARPER COLLEGE
- "UNIVERSITY OF DELAWARE ‘ Dept. of Arch. Technology
Newark, DE 19711 - Algonquin & Roselle Road

Pllltine. IL 60067
DISTRICT OF COLUMBIA - ' : : .

School of Engineering & Archi;ecture INDIANA | | s
CATHQLIC UNIVERSITY OF AMERICA BALL STATE UNIVERSITY S -
- Washington, DC 20064 : College of Scienccs,ﬁﬁﬂumanities
Muncie, IN 47306
School of Engineering & Applied Science  ° Attn: Chairman, Dpt. of Physics & Astronomy
GEORGE WASHINGTON UNIVERSITY ‘ N
Washington, DC 20052 ~ INDIANAPOLIS CENTER FOR ADVANCED RESEARCH
, - 1219 W, Michigan Street
TLORIDA Indianapolis, IN 46202
PINELLAS VOCATIONAL-TECHNICAL
- INSTITUTE Energy Engineering Center
6100 154th Avenue North PURDUE UNIVERSITY
Clearvater, FL 33520 ’ 2 Wegt Lafayette, IN 47907
Department of Mechanical Engineering JOWA
UNIVERSITY OF FLORIDA * 'Department of Architecture
Gainesville, FL 32611 ' I0WA STATE UNIVERSITY
Ames, IA 50011
GEORGIA .
: Department of Continuing Education : Agricuitural Continuing Education
. GEORGIA INSTITUTE OF TECHNOLOGY KIRFWOOD COMMUNITY COLLEGE

P.0. Box 2068
: Cedar Rapids, IA 52406 -
. ' _Attn: Earl Plagmann

:‘ . Q | . !' .
 ERIC B L “23 .
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!GHA (Continucd) ‘
Collage of lngtnlcring -
-UNIVERSITY OF :I0WA-- )
- Rowa c.tty. ) 52262

e IANSAS .

~'“n|pnrt-¢nt of Enginesring o
suecv;. RANSAS . STATE UNIVERSITY N
. uhnhattan. KS 66506 !

Schopl of Enginearing or School of .
Architecture & Urban Dati;n

. UNIVERSITY OF RANSAS

Lavrence, kS 66045

° KENTUCKY ‘ .
Department of Physical Sciences
"NORTHERN XENTUCKY UNIVERSITY
"Bighland Heights, KXY 41076

College of Architecture
~_UNIVERSITY OF KENTUCKY
“Laxington, KY 40506

lngineerins Technology Department ‘
WESTERN KENTUCKY UNIVERSITY
towltn; Grcen. Xy 42101 .

LOUISIANA

Department of Mechanical Engineering
LOUISIANA STATE UNIVERSITY

Baton Rouge, LA 70803

MAINE
, + « CORNERSTONES |
. 115 Pleasant Street : .
v lrunauick. ME 04011
.. THE SHELTER INSTITUTE '

72 Front Street
Bath, ME 04530 )
Attn: Ms. Pat Henin, Director

MARYLAND

>

Evening College Center R

- JOHNS BOPKINS UNIVERISTY o 3
$ilver Sprinmg, M 20910 -/

Department of Mechanical Engineering
UNIVERSITY OF MARYLAND
,College Park, MD 20742

MASSACHUSETTS
hysics Department

AMHERST COLLEGE

Amherst, MA 01002

Hctrbpolitan:Collcgc

. BOSTON UNIVERSITY . |
758 :Commonweal th’ Aycnue W
Boston, MA 02215

. Weston CQntcr for ‘Open !ducation

THE CAMBRIDGE SCHOOL

'-thton.‘ 02193

Physics Dcpartnent
CLARK UNIVERSITY ° . '
Hb:;esto:. MA 01610 N

.Graduate School of Design

HARVARD UNIVERSITY
George Gund Hall

‘48 Quincy Street
. Cambridge, MA 02138

- School of Architecture & Planning

MASSACHUSETTS "INSTITUTE OF TECHNOLDGY
77 Massachuseits Avenue

‘ Canbridge, MA 02139

Technical Training Center
NV ENGLAND FUEL INSTITUTE
390 Commonwealth Avenue
Cambridge, MA, 02215

Department of Nuclear Engineering
UNIVERSITY OF LOWELL
Lowell, MA 01854

Department of Mechanical Engineering
UNIVERSITY OF MASSACHUSETTS

. Anherst, MA 01002 _
' WENTWORTH COLLEGE OF TECHNOLOGY

550 Huntington Avenue
Boston, MA 02115

Deﬁartment of Mechanical Engineering
WORCESTER POLYTECHNIC.INSTITUTE
Worcester, MA 01609

Physics Department
WILLIAMS COLLEGE
Williamstown, MA 01267

“MICHIGAN

JORDAN COLLEGE  _

360 W. Pine Street ™

Cedar Springs, MI 49319
Attn: Mr. Dan Clark, Director
Instructional Services
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" MICHIGAN (Continuod)
Dapirtment of Architecture

5 ;LAWRENCE: INSTITUTE. OF TECHNOLOGY

721000 Wast Ten Mile Road.
.Sou:hficld. HI 48075 '

f. Department of Mechanical !ngincering
.. MICHIGAN STATE UNIVERSITY :
!Ilt Lanoing. M1 48823

. Dopartucn: of Mechanical Engineering

UNIVERSITY OF MICHIGAN

225 West Engineering Buildiné'

Ann Atbor. ‘MI 48109

- Div. of Science & Technology

College of Lifelong Learning
WAYNE STATE UNIVERSITY
Detroit, MI 4820: !
Attn: Hr. J. R. Woodyard

