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Table 1- Breakdown of zones by state. Nurnberg in psrenlhases follOwlnig

each state Militate tonal included in Mit stele.

ALABAMA (2, 5, 7)

ARIZONA (11)

ARKANSAS (7. 8)

CALIFORNIA (4)

COLORADO (9)
CONNECTICUT (1, 2)
DELAWARE (2)
FLORIDA (5, 12)

GEORGIA (2, 5, 7)
IDAHO (5)
ILLINOIS (1, 3. 7)
INDIANA (1, 3. 7)

IOWA (3, 6, 9)
KANSAS (7, §)

KENTUCKY (2, 7)

LOW SIANA (5. 8)

MAINE (3)

MARYLAND (2)

MASSACHUSETTS (3)

MICHIGAN (1, 3)

MINNESOTA'(3, 6)

MISSISSIPPI (2. 5, 7)
MISSOURI (3, 7, 9)

MONTANA (6)

NEBRASKA (9)

NEVADA (6, 11)

NEW HAMPSHIRE (1, 3)

NEW JERSEY (2)

'NEW MEXICO (8, 11)
NEW YORK (1, 2, 3)

NORTH CAROLI NA (2, 5, 7)

NORTH DAKOTA (6)

OHIO (1, 2, 3, 7)

OKLAHOMA (7, 6)

OREGON (4. 6, ID)

PENNSYLVANIA (1, 2)

RHODE ISLAND (1)

SOUTH CAROLINA (5, 7)

SOUTH DAKOTA (6, 9)'

TENNESSEE (7)

TEXAS (5. 8)

UTAH (6, 9, 11)

VERMONT (1, G)

VIRGINIA.(2. 5, 7)

WASHINGTON (6, 10)

`, WASHINGTON, D. C. (2)

WEST VIRGINIA (1, 2, 7)

WISCONSIN (3, 6)
WYOMING (5. 9)
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is in the Midelof a serlou and continuing
we -must. seek new ,ways of matting Out

Mit One possibility which has received a great
Wirt lately is capturing the sun's radiant energy

Although there .ara severs; Si-
the 'sun's' rays Tan be harnessed, his pamphlet
the direofiransfer of solar en intoaheat,-,.parti

. ,

for !he papillae of %kiln et-and hol; water-
g need*. This partnp et pro taping and home

with a basic limier andirig r heating and hot.
r'SYStelne: What tkey a i, h rform, the energy

savings passible and, the pOst in Iv d. Both-liquid
air solar_collectioh systemt practitoday. For don-

hlience, most of the examples en In pamphlet relate
to,! liquid systems.

Avfallabillty- of Solar Energy The amount of lar energy
Striking a sgWare foot of the garth's surface var through-

ut the United States. Climatic factors s-such as peraturrer
loud, cover., humidity, and wind affect the w in which

solar systems are useful. For these reasons, the ontigutoes
.Uhited States has been divided into twelve (12),solar climatic-

zones. Table 1 and the map on the inside front coverof this
pamphlet break down these zones by state. It should be.notstd
that even within th e zones significant climatic Oariatio
can occur in some a s.

Description of Solar Heating and Ha) Water' Systeme Fig-
ure 1 ,.outlinee the basic elements, of a solar heating and hot
water system. The system as shown provides two basic func-
tions: (1) capturing the sun's radiant energy. Converting It
into heat energy and storing thistisoin an insulated energV "-
storage tank; and (2) delivering t red energpas needed
to eitherthe domestic hot water or heating system. The parts
of the system which provide these-two functions are referred
to as the collection and delivery subsystems.
The key component in the collection subsystem is the col-
lector. The basic function of the collector is to trap the gun's:
energy. Figure 2 gives a detailed view ofa typical collector.
The transparent cover plates made of glass or a suitable
plastic material allow the rays of the sun to pass into the
collector. Once inside the collector, tilt sun's rays are ab-

I sorbed by a blackened metal absorber plate and trans-
formed into heat energy. On sunny days absorber plate tem-
peratures can reach well over 200° F. Insulation is placed
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27



the plate to prevent ho idea
f the oollecter. Complete* prevent the I

side of the -collector.- They perform
ila In a greenhouse. Heat energy e re cr

circulating a fluld,;sealuse Yr r
s absorber plate or by passing dearer

or and r piste. The heat energy so rem F is
carried by nistdis of Insulated pipes or ducts to-an ini
energy storage tank'near or in the building.