MINNESOTA

- Department of Phynics

ST. OLAF COLLEGE
Northfield, MN 55057

Department of Mechanical Engineering
UNIVERSITY OF MINNESOTA
Ninneqpolis. MN 55455

MISSISSIPPI

Department of Mechinical Engineering
MISSISSIPPI STATE UNIVERSITY

Mississippi State, MS 139762

Institute of Environmental Sciences
UNIVERSITY OF SOUTHERM MISSISSIPPI
Hattiesburg, MS 39401}

MISSOURI

Department ~f Physics

SOUTHWEST MISSOURI STATE UNIVERSITY
Springfield, MO 65802

Mechanical & Aerospace Engineering _
UNIVERSITY OF MISSOURI
Rolla, MO 65401

UMR GRADUATE ENGINEERING CENTER
8001 Natural Bridge Road :
8t. Louls, MO 63)21

- REBRASKA

College of Enzineering & Technology
UNIVERSITY OF NEBRASKA

W181 Nebraska Hall

Lincoln, NE 68588

"-N.

\ N

NEVADA

Departuent of Engincering

UNIVERSITY OF NEVADA, LAS VEGAS
4505 Maryland Parkway =
Las Vegas, NV . 89154

Departaent of Physics
UNIVERSITY OF NEVADA

Réno, NV 89557 . . .

NEW HAMPSHIRE

Thayer School of Engincering
DARTMOUTH COLLEGE
Ranover, NH - 03775 .

NEW JERSEY

Indus:rial Education Department
GLASSBORO :STATE COLLEGE
Glassboro, NJ 98028

'Electrical Engineering Department

RUTGERS UNIVERSITY *

P.O. Box 809 - .

Piscatawvay, NJ 08854 _
Attn: Prof, Fich, Graduate Director
NEW MEXICO

School of Continuing Education
COLLEGE OF SANTA FE

Santa Fe, NM 87501

'Departuent of Mechanical Engineering

NEW MEXICO STATE UNIVERSITY

" Las Cruces, NM 88003

Department of Mechanical Engineering

UNIVERSITY OF NEW MEXICO
Albuquerque, NM 8173)

NEW YORK
Physics Department
BARD COLLEGE

Annandale-on-Hudson, RY 12504

Department of Physics

MOHAWK VALLEY COMMUNITY COLLECE
1101 ‘Sherman Drive

Utica, NY 13501

Attn: Dr. Francis Dunning

Energy Engineering & Policy Program
POLYTECHNIC INSTITUTE OF NEW YORK .
Route 110

Farmingdale, NY 11735

Department of Mechanical Engineering
ROCHESTER INSTITUTE OF TECHNOLOGY

1 Lomd Memorial Drive

Rochester, NY 14623
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. WEW YORK (Continued) . rmsnvg Y
.. Atmogpheric.Sciences leeeerch Center .. Continuing Professionsl Education
StAI!‘UHIV!RSIT? or N!H YORK o - DREXEL UNIVERSITY

/Albany, WY::13222 _+ . .32nd-& Chesthut Strests

' B Phuedelph:l.e, YA 19104
g ,Depertnent of Eerth Sciences : :
STATE UNIVERSITY OF NEW YORK : LAFAYETTE COLLEGE

lrockport. !Y 14420 L ‘ “Easton, PA 18042 ' e .
et ' : Attn; Depa:tnent of En;tneering o S
=<A;t£eu1ture1 & Technicel College . . S
'STATE UNIVERSITY OF NEW YORK - Depertnent of Architectural Engineering
80 State Street : ' PENNSYLVANIA STATE UNIVERSITY -
Centou. 1 4 13617 . . 10] Engineering Building "A"
R o : ’Univereity Park, PA 16802 -
NORTH DAKOTA ‘ ' ° >
College of Engineering & Architecture L Department of Architecture
NORTH DAKOTA STATE UNIVERSITY "~ TEMPLE UNIVERSITY
Targo, ND 58102 - Philadelphis, PA 19122
School of Engineering & Mines o Department of Mechanical Engineering
UNIVERSITY OF NORTH DAKOTA - - UNIVERSITY OF PENNSYLVANIA
Grand Forks, ND 58202 o * 111 Towne Building, D-3
T : S ' Philadelphia, PA 19174
OR10 : ,
Depertuent of Hechenicel Engineering RHODE ISLAID
-OHIO STATE UNIVERSITY - ) Dept. of Engineering & Engineering Technolcgy R
-Colunbue. OH 43210 - RHODE ISLAND JUNIOR COLLEGE
Knight Campus, 400 East Awenue
~ Department of Mechanical Engineering "Hhrwick. Rl 02886
3 . UNIVERSITY OF DAYTON ‘
. Dayton, OH 43465 . Depertment of Mechanical Engineering
e . ' UNIVERSITY OF RHODE ISLAND
Electrical Engineering Department - Kingston, Rl 02881
YOUNGSTOWN STATE UNIVERSITY - ' \ Lot
Youngstown, OH %4555 . TENNESSEE ¢
Attn: Dr. C. K. Alexander, Jr. . Department of Mechanical Engineering
MEMPHIS STATE UNIVERSITY
OKLAHOMA ' Mcaphis, TN 38152
School of MAE T,
OKLAHOMA STATE UNIVERSITY : * Mechanical Engineering Departmént
Siillwater, OK 74074 TENNESSEE TECHNOLOGICAL UNIVERSITY

Cookeville, TN 38501
School of Aerospace, Mechanical § '

Nuclear Engineering - Dept. of Mechanical & Aerospace Engineering

UNIVERSITY OF OKLAHOMA : UNIVERSITY OF TENNESSEE

ﬂornln. Ok 73019 Knoxville, TN 37916
'Departnent of Mechanical Engineexing : TEXAS

UNIVERSITY OF TULSA Department of Mechanical Engineering

Tulss, OK 74104 RICE UNIVERSITY

Houston, TX 77501

OREGON : !
CLACRAMAS COMMUNITY COLLEGE Dept. of Civil/Mechanical Engineering
Oregon City, OR : SOUTHERN METHODIST UNIVERSITY

Dallas, TX 75275
- UNIVERSITY OF OREGON .
‘ Rugene, OR 97403 '

L . 22
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" TEXAS (Canuau-d) S

... Department of Physics
"o iTERAS A & T UNIVERSITY

Department - of N¢chaniea1 Enstnncring. 3

' TEXAS A & M UNIVERSITY
g coxzog-—seazton. X 77843

Diplrtlont of Mechanical Engineering -
“TEXAS TECHNOLOGICAL UNIVERSITY
© Llubbock, TX 79409 -

"Solar Energy Program Graduate Office
" TRINITY UNIVERSITY <
715 Stadium Drive :
San Antonio, TX .78284

UNIVERSITY OF HOUSTON SN )
Houston, TX 77004 - el
Contact: Graduate Advisor
Department of Engineering or Arch.

UNIVERSITY OF TEXAS AT AUSTIN
Austin, TX 78712 - :
UTAH

Chemistry Department

DIXIE COLLEGE

- St. George, UT 84770

Attn: C. A. Dean

Department of Mechanical Engineeiing
UNIVERSITY OF UTAH
Salt Lake City, UT 84112

Physics Department
WEBER STATE COLLEGE
Ogden, UT 84408

Attn: Dr. Robert Capener

VERMONT

Institute for Social Ecology
GODDARD COLLEGE
Plainfield, VI 05667

Electrical Engineering Department
UNIVERSITY OF VERMONT

Burlington, VI 03401

" VIRGINIA

Department of Mechanical Engineering
OLD DOMINION UNIVERSITY AT VARC
12070 Jefferson Avenue

Newport News, VA 23606

Atta: Dr. C. L. Goglia
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‘Department of Mechanical En;tncerinz

UNIVERSITY OF VIRGINIA

. Charlottesville, VA. 22001 . . I

H -

collcge of Architecture & Urban Studies t

V.P.1. & STATE UNIVERSITY
Blacksburg, VA ‘26061 .

 WASHINGTON | g

JOINT CENTER FOR GRADUATB STUDY
100 Sprout Road
Richllnd. WA 99352 r .

Progran in Soeial chagement of Technology
UNIVERSITY OF WASHINGTON -
Seattle, HA ‘98195

Department of Mechanical Engineering :
WASHINGTON STATE UNIVERSITY
Pullunn. WA 99163

WISCONSIN S
College of Engineering :
MARQUETTE UNIVERSITY

1515 West Wisconsin Avenue

Milwaukee, WI 53233

College of Environmental Sciences
UNIVERSITY OF WISCONSIN=GREEN BAY
54302

Department of Mechanical Engineering
UNIVERSITY OF WISCONSIN
1343 Engineering Res. Bldg.

. Madison, WI 53706

Department of Engineering
UNIVERSITY OF UISCONSIN-EXTENSION
Madison, W1 53706

Department of Architecture
UNIVERSITY OF WISCONSIN-MILWAUKEE
Milwaukee, WI 53211 ..
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“m &% NATIONAL SOLAR HEATING AND COOLING INFORMATION CENTER

q' \

, "CALL TOLL FAEE (800} 823-2929
| IN PENNSYLVANIA CALL (0000 4524983

- CENTER FOR EMPLOYMENT TRAINING
425 South Marke: Strest

e ‘Sap Jose CA’ 95113

o agtas  Rudolph Rodriguez

Industrial Technical Department
- < CHAFFEY COMMUNITY COLLEGE
"~ 5885 Haven Avenue
" Alta Loma CA '91701
_atta: Dean of Occupational Services

Civil/Mechanical Engineering Technology

_ COGSWELL COLLEGE o

*.,600 Stockton Street =
San Francisco CA 94108

COLLEGE OF THE REDWOODS
Eureka CA 95501 :
‘;g§:?f Industrial Technology Dept.
}’ . -

RGY SYSTEMS INC.
4570 Alvarado Canyon Road
San Diego CA 92120

B
n

. ' Physical Science Department
LAKE TAHOE COMMUNITY COLLEGE
2659 Lakq'Tahoc Blvd.
P.0. Box 14445 "
South Lake Tahoe CA 9570

Technical, Trade & Industrial Div.
LONG BEACH CITY COLLEGE

1305 E. Pacific loast Highway
Long Beach CA 90806

Engineering Department
MT:. SAN JACINTO COLLEGE
21400 Bighway 79

San Jacinto CA 92383

VOCAIIONAL/TECHNICAL SCHOOLS/COURSES
©* " SOLAR~RELATED

‘Californis .

April 1978

3 )

o 5

Offer two weeks of solar training (build .
solar collectors & install them) as part
of a 6-~veek course in."Building Mainte-
nane."

Offer "Solar Energy I"-introduction to soler
heating & cooling systems; and "Solar Energy

1I" construction & installation of sclar

energy devices. s

" Offer "Solar Energy Applications" workshop

for designers, builders, etc. on design & .
contruction of sun & wind-powe;ed systems.

Offer "Solar Heating Systems" course on
design & construction of active solar sys-.
tems - for vocationsl/technical majors.

Offer solar energy training course - orig-

inally developed for their dealers & in~
stallers as a hands-on training project;
nov offered to others. Schedule & loca-
tions can be cbtained by writing ESI.

. Fee: $135 ({ncludes "Solar Heating" train- .

ing notes); notas may be purchased sepa-
rvately for $8.50.