The energy storage tank, which may 6i, full of a liquid such
asr water, stores the heat so that it may be withdrawn upon.

mend. The tran mer of energy to the storage tank is om_
hod by me f a heat exchanger. Examples of heat

gets Inc cue coils of metal- tubing, the radiators in
aura. ,piles, and thefinnerfradietors in electric baseboqd
h 'tie.° units. Se rage tanks and collectors are usually Sized ,

to en.. the system to supply enough energy to support the
building heating and hot water requirements for a few con-
secutiv cloudy days.

The dlelivery suTsystem is divided Into two parts: one for
Providing heat to the hot water tank and another for proe-
vidincheat to the building heating stern.-When either the
domestic- pot water or heating syMem requires heat, hot
water from- the energy storage tank is pumped to a heat ex=
changer in the dombstic hot water tank or in the building
ducts. See Figure 1.

On occasions when the temperature in the energy storage
tank tails below the required temperature, perhaps due to
increased demand for heat during a cold spell, an auxiliary
heating unit such as a knace or electrical resistance
heater is turned on to provlirthe needed energy.

A hot water tank, conventional heating unit, duct work,
and some of the piping are already a part of many buildings.
Just the addition of collectors, an insulated energy storage
tank, and assqciated piping are required for a solar system.
The actual pidternent of collectors and energy storage tanks
in a given case depends upon such factors as building Orl.
entation, available space, and roof angle, in addition to aes-
thetic factors. Figures 3 and 4 picture solar collectors
placed on the roof of a commercial building and a home.

What To Expect From a Solar System There is a most im-
portant question to be answered when designing a solar
heating and hot water system: How many square feet of col-
lector are required to meet the energy needs of the build-



Flouie 3. A Commercial Building With Solar Collectors
on the Roof.

Figure 4. A Residence with Solar Collec
Incorporated Into the Roof.
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1 71 800 3 33 1,500 48 200
2 72 500 750 42 136
3 68 800. 3 33 1,500 48 200
4 73 300 1 37.5 500 48 78
5 75 200 1 25 280 42 . 80
6 70 750 3 31 1,500 48 200
7 70 500 2 31 750 42 138
8 71 200 1 25 280 42 60
9 72 600 2 37.5 1,000 48 132

10 58 500 2 31 750 42 138
11 85 200 1 25 280 ' 42 60
12* 85 45 1 5.5 80 20 63

',Includes only hot water !wedg-

ing? To answer this question, a' chart indicating radiant
energy available, collected, and required Might be prepared.
Charts 1-12 were prepared for a 1500 square foot house lo-
cated In each Climatic Zone. For each month, an estimate
of both the building heating and hot water energy require-
ments has been indicated by the righthand bar. The [offhand
bar Indicates the solar energy which Is available on the indi-
cated square footage of collectors tilted to an appropriate
angle (approximately the local latitude angle) along with the
amount of this energy which typically can be collected.

Note that for the months of November through March the
energy requirements are usually greater than the solar
energy collected. During the rest of the year more energy is

1
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1 74 5,330 7 95 326

2 71 3,330 5 72

3 68 5,330 7 10.000 ss 326

4 73 2,000 4 62.5 4.000 72 246

5 75 1,210 50.5 2,000 5# 215

6 72 5,000 7 80 7,500 .64 322

7 71 5,000 72 300

74 1,330 3 55.5 2, 54 215

75 4,000 6 83 6,000 72 354

10 00 3,330 5,000 72 300

11 77 1,000 3 41.5 54 166

12

There le elientlahy no healing requirement
In thle zone.

collected than needed and this excess energy 'is then dis-
carded. A greater proportion of the winter heating needs
could be met by installing more-collector area however, this
adds to the cost. Instead, it is usually more economical to
reduce the heating requirements by installing more insula-

_non, storm windows, and other energy conserving features.
Irrthe chart examples, between 55 and 85 percent of the
yearly heating and hot-water energy requirements are sup-
plied by solar energy. Most solar systems are designed to
supply between 56 and 80 Percent of the yearly heating a
hot water energy requirements,
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Table 3a Energy Supplied and Annual Dollar Savings
(1500 Square Foot FlulldIng)

ClimitIc
tones

Energy
savings.
minions
at BTUs

p I n with oIl Cotnperlion with electricity

Equivalerii
goons

DOHS,"
Saving.'