Offer "Solar Emergy" course which covers
utilization of solar emargy & mechanics of

various systems.

Air Conditioning & Refrigeration program
includes s segment on Solar Energy.

Offer "Solar Energy Applications” course -
seni-technical on applications & design of
collectors.

OPERATED S8Y THE PRANKLIN INSTITUTE RESEARCK LABORATOAIES FOR THE DEPARTMENT OF
! . ENEAGY AND THE DEPARTMENT OF MOUSING AND URBAN DEVELOPMENT. THE NATIONAL

CENTER AND THE ABOVE OAGANIZATIONS DO NOT ENDONSE, AECOMMEND OR ATTEST TO THE
GQUALITY AND CAPASILITY OF ANY PRODUCTE OR SEAVICES CF COMPANIES AND INDIVIOUALS.
6, .

iy




" SAN DIEGO CITY COLLEGE
“Adr Conditioning & Rn!:igcra:ion Dept.

' chhnology Division
JORANGE COAST COLLEGE
92701 ¥airview Road

| Costa Mesa CA 92626

2

12th & Russ Streats

San Diego CA

"SAN DIEGO COUNTY CONSTRUCTION
* LABORERS BENEFIT.FUND
4161 Home Avenue '

Suite 260
San Diego CA 92105
Atzn: Mr. H. Thurman

Construction Technology Dept.

- SAN DIEGO MESA COLLEGE
7250 Masa College Drive

San Diego CA 92111

Physics bnpart;cnt
SAN JOAQUIN DELTA COMMUNITY COLLEGE
8151 Pacific Avenue

'sgock:on A 95207 '

SAN JOSE CITY COLLEGE

Air Conditioning & Refr. Dept.
2100 Moor Park Avenue

San Jose CA -95128 .

' :\C.\

SOLAR HEATING TECENICIAN TRAINING
SKILLS TRAINING PROGRAM

Sonoma Stats College

1801 East Cotati Avenue

Rohnert Park CA 94928

Attn: Gayla Mote

(707) 666:2577 :

SOLAR TECENICIAN TRAINING PROJECT
1322 "0" Street

Sacramento CA 95814

Attn: JoAnn Trujillo, Proj. Cooxd.
(916) 322-719%0
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. voc.monmucmuc.u. REFERENCE LIST (2)

g S

offer “Solar" course on system design &
application of solar heating & cooling _
equiptient. Planning complate program to % &
include designing equipment, comstruction s

' ucthods. & fabrication of solar devices.

" AIR CONDITIONING & REFRIGERATION DEPT: Offer

two courses in "Solar Energy Maintenance & o
Technology" as part of their A.S. degree pro=- N
gram - cover installation, trouble-shooting,’
efilciency & coat oc:inating. y )

Six-week training progran for those who want
to be construction laborers. One week spent
on installation & maintenance of solar equip~-

mpent. Write for application (must be 18 yrs. .

old & resident of San Diego County. Four-
six month waiting 1ist). For Californis res-
idents outside San Diego County, write: San
Diego Céunty Construction Laborers Benefit
Fund, P.O. Box 1307 Bouleva:d CA 52005.

0ffer "Utilization cf Solar Energy" - covers
types of solar equipment & laboratory.

©

Offer “Energy Conmservation & Alternatives”
course which includes solar emergy. Plan to

offer courses on "Solar & Wind Power Tech-

nology’ and ”Construction of Solar Elements'
in the fu:ure. . _ =

Offer 2-year "Solar Technician" program lead-
ing to associate degree & certificate under
division of air-conditioning & refrigeration.
Courses cover residential solar design & in~
dustrial solar spplication. Provides stu-.
dents with knowledge to become solar tech=
aicians.

Training Program sponsored by Sonoma State
College & State of California Comprehensive
Employment & Training Act (C.E.T.A.) grant. '
Training: solar technology, climatology,
snergy conservation techniques, contractor
licensing law, uniform mechnaical cude, etc.
Upon completion {ndividual able to design,

size, build & install solar syccems. On-the
job  training included.

Six-month course for installation of solar

hot vater systems. For low-income individ- -
uals. Sponsored by California Office of
Approptiate Technology.

224
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VOCATIONAL/TECHNICAL REFERENCE LIST (3) */ S
", Colorado . S | ~ | | |
‘g COLORADO TECHNICAL COLLEGE 7 ,0ffer Assoclate in Applied Science Degree in %
=Ny 655 Elkton Drive - L Solar Engineering Technologyl. Also offer '
7 . Colorado Springs CO 80907 | . B.S. in solar engineering technology. Asso-
% Atta: . Dr. Tom Forster ‘4 ciate Degree (2-years) to prepare students
. _g:‘aga) ;93-0200 - : v _ *  for emplovment as solar technicians in re-

search labs, test facilities, solar companies -~
& othet energy~related organizations. B.S.:. °
(4=years) to prepare students to work as ' -
. _ solay energy engineering techumologist - em=
o o oo phasizes mechanical engineering technology
' ) ~ of. heating, venti{lating & airconditioning :
systeus & energy gqnsnrvation methods. 7~

4
4
7
I3
7
?
?

Delaware
Energy Conservation & Solar . ADULT EDUCATION PROGRAM: Offer "Solar Heat-
Application Center ' ing of Buildings" course for practitioners in
NEW CASTLE COUNTY VOCATIONAL-TECE. = construction industry on sizing, design, ia-,
SCHOOL DISTRICT S | © stallation, maintenance & economic feasibili-
1417 Newport Road = . . ty of solar heating systems (60 hours). . Fae: ,.
Wilmington DE 19804 $360 (includes educational materials & access
. " to computer program for economic optimization
’ of solar heating systems). ' ’
nond‘ - ’ . ' /-’ . Ir
’ . PINELLAS VO-TECH INSTITUTE ‘Two training programs (2 @venings/week - re- .
- . 7 610p 1S4th Avenue North : gistration every 9°wks): 1) “Solar Energy-
Clearwater FL 33520 - Heating & Cooling" (mechanics, theory of
. - *  building solar hot watey heaters design & con-
struction of solar airconditioning units); 2)
. "Bousehold Energy Conservation/Solar Energy"
) (how homeoumer' can conserve energy; informa-
tion on using solar hot water heating).-
Georgia
COOSA V, AREA VOC-TECE SCHOOL : HEATING & AIRCONDITIONING DEPT: In process of
. 112 ock Avenue ° developing course on solar collectors, heat
Rome GA 30161 . . storage & controls associated with domestic
~ ‘solar heating as part of heating & aircondie-
tioning course. "
o DE KALB COMMUNITY COLLEGE In process of developing short terz course in
,' 495 North Indian Creek Drive Solar Equipment Installaticn & Maintemance.
Clarkston GA 30021 Long range plans include solar energy as .part
' S ' of Heating, Air-Conditioning & Refrigeration
. . Program. (No courses in solar offered at
‘ prasant - 12/77).
' NORTE GEORGIA TECH & VOC SCHOOL Planning curriculum to train technicians to
- Lake Burton Road, Georgis 197 - install & service sclar snergy gystame. -
Clarkesville GA 30523 ) (No courses in sclax ofiered at present -
- ' 12/77). ' e
) o
Z Y] 0 s "
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"ALBANY AREA VOC-TECH SCHOOL .

: “‘i{? ‘3},3« \,.f

1021 Lowe Road

- -Albsny GA 31705
~““ATGUSTA- AREA VOC~TECR SCHOOL °

2025 Lumpkin Road

"Augua:a-GA 30904 .
' MACON AREA VOC-TECH scaobt.

940 Forsyth Street

_Macon GA 31201 v

MOULTRIE AREA VOC-TECE SCHODL

" P.0. Box 520

Moultrie .GA 31768

. SAVANNAH AREA VOC-TECE SCHOOL

.214 West Bay Street -

VALDOSTA AREA VOC-TECE SCHOOL

Savaaonah GA 31401
THOMAS AREA VOC-TECE SCHOOL

“P.0. Box 1578

Thouasvillc GA 31792

Route, 1, Box 211 .
Valdocta GA 31601

WA!CROSS-U!RE CO.. AREA VOC-TECH SCHOOL

1701 Carswell Avenue.
Waycross GA -313501

Iowa

Trade & Industrial Occupations Div.
SCOTT COMMUNITY COLLEGE

Belmont Road

Bettendorf IA 52722

Seﬁtuagg

WESTERN KENTUCKY UNIVERSITY
Dapt, of Engineering Techmology
Bouling Green KY 42101

Atea: Hanry M, Healsy, P.L. |

A

ATHENS AREAVOC_-TECH SCHOOL
U.S. Righway 29 North
Athens GA 30601

CARROLL COUVT?AREAVOC~TEC8 SCHOOL -
P.0. Box 548 - , \ .
Ca:rolltca GA 30117 , \

MARIETTA=COBB AREA voc-.rscu scuéor.
980 South Cobb Drive
Marietta GA 30060

‘PICKENS COUNTY AREA VOC-TECH SCHOOL
Burnt Mountain Road
jjasper GA 30143

SWAINSBORO AREA VOC-TECH SCHOOL
201 Rite Road

- Swainsboro GA 30401 .
UPSON COUNTY AREA VOC-TECH SCHOOL
P.0. Box 1089

Thomaston GA 30286

4

WALKER COUNTY AREA VOC-TECH SCHOOL
.Box 454 Merry Meadow Lane

"Rock Spring GA. 30739 | | "

BRUNSWICK JUNIOR COLLEGF
Vocational-Techuical Progran
Altama at Fourth

Brunswick GA 31520

?

e

Offer Solar Energetics Technology major -
Associate Degree (2 yrs). Prepares student
‘for employment as technician in: research
labs, solar energy systems installation,
assistants to designers & architects, sys-

tems maintenance, other energy-related occu=- -

pations. . Graduate will also be proficient
in heating & airconditiouing, sheet metal

work & all installation of domestic &
indus:rial uuits.

[ 4

Mr. Healey has prepared a 3-hr., seminar "So-
lar Energy Applicatiouns" for hvac contrac-
tocrs. Covers: dinformation & background on
sizing sclar systems, cost analysis tech-
aiques. Will present seminar at afternocon
or evening group meetings of contractors.

3

&
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VOCATIONAL/TECENICAL REFERENCE LIST (5) %

i

i Maine ' o
/SN PORTLAND VOCATIONAL CENTER . ~ - Offer tfaining in solar imstallation.
‘WY Portland ME 04111 : L
Massachusetts- : . o )
... . BRISTOL couﬁﬁu:rz'tonnzcz .' Has been‘funded to set up an energy program.
- 777 Elsbree Street . : ' o . o
Fall River MA 02720 ’ . ‘
° ' Engineering Science & Industrial . Offer 3 solar courses: '"Splar'Enefgy T=De-
"~ Related Technologias Dept. ) ' sign & Installation Techniques for Rasiden-
CAPE COD COMMUNITY COLLEGE tial Building:" - deals with systecms design,
West Barnstable MA 02668 : sizing & installation of solar heating units;
! : ' "Solar Energy II-Design & Installation Tech~
. . . niques for Residential Buildings" - deals

with installation & operation of soclar heat-
ing systéms (includes retrofit); and "Survey
-t of Alternative Energy Sources" - discussion
C of various anergy resources.