Equive-
lent

kilowatt
rlOufa

Boller
savings at
Indicated

mail

coat
par

kWh

1 67.9 767 363 19,900 995 .50

2 54.9 612 245 18,000 720 4.50

3 82.0 914 366 24,000 960 4.50

4 41.8 aer 186 ,12,200 488 40

5 33.8 377 151 9,900 347 3.50

8 9E1.9 1,103 441 29,000 1,015 3.50

7 50.6 564 226 1 4,800 518 3.50

8 39.0 435 1 74 11,400 399 3.50

9 74_8 832 333 21,900 767 3.50

10 46.5 518 207 13,600 272 20

11 43.7 407 195 12,800 512 40

1 2 16.7 188 74 4,900 196 . 40

lonace efficiency fit 40t/ gal Ion

The size of the energy storage tank can vary widely. A
good rule of thumb is that in a system using water, about
11/2 gallons of storage capacity should be available for each
square foot of collector used For air systems which usually
store energy in rocks, a storage volume of about three (3)
times that of a water system is used. Tables 2a and 2b out-
line the approximate collector area and storage tank size
required to provide the indicated portion of the yearly heat-
ing and hot water energy requirements for buildings of 1500
and 10,000 square feet located in each of the Climatic
Zones.

Energy Sayings Bac(.1 up i r tt 4,0liek.tor areas shown
in Tables 2a and 2b lOr t-Joildino of 1500 and 10,000 square
feet and on the heating and hot water energy requirements
for these buildings Fri each Climatic Zones, the energy sav-
ings calculated are shown in Tables 3a and 3b.

Solar System Coal* anti Dollar Saving9 traciltionalty,
large number of items scald in the United States have been
purchased on the basis of initidl cost with slight attention to
maintenance and operating costs Examples are homes, auto-
Mobiles air conditioners, aid heating systems With the rapid
escalation of fuel prices though, the operating costs for
energy consuining items ria bec onie very important It is

I

lt



Table 3b-Solar Energy Supplied and Annual Dollar
Saying*

(10,000,Squere Foot Building)

Climatic
pond

ErierS
savings,
millions
of BTUs

Cornsiktison will, oil Gcm pad son with elect Icily

Equiviiisiit'
gallons

Dollar
savings -

Et:Julys
Pant

kil ovosh
!lours

Millar
Savings at
Vidlestod

cost

Gost
pay

kWtn

1 372 4,147 1,659 109,000 5,450 50
2 268 t986 1,195 76,500 3,530 4.50
3 472 5,262 2,015 1313,300 5,220 4.50
4 186 °2,074 630 54,500 2,150 40
5 128 1,427 571 37,500 1,31 0 3.50
6 687 6,544 8,618 172,000 6,020 3.50
7 253 2,821 1,128 74,100 2.594 3.50
8 174 1,940 776 51,000 1,784 3.50
9 418 4,660 1,864 122,500 4,290 3

t 10 242 2,698 1,079 70,900 1,420 20
11 165 1,839 76 48,300 1,930 40
12 t

Thorn is sisentially no heating reouirknont in this Zone
85% foritics efficiency at 4Oc Joisliom

now worth considering whether greater initial expense for a
solar system which consumes essentially no external fuel wilt
result in savings in the long run. rodaYs solar system costs
are high- because the solar industry tiAS not yet developed
cost-reducing, mass-production methods. Yet, the operating
costs of solar systems re much less than the operating
costs of conventional energy systems.

Table 4 lists a range of prices ich a building or home
owner could expect to pay for the olar systems shown in
Tables 2a and 2b. These approxirnat costs include design,
materials, and installation Of the entirq solar system,

Even though the solar systems' costs in Table 4 are
rather high, a number of factors tend to make the future of
solar heating and hot water systems look good_ These in-
clude the rising prices of oil, gas4. and electricity, and the
expected decrease in solar Systerri' Costs as better produc-
tion techniques are developed, In addition, design and in-
stallation costs will decrease as experience in those areas
is gained.