Lanqing MI 48914 _ _ tial Solar Beating System-Design (At 203)°

Alternate Sources of Znergy (ATG 150) Build- .

ing a Solar Furnace {ATG 151) Building a So-
" lar Water Heater (AlG 152) Passive Solar De-~

sign (AT 211) Passive Solar II (AT 215)

Solar Energy Technician Program: One yeav

certificate or two year associate degree

prograns are being planned. \

FOLLOWING MICHIGAN SCHOOLS TO OFFER ONE SEMINAR & EIGET-WEEK SOLAR HEATING/COOLING ,COURSE: -
- " ; < .

HENRY FORD COMMUNITY COLLEGE = - . HIGHLAND PARK -COLLEGE

$S101 Evergraen Road Glendsle & Third Streets
Dearborn MI 4L128 Highland Park MI 48203
Attn: SEMIAP ~“Attn. SEMTAP

JACKSON COMMUNITY COLLEGE . MACOMB COUNTY COMMUNITY COLLEGE
2111 Exmens Road ' ' 'Division of Continuing Education
Jackson MI 49201 - . South Campus - Box 948
A::n. SEMIAP . - Warren MI 48093 .

. _ _— Attn: SEMTAP .

A\
<l
(AN

NEW ENGLAND FUEL INSTITUTE ’  Offer four-week (160 hour) hands-on solar
Technical Training Center ' heating tect 'cal training course. For
390 Commonwealth Avenus - those who waat to learn to 1nstall solar
Boston MA 02215 . - systems. Fee: §450. :

. Division of Engineering Technology Offer A. S. degre- in Solar .nergy Grqgﬁ-
SPRINGFIELD TECH COMMUNITY COLLEGE . ates are qualified to iustall complete liqo‘
Arzory Square . uid or air solar heating systems, size sys$-
Springfield MA 01105 K tams, and evaluate cost effectiveness.
Michigan , ‘ ‘ L ~
LANSING COMMUNITY COLLEGE . Courses offered: Solar Housing (AT 200) So-
Engineering Technology Department ' lar Site Seminar (AT 208) Principles of
419 North Capitol Ave. Solar Energy Collection (AT 201) Residen-
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. VOCATIONAL/TECENICAL REFERZNCE LIST (6)
' MICHIGAN SCHOOLS (con};znu.d) ;

MONRODE COUNTY COHHUNITY COLLEGE '
1555 Raisinville Road .

£ Monrce.MI 48161

i, Attn: SEMTAP

as SCHOOLCRAFT . COMHUNITY COLLEGE i
18600 Haggerty Road
o Livonia MI 48152

Attn:- SEMIAP

* . VASHTENAW COMMUNITY COLLEGE' .
% *Ypsilanti Center - 214 N. Huron
Ypsilanti MI 48197 . .
Attn: SEMIAP '
¢
.5 MID-PLAINS COMMUNITY COLLEGE
Inter. of I-80 & Highway &3
i North Piatte NE 69101

SOUTHEAST COMMUNITY COLLEGE
Milford Campus
Milford NE 68405

"‘ .

L]

Nebtalka Lo

<

LN PR PO - Y
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- ;

CEARLBS STEWART WOTT COMMUNITY - COLLEGE
1401 East Court Street - '
Flint MI 48503

Attn: SEMIAP

" ST. LLAIR COMMUNITY COULEGE

323 Erie Street

Port Hurom MI 48060
» Atta: SEMTAP L

- WAYNE COUNTY COMMUNITY COLLEGE
4612 Woodward Avenue :
Detroit MI 48201 , »

Attn: SEMTAP

Incorporate sclar heating instructinn in
Building & Comstruction Dept. and Ref:rigera-
~ eion/Airconditicning Dept. Students given

introduction to solar heating as it applies

to thair pa:ticular field - familiarization
level. &

Airconditioning & Arch. Tech. Programs: Of-
fer "Solar Energy'-a 32 hr. 2-quarter credit
‘ course as part of these programs. Basic
course which includes brief historr & basic
cal ulazions for sizing solar systeus for
rcsiden:ial l:ruc:u:cs.

vSOME DEGREE OF SOLAR TECHNICIAN TRAINING OF?ERED AI FOLLOWING SCHOOLS:

CENTRAL TECHNICAL COMMUN1TY COLLEC?
P.0. Box 1024 .o
Hast%ggs NE 68901

NORTHEAST TECHNICAL COMMUNITY COLLEGE
801 East Benjamin Avenu:
Norfolk Nq' 68701

New shire

REW BAMPSHIRE VOCATIONAL-TECHNICAL
COLLEGE .

1066 Front Street

Manchester NE 03102

New Jersey

BROOKDALE COMMUNITY COLLEGE
Lincroft NJ 07738

-/‘

-~

METROPOLITAN TECHNICAL COMMUNITY CO'.LEGE
30th & Fort Streets
Omaha NE 68111

Offer Certificate program in solar systea
installation maintenance and repair.

Solar & Wind Technology course offered.

2.‘};«

-:"n
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'vocarIONAL/rzcanchL'nsrznzncs LIST (7)

G anqsing. Ventilating & Airconditioning
By Dgplftﬂlnt
SSSL! COUNTY TECHNICAJ. CAREIRS
CENTER - L
91 West Market Street
Newark NJ

MANASQUAN PUBLIC SCHOOLS
Broad Streat
Manasquan NJ 08736

Plumbing, Heating & Refrigeration
MERCER COUNTY AREA VOCAIIORAL .
TECHNICAL SCHOOLS
. 1085 01d Trenton Road
Treaton NJ. 086950

MIDDLESEX COUNTY COLLEGE
Edison NJ 08817

. OCEAN COUNTY VOCATIONAL TECHNICAL
SCROOLS

noute 571

Jackson NJ 08527

Contiauing Lducation Program
-SALEM COUNTY VOCATIONAL: TECENICAL
S SCHOOLS
' R.D. #2, Box 350
‘I’ Woodstcwm X: 08098

R .‘_.._._: LT LFTUERSINT S g st n TR e e

fOf!er a day & evening program in solar heat-

ing systems (adult ‘educatiocn courses = cer-

.tificate given) = coursas cover domestic
water heating & residential &’ commercial -
solar space heating & cooling systems;-how
to install & service systems. Day program’
(300 hours), evcning program (120 hrs).

Alsc planning Solar Heating course for their- :

votech high school to be in operation late
Spring '78.

Offer Energy Education/Curriculum Develop- -
ment course.

As part of curriculum have integrated knowl- ,

edge & skills related to i-plementation and
installation of solar heating and cooling
units. .

Project WATTE (Workshop Approach to Teacher
Training in Energy) = to assist tesachers in
developing courses & curriculum strategies *
for integrating energy education into tra-
ditional disciplines. (Workshops planned

for March=May 1973). - '

Offer 3 solar courses: "Solar Energy Theory
foredeating, Ventilating & Airconditioning
Technicians."(Evening School -open to general

public -~ evening school certificate avarded - _

start Fall '78 =~ 15 wks. Course for hvac
specialists covering design considerations °
for solar hot watar & space heéating systems
“"Solar Energy Workshop" (Evening School -
open to general public) - 21’ hour program to
assist homeowner in designing & installing
solar hot wvater heating equipment -~ covers
theory of operation, life cycle costing & in-
stallation; and "Climate Control" program
(high school students only =2 yr. high
school certificate) - program for training
in plumbing, heating, airconditioning & re~-
frigeration. Students learn to design, re~
pair & install such systems - includes new

unit in design & 1na:a11acion of solar heat-

ing equipment.

As part of Continuing Education program
(nights), offer a 36-hour program ~ Intro- .
duction to Solar Heating - to acquaint stu-
dent with current trends in use of solir en-
ergy for heating & cooling. Plumbing & Heat-
ing Trades Program - during. 1977-=78 school
year will introduce a unit on solar energy
for secondary & post-sscondary students -
will build a solar hot water heating systems.

234 | .
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5, VOCATIONAL/TECHNICAL REFERENCE LIST (8) - '
i e s ~ ' - : x
Neu York , o ' C i
e ] . v R . L
BROOME~DELAWARE-TIOGA BOCES . 'Offer solar training as part of .electroaics
Sroome=-Tioga Educational Center _ © gourse. _ ‘
° Upper Glenwood Road .
- - Binghagton NY 13905 :
: Departuent of Physics o Offer two courses in solar: “Solar zfgy B
. MOHAWK VALLEY COMMUNITY COLLEGE & Energy Conservation” - general introduc-
. 110l Shegpan Drive = - _ ~ tory course for homeowner on solar energy
Utica NY~ 13501 ' utilization; and "Solar Energy for the

Attn: Dr. Francis Dunning Heating and Airconditioning Technician which
: ~ . covers development of skills for the instal-
laticn, maintenance & repair of solar heat-
ing & cooling systems.

NASSAU COUNTY BOCES Offer solar energy technology as part of
Valentines Road & the Plains Road ' Heating/Air Conditioning courses.

Westbuzy NY 11590 a ) ' '

SARA?OGA#NARREN BOCES ' ' Offer solar energy technology as part of

F. Donald Myers Occupational Center Heating/Air Conditioning courses. ‘ - '
Henning Road _ : . ® . : '

Saratogs Springs NY 12866 ) ,
CAPE FEAR TECENICAL:INSTITUTE Evening extension brogrnn: offers Solar fn-

- Solar Energy Educational Program ergy Systems Workshop. 33 hour non-credit -
_ ‘ 411 North Fromt St. . survey course, including laboratory demon-
. Wilmington NC 28401 . : , stration of solar water and air heating.

.Heating, Air Conditioning and Refrigeration
program: one soclar energy course planned

' for immediate prasentation. General Occu-
v pational Technology program: one-three so-
lar energy courses planned. Solar Technol-

ogy program: fuil two year planned for

R Oregon v ,
Ry . .
. LINN=BENTON EDM¥UNITY COLLEGE General Science or Engineering: Offer "Tech~
Mid-Willamette Energy Informatiom ' nical Projects-Solar" course - design & build
. Canter projects related to comstruction of solar liq-
6500 SW Pacific Blvd. uid & sir heating systems & passive solar >
. Albany OR 97321 heated buildings; "Alternate Energy Scurces”
P . course - covers solar & wind systems, etc.

Community Education: Offer "Home Energy Al-
ternatives” course which is half om solar,’
and offer four solar workshops on: .solar
water heaters, solar air collectors, solar
greerhouses & solar food dryers - workshops
cover design & construction.
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- Souch CIrolina

”‘AirConditioning. Re!rigera:iou 6 . 0ffer 2<yaar (7 quarter) diploma program in-
. Heating " . aircouditioning, refrigeration & heating.
FLORENCE-DARLINGTON TECHNICAL COLLEGE "Solar Energy Applications" course offered
P.0. Drawer 8000 A ., .as part of curriculum - covers theory &.
Florence SC 29501 = - practical application of heating & aircon~
i ' ‘ T e - . ditioaing through use of solar anergy & the
i ‘ o B design, installation, servicing & trouble
Eoe ) ‘. Soe .4hooting of solar heating & cooling units.
! AirCounditioning, Refrigeraticn & Offar 2-year (7 quarter) diploma program ia .
Heating _ airconditioning, refrigeration & heating. -
YORK TECHNICAL COLLEGE ’  Beginning Spring 1978 will offer "Solar En~
* U.S. 21 By-Pass % ergy Applications" course as part of curri-
Rock Hill sc 29730 > 7+ i afulum - hands-on, course which covers instal- v