How to Use this Perophiet tic iLdiovvir,g eKaniple is given
in order to demonstrate ose the information in this
pamphlet. Suppose an owner iesides ill the Washington,
D.C. area. According to Table i and the iiiap on the inside

117



cover, Washington, D.C. and the- surrounding areas are in
Climatic Zone 2. Table 2a indicates that for a 1500 square
foot home in Climatic Zone 2, 500 square feet of collector
and a 750 gallon energyustorage tank will provide 72% of
the heating and hot Water energy needs_ The information
in Table 3a indicates that for Climatic Zone 2, it is possible
to save 612 gallons of oil annually, which is equivalent to
$245 at 40g/gallon, or 16,000 kilowatt -tpurs of electricity
annually, which is equivalent to $720 at 4.50/kWh. Table 4
indicates that the cost of the solar system wiN be in the
range of $5,000 - $15,000.

Table 4-Range of Solar Heating and Plot Water System
Costs For 1,500 and 10,000 Square Foot Buildings
Located in Each Climatic Zone.

Climatic
Zone

Range of Solar System
Costs for a 1,500 Square

Foot Homo

Range Of Solar System
Coats Iona 10,000 Square

Foot Building

1 $8,000 - $24,000 S53,000- $169,000
2 $5,000- $15,000 $33,000- $ 99,000
3 $8,000- $24.000 553,000- $159,000
4 53,000- $ 9,000 $20.000- $ 60.000
5 S2,000 - $ 6,000 513,00- $ 09,000
6 $7,500 -$22,500 $50,000 - $150.000
7 $5,000- $15,000 $33,000- 3 99,000
8 $2,000 -S 6,000 $13.000- $ 39,000
9 $8,000- $18,000 $40.000 -- si20,000

10 55,000-$15,000 $33,000 -$ 99,000
$2,000- 5 6,000 $13,000- 3 39,000 "

12 $ 450 - $ 1,350

Role of the Federal Government The dcier, here, has been
proOded with a basic understaiiding cif solar heating and
hot water systems. Because of the energy problems we are
facing in the United States, it is important that alternate
energy sources are developed as rapidly as possible. The
United States Energy Research and Development Admini-
stration (ERbA) was created by Congress for the purpose of
insuring that this nation has adequate supplies of energy
to meet our needs As part of its o'rograrri, ERE)A is pursuing
a vigorous program in the solar energy field. The overall
goal of the Federal program is to btlinOlatc an industrial' and
commercial capability for producing arid distributing solar
heating and cooling systems, thus reducing the demand in



present fuel supplies through widespread use of these sys-
tems in residential and commercial buildings. Other govern-
ment agencies such as the !Department of Housing and Ur-
ban Development, The National Aeronautics and Space Ad-
ministration, the National Bureau of Standards, and the
Federal Energy Administration are assisting E A in its
solar energy activities.

Further information on tt a availability of solar
Cooling equipment may be obtained from:

Sola nergy Industries Association
Connecticut Avenue, N.W.
ashington, D.C. 20036

ating and

The American Society of Fleeting, Refrigerating, and Air
Conditioning Engineers (ASH RAE) can send you names and
addresses of members of their Technical Committee on
Solar Energy Utilization. Committee members themselves
can help you plan fot a solar home heating syStern or refer
you to other engineers in your area who can help.

ASIHRAE

Director of Research and Technical Services
345 East 47th Street
New York. NY 10017

The Nationai Association cif Home builders t ari al a pro-
; vide advice on planning solar installations

NAHB Research Foundation Inc
P. O. Box 1627

N.40 20b50

Detail ,J lit 1 a prOclu, cV, leJ
ti urn EFilDk=75 -Catalog on Solar Heating and Cocling Pro-
ducts". order number EkDA 75 0b2-010-00470-1 ($3 80) This
document may be ordered from.

I rit ii lent I IJLICimiientb
Government Printing Of-floe

VVash gt oar-, U C 20492
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