.lation, service & cont:ol;of collection of
‘solar ene:gy. -

Q

' SOLAR ENERGY MAY BE OFFERED AS PART OF CURRICULA AI FOLLOWING SOUTH CAROLINA SCHOOLS:

Alr Conditioning & Refrigeration -'bc11nete Cbnt'ol Technology & Refrigeration
BEAUFORT. TECHNICAL EDUCATION CENTER CHESTERFIELD=-MARLBORO TECENICAL COLLEGE
100 S. Ribaut Road Draver 928 .
Besaufort SC 29902 . Cheraw SC - 29520
Air-Conditioning Technology S 'Refrigere:ion Technolosy
DENMARK TECHNICAL EDUCATION CENTER. GREENVILLE TECHNICAL COLLEGE ,
. Danmark SC 29042 P.0. Box 5616, Station B L
fki o . ' S ' Graenville SC 29606 o S .
Alr Conditioning Techmology ' ‘Climate Control Technology & Refrigeration
HORRY=-GEORGETOWN TECHNICAL COLLEGE ‘MIDLANDS TECHENICAL COLLEGE
‘P.0. Box 710 . - Beltline Campus, P.O. Dreve: Q .
Highway 501 ‘ 316 Beltline Blvd. . .,
" Conway SC 29526 ' Columbia SC 292035 _ .
- Az CQndirgoning Technology _ ‘Alr Conditioning & Refrigeration
PIEDMONT TECENICAL COLLEGE . SPARTANBURG TECHNICAL COLLEGE
Drawer 1208 P.0. Draver 4386 ‘
-Greenwood SC 29646 Spartanburg SC 2%301 .
Air Conditioning Technology Refrigeration Technology z
SUMTER AREA TECHNICAL COLLEGE - ' TRI-COUNTY TECHNICAL COLLEGE
506 Guignard Drive . P.0O. Box 87
Sumter SC 29150 .» Pendleton SC 296]8%
Refrigeration Tecknology ' Refrigeration Technolagy
TRIDENT TECHNICAL COLLEGE ‘ WILLIAMSBURG TECHNICAL, VOCATIONAL & ADULT
~ North Campus ED. CENTER
7000 Rivers Avenue . 601 Lane Road
North Charleston SC 29606 Kingstree SC 19356
' Taxas -
. CENTRAL TEXAS COLLEGE Offer "Solar Heating Systems' course - over-
: P.0. Box 1416 ) ' viev of basic' components of various solar
U.S. Highway 190 West - . energy systems; operation, installation, main-
Killeen TX 76541 ‘ o tenance, trouble-shooting & service proce=
o . . ° 43{[(3 dures. ' .




Attms -
'tni:cc:or of Energy Prograums

ighvay. 31 West : .”ﬁ
rsicans TX"'78110
Charlis G. O:sak. Jr,

| #TEXAS STATE TECENICAL INSTITUTE

- Relling Plains Campus

¥

Svestwater TX 79556

Virginia

LORD FAIRFAX COMMUNITY COLLEGE

P.0. Drawer E .
Middletown VA 22645 ¢

Attn: Electronics chhnology Depc.

Wlnhiagton

NORTH SEATTLE COMMUNITY COLLEGE
9600 College Way North
Seattle WA 98103

Continuing Education Program
PENINSULA COLLEGE

1502 *. Lauridsen Blvd.

Port angelas WA 98362 .
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- 4ng course. teaches 1natallation. naintenance,
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In proccsn of developing 2~-year Associate
Degres Solar Technician curriculum. Should
be ready ‘for initia disqcuinntiqn & pilo:

: i
48 hour train~’

repair techniques for residential and.commer=-:
<ial water and space heating systems. Course’
includes both liquid and air type collector
‘subwsystens.

Adr Conditioning and Rcfrigcracion Depart-
u&ut' "Pians Solar Energy Mechanic curricu=
lum covering 16 courses in three quarters.
Graduates receive certification as solar
enargy mechanics.

Offer "Solar Heating & 60011ng of Residcn-
tial Buildings" course (ENVR 155) for con-
tractors currently in hvac business. (one
night/vk for 11 veeks). Course covers siz-
ing, installation & maintenance of solar
systems with emphasis on economics. Aatic=

| pate offering similar more advanced course

‘or architccts in the tuturc.

Will offer section on solar heating as part -
of Environmental Control Technician/Refri- )
geration & Air Conditioning Design class.
(stazrt Fall '78)

| Offer "Solar Heating Systems for Homes"

course during fall quarter each school year.
Evening course for contractors & engineering
technology students - to develop practical
skills for sizing, installing, operating &

inaintaining asctive sclar energy systems.

. For mors information on learning to install lolar energy systems, the following reference

sourcer may be o: use:
BARROR'S GUIDE TO THE TWO-YEAR COLLEGES - 113:: more than 150 colleges as having prograus
in heating & airconditioning (climate coantrol!) technology. Courses in solar energy prin-

tiples & solar thermal conversion system: nain:cnanco say be included in some cases. (avail=
able at pudblic 11brar1¢s) -

STATE EMPLOYMENT CGHHISSIONS - can give information ou vocational schools in your state.
BIGH SCBOOL COUNSELORS - can provide 1n£orna:ton on vocational trades and schools.
JUNIOR OR COMMUNITY COLLEGES - offer courses auc certificate programs in the building

trades.
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